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NPEAUCNOBMUE.

BeposATHO, MHOTMe 13 Bac 3343Ba/IMCb BONPOCOM, MOYEMY B PeasibHOM ¥KU3HWU BCE, YTO Mbl BUAUM
BOKpPYT, CO343aHO «MMEHHO TaK, @ He MHavye»? N morno nn Boobuue YTo-TO U3 3TOro He cocToATbeA? U,
€C/I1 Aa, TO YTO B/INAET Ha X0/, BCeX 3TUX r106a/bHbIX COBbITUIA? U Ha0 1M Ham O TOM 3HaTb, €C/IU Mbil
He CNocobHbl YNPaBAATb UX Pa3BUTUEM UAKN pacnafom? Passe AaHO Ham, 0OblYHbIM NHOAAM, NOHATb
CyTb «60XKbero npombicna»? Koraa B NOBCeAHEBHOM XU3HM Mbl PeAKO 3a43aéMcA BONPOCAMM, KTO Mbl,
OTKyZAa, MoYemy OKa3anCb TyT U Kyaa yUAEM NOTOM, U TaK I TaM BCE YCTPOEHO, KaK NULIYT U FTOBOPAT?
B KOHEYHOM MTOre, NoYEMy MHOroe M3 TOro, C YeM Mbl BPEMS OT BpEMEHU CTalKMBAEMCA, HE HaxoauT
Y Hac Norm4yHoro obbAcHeHMA? U mbl BCAKKUI pa3 yberkaaemcs, YTo OTBETOB Ha BCE HalLM BOMPOCHI He
CcTaHoBUTCA BosbLue.

BnonHe o4yeBMAHO, YTO HAa CaMOM AefNe HUYEero BEYHOro, Kak Mbl cebe npeacraBnaem, He
CYLLECTBYET WU BCEMY eCTb CBOE Bpemsa. MICTOpUYECKM TaK CNOXKMNOCh, YTO B KaKon 6bl pase asontoumm
He Haxo4miacb Ta UKW MHAA UMBUAN3ALMSA, KaK coumManbHan Bubpocucrema nnaHeTapHoOro maclutaba,
B KOHL,e KOHLLOB OHa 3aKOHOMEPHO NPUXOAMUT K KCAMOYHUYTOXKEHUIO». KaK 3aBepLUEHMNIO M3HAYaIbHOM
naeun (3apaumn) ceoero noasneHuA. Ho TyT Ke, B 3aBUCMMOCTU OT BHELIHWX M3MEHEHWI YCNOBUM
06MTaHUA, C OKOHYaAHMEM OAHOro nepuoga KonebaHui (uenm) eé poaoBon apxXMTEKTYPbl BO3HUKAET
cnepyowmin, 6onee M30LWPEHHDBIN, KOTOPbLIN HECET B CBOEM reHOME OMbIT NPeablAyLNX NOKONEHUI U
NPEXHUX CTPYKTYP C LEeNbi 3KCNAaHCUKM BCE BONbLIEro NPOCTPAHCTBA OKPYKEHUA. YKe KaK HOBOro
aTana myTtauui ¢pusmdeckon popmbl.

Huuto B Nnpupoae He ucyesaet beccnegHo, NOTOMY YTO AUMNO/bHbIE CUCTEMbI CAMOM MaTepPUM
I060ro NpocTpaHcTBa HecyT B cebe BCO MHPOPMALMIO COBCTBEHHbIX TPaHCPOpMaLMIA U CNOCOOHbI
UMK/IMYHO BOCCTAHABAMBATb NpoLw/ble COObITUA CBOEro OKpyXKeHUA. BHOBb M BHOBb, KaK pe30HAHCHbIM
OTK/IMK Ha ynpas/nsAlouee Bo3geicTBue (3anpoc) M3BHe cuctembl. Korga Tam gns «BO3POXKAEHUA»
CO3/,aHbl BCE BHELLHME YCNOBMA.

Mwunnnapapl net 3TM npoueccbl Bo BceneHHoW mayT cBOMM 4YepesoMm. 3HAYUT M 3TO, 4TO
MaTepusa, OCHOBAHHAA Ha 3/IeMeHTapHbIX BUXpPsAX, bbina, ectb u byaeT Bcerga? Korga snekTpuyecTso
3apAA0B, B3aMMOAENCTBYIOWMX APYr C APYrOM, CO343ET MarHeTM3m, Kak NamaATb CTPYKTYp MaTepum
obuen cpeabl NPOCTPAHCTBA, NMOKA OHU B HEN HEM3MEHHO CYLLECTBYIOT. A MOTOMY YHUUTOXKUTbL 3TY
«MHbOpMaumo BceneHHOM» NpaKTUYECKN HEBO3MOXKHO. OHa 6yaeT HEM3MEHHO KONMMPOBATbLCA, KaK
«N3 CEMEHM» NMOKa 3TO NPOCTPAHCTBO MMeeT MecTo bbiTb. M Bbl MmoxeTe ybeanTbca B 3TOM BMecCTe C
Hamu 34ecb 1 ceiyac.

Mbl 0CO3HaéM, YTO B OCHOBE CTPOEHMS U B3aMMOAENCTBUA BCeX GOPM MaTepumn B NpUposae Kak
B MMKPO, TaK M B MAKPOMMUpPE nexaT 3HepreTMyeckme M WMHPOPMALMOHHbIE COCTaBAANOLMNE
3NEeKTPOMArHUTHbIX Nonen. Bcex W3BECTHbIX U HEW3BECTHbIX CMNEKTPOB W3/ly4eHUM MO 4acToTe,
amnauntyae, ¢dasam, MOAYNAUMW, MAKETUPOBAHUIO BO3MYLLEHMWA, NAOTHOCTM U  Pa3NUYHbIM
dU3MYECKMM rpagMeHTam Mosiel, KONIMYeCTBY BE/IMUYNH 3aPSA0B M CBOBOAHbBIX 3SN1EKTPOHOB, U MHOTOMY
APYyromy BNAOTb A0 KOrepeHTHOCcTM BOAH. Kaxaoe M3 TakMx nonenm HaxoAuTCA B COCTOSHUM
MOCTOSIHHbIX B CBOEeM OEeCKOHEeYHOCTU AOBUMKEHWUI. PasHoOro poga CAMAHWIA, paclenieHun wu
npespaLweHnin sHeprum ogHoro GbU3NYECcKoro noss B Apyroe, obpasys 6e3rpaHMYHOE MHOMKECTBO
CTPYKTYp 1 dopm maTepuun. He TONbKO B CBOEM HEM3MEHHOM CTPEMJIEHUM K COXPAHEHMUIO U Pa3BUTHIO,
HO W paBHOBECUIO, U BanaHcy mexKay coboi 1 BCcelt cpeaoit OKpyKeHUS.

Bce 3TM ABNeHMA M CO34al0T HECKOHYAaemMoe MHoroobpasme Kpacok u o6pasosB BMAMMOIO M
HEBMAMMOro Hamm mupa. Ero Kpacoty M AMHAMUKY, MOCTOAHCTBO M M3MEHYMBOCTb, TOPYKECTBO
POXAEHMUA, POCTa U Pa3BUTUA HOBOW KU3HM B TOYHOM Aybne cBoeit dopmbl, NPMUCNOCOBNEHHON K
BHELHNUM M3MEHEHUAM OKpPYKeHMA. N Hen3bexKHOCTb CTapeHUs C NepPexoaoM B MHbIE COCTOAHUSA
MmaTepun Ntoboi HKU3HU, CYLLECTBYIOLLEN B CBOUX MHAMBUAYA/IbHbIX PUTMAX, 006 beANHEHHbIX €AUHON
rapmoHueln 3ByKoB. B BeyHOM O0OLEHMM «BCEro CO BCEM» Yepe3 MMMNY/bCbl BE3AECYLLUNX
NEKTPUYECKUX W MarHUTHbIX nonei. Kotopble GOpMMPYIOT HE TONbKO HAC CaMuxX, HO WU BCE
pa3Hoobpa3ve npupoabl camoit BceneHHoW. [oe KarKAaa 4acTMLA@ M CTPYKTypa OTBEYaeT BCEM
NPWU3HAaKam UCTUHHO XNBOW GOPMbI, OT CBOEr0 3apOXKAEeHMA A0 PaANO0AKTUBHOIO pacnaaa B 1tobom eé
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COCTOAIHMM OT NAa3mbl A0 TBepaoro Tena. Mbo Bce 3To OAHO - pe3ynbTaT B3aMMOAENCTBUA «CBETa» U
BELLeCTBA, KOTOpPOEe €eCTb HW YTO MHOE, KaK M3Ny4YeHWs pPas/IMYHOM NNOTHOCTM MHOMKECTBa
3N1€MEHTAPHbIX 3/IEKTPOMArHUTHbIX BO3MYLLEHWIA NONeir, M3 KOTOPbIX WM COCTOMT Ccama cpeja
npoctpaHcTea. Co3aaHHaA B3aMMOLENCTBMEM MOTOKOB KMHETUYECKOW 3IHEPrMm MHOFOYMCIEHHbIX
CTYCTKOB MaTepuun BUXPEBbIX AUMNO/bHbIX 0OPA30BaHWUIM, KOTOPble BbICTPAMBAOT MHOIOCTOPOHHME
nepexoapl PasNnyYHbiX GOpPM 3N1EKTPOMArHETM3MA, KaK M B3aMMHble MPEeBPALLEHUA 31eMEeHTapHbIX
4acTuL, M aTOMOB BeLLEeCTBa.

B 3TOM KHUre Bbl 06A3aTeNbHO HaliAEéTe OTBETbI HA MHOTME CBOM BOMNPOChI. M A yBepeH, 4To y Bac
NOABUTCA HEMANO HOBbIX. A 3TO 3HAYUT, YTO Bbl B MOMCKE HE TONIbKO HAUNYYLLEro NpMMeHEeHNA CBOMX
BO3MOMHOCTEM, HO M NOJIy4EHNA NCTUHHOTO BOCTOPra OT BCEro, YTO BaC OKpYKaeT. MeuTaiTe, cTaBbTe
nepeg coboi Lenn, camble GpaHTacTUUECKME, AYMAUTE O HUX, CTPEMUTECH K HUM U, NOBEPbLTE, OHU
obAsaTenbHO coyayTcs.

Hannos Hadunb Hannosnu
NH}KeHep-mexaHUK, usobpeTtaTenb, UccnenoBatesb



MnaHema 00HaG, HO 6ce coobujecmsa nNbIMAarMCa COXPAHUMbL CBOH
HayuoHanbHyro udeHmuvyHocmos. Ommasnkusaromcs opye om opyea no aobomy
nogody, 3awuwas BHYMpeHHUe UHmepecbl. Bo3HUKaOM  pasanuyHble
HanpAawéHHocmu, obpa3yemca  MHOMecmeo 2padueHmos, Komopble
HeMUHyemo c030ar0m OBUMEHUSA pa38UMUA UAu y2dcaHusa. M 3Hayum, ecé
0bHoensemcs, u obpasyromca opyaue 20cy0apcmed, Komopbsie 8HO8b CMAHym
npusepxceHyamu cobcmeeHHbIX UHMepecos U Kpya nosmopumcs CHO8d U CHO8a,
MOKa ¥cusa naaHema.

BUXPEBAA, AUNOJIbHAA, TEOCOEPUYECKAA MOAE/Ib ATOMA.

Bcé vawe 3apaBbii yM 3a4aéTCA BONPOCAaMWU YAMBUTENbHOrO MHOroo6pasua, CAOMKHOCTU U
YCTOMYMBOCTU CUCTEM NPUPOAbI. BCE oueBMaHEE MOHMMaHME MAaKPOMMPA BO3BPALLAET HaC K €€ OCHoBe
— MUKpoMMpy. HaTypa HAacTOMYMBO TPAHCAMPYET CBOM YAa4YHbIE SKCMEPUMEHTbI B 3BONIOLUN MaTePUMU
Ha MHOKecTBO €€ GOpPM, KaK CBOMCTBA B3aMMOAENCTBUA APYr ¢ Apyrom. [pocToTa Takux peLlleHnin B
H6eCcKOHeYHbIX KOMBMHALMAX BAPUAHTOB CO34aET C/I0XKHENLLIME CTPYKTYPbI U GOPMbI PEAIbHOCTU.

ObwenpuHATanA NaaHeTapHaa MOZEeNb aTOMA, KaK KapTMHA MUKpomMMUpa, obo3HayeHa B BUAE
AApa B COBOKYNHOCTM BPALLLAOLLMXCA BOKPYF HErO NO CBOMM OpHUTAM 3N1EKTPOHOB, NOA06HO NaaHeTam
BOKpyr ConHUa co ckopocTAMM B6AM3KMMM K cBETOBOW. Takaa Moaenb HecéT B cebe HepoCTaTKu
Pa3/INYHbIX TEOPUI TPABUTALUMN U SNEKTPOMArHUTHOFO NOAA, MPOTUBOPEYMA NOCTyNaToB bopa n T. 4.

Monpobyem NpUMMPUTL BCE CTOPOHbI U HAUTM ONTUMANbHYO MOAENb, UCXOAA N3 COBPEMEHHbIX
AOCTYMHbIX HAaM 3HaHWM W onbiTa. 3a43aAMMCA BOMPOCOM, OTKyga bepérca aHeprma pns CToNb
3aTPATHbIX ABUKEHWUIN 3NEKTPOHOB, HEMTPOHOB U T. 4. B CTPYKTYpe CTpOoeHuA aTtoma? Moyemy OH Tak
cTabuneH M ¢ NerkocTbto 0bpasyeT MONEKYyNsAPHblE COEAUHEHUA? ITO MOMOXKET HAaM COMOCTaBUTb
npasgonogobHocTb ¢yHKUMOHANA npegnaraemMonm Hamu HOBOM MoAenn aTtoma B AMHAMUKE
NPOUCXOAALLMX NPOLLECCOB NPUPOAbI.

MpeAcTtaBUM, YTO aTOM — eCTb FEHEPATOp SHEPrUKU, BEIMYMHY KOTOPOM onpenenatoT 3apsaabl.
Hocutenamun 3apagoB ABnseTca matepusa, B 4aHHOM C/ly4ae - 3/1eMeHTapHble YacTuubl. OcTaBum B
CTOPOHE PACCMOTPEHME CTPYKTYpPbl WM OTCYTCTBME €€ Y MHOFOYMCAEHHbIX HEUTPUHO, POTOHOB,
KBApKOB, 3/IEKTPOHOB, HYKNOHOB WM WHbIX 4acTuL, MATepuMM M BCMOMHMM, YTO BCE OHU ABAAIOTCA
BMXPEBbIMM 06pa30BaHMAMM CO BCEMMU MPUCYLLMMU TONBKO MM CBOMCTBaAMM M NapameTpamu. Mo cytu
—3TO YNIOTHEHMA GOPM MATEPUN CPeLbl OKPYKEHMA NPOCTPAHCTBA B BUAE AMNONeN, 06pa3oBaBLUMXCA
OZHO W3 APYroro B pesy/ibTaTe HeMpeKpalatoWweroca 31eKTPOMarHMTHOrO B3aMMOAENCTBUA APYr C
APYrom, KOTOpOe HeM3BEXKHO BO3HMKAET KaK MAarHETU3M U 3/1eKTpUYecTBO Haarogapa HaIMUMIO B HUX
He TO/IbKO 3apAA0B, HO U PAa3NINYHbIX FPAANEHTOB NNOTHOCTEN. HEOAHOPOAHOCTbL MM PA3HOCTb /I0ObIX
CBOMCTB MaTepuu B MPOCTPAHCTBE M eCTb rPaAMeHT MNAoTHocTen maTepuu. O4yeBMAHO, YTO ero
NPUCYTCTBME OAHO3HAYHO NOAPa3yMeBaeT Halnumne ABUNKEHUA, @ Hanuune Ntoboro ABUNKEHUA B cpese
npocTpaHcTBa 06A3aTeNbHO NOPOXKAAET BUXPU, KOTOPbIE BOBNEKAIOT B CBOW KPYrOBOPOT U MaTepMUIO
6auKalwel cpeapl OKpy*KeHua. U aTo BepHO ans ntobbix cped, NOTOMY YTO peyb UAET O MUKPOMMUPE.
Torpa, ntobow rpagMeHT —3To Pa3HOCTb UK pasinymne B cpeae eé 3apsaaos. A ntobas pasHOCTb 3apAa0B
MaTepUM — 3TO PAa3HOCTb YACTOTbl BPALLEHUA UX AUMONEN, MHAYE - 3TO SHEPTUA OTTANIKMBAHWUA BUXPEN
apyr ot apyra. Ctano 6biTb, BCE BUXPU B CBOEN CTPYKType 0bOpasyroT AMMOAM, YCNOBHO, KaK Halia
nAaHeTa WAWM ranakTUKa, CO CBOMMM MOMKOCAMM, C HA/IMYMEM MONOXKUTENbHBIX U OTPULLATENbHbIX
3apAfo0B, C CMNOBBIMU JIMHUAMM U UHBIM APCEHA/NIOM CBOMCTB M MHCTPYMEHTOB 3N1EKTPUYECTBa U
marHetusma. Passe 370 (cm. Puc. 1) He noxoKe Ha NepemeLleHre SHEPTUM AN ABUXKEHWNE 3apAa0B
BAO/Ib CUNOBbIX JIMHUI AMMNONEN, B BUAE BUXPEBbLIX CTPYKTYP, B3aMMOAEUCTBYIOLNX APYT C APYIOM
06beKToB? BepoAaTHO, cam MmexaHu3m rnobanbHOro B3aMMOAEMCTBUA MeXKAy Te/famMu maTepum B
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NPOCTPAHCTBE MPOUCXOAUT B pe3y/bTaTe ABUMKEHUA 3apPAA0B NO CNMPaM, Kak pesynbTUpyloLen
NoCTynaTeNbHOro WM BPaWATE/IbHOrO ABUMEHUW, UM COOTBETCTBEHHO 3/1IeKTPUYECKOrO TOKa U
MarHeTuama gunonei? M ecnm U3 Bcero 3sToro pasHoobpasns MMKPOMMpPA COCTOAT HE TONIbKO NOAA, HO
M BELLecTBa, To Nnoyemy Obl He YyTBEPKAATb, YTO BCE CyLee B NPOCTPAHCTBE eCTb GOPMbI U CTPYKTYpbI
4acTuL, MmaTepuu, CO34aHHble B3aMMOAENCTBMEM WX 3apPALOB  Pa3/IMYHOM MAOTHOCTWU, YTO
NPOCTPAHCTBO U ecTb eaMHaa popma CyLLecTBOBaHUA MaTePUM OT 3/IEMEHTAPHOM A0 BbICOKO-CaMo-
OpraHn3oBaHHOM? B Takom cnyyae, eguMHuua 3apaga nobol YyacTuubl, UAM BUXPEBOro AWUMNOAA,
afleKBaTHa YC/I0BHOMY KBaHTYy MOMEHTa MMMY/bCa UNU AUCKPETHOCTM MOMEHTA 06LLEro Ko/myectsa
BUXPSA Tena 1 eé cpeapl. 3apsa o6beKTa Tem Bbllle, YeM BUXPb bbicTpee 1 yem 6onblue KosinyecTsa

—7IX

Puc.1 BsanmocsA3sb B KOCMOCE B PEHTFTEHOBCKOM Puc. 2 Annonb MarHUTHbBIN U SNEKTPUYECKUNA.
nsnyyeHumu. (potowon)

BPALLEHMA €ro 3/1eKTPUYECKOro AMnoaa B None AWNOAA MarHUTHOro. 3TO O4YEeBMAHO, Koraa
ABVKYLLMACA 3N1EKTPUYECKMIA 3apad CO34QET BMXPEBOE MArHUTHOe nose, a ABMXKYWMKCA C
NOCTOAHHOM CKOPOCTbIO MAarHUTHbLIA AMMOJb, KaK U MepeMeHHOe MarHUTHOe MoJie, CO343ET BUXPEBOE
aNekTpuyeckoe none (cm. Puc. 2).

Ho HeobxoaMmo ynomaHyTb, 4TO 11060 BUXPb — 3TO eWé N KonebaTenbHbI KOHTYP, CO CBOEW
4acTOTOM BpaLLEeHWA, CBOEM amnauMTyAON, NepuoaoM M MHBIMM NApaMeTpamMu, KOTOpble MOXKHO
pa3BepPHYTb KaK CMHyconay KonebaHmin 06bIYHOTO M 4aBHO 3HAKOMOTO HAM MAATHMKA. UTaK, Koraa mbl
6ysem roBopuTb O BUXPAX, TO Mbl NOAPA3yMeBaeM OAHOBPEMEHHO M CBOMCTBA AMMNONEN, U CBOMCTBA
KonebaTeNbHbIX CUCTEM B OLHOM CTPYKTYpe U B ogHOMN popme eé maTepuu.

MNpepnonoXmMm, 4TO  NPOCTPAHCTBO  COCTOUT M3 MOCTOAHHO  M3MEHAILWMXCA U
B3aMMOZEMNCTBYIOLLNX MeXAy CoboM M cpenoit OKpyKEeHWA BUXPeBbix 06pa3oBaHUIi B Pa3nUYHOM
CTeNneHn ynnoTHEHHOM MaTepuUM pPasNnyHbiX eé GOpM U CTPYKTYp, YTO-TO BPOAE TYMAHHOCTEN U
ranakTuk B Kocmoce (cm. Puc. 3). Mpu aTom Kaxkgasa u3s HUX — 3TO BUBpOCUCTEMA, KaK COBOKYMHOCTb
MHOTOYUCNEHHbIX KONebaTeNbHbIX KOHTYPOB CO CBOMMM WHAMBUMAYANbHbIMW MapameTpamu W
CBOMCTBaMM, 06 beAMHEHHDBIX B CUY ONpeaeneHHbIX ABNEHUN B € ANUHYIO CTPYKTYPY C e4UHbIM PUTMOM
bYHKLUMOHNPOBaHMA. TO eCTb, U Mbl C BaMU B MUKPOMMPE COCTOMM M3 B3aUMHO CUHXPOHU3MPOBAHHOIO
MHOroobpasuna NOCTOAHHO U3MEHAILLMXCA, YEPEAYIOLWMXCA U B3aUMOAENCTBYOLLNX MexXay coboi u
Cpefon OKPYKeHUA, KaKk cpeon 0buTaHMA, BUXPEBbIX YNJIOTHEHN maTepun. Mbl, Kak 1 Bce 06beKTbI
nNpUpPoAbl, NOCTOAHHO HAaXOAMMCA B MONAX HAaNPAKEHHOCTM — rpagmMeHTax, pacxoaya u npuobpetas
SHeprvl M3BHE A8 HaAwero CywecTBOBaHMA M npucnocobneHma K U3MeHAWenca cpege ¢
€ANHCTBEHHOW LLeNiblo Pa3BUTUA M NpoaoaxKeHns poaa. Kaxkablh M3 Hac N ecTb 0C060 YHUKA/bHbIM

CMHTE3 rapMoHUM BECKOHEYHOro KO/IMYeCTBa NOABUMMKHbBIX FPaANeHTOB B eaAnMHON 06on04YKke dopmbl
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Halero Tena. Tex cambiX rpagneHTOB, KOTOPbIE W ABAAOTCA OCHOBHbIM MEXaHM3MOM ObMeHa BCex
3/1eMEeHTaPHbIX YacTUL, aTOMOB, MOJIEKY/, KJAETOK B HALLMX OpraHax aas obecneyeHMsa B3aMMHOIO UX
CMMbM03a B e4MHOM MHAMBUAYANbHOM PUTME }KM3HWU KaXKAOoro M3 Hac, Kak pesynbTaT U3MeHeHUs
NAOTHOCTU 3apAA0B MUKpOMMpPa. Hanpumep, 3apsaabl NPUXOAAT U3BHE M Mbl OLLYLLL@EM NPUAMB TENa,
WA HAaobOPOT — M HaM XOJIOAHO; UM NUTaTeNbHble BELLECTBA BCACbIBAOTCA B KPOBb Yepes CTEHKM
KULWEYHWKA; N cepale NMTaeTca NPoAyKTaMM KU3HEeAEeATeIbHOCTU IETKMX, @ MOYKM — NPOAYKTaMM
XU3HEOeATeIbHOCTN CePAEUYHO-KPOBEHOCHOM CUCTEMbBI M T. A. KaxKablh Hall BHYTPEHHUI opraH Kak
oTaeNbHas BMbpocuctema B GYHKLUMOHMPOBAHUM €4MHOrO OpPraHM3mMa HaxoAWUTCA B MHOFOKPaTHO
OTpaboTaHHOM 3BONOUMEN Yepede B3aMMHOTO Pacrno/IOXKEHUA B 3aBMCMMOCTU OT NoTpebHocTu B
COBCTBEHHOM UCTOYHUKE NUTAHWA, SHEPTUM, 3awmuTe 1 T. 4. Jaxke npu cboe B paboTe ntoboro opraHa,
KOTOPbIA MOXET MPUBECTM K PUCKAM KU3HECNOCOOHOCTM B LE/NOM OpraHM3ma, TaKas CTPYKTypa
OopraHu3auum BMnosiHe onpaBaaHa B 6opbbe 3a BO3MOXKHOCTb MeTabosiM3ama B Takoi ocobeHHoMn m
OrpaHMYEeHHON TeppUTOPUaNbHO cpese. TakoB AOCTAaTOMHO MPOCTOM U MOHATHbLIA MexaHM3M 60pbObI
3a BO3MOKHOCTb CyLLeCTBOBaHMA. TaK Kaxaaa popma matepum CTPEMUTCA K MyTauMaM U CUMBUo3am
APYr C APYroM ANA CO34aHUA CTabWUIbHOW M SKOHOMHOWM 3HEProCMCTEMbI B MOCTOAHHO MeHsoLWenca
cpeae 0bUTaHUA NPOCTPAHCTBA, UCMONb3YA OA4HM U Te Ke UHCTPyMeHTbl. ObbeguHAACh B cucTeMy
oblee noTpebneHne sHEPrUn CHUKAETCA, MPOUCXOAUT MyTauUsA OOBEKTOB K CPeLe OKPYKEHUS.

Puc. 3 Nanaktuka B Kocmoce. (poTtowon) Puc. 4 UHbOpMaLMOHHO-3HEPreTUYECKan CeTb
cpeasbl. (poTolon)

[na npocToTbl NOHMMAHUA MEXaHU3MOB PYHKLMOHMPOBaAHMA cnuctem o0b603HauMMm, 4To ntoboe
none, Kak cpega pacnpocTPaHAKLWMXCA BOJH, ecTb 061acTb AeNCTBMA rpagMeHToB ntoboit dopmbl
MaTepum Kak eé CBOMCTBA B3aMMOAeNCTBOBaTb Apyr ¢ Apyrom. CTeneHb rpagMeHTa afeKBaTHa
HanpPAXXEeHHOCTU COCTOAHUA MaTepPUN B MPOCTPAHCTBE, KaK YC/IOBHAA BE/IMYMHA KONMYECTBA SHEpPrum
HEKOTOPOM HaMpaBNEHHOCTU ABWKeHuA. Hanpumep, 3apag noboro obbekta — ecTb cNocobHOCTb
OTTa/IKMBaTb WM 3KPaHMPOBaTb OT cebAa npu BpalweHun apyrme obbeKTbl B BUAE BO3AEUCTBUA UX
BMXpen. B gaHHOM cnyyae, yem Bbllle YacTOTa BPALLEHMA, TEM Bbllle 3apaAfd, a 3HaK «+» UAKN «-»
onpeaenaeTca To/IbKO HanpaBAEHUEM WX BPALLEHUA. 3apAg, — 3TO CKOpee YC/N0BHasA BEAUYMHA, YEM
dM3nyecKan M He CywecTBYeT OTAENbHO OT MaTepuu, TaK KaK ABAAETCA CNeACcTBUMEM TFpagMeHTa
MaTepun, HanpsaKEHHOCTU eé nonen. Bcé, yto bGbicTpee BpalaeTcs, TO M NAOTHENM, TO U 3aXBaTbIBaET, U
OTTa/NIKMBaeT B cCpene MPOCTPAHCTBO MAM KMECTO», WUAU KTEepPPUTOPUIO» Y MeHee NNAOTHOro Wau
MeaieHHee Bpawatoweroca obveKkta. Ecam ecTb rpaaneHT Yero-To: NIOTHOCTEN, TeMnepaTyp, 3apAL0B
M T. 4., TO €CTb U HanNpPAXEHHOCTb NOJIel, KOTopble 06pa3yoTcA BOHAMM 3TUX GOPM MATEPUN B CUNY



X COBCTBEHHbIX ABWMKEHWIN, KonebaHui, BMOpauuii Kak M3Ny4eHU B cpedy NPOTMBOAEMNCTBUA
NPOCTPAHCTBA OKPYKEHMUS.

TouHee roBopA, Bce TeNa U O6BEKTb, B TOM 4YUC/NEe WU HEMNOABWMKHbIE, B CUAY 3TUX CaMbIX
N3NYY4EHUN, UCXOAALLNX OT UX MOIEKY/, aTOMOB, 3/IEMEHTAPHbIX YacTUL, U T. 4., B3AUMOAENCTBYHOT C
Cpefon OKpy)KeHuA, «obuiatoTca» mexay coboi, TpaHCAUPYA U MPUHUMAA BOJIHbI PA3/INYHbIX
CMEKTPOB OT CaMbIX HU3KMUX U A0 OYEHb BbICOKMX YACTOT, HO CTPOTO MHAUBUAYA/IbHbBIX NapameTpos,
CNOCO6HbIX AnA ceba K U3NyYeHUIO N NpuemMy, Kak eguMHaa rapMoHMYHAA BUOBpocucTema. 3HauuT, B
30HaX KOHTAKTa MHOrFOYMCAEHHbIX HECUMMETPUYHbIX B3aMMOLENCTBYIOWMX NOME B NPOCTPAHCTBE
obpasyloTcs cBoeobpasHble UCKaXKeHua, aebopmaummn NAOTHOCTEN U 3/1IeMeHTapHble YacTuubl byayT
npuobpeTaTb MOMEHT BpaLLeHUA — CNUH. B npupoae, rae «BCE» OKasblBaeT BAUSHME HA «BCEX», HET
abCcoNOTHO NPAMbIX TPAEKTOPUI ABUNKEHUA. TO ecTb, Nt0baa ABUNKYLLAACA MaTepUs B NPOCTPAHCTBE
KOHTAKTUPYET CO CPEAON OKPYKEHUA, @ 3HAYUT HE MPOCTO ABUNKETCA NOCTYNaTeIbHO, HO U BpalllaeTca,
06pa3yA BOKpyr cebsa BMXpeEBbIE BO3MYLLEHWA B BUAE NEPUOLMYECKUX BOJTH YNIOTHEHWUIA Cpeabl, UK
nsnyyenua. A npuobpetads MOMEHT BpaLeHUA, 0OCOBEHHO B MUKPOMMPE MPU OFPOMHbIX CKOPOCTAX
nepemelteHmn, nobas YactMLa MUAM TeNo CTaHOBUTCA AWMNONAEM CO CBOMMW 31€KTPOMArHUTHbIMM
nonamu. Crano 6biTb, BCE BOJIHbI M3/lYYEHUN UM NONA BO3IMYLLEHWI B MPOCTPAHCTBE ABAAIOTCA
CcnepcTBueM ABUXKEHUA MaTepuanbHbIX TN, KAK COBOKYMHOCTN MHOTOUYMUCAEHHbIX YAaCTUL, CTPYKTYPbI UX
MWKPOMMPA, BO BHELWIHWUX OECYUCNEHHbBIX 3/1EKTPOMArHUTHbBIX MOAAX MPOCTPAHCTBA OKPYXKEHMUS,
06pa30BaHHbIX U3/Iy4EHUAMM aHANOTUYHBIX POPM MaTePUMU.

Kakum ke obpa3om BbipabaTbiBaeTCA CTO/Ib HEOBXOANMMAA ANA CYLLEeCTBOBAHMA 3/1EMEHTAPHbIX
4acTuL, B TOM YUC/IE U aTOMOB, SHEPTUA? DHEPIUA, KOTOPYHD MOXKHO 0603HAUUTb KaK ABUNKEHME, KaK
TOK 3apAL0B.

[ns Hayana BCNOMHMM AaBHO HEe HOBOCTb B TEOPUSAX FPaBUTALMM O B3AUMHOM MPUTANKUBAHUK
06BHEKTOB B NPOCTPAHCTBE UM O CUIAX BbITaNIKMBaAHMA cpeabl OKpyKeHuA. Korga Tena npuobpetatot
dopmy cepbl AN Kanau B pesynbTaTe BO3AENCTBUA HA HUX CO BCEX CTOPOH SIBAEHWUIN OTTa/ZIKMBaHUA
OT 6EeCCYETHbIX BUXpPEW, 06pPa30BaHHbIX MHOFOYMUCAEHHBIMW OOBEKTAMWU Cpeabl OKPYKEHUS.
CBoeobpasHbln appeKT BCeobLLero «3aBMcaHMA» Ten B NPOCTPaHCTBE. Takad SHeprua BHeLWHeN cpeapl
BO34,EMCTBYET HEMPEPbIBHO WM rOpPas3fo Bbile MPOTUBOAEUCTBUA SHEPTUM U3YYEHUA KOHKPETHOTO
Tena, Ja)ke C y4eTOM OTPaKeHHbIX BOJIH, MO3TOMY Te/NO0 CAAB/IMBAET, CKAXKeM, PaBHOMEPHO U
obpasyeTca chepa. Bca maTepuma B NPOCTPAHCTBE CTPEMUTCA K Co3aaHUI0 cdep, a MHble GOpMbl — 3TO
pe3ynbTaT B3aMMOAENCTBUA MHbIX SHEPIUI B 3aBUCMMOCTU OT MX B3aUMHbIX NJOTHOCTEN, 06bEMOB,
OTAANEHHOCTM, CNOCOBHOCTEN K MOTM/MOLLEHMIO, SKPAHNUPOBAHMIO, NPOMYCKAHUIO U3NYyYEeHU U T. 4. B
nobom cnyyae BCE 3TO eCTb pe3ynbTaT B3aMMOLENCTBMA 3apPALOB: MX KOMYECTBA, MONAPHOCTY,
NNIOTHOCTWU, PACMONOMKEHMA B MPOCTPAHCTBE U T. 4. A Mbl 3HAEM, YTO CU/Ibl OTTA/IKUBAHMA TEM BblLLE,
nnn Tem Bblwe 3GPEKTUBHOCTb 3KPAHMPOBAHMA TN, YeM Bbllle CKOPOCTb MX BpalweHus. Toraa
CTPYKTYpPbl MX BUXPEN B BMAE 3apafoB, AUNOMEN B3aMMOAEWNCTBYIOT C OONbLIMM KOIMYECTBOM
n3nydeHun apyr apyra. M, KOHEYHO Ke, He0bX0AMMO yUUTbIBATb IPPEKT pa3perkeHnA BHYTPU CamMoro
BMXPA, @, 3HAYMT, C)KaTMe U3BHE BO3PACTAET, CTPEMACH K 06pa3oBaHMIO CTabuibHbIX POpM MaTepum.

K coxaneHuto, B 3TOM rnaBe Mmbl He byaem noapobHO ocTaHaBAMBATLCA HA 3bdeKTe yNAOTHEHUA
MaTepum cpesbl B 30HaX KOHTaKTa MHOXEeCTBA NPOTUBOAENCTBYIOLLMX BUXPEW OT Pa3/INyHbIX 06 bEKTOB
B MpOCTpaHcTBe. B pesynbTaTe 3TOro obpasyercs cBoeobpasHas NoABUXKHAA 06beMHasa «nayTUHa»
pPas3INYHOM NAOTHOCTU 3apAA0B MaTEPUM, OYEHD NOXOXKaA Ha 30bparkeHne HeMPOHHOM ceTu. Mo cyTu
eaMHan MHGOPMALMOHHO — SHEPreTUYECcKan CeTb BCEN MATEPUM NPOCTPAHCTBA BceneHHOM oT MUKpO-
[0 Makpomupa (cm. Puc. 4). MoXHO NpeAnonoXuTb, YTO 3TO M ecTb Bceoblaa cuctema nepegaym
MHPOPMALMOHHO-IHEPTreTUYECKMUX W3NYYEHUN BceneHHoOM uYepes cpefy OKPYKEHMA CO CBOMMM
«aBTObaHaMM» HA CKOPOCTAX BbIle CBETOBOM W «HAHOMepey/sKaMu» C Manoh NpPOMNyCKHOM
CNOCOBHOCTbIO ANA 3Heprum 3apaaos. MNpupoaa HUYero He AenaeT BNPOK, OHA CyLLEeCTBYET TONbKO B
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HaCToALLEM peabHOM BPEMEHM M TONbKO MO CBOMM MpaBMAaM B3aMMOAENCTBMA. A BeAb UMEHHO
MHPopPMaLMA (KaK OTNeYaToK Man oTobpakeHne cobbITUA OT B3aMMOLENCTBUSA OOBEKTOB), HEN3BEKHO
BO3HMKAOLLAA B 3STON SHEPreTMYECKON NAyTUHE B PE3y/IbTaTe KOHTAKTOB MeXKAY COOOM CTPYKTYPHbIX
PYKaBOB MOCTOAHHO W3MEHAIOLWNXCA BUXpPen-gunonen, OyATO Ha BHYTPEHHEM CTPYKTYPHOM
MarHMTHOM HOCUTeNe, COXPaHAeTCA HageyHo. M| MOMEHTa/ZIbHO OTparkaeTcA, OTrnevyaTblBaeTca B
MaTepUM OKPY)KEHUA OT BUXPA K BUXPO, M3BeLW,aA O fABAeHMM Bcto BceneHHyto. MN3ameHstoTca
«KapPTUHbI» COBCTBEHHO BUXpei, NnMbo obpasytoTca HoBble Gopmbl. A BOMPOC MNPUHATbL WMAK
NPOUTHOPMPOBATb 3Ty MHPOPMAUMUIO — 3TO YXKE BOMPOC HANMUMA «BUOOBbLIX» CBA3EU MeXKay
obbeKkTamn B3ammogencTemA. Bol BnpaBe cnpocuTb, nodyemy «HaBeyHo»? W A BnpaBe OTBETUTb
BOMPOCOM, @ CKOJIbKO «KMBYT» NPOTOHbI, SNEKTPOHbI U T. 4.7 OTcroAa, cam GaKT BCEro NPOMCXOAALLENO
B MPUpPOAE, OT €€ 3apOXKAEHUA U A0 CUX NOP, MOXKET BbITb COXPaHEH B BUAE MHPOPMALMM Ha OTTUCKAX
MarHUTHbIX HOCUTENeN CTPYKTyp Ntobbix GOpM maTepum B NPOCTPaHCTBE BceneHHOW, OT CTPYKTyp
3N1eMEeHTaPHbIX YacTUL, A0 AMMNONbHbIX 06Pa30BaHMI MaKPOOOBHEKTOB BUAMMOIO HaM OKPYXKeHusA. U
3TO PeasibHOCTb, KOTOPYIO MNPU HEOBXOANMMOCTU MOXKHO M3BNEYb. MHPOpPMaLMa Hepa3pbiBHA CO CBOMM
HOCUTENeM — MaTepUeEN, KaK 3NEKTPUYECTBO M MAarHeTU3M. A, 3HaUYUT, KaXKAbll U3 HAC OCTaBAAET CBOM
HenpepbIBHbIN C/1el B UCTOPUM NPOCTPAHCTBA, rAe B 6eCcYMCNeHHbIX KONMAX — OTParKeHmAX cobbITUiA B
anemeHTax GOpM MaTeEPUN OKPYKEHMA COXPAHEH KaXKAbIM MUT HaLLEN KU3HMU.

B TO }Ke Bpems, Mbl 34eCb HE paCCMATPMBAEM MACCY APYTUX ABAEHUI, yHACTBYHOLLMX B MpOLLeccax
obMmeHa sHepruel mexay obbektamu. Hanpumep, mexaHnsm obmeHa MHGopmaunen 1 3apagamm, npu
CYLLECTBEHHbIX U3MEHEHMAX UX CBOMCTB U BO3MOXKHOCTEN B3aMMOLENCTBMA B 30HAX KOHTAKTA BOJH,
NOPOXKAEHHbIX BMbpaunel 06beKToB, 0COBEHHO NPU BO3SHUKHOBEHUM YCNOBUIA ANA GOPMUPOBAHUA
CTOAYMX BOJIH AN ABNEHWUIN pe3oHaHca. Mam npoueccbl 0b6pa3oBaHMA NOTOKOB 3BYKOBbIX BOJIH MpW
CTO/IKHOBEHMAX 3/IEMEHTAPHbIX YacTUL, C MaTepuen cpenpbl OKPYMKEHMA, KOTopble Jaxe npu
CTPEMUTE/IbHbBIX CBETOBbIX CKOPOCTAX «3XOM» OTPAXKAKTCA B MPOCTPAHCTBO, M3MEHSASA NJIOTHOCTb U
CKOPOCTb ABUXEHUA. MM BONpOCbl HEBUAMMOM MaTepuu, rae M Kak OHa npouspactaeT M3 cpebl
HEBUAMMOI B MaTeEPUIO cpeabl BUAMMOM 1 obpatHo? U BoobLe, novyemy Henb3s co34aBaTh,

Puc. 5 MoToku conHeyHom nniasmeobl. (boTowon) Puc. 6 AKTMBaLMA NUKCeNen Ha skpaHe
MoHuTOopa. (poToluon)

Hanpumep, NPOAYKTbl NMUTAaHUA AW BOAY MCMONb3YyA MATEPUIO Cpenabl OKpyxeHua? Beab, Bcero-to
Heob6xoAMMO NPaBUAbHO U MOJIHO CKAHMPOBATb OODBEKT, €ro CTPYKTYPY M aKTMBMPOBATb 0OpaTHbLIN
npouecc MHGOPMaLMOHHO — IHEPTETUYECKOTO M3/Iy4EHUS STUX AAHHbIX, MOYTU Kak HA 3D-npuHTepe?
daKkTuyeckn ntobaa maTepusa 40 onpeseneHHbIX NOP PACTET U PAa3MHOMKAETCA, U HET FPaHU MeXay
HEeXXMBOW U XUBOM Popmoi, Mbo n Ta, U Apyraa MMeKT OAMHAKOBblIE BO3MOMXKHOCTU K POCTY U
BOCMPOU3BOACTBY, KaK K MHCTPYMEHTaM B3auMOAEeNCTBMA B npupoae. M foKasaTenbCTs TOMy HeT
4yMcna BOKPYr Hac.



Nnn, 4To e ecTb Ha camom Aene npouecc nepemelLeHns Guanyeckoro Tena B NPOCTPaAHCTBE?
O6uwenssectHo, Hanpumep, 4To, CoONHUE NPU U3NYYEHUN HECET Yepe3 KOCMOC MACCy SHepPrun, TepaeT
cBoM Bec. TaK I 3TO 1 NoYeMy 3a MUAIMAPAbI 1eT BEC CBeTUa He ucyepnanca (cm. Puc. 5)? U, ecau
3TO He TaK, TO MOXET OHO /Wb BO3OYXKAAET U aKTUBUPYET BHYTPEHHME MEeXaHW3Mbl B CTPYKTypax
MHoOXecTBa GopmM MaTepumn NPsMOo B CaMOM cpese NPOCTPaHCTBA COOBCTBEHHOrO OKpYXKeHuA? B Tom
Yyucne 1 B cpesie OKPYKEHUA NAaHET CUCTEMbI, 3a1aBadA N5 3aPOXKAEHMA MaTepum MHGOPMALMOHHO-
sHepreTUYecKne napameTpbl CBOMMMU HAMPABAEHHBIMW CUTHANAMM - U3yYeHUAMU? A MHPopmaumsa 1
3Heprus, No mepe NPoOABUKEHUS B cpeae NPOCTPAHCTBA BceneHHOM, aKTUBUPYHIOT UM KOCEMEHSAIOTY B
pe3oHaHce WM «NbBM» aHANOTMYHbIE «BUAOBbIE» BCTPEYHbIE M3/ly4EeHUs, coBMagatowme no
CTPYKTYpe, YacToTe, Nepmoay M UHbIM NapameTpam, NopoXxaasa Benuyanwee MHoroobpasmne dopm
MaTepPUM U 3N1eMeHTAPHbIX YaCcTUL, HeNocpeaCTBEHHO M3 MaTePUM CaMOW cpeabl MPOCTPAHCTBA, B TOM
Yyucne U OKPY)KEHWs camor nnaHeTbl. Takum obpasom, He Besge BO BceneHHoM BO3HMKAOT U3
CONHEYHbIX U3/Ty4eHUI pas3nnyHble GOPMbl MaTeEPUU, @ TOZIbKO NPU ABNEHUAX PE3OHAHCHOMO KOHTAKTa
Yy3HaBaHMA C BCTPEYHbIMW «BUAOBbIMM» BOJSIHAMWU. DTO fABJIEHME OYEHb MOXOXE Ha 3By4YaHue
HACTPOEHHOro B COCeAHEN KOMHaTe B YHUCOH BTOPOro KamepToHAa MpW aKTUBALWMM NEepBOro, U OHO
MHOroe o6bACHAET B 3TOM MUpE.

B npupoae HET HUYEero NULWHEro Ha «IOTMCTUKY», 3a4emM TPATUTb SHEPruto 3apanoB, eciu
pa3nnMyHaa eé NNOTHOCTb, KaK CTPOMUTE/NIbHbIN MaTepuan BCero Ccyliero, NpucyTcTByeT Be3ae B
NPoCTpaHCcTBe? ITO AANEKO He PasyMHbIM NyTb ANA 3BOAOUMM mMaTepun. CheayeT AM U3 3TOro, YTO
nepemelleHne o6beKTOB, B TOM YUC/E WU XUBbIX, B MPOCTPAHCTBE — 3TO U €CTb ABUNKEHWUE, UK
BMOpaLMnN, AN n3NyYyeHna He Puanyeckoro ob6beKTa, a HA06OPOT - 3TO GU3NYECKUIA OBBEKT U ecTb
nepemelleHme MHGOPMALMOHHO - SHEPreTUYecKUX MMNyibcoB? KOTopbIi B NpoLuecce ABUMKEHUA UK
M3/lyYEHMA OT HAYya/IbHOTO MCTOYHMKA B eANHON eé popme, Hanpumep, IMBPUOHA NN KNETKU, UK
aToOMa, MOJIEKY/Ibl U T. A. KaK «TOYKM pOCTa», B3aMMOAENCTBYET C MaTepuel cpeabl — PacTET, U3MeHseT
CBOIO CTPYKTYpy u dopmy. MutaeTtca aHepruein nonen M3BHe, Kak 3apAgamMu BHELWHWUX OOBHEKTOB,
pa3BMBaAETCA M MYTUPYeT B COOTBETCTBMMU C W3HAYA/IbHO 3aN0XEHHbIMWU WMHPOPMALMOHHO -
3HepreTMY4eCcKMMM BO3AENCTBMAMW B BUAE BHYTPEHHEM MNaMATU MUCTOYHMKA, obpas3oBaBluerocs B
NPOCTPAHCTBE M3 MaTepuMM CamMoro npocTpaHcTBa. OnNATb Ke Kak pe3ynbTaT B3auMoAaencTeuA
«BUOBbIX» U3/IY4YEHWUI CTPYKTYP MHOXKecTBa Gopm MaTepum. ITO OYEHb MOXOXKE Ha rosIorpammy Uaun
nepenBuiKeHMe n3ob6pakeHnn Ha AUCnaee MOHUTOpPA KOMMbioTepa NO Mepe aKTUBALMM LBETHbIX
NMUKCesien Ha maTpuLe 3KkpaHa (cm. Puc. 6). Ho c ogHOM pasHULIEN — M3HAYA/IbHO aKTUBUPOBAHHbIM
MHPOPMALMOHHO — 3HEPreTMYEeCKMM BO34ENCTBMEM CryCTOK MJIOTHOCTM MaTepun He ucyesaeT B
npupoae, a NPOAOJIKAET CBOM ABMMKeHMA (Man BMBpaUMKM, WM U3NYyYeHMA) B NPOCTPaAHCTBE
camocTosTeNibHO. [oTpebnas «BUAOBYIO» SHEPTUIO OT BHELIHUX NOAEN Pa3IMYHOM NIOTHOCTU cpeabl
OKpY»KeHus, bnarogaps CBOMCTBAM 3/IEKTPMYECTBA U MarHeTU3Ma BUXPEBbLIX ANNONEN - Nepenasatb U
NoAAEPKUBATb HE TO/IbKO SHEPIUIO MOCTYNaTeNbHOro, HO M BpaLLLATe/IbHOIO ABUXKEHUA APYr Apyra, B
3aBMCMMOCTMN OT 06BEMOB OOBEKTOB M KONIMYECTBA 3apAAO0B, NMOCTOAHHO OTTA/IKMBAsA M PacKpy4mBas
APYr Apyra co Bcex CTOpOoH. [1o Tex Nop, NOKa He 3aBepLUMTCS NOJIHbIM LMK 6e3 KoHLa noBTopsatowenca
rapMOHMWN PUTMOB KMU3HWU Tesla, KaK MHPOPMALMM, 3a/10KEHHON B NAaMATb KTOYKM pocTa» 0bbekTa
ABYMA UCTOYHUKAMM «BUL,0BOTO» PE30HAHCHOTO U3yYeHnsa. Kak gBa «Havyana» npuposbl. U Tomy ectb
MHOrOYMUC/IEHHbIE MNOATBEPXKAEHUS A0XOAAWMX A0 Hac CBEAEHWM B BUAE W3/yYEeHUN [OaBHO
MCYE3HYBLUMX KOCMUYECKMX OOBEKTOB, HaXOAALLMXCA 3@ MUNINAPAbl CBETOBbIX JIET OT Hac, NO CyTH
cBoel — «paHTOMOB». Bnpouem, noaTBepKaeHMe TOMY U OO0 peanbHbI KpUCTann, Kak u ntoboe
¥KMBOE CYLLECTBO.

®ur3MKa coBepLIEHHO He MPOTMBOPEYUT BO3MOMKHOCTU CO34aHMA «bAaHTOMOB» Nt0b6Oro, B Tom
yncne KmMBoro 06bEKTa, KaK TOYHOM KONUM OpUrMHANa NpomsoLlesLero cobbiTuA B 4aNEKOM NPOLLIOM
ero Xu3Hu. Begb ocTtaBnaa BOKpyr ceba B cpene OKpPYKeHMUA CBOK MHPOPMALMIO B «MPOLUJIOMY», OHa
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NOJIHOCTbIO COXPAHAETCA U AOXOAMUT 4,0 HAC B MATEPUM HACToALLEro. M Mbl, KOHEYHO, MOXKEM HaXoaUTb
€€, CYMTbIBATb, U3MEHSATb, AaXKe MaTepMann30BaTb KJAOHOB, HO HE B NPOLU/JIOM, @ B HacTosAwemM. Mbl
NOHMMaeMm, 4YTo ntobon BMA SHEPrMn HecéT B cebe onpeaeneHHyto UHOOPMALMIO, U SHEpPrna m
MHbOpPMaLMA B3aMMO3aBUCUMbI, Mbl YTTOMUHANM yxKe 06 aTom. Ho UX BO34eMCTBMA Ha MaTeputo cpeapl
pacnpoCcTpaHeHMA pas/inyHble - OAHA NepeaaeTca No 3aKOHaM NPOTUBOAENCTBUA cpenbl, a BTopas
ABNAETCA OTparkeHMem, obpasom cobbiTna. [arke cobbITMA U3 NPOLLIOTrO, Kak Hanpumep, BbiCTpen u3
PYXbsi PAAOM C Hamu. Mbl BUAMM BCMbIWKY, CAbILLMM 3BYK WM OLLYLIAEM 3aTyXaloWy 3SHEpruto
BO34,€MCTBMA NOPOXOBbIX FA30B HA CPeAy OKPYKEHMUA, HO KaK COObITUA M3 NPOLLIOTO BPEMEHU B HaLLEM
y)Ke U3MeHMBLEMCA HactoAwem. Ho B cBoeilt mamATM Mbl PuUKcMpyem BCO MHPOpMaLMiO U
B3aMMOAEeNCTBYEM CO CPeAoi, aHanM3Mpya MPOLIoe M HacTosllee, W npegnosaraem oyayuime
cobbiTnA. Noatomy, MHGOpMaLMA ANs cpeabl «KNPo3paYyHa» U PacnpPOCTPaAHAETCA B NPOCTPAHCTBE Npu
onpeaeneHHbIX YCI0BUAX NPaKTUYECKU MTHOBEHHO.

OuyeBMOHO, 4YTO B MNOBCEAHEBHOMW IKM3HM Mbl MOCTOAHHO MNPUHUMAEM pPeLleHna W
B3aMMO/AENCTBYEM C OKPYXKaLWMM HAaC MUPOM He TOIbKO Yepes aHann3 «paHTOMOB» CObbITUN, yKe
npousoweawmx. Hanpumep, Bbl BUANTE AEPEBO C 3€/1EHON NCTBOM HAa KAKOM-TO PAcCTOSAHUK OT Bac
(cm. Puc. 7). EctecTtBeHHO, Bbl BOCNPUHMMAETE 3TOT OOBEKT B CBOEM HACTOALLEM BPEMEHU 4yepes
MHbOPMALMIO, KOTOPaA AOXOAWUT A0 BALLUMX OPraHOB YyBCTB Yepe3 Kakoe-To BpemA. To ecTb, yepes
MHbOPMALMOHHbIE KOMUK AepeBa, OCTaBAEHHble ero BUbpocncTtemMon nNpu Bo3AenNCTBUM Ha obLyto C
BaMW cpesy OKPYKEHUs HEKOTOpoe Bpemsa Hasaz, B MPOLW/IOM, Ha BE/IMYMHY ero oTAaneHus oT Bac.
MoKeTe nu Bbl OWyWaTb 3TO AEPEBO B eAMHOM HacToAlwem BpemeHn? [a. Ho gna storo Bam
Heobxo4MMO NOAOMTM K HEMY W AOTPOHYTLCA A0 €ro INCTBbI, BETOK, KOPbl CTBOJ1a, YTOObI 06beAUHUTD
PUTMbI CBOMX BUOPOCUCTEM B OANH COBMECTHbIN 06BEKT (CM. pyC. 7). 3HAUYUT 1N 3TO, YTO Y KaXKAO0ro us
Hac UHAMBMAYANbHOE, OTIMYHOE OT APYrMX HacToAwee Bpema? [la, He UCKNOYEHO, YTO peasibHoe

Puc. 7 epeso c nMcTBOM BAANAWN OT Hac u pagom. Puc. 8 BecnbiwKka moaHuu. (boTtowon)
(doTowon)

HacToAllee BpemMA y «HabaogaTena» MHAMBUAYANbHO TOIbKO ANA HEero camoro. Bce, 4to oH BMANUT
BOKPYr B HACTOALLEM BPEMEHW — 3TO OH CaM, KaK COOCTBEHHbIN MaTepuasibHbI OBBEKT, M BCE
OCTaNbHOE, Kak Konuu cobbiTuit npownoro, To ectb MHGopmauma nam «GaHTombl» cobbITUI B ero
HacToAWweN cpefde OKpyeHuA. Ho Konuu  cobbiTuii, 3adUKCUPOBAHHbIE MMEHHO 3TUM
«HabnogaTenem» B ero HacToAWEM BpPeMeHW, MOTOMY YTO OHW BOKPYr HEro Kak OTparKeHua oT
peanbHbIX 06bEKTOB cpesbl, 3adUKCMPOBAHHBIE UM Ha PACCTOAHUM.

Moem M Mbl C abCONOTHON YBEPEHHOCTbID YTBEPXKAATb, UYTO BPEMS CyLlecTByeT BHe
«Habnopatena»? MpeacrasbTe, YTO Bbl B TEMHOM KOMHaTe, r4e HET HWYEro: HW ABUMXKEHMA B
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NPOCTPAHCTBE, HMU Tenaa, HU KaKUx-To Ten. M Bbl HaxoAuUTeCb B LEHTPE 3TOM KOMHATbl, U He
conpuKacaeTecb HU ¢ Yem. byaeT an y Bac BO3MOXKHOCTb OLLEHUTb 3Ty CUTYaUMIO, r4e HET U3MEHEHWNI?
HeT. ByaeT v y Bac BO3MOXKHOCTb HabntoaaTb ABuxKeHne BpemeHu? HeT. OcTaHOBMAOCH AN ANA BAC
Bpema B 3Ton cuTyaumn? [a. Moyemy? A noTomy, YTO Bbl HE MMeeTe BO3MOXHOCTU CPaBHMBATb
N3MeHeHMA cobbITUIA BOKPYT Bac, OHW ANA BaC HEM3MEHHbI. BCE KMBOE, pOXKAEHHOE HA 3TOM NaaHeTe,
a[anTMPOBAHO, YNTAM CUHXPOHU3MPOBAHO, M3HAYA/IbHO TOJILKO MO, YCNAOBUA KU3HW HA 3TOM NAaHeTe,
B 3TOM OrPOMHOM YHUKabHOM BUbpocucteme.

A yem Ke OT/IMYaEeTCA OMUCAHHBIM Bblle MEXaHW3M nepemelLteHmna oH6beKTOB B Makpomupe?
Hanpvmep, monHum nu gepesa B npouecce Ux pocTa, Uam yenoseka? Huuem. MocmoTpute Ha aepeBo
— CHayana pacTér CTBO/, NOTOM CTBOJIOBble BETBW, MOTOM BETKM MOTO/ILLE, MOTOM COBCEM TOHEHbKME.
Pa3Be 3TO He MOXOXKe Ha pa3pAlbl B MOMEHT BCMbIWKU MOAHUK (cMm. Puc. 8)? OyeBngHO, 4TO pocT
MaTepum 1 eé pacnpocTpaHeHWe HamnpaB/eHbl B CTOPOHY C MeHbLUEN, YeM cOBCTBEHHAA, MNOTHOCTbIO
3Heprum B NPOCTPAHCTBE, FAe Aafiee NPOUCXOAAT NPOLLECCbl YCUNEHUA BAMAHWUA 3apAagoB M T. M.
MHoroymcneHHble MHPOPMALMOHHO — SHEPreTUYecKne ynaoTHEHUA MATepPMM BO3MYLLEHHOM cpeapbl,
KONMpOBaHWE MMM KonebaHWUn CTPYKTYP UCTOYHWUKA B pe3ynbTaTe ABUMKEHUA B 3TOM cpese Co BCeEMM
ero ABNEHUAMM N CBOMCTBAMM, GOPMUPYIOT HE TOIbKO ABUMKEHME CAMOro TeNa B NPOCTPAHCTBE, HO U
ero oTpaxkeHne Ha H6eckoHeyHble gann BceneHHoi. TaKoB MexaHM3M CO34aHMA B MPOCTPAHCTBE He
TONbKO BELLECTBa, HO N €€ KOMUKM, He TONbKO 06beKTa BUBpaLUKM, HO U UCTOYHMKA eé nHGopMaLmK.
Hawe Teno He UCKNOYEHWE, OHO nepemeLlaeTca B MPOCTPAHCTBE KaK LeNbHAA CTPYKTYpa KUBOM
dopmbl Hnarogapa NPakTUYECKM MIHOBEHHOMY B3aMMOAEWMCTBUIO BCEX HAWWX AMMNONEN, 3apALOB,
nonen ¢ TakMMn e Gopmamm matepum cpelbl OKPYKeHUA. Mbl U ecmb 4acme cpedbl OKPYHEHUS,
MOMOMYy Ymo cOCMouUM U3 00H020 U Mo2o xe. Nepeasuraacb Mbl BO36yKaaem NpoCcTPaHCTBO BOKPYrT
Hac, N OHO KaXKAbl MU HOBbIX COOLITUIA, NONOXKEHWUIN B cpeae, NpuobpeTaeT B TOYHOCTU OYEepPTaAHUA
Hawero Tena co Bcemn eé pedekTamu, OGYHKUMOHANbHBIMU BO3MOMKHOCTAMMW, CBOMCTBAMMU U
ANHAMWKOM. Bca sHepruaA Hawero Tesa B COBOKYNHOCTU BCeX eé 3apsaa0B, BUXpen, Annoaen, nonem ¢
NONHbIM NAKETOM NPUOBPETEHHBIX MHPOPMATUBHbLIX MYTALMIM, COAEPKALLMXCA B CBOUX BHYTPEHHMUX
CTpoeHuax BuMbpocuctem, nepemeLlaeTca B cpefe NPOCTPAHCTBA CO CKOPOCTAMM cBeTa M bHonee.
MOCTOAHHO NOAAEpP)KMBAA CTPYKTYPHYIO MIOTHOCTb 3apAA0B BO BCEX CBOMX OpraHax, B TOM 4uche,
No/ly4yas SHEPruo oT B3aMMOAEeNCTBUIA C UCTOYHMKAMK BUBpoCUcTeM MaTepmumn M3BHe. Mo OKOHYaHUK
KaXkO0ro ABUXKEHUA cpesa NepexoanT, MO0 CTPEMUTCA, K NpeHeEMY SHepreTUYeCcKoMy COCTOAHUIO
[0 eé BO3byxaeHUa Hamu. M BCE TONBKO C eguHOM uUenblo — obecneyeHne Ku3HecnocobHOCTM
OpraHM3ma B U3MeHALWEMCA MUpPe. DHEPruA 3aaHHOM NAOTHOCTU U GOPMbl MaTepmn NepeTeKkaeT B
NPOCTPAHCTBE, MCNONb3yA CaMy MATepui0 B CaMOW cpefe MnpocTpaHcTBa. A Bce cobbiTvA, uam
B3aMMOAENCTBMA MaTepun, NO CyTU CBOEWN M €CTb HeNpepbIBHAA MHOFOKaHabHasA, MOAYANPOBAHHAA
nHbopmauma. Ecnm npocTo, TO Mbl B HaWlEM MUpe — eCTb MOABUMKHAA SHEePrua NAOTHOCTEN 3apAaa0B
MaTepumn, rae COCTaBHOM e€ 4acTblo, UM 060/I0HKOMN KaxKkaoi U3 GopmmpyroLmxX e€ CTPYKTYP, a B UTore
M CcaMoro Tena, ABNAETCA onepatuBHasa «uHbopmauma». Kakaa BennKonenHas BO3MOXKHOCTb
peanus3aunm 3STUX 3HAHUW OTKPbIBAaeTCA AONA BbI3LOPOBNEHMA WAN WUCKYCCTBEHHOM KOppeKuuu
coctosHuA noboro xueoro cywecrsa! Hanpumep, yenoseka ¢ OTKIOHEHUAMMU 340POBbA BO3SMOXKHO
Norpy3vTb B apXMBHOE MoJie MaTpuLbl COBCTBEHHOTO e MHOOPMALMOHHO — SHEPreTUYecKoro ewé
3[,0pOBOr0 COCTOAHMA U UCNPABUTL NPUOBpPeTEHHbIe AedeKTbl, NCNONb3yA eCcTeCcTBEHHble NPoLEecchl
pereHepauuuM W penapauum OpraHusma B cpeae norpy)KeHuma. HUKaKux nekapcts M NOBOYHbIX
adpdekToB. TOT }Ke pe3ynbTaT BO3MOXKEH Yepes 6N3KMX poACTBEHHUKOB.

Tenepb nonpobyem 0606WMTL BCE NepeyncieHHoe paHee W 3anoMHMM, Y4TO BMbBpaLum maun
KonebaHUA ecTb U31y4YeHUA, KOTOPble TPAHC/INPYIOT B CPeAy OKPYXKEHUA N SHEPrUIo B BUAE 3apAao0s,
n nHGOpMaLMIO B BUAE KONUIK, OTOBParKeHUI, OTNeYaTKOB NpomnsoLwweawmnx cobbiTuin, Uan ABNEHNUN,
KaK B3aMMOAEWNCTBMA BUOPOCTPYKTYp, AUMNOAENr, Ten mexay cobon. MycTtoT B npocTpaHCTBe 6e3
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MmaTepumn HeT. «HMuTOo» He cywecTByeT. [TPOMENKYTKN MeXAYy Pa3INYHbIMU 0B6bEKTAaMM YNAOTHALOTCA
BMXPAMW BOB/IEYEHHOWN B ABUMKEHME MATepPUN cpebl OKPYKeHUA. Buxpamu, koTopble obpasytoTca B
pe3ynbTaTe BpPALLEHUA M ABUXKEHUA OECUYMCNEeHHOro KO/MYecTBa MOCTOAHHO BO3HUKAKOWMX U
Mcye3aLWmx B NPOCTPAHCTBE 3/IeMEHTAPHbIX YacTUL, aTOMOB U MHbIX GOPM B3aMMOLENCTBYOLLEN
mexay coboin matepumn. OueBmaHo, 4To Ntobas maTepus — ecTb Npouecc obMeHa 3Hepruen, Kak ¢
BHELIHEWN Cpefon, TaK U BHYTpKU cBoeit dopmbl. A 0OMeH 3Heprven ecTb ABUMKEHME, TOK 3apAaos,
KOTOPbIA U coBepLUaeT sBaeHne, cobbitne. A ntoboe none ecTb pesynbTaT UAM CNefCTBME CBOMCTBA
matepum BUOPMPOBATb, W3y4aTb, YNAOTHATb BOAHbI KONebGaHWIM CBOMX BUXpeh B cpeae
CYLLEeCTBOBAHMA, KaK rpagMeHT MJIOTHOCTU 3apsaoB. MOXHO cKasaTb, YTo n1t0b60oli KonebaTesbHbl
KOHTYp Man Bubpocmctema MUMKPOMMPA — 3TO YaCTb CTPYKTYPbl BELLECTBA CO CBOMM 3/IEKTPUYECTBOM U
MarHeTMsmom, u ntoboe BelLecTBO M3nydaeT, a Ntoboe U3nyyeHne ecTb None CTPYKTYpbl BeLecTsa.
OpHo 6e3 gpyroro HeBO3MOXKHO. CnefoBaTeNlbHO, SHEPIMA €CTb aHANOr WU3/YYEHUIO B JINHENKe
YacTOTHOrO cnekTpa 6o maTepun. Takmm 06pasom, BUXPWU Pa3NNYHON SHEPreTUKU, Wau
KONn4yecTBa 3apAfoB, B3aMMOAEWCTBYS Mmexay coboi M OTTa/NKMBaACb Apyr OT Apyra, CO34aloT
ynpyroctb cpebl NPOCTPAHCTBA, YNNOTHAOT €€, 3aN0/IHAA NYCTOTbl C HU3KOW NJIOTHOCTbIO MaTepuu,
bopMUpPYIOT YCIOBUA AN NOCTOAHHOTO HA/IMYMA FPaANEHTA B NPOCTPAHCTBE, TEM CaMblM HEU3MEHHO
CTUMYNNPYA BO3MOXKHOCTb 6eCcyMCcNeHHOro KO/AM4YecTBa NepemMelleHnin U BpalLleHWn [unonen,
BMBpOCUCTEM, YacTuUL, TEN U T. 4., BCErAa CTPEMACH K CO34aHUI0 CTabUAbHBIX U YCTOMUYMBBIX CTPYKTYP
BELLECTBA B MPOCTPAHCTBE. MIcTOpMA pa3BUTMA MaTepPUM 33 MUNAMAPAbI NIeT A0Ka3ana, 4To ntoban eé
dbopma CTpeMuTCAa K POCTY, YC/IOXKHEHUIO M pPa3BUTUIO, BCE Honee ynaoTHAA cobol NpoCTpaHCTBO
BceneHHoW. MuU3Hb - ecTb 6e3rpaHMYHbIA CUHTE3 MaTepuu. A 3HAYUT, C yBeAUYeHMeM 06BEMOB
BELLECTBA B CpeAe OKPYXKEHWUs, KONIMYECTBO SHEepPreTmyeckux MHPOPMaLMOHHbIX CUCTEM BOKPYT Hac
byneT HeM3MeHHO Mea/ieHHO, HO YNOPHO MNPOAO/IKATb YBEANYMBATLCA. BepoATHO, NPOCTPaHCTBO
BbICTPaMBaET eAMHY0 Popmy U3 MaTepum cOBCTBEHHOM cpeabl METOA0M NPO6 M OLMOOK aHHUTUANPYA
M CO3MAaA BHOBb BOT yXKe MUAAMAPAbI NIET.

Bcem M3BECTHO yTBEPKAEHME COBPEMEHHOW HAYKM, YTO PAAMOBOIHbLI, KaK 3/1EKTPOMArHUTHbIE
N3ly4eHMA He CNOCODOHbI PACNPOCTPAHATLCA B GU3MYECKOM BaKyyme BHe «3dpupa», B abcontoTHOM
MycToTe 3TO HEBO3MOXHO. TaK /M 3TO HAa camom Aene? M Kak B TaKOM Cayvyae M3HAYyanbHO, Mpwu
3apoXKAeHuM BceneHHoM, nepemelL,anacb «NpoToMmaTepusa» B NPOCTpaHcTee?

HayHém c npoctoro. O4eBUAHO, YTO YEM BbllIE NJOTHOCTb MAaTEPUK, UMM YACTUL, B cpeae, Tem
yawe W bbicTpee npoucxoauT nepejada A[pyr yepes pgpyra MHPOpmMauMu, KaK OTneyaTKa
npousoleawmx cobbiTUil Yepes MarHeTMsm AMnonen, NoYTM Kak CTONIKHOBEHMA Yepes3 cONnKeHus
BMXPEBbIX 06Pa30BaHUI B Cpese OKPY!KeHUA. Kpome TOro, B3aMMHble BO3AENCTBMA B BUAE SHEPTUN
BOJIH TOXKE NepesatoTca, HO Yepes BOBIEYEHHYIO BO BPaLLeHWE YNIOTHEHHYIO MAaTEPUIO Cpeabl BUXPeW
MeXAY 3TUMM Ke Bpallalowmmuca (Konebawowmmuca) auvnonamu. BcnepctBme 4ero MOXKHO
3aK/IIOYUTb, YTO B MPOCTPAHCTBE 3HEPrUA MNepesaétca He TO/IbKO 4Yepes3 BOJIHbl NPOAOAbHbIX UK
nonepeyHbIX KofebaHU YacTUL, MaTepPUN B CTPYKType BO3MYLLEHHOW cpeabl, HO U KaK LITOPMOBaA
NPOHMKalOLWAA BOJIHA YacTuL, NepemMeLLaeMo MaTepum, Hanpumep, rasa, BoAbl, OTHA, Tena B cpeae
BO3A4yXa - B Ntob6oi dopme matepun. N 3T 06bEKTbI, CTaIKMBAACH MeXay coboi, NnepeHOCAT B cpeay
MOMEHT ABUXKEHUA (MHEPLWUM) U NETAT CKBO3b BUXPWU YNIOTHEHHON MaTepuu cpenbl, pa3gBuras mx
«NOA06HO TPOCTHUKY Y BOA0EMA», KOTOPbI NOA BO3AEACTBMEM OTTA/IKMBAHUA OOBEKTOB OKPYKEHUS
BO3BpPALLAETCA 33 HUMWU B UCXOAHOE MOJIOXKEHWE - A0 HAYaNa BO3MYLLEHWUA NPOCTPAHCTBA. TO ecTb,
CTPYKTYpbl 60nee NAOTHOM MaTepuM NepemeLliatoTca B cpede MeHee NAOTHOW. A MeHee NoTHas
maTepua, iMbo paBHaa cpese, He cnocobHaa NPeoaoIeTb NOTHOCTb OKPYKEHUA MEXKAY €€ BUXPAMM,
He MOXET NepeHOCUTb CTPYKTYpPbl BELLECTBA, @ 3HAYUT SHEPTUIO, CKBO3b 3Ty cpeay. B atom cnyyae
nepenaérca ToNbKo MHPOPMALMA, KaK OTpaXKeHMe cobbiTA OT OAHOrO BUXPA MATEPUN YNIOTHEHHOMN
cpeapl K gpyromy. 3To ABEHNE OYEHb MOXOXKE Ha ABNEHNE MyPMYpPaLMM CKBOPLLOB UM KOCAKa pblb B
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YKMBOW NPUpPOAE, HO CTPYKTYP maTepumn, eé popm, Yepes NJOTHYHO Cpeay YacTuL, B MPOCTPAHCTBE (CM.
Puc. 9). Mpu 3TOM Mbl BUAWM, YTO YEM BbIE CKOPOCTb TeNa WAM NAOTHOCTb Cpeapbl, TEM Bbllle
KOJIMYECTBO B3aMMOAENCTBMI M TemnepaTypa, a Te/0 TOpMo3nTca u gedopmupyetca. To ecTb, BO Bcem
«0bbEME» NPOCTPAHCTBA MOCTOAHHO MNPOUCXOZAT becuyncneHHble  AUMHAMMYHbIE  MPOLECCHI
B3aMMOZENCTBUA COBEPLUEHHO Pas/MYHbIX GOpmM MaTepum oaHOBpPeMeHHO. PasBe 3TM MpoCTble
M3MbILWNEHUA He HABOSAT HAa MbIC/Ab, YTO BCE BOKPYr HAac COCTOMT M3 MHOMECTBa COBEpLIEHHO
Pa3/INYHbIX Cpes, B Pa3/INYHbIX COCTOAHMAX MaTepuuM, HO HM Koum o06pasom He MmeluaeT
CYLLECTBOBAHWIO APYr Apyry B e4MHOM MPOCTpaHCcTBe? Hanpumep, Kak MosA pasHbiX AManasoHoB
PaAnOBOJIH B eANHOM «3dupen.

A uTO, ecnu cpeaa, rae pacnpocTpaHAETCA 3BYK, U Cpesa, rAe PacnpoCTPaHAETCA CBET, Pa3/INYHbI
M NPaKTUYECKM He B3aMMOAEWCTBYIOT ApPYyr C Apyrom Bo BceneHHol? Hanpumep, 3ByKoBaa cpeaa
MeHee NA0THas, c bonee HU3KOM TemMnepaTypou, CTPYKTYpMpoBaHa 13 6oaee KpynHbIX YacTUL, MaTepum
C HeGONbLUMMM YacTOTaMK BUBpaLMIA U T. 4. A, HaNnpumep, cpesa CBETOBbIX CKOpOCTel bonee NaoTHasA,
ynpyras, TEénaas U COCTOMT U3 MeIbY4aMLLNX SIHEPTETUYECKUX CTYCTKOB MaTepUM C BbICOKOYACTOTHbIMM
BMOpaunamn. U Kaxkaas mM3 3TUX cpel, KOHTaKTUPYeT TOJIbKO C 06beKkTamu onpesenéHHoro nopora
4acToTbl KonebaHnn. MoXKeT, N03TOMY Mbl, 34aNTUPOBAHHbIE A/1A NepeMeLLEHUI B cpese 3BYKOBOro
[iMana3oHa, CTaIKMBaemcA ¢ Npobaemamu nepesBUNKEHNA yKe Ha CBEPX3BYKOBbIX CKOPOCTSAX, @ UHble
dopmbl maTepum cBOBOAHO CyLLECTBYIOT B Cpefe CBETOBbIX CKOPOCTEN, HO B eAMHOM C Hamu
npocTpaHcTBe? M Mbl, Kak Tena KOHTaKTMpyeM C 3TOM maTepueil, HO He B WX cpeae, rae
B3aMMOZAEMNCTBYIOT MeXay coboi 3apsabl HalMX CTPYKTYPHbIX BuBpocuctem. [N MNOHMMaHUSA
BO3MOXHOCTM MepemMeLLLeHNs CO CKOPOCTAMM CBeTa HEObXO0AMMO M3y4aTb YC/I0BUA CyLLECTBOBAHMA
MaTepun B bosiee TOHKUX cpesax. BepoATHoO, cywecTByeT U cBepxcBeToBas cpesa U UHble. CTaHOBUTCA
OYeBMAHbIM, YTO, NMPEoA0/IeBas CBEPX3BYKOBOW MOPOr CKOPOCTU, Hanpumep, CamosieT coBepLiaeT
CKAYOK B WHyl0, «bonee nAOTHyHO» aTmocdepy, U NpeTepneBaeT MHOMKECTBO YAAPHbIX BOJIH
NPOTUBOAENCTBUA CPeabl BTOPMKEHMA C BOSHUKHOBEHMEM PA3/IMYHBIX ABNEHUNA.

Puc. 9 Mypmypauus pbib B okeaHe. (poToLion) Puc. 10 Cxema Buxps. (poToluon)

MOXHO /M M3 BbLIWENSIOKEHHbIX COODpaXKeHUn caenatb BbIBOA, 4TO ANtobble pasHo-
nepemMeHHble ABUXKEHMA KaK BUBpaLumu, uamn KonebaHua B BUAE CKaTUe-pacluMpeHune, BNpaBo-BAEBO,
BHW3-BBEPX U T. A., B 0AHOM ¢da3e NPoTUBOAENCTBYIOT cpeae, TO eCTb M3/y4yaloT, a B Apyroi ¢dase
NPUHUMAIOT abCONOTHO TaKMe e «BMAO0BbIE» MOAYANPOBAHHbIE U3NyYeHuA? Ho c oTnevaTkamm,
obpazamu cobbiTuii, HGOpMaLMeEN U3 cpenbl OKPYKEHUA NMPOCTPAHCTBA, YTO OCOBEHHO aKTyasbHO
NPV BbICOKMX YacToTax? Takne CUrHaNbl AUMNoNein ABNAAKTCA UCTOYHUKOM 3aPOXKAEHNA U BO3LENCTBUA
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Ha 0ObEKTbI OKPYXKEHUA Pa3IMYHbBIX 31EKTPOMArHUTHbIX Noseln B dopme Buxpen, coep, TOpoB U T. 4.
CO CBOMMMW JIMHUAMM HaNpPAXKEHHOCTEN 3/EKTPUYECKMX U MATHUTHbIX nonen. Mpouecc HanomuHaeT
AblXxaHMe obObekTa: BAOX — MOr/IOWeEHNe W3y4eHUA M3BHEe Ha nonynepuoge KonebaHua wau
pa3pexeHune cpegbl, U BblAOX Ha BTOPOM nosayrnepuoae — usnydyeHme KonebaHua uam ynnoTHeHue
cpeabl NpUcyTcTBMA. BnosHe BO3MOKHO, YTO B peasibHOCTU Y OTPAXKEHHOMN OT NPEenATCTBMA BONHbI A8
Hac MHoro ctopnpu3os. Moyemy, Hanpumep, HeNb3s A4ONYCTUTb, YTO BCE, YTO BbilLE YCIOBHOM «OCK X»
N3/1y4aeT BOJIHbI, @ HUXKe — NPUHUMAET? BOT Bam N «MHPOPMaLMOHHO — BOJIHOBOMY Ayanm3m. YETKO
oTpaboTaHHble ANA PasInYHbIX GOPM MATepPUU, MHOMBUAYANIbHO B3BELUEHHblE MOPLMU KOAMYECTBA
3HEeprum n nHpopmaumm - OTAAHO U NOJIY4EHO, BEC 06BbEKTA BCeraa ctabuieH, Hanpumep, Kak NpoToH,
3NEKTPOH M T. A4. A B C/ly4ae yTpaTbl UM NPUOBPETEHMA KAaKOW-TO BE/IMYMHDI, NO Pa3HbIM NPUYNHAM,
npoucxoamutT nepexon K 6onee nNPoCTbIM  WAW  CNOXHbIM  CTPYKTypam Gopm  maTtepum  C
COOTBETCTBYIOLLLEN NOTEPEN UM 3aXBATOM PAaBHO3HAYHOM 3HEPrMM. Pa3Be 3TO He MOXOXKe Ha MexaHU3M
obmeHa, «obleHna» mexay o6bekKTOM M MaTepuen NPOCTPAHCTBA OKpyKeHMA? Mo cyTn, usnydas,
06BEKT TPAHC/IMPYET BCHO 3a/10KEHHYIO B MOAYAMPOBAHHOM CUTHane MHpopmaumto o cebe, CBOEM
CTPOEHUU, N Nony4vaeT eé 06paTHO C AONONHUTENBHOM MOAYNALMEN UAN KOTPAKEHUEM» U3BHE, TO
ecTb ¢ MHbOpPMaLMel o Apyrux obbeKkTax B cpeae NPocTpaHcTBa. KTo cKasan, YTo BOJIHbI HE CNOCO6GHbI
K MHOrOKaHanbHbIM MHPOPMALNOHHO — SHEPreTUYECKMM B3aMMOAENCTBUAM, FAe OAHO U3NydYeHue
co3gaeT 6becumcneHHoe MHOXKeCTBO abCoONOTHO Pas3/IMYHbIX U aBTOHOMHbIX Mexay coboi nonen He
TONbKO Mo cBoelt ¢opme, HO U NIOTHOCTM 3apAaoB? PasBe 3TO HE OANH U3 MHCTPYMEHTOB NPUPOAbI B
C034aHMM 3ameYyaTe/IbHOro MHOroobpasma KPacok *KM3HM Bo BceneHHon?

MpeAcTaBUM UCTOYHMK U3TYYEHUA AN BUOPALLMIA B MOTHOM «NycTOTe», Nt0BYI0 MaTeputo B BUAE
BuxpA (cm. Puc. 10). MycTb 310 6yaeT anemeHTapHaa Yactmua. OT popmbl BUOPALMI UICTOYHMKA B cpeay
OKPY)XEHUA OTAANATCA BUXPEBble, NOYTM cdepuyeckne, BOJIHbI MU3y4eHUt. KakoB mexaHuM3m
nepemelleHns B AaHHbIX YCA0BUAX 3TUX BOJIH? Koraa 4o nepBoi BOIHbI KOiebaHMA BUXPS Hallel
3N1eMEHTAPHOM YacTuubl B MPOCTPAHCTBE HWUKAKMX BMOpauuii HeT. N BOT MPOMCXOAWUT NepBbli
noaynepuos BOJIHbl Kak U3/ly4eHne, TONYOK YNNOTHEHHOM NopuMmM COBCTBEHHOM MaTepun B NycTOTy
OKPY*KEHMS, OT YaCTULLbl CO CBOEM CTPYKTYPOW, 3apagamn U T. 4. FpagmneHT npu sTom byaeT OrpoOMHbI,
Kak M npeanonaraemble CKOPOCTU PAcnpOCTPAHEHMUS 3TUX CTYCTKOB MaTepum B «nycToTy». BeposTHo,
CamM npouecc CKOpOTeYeH, HO OAHO3HAYHO 3aMo/IHAET Halle BUPTYasbHOE «HWUYTO» BMOJIHE
MaTepPUaNbHbIMW MNAOTHOCTAMM 3apPALOB, TPaHCAMPYA none coBceM eweé cnabbix Bubpauuii
YyNAOTHEeHMA MaTepun. HakoHeL, NpeKpaLLaeTca n3nyvyeHme n NnpomcxoamnT BTOPOM Noaynepmos, BONHbI
— pa3pexeHne BHYTPb MCTOYHMKA, KOTOPbIN 3aTeM CMEHAETCA CHOBA M3/lyYEHUMEM WU LABNEHUEM
NAIOTHOCTU 3apAA0B ceaytollero nepnoga Bblbpoca v 1. 4. LIMKA 32 UMKNOM, BpaLWancb BHYTPEHHSAA
3Heprva 3apAgoB CamMoOM YacTUubl MaTepum Cco3[aéT rpagueHT MJIOTHOCTEM W OTTanKuBaeT
npeablayLyto BoAHy chepbl nocaeayrowein BoNHOM U3HYTPU. OUYeHb NoXoXKe Ha TO, KaK Mbl HaZyBaemM
BO3AYLUHbINM LWap, Korga ¢ Kaxkaoh nopumen Bblgoxa OH CTaHOBUTCA BCE bonblue U 6osblue, BCE bonee
n b6onee 3anonHAs coboi nNpocTpaHcTBO. TakMm o6pa3om, pacnpocTpaHsemoe BOKPYr 4acTuLbl
YyNAOTHEHMEe cpeabl MNpPeBpalLaeTca B CamMoCToATeNbHble (GOPMbl MATEPUM W 3aMNOJHAET UMUK
NPOCTPAHCTBO BOT yXe MUAAnapAabl net. [la, rpaAueHT 3apasoB B «MycTOTe» UCCAKaeT BbICTpo, Tem
6onee MCTOYHMKOB SHEPTMM BOBHE B HalLEM Cyyae eLé He40CTaTOuYHO.

Ho, BCMOMHMM, YTO TaKMe YacTuLbl, Kak 3N1€KTPOH M NPOTOH OYEHb CTabW/IbHbI. 3HAYUT /i1 3TO,
YTo WX cobCcTBEHHas 3Heprus B BuUAE 3apadoB B CBOOOAHOM COCTOAHMM BbipabaTbiBaeTca MX
BHYTPEHHUMU CTPYKTYPHbIMM B3aMMOLENCTBUAMWN OUCKpemHo U 8ce20a? BnonHe Bo3moXKHO. bonee
TOro, COBEpPLUEHHO PeasibHa MbIC/Ib 3aPOXKAEHUA U PACNPOCTPAHEHNS MAaTEPUMN HE B OAHOM TOUKE, KaK
B pe3ynbtaTe «bonbworo B3pbiBa», a MNOBCOAY BO BceneHHol M O4HOBPEMEHHO, KaK MoceB
«MNpPOTOMaTEPUM», HANPUMEP, B Pe3ybTaTe AYHOBEHUA ras3a UM NPOLLEeCCOB CXKATUA M paclumpeHuns. B
TAaKOM C/ny4ae, NPU HAAMYUK B NPOCTPAHCTBE MHOMECTBA 3/1EKTPOMArHUTHbLIX BONH WM PA3/INYHbIX

14



APYTrMX YNAOTHEHUIN MATEPUU, C UX CIUPASIbHBIMU, KOHYCHbIMUW, TOPOUAANBbHBIMU U T. N. BUXPEBbIMMU
B3aMMOLENCTBMAMM, CKOPOCTU PacnpOCTpaHEHMA BONH B CpeAe MHOTOKPATHO BO3pacTatoT. B Takomn
HaCbIWEHHOW YNpyron cpeae pasHble BHOBb 0O6pasoBaBlwMecA Tena, OOBLEKTbl, 3/1eMeHTapHble
4acTULbl HEMPEMEHHO HAYMHAIOT B3aMMOAENCTBOBATb C SHEPTUEN TAKUX XKe AMNONEN B CaMON cpese
NPUCYTCTBUA, YCUANBAA COBCTBEHHbIE ABUMXKEHWUA WIW YCNOXKHAA COOCTBEHHYIO CTPYKTYpPY, NCMONb3YA
CBOMCTBA 3/1IEKTPUYECTBA M MarHeTMama. Tak BO3HMKAIOT TbICAYM U TbICAYM HOBbIX aTOMOB, MOJIEKY/,
TeNUT. 4.

BoT mMbl 1 npnbankaemcs K OCHOBHOM Teme Hallel rnasbl. B Mukpomupe, rae pasmepbl 4acTumL,
KaK M MX 4acToTbl KonebaHWi, UCYUCNAIDTCA TPUHAALATbIO U ABAALATBbIO HYNAMM MOC/Ae 3anAToMn,
opbuTbl UX ABUKEHWUI coBEpPLUEHHO cBOBOAHbI M NOABUKHbI B MPOCTPAHCTBE KAaK BHYTPWU CAaMOro A4pa,
TaK W B Npeaenax atoma. Mbl 3Haem, YTO CTPYKTypa pPa3/IMYHbIX BELLECTB M UX CBOMCTBA ONpesenatoTca
He TO/NbKO KO/JIMYECTBOM MPOTOHOB, HEWTPOHOB W 3NEKTPOHOB B WX fAAPaX M aTOMax, HO W
B3aMMOZENCTBMEM UX 3aPALOB Mexay cobon M ¢ 3apagamn mnssHe. CyliecTByeT macca TeOpuin o
CTPOEHUUN AAPaA, HO Mbl PAaCCMOTPUM BHYTPUALEPHbIE MEXaHW3Mbl HE CTO/IbKO KaK B3aMMOAENCTBUA
ABNEHWUI 3NEKTPUYECTBA, MArHEeTU3Ma M rPagMEeHTOB NAOTHOCTEN, a KaK AIBEHUS UX NopoauBLUME —
BUXPW M annonn. Beap Kaxkaaa 4acTuua B BUAE BUXPEBOrO AMNONA NepemelLancb No cBoen opbute
BHYTPM A4pa CO CBETOBOM CKOPOCTbIO YNAOTHAET MaTepUIo Cpeabl OKPY»KeHMA. HakNoH ocu BpaLLeHuA
TAKOro AMNONA CUIbHO 3aBUCUT OT BIMAHWUA 3apAL0B M3BHE, @ 3HAYUT M CAMO XaOTUYHOE OpbuTanbHoe
ABUXKEHWE TAKUX OUCKPETHbIX YacTUL, CO343ET chepuyeckyto 060/104Ky rpagneHTa ynaoTHEHMA B
TPAEKTOPUAX HANOXKEHUA OT MHOFOYUC/IEHHbIX BUXPEBLIX BO3MYLLEHUN cpeabl. KONMYecTBO TaKMx
060104€eK 3aBUCUT OT KONMYECTBA BUXPEBbLIX ANMNOMEN B AApPe, TO eCTb OT KOAMYECTBa NPOTOHOB U
HeMTpoHOoB. OroBOpPMMCS, YTO HEUTPOH HE MMes 3apAfa, BCE Ke ABNAETCA HEUTPA/IbHbIM BUXPEBbIM
Annonem, Hanpumep, MarHUTHbIM. CKarKem, eCc/i YacTULLA 3apAXKeHa KaK 3/1eKTPOH, TO, ECTECTBEHHO,
YTO Y BPALLAOLLENCA 3apAXKEHHON YacTUUbl A0/KeH OblTb MArHUTHbIA MOMEHT. 3TO BEPHO W ANs
COCTABHOW YacTuLbl, NYCTb Aa)Ke B LLe/IOM HEeMUTPasNbHOM, HO COCTOALLEN M3 OTAENbHbIX 3apAKEHHbIX
YyacTen KaK HEUTPOH. MOXHO NpeaCcTaBUTb 31EMEHTAPHbIE YacTULbI, HaNPUMepP, Kak MUHUATIOPHbIE
MarHuTbl. OHM MOTYT NepPeBOPAYMBATLCA NOA, BIMAHUEM BHELIHETO MAarHUTHOIO NOAA, NMPUTATMBATLCA
WAWN OTTANIKMBATbCA — BCE, KaK Yy HACTOALMX MarHMToB. Booblue, marHeTMsm 34ecb paccmaTpmBaeTcs
CYMMapHbI/ - 0pbUTaNbHBIN U CNUHOBbLIN. A Tenepb NPeACcTaBMM, YTO BCE HEMTPOHbI 06beANHEHDI B
OHOW LEHTPaNbHOM, camoi NAOTHOM cdepe Aapa, a NPOTOHbI — B CAeaylollen, onucbiBatoLLen eé
coepe. Torga, 3a A4POM HAXO[ATCA TPeTbA WM nocnegyowme chepbl, KOTopble 06bEAUHAIOT BCe
3NEKTPOHbI aToma. [Mpn 3TOM Kaxkaana cdepa COCTOUT U3 CBOUX IHEPreTUYeCKMX 060/104eK Pa3NIUYHOTO
rpagMeHTa NJI0THOCTU MaTePUN CPesbl, YACI0 KOTOPbIX ONPeAENAeTCcA YNC/IOM HEMTPOHOB, MPOTOHOB
N 3N1eKTpoHOB B atome (cm. Puc. 11). MoOXHO HasBaTb MX HelTpoHochepol, NpoToHochepoin u
anekTpoHocdepoi, npu 3Tom Bce cdepbl UMET CBOM COOCTBEHHbIA CYMMapPHbIM 3apag,
COOTBETCTBEHHO (Ha PUCYHKE) HENTPaNbHbIN - PO30BbIA, MONOXKUTENbHbIN - }KENTbIN U OTPULATE IbHbIN
- CMHUI. He npaBaa nu, 3Ta eAuHasa CTPYKTYpHasa dopma aToMa, C B3aMMOLENCTBYIOWLMMU MEXAY
coboin chepnyeckMMM NPOCTPAHCTBAMMW MHOFOC/IOMHOFO CPEepUYECKOro KOHAEHCATOpa, OYEeHb
HanOMWHaeT uAeanbHblA KonebaTenbHbl KOHTYP, rAe BO3HWMKAKT KONebaHUA 3SNeKTPUYEeCKUX
BE/IMYMH, KOTOPble COMPOBOXAAIOTCA B3aMMHbIM MPEBPALLEHMEM 3SHEPTUIA 3NEKTPUYECKOrO W
MarHMTHOro nonen? Korga sHeprua sNeKTpMYEeCcKoro noss KOHAEHCATOPaA aHaNorMYHa KMHETUYECKON
3HEeprumn, a SHepPrna MarHUTHOro NoJsA opbUTaNbHbIX 060/104€EK YNIOTHEHHOM cpeabl - NOTEHLMA/IbHOM
SHEPrnun, Hanpumep, MexXaHUYecKoro MaaTHMKa? B TOM 4ucCie, CO BCEMWU BbITEKAIOWMMM OTCHOAA
CBOMCTBAMM WU B3auMoOAEWCTBMAMM cdhep KaK AWNoNeKn, C UX NOJACaMW, CUNOBbIMU JIMHUAMM,
BMXpPEBbIMM TOpamMu U T. A. Kaxpgaa yactmua agpa obpasyeTt cobctBeHHy0 060104Ky B OT/IMUME OT
3N1EKTPOHOB, KOTOPble MOFYT BbICTPaMBaTb 0D0/IOYKM C YETHbIM KONMYecTBOM 4actuu. Ha Puc. 11
MOKasaHbl MO TpyM 060N0YKM B KaxKaol cohepe, rae COOTBETCTBEHHO MO TPW NPOTOHA, HEMTPOHA U
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aneKkTpoHa. OueBnAHO, YTO 0b60NI0MHO-cHepUuYecKkan CTPYKTYpa sApa aHaNorMyHa Ana BCero aToma.
3ameTum, 4To B Npeaeniax KaxKaon 060/104KN YacTMLA NepemeLlaeTcsa B 1t060M NAOCKOCTU U B l06OM
HanpasB/ieHMW B 3aBUCUMOCTU OT BIMAHMA U3BHE, B TOM YMCAE U coceaelt, Hanpumep, Kak Ha Puc. 12.
AaepHble CBA3M MeXKAY HYKNOHaMK B chepax MMerT MHTEHCUBHbIM XapaKTep obmeHa 3apagamum
B O4YeHb MN/JOTHOM cOOCTBEHHOW cpeae NPOCTPaHCTBA. TakoW OOMeH roBOPUT O MOCTOSHHbIX
NOrNOLWEHMAX N UCNYCKAHUAX U3/TY4EeHU SHEPTUN, KaK OOMEH et MeXay HEUTPOHAMMN U NPOTOHAMM.
Mo cTaTUCTMKe M3 BCeX aTOMHbIX SA4ep TO/IbKO YEeTBEPTb CTabubHbI. To ecTb, B3aumoAencTBmne sHeprum
YNAOTHEHHbIX cpeld chepuyeckmx 06004eK, NOPOXKAEHHbIX KPYroBbIMU XaOTUYHbIMW OpbUTanamm
BUXPEN HYKNOHOB MpPW BO3AENCTBUM M3BHE, OKA3bIBAKT B/AUSHUE HA CKAYKOOOpa3HOE M3MEHEHMe
CBOMCTB A4pa KaK 4YacTuubl. AAICHO, YTO B TAKOW 3aBUCMMOCTM KarKablA AOMOJIHUTENbHbIA HENUTPOH
obpasyeT HoBylo 060/104KYy B cBoel chepe, a NPOTOH - B cBoeit. Takoro poga popmupoBaHue
HEMTPOHAaMM M NPOTOHAMW HOBbIX 3HEPreTUYecKnx obonoyveK, B OAHOMMEHHbIX cdepax Agpa,
NMONIHOCTbIO COr/lacyeTca C 3aN0/IHEeHMEM 31EKTPOHAMM CBOUX chepuryecknx opbutanein B meHee

Puc. 11 Cxema cTpyKTypbl aToma.  Puc. 12 OpbuTtanm n HanpaBieHMA ABUXKEHUI MO HUM YacTuy, B
cocefHUX 060104Kax chep CTPYKTYpbl aTOMa.

NAOTHbIX cpeaax 06ono4ek aneKTpoHoCchepPbl, B TOM YUC/E C AOCTPOEHHbIMWU KpanHMMM 060/104KaMm
cTabunbHbix aTomoB. CBOWCTBA 31EMEHTOB, KaK U CBOMCTBA 06pa3yembix UMK OPM, HAXOZATCA B
nepuoaMyecKkoir 3aBUCMMOCTM OT 3apAA0B MX AAep, YTo M nponucaHo B Tabauue anemeHtos [.U.
MeHpeneesa.

Tenepb npeactaBuMm, UTO KaxKabln 060pOT BMXpA, Nt0boro ns yactuy agpa, no opbute ABUNKEHUA
npoucxoant 6e3 CTONKHOBEHWUI B npeaenax ogHoM chepbl, HO MO pa3HbiIM 060/04YKaMm, Kak OA4Ha B
Apyron. Toraa Bce 4acTvubl NPU B3aMMOAENCTBUAX UMEKOT BO3MOXKHOCTb COBEPLIEHHO aBTOHOMHO
N3MeHATb Ntobble cBOM NapameTpbl BUBPaUUIA, Kak GyHKLMM BOHbI B Npeaenax NpoCTPaHCTBA CBOUX
obonouek. Hanpumep, MeHATb HanpaBAeHWA BPALLEHUA U ABUXKEHUA, AaXKe NyTEM nepeBopoTa, TO
€CTb Ha BCTPeYHOe WUAM OAHOHaMNpaB/ieHHOe, NepneHanKynapHoe opbutam cocefHUX 3apaLoB UAn
avnonen B cocegHux obosioykax, uam napannenvHoe, u T. 4. (cm. Puc. 12). Mpu atom, mexay
coCegHMMM 3HepreTU4eckMmm o0b60s104KaMM, Kak U YacTmuamm ux obpasylowmmm, U B UTOre mexay
chepamm, 6yayT BO3HMKATb HE TONIbKO aKTUBHOCTb 3/IEKTPOMATrHUTHbIX MNONEN N Pa3INyHble ABAEHUA
OTTANIKUBAHMA WUAWN MPUTANKEHWUA, 3aMeSNEeHUA UAU YCKOpeHuAa, obmeHa KoM4ecTBOM 3apsaaos U
MOMEHTOB. BbI3BaHHble CBOMCTBAMM 3/1EKTPUYECTBA W MArHeTM3Ma, B TOM 4MUCAe MNOAAMM
HanpAX)eHHOCTeN U MHAYKUMMK, HO U CBOMCTBAMM BUXPEW C UX FPagueHTaMun MIOTHOCTEM cpeabl
OKpYyXKeHuAa. U 3Tu Bo3gencTeua OyayT CKMMATb, YNIOTHATb Cpeay MaTepuu K LEHTpy aapa U
€0342aBaTb YC/NOBUA AN1A U3MEHEeHMA CBOWCTB aTOMa, B3aMMOAEWUCTBUA C BHeWHeNn meHee MI0THOM
cpenon He TO/MbKO 3neKTpoHocdepbl, HO M C NPOCTPAHCTBOM BHe aTtoma. Obpasya noaBuKHble
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rpagMeHTbl NAOTHOCTEM 3apsA0B M Ha NOBEPXHOCTU eé cdepbl, obecneumBada TakMm obOpasom
NOCTPOEHME KOBANEHTHbIX, MOHHbIX, NONAPHbIX U UHbIX CBA3EM. M0 aHaNorMm BCNOMHUM O TOM, YTO B
ueHTpe 3emMnun AaBneHWNe COCTaBNsET He MeHee 4 MNH. aTmocdep, M 3TO MaKpomup. B utore, B3anmHble
N3MEHEHMA OpPOUT INEKTPOHOB, HEMTPOHOB, NPOTOHOB BO BCEX MbICIMMbIX MIOCKOCTAX, B Npeaenax
CBOWX 3HepreTMyecknx o60/104eK, OKasblBalOT BAWSAHME Ha MECTOMOJIOKEHUE YacTuy, apyr
OTHOCUTENbHO Apyra, Ha nepexos MX 3apagoB ¢ 060/104KM Ha 060/104KYy M M3 chepbl B chepy. B
pe3y/ibTaTe U3MEHAITCA He TO/IbKO CBOWCTBA BELLECTB, HO M 06pa3yoTCA KPUCTaNIMYECKME peLleTKU
HOBbIX COEANHEHUMN, YCNOXKHAKTCA CTPYKTYpPbl HOBbIX dOopm matepum. MOXKET B 3TOM M COCTOUT
pa3ragKa «napagoKca YauHOK» Ha AHe CTaKaHa?

OueHb ntobonbITHA TeMa B3aMMOAENCTBUA CTOAYUX BOSIH, 0COBEHHO 0OHYNEeHMA HaNPAXKEHHOCTH
3NEKTPUYECKMUX U MArHUTHbIX MOMIeM B CTPYKTYpPax Pas/IMYHbIX AUNONEN, B TOM YMCe ynpaBaseMbixX
BHELWHMM BO3aencTBuem. Hanpumep, cospaHuMe pasiMyHbIX KOMOMHAUMM AN BO3HUKHOBEHMA
a¢pdeKTa HEBUAMMOCTM OOBEKTOB B MPOCTPAHCTBE HE TO/NIbKO B BUAMMOM CNEKTPe MU3YYEHWUI, HO U
ABNEHUA MITHOBEHHOTO NepemelLeHns 06BbEKTa Ha paccToAaHue? A passe He NobOoNbITHO PacCMOTPETL
NPOLECChl CX10MbIBaHMA NHOObIX CryCTKOB NOABUMXHOM MaTepUM SHePruen NpoTUBOAENCTBUA, KOTOPaAA,
BEPOATHO, M FeHEePUPYETCA KaK OTKAMK Ha CUrHaAN «YE€pHbIMU Ablpamu»? Nnan Bonpockl co3gaHuA
reHepaTopoB Npeobpa3oBaHMA SHEPTUMU INEKTPOMATHUTHbBIX NOAEN NPOCTPAHCTBA B 3/1IEKTPUYECKUN
TOK, WAW BUXPEBbIX TENNOreHepaTopoB, WAN NEBUTUPYIOWMX BUXPEBbIX ABUXKMUTENen. Wnu
BO3MOYHOCTb CYUTbIBAHMA MHOOPMALMKN C NPOCTPAHCTBA OKPYKEHUA, AN MaTepuanmsauma noboro
0b6beKTa B N1t06OM MecTe NPOCTPaHCTBA, WM BOCCTAaHOBAEHWE OO/IbHbIX M MOBPEXAEHHbIX ¥UBbIX
KNETOK OpraHM3ma BO34eNCTBUAMMU SHEPreTUYecKMXx MHOOPMALMOHHbIX Nosel U T. 4. BecKoHeYHbIn
nepeyeHb Ans NbITAMBbIX. OAHO MOHMMaHME TaKMX ABJEHWIN MO3BOASAET MOBEPUTb B BO3MOMXKHOCTb
peannsaunm MHOXKeCTBa Yyaec. M B Hale Bpems - 3TO yXKe Aa/IeKO He CKa3Ku. PasBe YenoBeK MOXKET
NPOAO/IKATb }KUTb HA 3TOM NAAHETE U He NO3HABATb MeXaHU3Mbl POPMUPOBAHUA UCTUHHOM KapTUHDI
ABNEHUI BOKPYr Hero? BanaHMA MUKpOMMpPA, M3 KOTOPOro OH Ccam WM cocTomT? BeyHoro
B3aMMOENCTBMA «BCEro CO BCEM»?

Bce aTn Bonpocbl 6onee AeTanbHO, B TOM YUC/IE C TEXHUYECKMMWU MPEASIONKEHUAMMU MO MUX
NPaKTUYEeCKOMY NPUMEHEHUIO, ByayT Aanee PacCMOTPEHbI B F/1aBax 3TON KHUIN. BO3MOXKHO, KOMY-TO
3Ta NOMbITKa CO34aHMA «Teopun eANHOro CTPOEHMA MAaTePUM» MOKAXKETCA He3aBepLUEHHOM, MOXKeT
6bITb, Aaxe cybbeKkTMBHOW. HO uenb BCero 3Toro oyeBMgHa — MOMCK CMOHCOPOB ANA CO34aHMUA
HEKOMMEpPYECKOM CTPYKTYpPbl W MpOBeAeHUA UccnenoBaTeNbCKMX paboT no  M3roToB/EHMUIO
nNpoToTMNOB. MHe MOoryT BO3pa3unTb, YTO HAayKa M TaK MHOIOro A0CTUINA B HallemM COBPeMEHHOM MUpe.
BHe comHeHui. Torga novyemy mbl 40 CUX MOP TPATUM PECYPCbl Ha YHUUTOXKEHMe apyr apyra? Moyemy
Ha MHOTMX KOHTUHEHTAX LAapuUT rono v HuweTta? Moyemy y MHOTMX HeT 3/leMeHTapHOro AocTyna K
NCTOYHUKAM 3HEPruu, Tenna u Boapl?
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«MHe Kaxcemcs yesnogevyecmao UOEm ro HenpPasus6HOMy nymdu, rno
nymu paspyuieHus cebs u naaHemsi. Mbi 04eHb Masio co3udaemy.

®éodop KoHroxos.

TrPABUTALUUOHHOE CKOJIbXXEHME.

Mpoueccbl MMNA03mK B aTMocdepe 0bpasytoT peskme rpafMeHTbl AaBAEHUNA, KOTOPbIE MOXHO
MCMONb30BaTb A/1A U3BNEYEHUA SHEPTUN UM NEPEMELLEHNA B NPOCTPAHCTBE. MICKYCCTBEHHBIM NYTEM,
TAaKoe ABNEHWE MOXKHO BbI3BaTb, HaNpPUMep, CO34aHMEM YCTPOMCTBA C MAPHbLIM KOAMYECTBOM
cnupanein (cobpaHHbIX B BUAE BOKOBbIX rPaHEN Pas/IMyHbIX MHOTOrPaHHbIX MMPaMKa, YTO HEe HOBOCTb
Ansa nocneposateneit H. Tecnbl), HO COEAUHEHHbLIX C OAHOW CTOPOHbI Yy BEPLUIMHbI BOEAMHO C
aTmocdepHOM aHTEHHOW 4epes3 paspsagHOe YCTPOMCTBO. BTopble KOHUbI cninpanei HeobxoAumo
3arnywunTb chepamm U3 BUCMYTa M 3aMKHYTb KO/IbLLOM MO KOHTYpPaM OCHOBAHMA MHOrOrpaHHWKa.
[danee ogHMM NPOBOAOM CBA3aTb 3TO KOMbLO C KAEMMOW KaTyWKM B cxeme napannenbHoro LC -
KonebaTeNbHOro KOHTYpa. BTopyto Knemmy 3TOM KaTywWwKKM 3a3eMAunTb. [1py 3TOM HaBMBKA KaXKaou u3
cnupanen AoaKHa bbITb «NAaHETAPHOMY, KaK NPOU3BOAHAA OT GYHKLMM HE MEHEe TPETbero NopaakKa
(BO3MOXKHO M3 neHTbl MEbuyca Tpéx n 6onee 060pPOTOB) U U3 PA3NNYHBIX MATEPUANOB MO NPUHLUNY
OAMH B apyrom. Hanpumep, cepaedHuK ns rpadmta nam xKenesa, a BUTKN U3 aIIOMUHUA, Mean, BUCMYTa
M T. a. Mo oCM NONYYMBLUMXCA CNUPANEn TaKkKe MOXHO YNOXWUTb HEOAMMOBbIE MarHuUTbl UK
NPOBOAHMK C 3/1EKTPUYECKMM MNOCTOAHHbIM TOKOM. [ogobHble KoMOBWHauum B BMBpOCMCTEMAX
GOpPMMPYIOT  MOLLHBIA  AMMNOAb, CO34QK0T  YCNAOBMA  ANA  3aMycKa YCKOPAKOLWEroca BUXpA
9NEKTPOMArHUTHbIX M3NYy4YeHUI U 0BpPasyroT HaNPAXKEHHOCTb, FPAAMEHT 3apAdOB NOA W Hazg 3TOM
KOHCTPYKLMEN, KOTOPYIO MOXKHO 3aKpPEnuUTb Ha AepeBAHHOW WAM NnactMkosoi nnatdopme. Ana
yrnpaBAeHUA NPOLECCOM OCTAETCA CAeNaTb €€ BpalLAloWencs BO BHELWHEM MNepneHAUKYyNApHOM
MarHMTHOM None, NPy 3TOM Yroa Mexagy cnupanamu 6yaeT N3MeHATbCA B 3aBUCMMOCTM OT YacToTbl
BpaLLeHMA. HaknoHAS MexaHM3M MOXKHO nepemeLLatb N1aTGopmy BNpaBo-B/iEBO, BBEPX-BHM3 NO TUNY
pakeTHoro connaa. CoOHAnXKeHMem cnupanen peryanmpyeTca ycKopeHue-3amegneHue annapara.
Hebonbluoin TOK 3apAA0B BO3MOXKHO CHUMATb A4 NOA33aPALKM NYCKOBOro akKyMynATopa, KOTOPbIn
M3HAYa/IbHO aKTUBMPYET MPOLLECC HAKAYKM HanpsKEHHOCTEN B NPOCTPAHCTBE W 3aTeM MOMKET ObITb
OTK/OYEH. N5 3TOro ero Hago NOAKAOYMTL NAPaNNeNbHO K KOHAEHCATOPy KoaebaTesIbHOro KOHTYpa.
flBneHve, B BUAE 3SNEKTPOMATrHUTHbIX BUXPEW, Ha ONpeaeNéHHOM 3Tane Ha4YMHAEeT YCTOMYMBO
NOALEPKMBATLCA SHEPTMEN U3BHE W YeM Bbllle Harpyska, TEM Bbille MOLLHOCTb YCTaHOBKW. Mpu
HaNM4YMM BHELIHEro Kopnyca, Takas Cxema Mo3BONAET NeBUTMPOBATb B MPOCTpaHcTBe, Bnarogaps
NOCTOAHHO 06pa3yloWMMCA BOKPYr YCTPOMCTBA rPagveHTaM pPas/inyHbIX MIOTHOCTEM 3apAnoB U
BO3HMKAOWMM SBAEHUAM MMMNAO3UK. Yem Bbile MNJAOTHOCTb MPOCTPAHCTBA OKPYXKEHUS, Tem
yCcToMumnBel ABNeHNe. BepoAaTHO, K TaKOMy arperaty BO3MOXHO NoAKAo4YeHMe BbIToBOro notpebutens
3NEeKTPUYECKOro TOKa NapannesibHo ¢ akkymynstopom (cm. Puc. 1).

B pmaHHOM cnydyae, bnarogapsa UEeHTPOOEXHbIM BO3AENCTBMAM 3apafoB B atmocdepe, Hag
nnaTopmMon 3apoXKaarTca OTPULATE/IbBHO WMOHU3MPOBAHHbIE MOTOKU 3HEPruu (naToreHHon ans
KMBbIX KNETOK) YBE/NMYEHMA W paclimpeHusa. TyT 4YacTUubl cpefbl NepexogAaT B HeycTonuMBoe
COCTOfIHME C MOBbIWEHHOW YAaCTOTOM CTPYKTYPHbIX BUXPEWN, KOTOpble MPU Maneirem yBeNYeHUu
3apAa0B M3BHE, CNOCOOHbI K MOMEHTaIbHOMY 06BEMHOMY paclUMpPeHUto. B AaHHOM cnyyae BHELWHW
KOPMNYC CAYKWUT YCTPOWCTBOM ANA YpPaBHOBELIMBaHUA gedopmaumii cpesbl OT BO3AENCTBUA Ha Heé
yepes peakuuio NPOTUBOAENCTBMA MaTepuana Kopnyca, a He OT «rpaBuUTauMm» M3BHe. Torga nop
nnathopMoii BO3HMKAIOT ABMEHUA YMEHbLUEHMA W KOHAEHCAUuMW oxnaxKaEHHoM aTtmocdepbl B
pesynbtate BAUAHUIA CHOPMUPOBABLUMXCA LEHTPOCTPEMUTENbHBIX MOTOKOB 3apagoB  BUXPEN,
UMPKYAUPYIOWMX NEePneHaNKYNAPHO CUNOBbIM  IMHUAM Y)Ke eAMHOro AMnonA  YCTPOMCTBA.
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PagnanbHble 3HAaKOMNEPEeMEHHble [ABWMKEHWA 3apAAO0B Pas3/IMYHOM NpUpoAabl B COBOKYMHOCTU C
BpalLeHNem HensberKHO 06pasyroT BOKPYT YCTaHOBKM 3/1EKTPOMArHMTHbIE NOAA BUXPEW B opme Topa.

OyeBMAHO, ecnu BpalleHMe — 3TO OAHa U3 PasHOBUAHOCTEM HEPABHOMEPHOrO ABWUMKEHUS, TO
MCTOYHMK BpalleHUs aedopmupyeT MaTepuio cpeabl LeHTpobeHbiM Bo3aeicTeMem, a cpefa
conpoTmBaseTca 0bpasoBaHMEM LEHTPOCTPEMUTENbHBIX Peakuuit. B uTore, matepmus OKpYKeHUs co
BCEX CTOPOH C nepudepumn ycTpemnseTcs K ocu Bpaliatowerocs Tena. To ecTb, 06BEKT BpalLeHUs
coBepLiaeT paboTy Haz cpenoit OKpPYKeHUA, BO3OYKAanA e€, OTAAET el HEKOTOPYIO 3Hepruto. A 3atem

Puc. 1 Cxema nesutmpytrowien naatGopmbl Ha CNMPANAX «NAaHETapHOM» HAaBUBKW.

cpefa nepexoamnT us Bo36yKAEHHOIO COCTOAHWUA B HEMTPAZIbHOE M BO3BPALLAET NOMYHEHHYIO SHEPTUIO
06paTHO UCTOUYHMKY BUXPA C U3ObITKOM.

LleHTpOCTpEMUTENIBHOE YCKOPEHME YacTuL, cpeabl B YCTAHOBKE CO343ET HEKOe BHELWHee
pa3pexeHne MNPOCTPAHCTBA BOKPYr KOPMyca, «CNoAN3atlee» C BEPXHEro «HMXHOro» nosatca K
HUXHEMY «CEBEPHOMY» U pe3Koe eé pacluMpeHne BOBHE CO CHUXEHMEeM CKOPOCTeN BAOb BHELLIHMX
CUNOBbIX INHUI eanHOro cGopMMPOBABLLETOCA AMMNONSA YCTAHOBKU. BO3HMKAET He TO/IbKO BbICOKas
cTeneHb HEPaBHOMEPHOCTM, HO W MEHAETCA BEKTOP CKOPOCTU. A 3HAYMT, BE/IMKA BEPOATHOCTb
BO3OYKAeHMA 6osiee NAOTHOM BbICOKOYACTOTHOM MaTepun CTPYKTYpbl B aTmocdepe BHELIHEro
NMPOCTPAHCTBA OKPY)KEHWUS,, KOTOpPas MOMEHTANIbHO 3aMONHAET CO34aBLUYIOCA 30HY pPa3peXKeHuA
CBOMMM 3apsagamn b6onee TOHKOM maTepun. MO3TOMYy BHELHee MPOCTPAHCTBO M OTAAET 6onblie
SHeprumn, 4em nosyyaetr npu eé€ nepBOHAYaNbHOM BO3bOyxaeHUU. OTTOro 4to eé 6onee NNOTHasA
BbICOKOYACTOTHAA SHEPTUA [ABUXKETCA YXKE He MO OKPYXKHOCTU, @ LEeHTPOCTPEMUTENIBHO - CTPOro NO
paguycy BUXpen Halwero Aunona. BepoATHo, B 3TOM M ecTb 06bACHEHWE M3BbITOYHOIO KOANYECTBa
SHeprun, nonyvyaemor B OTBET Ha BO3OyKAeHWEe MPOCTPAHCTBA Pas3/IMYHbIMKU OO6BEKTaMU C
obpasoBaHMeM BUXPEN U ANNOJbHbIX CTPYKTYP.

lnaBHoe B paboToCcnocobHOCTU TaKMX YCTPOMUCTB — 3TO O4HOBPEMEHHO BO3HUMKAtOLWME ABEHUA
yepenoBaHUA Xo0si04a M Tensa, PacMpPeHUAa U KOHAEHCAuMu cpeabl, LEHTPOCTPEMUTENbHbIX U
LEeHTPOobeKHbIX BO3AENCTBUIM AN NOJIEN OTPULLATENIbHBIX U NONOXKUTE/bHBIX 3apsA0B. Bo BCEM 3TOM
npocmaTtpmBaeTca o6pa3oBaHUE YCTONUMBDLIX HE3aTyXatoLWmx KonebaTebHbIX cMcTeM ¢ noTpebneHnem
SHEeprMn u3BHe, W3 MJIOTHOM Cpeabl OKPYKEHMA NPOCTPaHCTBA. B pesynbraTte 4ero, ABneHuA
PacWMpPEeHUa M yBeNMYEHUA TemnepaTypbl XO/NIOAHOW cpeabl HaZ YCTAaHOBKOW, Yepeaylowmeca C
npoLeccamm KOHAEHCAUMM U YMEHbLUEHUA TeMNepaTypbl OKPYKEHUs noa nnaTopmon (Kak ApixaHue
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Ha nonynepuoge KonebaHui), 0b6pasyoT HaNPAKEHHOCTb B NPOCTPAHCTBE UK TPaAMEHT NAOTHOCTEN
3apAA0B, KOTOPbLIN NOAHMMAET OOBEKT BBEPX YCUIMEM BO3HMKLLEN YCTOMYNMBON MMNAO3MKN, NO3BONAA
YCTPOICTBY NEBUTUPOBATL. TaKoM Npouecc o4eHb HanoMMHaeT B3NET 6abOUKK, rae B3Maxm KpblibeB U
€CTb YepenoBaHMeE UMKIOB CXKATUA U Pa3perKeHna B eAMHOM pUTMe NoNETa. ITOT 3IPPEeKT TeEM CUNbHEE,
4Yem BbIlle BAXHOCTb Cpeabl OKPy:KeHus. Boga B AaHHOM cC/lyvyae MUrpaeT poJib He TOJbKO
KaTa/aM3aTopa NpoLeccoB MOHM3ALMM YacTuL, Cpebl, HO U UX UCTOYHMKA NPU KOHLLEHTPALUKM 3apagoB.

3awmTa oT 06pPaA3YIOLLMXCA NATOrEHHbIX NONEN B JAHHOM C/yvae NpPoOCTas, HO Hagdo pobutbea
yctonumBoro ob6bémHoro 3sddekta. ITO NONOTHA NOAUITUIEHA, /IMHENHO AedOpPMUPOBAHHbIE
(BBITAHYTbIE C yCUAMEM BAOb), PACNONOMKEHHbIE Nnog yraom 90 rpagycoB APYr K 4PYry, HE MEHee Yem
B 2 CNOs ANA CO343HMA B KaKAOM cnoe 3d¢deKTa «KOrepeHTHOCTM» AA O6N0KMPOBAHUA BOJH
HeXKenatesibHOM 4acToTbl. B TO Ke BpemMs BOKPYr YyCTaHOBKM 06pa3yeTca MOLLHOE 3/1eKTPOMArHUTHOE
nosie Topa, KOTOPOe ABAAETCA NPAKTUYECKM NMOSHOM 3aLNTON KMUBbIX KNETOK, PAaCnoNONKeEHHbIX BHYTPU
Hero He TO/NIbKO OT BAUAHMSA NOObIX NONEN U3BHE, HO WU OT KOHTAKTa 1It06bIX MaTepuanbHbiX 0OBEKTOB.
Takoe nose No3BOAAET YCTAHOBKE NepemeltaTbCsi B NMPOCTPAHCTBE, B TOM YMC/IE B XKUAKOCTHU, C
OrPOMHBIMM CKOPOCTAMU. MexaHM3M B3aMMOLENCTBMA C MPOCTPAHCTBOM OKPYXKEHWA TaKoro noss
AOCTaTOYHO MPOCTON - BCA MATEPUSA BHYTPU Hero (MM cam OOBEKT) A0/MKHA ObiTb MOMHOCTLIO
CUHXPOHM3MPOBaHA C KonebaTenbHOM BMOPOCUCTEMON 3TOrO 3aLLMTHOrO NOAA KaK €€ CTPYKTYpHOWM
eauMHuuen. To ecTb, Halla YCTAaHOBKA COBEPLUEHHO MepecTaéT KOHTAaKTMPOBaATb HEMOCPEeACTBEHHO C
BHELHEN cpeson MPOCTPAHCTBA OKPYMKEHMA, CTAHOBUTCA HeBMAMMOM Ana Heé. Cpena OKpyKeHus
B3aMMOAEMNCTBYET TOJIbKO C 3alMTHbIM 3/1EKTPOMArHUTHbIM Nosem o6beKkTa, KOTOpoe Mnpu 3Tom, B
OONbLWKNHCTBE CNy4YaeB, MpeBpallaeTca B «X0/04HYHO» naasmy. [103TOMy Hala YCTAaHOBKa,
PacnonoXeHHaa BHYTPW TAKOro nons, cnocobHa AocTaToyHO ObICTPO NepemelLaTbCs He TO/MbKO B
NAOTHbIX M BbICOKOYACTOTHbIX CpeAax, HO U B KOCMMUYECKOM NPOCTPAHCTBE.

Kakne e W3MeHeHMA NPOUCXOAAT B BeLeCcTBe NpPW NeBUTALMM, CBA3AHHOM C MHbIMU
KOHCTPYKLMAMM UAN OPraHM3MaMM, HO MOPONKAEHHOM aHANOTMYHBIMWN ABIEHUAMMWN?

MpennonoXmMm, YTO CYLLECTBYET HEKOE «rpaBMTaLMOHHOE CKO/IbXKEHMEe» MoAA O4HOro Tena
OTHOCUTENIbHO MOJIA APYroro, KOTOPOE BbIPA*KEHO KaK NepemelleHme Tena B CTOPOHY CMeLLEeHMA 30HbI
sHepreTnyeckoro «komdopTa». OHO BO3HMKAET NoA AEWCTBMEM T[pPaBUTUMPYHOLWMX (OpM, Kak
paccornacoBaHue, CMeLLLeHMe M 3ame/IeHME YacTOTHbIX XapaKTepPUCTUK KosiebaTenbHbIX NpoLeccos
aTOMOB BELLECTBA B HWX, B 3aBUCMMOCTM OT PACCTOAHUN. Yem «NnoTHee» cpena OKPYXKEHUs, Tem
«TAXKeNee» NPoncxXoanaT KonebaHMAa BUOPOCUCTEM He CTPYKTYPUPOBAHHOM nog Heé matepun. [na
NOHMMAHWSA, PAaCCMOTPUM NPUMEpP: B BeApe eCcTb Cpesa HEKON MaTepum MeHee MIOTHOM, HO bonee
KPYMHO3EepHUCTOM, KOTOpyl npeactaBum B Buae A610K. U ecTb B Begpe cpega bonee naoTHas,
0bpa3oBaHHas MEe/IKOKPUCTANI/IMYECKON MaTepuei, KOTopylo NpeacTtaBMm B Buae 3epHa. Begb, no
06BbEMY 3amelLEHHOro NPOCTPAHCTBA, 3epHa B BeApo Bowso bonblie, Yem A610K. Mapannens - Kak
aHanor atmocdepbl ¢ eé BeWwecTBaMu U MOJIEKYIaMU, N KOCMMUYECKOTO NPOCTPAHCTBA C €€ TOHKOM
MmaTepuen snemeHTapHbIX YacTul,. MonpobyiiTe oCTaTb 40 AHA BeApa, MPOCYHYB PYKY CKBO3b A6N0KN?
He nonyuutca. A Tenepb - CKBO3b 3epHO? lMpocTo. Mepemewwaem 610K ¢ 3epHOM. ITU ABe cpeapl
MaTepum, COBEPLUEHHO C PA3INYHbIMK CBOMCTBAMMU, IETKO CMELLMBAOTCA B O4HOM Beape, He MeLlas
Apyr apyry. I3meHAT M OHWM Npu 3TOM CTPYKTYpYy Apyr apyra? HeT. A6noko octaétca abnokom, a
3epHo npebbiBaeT 3epHOM. B3anmoaencTByoT i OHU Apyr € Apyrom? bes CoMHeHU. 3HAYnUT i1 3TO,
yTo BceneHHaa BOKPYr Hac (KakK M Mbl camMMu) COCTOUT M3 CMELLAHHbIX B €AUMHOM NPOCTPaHCTBE
MHOYEeCTBa Pa3/IMYHON NO CBOMM CBOMCTBAM, CTPYKTypam U popmam maTepumn BeLLECTBA, KOTOpas B
OCHOBe cBoelt obpa3syeTcAa M3 OAHOIO M TOro *Ke, NPeanoNioXKMM, BUXPA KaK YNNOTHEHWA cpeapl,
3apaga? M 4To MMEeHHO NO3TOMY Mbl HE MOXKEeM pPa3orHaTb NOANOAKY B BOAE A0 CBEPX3BYKOBbIX
CKOpoCTeN, a camoneT B aTMochepe A0 CBETOBbIX U T. 4.7 BeposaTHO, 34ecb 06bEKTY NPOTUBOAENCTBYIOT
CBOMCTBA GOPM U CTPYKTYP OKPYKEHWUS COBEPLUEHHO PA3HOPOAHbIX, HO KOTOPble ABNAOTCA OCHOBOM
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COBCEM PaA3/IMYHbIX HECUMHXPOHM3MPOBAHHDLIX, HE3aBUCUMbIX M HE M3MEHAOWMX APYr Apyra cpes
e4MHOro NpocTpaHcTBa. Mo3)Ke Mbl yraybumcsa B8 3Ty TeEMy M MOCMOTPMM Ha MPOLECcChbl C NO3MLUK
HOBOTO B3r1A4a HA CTPOEeHWe aToMa. [MoKa OCTAHOBMMCA HA STOM NMOHUMAHUM.

BeccnopHo, 4TO rpaBMTALMOHHAA Cpesa NPOCTPAHCTBA BAMAET Ha KosebaTenbHble npoLuecchb
NoMaBLWWX B Heé Ten, HO U Tena gedopmupytoT obliee BHewHee nose. YCI0BHO, MOXHO ntoboe
BELLECTBO pPACCMATPUBATb KaK MaKeTbl CTOAYMX BOJIH B Tese MATEPUW, BO3HUKAOWME MEXKAY
6AMKANWMMM aTOMaMK, CBA3bIBAOWMMM UX B BOJIHOBbIE KPUCTANIIMYECKUE CTPYKTYPbl, B Yy3/1ax
KOTOPbIX M HAXOAATCA 3TU aTOMbI, ABNAACL UCTOYHMKAMM BOJIH. TOrA4a BELLECTBO — 3TO MO CYyTM aTOMbl,
BMbpupytowme ¢ YacToTamu, He BOCMPUHUMaEeMbIMK 3peHneMm, nopaaka 10 B 18-oi cteneHun n 6onee.
Nnn nonpocty, Tena JoNKHbl H6bITb HEBUANMMbBIMM, €Cn Bbl He CNOCOBHOCTb BeLLeCcTBa OTpPaKaTb U
nepeusnyyaTb BOJIHbl. 3HAUMT, Ka*KAOE BELLECTBO MOXKET M31y4yaTb B CpPeAy OKPYKeHUA TaKxke
6e3amnanTygHble BOMHbI BbICOKOM 4acToTbl, 6eryuiMe B OA4HOM HaNpPaBAE€HUM C OTHOCUTENIbHbIM
casurom ¢as Ha 180 rpasycoB unm c obHyneHMem amnanTyabl B npotueodase. Koraa nx sHeprua nons
MOXKeT bbITb 06HapYKeHa TONbKO Ha FpaHuMLLaX pasaena ux cpes Nnpu NPeNoMIEeHUN, TAe YacTb SHEPrnn
BbicBODOOXKAAETCA, rae B Tene BEeWecTBa BO3HMKAET rpagueHT Uan paccoranacoBaHme 4actoT. To ecTb,
Karkaaa aNemeHTapHas YacTmua BewecTBa, Kak Bubpocucrema, nsnyyaet CBOM CUHXPOHMU3UPOBAHHbIE
4acToTbl KOoNebaHWi, B gMana3oHe KOTOPbIX OHa YCTOMYMBA BO BHELLHEN cpese OKpYKeHUA u ntobble
HapyLeHMA TaKOro WHTEepPBasia M3NY4YeHUU NPUBOAAT K U3MEHEHWUIO camoro Bewectsa. Ho Teno,
HaxogAweecs B None rpasuTaLmm, 06BEMHO U AUCKPETHO, NOSTOMY aTOMbl €r0 NO-Pa3HOMY YAaseHbI
OT 06bEKTA B3aMMOAENCTBUA U CTENEHDb 3a4EPMKKN UX YAaCTOT Pa3MYHa. TaKoW YacTOTHbIN rpagueHT
HeMUHyeMo o06pasyeT TOK 3apAfoB M MNPUBOAUT K aedopmauum nons UHTepdepeHUUU BOJH.
MpouncxoanT COCKanb3blBaHME «UHTEPPEPEHUMOHHON KAPTUHKM» C Tena B Cpeay OKpPYrKeHuA
(HanomuHaeT nayka). Takve pedopmaumm BbI3bIBAOT ABUMKEHWE BCEM CUCTEMBI, KaK BOJIHOBOM
KPUCTAaNNNYECKON CTPYKTYpPbl BELLeCTBA, MOTOMY 4YTO €ro aToOMbl 3HepreTMyeckm Bceraa byayT
CTPEMMUTBLCA OCTABATLCA B Y3/1aX CTOAYMX BOJIH U BbIHYKAEHbl CMeLLaTbCA 32 HUMU. Takum obpa3om Bca
BMbpocUCTEMa TPaBUTALMOHHO B3aUMOAEWNCTBYIOWMX Ten ABMXKETCA. Takoe HanpaBieHHoe
Bo3aenctane uam gepopmauma, Koraa «Teno» BbIHYKAEHO NepemMeLlaTbca 3a COOCTBEHHbIM NOEM
UHTepdepeHLMM W ecTb CBOOOAHOE nNageHWe, NeBUTaLMA WAW  PACCOracoBaHWME YacToT
Bubpocuctembl. Mbl 0NKHbI OCO3HaBaTb, YTO NOAOOHbLIX YepenoBaHUM ABNEHUMW, Bbl3blBaOLWMX
npoueccbl 1eBUTUPOBAHMNA 0OBEKTOB, Y NPUPOAbLI «LLENbI BO3 M HeEOONbLIAA TeNEeXKKa», HO BCE OHM
YCTPOEHbI MO eAMHbIM NPaBUIam B3aMMOLENCTBUN.

3HaunT M 31O, YTO Ha nboe TeNno MOXKHO BO34ENCTBOBaATb ONpenenéHHOro Ccrnekrpa
N3NlyYeHUEM ONA [OCTUKEHUA 3ddeKTa paccornacoBaHMA ero BUBPOCUCTEMbI C LEeNbio yrpaBaeHUs
€ro ABUMXEHMEM M CO34aHMEM YCNOBUIN Ana nesutaummn? Yto ntoboit 06bEKT, B TOM YUCAE N YENOBEK,
MOKET NepexoauTb B HEYCTOMUYMBbIE COCTOAHMA BELLECTBA, B 3aBUCMMOCTU OT M3MEHEHMA YaCTOTbI
KonebaHMit atomoB COOCTBEHHOrO Tefla B BbICOKOYACTOTHbIX CNEKTPaX M3/YY4EeHUMN, ucyesaTb WU
NoABNATLCA BHOBb? [1peBpaLLaTbCaA B N1a3mMy M BO3BPALLATbCA 06PAaTHO B COCTOAHME BELLECTBA, TEPATb
BEC M TEM CaMbIM fieTaTb cBOHOAHO B NpOCTpaHcTBe? Beab B CTOAYEN BONHE, B OT/IM4MeE OT beryuwen,
He MpoucxoauT nepegayn (nepeHoca) sHepruu, a COBEPLUAETCA BCEro /UWb NPOCTPAHCTBEHHaA
nepeKayka sHeprum o4HOro BMAA B SHEPIUIO APYroro BUAA C YABOEHHOM YacTOTOM, KaK 3/1eKTPUYECKON
B MarHUTHYIO WUAN KMHETUYECKOM B NOTEHLMasbHYO. TOIbKO CTOSUME BOJIHbI YCTAHABAMBALOTCA NpuU
MOJIHOM OTPAXKEHUU OT rPaHUL, PAa3NNYHbIX Cpes, NPU OTCYTCTBUM 3aTyXaHWA B HUX. MIHaye BO3HUKAOT
n 6eryLime Bo/HbI, KOTOPblE AOCTaBAAOT SHEPTUIO K 30HAM MOTNIOWEHMA AN U3NYyYeHUA. BO3MOXKHO,
[OCTAaTOYHO CO34aTb YCW/MEM BOJIM HE3HAYUTENIbHYHO apUTMUIO B BUBpocMcTEMAx COBCTBEHHbIX
KNETOK, MOIEKY/1 UZIN aTOMOB BHYTPY OPraHM3mMa U «rpaBUTALMOHHbIN NayK» NOAHMMET Bac B BO3AyX!

OueBUAHO, YTO NpPUPOAA NtOObIX BO/TH SNEKTPOMArHUTHasA, 1 toboe BeLecTBo BeeT ceba TaKKe,
KaK M MPU UCKYCCTBEHHO CO3aHHbIX 3/1EKTPOMArHUTHbIX BOIHAX. 3HAYMT N 3TO, YTO NPUYMHA KPOETCA
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B CTPOEHWUM BeLLECTBa, B €ro BO/JIHOBOM Npupoge? B BONHOBOM Npupoae CBA3EN MeXAay d/1eMeHTaMu
Bewecrsa?

Korga nBa NpoBOAHWKA M30/IMPOBAHbI U 3aPAMKEHbI, Mbl FOBOPUM, YTO MEXAY HUMWU AENCTBYIOT
ABNIEHNA 3N1EKTPOCTAaTUKKU, KOTOPble NPOABAAIOTCA B NPUTAXKEHUM, OTTASIKUBAHUM UM HAMPAXKEHUM,
KOTOpPble BO3HWUKAIOT B CaMMX Tenax, B NPOCTPAHCTBE MAWN BHELWHEN cpege. TN 3pPeKTbl yNpasBaaoT
ABUKEHMEM aTOMOB, MHTEHCUMBHOCTbIO CTONKHOBEHUMA W coeauHeHui, 0bpa3oBaHMEM CTPYKTYpbl
BELLEeCTBA, MOPOXKAAT SHEPruto Tenna wmam ceeta. Ecam mbl, Hanpumep, co3gagum B obObekTe
06BbEMHOE 31eKTPOMarHMTHOe nose, BOJIHbl KOTOPOro B npoTuBodase HUBENUPYIOT APYyr gpyra C
obpasoBaHMeM nosen CTOAYUX BONH. Torga pasBHble, HO MPOTMBOMNO/OXHbIE BO3AENCTBMA BOJIH,
OTTaZIKMBalwlLMe Apyr Apyra, 0OpasyloT HENTPaNbHYIO 30HY WM HY/AEBYIO TOYKY, B KOTOPO/
NPUCYTCTBYET HYNEBOE 3/1EKTPUYECKOE CONPOTUB/IEHNE MATEPMANOB. TO eCTb, BELLECTBO HEUTPAIbHO
3aPAKEHO NO OTHOLLEHUIO K MPOCTPAHCTBY CPeabl OKPYHKEHUA, MHEPTHO K 3NEKTPUYECKMM 3apAagam B
HEM. A 3HAYMT NPOUCXOAMUT MOJIHOE €ro BbITECHEHWE M3 0ObEMaA BeLLecTBa MArHUTHOrO MoAA UAU
co3aaétca adPeKT oTpULATENIbHOM MAarHUTHOM BOCMPUMUMUYNBOCTU. 3HAYNUT, MarHUTHoe none (3apsagpl)
cpeabl B BELLECTBE He pacnpocTpaHAeTcs, 06XoauT ero n 06beKT MOXKET NeBUTMPOBATL BO BHELLHEM
MAarHUTHOM NOAE, «BbITaIKMBATLCA» U3 HErO, TaK KaK OH MaTepuaneH, U B HEM NPUCYTCTBYHOT 3apAapl.

3TOro MOXKHO 40CTUYb, HANPUMEP, BPALLEHNEM C YCKOPEHMEM HECKOJIbKMX ANCKOB C BO/THOBbIM
npodunem (nopobue B penynbcuHax B. LLlaybeprepa) M3 matepuana guMamarHeTMKoB (Hanpumep,
BMCMYTa) B 3aMKHYTOM KOHType, Korga BO3HMKAlOT B3aMMOWCKAOYatlowme B npoTtusodase
LeHTpobeKHble U LLEHTPOCTPEMUTENbHbBIE B3aMMOAENCTBUA, KOTOPble 06pa3ytoT NOAA CTOAYMX BOJIH,
a AnamarHeTuk GpopmmnpyeT CBOE MarHUTHOE NoJse, MPOTUBHOE BHeLHeMY. TO eCcTb, B KaXKgom aToMe
BeLlLeCcTBa AMCKOB WMHAYLMPYETCA MArHUTHbIM MOMEHT, HamnpaBJEHHbIN NMPOTUBOMOJIOKHO BEKTOPY
WHAYKLUMW BHELWHEro MarHUTHOrO nona cpedbl. MiHaye rosopa, AMamMarHeTUK co3aaéT cobcTBeHHoe
BpaLLatoLeeca MarHUTHOE Nose, KOTOPOoe HelTpanm3lyeT B NPOTMBOdA3e BHELWHEE MAarHUTHOE noJse
cpeabl. Bbl MoXKeTe BO3pasnTb, YTO BE/IMYMHA 3TOTO MOJIA HUYTOXKHO Masia M He40CTaTOYHA A5 NOJIHON
KOMMEHCALUMN BHeELIHero nons? BepHo, HO HaZo MOHMMATb, YTO Mbl MMEEM AESI0 CO CTOAYMMMU
BOJIHAMMW, @ B HMUX NPM ONpPeaenEHHbIX YacTOTaxX BO3HMKAKOT ABMEHUA pe30HaHCa, B KOTOPbIX none
OMaMarHeTMKa YCUAMBAETCA B COOTHOLWEHMN ¢ cOBCTBEHHOM Maccoi, co3aaBan 3pdeKT noTepu Beca
Tena, KotTopoe HeobXxogMMO cAenatb MAKCMMAJIbHO MHEPTHLIM K 3N1eKTPUYECKMM 3apagam cpesbl
NPOCTPAHCTBA. B 3TOM KOHCTPYKLMMN BOEAMHO CODBpaHbl HECKO/IbKO ABMIEHW, YCUNMBAIOLWLMX APYT Apyra
Ana obpasoBaHUA rpagueHTa 3apAfo0B B MPOCTPAHCTBE K BO3OYKAEHWUIO YCI0BUMA 3apOXKAEHMA
nesutauuun. NMpumepom ABAAIOTCA CBOWMCTBA CBEPXMPOBOAHWKOB, KOrAa BHYTPU HUX MPUCYTCTBYIOT
He3aTyxalowme TOKM, KOTOpble 06OpasyloT BHYTPEHHEE MaArHWTHOE noJie, MPOTUBOMONOXKHOIO
HanpaBAEHMA BHELWWHEMY M KOMMEHCUpYoLLee ero. B noaTeepKaeHne ToOMy CyLLEeCTBYET MHOMECTBO
YCTPOMCTB Ha MAarHUTHbIX NOAYLIKaXx.

MpuHUMN paboTbl AMCKOBbLIX YCTPOMCTB ANA NEBUTALMU WUAUN TEHepPauun 3AeKTPO3IHEPrUM Ha
rasoBblX M BOAO-BO34YLIHbIX CMECAX MPUHUMMIMANABHO HEe OT/IMYAeTCA OT PACCMOTPEHHbIX Bbille.
[asante nonpobyem nocnepoBatenbHO pa3obpaTbcs B QYHKUMOHMPOBAHMUM OAHOTO M3 HUX (CM.
Puc.2).

NTaK, cHayana BO34yX 4epe3 rpybyldo O4YUCTKY OCeBOro Bo3Ayxo3abopa, 3acacbiBaeTcA B
LEeHTPaNbHyl TYpOUHY Ans pacnpeaeneHnsa n oxnaxKaeHUa NyTem pacyieHeHMa NOTOKa Ha Mesikue
CTpyW. BcA KOHCTPYKUMA A0NKHA BPaALLATLCA C YCKOPEHUEM co ckopocTamu oT 8 a0 14 Tbicay o6opoToB
B MMUHYTY (3aBMCUT OT pa3aMepoB 1 TOYHOCTM COOPKM) ANA 06pa3oBaHUA OXNAXKAEHHbIX PYyKaBOB BUXPEN
MaTepumn cpeabl OKpyrKeHua (Bo3ayxa atmocdepbl). OgHaKo, B HEOONbLIMX KOHCTPYKUMAX, MNpu
noAKayKke 3apAg0B U onpeseIEHHOM PacnoNoXeHUN AUCKOB OTHOCUTE/IbHO CUIOBBIX IMHWUIM 3eMan U
ConHua, BO3MOXKHO 3anyCTUTb AB/IEHME HA Ma/ibix 060pPOTax BPaLLEHMAMM MaxoBUKa OT pyKu. anee
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Puc. 2 Cxema neButmpytowen naaTGopmbl Ha BOJTHOBbIX AMCKaX.

KPUBONIMHENHbIE, LieneBble NONAaTKU TYypOWHbI, W3roTOB/IEHHblE M3 NapamarHeTuKa (Hanpumep,
aNlOMMHMA), HaANPaBAAKT MU3MeNIbYEHHblE, OXNaXKAEHHble U NEPBUYHO MWOHU3UPOBAHHbIE
BEPTMKa/bHbIE CTPYM BO3AyXa NPAMO B M30THYTbIE Bblpe3bl Wesei (TOYHO No NPodUto U KONNYECTBY
Ha TypbuHe), KoTopble BbINOAHEHbI MO OKPYXHOCTU Ha KPMBOJIMHEMHbIX MOBEPXHOCTAX BOJIHOBOTrO
npoduns KoJsel, BEPXHEro AMCcKa Co CTOPOHbI ocu BpaweHnsa. Obbl4HO, rybuHa N0NaToOK LeHTPabHOM
TYpO6UHbI COOTBETCTBYET MO WMPUHE NEPBbIM ABYM NMOJHOLEHHbIM rPebHAM (C Wensmu) BOJIHOBOrO
npoduna BepxHero Aucka. Cam AUCK U3roTaB/AMBAETCA M3 JINCTA AMAMArHeTUKa (MMPONUTUYECKOro
rpaduTa, BUCMyTa, Meau) TONWMHON A0 1,5 MM 1 MOXKeT MMeTb OT 4 A0 6 KOJbLEeBbIX BONH. B ceuyeHnun
npoduib KPUBOIN NMHMUM OAHOTO rPpebHA HanoMMHaeT HaberarLLyo MOPCKYHO BOJIHY, NpumepHo 55-80
rpafycos - yros K ropu3oHTy nepeaHero ppoHTa u 35-45 rpagycos — IMHMA HaKNOHa 3a4Hero ¢ppoHTa
(3aBucuT oT Anametpa). Huxke atoro Ancka Ha eanHol (06bIYHO NONOM ANA NoAayvM BOAbI) CTaNbHOM
OCW BpalLeHWsi, Ha obuier CTynuue KpenaeHusa, pacnosiaraeTcs BTOPOW AUCK C aHa/IOrMYHbIM
KOZIMYECTBOM W LIArom rpebHel, HO C OTIMYHLIM OT NEepPBOro AUCKa NPoduaem - Co CMeLLEHNEM Ha
O4HY YeTBepTb Nepnoaa Bo/HbI K nepudepuu. Lienb Tako MaHUMNynsLMm - C034aTb HEPAaBHOMEPHYHO
NOJIOCTb MeXAy NMOBEPXHOCTAMW BOJIHOBbIX Mpodunen AUCKOB TaKMM 06pa3om, YToDObl B KaxKgoM
nepuoje BO/HbI, NPY pagranibHOM ABUMKEHUM MOTOKA BO34yXa K nepudepun, NpUCyTCTBOBA/IO CxKaTUE
N pacwmpeHne obbEéma MNpoCTpaHcTBa. YTO6bl MeXay ABYMSA KPUBOAMHEWHLIMW MOBEPXHOCTAMMU
ANCKOB YETKO BbIPMCOBbIBANCA 06pa3 CeYEeHUA MNPaBUAbHOINO MOJIHOTO BUXPA — Cy)KeHue nosca
3KBaTOPMaNbHOM 30HbI U paclUMpPEHKne Y NOJIIOCOB B Kaxk40M nepuoae.

Yepes npopesun, M3roToB/IEHHbIE Ha BHYTPEHHMX MOBEPXHOCTAX ABYX KOJEL, BEPXHEro AMCKa,
CTPyM BO34yXa MOMaZaloT B MEXKAMCKOBYH 30HY, A€ CTA/NIKMBAKOTCA C BHYTPEHHUMMW NpoduUsamm
HUMKHEro OMCKa, CKMMAKTCA M, noanupaemble Cneayrollelt nopunen Bosayxa, Bpawanch B BUXpe
BbICKa/1b3bIBAIOT Yepes y3KYIO Wb U3 30HbI CKaTWA B 30HY paclUMPEHUA B CTOPOHY nepudepun, rae
3a30pbl K Kpal AMCKOB KPUTUYHO cyKatoTca. OTMETMM, YTO npu nNoAobHOM pe3Kom pacliMpeHun
06bEMa OXNaXKAEHHOIO BO34yXa NPOUCXOAMUT HEKOE MOBbIlEHMEe TeMnepaTypbl U BO3HUKaET adpdeKT
BCacCblBaHMA (pa3pelkeHusa), YTO YCKOpAeT Mpouecc LEeHTPOBEXKHOro nepemelleHns Bo3ayxa w3
npeablayLwen 30Hbl. Yem Bbiwe byaeT nepenasg 06bEMOB 3aXKaToro MeXxay BO/IHaMM AMCKOB BO34yXa
NpU LEHTPOBEXHOM ABUXKEHUN, TEM 3PPEKTMBHEE 06Pa30BAHNE B HUX MHOTOUYMCIEHHbIX PaguaibHO
HanpaBNEHHbIX 3aBUXPeHUW. KoTopble Npu OAHOBPEMEHHOM BpalleHuM oboux auckos (nnbo
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pa3faenbHOM, 4YTO 3GGdEKTMBHEN) C YCKOPEHWMEM PACKPYYMBAKOTCA BOKPYr COBCTBEHHOM OCKU C
HEKOTOPON AepuBaUMEN W ABUrAlOTCA HENpepbiBHOM 4epeaoh K nepudepun, oaHOBPEMEHHO
BpPaWaAacb BOKPyr obuie ocu YCTaHOBKW, M aKTUBMpyA npoueccbl o06pas3oBaHWA eauMHOro
TOpOMAANbHOro BUXPA. HanomMHUM, 4TO NpPoduab NPOCTPAHCTBA MEXAY AMCKAaMU BblHYXOAeT 3Tu
3aBUXPEHMA PUTMUYHO CHMMATbCA W pPacWMpPATbCA, BCE 6Hosnee YNNOTHAA MNOTOKM CUBbHO
MOHU3NPOBAHHOIO aTMOCHEPHOTO BO3AyXa OT LEHTPaA K nepudepun. CBoeobpasHaa MoaynIMPOBaAHHAA
BOJIHA. B pe3ynbTaTe GopmMMpPYyIOTCA pyKaBa BUXPEN U3 CKPYUYEHHDIX, }KECTKUX OUCKPETHbIX «KOCUYEK»
3/1eMEeHTaPHbIX YaCTUL, BELLLECTBA MaTepumn Bo3ayXa (1160 BOAO-BO3AYLIHOM CMECH), YNTal - 3apAL0B.
TouyHee, Npu nogayve BOAbl Yepe3 OTBEPCTUE B LEHTPASIbHOM OCU MPOLLECCbl MOHU3ALLMKN YCKOPAIOTCA.
Kpome TOro, BO BHYTPEHHE MONOCTM YCTAHOBKM AO/XKHA MPUCYTCTBOBATb HEKaA LUEPOXOBATOCTb
NOBEPXHOCTEN ANCKOB HA YPOBHE NEPBMYHOM MOOAO0M KOPPO3UM HA NOBEPXHOCTU Kenesa.

Takum 06pa3om, nNPUHATAA HaMKM KOHUENUWMA 4YepefoBaHUA COOLITUN: yYMEHbLUEeHUA-
KOHAEHCALMW MPU CHKATUN U YBEIMYEHUA-PACLUMPEHMA NPU PA3PEXKEHUUN OXNAXKAEHHOrO BO3AYXa,
KOoTopas 34eCb HEM36EXKHO peannsyeTca B AMHAMUKE, 3HAUNTENbHO, LMKANYHO M MOCTOAHHO YCKOpAeT
npoueccbl BO BpemeHu, pa3zbmean u BbicBOOOXKAAA M3 NOTOKA cpeabl U yrnepog, u Kucnopog (natoc
BoAopoA). Tem cambiM, MOHMU3MPYS MOTOK Ha BbIXxoge B nepudepum BPaLLAIOLLMXCA ANCKOB, YTOObI
YCKOpUTb GOpPMMpPOBAHME U pasaesieHne 3apaaoB. 34eCb BaXKHO MAaKCMMaIbHO HAPYLWMTb B MOIEKYAaX
M aToOMax BeL,ecTBa Cpeabl MPOCTPAHCTBA HE TO/IbKO 3/IEKTPOMArHWUTHbIE CBA3M, HO WU cnabble
B3aMMOLENCTBUA MeXAY SNeMEHTAPHbIMM YacTULL @MW aTOMOB U MOIEKYA. [pn AOCTUKEHUM AAHHOTO
3Tana, Haa Auckamu o06pasyloTca oTpuuaTtesbHble 3apAaAbl, KOTOpble CBA3aHbl C Mpoueccamm
yBe/MYEHMA Temnepatypbl W pPaCWIMPEHUA OXNAKAEHHbIX MNOTOKOB MOHW3NMPOBAHHOW cCpeabl
NPOCTPAHCTBA, @ CHM3Y AMCKOB CO34AOTCA MOJIOKUTENbHbIE 3apAabl, NOALEPKMBAOLWME NPOLECCHI
YMEeHbLUEeHUA TeMNepaTypbl U KOHAEHCAL MM FA30BOM Cpesbl.

OpHaKo, 3TOro HeAOCTAaTOYHO AN1A BbIMNOJIHEHWMA NMOCTaBAeHHON uenn. Heobxogmmo pobutbea
BO3HMKHOBEHMA  ABNEHWA  pe30HaHCa B CTOAYMX  BOJIHAX, NYTEM  MHWULUMUPOBAHUA
LEHTPOCTPEMUTE/IbHBIX BO34ENCTBMI, 3acTaBuTb paboTaTb CBOMCTBA AMAMArHeTUKOB U, Mo
BO3MOXHOCTWU, MAaKCUMA/IbHO MCNOb30BaTb B KOHCTPYKLMN 3PPEKT NOABEMHON CUAbI Kpblna.

Takum obpasom, BO3HMKAET NOTPEOHOCTb B TPETbEM, ONMOPHOM AUCKE, KECTKO 3aKpenEHHOM
Ha obLel cTynmue ocu BpaleHUsa CHU3Yy, HO bonbliero guameTpa Ha 2,5 nepuoga BosHbI. Mpodunb
ero ABNAETCA He TO/IbKO OMNOPOM ANA HUXKHErO BOJIHOBOTO AMCKA, HO M KOHCTPYKTUBHO UrpaeT posb
nepudepunitHon TypbuHbl. M3roTaBanBaeTcA OH M3 MapamarHeTMka (Hanpumep, aftoOMUHKUA), POBHAsA
NOBEPXHOCTb NPUJIEraHNA KOTOPOro K BONTHOBOMY AMCKY NO Kpato obpamnaeTca nonactamum TypOuHbl
BbICOTOM He 6onee KpaiHel BO/IHbI HUXKHErO AMCKA U LWUMPUHOWN B OA4HY C YETBEPTbLIO NepMoaa BOJHbI
B BMAE CKBO3HbIX, YEPEAYILWMXCA, HaKNOHHbIX (nog yrnom 30-40 rpagycoB) mpopesen No xoay
BpaweHua. Mpodunb Kaxaon nonatkn nepudepuinHom TypOUHbI HaNOMWHAET NAOCKOBbINYKAYHO
MoAeNb Kpblaa camonera.

Ob6palllaem BHUMaHME Ha TO, YTO BEPXHUI BOTHOBOM AUCK U3rOTaBAMBAETCA TaKMM 06pa3om, 4To
33 KpavHeWh eé BONHOM cneayeT eweé ofHa BOJIHA, COBMajalowas no npoduaio € «BOJIHOM»
nepudepunitHom TypbuHbl, U YKpbIBaeT €€ CBepXxy Ha TpW YeTBEpM BbICOTbl NONATOK. [NA co34aHuA
ECTKOCTU CUCTEMbBI, 3TO YKpbITUEe TYpOWHbI, CKPEnaAeTcA MO OKPYKHOCTU PaBHOMEPHO
pacnpeaenéHHbIMM 60nToBbIMU coeanHeHnamM (10-12 WT.), Yepes3 CKBO3HbIe OTBEPCTUA B SloNaTKax
nepudepunitHot TypObuHbL. YTOYHMM, 4YTO Npoduab NONATOK, KaK M HapyKHble BbITOYKM Ha HUX,
AOMNONHUTENIbHO 3aKpyyuMBatoLWmMe NOTOK, MOXKHO MoabupaTtb MHAMBUMAYANbHO. TONWMHA ONOPHOro
ZANCKa PO/IN HE UTPaeT M BbIBMPAeTCA U3 KOHCTPYKTUBHOM XECTKOCTU. Ha cTynuue v Ha nepudepumn oo
nonacten TypbuHbI BCe ANCKMU NO KOJ/bLy Yepes CKBO3Hble OTBEPCTUA PABHOMEPHO CTAHYTbI HonTamu
(5-6 wr.). AnA 3TOro No Kparo HUKHEro ANCKa, NOC/e KpaliHeln BO/IHbI C y6AMpoBaHMEM Ha OCTa/IbHbIX,
npeAycMOTPEeH Hanyck OCHOBHOIO MeTanNa B BUAE KOJbLa KpenieHua. MNpu 3Tom He AOMKHO 6biTb
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Nopora Ha CTblKE HUXKHEro KO/JbL@ C OMOPHbIM KONbLOM W BbIXOAOM MNOTOKA Ha /NONATKM
nepudepunitHon TypbuHbl. Kpome TOro, Heobxoamm OOLLMIA KOXKYX KOHCTPYKLWKW, pPaspenatowumin
NPOCTPaHCTBa Ha 30Hbl. OH M3roTaBaMBaeTca U3 NbOro gMamarHeTuka (Hanpumep, meau) B Buae
KO/MINaKa C LeHTPaNbHbIM OTBEPCTUEM MO AMAMETPY, PaBHbIM Havyany BNaguHbl TpeTbel (6e3 wenei)
BOJIHbl BEPXHEro AMCKA, C POPMUPOBAHMEM Ha HeW BbICTyNa C NPOAO/IKEHMEM HA €€ BHYTPEHHIOO
BONIHY NpoduMAA, KaK MecTa A58 Onopbl U LEHTPUPOBAHMA B OCU LLEHTPanbHOM TypbuHbl. 34ech m
YCTaHaB/AMBAETCA UEHTpasbHasa TypbuHa, Ha KOTOPYK BOAPYXKAETCA KOPMNyC LEHTPasIbHOro
BO34yx03abopa 1 BCE 3TO NpuKnmaeTca 60ATOM, BKpyYeHHbIM B pe3bO0BYIO BTY/IKY B LLEHTPE CTYNULbI.
BHeLWwHM pasmep 06LWEero Koxyxa 40/1XKeH ObITb AOCTaTOYHbIM N5 YKPbITUA KOHTYPOB BCEX AMUCKOB, C
3aKpyrneHmem no BHeWwHemy Auametpy npodmna nonatok nepudepuinHom TypbuHbI, C
NPOAO/IKEHMEM [0 HUMKHEro cpe3a ONOPHOro AMCKA. Bcsa 3Ta KOHCTpyKuma B cbope coegmHAeTcA C
KPYr1oM CTaHWHOW M3 ¢deppomarHeTUKa (Hanpumep, *Kenesa), B LEHTPE KOTOPOM W3roTOBAEH
NOALWMNHUKOBLIA y3en [NA BpalLeHMA, B KOTOPOM WU PUKCUPYETCA OCb TakKMM 0bpa3om, 4Tobbl
obecneyunTb AOCTAaTOUYHbIN NPOCBET MEXKAY CTAHWUHOM U ONOPHbIM AUCKOM. [InameTp CTaHMHbI SONKEH
npeBbIWaTb AnameTp obLEero Koxyxa 1 B HEM A0NXKHbI 6bITb M3rOTOB/IEHbI CKBO3HbIEe Npope3un. Cama
CTaHWHa CoeaMHAETCA C NPMBOAHBIM YCTPOMCTBOM 4Yepes3 Crnonsatowyto MyoTy ANA BO3MOMKHOCTU
B371€Ta WM C Ba/IOM reHepaTopa A/1A reHepauun sHeprun. TakkKe BO3MOXKEH NpMBOA ANA 3anycka
ABNEHUA OT QaKKYMynATOpHOW 6aTapeu, pacnonoKeHHOW HEeNoCPeACTBEHHO Ha naaTtdopme
KOHCTPYKLMM C YCTPOMCTBOM €€ noa3apAaKu. BaxkHo, UTo MeXAy ANCKaMM U KOXKYXaMU U3 Pa3INYHbIX
MaTepuranoB., Kak Ha CTyNuue, Tak U Ha M30/IMPOBAHHbIX Kpenexax, AN UX COeEAUHEHUA Mexay coboin
N PEeryivpoBaHMA TEXHOJIOTMYECKMX 3330POB B 30HE MeEXKAY AMCKaMKU, HeobXoauMm MOHTAXK
ANINEKTPUYECKMX NPOKNALOK U3 CNOA NIOTHOM PE3UHbI UM NONMMEPA.

Yto ke b6yaeT npoucxoauTb Aasblue C MOTOKOM BPALLAKOWMXCA BUXPEN Npu BCTpeye C
nepudepunitHom TypbuHon?

A panbwe ueHTpobexkHble BO3AENCTBMA, HANPABAAIOT YNJIOTHEHHbIE, NOHU3NPOBAHHbIE NMOTOKM
BO34yXa MPSMO Ha nonatku nepudepuitHon TypbuHbI, rAe OHM He TO/MbKO pacCceKarTcs WU
BbITA/IKMBAIOTCA BHU3 M B CTOPOHY, KaK M3 COMJa, HO W OTpa)KatoTcA 06paTHO, co3aaBas
LEHTPOCTPEMUTENIbHbIE BO3AENCTBUA. ITOT 3IPPEKT PAcCUMUTLIBAETCA M HACTPAMUBAETCA KOHCTPYKTUBHO
No My4HOCTAM W y3nam, MO Nepuoay M BONHAM ANA AOCTUMNEHUA YCTOMYMBOrO pPe30HAHCa Mexay
aTOMaMWn JuamarHeTMKa [AWCKOB, B pe3y/bTaTe BO34eNCTBMA 06pPa3yloWMXcA CTOAYMX BOAH. B
NPOMEKYTKAX MeXAY BOJIHAMM BO3HMKaeT eweé pag NtobonbiTHbIX ANA HAc ABneHMW. Hanpumep,
ycuneHve adpdekta oTpULATENbHON MAarHUTHOM BOCMPUUMUYMBOCTM B MATepuane AUCKOB, TOXE Npu
CO34aHVUWN ABNEHUIN pPE30HaHCa, HO B KaXAOM OTAE/NbHOM NEepuMoae BOJIHbI, KaK creacTBue
TOPMO)KEHMA NOTOKA BO34yXa MPWU CHKATUAX 3aBUXPEHWUN. B 3TOM cnyyae, yacTb LLEHTPOOEXKHbIX
MOTOKOB OTPaKaeTcA oT 1060BOro NPOPUIA BOHbI HUXKHEFO ANCKA GOPMUPYA LEHTPOCTPEMUTENbHBIE
BO34eNCTBMA C 06pa3oBaHMEM CTOAYMX BOJIH, YTO U MPUBOAMUT B PA3/IMYHbIX YAaCTOTHbIX AMana3oHax K
pe30oHaHCy maTepuana AUCKOB. Henb3A ynyckaTb U3 BUAY M 06pa3oBaHMeE BUXPEBBIX MArHUTHbLIX MONEN,
CBA3AHHbIX C 3/IEKTPUYECKMMU PAAMANbHBIMU U KOMIbLEBBIMU TOKaMW 3apAL0B B MPOMEKYTOYHOM
30He. B pe3synbtaTe nepuvoaMYecKM BO3HUKAKOT MOAA C HYNEBOM MArHUTHOM U 3NEKTPUYECKOM
HanNpPAXEHHOCTbIO.

B uTOre Hawmux paccyaeHwui, mbl ybexaaemca B MOCTPOEHUM AUMHAMMUYHOM AMMNONbHOM
CTPYKTYpPbl CO BCEMW €€ aTpMbyTamMm 3/IEKTPOMArHUTHbIX B3aMMOAENUCTBUI C CPeaon OKPYKEHUS,
OCHOBAHHbIX HA 3N1EKTPMYECTBE M MarHeTusme. M noaTBeprKAaem, YTO OCHOBOM 3amnycKa ABAEHWUN
nesuTaLMm Unm npeobpasoBaHMA 3apAL0OB MATEPUN BHELLHEW Cpeabl OKPYKEHUA B TOK 3apAA0B (Mau
3N1EKTPUYECKMI TOK) B NOAO0OHbIX cMCTeMaX, ABNAETCA BO3byKAeHMe Nocnes0BaTe/IbHOCTM NPOLLECCOB
X0onoga v Tenna, pacliMpeHUa U KOHAEHCAUMU cpefbl, LEeHTPOCTPEMUTENbHbIX U LLEeHTPOBEXHbIX
BO34ENCTBUA UM CMEHbl MOJIe OTPULATENbHbIX U MONOXKUTENbHbIX 3apAgoB. C oAHOW uenbo —
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MAKCMManbHO Pa3pyWuTb B MONEKYNAaX M aTOMax BELLeCcTBa Cpeabl NPOCTPAHCTBA HE TOJIbKO
3N1EKTPOMArH1THbIE CBA3M, HO M Cabble B3aMMOAENCTBMA MEXKAY SNEMEHTAPHbIMM YacTULAMM aTOMOB
M Mmonekyn. Bo BCEM 3TOM npocmaTpuBaeTca o06pa3oBaHME YCTOMYMBOWM HesaTyxatowen
KonebatenbHOM cucTtembl C noTtpebneHvem sHeprum wusBHe. bnarogapsa 4yemy, B MNPOCTPAHCTBE
BO3HMKaET HaNPAXEHHOCTb AN FPAAMEHT NIOTHOCTEM 3apAL0B, KOTOPbIN NOAHMMAET 06bEKT BBEPX
ycuAnem yCTOMYMBOWM MMMNIO3UM, NO3BOAAA YCTPOMCTBY BpPaALLATbCA Ha HEKOTOPOM pPe30HAHCHOM
4acToTe CAaMOCTOATENbHO, TO €CTb IEBUTUPOBATD.

Bo MHOXecCTBe MHbIX M3BECTHbIX KOHCTPYKUMAX, TakMX Kak . Cépna nam B. MpebeHHUKOBA,
aKTUBMPOBAHbI QAHAJIOTUYHbIE ABMIEHMA, HO C APYronM O4YepéaHOCTblo, Apyrumu dopmamm wm
CTPYKTYpPamu maTepuun. B oCHOBe MX NeXUT BCE TOT »Ke rpaameHT 3apaaoB, KOTOpbIn BO3byKaaeTcA
Pa3NMYHbIMKU  MPOABNEHUAMWU MONEN 3SNeKTpuyectBa M MarHetmsma. Ho ectb eweé opguH
3ameyaTeNbHbIN B3rNsa4 Ha peleHne 03By4eHHOM Bbiwe Npobaembl, U 3TO B3anMogeincTeme 3apagos
B Pa3/INYHbIX Cpefax npocTpaHcTBa. Mbl yke obpallanm Balle BHUMaHME Ha TO, YTO BpaLatoLLmecs ¢
YCKOpeHnemM 06beKTbI, U3rOoTOB/IEHHbIE U3 CBEPXNPOBOAHMKOB UM AMAMArHeTUKOB, NPU AOCTUNKEHUN
pe3oHaHca, reHepupyloT CBOE cobCTBEHHOE MarHMTHoe (No CyTM rpaBMTALMOHHOE) none,
HanpasB/ieHHOEe MPOTMB BHELWHEro aHa/JoMMYyHOro BO3AEWCTBUA, YCUINBAS €r0 B COOTHOLUEHUMU C
cobcTBeHHOM maccoit. To ecTb, co3gaérca adPeKT HEKOTOPOM NoTepwn Beca Tena. 3HauUT, MOXKHO C
YBEPEHHOCTbIO KOHCTaTUMPOBaTb, YTO BeC MPONOpPLMOHaNeH 3apagy BeuwectBa? To ecTb, matepus
NPOCTPAHCTBA OKPYXeHUA, KoTopaa obpasyeT cpeay 6o0see MNAOTHYHO W TOHKYK, B KOTOpOM
3N1eMEHTApPHbIE YacCTULbl U WMHbIE CrYCTKM MaTepUn NepenBuraloTcs CO CKOPOCTAMM BAM3KMMKU K
cBeToBOM, OyaeT BbITECHATb (OTTAaNKMBATb) MATEpPUIO Cpedbl 3TOrO Ke MNPOCTPaAHCTBA, HO MeHee
NNOTHYIO, CTPYKTYpHO 60siee KpynHYyH (XOTb B KOPHE WM COCTOALWYI M3 OAHOrO M TOrO *Ke), HO
nepemellalolyocs B cpeae 3BYKOBbIX (Manbix) ckopocTeit. [MpuTom, BbITECHATbL B Hanpas/IEHUU
NPUTANKEHUA 3aPAAOM aHANOTMYHOro BewecTBa (cm. Puc. 3). MpumepHO TaK, Kak MHOMKECTBO MesIKMX
ny3blpbKOB BO3A4yXa B Boge ob6beamHAoTCcA B 601ee KpynHble. B nocneayowmx rnasax Mmbl noapobHee
pa3bepém 3TK B3aMMo4eNCcTBUA OOBEKTOB C MaTepUEN CTPYKTYPbI Pa3/IMYHbIX Cpes, NPOCTPaHCTBa. A B

Puc. 3 MNpuTtankmMBaHue 2x Ten B NN0THOM cpeae. Puc. 4 BanaHne 3apagamn Ha ABUKEHME TeN B cpese.

AAHHOM cnyyae, ANA 3anycKa ABNEHUA NeBUTaLUM, AOCTAaTOYHO HEMTPAZIN30BaTb BO3AENCTBUE Cpeabl
TOHKOM MaTepumn Ha 06 BEKTbI, CUHXPOHU3MPOBAHHbIE C MAaTEPUE CaMOW Cpeabl 3BYKOBbIX CKOPOCTEN.
NHbIMK cnoBamu, BAMATb HA NepemMeLl,eHUA Ten B MPOCTPAHCTBE MOXKHO MYyTEM BO34ENCTBUA HA HUX
APYTMMU 3apagaMu, OarKe OTPaXKEHHbIMW B BMAE CTOAYEN BOMHbI B npoTtmBodase (cm. Puc. 4).
CeolicTBa pasiMYHbIX GOPM MaTEPUMN NPU B3aUMOAENCTBMN NX 3aPAL0B Mbl PAaCCMOTPUM B OTAENbHOM
rnase, rae A1A Hac BaXKHO NOHMMaHMeE 3apAaa Kak Mepbl UHTEHCUMBHOCTM BpaLLleHUA (cnuHa).
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«Kak 661 HU 661710 2pYyCMHO, HO hU3UKA CE200HA 8 3aCcMOe - Mbl 00
cux rnop e30um Ha asmomobuax u 00 cux Nop emaem Ha Camonémax.»
Mupko bawuy.

SHEPIruUa U NPOCTPAHCTBO.

[aBanTe nonbiTaemMcA HEMHOXKO MHAYe NOCMOTPETb Ha TaKoe CBOMCTBO MATepPUU KaK IHeprus.
Y70 Ke B CyWwHOCTM 3TO Takoe? OTKyAa OHa 6ep&TcA B HAC M BOKPYT HAC U KaKMe NPOoLLecChl e€ NUTatoT?
3TO HamM NMOMOMKET B BOCNPUATUM MHOTUX ABNEHUI NPUPOAbI.

TakvMe [aBHO M3BECTHblEe HAyKe B3aMMOAEWCTBUA, KaK C/labble M CU/bHblE, 3NEKTPUYECKME,
MarHUTHbIE U TPABUTALLMOHHbIE — BCE 3TO «MNPOABAEHUA» IHEPTUU. YCNOBHO, 3HEPTUA BO BceneHHoM
CYLLEeCTBYeT B ABYX CUCTEMAX: 3aMKHYTOM W PaAcKpbiTOi. B ecTecTBeHHOW npupoge 601bLUMHCTBO
SHEepPreTUYECKUX CUCTEM HE3AMKHYTbIE, €C/IM PAaCCMATPUBATL €€ nonyyeHre u notpebaeHne. IHeprua
B obwem BOCNPMATUM — 3TO CBOMCTBO MaTepuu coseplatb paboty. Moatomy sHeprua ntoboro
MCTOYHMKA cnocobHa BO3OYXAaTb M BO3AENCTBOBATb Ha JHEPrUIO Cpedbl OKPYKEHMA U Aaxe
co3faBaTb YC0BMe 414 ee 3axBaTa U TpaHchopmaLmMm B yA0O6HYHO HaM SHEPTUIO SNEKTPUYECKOTO TOKaA.
To ecTb, OTKPbITblE CUCTEMBI — 3TO B3aUMOAENCTBUE C SHEPrmuei n3BHe.

Ho aHeprua ecTb ABUKEHME, HANPUMeEP, 31IeMEHTAPHbIX YacTuL,. Mam ntobaa aHeprma - 3To MoLwb
ABUXKeHMA BUXPA. To ecTb, N1t1060N NOTOK 3HEPTUM — 3TO NOTOK UX 3apAA0B. A KaK Mbl 3HaeMm, 3apag, oT
Tena K Teny nepepaérca 4yepes INeKTPOMArHUTHOE MoJje, WAM Ccpedy OKpPY*KeHua 4yepes
B3aMMOLENCTBMA BUXPEWN, KaK AOMMNONEN 3NeMEHTapHbIX 4YacTuy,. 3HAYUT, Mbl MOMKEM CMeNo
yTBepXaaTb, YTO dHeprua - 3TO Be/NYMHA rpagueHTa 3apAafos. ManM BeAnYMHA MHTEHCUMBHOCTU UX
ABUXKEHUA, TAEe NOA «ABUXKEHMEM» MOHMMAETCA M BpaWATeNbHOe (CMWH), M nocTynaTenbHoOe
nepemeleHnsa. O4eBMOHO, eC/n 3apAabl UMEOT CTPYKTYPY AMMOAA, HanpMmep, Kak NoJitoca 3eMHOro
Wwapa — «NaKC» U KMUHYC» B OAHOM, TO OHW CMOCOOHbBI aKKYMY/IMPOBaTb, MEPEHOCUTb U BUAOU3MEHATD
aHepruio.

Torpaa, 4To Ke TaKoe 3apaabl? Ecan HocuTenaMM 3apaao0B B MMKPOMUMPE ABNAKOTCA U3BECTHbIE U
HEeW3BECTHble HaM 3/IeMEHTapPHble YacTULbl: 3NEKTPOHbI, MOHbI, NO3UTPOHbI M T. 4.7 ECAn Bce OHM
MMEIOT BUXPEBYHO CTPYKTYPY C PA3/IMYHbIM HanpasaeHWEM BPaLLEHUA ANCKA Topa?

Mbl yKe 3Haem, 4YTO BMXpM 0OpPasyrOTCA, Korga Co3gatoTca ycnosua ana GopmupoBaHMA 30H
HW3KOTO WM BbICOKOTO AaBneHWA. BHyTpu Buxpelt faBneHMe BcCerga MOHWUMKEHHOE, a CHApYXKu
BO3HMKAOT LLEHTPOCTPEMMUTENbHbIE MPOTUBOAENUCTBMUA Cpeabl OKpPYXKeHuAa, dopmupya 30HY
NOBbILWEHHOrO HanpAXeHuA. B Hawem cnyyae, KaxKAbl TaKOW BUXPb MMEET TPU SHEepreTU4ecKmx
COCTOAAHMA B BUAE MONOXKUTENbHOTO, HEWTPANbHOrO W OTpuUaTenbHOro 3apagos. Ecam 3a
3NEKTPUYECKMI 3apAg, YaCTULbl OTBEYAET HA/IMYMEe OCEBOrO BPALLEHMA, UM KMHETUYECKaa sHeprua
BMXPA, TO ero MOJIAPHOCTb OnpeaensieTca OpueHTauMen KONbLEBOro BpaLEHUA OTHOCUTENbHO
TOpPOUAANBHOrO.

He cekpeT, 4To HEKOTOpPbIe 3aKOHbI MEXaHMKM COBEPLUEHHO CrpaBea/IMBO ONUCLIBALOT ABNEHUS,
npoucxogsaline Kak B MUKPO, Tak MU B mMakpomupe. Torga BOCMOAb3yemMcA 3TMUM W MO aHanoruu
Hanpas/eHMA BpaLeHMA NAaHeT NPUMeM, YTO OTpuULaTeIbHble 3apAabl BPALLAKOTCA MPOTMB YaCOBOWM
CTPENKK, a NONIOKUTE/IbHbIE — MO YAaCOBOW, €C/IN CMOTPETb CO CTOPOHbI, KyAa BbiBOpaunBaeTca Top. Mbl
rOBOPMM, YTO 3Heprva oO6bEKTA YCNOBHO 0603HavyaeTcAa MNOJIOKUTENbHON WAM OTPULATENbHOM, B
3aBMCMMOCTM OT HaMpaB/eHWA BpaLLeHMA (CMHA) gMCKa Topa, ero annona. OgHaKo, HANOMHUM, Y4TO Y
3NEKTPOHA, KaK U ApYyrnx Noao6HbIX AMNONEN, eCTb U MarHUTHAA, U dN1eKTPMYECKaa CoCTaBaAloLWwMme.
MoaTomy MXx BUXpeEBOE MNO/E C/IOXKHEe, YeM Yy MOCTOAHHOTO MarHuMTa, KOTOPbIA MPOCTO CO34aeT
BpalleHue cpelibl OKPYKEHUA.
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Kak »ke obpasyeTcs 3apag aunons (Topa) M B Yem OT/INUME OT 0OLLENPUHATLIX B3rNsA08? YTobbl
He NyTaTbCs 3aMEeTMM, YTO B €CTECTBEHHOM NPUPOAE NOCTOAHHbIX MarHUTOB He CyllecTByeT. Bce oHu
MCKYCCTBEHHOMO NPOUCXOMKAEHUA, UX NONYHAIOT CNekaHMeM peppomarHeTMKoB, NpoLuesLmnx ocobyto
TepMMYECKyto 06paboTKy M Npouecc HamarHMYMBaHMA BHELWHUM MarHUTHbIM NOJIEM, MPU KOTOPbIX
aTOMbI BELLECTBa NIOTHO YNaKOBbIBAOTCA B KPUCTANNAX. TaKOM MarHMT cnocobeH NpoaoKuTebHoe
BPeMA COXPaHATb HaMarHMYeHHOCTb W CO34aBaTb MarHMTHOE NoJjie NPW OTCYTCTBUU 3NEKTPUYECKOTO
TOKa. TO ecCTb, 3N1eMeHTapHble YacTulbl B CTPYKTYpPE MOCTOSAHHbIX MAarHUTOB C WX BUXPEBbIMU
06pa30BaHMAMM CXKaATbl 4,0 TaKOM CTEMEHMU, YTO, LIEHTPA/IbHbIE OTBEPCTUA TOPOB 3aKPbIBAtOTCA, OTCIOAA
- B HWX HET 3JIeKTPUYECKOro TOKa. [lo3aTomy, BCA 3Heprva BUXPEM 3TUX YacTUL, TpaTUTCA Ha
pacKpy4YMBaHWe AMCKa TOpa C BOB/IEYEHMEM BO BpallEeHNE MaTepun cpebl B BUAE MarHUTHOIO Nons.
Tam, rae HanpaBneHWe BPaALLEHMA Cpedbl Y HECKONbKUX OANHOYHbIX MarHUTHbIX NOel coBnagaerT,
CKOPOCTb COBMECTHOrO NOTOKa YCUAMBAETCA, a AaB/eHue nagaeT. Torda obwmin notok obnapgaet
OAHOHaNPaB/IeHHbIM MarHUTHbIM NoAEM. 3TO NOATBEPKAAETCA M SKCMNEPUMEHTAMM C COBMELLEHHbBIMM
NoNtocamm ABYX MOCTOSAHHbIX MarHUTOB. M HaobopoT, Npu HecoBnaAeHWU BPALLEHWUI NPOUCXOAUT
NPOTUBOMONOXKHOE AENCTBUE, NN TOPMOXKEHWNE U POCT AAB/IEHUS.

MHorue cumTatoT, YyTo pacnonoxeHne CesepHoro n KOXKHOro NoItOCOB y NOCTOAHHbBIX MarHUTOB
“ 3eMAn 04MHAKOBbIE. YBbI, 3TO HE TaK C TOYHOCTbIO A0 HA060pPOT. [103TOMY 1 BEKTOPLI HaNpPaB/eHUs
MarHUTHbIX CUNOBbIX IMHUIN Y HUX Pa3Hble. HO MarHMT — 3TO TOXe AUNO/b, FAe MarHUTHbIN 3apAa TakKe
nmeeT nontoca. ObpaTute BHUMaHME, K CEBEPHOMY MOJOCY MarHUTa NPUTATMBAETCA HOXHbIN KOHeL,
CTpenku Komnaca. Koraa B Kauectse Komnaca Mbl UCNOJIb3yeM MarHUT, TO K «ceBepy» byaeTt obpaluéH
€ro CeBepHbIN MOMKC, KOTOPbIA KOPPEKTHO HA3biBaTb MONOMKUTENbHbIM MAarHMTHbIM MOKOCOM, UM
MOJIIOCOM, NMOKa3bIBaOLWMM Ha ceBep. [OCKONbKY B GU3MUYECKOM CMbIC/IE CEBEPHbIM MAarHUTHbIN NOAOC
3eMnu ABNAETCA OXKHbIM MarHUTHbIM MOJIFOCOM, TaK Kak OH MPUTATMBAET CEBEPHbIN NOMOC MarHuTa.

Bcem n3BeCTHO, YTO, eC/IM paccMaTpuUBaTb AUNONb KaK «eAUHUYHbIAY MarHuT (cm. Puc. 1), To B
HEM NMpPUCYTCTBYET Hy/ieBas 30HA, UM MPOMEKYTOYHAs MIOCKOCTb MEXAY 30HaMMU MOJIKOCOB «+» U
MUHYCOB «-», KOTOPYO Ha3blBalOT «rPaHULLEn Uan cteHKon bnoxa». /iInHua bnoxa npeacrasnset coboi
061acTb NepeopueHTaummn CNMHOB OT OAHOW BETBW pacnpenefieHus Ha ApYyrylo M ux pa3BopoT B
naockoctu bnoxa, nepneHANKYNAPHON HaMarHMYeHHOCTU B IoMeHax (cm. Puc. 2). B 3aBucumocTtu ot

5 0
Puc. 1 EAMHNYHBIN Annonb. Puc. 2 CteHKka bnoxa B marHuTe.

€€ NoIoXKEeHUA, 3apAL 31eMEeHTaPHOM YaCTULbI MOXKET BbiTb NONOXKUTENBHBIM MU OTPULLATE/IbHBIM.

Mpu onpeneneHHbIX YCAOBUAX CTEHKA baoxa moXKeT nepemelLaTbCa MexXay NoAcamm MarHuTa, ecnm

MX HaKauyKa 3apsagamm HepaBHoueHHa (cm. Puc. 3). Hanpumep, Kako-To U3 NOKOCOB NPUCOEAUHUA K

cebe 3apag namn pagom B cpese OKPYXKeHMA ecTb rpynna 3apaaos. Toraa Toro Mam MHOro 3apaga Ha

TakOM nojtoce Aunona CcTaHoBuTcA 6Gonbwe. CuNoBble JIMHUM BHELWHEro KOHTypa Topa

AedopMunpytoTcsa, BbITATMBAACH M YTONLLAACH B TY CTOPOHY, A€ «NAKCOBY» UIN KMUHYCOB» CTAHOBUTCA
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6onbuwe. NpaHMua Bioxa TyT e cMellaeTcs B CTOPOHY MEHbLLEro 3apsaaa AMNnona Ha onpeaenéHHy
Be/NMUYMHY. Toraa Takas afieMeHTapHas Yactmua npmobpeTaeT 06wmin 3apsaa 601blIEro KOANYEeCTBa «+»
WM «-» Ha NoJItocax ero Annons. NoHATHO, YTO HEMTPa/IbHbIM 3apPAA Y YacTUL, — 3TO Koraa cTeHKa bsioxa
HaxoAmuTcA nocepeauvHe AUMNONSA, Kak bbl Ha 3KBATOPE, €C/IM NO aHaNoMMKM NPUHATL 3a BUXPEBOW TOp
Hawy 3emto. OaHaKo, HaA4o NOHUMATb, YTO MPU MOCTOAHHOM Xaoce B3aUMOAENCTBMIN BO3DOYKAEHHbIX
3apsAA0B B NPOCTPAHCTBE MeXay cobol, HelTpasibHble 3apsaabl KpalHe HecTabuibHbl. CTeHKa broxa
CTAaHOBMTCA HEKMM MepeKkatoyaTenemM 3apsga AUNoas Mexay nontcamu. UM 3To KapAuHanAbHO
N3MeHAET AMHaMUKY Ntoboro aunons.
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Puc. 3 OtTanumne gmunonei no 3apagam.

MpepcTaBum, 4To 3apAg (Hanpumep, 04MH 3NEKTPOH) HAXOAUTCA B CBOOOAHOM COCTOAHUM, HO OH
ABUXKETCA B XaoCe MNPOCTPAHCTBA, M MOCTOAHHO B3aMMOAEMWCTBYET C APYrMMW 3SN1eMEHTapHbIMU
YyacTMLaMK, OTBEpPraeTca UM BHOBb NpuobpeTaeTca CBOMM HOCcMTenem. BOoKpyr sneKTpoHOB nosclogy
nepemeLLanTca U MCYe3aloT MOJIOKMTENbHO 3apAXeHHble YacTuubl. B pesynbtate, 6e3 KoHUaA
NPOUCXOAAT Npoueccbl NPeobpa3oBaHUA HalLero OTPUUATENbHOrO 3apsafda M3 OAHOMO COCTOAHMA B
Apyroe. To ecTb, Haw AMNOAb — 3NEKTPOH 6e3Ha[EeKHO Haxo4UTCA B COCTOSIHUM HapyLUEHWs
CUMMETPUMN CBOUX NPOTUBOMOJIONKHbBIX 3apAA0B HA NOAOCAX. TO e NPoUCXoauT UM C APYrMMK
3N1eMEHTAPHbIMM YacTULAMM — AUMNONSAMMU, C KOTOPbIMU 3/EKTPOH HEU3DEKHO B3aMMOAENCTBYET B
NPOCTPaHCTBE. 3HAYuUT, 3apAgbl C OONbLIOW YACTOTOM BPALLEHWA MOFYT OTHMMATb BHELIHWE
YNNOTHEHUA MATEPUMN Yy COCEAHUX BUXPEN M Toraa cnepyeT npeBpalleHuMe OAHOW 3/1eMeHTapHOM
yacTtuupl B Apyryto (GOTOH, HEMTPOH, aToM U T. 4.). JInbo NpoMcxoauT U3MeEHeHMe 3apaaa MOHOB C
MyTaumen ux CBOMCTB. Mexay ABYMA OTAE/NbHbIMU BUXPEBBIMWU 3apAfaMM «+» U «-» BCerga
NPOUCX0AAT BO3OYKAEHMA B BUAE TPaHCPOPMALUM CUAOBBIX IMHUA MArHUTHOTO U 3/1EKTPUYECKOTO
nosiei. DNeKTPUYECKME U MArHUTHble NONS — 3TO CAEACTBME Ha/MyMA MOTOKOB MaTepumn cpeabl
NPOCTPaAHCTBA BOKPYF 3apAA0B 3/1eMEHTAPHbIX YacTuL,. O4eBMAHO, YTO 3HEPrusA, KOTOpPas BO3HUKAET
6narogapa HapyweHWI0 CUMMETPUM MPOTUBOMOJIONKHBIX 3apAfoB, T. €. AUNoaen, NOCTOAHHO
nameHseTca. N npm cosgaHnm pasHOCTU NOTEHLMANOB BCA SHEPTUA B SIEKTPUYECKOM LLeNn — 3TO TOXKe
pe3ynbTaT 06pa3oBaHMA Aunonen.

[asaiiTe nopasmblwnaem. Cyaa no BCemy, MNOAN TOZIbKO U AENAt0T, YTO U3BNAEKAIOT 3apAsbl U3
NPOCTPAHCTBA OKPYKEHMA N 3TO COBEPLLUEHHO HE MMEEeT OTHOLIEHUA K «BPALLLEHMIO Basla reHepaTopa.
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Bca sHeprma ncxoauTt ot 3apAaaoB. 3apasabl 4eNATCA HA AUNOAN, OUMNOAN U3BNEKAIOT U3 NPOCTPAHCTBA
3Hepruto. dTa 3Heprua B 3/1IEKTPUYECKMX CXemax npeobpasyetca B IHEPrU0 3NEKTPUYECKOro TOKa.
BbIXO4QMT, 4TO 3HEpruto, KOTOpyK BblpabaTbiBaeT «reHepaTtop», Mbl WCMO/b3yeM TO/NbKO Ha
pa3saeneHue 3apagoB Ha «+», «-» U HaobopoT. CTano bbiTb, Nt0HAA 3NEKTpUYECKana cxema NpPon3BoaUT
ropasao 6osblue sHeprumn, 4em Mol noTpebasem.

To ecTb, Hawa 3aZa4ya 3aKNYaeTca B CO34aHMM MexaHM3ma, cnocobHoro Bo3byauTb (BbiBECTH
N3 COCTOAHMSA MOKOA) U Pa3feInTb SIHEPTUIO CPeAbl OKPYKEHWUS HA NMONOMKUTENIbHYIO U OTPULATENBHYIO.
Monpobyem WCNO/b30BaTb AJ/1A 3TOrO MOMOXKMUTENbHYIO IHEPIUI 3aMKHYTOM CUCTEMbI - OObIYHOWM
3NEKTPUYECKOM CXeMbl UCTOYHMKA NMUTAHWA, HANPUMeEpP, aKKYMYIATOPaA, KaK CTapTepa A1A 3anycKa
ABNeHUA. Toraa, 3aTpaTbl IHEPIUM AKKYMYNATOPA HA CO34aHME AMNONEN, NN NOCAAKY aKKYMYAATopa,
AO/IKHbI KOMMNEHCUPOBATLCA B BUAE NOCTOAHHOM 06paTHOM NOANUTKM NyTem npeobpa3oBaHuMA YacTu
3aXBa4Y€HHOM OTPULLATENbHON 3HEPrUM U3 OTKPbLITOM CUCTEMbI Cpeabl B NONOMKMUTENIbHYIO 3HEPIUto
3NEeKTPUYECKOrO TOKA B 3TOM CXeMe WCTOYHMKA nuTaHusa. OCHOBHYHO K€ 4acTb MNOAy4YeHHOW
OTPULLATENbHOWN SHEPTUM MOXKHO NPeobpas3oBaTb N NPUMEHUTb ANA NOAKNOYEHUA NOObIX N3BECTHbIX
Ham noTpebuTenel Yyepes sNeKTPUYECKNE MaLLUHbI.

OTKyAa e BO3HMKAET CTO/IbKO IHEPrnM U3, Kadanoch bbl, «HUYero»? [leno B Tom, 4TO BCe 3apAasbl
B OKPYKAIOLWLEM HAC OTHOCUTE/NIbHO HEeBO3OYXAEHHOM MPOCTPAHCTBE, B TOM YMUCAE M B BaKyyme,
HaxoAsaTcA BO B3aMMHO YPaBHOBELIEHHOM, B3aMMHO KOMMNEHCUMPOBAHHOM COCTOAHUMU. MoTomy yTO,
CUNbl B3aMMoAEeNCTBMA OECKOHEeYHO OO0/bLIOrO YMCNa MONOMKUTENbHbIX 3apPAA0B C HEeCKOHEeYHOo
60NbWNMM KONMYECTBOM OTpUUATENbHbIX 3apALOB B pe3ynbTaTe O0OHyAAlTCA, T. €. CyMMapHble
rpaAneHTbl CUA MHOFOUYNCAEHHbIX B3aMMOAENCTBYIOLLUX CUCTEM CTPEMATCA K HY/ILO.

MN3BeCTHO, YTO NPOCTPAHCTBO BOKPYT HAaC M BOKPYT BCEX BELLECTB (Kak M camu Tena) Bo BceneHHoM
3aM0JIHEHO ra3006pasHbIM «3¢Mpom». TO eCTb, MPOCTPAHCTBO LLE/IMKOM COCTOUT U3 «3dUpa», 3HAUUT,
OHO M ecTb «3¢uMp». Ho BeAb A0 CMX NOP HUKTO TaK M HE CMOT OOHAPYKUTb ero, Uam xoTa 6bl 06BACHUTD
YCNOBMA €ro CMHTEe3a M pacnaga, ero cTabuibHOCTb, CBOMCTBA M CNOCOOHOCTb K B3aMMOAENCTBUIO CO
Ccpenomn OKpyKeHus 1 T. 4. TaK YTo }Ke TaKoe - NPOCTPAHCTBO, B KOTOPOM BapUTCS BCENIEHCKAA KU3Hb?

Mbl y»Ke 3HaeMm, YTO NPOCTPAHCTBO HACbILLEHO MHOMOYNCAEHHBIMM BUXPEBLIMU 06Pa30BaHNAMMU
B BWAE 3/IEMEHTapHbIX YacTul (B cBOOOAHbLIX COCTOAHUAX) M Pa3NIMUYHBIMU  MaTepPUanbHbIMU
obbeKkTamn. YTOo BCE NpOLLECCbl B3aMMOAEWUCTBMS MeXKAYy HMMKM ocyuwecTBaatotca 6narogapsa
Bubpaumam (KonebaHmam) mx AUNONbHbLIX CTPYKTYP, MOPOMKAEHHbIX MHTEHCUMBHOCTbIO M 3HEpruemn
3apAL0B MX BUXPEN. Bce 3Th YacTULbl HeM36eXKHO KOHUEHTPUPYIOT B cebe SHEepruto cpenbl OKPYKeHUS,
ABNAACb B KOHEYHOM MWTOre BWMXPEBbIMW YMNOTHEHMAMM €€ MaTepuu. 3HA4YUT, OHM XonogHee
OKpy’KaloWwero WX nNpocTpaHcTBa. Toraa, Noboe BewecTBO AO/IKHO OXNaxKAaTb CBOKO cpeay
OKpY»KeHus. ITo NOTOM BCe nepemelunBaeTca u ypasHmMBaeTca. CTano 6biTb, MeXay 31eMeHTapHbIMM
4acTMLAMM BELWLECTBa B NPOCTPAHCTBE, M3HAYa/IbHO CYLLECTBYET Pa3/IMYHAA CTEMEHb OXNaxKaeHua. A
HanMune rpaMeHToB TEMMEpPATYpP Bbi3biBAET Pa3HOCTb AaB/AeHUMN, obpa3oBaHME NPUCOEANHEHHbIX
BMXPEN, UHbIX CTPYKTYP, PaclUMpPeHuUi, CxKaTui 1 T. 4. OTCcloga M NAOTHOCTb, M BA3KOCTb rasa cpeabl
NpocTpaHcTBa byayT pasnnyHbiMU. Hanpumep, B mecTax BO3OYXKAEHWA — MOBbILWEHHbIMU M Torga
6yayT HabnwoaaTbCA NPOLLECCbl PasfeneHusa, CAUAHUA, aHHUIMAALMKW, o6pa3oBaHWSA BOJIHOBbIX
ABNEHUIM M T. 4. A cpeda B HeBO3OYXAEHHOM, 1aMMHAPHOM PAcMO/IOXKeHMM BU3yasbHO obpasyeT
OTHOCUTE/NIbHO CTabuUNbHOE, SHEPreTUYECKM YPaBHOBELLIEHHOE COCTOAHME.

Takum obpasom, cBoboaHaA (oTpuuaTenbHaA) sHEPrMa MOXKeT ObiTb U3B/eYEHA U3 IHEpPruu
NPOCTPAHCTBA NP BO3MYLLEHUM CBOOOAHbLIX YAaCTUL, Cpedbl OKPYKEHWUS Pa3INYHbIMU rpagmueHTamm
(HanpsarkeHHOCTb, TeMnepaTypa, NNOTHOCTb CPeabl, CKOPOCTb U T.A4.). M KoNnyecTBo 3TMX cBOBOAHbIX
4acTUL, MOYKHO MHOTOKPATHO YBENNYUTD, PA3pPYLLAA 3N1EKTPOMArHUTHble U cnabble B3aMMoAeNCTBMA B
MONEKynax W aTomax BelectBa. B pe3synbTate TaKoro BO3AENCTBMA TOpoWAasbHble BUXPWU
aKTUBM3MPYIOTCA, MX 3apAgbl BO3PACTalOT, YNAOTHAIOTCA, 3/IeMeHTapHble 4YacTulbl BCTynatT BO
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B3aMMOAENCTBMA C COCeaAHUMMU 0bbeKTaMm, 06pas3ytoT HOBble CTPYKTYPHble GOpPMbl MaTeEPUU UAn
BbICTPAMBAlOTCA B SHEPreTUYECKME LieMnn, OCHOBAHHbIE HA CBOMCTBAX 3/IEKTPUYECTBA U MarHeTnsma. A
YTO, €CNM TaKMe LEenn B OTHOCUMTE/IbHO CMOKOMHOM cpeae NPOCTPaHCTBA MNpeacTaBnAloT M3 cebA
nogobue n3BecTHOM BceM 06 bEMHOM KPUCTANIMYECKOM PELUETKM TBEPAbIX T€/, HO C 3/1eMEHTapHbIMM
YyacTmuamm B eé yanax (cm. Puc. 4)? MHaye roBopsA, pas/inyHble 3/1EeKTPOMArHUTHbIE NoAA Kak Gopmbl
matepuu, o0b6pasoBaHHble BewecTBamMM U cBOBOAHbIMM CcyBAaTOMHbIMKM  YacTULAMK, UMEHT
COBEPLUEHHO pPa3Ae/ibHYI0 MPOCTPAHCTBEHHYID M 3HEPreTUYECKYH CTPYKTypbl. Pa3Be 3To He ecTb
NMCTOYHWK SHEPTUM, KOTOPYHO MOXKHO Npeobpa3oBaTb B 3/IEKTPUYECKYIO?

JonyctTMm, 4YTO MNpPOCTPAHCTBO COCTOUT He TONbKO M3 MONEeNn UM BeLecTBa, KoTopble
B3aMMOZEMNCTBYIOT, PacnafatoTcd M CUHTE3UPYHOTCA B HEM, HO W M3 COBCTBEHHOW CTPYKTYpbl
NPoCTpaHcTBa, €€ Tena, 6e3 KOTOPOro OHO CyLW.eCcTBOBaTb He MOMeT. Torga, 4YTo e Takoe
NpPoCTpaHCcTBO? Beab, ecv OHO GM3MYECKM CYLLECTBYET, €C/IM B HEM PACno/IOXKeHbl BCE M3BECTHbIE
pocene 06beKTbl, 3HAYUT OHO MaTepPUanbHO? NOCKObKY pa3nnyHble GOPMbl MATEPUM AONKHbI FAe-TO
B3aMMOAelcTBOBaTb MexKay coboi? A eci OHO MaTepuasibHO, 3HAYUT AOJIKHO U3 YEro-TO COCTOATb U
MMEeTb CBOW CBOMCTBA, NYCTb U CaMble NPoCTble?

3HAUMT, HaM HMYTO HEe MeLLUAeT OTMETUTb HaMMEHbLUYD M3 CyBAaTOMHbIX 4YacTuu, ewgé He
OTKPbITYt0, HO 0603HaYEeHHYO B CBOE Bpems [JeMOKPUTOM KaK «amep» WU «31eMeHT BCe/IEHCKOro
a¢upa». He byaem nomaTb KOMbA B MOJEMUKE HAAUYMA WUAW OTCYTCTBUA «3aduMpa», a noTtomy
onpeaennm 3TOT 3/IeMEHT MPOCTO KaK «HY/NIeBOW» BMXPb, KOTOPbLIN, KaK U 060N MHOMN, BOZHUK U3
HEeo4HOPOAHOCTU Cpedbl, a 3HAYWUT, OT rpagueHTa 3apAfoB, KaK MCTOYHMKA 3HEpPrum, UCTOYHMKA
ABuKeHua (cm. Puc. 5). To ecTb, Ha AaHHOM 3Tane UCCAea0BaHMN MOXKHO YTBEPXKAATb, YTO «MaTepusa»
ANA CO3[aHUS KHYNIEBOrO» BUXPA B NPOCTPAHCTBE Oblna M3HaYyasbHO MocesHa MOBCEMECTHO. Mbl,
BEPOATHO, HUKOr4A He y3HaeM KakKMM MMeEHHO 06pa3omM, HO HaBEpHAKA MMEeM aHaNorMyHble U
COBEPLUEHHO paBHO3HayHble BapWaHTbl. Hanpumep, TakMe M3MEHeHMA B cpefe MPOCTPaHCTBA
OAHO3HAYHO MOT/IM BbITb BbI3BaHbI BCMbIWKOM CBETA, AYHOBEHMEM BETPA UM BbiNageHUeM 40XKaA. B
TaKOM c/ly4ae, 00HOB8PEeMEHHO U 108CeMEeCmMHO 8 npocmpaHcmaee bbiau c030aHbl 00HU U me e

Puc. 4 Kpuctannnyeckas pewéTKa BewecTsa. Puc. 5 Cxema gmMnona AByx «HY/IEBbIX» BUXPEMN.

yCno8usA 014 NoA8AeHUSA Nep8uYHbIX 2pa0UEeHMO8, a 3HAYUT, 3aPOXKAEHUA NEPBbIX ewé cNabbix BUXPEN.
To ecTb, «ceMeHa» M3HavyaNbHO, KaK TOUYKM OTCYETA, OblIN CUHTE3MPOBAHDI 108CHOOY 06WUM 017 8CE20
MpPoOCMpPAaHCMeEa BHELHNUM BO3AENCTBMEM, HANPUMED, ABIEHUEM CHATUS NN PACLUMPEHUS.
HanpsaxeHne Takoro BUXps B uaeanbHOM Toraa cpeae (6e3 TpeHMAa) MOXKHO 0603HaAYUTL Kak
npousBeAeHNe Yr0BOM CKOPOCTM Ha NOLWAAb NOMNEPEYHOro CeYeHMn, TO eCTb, YTO Obl C BUXPEM He
NPOUCXOANNO B TOM «MYCTOTE», 3Ta BE/IMYMHA OCTAHETCA NOCTOAHHOW. TaKoM BUXPb Obl1 HEYHUUTOXKUM
M MeXaHMYEeCKM Hepaspywum. M MOXKHO cmeno yTBepaaTb, YTO B MOMEHT CBeplueHWA cobbiTuA
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COBEPLWEHHO OAMHAKOBbIE «HYNEBbIe» BUXPU M3nydada BMOpauLMM BbICTpamMBaiUCb B abCcontOTHO
OAHOPOAHYIO Ha BCEM NPOTAXKEHMUM NPOCTPAHCTBA CTPYKTYpPYy B BUAE O6BEMHOM, paBHO3HAYHOM BO
BCEX HaNpaB/ieHMAX, JOCTAaTOUYHO NAOTHON GOPMbI KOOPAMHATHOM NPOCTPAHCTBEHHOW PELIETKM, UK
cetu. B y3nax eé n Haxogunacb NPOTOMaTEPUA KHYNEBLIX» BUXPEN.

MMeHHO TaKas CTPyKTypa MaTepuMu MNPOCTPAHCTBA CyLECTBYET W CEerofHAa, OHa U ecTb eé
OCHOBOMONAraloLWaa MaTpuua, KOTOpYy MoBceMecTHO 0603HauyatoT Kak «3adup». U BCcé cyuiee
3anoNHAET OKpYKatoLLyto cpeay 6narogapa 6€CKOHEYHO MeNKUM AYeiKam eé ceTu, B y31ax KOTOPbIX
pacnonaratotci 6eCcKOHeYHO Masible «OAMHOYHbIE HYNEeBble» BWUXPWU, KOTOpble W ONpeaenaT
YHUKANbHYIO YyNPYroctb CO34aHHOMO UMW €4AMHOTO 3/1EKTPOMArHUTHOIO NOJIA NPOCTPAHCTBA.

OueBnpaHO, YTO B NOC/eAyoLWMe MITHOBEHMA 3aPOXKAEHMA BceneHHOM, B camol CTPYKType cetu
NPOCTPAHCTBA, CTaiM MPoOUCXoguTb cbon MAM myTauuum, MO pasHOro poga npuumHam. Hanpumep,
napannenbHble BUXPU NPOTUBOMOJIOKHOIO BpPALLEHMA CTAa/AM NPUTANKMBATLCA APYr K Apyry A0
MOMEHTA PAaBHOBECUA MEXKAY AAB/IEHUEM U OTTA/ZIKMBAHWEM, NPOABAAOWMMUCA Barogapa HaAMUNIO
ynpyroctu cpeabl. Yem 60/blue gaBneHne Ha BUXpU M3BHe, Tem bonblie ynpyroe conpotusieHue. B
HEKUI MOMEHT CU/bl BbIPABHWUBAIOTCA, M PACCTOAHNE MEXKAY LLEHTPAMM KHY/eBbIX» BUXpeW nepecTtaér
ymeHbwaTtbcA. O4HaAKO, TakKMe e BUXPU, HO OAHOrO0 HanpasBAeHMA BpaLEeHMA CTaauM B3aMMHO
YHUYTOXKATb APYr APYra, TaK KaK ABUXKEHUE Ccpeabl MeXAy HUMW HanpaB/JeHO HABCTPeYy, U Toraa u3
ABYX BUXPEN MOXKET 0CTaTbCA TOJIbKO YacTb CAMOTO MHTEHCUBHOTO U T. 4. (cm. Puc. 6)

Puc. 6 CxemMbl BUXpen: NpUTAKEHWE, OTTAaNIKMBAHWE, YHUUTOXKEHNE U NPeaebHOe NPUTAKEHME.

Ho mbl 3Haem, 4To B xaoce maTepuu GU3MYECKOro MPOCTPAHCTBA BUXPU PA3/IUYHbBIX 3HAKOB
BPALLEHNA OTOBCIOAY MOATANKUBAKOTCA APYr K APYry, BAVWAA HA YNPYrocTb B OKpyXKalowen cpege,
NOTOMY, YTO Ka)K[as M3 HUX BPALAETCA NO OTHOLEHMI XOoTA Obl K 0gHOMY cocegHeMy BUXPHO B
NPOTMBOMNONOXHOM HAaNPaBAEHUN. 3HAUYUT, KHY/IEBbIE» BUXPU CTAHOBMU/IUCH YCTOMUYNBLIMU. BeposaTHO,
OTTa/IKUBATbCA OHM MOTYT He TO/IbKO OT HanpaB/IeHUI BPALLEHNA, HO U OT O4HOBPEMEHHbIX MUMMNY/1bCOB
B NMPOTUBOMNOJIOXKHbIX pa3ax cOOCTBEHHbIX KoebaHuii gpyr Apyra, a NpUTArMBaTbhbC — HA0O6OPOT, NpU
coBnageHnn. B Lesom ke B3aMMoAeNCTBMA BUXPEN NPOTEKAIOT NO eLLé 6oee CNOXKHbIM CLEHAPUAM,
roe NPOUCXOAAT CAUAHWUA B CTPYKTYPbl HE TOJIbKO C OOLWMMM OCAMU U LEHTPaMU BPALLEHWUIN, HO U
GpPOHTaANIbHO COBEPLUEHHO B PasHbIX KOMOMHAUMAX. BCcé 3TO faéT BO3MOMKHOCTb K MOCTPOEHMUIO BCE
6onee CNOXKHbIX CTPYKTYP U GOPM pPas/IMYHOIO PoAa MATEPUM Ha OCHOBAX 3S/IEKTpUYEcTBa W
MarHeTMsma, K MpucnocobaeHn0 K U3MEHAIOLMMCA YCIOBUAM CPeabl OKPYXKEHWUA, K Pa3BUTUIO,
Pa3sMHOMEHUIO M Hamno/iHeHUto coboi npoctpaHcTBa. [a, 4a, BUXpU cnocobHbl genutbca wm
Pa3MHOaTbCA, KaK U BCE }KMBOe. BepoATHO, Tak NOABUICA MUP, U OH CTAHOBW/ICA BCE pa3HoobpasHee,
C/IO}KHEE U SHEPTETUYECKM NNOTHEE.

MNTaK, Ha OCHOBaHMM Bbile U3NOXKEHHOIO U Y4UTbIBAs, YTO Nt0Oble BUOBPOCUCTEMDI UAN BUXPU —
3TO B MEPBY0 OYeEPEb MCTOYHMKM PA3/INYHbIX KOlebaHM, @ 3HAUYUT UCTOYHUKM 06pa3oBaHMA BOJH U
SN1EeKTPOMArHUTHbIX MOJIe B CpefAe OKPYKEHWUA, Mbl MOMEM YTBEpP)KAaTb, UYTO MNPOCTPAHCTBO
BceneHHOM nmeeT cOBCTBEHHYIO CTPYKTYPY MaTepuu. A 4To, eciv nonpoboBaTb BU3yasIM3MPOBATL ITY
CTPYKTYpY B BUAE MOJIEM MHOXECTBA CaMOCTOATE/IbHbIX BUXPEM, KOTOPble Pacno/IOXKeEHbI B y31ax eé
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MHMMOM NPOCTPAHCTBEHHOM PELIETKM, MO aHAN0MUK, HAaNPUMep, C PELLETKON TPEXMEPHbIX KPUCTANIOB
Bpase (cm. Puc. 7)? Ho, B y3n1ax KOTOPOW y¥Ke pacnofioXKeHbl HE amoMmbl UaU MOSEKYbI, KaK B rasax,
XUAKOCTAX AN TBEPAbIX Tenax, a cybamomHele (3n1emeHmapHble) Yyacmuybl CO CBOMMMU 3apALaMM,
CNUHaMK, AWNONAMM, B OCHOBE BO3HWKHOBEHWA KOTOPbIX J/ieXKaT BCE Te e BUXpU. To ecTb,
OAHOPOAHbIE BUXPU, KaK YNNOTHEHUA MATepuUuM C MHAVUBUAYANbHbIMU CBOMCTBAMMW, KaXKAblh U3
KOTOPbIX, B3aUMOAENCTBYA APYT C APYyrom, obpasyeT cCOBCTBEHHYIO «MPOCTPAHCTBEHHYHO» CETb.
Torpa, camo NPOCTPaAHCTBO COCTOUT U3 HECYMCNIEHHOTO MHOXKeCTBa Pa3HO06Pa3HbIX TPEXMEPHbIX
ceTel, KOTOpble OT/IMYAOTCA APYr OT Apyra TONbKO CBOMCTBAMW OAHOPOAHbLIX BUXPEWN B WUX y3/aX,
HanpuMmep, YaCTOTOM BCEX CNEKTPOB MU3/YYEHUA, NN PA3IUYMEM CBOMCTB 3/1EMEHTAPHbIX YacTuL, U T.
A. MNpy 3TOM NOABUMKHOCTb M MJIOTHOCTb PACMOJIOXKEHUSA 3apsAaoB (4acTuly), B KaxKAOM M3 TaKMX
NPOCTPAHCTBEHHbIX CETEl, 3aBUCAT HE TO/IbKO OT B3aMMOZLENCTBUA MeXKAy cobol «poaCTBEHHbIXY
BMXPEWN, HO U OT COBOKYMHOIO B3aMMHOFO BAMAHUA Mexay cobol 3apAf0B B y3/1ax BCEX COCEAHMUX
ceTel, PacrnosIoXKeHHbIX B e4MHON cpefe OKpy)KeHuA. KoTopble MOCTOAHHO HAaXxoAATCA B AMHAMMWKeE
pacnagza nnm obpasoBaHMA HOBbIX CTPYKTYP 1 GOpM maTepmmn B 3ITOM NpocTpaHcTBe. Hanpumep, rasos,
UAKOCTEN, NNA3Mbl, TBEPAbIX TEN U BCEX 0OBEKTOB U3 HUX CPOPMUPOBAHHDIX, UCXOAA U3

Puu. 7 PewéTtKka Kpuctannos bpase. (poTowon) Puc. 8 UKpUHKM Kak «HyneBble» BUXPU ceTu. (poToLuon)

B3aMMOAENCTBUA UX 3aPAL0B Ha NPUHLMNAX SNEKTPUYECTBA U MarHeTuama. Ha3oBém TakMe MHUMble
NPOCTPAHCTBEHHbIE CETU «rPABUTALMOHHbIMWY», MOO B MNEpPBOM NPUOAUMKEHUU KaxKAabld BUXPb
B3aMMOZEMNCTBYET C COCEAHUMMN BUXPAMM Yepe3 BOBIEKAEMYIO BO BpallleHMe MaTeputo cpeapl, B TOM
ynucne n «HyneBble» BUXPWU, TO €CTb OTTA/IKMBAACH APYr OT Apyra Yepes cpeay oKpyxKeHua. MNpu sTom,
NoABUKHblEe, MOCTOAHHO AedopmuUpyoWwmeca, HEOAHOPOAHbIE CETU B3aMMOLENCTBYIOT APYT C APYroM
yepes rpaZMeHTbl CBOWMX 3apAAoB, HE M3MEHAA CBOWMCTBA APYr Apyra, HO 0bpasya HoBble 6onee
CNOXKHble ¢GOpPMbl AMHAMWYHO pPa3BUBalOWENCs, MO0 HAobOpPOT, Aerpagupyroweir matepum B
NPOCTpaHCTBe.

Cnepyet nn mn3 sToro, 4yto ntoboe Tes0 B NPOCTPAHCTBE — 3TO U eCTb pe3y/bTaT B3aUMHOrO
B/IMAHUA 3/NIEKTPOMArHUTHBIX Mosiei? YTo BCE COCTOWUT M3 3apAfoB M MX B3aUMOLEUCTBUMA MeXKAY
cobon? Mo cytun, 6e3 3apasos He 06pPa3yOTCA BUXPU, MOTOMY YTO 1060 BUXPb - 3TO U eCTb 3apAg,
aHepruun. Yem 6osblue CUH UAN MHTEHCUBHOCTb BPaLLLEHMA BMXPA, TEM Bbilwe 3apas. bes Buxpeit He
MOKET ObITb 3/1IEMEHTAPHbIX YaCcTUL,, KaK CryCTKOB YNJIOTHEHUIN MaTepUM NPOCTPAHCTBA, KaK HocUTeNe
3apAaga. A 3HauMT, He MOXeT OblTb peyn O B3aAMMOLEMNCTBUAX MEXKAY HMMM Ha MpUHLMNAX
3N1EKTPUYEeCTBa M MArHeTM3ma, Kak U He MOKeT ObiTb peyn O MPOCTPAHCTBEHHbIX PeLETKax € UX
aToOMaMu 1 MoJiIeKynamm B y3nax. bes Buxpen HeT BelecTBa U B UTOTe, HET CAMOro NPOCTPAHCTBA, KakK
MmaTepum.
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BbIxogMT, 4YTO Ko/iebaHUA 3NEeMEHTapHbIX YacTUL, MX XaOTUYHOCTb, B3aMMOAENCTBUS,
B3aMMO3aBUCUMOCTb - ECTb OCHOBA CYLL,ECTBOBAHUA 11060 MaTepun. B KaXKA0M U3 Hac, KaK 1 BO BCEM,
YTO HAC OKPYrKaeT, NPOUCXOAUT NOCTOSAHHAA B3aMMOCBA3b MEXAY NIOTHOCTAMM 3apsSA0B BUXPEBbIX
CTYCTKOB 3/IEMEHTapHbIX MaTepui MNPOCTPaHCTBa. Bce Tena BAMAKOT Apyr Ha Apyra, BbiCTpauBas
NOKPbITUE ONpeaenéHHbIX 30H cpeabl OOUTAHMA CBOMMMU U3yYyeHUMAMM (KonebaHusamu Buxpeit),
NoNAMM, OT 0OBEKTA K 0O6BEKTY M HAaBCTpeYy ApYr APYry CO CKOPOCTAMM CBETa, Cn/eTaa pas/inyHble No
CBOMCTBAM M 3HEPrMM NPOCTPAHCTBEHHbIE CETU, KOTOPbIE TOXKE B3aUMOAENCTBYIOT MeXKAy coboM Kak
MOAY/NMPOBAHHbIE 3/IEKTPOMArHUTHbIE NOJIA, MOFNOLLANA UK pa3pyLuan Apyr Apyra.

Torga Kakum e ob6pa3om B TAaKOM MNPOCTPAHCTBE 06PasyloTCA MHOroducsieHHble GopMbl U
maTtepuanbHble 06beKTbl, ecnu becuncsiieHHble W pasHOOOpasHble «rpPaBUTALMOHHBLIE» CETU
NPOCTPAHCTBA BCOAY COXPAHAKT CBOM MHAMBMAYA/IbHble CBOMCTBA M He CNOCOOHbI BUAOU3MEHATb
OCHOBY «4yXepoAHON» CTPYKTYpbI Apyr Apyra?

BHe BCAKMX COMHEHMUM, YCTOMUYMBOCTb Ka*KAOM OTAENbHOW «TPaBUTALLMOHHOM» CEeTU 3aBUCUT
TONbKO OT HaNMuKUA B Npupoae 6ecyncneHHOro MHOXKecTBa CBOBOAHbIX U OTHOCUTE/IbHO CTAabUNbHbIX
OAHOPOAHbIX 3/1eMEHTapHbIX YacCTUL, BELLECTBA C COBEPLUEHHO PA3/IMYHbIMU CBOMCTBAMU. TaKuMX, KaK
BCEM M3BECTHbIE GOTOHbI, HEMTPUHO, 3/IEKTPOHbI, MPOTOHbI, HEMTPOHbI U T. 4., KOTOPbIE U ONPeaenstoT
KO/INYeCTBEHHOEe pa3Hoobpasne NoAobHbIX CeTen B cpede OKpy*KeHusa. Ho B aTom Xe eanHom
NPOCTPAHCTBE, MapanfeNbHO C €€ CTPYKTYPHbIMMU MNONSMM BCEro 3/1eKTPOMArHUTHOrO CHEeKTpa,
CYLLECTBYIOT U ApYyrve CeTu, B y31axX KOTOPbIX PACMO/IOXKEHbl aTOMbl, MONEKY/bI U AaXKe cTabunbHble
coeaMHEHNN Pa3INYHbIX BELWECTB, B elweé 6obliem pasHoobpasnn. NMoscemecTHble B3aUMoAENCTBUA
B €AMHOM MOABUMKHOM NPOCTPAHCTBE MeXAY 3TUMM 3apAagaMmn U NPUBOAAT K 06pa3oBaHUIO He TONIbKO
Pa3/INYHbIX BMAOB M GOpPM MaTepuu, HO U COCTOAHWMI BewecTBa. MO3TOMy WX BO3HUMKHOBEHWE WU
nepeaBu)KeHMe B MPOCTPAHCTBE HOCUT JIOKA/IbHO BblPaXKEHHbIN XapaKTep, KOTOPbIM 3aBUCUT OT
CTeNeHU HaNPsAXKEHHOCTU (BO3OYKAEHWNA) KOHKPETHOM Cpedbl OKPYXKEHUA MPOCTPaHCTBA.

[aBaliTe Tenepb OMNpPeAENUMMCA, 4YTO e WMMeeTcs B BMAY MOA «MNPOCTPAHCTBEHHON» W
«rpaBUTaLMOHHOM» ceTamu. Mo cBoel cyTM 3TO OAHO M TO Ke. Ho «epasumayuoHHas» cemb
«HynesbIx» suxpell - 3Mo ecmb Mampuya CMpyKmypbl npocmpaHcmed, eé ocHoea, eé mamepus,
KomopasA npucymcmeyem 8Hympu 8ceao cyuje2o, eé cmpoumensHsili mamepuan. [TpocmpaHcmeo —
amo u ecmb beckoHe4YHOCMb «Hysesbix» suxpeli («HotomoHuu» u «KopoHuu»). To, 4TO ceroaHs
OCO3HAHHO OTOXAECTBAEHO C «3dMpom». OcTasibHble «MNPOCTPAHCTBEHHbLIE» CETU - 3TO TaKME Ke
MHUMbIE CE€TM, HO C WHbBIMW OAHOPOAHbIMW, MOABUKHBIMW, BUXPEBLIMW, AWUMNOJIbHBIMM
06pa3oBaHMAMM B CBOMX Y3/1aX, CTPYKTypPa KOTOPbIX COCTOUT M3 TEX KE «HY/NEBbIX» BUXPEN, HO
B3aMMOAEMNCTBYIOT OHWU APYr C APYFrOM KaK 3apAgbl MHOM MHTEHCMBHOCTM. A 3HAUYMUT, TOXE MOryT
MMEHOBaTbCA «TPaBUTALMOHHBIMMY», HO B APYroi KnaccupuKkaumu.

B Takom c/iydae Kakum e obpa3om B NPOCTPAHCTBE BO3HWMKAET ABUXKEHME OOBEKTOB, B TOM
yncae KUBbIX? Ha KakMx MexaHu3max U NpUHLMNax NPOMUCXOANT UX NepemelleHne?

B ofHOM M3 rnaB mbl AeTanbHee KOCHEMCA 3TOM TeMbl, Korga y Hac byaeT yKe A0CTaTOYHbIN
6arax uHbopmaumm, cenyac ke 0H603HAYMM KOPOTKO OCHOBY COObLITMIA. ITO OYEeHb HANOMWMHAET
BO3HMKHOBEHWE U U3MEHEHWE KAPTUHOK HAa 3KpaHe gucnnes, rge npu onpefenéHHbIX CUrHanax
BO3OYKAEHUA aKTUBUPYIOTCA T€ WAWN UHble LBETa NUKcenel MoHUTopa. TONbKO BCE MPOUCXOAMUT HA
06bEMHOM MaTpULLE «KTPaBUTALUOHHON» CETU.

Monpobyem paccmoTpeTb Npoueccbl 0b6pa3oBaHMA Ten (06 LEKTOB) B MPOCTPAHCTBE Ha Npumepe
TpaHcdopmaumm Bogbl B aTmocdhepe. Mbl 3Haem, YTO NPU MNOHUKEHUN TemnepaTypbl B aTMocoepe,
NPOUCXOAUT KOHAEHCAUMsA, TO ecTb 06pa3oBaHMeE MONEKY BOAbl M3 aTOMOB KMCNOPOAa M BOAOPOAa,
a NpuY NoBbIWeEHUM - 06paTHbIN NPOLLECC MCNAPEHMA, UM BO3BPAT K aTOMapHOMY COCTOSIHUIO rasa.
MpeacTaBMM, YTO aTOMbl - 3TO PE3yNbTaT CBA3EM MeXAy 3apsaAaMM Pas/IMYHbIX CTPYKTYP M dopm
3N1eMEHTAPHbIX YacTuL, KOTOpble B CBOK OYepeab MOPOXKAEHbl He TO/NbKO 3apAgamMu «HYNEBbIX»
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BMXPEN NPOCTPAHCTBA, HO U KOHTaKTamMu MexKay cobon npu onpefenéHHbIX BHELWHUX BO34eNCTBUAX
cpeabl. A MONEKY/bl — eCTb NPOAYKT B3AMMOCBA3M Pa3/IMYHbIX aTOMOB W 3HEPrMm nssBHe. To ecTb, BCE
MHoroobpasue Buxpen, ux GOpM U CTPYKTYpP, XaOTMYHO, 30HA/NIbHO U OTHOCUTENIbHO PAaBHOMEPHO
nepemelLaHo B NpocTpaHcTee. Ho «BCE B3aMMOAeNCTBYET CO BCEM», MepeTeKaeT M 06pasyeT 3 o4HOro
Apyroe, 6narofapsa HaAWYUIO FPafMEHTa 3apALOB B €AMHOW «FPaBUTALMOHHOM» CETU KHYNEBbIX»
BMXPEWN NPOCTPAHCTBA, €€ MaTepuu, Ha NPUHLMUNAX 1EKTPUYECTBA U MarHeTU3IMa

3HaunT nM 31O, 4YTO oObLiee NPOCTPAHCTBO «rPaBUTALMOHHOM» CETU COCTOUT M3 30H C
OTHOCUTE/NIbHO JTAMUHAPHbLIM COCTOSSHUEM COBCTBEHHOWM CTPYKTYpbl MaTepuu (KHYNEBbIX» BUXpe) u
30H, r4e 3Ta matepua Bo3OyKAeHA Pa3/IMYHbIMKU rPaAMeHTaMM 3apAL0B, C HE3aTyXatoLen SKCNaHCuen
Apyr B Apyra? MNepsblii TUM, HANpMMep, COOTBETCTBYET NPOLLECCAaM PacLUMPEHUA, @ BTOPON — CXKATUA.
Nnn pacnaga v cMHTe3a, Kak FapMOHMKN U3BEYHOTO PUTMA, 1A NOAAEPHKAHMUA CAMOTO CYLL,EeCTBOBAHMA
M Pa3BUTMA NPOCTPAHCTBA.

Nobolt annonb, KOMM ABNsETCA Ntoban YacTMLa MaTepun (Mam Teno), Kak Bubpocuctema, Kak
NONHbIA 3apAg, MHOXECTBa CTPYKTYPHbIX €ro BMXpen, CO34aHHbIX B3aMMOCBA3bIO 3/1€MEHTAPHbIX
YNNIOTHEHUIM MaTePUM MNPOCTPAHCTBA, KONebNetcs WAM U3ny4aeT U MPUHMMAET BOJIHbI B CBOMX
nonynepuogax. lNputom, npuHUMaeT cobcTBeHHble WM nogobHble NO CBOWMCTBAM, HO yXKe
OTparKeHHble OT Cpeabl UM MOAYNMPOBAHHbIE BOJIHbI, B CTPYKTYPE KOTOPbIX OTnevyaTaHa MHGopmauma
O COCTOAHWWN BHELUHWUX TN OKPYXKeHUA. M Takmm obpasom pacno3HaéT «CBOM Kpyr oblieHua» ana
AaNbHENWMX BHYTPEHHUX MyTaUMi B NpoLeccax pa3sutus. To ecTb, Mbl UMEEM AE/0 Y¥Ke HE NPOCTO C
SNEKTPUYECKUMUN ABNEHUAMM, HO U MHPOPMALMOHHBIMMU MOTOKAMM, OCHOBY KOTOPbIX COCTaBAAeT
MarHeTMsm. 3HauyuT, nepemelleHve nbON MaTepunm B NPOCTPAHCTBE HE ABAAETCA MNPOCTO eé
dUBNYECKUM nepeaBUIKEHNEM LenbHON Gopmbl. Y npupodbl He ObIBAaeT JINWIHUX PEcypcoB Ha
TPAHCMOPTUPOBKY W JIOTUCTUKY OFPOMHbIX O6BEMOB MaTepuMM Ha KOCMMUYECKME PACCTOAHMUSA.
CnepoBatenbHo, 0b6oe aBumKeHue Ten (06BEKTOB) B MNPOCTPAHCTBE, KaK MOABAEHUE WM
NCYE3HOBEHME — eCTb Pe3yNbTaT MX MOCTOAHHOrO M HGEeCKOHEeYHOro MepecTpoeHMA M3 MaTepuanos
cpelbl OKPYXEHUA MO CUrHanamM MU3NYy4YeHUM U3 MHPOPMALMOHHO - ISHEPreTUYECKOW CeTU
3N1EKTPOMArHUTHbIX NOJIeN NPOCTPAHCTBA.

NTak, becuncneHHble KOMOMHUPOBAHHbIE SN1EKTPOMArHUTHbIE NOA BbICTPAUBAKOTCA Ha MATpULE
«rPaBUTALLMOHHbIX» CeTel eAMHOro NPOCTPAHCTBA, OCHOBY KOTOPbIX COCTABAAIOT BUXPU CyBATOMHbIX
4acTuL, C NIOTHOCTAMM B NopaaKe ybblBaHMA MHTEHCMBHOCTM 3apAA0B UX BUXPEBbIX aunonen. Mputom
He3aBMCMMO OT HanpaBAEHUA MX BpalLeHMA. MepBUYHYIO e OCHOBY CTPYKTYPbl BCErO NPOCTPAHCTBA
onpesenatoT BCE Te e «HyeBble» BUXpU. MMEHHO OHM 3an0IHAKT HEOOBATHbIE NYCTOTbl BHYTPU BCEX
A4Eep M aTOMOB BeLLeCTBa, BMNAOTb A0 HeCcKpalHUX npocTopoB BceneHHoN, B BUAE OTHOCUTE/IbHO
paBHOMEpPHOM, CTabWAbHOWN, «rpPaBUTALMOHHO» BUXPEBOMN ceTu, HGnarogapAa CBOMM HEMbICIMMO
ManblM pasMepam U BbiCOYalLLe NAOTHOCTU PacnoNIOKEHUA APYT K APYTY.

M ecnu 3To TaK, TO, UTO e onpeaenseT NOCTOSAHHYO YNPYrocTb TAKOro NpocTpaHcTea? Beé geno
B TOM, YTO «Hy/1IeBble» BUXPU (KaK u Bce cBOBOAHbIE YAaCcTULbI) HU KOMM 06pa3om «He NpMUBA3aHbI» K
CBOMM NO3ULMAM B CETAX, OHU NOABUMKHbI BO BCEX HAaNPaB/JEHMAX, U NPU BHELUHEM BO34EMCTBUM MOTYT
nepenmBaTbCA, KaK «BOAA CKBO3b MasiblLibl», COBEPLUEHHO HE U3MEHAA CBOK CTPYKTypy. «Hynesble»
BUXPU, NOAOOHO MKPUHKam (cm. Puc. 8), npun nobom BO3AeNCTBUN Ha HUX «NepPeTeKkaloT» U3 0A4HOro
MecTa B Apyroe M BO3BPALLAlOTCA B CBOE MpEXHEee COCTOAHME, MOMEHTA/NIbHO 3aMOoHAA
ocsoboamBlUeecA OKpyXeHuWe. Bosnee TOro, oHW MOryT nepexoamTb B HECBOOOAHOE COCTOsHME,
MOJIHOCTbIO MCYe3as U3 y3/1a CBOEWN CETU B FPaBMTALMOHHOM NoJie NPOCTPAHCTBA, ABAAACL UCXOLHbIM
MaTepuanom Ansa NOCTPOEHUA MHbIX GOPM MaTepuun, NPy B3aUMOLEWNCTBUM C UHBIMU BUXPEBLIMMU
06pa3oBaHMAMK COBEPLUEHHO APYrMX YacTuy,. MecTo BbiNaBLUEro M3 CETU BUXPA He3aMeaanTeNbHO
3anNONHAETCA POACTBEHHbIMU BUXPAMM U3 Ccpedbl cocefHUX fAveeK. [M03TOMy OHWM MOCTOAHHO
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Pacxo4yrTCA U 3aPOXKAAIOTCA, OKa3blBas BAMAHME HA OOLLYIO NJOTHOCTb CTPYKTYPbl KOHKPETHOM
cpeabl NPOCTPAHCTBA, B 3aBUCMMOCTM OT BO3AEMNCTBMA BHELLUHWUX 3aPAL0B.

Bce 3TK cBOMCTBA PaBHO TPAHCAMPYIOTCA M Ha Apyrue NPOCTPAHCTBEHHbIE «rPaBUTALMOHHBbIEY
CETU C MHLIMW 3apAdaMM (3N1EeMEHTAPHBIMU YacTULAMM) B UX y3/1ax. TO eCTb, PacCTOAHUA MeXay
cBO6GOAHBIMU BUXPAMM B y3/1aX BCEX TPABUTALMOHHBIX» CeTel HeCTabuUNbHbI U 3aBUCAT OT SHEPTUM
BHELHErO B/IMAHUA WAW MHTEHCUMBHOCTM COCEAHUX BUXpeW. B Takme MomeHTbl BO3bYyKAeHMA
NPOCTPaHCTBa, NtobaA KOHKpEeTHas cpefda €€ OKPYXKEeHUA JIOKANbHO HaxoAuTcA B OTHOCUTENbHO
HEeYyCTOMUYMBOM SHEPreTUYECKOM COCTOSSHUU. Toraa eé MOXKHO 3ano/IHATb UHOW MaTepuen, N NPonTn
CKBO3b HEE, MM CO34aTb UHbIE ABNEHUA C UHBbIMU BO3MOXKHOCTAMM.

MHauve rosopA, cbanaHcMpoBaHHAA CMMMETPUYHAA CUCTEMA CTAHOBUTCA HECMMMETPUYHOW,
BO3DYKAEHHOW U BCerga CTPEMUTCA BEPHYTLCA K CBOEMY MCXOAHOMY COCTOAHMIO, MOCTOAHHO HAaX04ACb
B 3aBMCMMOCTW OT BHELWHMX BO3gencTBui. OgHaKo Hafo NOHUMMaATb, YTO Be3ge B MPOCTPaAHCTBE U B
MWKPO, W B MaKpomupe nobas cucTema, €CNIM OHA HAXOAWUTCA B ABUXKEHWUW, ABNAETCA
HeCMMMeTPUYHOM. Kaxaoe Teno oT «mana» Ao «Be/INKa» BCeraa OKasblBaeT B3aMMHOeE AeNCTBUe apyr
Ha gpyra. DHEprumM Mx BUXPEeN OTTa/IKMBAIOT, YPABHOBELLMBAIOT WM BbITA/NIKMBAOT APYr Apyra,
06beANHAIOT UM PA3AEeNAT B 3aBUCMMOCTM OT 06bemMa UX TeN U KOIMYeCTBa MX 3apA[0B, MO CYyTH, UX
NHepumun. Bca maTepumsa, HaxoAUTCA B MOCTOAHHOM ABUMKEHUWN U BUOPALMAX, «KUBAS NN HEXKMBAAY,
OHa AB/IAETCA CYTbO U NOPOXKAEHNEM BUXPEM, KaK YNNOTHEHUI COBCTBEHHbIX CryCTKOB NMPOCTPAHCTBA.
KoTopble nyTem cAvAHWA U geneHuMAa ob6pasytoT 3N1eMeHTapHble YacTWubl, aTOMbl U MOJIEKY/bI,
razoobpasHoe 1 TBepAOe, KMAKoe 1 Nnas3my. TakKe, Kak nyTem pacnaga v pasfioXKeHma, CHOBa U CHOBA
BO3HMKAIOT «HYNEBble» BUXPU W 3/EeMeHTapHble YacTuubl. M BCE MOBTOpPAETCA B BEYHOM pUTME
BpalwLeHmn. Mpupoaa NOCTOAHHO AenaeT «BAOX» M «BblAOX» B CBOEM OECKOHEYHOM ABUXKEHUU K
COBEpPLUEHCTBY.

Mbl 4yacTo ynomuHaem 3Ty ¢pasy — «BO3OyKAEHWE MPOCTPAHCTBa». B UéM Ke 3akatovaeTca
MeXaHM3M 3TOro Bo3byxaeHmA? YTo 3anycKaeT B AeMCTBME TE UM MHbIE MPOLLECChbl U ANA Yero?

Bo3bMEéM, Hanpumep, NNAHETAPHYHO CUCTeMy, BCE Ke 3TO, CBOero poaa, MaaTHUK. [pwu
onpefenéHHbIX BO3AENCTBUAX U3BHE ero KonebaHwma moryt ObiTb HesaTyxatowumu. Ho moryt
BO3HMKHYTb M PE30HAHCHbIE ABJEHNSA, KOTOPbIE He 3aBUCAT OT 06bEMA MAATHMKA U, 3HAYUT, CMOCOOHbLI
NPUBOAMTL KaK K paspylleHuto, TakK M K YCUNEHUID YCTOMYMBOCTM MEXAHUYECKON CUCTEMDI.
Bo34eicTBYOT Ha Hally CUCTEMY M NEPUOANYECKM BO3HMKAIOLWME ABIEHMA B BUAE acTepoMa0B, KOMET,
«MapagoB NAaHeT», BANAHMUA CaMUX NAAHET Apyr Ha Apyra nog obayyeHmem ConHua m T. 4. Passe ato
BCE He MOXO)Ke Ha TO, YTO CUCTEMA MbITAaeTCA CMHXPOHM3MPOBATLCA? [Ae nnaHeTbl BeayT cebs Kak
OTAENIbHble MAATHMKM Ha eanHOM nnatpopme KonebatenbHoit CONHEYHOM CUCTEMDI? 3HAYUT AN 3TO,
4YTO W BCA MaTepusa BceneHHOW, HaxogACb B OAHOM CUCTEME KOOPAWHAT €4AMHOro MPOCTPAHCTBA,
CTPEMMUTCA K CUHXPOHM3ALMN Mexay coboi ¢ camoro Havana eé noasneHnA? JInbo TONbKO B 30HaX
HaNYNA rpagnNeHToB?

BepoAaTHO, 33 muanmnapabl NeT pasBUTUA, 3Ta TEHAEHUMA COXPAHMNACb U B CUHXPOHU3ALUM
9NeMeHTApPHbIX YacTUL, B aTOMax, @ aTOMOB B MOJIEKy/1axX BelwecTsa U T. 4., AOCTUI1a onpeaenéHHOro
YPOBHA He TONbKO B OTAE/bHO B3ATbIX CBOMX FAPMOHUYECKUX KonebaHuAX, HO 1 B 06LLeM mexay Bcew
maTtepuen. lNpouecc, oO4eBUAHO, He 3aBEepLEH, a 3HAYMUT, NPOCTPAHCTBO, ABNAACL MATepPMa/IbHbIM
06bEeKTOM, MOXKET UurpaTb ponb obuwen naatPopmbl, BHYTPU KOTOPOM OECKOHEYHO npoucxoaAat
MHOrOYUC/IEHHbIE XaoTU4eckne KonebaHma. 3HaUUT AM 3TO, YTO Yepe3 aucbanaHC cucTema CO3[aET
BO3MYLLEHNA YACTUL, CBOMMMW KONebaHUAMM, Nonamu? B NpPOCTPAHCTBE TFEeHEpPUPYHTCA BOJIHbI,
KoTopble 06pa3ytoT cBOM MHTEPdEPEHLMOHHbIE NOA B3aMMOAENCTBUI Mexay cobol ana co3aaHus
6anaHca, AOCTUXKEHUA SHEpPreTUYeckoro paBHosecuA. CUHXPOHHO WM aCMHXPOHHO 06beaMHAACH B
CBOW CTPYKTYpbl MO CBOWCTBAM, ANA YPaBHOBELIMBAHUA 3SHEPreTUYEeCKUX COCTOAHWM BO BCEX
NNaHeTapHbIX cuctemax. MNpu 3Tom, ¢ NpeacKkasyemon NepmoamMYHOCTbIO, Kak, HanpMmep, MeTeopsl,
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KOMETbI, acTepoubl, Aa*Ke KOCMUYECKaA Nbl/b, BO3OYXKAasA rpagueHTaMmn MaTepuio NPOCTPaHCTBa U
CUHXPOHU3UPYA €€ B HanpaB/EHUM HaAMMEHbLUEro noTeHuMana 3apsaaoB. A nocne «paspbiBa»
ANNoNen, AN NpuaaHMa HeobxoaMMOro MMMyAbCa, CPena OKPYXKEHWs BO3BPALLAETCA B MNpexHee
«yCTOMYMBOE» SHEPreTUYecKoe COCTOAHME. 3HAYUT, CUHXPOHMU3AUMUA NPOABAAETCA M3 CUMMETPUN, a
acMMMETPUS  MOMOraeT  CTabuMAM3MPOBaTb  CMHXPOHM3MPOBAHHbIE  COCTOAHMA. To  ecTb,
aCMMMETPUYHbIE, BO3OYKAEHHbIE JHEPreTUYECKUe CUCTEMbl CTPEMATCA  CUHXPOHU3UPOBATb
KonebaHMs BCEX MCTOYHMKOB B 3TOW CUCTEME C LIE/IbI0 AOCTUMKEHUA CUMMETpUU. He notomy nu
npupoaa Bceraa Bo3spallaeTtca K 6anaHcy?

Ho pasBe He cnpaBeg/MBO, YTO HasnuMe NbOOro UCTOYHUKA 3apAda CO34AET BOKPYr Hero
CKOM/IeHMA NPOTUBOMOJIOKHbIX 3apAafoB, UM obpasyeT rpaaneHT? Toraa, Kakum obpasom sHeprua
NPOCTPaHCTBa CNOCO6HA NEPEHOCUTb 3TOT 3apPAA UAU NPEBPALLATLCA B 3/1EKTPUUYECKUA TOK?

BepHémca ewé pas K Hawel aBTomMobWAbHOW 6aTapee, Kak WUCTOYHWMKY OLHOBPEMEHHO U
NOJIOXKMUTENbHOIO, M OTPULLATE/IbHOIO 3aPAA0B, AOCTAaTOYHO BIM3KO HAaXO4ALWMXCA APYr OTHOCUTE/IbHO
Apyra. Takan 6aTapes ABNAETCA U reHepaTopoM, U U3lydaTenem, U NPUEMHUKOM Pa3HOro poaa BOJH
n nonen. NMpeactaBum, YTO cpena OKPYKEHUA BOKPYr nontocos batapeu B aTmocdepe BMUI cTana
CKOM/IEHMEM OFPOMHOrO KOJINYECTBA 3/1EMEHTapPHbIX YacTUL, CO CBOMMWU TOPOUAANbHBIMU BUXPAMM
ANnosiel, CBOero poga TYMAHHOCTbIO KBAHTOB 3HEPruu, Ha KOTOPYl HensbexkHO OKasblBaeTcs
BO34EeMNCTBME BHELIHEro 3/1eKTPOMArHUTHOrO Nona cpeapl. M Tenepb, BMECTO Xaoca NONOMKUTENbHO U
OTPULIATENIbHO 3aPAMEHHbIX YACTWUL, Hall «MAKC» OKa3a/icA CO BCEX CTOPOH OKPY:KeH chepoin u3
OTpUUATENbHbIX 3aPAAO0B, 3 KMUHYC» OKYTa/ICA, BblTa/lKMBAaEMbIM M3BHE, 06/1aKOM MOJIOKUTENBHO
3apAMKeHHbIX Yactu, (cm. Puc. 9). Mpousowio HapyweHne CUMMETPUN, U Mbl BIpaBe NPeanooXKnTb,
YTO Tenepb pacnpeaesieHne 3apsaa0B B OKPYXKatoLWeM NPOCTPAHCTBE PaccpesoTO4eHO HEPAaBHOMEPHO,
NN HECUMMETPUYHO. TO eCTb, HalKn «+» U «-» HaTapen 0bpasyloT YCAOBHO eAuHbIN AUNOAb, rae
XMMUYECKME Peakummn co3aatoT NatoCoBOM M MUHYCOBOM BbiBOAbI 3apAA0B. ITO paKTUYECKM UCKaKaeT
NPOCTPAHCTBO BOKPYr Halel 6atapenm W BbI3bIBAET BHYLWIWTE/IbHbIE MOTOKM 3/1EKTPOMArHUTHOM
3HEeprumn, pacnpocTpaHAIoLWENCA B cpeae BO BCeX HanpaBAeHMAX OT Kaxaoro noatoca 6atapeu.

Puc. 9 3apaapl Hag aKKyMynaTopHou 6atapeein.  Puc. 10 SHepreTUyecKkuii TOHHeIb MeXAy 3apsagamm
B Xa0Ce «HY/NeBbIX» BUXPEW cpeabl.

B Takom cnyyae, noyemy ke batapen He npekpaliaeT pabotatb? O4eBUAHO, MOTOMY, YTO IHEPTUA
b6epéTca He u3 baTapeu, a M3 OKpyrKatowen cpegbl. NMHbiIMM cnoBamu, Hatapes TONbKO /ULIb
dbopmupyeT ANNOAb, KOTOPbIM NPeBPaLLAET NOKA/bHYIO Cpeny OrpaHUYEeHHOro MPOCTPAHCTBA BOKPYT
Hero B HaNpAXEHHoe, HecTabuabHoe coctoaHMe. CoCToAHME, KOTOPOE HAaYMHAET U3INBATbL SHEPTUIO BO
BCE CTOPOHbI, M HAaCTb 3TON S3HEPTMM U3 OKPYIKAIOLLE cpeabl 3axBaTbiBaeT Hawa HaTapes.

Torpa, noyemy akkymynatop npu paboTte 3NeKTPUYECKOM CXeMbl Pa3pAXKaeTCA, eCIM HUKAKOWM
SHEpPrnmn U3 Hero He TpaTUTCA? BCE NPOCTO, Mbl CO34aEM INEKTPUYECKYHO CXeMY C 06PATHOM CBA3bIO,
roe npu nogade pasHOCTU NOTEHLMANOB 3NEKTPUYECKMIA TOK TeYeT No NPoBOAAM, [OCTUIAET APYroro
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nontoca H6atapen u B TOT }Ke MUT pa3pywaeT aunonb 6atapeun. TyT ke pacnpeaeneHve 3apagos B
NPOCTPAHCTBE BOKPYr MCTOYHWKA CTAHOBUTCA CMMMETPUYHbIM U PaBHOMEPHbIM. HemeaneHHo Bce
ocTaHaBnMBaeTcA. OrpOMHOE KOIMYECTBO AOCTYMHOM CBOBOAHOM 3Heprum 6e3 3aaeprKKM nc4esaerT, u
Mbl BO3BPALLAEMCA B UCXOAHOE KHYNeBOE» COCTOAHME. Ho Hawa 6aTapes BHOBb HEMeAIEHHO CO34aeT
NONIOXKMUTENbHBIN U OTPULATE/NbHbIN 3apAgbl, U MeXaHM3M 3aMyCKaeTcA CHOBa M cHoBa. [pouecc
HaCTONbKO ObICTPbIA, YTO Mbl HE BUAMM MepepbiBOB B paboTe cxembl, rge MAET MNOCTOAHHOE
BOCCO34aHMeE AMMNOAA, KOTOPOE M Bbi3blBAET pa3pag, 6aTapeun n notepto eé sHepruu.

NTakK, baTapeA He JaeT 3INeKTPUYECTBO, KOTOPOe NPUBOAMT LLeMNb B AEMACTBME U Bbi3biBaeT paboTy
MeXaHM3MOB noTpebutenein. JHeprua 3apafoB TeyeT B CXemy M3 BanKalnwen cpeapl OKPYXKEeHUA U
npeobpasyeTca B 3NEKTPUYECKUIM TOK. I Mbl HY»KAAaeMCA TONbKO B cnocobe CHATMA 3ToM sHeprum He3
HenpepbIBHOTO PaspyLeHna AMNona. [JaBHO M3BECTHO, YTO KaXKAbl 3aKOH COXPAaHEHUA SHEPTUN — 3TO
6anaHc unm cummetpua. Korga HapywaeTca CUMMETPUA, 3aKOH TYT Ke HaUMHAEeT AeACTBOBATb, HO Ha
HOBOM YpPOBHE COCTOAHWA 3HEPrMM 3NEKTPOMArHUTHOro noTeHuuana. M ato paboTtaer. Takue
SHepreTMyeckMe COCTOAHMA NPOCTPAHCTBA 0OpPa3yloT pas3siMyHble MOJA, KOTOpble  HYXHO
CTPYKTYPUPOBATb PaHbLUE, YEM U3 HETO MOKET BbITb N3BNEYEHA SHEPTUA.

Toraa, Kakmm o6pasom 3Ta 3Heprua nepepaéTca yepe3 BELWECTBO M MPOCTPAHCTBO C
HEMbICIMMbIMW CKOPOCTAMM?

Bce 3HatOT, YTO NEpeMeHHOe 3/1EKTPOMArHMTHOE Mose — 3TO NOC/AeA0BaTENbHOCTb B3aUMHbIX
MIHOBEHHbIX NPEBPALEHNN B NPOCTPAHCTBE MArHUTHBIX U 3N1IEKTPUYECKUX NOSel, BO3OYKAEHHDbIX C
nomoubto Konebnowmxca 3apagos. [pyM TakOM BO3MYLEHWW, WAM 0OPA30BAHMM PA3HOCTM
NOTEHLUMANOB B Cpeae, NPOUCXOLUT SIOKaNbHAA NEPEOPUEHTALMA HaNpPaBAEHUA ANNONEN KHYNEBbIX»
BMXPEN NPOCTPAHCTBA (M WMHbIX Aunonein) ¢ GOPMUPOBAHMEM CUNOBbLIX JIMHUIA MArHUTHOMO M
3NEeKTPUYECKOro Nnosielt B CTOPOHY BEKTOPOB Nepeaayn sHeprun. To ecTb, «HyNEBbIE» U UHbIE BUXPU B
y31ax «rPaBUTALMOHHbBIX» CETEeN NPOCTPAHCTBA pPa3BOpPAYMBAlOTCA TakMm obpasom, uTo obpasytoTca
MHOMECTBEHHbIe NoA0b6MA KTOHHEeNen» M3 CoeAMHEHHbIX BAO/Ib CBOMX ocel TopoB (cm. Puc. 10).
KonnyectBo TakMx NPOBOAHUKOB MOXKET BbITb 6ECKOHEYHO MHOTO A0 TeX NOpP, NOKA HE YPaBHAOTCA

Puc. 11 OceBble B3aMmMoaencTBnA TOPOB. Puc. 12 CtaHyTan CTPYKTypa SHEPreTUYecKmx
TOHHENEN «HYNEBbLIX» BUXPEN.

NONA 3HEPrun BHeWHUX 060n0YeK BUXPEW B3aMMOAENCTBYHOLWMX BO3OYKAEHHbIX 3apAn0B. BHyTpu
BMXPEBOro TOpa BCerga MPUCYTCTBYET pPasperkeHue, Mo3ToMy NPUCOeAMHEHUE WU OTTaSIKMBAHWUE
BAO/Ib OCU BUXPEM 3aBUCAT TO/IbKO OT HanNpaB/ieHUM BpaLLeHMA, «+» UaM «-» (cm. Puc. 11). Mpu mx
COBMAAEHNN CUNOBbIE IMHUK (BbIBOPAUMBAHUSA) KAXKA0M0 TOPA Ha BHELLIHEN NOBEPXHOCTU KTOHHENEN»
C/IMBAOTCA B €ANHYHO BOJIHOBYHO NOBEPXHOCTb CUI0BOTO NoJA, 06pasya o6LWnin cnnpanbHbIN BUXPb B
BME NNOTHOM 3HepreTuyeckon 060104KkM. CKOPOCTb ABUMKEHUA TOKA BO3HUKAIOLWMX 3apAL0B BHYTPU
TAKMX 3aWMLLEHHBIX MNPOBOAHMKOB pe3Ko Bo3pacTaeT. OAHOBPEMEHHO B KaxXgom Aaunone
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yBE/IMYMBAETCA CKOPOCTb BPALLEHUA AMCKOB BUXPEN TOpa, U MoA BHELWHWMM BO3AeNCTBMEM cpeapbl
OKPY}KEHUSA, OHU CXUMAIOTCA BCE CUNbHEE U cunbHee (cm. Puc. 12).

HanoMHWM, 4TO KaxAbli AUMNONb «HYNEBOTO» BUXPA B CTPYKTYPaxX MHOXECTBA TaKUX CUIOBbIX
IMHUIA Nepeaayn 3apanoBs, Mexay ABYMA MCTOYHMKAMM Pa3HOCTU NOTEHLMAN0B, UMEET CBOU rpaHuLbI
Bnoxa, yepes KoTopble NPOUCXOANUT NPUEM U3NYYEHUIA U3BHE, B TOM YMC/IE OTPULATENIBHOWN SHEPTUMN.
Ho nonapunsoBaHHble 3apaAabl HE MOTYT NPOHUKHYTb BHYTPb Yepes NA0THYIO SHEPreTUYECKYo 060/104Ky

Puc. 13 MarH1THaA Nbib BAOb CUNOBbLIX IMHUA  Puc. 14 MarHuTHble IMHUN SHEePreTUYeCcKnX
MeXay AByMA 3apagamu aunonsa. (otowon) TOHHe/Nel B Halel ranaktuke. (potowon)

TOHHENEeN U ABMXKYTCA BAOIb HUX K CBOMM Nostocam, opmupya BHELWHME MArHUTHbIE NoAA NPaBoro
AN NeBoro BpauieHua. Tak 06pasyoTca CcTabuibHble U NPOTANKEHHbIE «TOHHENW», UAU CUNOBbIE
JIMHUK, 0 Pa3NINYHbIX UCTOYHMKOB PA3HOCTM MOTEHLMANOB, SHEPTUA BO3MYLLEHUA NPOCTPAHCTBA NO
KOTOPbIM TEYET HenpepbiBHbIM MOTOKOM MOKa He paspywutca aunonb (cm. Puc.13). OgHaKko, npu
nogaye (BOCCTAHOB/AEHMM) NOTEHLUMANA AMMONAM TYT e COeAMHATCA CUIOBbIMU IMHUAMU U BCE
BOCCO3aETCA BHOBb M BHOBb. M Yem Bbille Pa3HOCTb NOTEHLMANOB, TeM 6ONblIe CUNOBbIX IMHUM
obpasyetca. MNpouecc mMoxeT ObiTb OECKOHEUYHbIM, KaXKAbl MMMYNbC POXKAAET IHepreTuyeckue
«TOHHENIN» WU NPOTA/IKMBAET CKBO3b HMX 3apAAbl KaK HACOC, CO34aBas 3NEKTPUYECKUA TOK 3apAaaoB
(nBukeHue). KoHeuHo, BOKpYr ckannuBatoTcA o6/1aka MOHOB Pa3HOro 3HaKa, KOTopble TOXe
BO3DY»K4at0TCA C NOABNEHMEM IPAAMEHTOB B NPOCTPAHCTBE, CO34aBasA 3/1€KTPOCTaTUYECKME NOAA.

OnucaHHble Bbile KOMOWHAUMM NPOCTPAHCTBEHHOM OpMEHTauuK Buxpen obpasytoTca M Kak
MHOeCTBEHHbIE KaHa/bl MHOM GOPMbI, B TOM YMCAE U C PA3HOPOAHBIMM YacTULLAMW BeLLeCcTBa Npwu
pacnaze WAM NOCTPOEHWW HOBbIX CTPYKTYp. Hanpumep, ecnv COOCHO NPUTATMBAKOTCA pasHble, HO
COM3MEpPUMbIe SHEPTUM 3aPAAO0B, TO B 06pa3oBaBLIEMCS AMMNOJE, NMPOUCXOANUT CMELLEHME TPaHMULbI
bnoxa, c 6onee cnaboro B cTopoHy 60s1ee cnnbHoro. Toraa, B 60s1ee MOWHOM AMNOE, BHELWLHME BUXPU
3aMbIKalOTCA KaK eAuHblA, @ BHYTPEHHME, Kak bosee Cu/bHble, COeAMHAIOTCA Ha rpaHuue bnoxa,
bopMmpys NepeKoLLEHHY B OCM KOHCTPYKLMIO BbITAHYTOrO ABOMHOrO TOPa, BPOAE MAaKOBKM Y LLEPKBU.

MOHO rOBOPWUTb, YTO MEepeKayka SHepPruuM BO3MYLLEHMA M3 OAHOro obbektTa B Apyrown
NPOUCXOAUT B Npeaenax AO0CAraeMoCTU COBCTBEHHbIX MO/El, A0 BblpaBHMBAHWA MNOTeHuMana. B
NPUHLKUNE, NPOLECC TAKOrO BCTPEYHOrO MOCTPOEHWUA CUIOBbLIX JIMHUI U3 MaTepuMuM NpPOCTPAHCTBA
MOeT NPepBaTbCA, €CIN SHEPTUM BO3MYLLEHUA HEAOCTATOYHO. MHTEPECHO, YTO TaKMe MOCTPOeHUA
OKa3blBalOT B/IMSAHME HA BHELLHWNE TE/A M 0OBEKTbI Yepe3 BENMUYMHY UX 3apsALAO0B, NPUAABas MM MMNYNbC
COOTBETCTBYIOWErO BEKTOpPa ABWMXKEHMA. BnaoTb [0 pacwenneHns wam  obHyneHua, nnbo
aKKyMy/IMpoBaHMA B 60/1ee MOLLHbIX CKOMIEHUAX SHEPTUN.
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3HaunT NM 31O, YTO abCoONOTHO MeXxay Bcemu O06bEKTAaMWM B NMPOCTPAHCTBE, rAe CylecTByeT
HanpAXEHHOCTb, BbICTPAMBaOTCA NOA0OHbIE BCTPEYHbIE KOHCTPYKLMU B BUAE CUAOBBIX IMHWUN, KaK
SHEPreTUYECKUX «TOHHENEW» MArHUTHbIX W 3NEeKTpUYeckux nonen? W3 cobcTBeHHOM maTepum
CMHXPOHU3NPOBAHHbIX «KFPaBUTALUOHHbIX» CETEN, HaNPUMep, SNeMEHTaPHbIX YacTUL, BEWeCcTBa UK
rasoB, KOTOPble BO3MOXHO MCMO/Ib30BaTb NpW Nepegaye sHeprun n MHPopmaLmnmn Ha PacCTOAHUN, KaK
6ecnpoBoaHble TexHonorMm? Torga ANA 3TOro He0H6XO04MMO TOIbKO CO34aTb YCNOBUA CTabUIbHOCTH
JIMHUI BbIBPaHHOIO ABAEHUA MEXKAY ABYMA TOYKAaMM NpocTpaHcTBa (cm. Puc. 14). Begb, peakums Ha
BO3MYLLEHNA Cpeabl CywecTByeT Bcerga, Aake 6e3 GopmMpoBaHUA Nepesatolmx «TOHHeNem»,
Hanpumep, B BuAe 060cob1eHHbIX eANHNYHbIX 0O6pa3oBaHMii, Bpode BUXPeEN Topa.

OueBnpHO, 4YTO, MepenasBas 3HEPrvo NoTpedbuTentd Ha pPacCTOAHUA, Mbl, TaK WUAM MHaye,
npeBpaLLaem eé B 3N1eKTPUYECKIMI TOK. TaK UTO Ke 13 ceba npeacTaBaAET STOT TOK, KOTOPbI BO3SHUKAET
N nepemeLLaeTca B MAarHUTHbIX U SN1EKTPUYECKUX NoNAX? Y KOTOPOro Be3ae O4HU U Te e MeXaHU3MbI
BO3OYKAEHUA?

INEeKTPUYECKNIN TOK — 3TO He CTO/IbKO ABUMKEHME 3apAL0B B Halem obwem NOHMMAHUK, U TeM
bonee He ABUMKEHME 3aPAKEHHDbIX YAaCTUL, B Tesle NPOBOAHMKA CO CKOPOCTbIO CBETA. I/IEKTPUYECKUN
TOK — eCTb MHTEHCMBHOCTb BOJIH «HYNEBbIX» BUXPEWN CPeabl OKPYKEHWUA 3/IeMEHTAPHbIX YacTul,
rPaBUTALMOHHOM CEeTU MeXAy ABYMA PA3HOMMEHHbIMM 3apALaMM B MPOCTPAHCTBE. ITU BOJIHbI
HaNOMMHALOT « 40POXKKN GOH KapmaHa», Kak nepeHoCcYmKM 3apsaaoB. CBOEro poaa «ABUMKEHUE BETPa»
BOJIH TOPOMAA/IbHBIX BUXPEN B MHOTOYMCAEHHbIX 06PA30BaABLUMXCA IHEPreTUYEeCKMX KaHanax obuiero
9NEeKTPOMArHUTHOro NOAA NPOBOAHUKA.

Ona cpenpbl BewWweCcTBA MOXHO CKa3aTb, YTO 3/N1EKTPUYECKUIN TOK eCTb QYHKUMA «rpagumeHTa»
3N1EeKTPOMArHMTHOro nons, BO3OYKAEHHOrO OCEBbIMW BMOPALMAMKU BUXPEN TOPOB 3/1eMEeHTapHbIX
4acTuL, CTPYKTYpPbl MaTepum NPOBOAHMKA, Npy 06pa3oBaHMm annons. Mbl 3Haem, YTO BOSHUKHOBEHME
TaKoro AMnona, AN B HEKOTOPOM CMbICAE NOAAPU3ALLMA NPOBOAHUKA, €r0 aTOMOB U YacTUL, 3aBUCUT
OT CBOMCTB MaTepuana. [lpu co30aHuUU pa3HOCMU NOMEHYUAN08, HE MO/bKO 8 NMPOBOOHUKE, HO U BHE
e20, 8ce OunoauU sew,ecmasa 8 sude «2a3a» 3apA008 CUHXPOHU3UPYOMCS 8 CMOPOHY C HAUMEHbUWUM
COOepHAHUEM 371EKMPUYECKO20 3apA0a U He rnpenamcmeyrom Cc0300HUK MA2HUMHOU B0sIHbI,
KomopasA u Hecém aneKkmpuveckuli moK. Ecnn e 3apag NnoTeHUManoB CAULWKOM BEUK, Hanpumep,
ONA cedyeHMAa NpoBOAA, TO AApPA AaTOMOB €ro BelLecTBa He MOTyT yAep»KaTb 3/EeKTPOHbl Ha CBOMUX
opbuTax 1 npoBoA paspyLLaeTca, NpPeBpaLLasch B Apyrve coeAnHeHus.

Ecnm coBcem pyHOaMeEHTaNbHO, UCXOAA U3 TOTO, YTO BCE BELLLECTBA, €€ CTPYKTYpbl U GOPMbl €CTb
He 4YTO WHOE, KaK CUMHTEe3 MaTepum CamMoro NPOCTPAHCTBA, TO 3/7eKmpuyeckuli MOK MOMHO
onpedenums, KaK 2padueHm nosAsa «Hynesvix» suxpell «2pasumayuoHHol» cemu npocmpaHcmea. U
9TO BMOJIHE CNpaBea/iNBO, MOTOMY YTO B OCHOBE BCEX 3/IeMEHTAPHbIX YacTUL, aTOMOB, MOIEKY, Tes U
T. 4. NeXKaT BCE Te XKe «HY/ieBble» BUXPU, N3 KOTOPOM CO34aHO CamMo MPOCTPAHCTBO.

Hanpumep, B meTaninyeckom npoBOAHMKE 3NEKTPOHbI MPU OTCYTCTBUM SNEKTPUYECKOro nons
OCYLLECTB/AIOT XaOTUYeCKoe TennoBoe [ABuKeHne ¢ 6HecnopAafoYHON HanpaB/iEHHOCTbIO B
NPOCTPAHCTBE, rAe B Hainuumn uenoe ob1ako cBOOGOAHbLIX 3/1EKTPOHOB, KOTOPbIE NEPENpPbITMBAOT U3
O[HOro CoCTofAHMA B Apyroe. Ho nog AencTBMem pasHOCTM NOTEHLMANOB BO3HUKAET a/1eKTpuyeckoe
none. YnopagoumMBaeTcA He TOJIbKO XaoTUYecKoe ABUMKEeHWe, HO UM OpPUEeHTUPOBAHHOCTb Bcex
3/IEMEHTAPHbIX YacTUL, «FPaBUTALUMOHHOMY CETU CTPYKTYPbl BELWECTBA BAO/Ib BEKTOPA Hanpas/eHUs
aToro nond, obpasys MHOXKECTBEHHble 3HEPreTUUYECKME KTOHHEAU» CUJIOBbIX SIMHUA He TONIbKO B
CaMOM NpPOBOAHWKE, HO U BOBHe ero. Kpome Toro, cBobogHble 3NEKTPOHbI MNOMYYalOT HEKOTopoe
YCKOpeHMe B 3TOM HanpaBaeHUWn, yBeanynBasn CBOK CKOPOCTb U UHTEHCUBHOCTb. HO 3TO He 3HauuT, YTo
9NEKTPOHbI B MeTaN/ie NPOBOAHMKA ABUrAlOTCA CO CKOPOCTbIO CBETA U NepesatoT S/IEKTPUYECKUN TOK,
KaK MMyt B yuebHUKax. B cTpyKType meTanna npoBOAHMKA CBOOOAHbLIV 3/1EKTPOH ABUMKETCA C OYEHb
MaJIeHbKOM CKOPOCTbIO, MOMKET, HECKO/IbKO CaHTMMeTpoB B 4Yac. OH He B COCTOAHWW ABUraTbCA
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bbicTpee, HaTblKanacb Bnepeau ceba Ha 4YacTUUbl BELLECTBA, NONYYaeTCA TaKoe CKauykoobpasHoe
ABUMKEHME NO HanpaBAeHUIO TOKa. XOTA TOK, M Mbl y¥Ke 3Haem noyemy, TeYET BAO0b NPOBOAHMKA (M Mo
NPOBOAHMKY) CO CKOPOCTbIO YyTb HUXKE CKOPOCTM CBETA, BBUAY NPUCYTCTBUA MHAYKTUBHOCTU.

HanpawwnBaeTcs coBepLlleHHO crnpaBea/IMBbI BOMPOC, @ YTO Ke HaM BCEM B UTOre CYNAT BCe 3TU
TeopeTMyecKkne N3biCKaHMA 0 TOM, YTO HEBUMAMMO, CKPbITO OT HacC B MOBCEAHEBHOM KMU3HU?

[eno B ToM, 4TO peanbHOCTb YCTPOEHA TaKMM 06pa3om, UTo «maseHbKue delicmaus 3anyckarom
b6onbwyro uenovky coboimuii». N 3T 3HaHMA SBNAIOTCA OCHOBOM A/1A PelleHua rnaBHOM 3agayn —
obpeTeHns KaxKablM M3 Hac UCTOYHMKA AOCTYNHOM, 6e3onacHol 1 6esrpaHmu4Hom saHeprun. N torga no
cunam byayT camble HEBEPOATHbIE BO3MOXKHOCTU. Hanpumep, MOXKHO L,e/IMKOM OTKa3aTbCs OT 1t00biIX
TPaAHCMOPTHbIX CETEN, Aayke aBTOMOOWU/IbHbIX AOPOr, He NOPTUTb NaHAawadT, 3abbiTb 0 Npobiemax c
NapKoBKamMu aBTOMOOMWMelr, asponopTamu, BOK3anamu, OHM He noTpebytoTca coscem. Jliobble
paccToaHMA U 4yepe3 Ntobble nperpagbl OyAyT AOCTYMHbI KaXAOMy, HE3aBUCMMO OT O6BEMOB M
KonuyectBa rpysoB, B ntoboe yaobHoe ana Bac Bpemsa 6e3 BCAKOM cyeTbl, - NosHaa cBobosa
nepemeLLeHN.

MpeAacTtaBbTe, YTO Yy Bac ecTb MOKAcKHbI, KOHEYHO MepBble 06pasybl 6yayT NoAo6HbI NepBbIM
Tenesnsopam. Ho NoTom, oHWM nNpeBpaTaTcA B 6PeHA0BbIE KPOCCOBKN UM NEPYATKKU, HAZEB KOTOpble
Bbl 06peTéTe He TONbKO HEBECOMOCTb, HO M CMOCOBHOCTb C IErKOCTbIO NeTaTb CAaMOCTOATe/IbHO, be3
Yyben-nMbo nomolLLn, ynpasaas ragKeTom UHTYMTUBHO. becnpoBoaHoe nNuTaHue, B BUAe cMapThoHa,
6yaeT NpMBbIYHO pacnonaratbca B Bawem KapmaHe 6ptoK nam proksake. Takue e NAacTUHbl MOXKHO
3aKpenuTb Ha AHWLLE Bawero aBTo naun no yrnam Bawen n3bbl n NyTewecTBOBaTb B HUX KyAa YrogHo.
MapKoBKY TaKMM NOOUTENAM CTapUHbl 3aMEHUT BaZIKOH WAN OKHO KyXHW, FOe MOMKHO NPUBA3aTb
CPeacTBO nepeaBuKeHUsa Ha NO6OM 3Tarke, KaK BO3AYLIHbIM LWAPWUK, @ YTPOM HbIPHYTb B HEro u
HanpaBuUTbCA MO Aenam. BepoAaTHO, nepBsble «rpasuLanbl», N0 NOHATHbIM NPUUYMHAM, BYAYT NOXOXKM Ha
rmbépuaHble aBTo.

Nnn gpyras Bepcma NpMMEHEHMA 3TOM TEOPUM Ha NPAKTUKE — 3TO BOCCO34aHue Ntoboro obbeKTa
B Nt06OM MecTe NPOCTPaAHCTBA, He TONbKO Ha 3emne, 6e3 BCAKUX YCWUIUK, NMPOEKTUPOBaAHUA U
CTPOUTENbHbIX MaTepnanos. A 3Toro He06Xo0AMMO He TaK YK MHOI0 — UCTOYHUK SHEPrUn, KOTOPbIN
M3BECTEH, MarHUTHbIN apXxMB C M3/y4yaTenem 3anmcaHHOW Ana 3Toro MHGopmMauuMm U MecTo, rae
HeobxoAMMO peann3oBaTb 06LEKT N3 COOCTBEHHOM MaTepUM Cpebl OKPYKeHMA. BCé 3To oTHoCUTCS U
K MPOAYKTaM NMUTaHUA, U K }KUBbIM KNEeTKaM BHYTPU }KUBbIX OPraHM3MOB, Ky4a MOX¥HO BHOCUTb Nt0bble
N3MEHeHMA Nnoja AeWCTBMEM MOALYIMPOBAHHbLIX U3/YyYEHWIN, afanTUPOBAHHbLIX B MHPOPMALMOHHYIO
CeTb 3/IEKTPOMArHUTHbIX MOJIel NPOCTPAHCTBA. OTO aKTUBHOE Aonrosietve, nobega Hag 6one3HAMM,
rono040M U MUIZIMOHbI CMACEHHbIX KMU3HEN AeTeln U B3pOCabiX. HeyxKenu aaxe paam aToro «Manoro»,
HEeCMOTPS Ha Maccy MHbIX BO3MOMHOCTEN, HeAOCTaTOYHO apryMeHTOB, YTOObl HAaKOHEL, NMPUCTYNNTb K
nccnefoBaHUAM U M3rOTOB/IEHMIO MPOTOTMNOB? KTO-TO CKakeT, YTo 3TO HEBO3MOXKHO. Henpasaa,
O0pPOry OCUNUT UAYLLNNA.
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Jlesumauus, maKasa 3aMAH4UBASA, MOKOPUBWAACA 4Yenoseyecmsy yie He
00HAObl, HO MAK U He goweduwas ce0600HO U 0OCMYMNHO 8 HAWY M0BCEOHEBHYIO
HU3Hb. KoMy smo 8bl1200HO, U KMO mopmo3um xo0 cobeimuli? /llodu 6cé pexce
MOOHUMArOM 20710861, Ymobbl ynblbHyMbCA 386€30aM, HE TOMOMY, YMO 8 HUX y2acu
yyecmea U McenaHus, meuymel U MusHenwbue. Hem. Ycmou obujecmaa,
yrnpasnsemole eOUHUUAMU, B8Cé b6onbwie omsaA20u,arom HAC M08CeOHe8HbIMU
npobsiemamu 8bI#UBAHUA, YMObbl UCKAOYUMb Oaxe maneliuyro 803MOHHOCMb
b6eckoHMpPosbHO Oymame 06 UHOM. BepossmHo, 8 3Mom U ecmbs 0meem HA makxoe
0os120e omcymcmeue peHeccaHca 80 8CEM.

NEBUTALUA U TENENOPTALUA.

MHorve 13 Bac HaBepHAKA 334,aBa/IMCb BOMNPOCOM, OTYErO NIETAOT TaKMe KPYMHble M, Ka3anocb
Obl, HEYK/IIOXKME HAaCEKOMbIe, KaK KyKM? Kakne cekpeTbl MMPO34aHMA NOMOratoT UM NOAHUMATLCA B
BO34YyX M C NIErKOCTbIO NPeoAosieBaTb NPENATCTBMA? BnosiHe BO3MOXHO, YTO OHWU BappakKMpyoT He
TONbKO 6narogapAa CBOMM MNpPO3pPayHbiM KpblabllWKamM. [pupogsa MWANMOHAMKM NeT OoTTaymBana
pas3nnyHble cnocobbl, Moaenun, matepuanbl, NPUMEHEHNE KOTOPbIX MO3BOAMAO Bbl UM MaKCMMaIbHO
MCNoNb30BaTb Nt06ble BO3MOXKHOCTU NOAHATLCA B BO3A4YX.

OAHUM 13 TaKUX MHCTPYMEHTOB BO34,ENCTBMA HA OKPYXKAIOLLYIO Cpeay ABNAIOTCA YepeaytoLmecs
MMMYNbCbl 3BYKOBbIX BO/IH BbICOKOM UM HU3KOM YAaCTOTbl. TaKOe XapaKTEePHOE KYXK¥KaHWe UK MUCK,
BO30OYKAEHHbIA B3Maxamu NPO3pPayHbIX KPbIJIbEB, KaK MCTOYHMKAaMWU KoNebaHWi 3a4aHHOM YacToTbl.
TaK KaKyto e posib B MOMETE }KyKa UrpaeTt 3ByK? Kak 0gMH M3 MHOTOYMUCAEHHbIX BUAOB BOSIHOBbIX
KonebaHUM, cylecTByOWMUX B NPUPOAE, NOMOraeT 3TUM HAaCEKOMbIM MPOTMBOCTOATb FpaBuUTaLuu?
KonebaHuin, KoTopble cNOCOHOHbI MHOTOKPATHO NPUYMHOXKATbCA U YCUNMBATLCA 6harogapa «addekrty
MONIOCTHbIX CTPYKTYP», HA/IMYMIO MArHUTHbIX NONEN, BUXPEN N TPaAUEHTOB?

Puc. 1 NMonocTHble CTPYKTYPbl HAAKPLIILEB XKYKa.  Puc. 2 30HbI rpagMeHToB B NONETE XKyKa.
(poTowwon)

O6bEMHbIE XUTUHOBbIE TeNbLA, HAAKPbINbA, 4@ M CAMM KPbl/ibS MHOTUX HACEKOMbIX, 06pa30BaHbl
Pa3/INYHbIMM  COYETAHUAMM  MeNbYalLUMX reomeTpuyeckux «lnaToHoBbIX GUryp», KoTopble
obbeamMHeHbl B camble Npuiyanunsbie Gopmbl, NO aHaNOrMM ¢ coTamu. ITa TeMa XOpOoLo nponucaHa B
paboTtax pebeHHMKoBaA B. C. MpeanonoKmnm, 4To Takme og4HOPOAHbIE NONOCTHbIE CTPYKTYPbI (CM. Puc.
1) cnocobHbl He TONbKO MHOFOKPaTHO OTpaKkaTb U MPUYMHOXaTb NMPOHMKAOWME B HUX 3BYKOBblE
BOJIHbI, HO M CO34aBaTb YC/NI0BUA AN UX CUHXPOHU3aLMK M 3pPeKTa pe3oHaHca B eaMHON cucteme Tomn
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nAn MHoM GopMbl Tena »Kyka, Hanpumep, HaAKpPblAbeB, OPIOLWKA, rPYAKU U ronosbl. B pesynbtaTte,
HensbeKHbl reHepaunm 6onee MOLLHBbIX UMNYNbCOB SHEPTMM 3BYKa. TO eCTb, B AAaHHOW CUCTEME 3BYK
MHOTOKPaTHO YCUIMBAET CBOM KonebaHMsa BO BCEX Me/ibY4allMX MOJbIX AYerKax pasnnyHbiXx dopm
HaCeKoMOro, KoTopble B3aMMOAEMNCTBYIOT mexay coboi KaK eauHbl KonebaTenbHbl KOHTYp B
YHWUCOH. N npupoga noTpyannacb HaMTM ONTUMa/IbHYIO FTEOMETPUIO Pe30HATOPOB NOZ OnpeaenéHHyo
YyacTtoTy BMOpauMi, M34aBaeMbIX KaXKAblM OTAE/NbHbIM BUAOM Hacekomoro. MogobHblie aveuncTble
CTPYKTYpPbl BO3OYKAAOT U MHOTOKPATHO YCUIMBAKOT He TO/IbKO COBCTBEHHbIE 3BYKOBble KonebaHus,
n3gaBaemble NPO3PaYHbIMU KPbI/bILLKAMM KYKOB, HO M BO34,EMCTBYIOT HA /It0OYI0 TOHKYIHO MaTepuio B
OKpyKatower nx atmocdepe, Takyto Kak aieMeHTapHble YaCTuLbl, aTOMbl, MONEKY/bl BELWECTBA U T. 4,
3TW YacTULbl MTHOBEHHO PearnpyroT Ha BO34eNCTBUE paspyLLleHMEM COBCTBEHHbIX 3N1EKTPOMArHUTHbIX
N cnabbix cBA3el, NPUYMHOXKAA TEM CaMbIM KONMYECTBO Pa3/IMYHbIX 3apAL0OB HE TONbKO BHYTPWU
XUTUHOBbIX MAACTUHOK, HO W BOKPYr Hacekomoro. OAHOBPEMEHHO, CO B3MaxaMu MPO3pPayHbIX
KpbINbIWEK B Cpeae HUXKe HAAKPbIbeB W Te/bla 3apOXKAaltoTCcA BUXPU, KOTopble 06pasytoT
onpeaenéHHble 30Hbl Pa3HOCTU NOTEHLUMANOB, MW TPAHULbI TPAgMeEHTa NPOTMBOMNOJIOXKHbIX 3aPAL0B
B npocTpaHcTtee (cm. Puc. 2). ®opmupytotca 061acTM NOBbLIWEHHOTO U MOHUMKEHHOrO AaB/EHUN,
pPacnonoXeHne KOTOPbIX Perynpyerca NoONOXKEeHMEeM Koprnyca HAaceKomoro. MMeHHO co3gaHue u
ynpaBieHne TaKMMW BEKTOPHbIMUW NONAMM FPaAMEHTA 3apAA0B B BO3AyXe, MO3BONAIOT TAXKENOMY U
HEYKNIOXKEeMY YKy Npu OTCYTCTBUM aspoAMHAMMYecKMX GOopmM He TO/IbKO /ieTaTb, HO U YCMEeLWHOo
MaHeBpPUpPOBaTb.

OpHaKo, B apceHasie HACEKOMbIX CYLLEeCTBYET eLLé OANH MHCTPYMEHT npupoabl. NpeacrasbTe, YTO
3BYKOBbl€ BOJIHbl, MPOHMKAA BO MHOXECTBO MeNbYaMLLMX MONOCTEN WX MPOYHbIX XUTUHOBBIX
HaAKPbI/IbEB N 9K30CKENETOB, HE TO/IbKO MHOTOKPATHO NPENOMAAOTCA U OTPAMKAKOTCA OT BHYTPEHHUX
NMoOBEPXHOCTEN, YTO 0OCOBEHHO 3OPEKTUBHO NPU TPEYIrONbHOM WM LLIECTUYTO/IbHOM TeoMeTpUn
nonocte, TO €CTb, MPW pPaBHOM YyJaNeHUU BepwuH Guryp Apyr oT Apyra, HO W B3aUMHO
HaknagbiBatoTca. Ob6pasya, B TOM 4WUC/lEe, MHOFOYMUCNEHHble CTOSlYME BOJIHbI, B MOAAX KOTOPbIX
BO3HMKAIOT AB/IEHMA PE30HAHCHOIO MOT/IOWEHMA U3TYYEHNI AYEUCTBIMU CTPYKTYpamu. U, yuntbiBas,
YTO TeNblLe HACEKOMOro fBASAETCA AMAMArHEeTUKOM, MOMKHO NpeanonoXWTb, YTO BO BCEX €ero
BHYTPEHHMX CTPYKTypax BelecTBa TYT Ke YCUAMBAKTCA COOCTBEHHble MarHUTHble MOoAA,
NPOTMBOMNONIOXKHOIO BPALLEHUA BHELWHEMY HanpaBleHUI0 MArHUTHOTO MOAA Ccpeabl OKPYXKEHUs.
Co3paétca cBoeobpasHbil 3ddeKT noTepu Beca HACEKOMbIM, Tesble KOTOPOro CTaHOBMUTCA
MaKCMMabHO MHEPTHbLIM K 3/1IeKTPUYECKMM 3apsALam BHELIHEro NPOCTPAHCTBA, KaK Obl BbiITaKMBaeTcA
n3 ero nons. O6pasytoTca ycnosma, 6aM3KMe K OTPULATENBHON MArHUTHOM BOCMPUMMUYMBOCTU, UK
nesuTauMn. M aTo 06CTOATENLCTBO peasibHO MOMOTaeT )KyKam B3/eTaTb B BO3AyX Oa*Ke C BOAHOM
NoOBEpPXHOCTM.

MbI 4acTo yNOMMHaEeM O MOCTOSHHOM BO34ENCTBUM MaTepPUM BHELUHEN cpenbl, eé aHeprum, Ha
06bEeKTbl B MPOCTPaHCTBE. U y)Ke oTmevanu B rnasBe «PaBUTALMOHHOE CKONbXKEHUEY, YTO IHeprus
BHELUHEero NPOTUBOAENCTBUA Cpeabl OKPYKeHUs Bcerga n3bbiTouHa MO OTHOLEHUIO K SHEPTUK BUXPEN
eé Bo3byautensa. M 3To BepHO, NOTOMY YTO mpemuli 3aKOH HblOMOHAG 8 OMKpPbLIMbIX cUCMeMax C
HecumMmmempu4HbIM 83aumodelicmsauem Yacmuy 8 nossax epadueHma 3apados He pabomaem. NHbiMU
CNOBaMM, UCTOYHMK BpaleHua gedbopmupyeT maTeputo cpeabl LeHTPobeXHbIM BO34eNCTBMEM, a
cpena conpoTMBAseTca 06pa3oBaHNEM LLEEHTPOCTPEMMUTENbHBIX PeaKkunit. B utore, matepus cpeabl co
BCEX CTOPOH, C nepudepunmn, yCTpemaaeTcs K ocu Bpauwjatolleroca tena. To ecTb, 06BEKT BpalLeHUs
coBepliaeT paboTy Hag cpenon OKpyXKeHusa, Bo3byxKaan e€, oTAAET el HEKOTOPYIO IHEPTrUIo, 3aTeM
cpepa nepexoguT M3 Bo3byKAEHHOTO COCTOAHMA B HEMTPaANbHOE, BO3BPALLLAA NONYYEHHYIO SHEPTUIO.
3HaunT, BENIMKA BEPOATHOCTb BCMN/ecKa 6os1iee NN10THOM BbICOKOYACTOTHOM MaTepumn CTPYKTYpbI B cpeae
BHELWHero (fanbHero) NPOCTPaHCTBA OKPYXKEHWUA, KOTOPAaa MOMEHTa/IbHO 3amnosHAEeT co34aBLuyocA
30HY pa3perkeHua cBoOMMM 3apsaaamm bonee ToHKOM matepum (cm. Puc.3). To ecTb, sHEprun nssHe B
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OKPY)XEHME WMCTOYHWKA BMXpPA NocTynaetr 6osblie, 4yem Npu eé nepBOHa4YaNbHOM BO3OYKAEHUW,
noTomy 4to eé 60s1ee NNOTHbI BbICOKOYACTOTHbIM FPAMEHT HAaNpPaB/IEH YXKe He MO OKPYXKHOCTH, A

Puc. 3 Bo3zaencreume BUXpA Ha cpeay: LeHTPobexHoe, HEUTPaIbHOE, LEHTPOCTPEMUTESIBHOE.

LEHTPOCTPEMUTENLHO - CTPOrO MO PaAMycy UCTOYHUKA BUXPA. BEposATHO, B 3TOM M eCTb 06bACHEHMEe
OAHOMOMEHTHOIO M36bITOYHOrO KOJIMYECTBA 3SHEPruu, MoJiydaeMo B OTBET Ha BO3byxaeHue
NPOCTPaAHCTBA Pa3/IMYHbIMM O6BEKTAMM C 06Pa30BAHNEM BUXPEN U ANNO/bHbLIX CTPYKTYP. A 4TO, eCNu
MCNONb30BaTb 3Ty MbICAb AN AOCTUXKEHUA Hawwux uenei? Ho, gna obneryeHnsa BoCnpUATUA
NHbOPMALMK, caenaem OTCTynaAeHne U NPUCMOTPUMCA K NIaHETapPHbIM CUCTEMAM.

He 6ynem cbpacbiBaTb CO CYETOB TEOPUIO TEHEW ABYX 0OBLEKTOB B rpaBuTaumm JleCaxa npwu
OOVHAKOBOM [aB/IeHMM HA HUX CO BCeX CTOPOH MATEpPMM MPOCTPAHCTBA, KOTOPOE MpAMO
NPOMNOPLMOHANbHO pa3MmepamM Ux NoBepxXHOCTeN. MHaye, BceMUPHOE TATOTEHME Te PAacCMaTPMBaAIOCh
KaK TeopuA BeCOB MM MJIOTHOCTb U CTENEHb UX SKPAHMPOBAHHOCTU, KaK TeNeCcHOro yria otganeHus
06beKkToB (Cm. Puc. 4). CBoero poaa MHTEHCMBHOCTb BbITa/IKUBAHWUA Cpenabl OKPYHKEHUA.

Puc 4 Teopus TeHel AByX 06bEKTOB rpasutaumn fleCaxa.

Torpga noHMman, 4to Aobble BOMIHOBblE KONEDOAHUA ABAAIOTCA MNOPOXKAEHMEM BUXPEBbIX
06pa3oBaHMiA C OnpeaeneHHbIM KOJIMYECTBOM MOJIOKMUTENbHBIX WAM OTPULLATE/IbHbIX 3apAaos,
nonpobyem npeacTtaBuTb cebe ABMXKUTENb ONA NeBUTMpYOWwen nnathopmbl. Hanpumep, Hawa
nnatdopma Co CTPYKTYPUPOBAHHBIMW MONOCTAMU U COOTBETCTBYHOLMM COBCTBEHHBLIM WMCTOYHUKOM
BOJIHOBbIX KonebaHui crnocobHa, H6narogapa NPOTUBOAENCTBUIO OKpyMKaloweih cpedbl, 0cnabnatb
BAMAHWE TrpaBMTaLMM B HanpasneHun nwboro obbekTa K, Kak pesynbTaT, nepemeliatbCca B
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NPOCTPAHCTBE B MPOTUBOMO/IOMKHYH CTOPOHY. Mbl rOBOPMM O CNOCOBHOCTM N1aTPOPMbI OTTASIKUBATLCA
OT MaTepun cpedbl OKPYKEHWS CO CTOPOHbI BAMAHUA HaubO/MblLUEN «rpaBUTaALMM», TEM CaMbIM
M3MEHAA BEKTOP HanpaB/ieHMA BO3AENCTBMA Ha nnaTthopmy npu €€ HenoABUNKHOM COCTOAHWUM,
Hanpumep, HaxogdAwenca Ha 3emne. OTTaIKMBATLCA OT OKPY*KaloLLEN Cpeabl MOXKHO, NPUMEHUB O4HO
N TO Ke ABNEHWE BOJIHOBbIX KONebaHMi K pas/IMYHbIM COCTOSSHUAM MaTepuu B NpoCTpaHcTee. ITO
MOKET 6biTb CBETOBAsA BO/MIHA MM 3BYK, MarHUTHasA WM 3/1eKTPOMArHUTHaA BOJIHA, 3/IEKTPUYECKUNA
3apag, MexaHMYecKue UM TemnepaTypHble KonebaHusa, nepenabl AaBNEHUI — BCe, YTO CO3AaeT
rpafneHT M obpasyeT BUXpeBble MNOTOKM. Ham M3BECTHO, YTO HaMnpaB/eHHble 3HEepreTuyeckue
MMNYNbCbl KoNnebaTenbHOM cMcTeMbl NPeobpasyoTca B NOCTOAHHO NoAAepKuBaemMble (Moka paboTtaeT
CUCTEMA) BUXPEBbIE MOTOKM MaTEPUN CPEeAbl OKPYKEHWUS B BUAE Pa3/IMYHbIX Fa30B, 3/1€MEHTapPHbIX
YyacTul, aTOMOB, MOJIEKYN, MoJer W T. A., KOTopble MPOTUBOAENCTBYIOT CYMMAapHOMY BEKTOpY
MarHUTHbIX CUA OTTa/NIKMBAHWA B AaHHOM HanpaBieHUMM. Kak cneacrteme, BAMAHME OBBEKTOB
OKpY)KeHUss Ha KonebaTenbHylo cuctemy ocnabnsetca, M Hawa nnatdopma nepemellaeTca B
NPOTUBOMO/IOXKHOE HanpassieHue (cm. Puc. 5). Hago noHMMmaTb, YTO rpaBUTALLMOHHOE BO3AENCTBME B
CBOEW OCHOBE SIBIAETCA MAarHUTHbIM, B BUAE MOATA/IKUBAHMA UAN OTTaNKMBAHUA OOBEKTOB ApYyr OT
Apyra. UMeHHO Npu TakUX OTHOLLEHUAX BCe 0O6bEKTbI OT Masia 40 BE/MKA 3aBUCAIOT B MPOCTPAHCTBE U
3TO He MelaeT MM 06pPa3oBbIBATb MM Pa3pyLLaTb PasIMYHble Tela BO BceneHHOM. Torga Kak »Ke 3T1o
paboTaeT B npupoae?

gV emue Hap

OTTMWGAHHE ENAM

Puc. 5 OTtTankuneaHme nnatdopmbl OT 3eMAU ocnabneHnem Bo34encTBMA U3BHE.

Henb3sa oTpuuaTb, YTO NNaHeTapHble CUCTEMbl CO CBOMMW CMYTHUKAMW — eCTb CBOEro poaa
OrpomHble MHepuonabl. NnaHeTbl, BpaLLancb BOKPYr CBOMX OCEM, BPALLAOTCA M BOKPYr CBOMX CBETU
W, KaK NpaBuio, B OA4HOM NJIOCKOCTM U B OAHOM HanpasaeHun. OpbuTbl ABUKEHUA TaKMUX CNYTHUKOB,
nAaHeT N nx cuctem copmMmpoBaHbl B TEYEHUE NPOAOJIKUTENIbHOTO BPEMEHU B COOTBETCTBMU C UX
06BEMAMM U CKOPOCTAMU. Bpallasnch, TO ecTb BUBPUPYSA BOKPYr OAHOMO LLEHTPA Macc, NAaHEeTbl U UHble
06beKTbl HaxoaAaTcA B eAMHON KonebaTenbHon cucteme. [anee, Takue e MaHeTapHble CUCTEMbI
BPALLAOTCA BOKPYr LeHTpa macc lanakTuk, a Te, BepoATHO, BceneHHoli u T. A. O4yeBUAHO, 4TO
NPUCYTCTBYIOLWMIN TMPOCKONUYECKMI 3PPEKT OT BpPaLLEHUI U BUHTOBbIE TPAEKTOPUW OPOUTANbHbIX
ABUMKEHWUIN CMYTHMKOB, NAAHET M raflakTUK BOKPYr CBOMX LLEEHTPOB MAcC, CO34at0T YCTOMYMBOCTb 3TUX
CUCTEM MPU MOCTOAHHO M3MEHAILLEMCA BO3AENCTBUM M3BHE, CO CTOPOHbI KOCMUYECKUX OOBEKTOB
APYTrUX BUOPUPYIOLLMX KOHTYPOB.

OnucaHHble Bbiwe KonebaTesibHble KOCMUYECKME CUCTEMbI, Kakaas B OTAE/NIbHOCTU U BCE B
COBOKYMHOCTM, paboTaldT CTPOro B CBOMX WHAMBMAYaNbHbIX PUTMax, CBOMX FapPMOHUAX
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B3aMMOLENCTBUA, CTPEMATCA K CUHXPOHM3AUMW BUOpaALMI BHYTPU KaXKAOW CUCTEMbBI U MeXAay
cucTemamm B obLem KoHType BceneHHol. Yem 6onblue nnaHeT cBA3aHbl mexay cobon, Tem cuctema
3HepreTUYecKkn yctonumsee n besonacHee. O4eBUAHO, NOITOMY MUAINAPAbI IET OHU NEPUOANYECKU
BbICTPaMBatoTCA onpeaeneHHbIM 06pa3om, HaNpMmep, Kak napagbl NAAHET, «OTTAYMBAA» UUKANYHbIE
npoueccbl KonebaHni cO6CTBEHHOIO «4acOBOro MeXaHM3Ma» B YCNOBUAX U3MEHAOLLLENCA BceneHHoM
B KaXXAOM KosiebaTeNlbHOM KOHType cobCcTBEHHOM cucTeMbl. Toraa, BNOAHE BEPOATHO, YTO MMEHHO
BbICOKOYACTOTHble BMOpPaUMKM CTPYKTYpHOM MaTepum obecneuymBatoT MrHOBEHHYIO M MOCTOAHHYHO
nepeavyy MMMyibCcoB MHGOPMALMM U B3aMMOLENCTBME «BCErO CO BCEM» KaK B MUKPO, TaK U B
MaKpoMupe. DHepPrua B TaKMxX KosebaTenbHbIX KOHTYpax CTPEMUTCA NPeobpa3oBaTbCA U COXPAHUTLCA
BHYTPM CUCTEMbI, KOTOpPasa TArOTeeT CTaTb SHEPreTMyeckn aBTOHOMHOW. 3HAuuT, Ntobble BUXpeEBble
CnNupanbHble ABUMXKEHUA OOBEKTOB ABAAKTCA CNOCOOOM HAKauYMBAHWA 3SHEPrUM  UMMY/IbCaMM,
6naropapa aBToKonebaTenbHbIM npoueccam. Torga, HeusberkHa UMKANMYHOCTb KosnebaHuin wm
KonebatenbHaa cuctema 06A3aTenbHO ByAeT BO3BPALLATLCA B UCXOAHOE COCTOAHME, 3aMyCKas npouecc
CHOBa M CHOBA, BO3pOXAas OObEKTbI CMCTEMbl B TOM NEpPUOAMYECKOlM MOoCNeaoBaTeNbHOCTH, U3
KOTOPOM BCE HAaYMHANOCD.

MN3BecTHO, 4YTO TaKMe npoueccbl BO BceneHHoOM KaK: BO3HMKHOBEHME U YyTUAM3AUUA
3N1eMEHTAPHbIX YacTUL, POXKAEHWE U  YHUYTOXKEHME PaA3/INYHbIX KOCMMYECKUX OOBEKTOB,
pa3HoObOpa3Hble ABNEHWA 3KCMA03MM U MMNAO3UM U MHOTME Apyrue, KOTopble WU HeBeAOMbl
4yenoBeYyecTBy, BCE OHM HEU3IMEHHO MPOUCTEKAIOT C MOFNOLWEHUEM WAWN BblAENEHUEM 3SHEPTUMN.
dHepruun, KoTopaa NOBCEMECTHO B3aMMOAEMNCTBYET C KOiebaTelbHbIMU CUCTEMAaMMN MATEPUU BHYTPU
H6eCKOHEeYHOro KonmyecTsa KonebaTenbHbIX KOHTYPOB, MHOTOYMC/IEHHbIE YacTOTbl BUBPALMIA KOTOPbIX
onpeaenAlT nepuoabl KonebaHnn. A 3HaUUT, oNPeaensatoT U NPOMEXKYTKM B3aUMOLENCTBUIA MeXKay
nx cuctemamm, o6begMHEeHHbIX NPOCTPAHCTBOM M BpemeHeM. CBOEro poaa OrpOMHbIA, KOCMUYECKUI
reHepaTop SHEPrnM, OCHOBAHHbIN Ha NPOTMBOAENCTBMN OOBEKTOB MeXay cobol. IHeprnum, KOTopyo
MOXHO 6eCKOHEYHO 3KCNyaTUpPOoBaTh, NPe0bPa30BbIBAA B INEKTPUYECKMI TOK, MyTEM BO34ENCTBUSA HA
3N1EKTPOMArHUTHbIE MONA U 3aPALbl CPebl OKPYKEHUA.

Hun gns KOro He HOBOCTb, YTO MJ/IAHETHbIE CUCTEMbI U [AaNaKTUKM B KOCMOCE OTAANATCA APYr OT
Apyra v O4AHOBPEMEHHO OT BceNleHCKOro LeHTpa Macc. 3HAUYUT, MOXKHO NPEANOI0XKUTb, YTO B3aUMHOE
BO34ENCTBME KOCMUYECKMX OOBEKTOB A0/MKHO 0cnabnatbca. OaHAKo, NPOTUBOAENCTBUA OOBEKTOB
MaTepuM M3BHE NPOCTPAHCTBA CTPEMATCA, HAOOOPOT, YNAOTHUTL UX K CBOMM LeHTpaMm BpalLleHun. A
3TO Yy)Ke CO34aeT HEKOe YCTPEMIEHNE K PaBHOBECUIO, CAEPKMBAHMIO XOTA Obl Ha oNpeaeneHHOM 3Tane
Pa3BUTMA 3TOFO OFPOMHOIO MEXaHM3Ma «AbIXaHMAY.

3HAYMT 1M CUE, YTO BCE B MMpPE B3aMMOCBA3AHO, U YC/IOBUA A5 NMPOAO/IKEHUA XKU3HN Ha HaLLel
nAaHeTe ToXe MeHATcA? U Hawa 3emna paclumpsaeTca, pa3apobnan cBom KOHTUHEHTLI. E€ cdepa, Kak
n chepbl ApYyrMx 06BEKTOB KOCMOCA, NOCTOAHHO BMMTbIBAET B ce6A YacTb SHEPrUWU 3apAL0B U3BHE
NPOCTPaAHCTBa, U MOTOMY MaTepusa eé pPacTéT, yBeAMYMBAACb B pasmepax. Beap, sHeprua nsnyyeHus
3eM/I1 HeCPaBHMMA C SHepruemn BHelHel cpeabl Kocmoca. OHa NOCTOAHHO NepeTeKaeT u3BHe B chepy
nNAaHeTbl B Te4YeHWe MUIINApPAOB NeT, BbIPAaBHMBAA CyLLECTBYHOLWMUIN paguMeHT 3apAanos
BO3DOYXAEHHOTO OKpy)KeHUuA. JJMHamMKa Takoro npouecca byaeT npofonkaTbCa A0 Tex nop, Noka
sHepruun cpeabl U cdepbl 3emMAn He ypaBHATCA. B utore, NOCTOAHHO yBenMYMBasACb B 06béme ¢
YyMeHblUeHMeM cOBCTBEHHOW NIOTHOCTU BELLECTBA, HAlla NaaHeTa PacTBOPUTCA B Cpese Kocmoca, eé
SHeprua BMecTe C 3apAafamMu BCELENO NepersaéT U MNpPeBpaTUTCA B MUKPOCTPYKTYPY MaTepuu
npocTpaHcTBa BceneHHon. Ecan He BocnnameHuTcsi, Kak ConHue. BnosHe BO3MOXHO, 4TO MOAC
acteponaos COMHEYHOM CUCTEMbI U eCTb He3aBEPLUEHHbIN Pe3ynbTaT 3TUX NPOLECCOB. 3anyLWeHHbIN
M3HaAYa/NbHO Be3JEecylWMA MexaHW3M [eNeHUsA BeLLecTBa, Kak [AoCTUKeHue Bceobuiero HanaHca
rpagmeHToB B 06bEME BCEro MMpPO3a4aHUA, AN paBHOBECUA, U ecTb byayuiee, KoTopoe HensbexHo
oXupaet BCcé cywee Bo BceneHHoW. U UMKA BHOBb MOBTOPUTCA, KOrga M3 3TUX PaBHOMEPHO
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pacnpeaenéHHbIX 3apafoB BUXPEBbLIX YNNOTHEHUIN MaTEPUU HAYHETCA HOBbIM BUTOK CNMpPanuM, HoBas
BO/IHA AE/NIEHMA N POCTa, Pa3pyLlleHUsa U cMHTe3a. Pa3Be 3TO He HaNOMMHAeT BECKOHEeYHbIM npoLlecc
BbIBOPAYMBAHUA TOpa HaW3HAHKY, KOr4a BHeLIHee nepexoauT BO BHyTpeHHee M HaobopoT Ao
H6eCKOHeYHOCTH, ncye3an M NoABNAACL BHOBb M BHOBb (CM. Puc. 6)? Torga Takux TOPOB B MMPO34aHUMN
AO0IKHO BbITb BeCYNCNEHHOE MHOXECTBO, LMK/bl KOTOPbIX HE COBMAAaloT, @ 3HAYMT BanaHC cTpemnTca
COXPAHUTLCS BO BCEM.

M pa3Be Kakabl YeN0BEK, OT CAMOro POXKAEHUS, NN NOABAEHNA IMOPUOHA, KaK cCOHBCTBEHHOM
3HEepProMHPOPMaLMOHHOM «TOYKM POCTa», 33 BCHO CBOK KWU3Hb, HE OCTaBAAET B MPOCTPAHCTBE
NepcoHaNnbHYO YacTb 3HEPrumM 3apanoB COOCTBEHHOM MaTepuu, CBOK MOLLb, NOAOOHO NaaHeTam?
TOYHO TaK Xe UMKANYHO, MO Mepe BMNUTbIBAHWS 3apsfloB M3BHE, UCTOLWLAACb B MPOCTPAHCTBE U
BpemeHn? Teno B UTore CTaHOBUTCA HECNOCOOHbIM HaAeNATb B A0CTAaTKe HeobxoamMmon sHepruen
U3HeAeATeIbHOCTb BCEX CBOMX «CMMOBMO30B» BHYTpU cobcTtBeHHOM ¢opmbl. UM BHYTpeHHue
BMbpocucTeMbl OpraHoB nNepectaoT obecneynmBaTb YCTOMYMBOE NOAAEp)KaHWe Apyr Apyra
HeobXoAMMbIMU pecypcamu XKusHeaeatTenbHocTM. OpraHM3m CcTapeeT M paspylliaeTcsd, Takxke
npeBpaLLasCb CO BpeMeHEM B MUKPOCTPYKTYPY cpeabl. HoO HOBasA XKM3Hb OT 3TOM e BETBM NPOA0MKaeT
AeNNTbCA, PACTET, PAa3BMBAETCA M TaK Aasiee NO CNMpann CHOBA U CHOBaA. Pa3Be 3Ty ycnewHyto cxemy
pPa3BUTMA N cOXpaHeHuA Mpupoaa He TpaHCAMPYET Ha BCe BELLLECTBA M Tena NoBcroay?

Puc. 6 BbiBOpaumBaHue Topa HansHaHKy. Puc. 7 Cxema nnatdopmbl ¢ GUABTPOM NONOCTHbIX CTPYKTYP.

F4e M Kak MOMHO WMCMONb30BaTb 3TM MO3HAHWUA HA MPaAKTUKe? BepoATHO, MOBCEMECTHO, HO
Ha4YHEM C Manoro - No Hawewn Teme. Hanpumep, cobepém neBUTMpyOLWY NAaTGopmMy, 3a OCHOBY
KOTOPOW BO3bMEM KOHCTPYKLIMIO BCE TOro e [pebeHHMnKoBa B. C. n nonpobyem oLeHUTb BO3MOKHOCTb
NPUMEHEHMNA HALUMX 3HAHUK ONA OOCTUXKEHUA uenu. EcTecTBEHHO, UCKYCCTBEHHOrO maTtepuana no
noaobUI0 «XUTUHOBBIX HAZKPbINbEB» YENOBEK MOKa He co3aan. lMo3anmcteyem ero y npupoabl, U Ans
3TOro ropasfo 3¢deKTUBHEE MOXKET NPUTOAUTLCA HATYPabHbIN WENK, HO Mbl PAaCCMOTPUM BEPCUIO
aBTOpa HalyMmeBLLEeN B CBOE BpemMA NAaTtpopmbl.

Moaymaem, KOMY M3 HAaCEKOMbIX HY*KHEe BCero ncnosibsoBaHune apdeKta NONOCTHbIX CTPYKTYP?
HaBepHoe, Tem, KOMy TsxKeniee B3/sieTaTb. A 3TO IBHO HAaCEKOMbIe, XUBYLLME B BOAE. B3neTaTb ¢ BoAbI
ropasgo cnoxHee. Hanpumep, KyKu Bogonto6bl M naaByHbl. [103aMMCTBYEM Yy HUX HAAKPbIIbA ANA
akcnepumeHTa. Cobepem ux MNOTHBIMM cnoAMM B 2-3 pAda Ha HebONbLIOK HeMeTananyeckom
nnatdopme cHU3y M 0603HaUMM KaK dunbTp. CBEpXy NNATGOPMbI CMOHTUPYEM METANIUYECKUIA IKPAH
N3 IUCTa MeaM, @ HUKe GUNbTPa YCTAaHOBMM OYEHb MEJTKYHO M TOHKYIO METAI/IMYECKYHO CETKY U3 XKene3a
MAW UMHKA C TOpYaWMMKM MO MNEepUMETPY U HUXKHEN MOBEPXHOCTU OCTPbIMU METANTNYECKMMU
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BONOCKaMKU. CMOHTMPYEM MEXaHU3M AN1A BO3MOXKHOCTU PEryIMpoBaHUA 3a30pa mexay GunbTpom u
ceTkon (cm. Puc. 7). Noaseaem K meAHOMY JIUCTY U K CETKE MOCTOSHHOE HanpsKeHue oT nobon
H6aTapen BO3MOXKHO 6O/blUEl MOLLHOCTM ANA 3aMyCKa ABJEHMA MOHM3AUMKM Yepe3 KOoHAEeHcaTop,
NOAKNIOYMB «NAOCY» K ceTKe. CKonupyem B TOYHOCTM 6e3 Momex 3ByKOBble KONebaHUA XKyMKaHUA
3TOrO HAaCEKOMOTO M YCTAHOBUM €ro UCTOYHUK Ha naaTdopmy ceepxy. KOHCTPYKLMA Yepe3 HECKO/IbKO
MWHYT HaYHET NEBUTUPOBATb. ABNEHWE MOXHO YCWU/IUTb BUXPEBbLIM (BPALLAMOLLMMCA) MArHUTHbLIM
nosem BOKpYr Nnathopmbl, KOTOpAs Tenepb NepexoauT B Pa3pas 3INeKTPUYECKOro gmnona. Ynpasnatb
«rpaBuLLANOM» NPOCTO, HAKNOHAA e€ B NPOCTpaHCcTBe. MOLWHOCTL perympyeTca U3MmeHeHMemM 3a3opa
MeXay CeTKOM M GUAbTpom Ha nnatdopme. [NA TOPMONKEHUA, WUAM MNpPepbiBaHUA nNpoLuecca,
MOHTUPYEM HUXKE MENKOM CeTKM eweé ogHy C b6onee KPynHbIMU AYEMKaMMU, C KOHCTPYKTUBHO
N3MEHAIOLWENCA NNOLWAAbI0 MOBEPXHOCTU U MEXAHU3MOM PEryinpoBaHUA 3a3opa A0 NaAaTdopMbl.
OpfHaKo, ABNeHMe pasaeneHuns 3apagoB Hag v noa nnatPopmon, Kak rpagauneHT, byaeTt npoaonkaTb
CYLLECTBOBATb KaKOe-TO BPeMsA AaKe NPW TOPMOXKEHWUW, KaK GAHTOM, MOTOMY YTO, KaK Mbl 3HAEM,
BO3OY)KAEHHAA cpepa OTAAET 3HaumTenbHo 6Gosblie 3apaaoB, Yem TpebyeTcAa nocie aKTMBaLUM
npotecca ot 6atapewu.

B npeablaywmx rnaBax Mbl yKe OTMEYann, 4TO B OCHOBE 3aMnyCKa ABNEHWUA NIeBUTALMWN NeXaT
TakMe 4epenoBaHUA BO3OYKAEHMA cpeabl KaK, Hanpumep, Tenn0 W XONOA, pacliMpeHue u
KOHOEHCauMA, UeHTPobeXHble W LEHTPOCTPEMUTENbHbIE BO3AEUCTBMA WAW  TOKM  MONen
OTPULATENbHBIX U NMOMOXKUTENbHbBIX 3aPAA0B U T. 4. B UTOre BO3HMKAIOT yCTOMYMBbIE HE3ATYXatoLMe
KonebaTenbHble cUCTEMbI C NOTpebneHMeM 3HepPrMM M3BHe. B NpocTpaHCcTBE MOABAAETCA rPagveHT
NNOTHOCTEN, KOTOPbIA NOAHWMMAET OOBEKT BBEPX YCUAMEM YCTOMYMBOM MMMAO3MM, NO3BONAA
YCTPOMCTBY BMOPUPOBATb Ha HEKOTOPOM PE30HAHCHOM 4acToTe CaMOCTOATE/NIbHO, TO ecTb
NeBUTMpPOBaTb. Ho Npu paboTe TakMx KOHTYPOB HabNOAAIOTCA NAaTOreHHbIe NONA OYeHb BpeaHble ANA
yenoseka. OHM yCKOpPAOT BCe OMONOrMYECcKMe MNpoLeccbl BHYTPM OpraHM3mMa M MPUBOAAT K
npexaespeMeHHOMY M3HOCY. Beab Mbl MO3auMMCTBOBaNW Yy MPUpPOAbl BUOPOKOHTYPbl C BbICOKMMM
PUTMaMM  KU3HM - PUTMAMM HACEKOMbIX. WM nNbITaeMcA CUHXPOHU3MPOBATb WMX B E€4AUHOM
KonebaTeNlbHOM KOHTYype C BMBpoOCUCTEMON 4YenoBeKka Ha eguHol nnatpopme. B nepcnektnse atu
BOMPOCbI MOYHO CHATb MYTEM M3rOTOB/NIEHUA WMCKYCCTBEHHbIX GUNLTPOB. B TaKMx cayvasax KpanHe
Heobxo4MMa 3aLMTa M OHa CyLLeCTBYET, 40BO/IbHO NPOCTAA, U3 CO34aHHbIX YeNOBEKOM MCKYCCTBEHHbIX
NOMMEpPOB, Hanpumep, NOANITUNEHA.

34ecb Mbl MOMbITaIMCb PACCMOTPETb BCEro /iMWb OAHY BEPCUIO MeXaHW3Ma JieBUTauuu
nnaTPopMbl HA NPUHLMNAX OTTANIKUBAHUA OT CPenbl OKPYXKEHUA, C NPUMEHEHNEM 3BYKOBbIX BOJIH U
MONIOCTHbIX CTPYKTYpP. B Apyrux rnaBax Mbl BEPHEMCA K 3TOM Teme U 06CyauM TO Ke caMoe ABNEeHUe
aKTMBaLMM rpafmMeHTa 3apaaoB B aTMochepe, HO C UCNOIb30BAHNEM COBEPLUEHHO MHbIX CXeM COOPKM.
Hanpumep, ¢ co3pgaHvem Oerywei 3aMKHYTOM MarHMTHOW BOJIHbI B [AMCKOBbIX FeHepaTopax
9N1EKTPUYECKOrO TOKA WM B reHepaTopax C MHAYKTOPAaMW MAAHETAPHOM HaBMBKMU, UAWU B BUXPEBbIX
Asuratenax ¢ obpasosaHnem rnyboKoro cxaTusa X0N0AHONO ras3a M Noc/iesyoLein ero MoHM3aLmen,
MAW BO BPALLAIOLLMXCA ANCKaX C yNpaBAAeMbIMU UCKYCCTBEHHBIMW TOPHAZO0 BHYTPM.

Y yenoseuecTBa CylLLeCcTByeT Macca ApPYyrMx BO3MOMKHOCTEM COCyL,ecTBOBaTb C NPUPOLON B
rapmoHun, 6e3 paspylmTenbHbIX TEXHONOFMWA  3KCMA03UKM, MNPOBOLMPYIOWMUX TEXHOTEHHble
KaTacTpodbl. Mopoit paHTaCTMUECKMX, CKA30UYHbIX, HEOCYLLLECTBMMbIX, HO, MOBEPbLTE, BCE 3TO TO/IbKO Ha
nepsbin B3rna4. BosbmuTe XOTb, TeNenopTauuio, HY COBEPLIEHHO HepeasibHbIM U HEOOBACHUMBbIN
deHoMeH. A TaK 11 3To Ha camom aene? U, ecnn ntob6oit 06 bEKT, KOTOPbLIN MOXKET B STOM y4aCTBOBaATb,
€CTb He TOJIbKO 3Heprua, Ho U MHGOPMALLMA, TO HACKO/IbKO peasibHa eé 06 bEKTUBHOCTb B MPOCTPAHCTBE
N BpemeHun?

ACTPOHOMbBI HAY4YUIUCb NPUHMMATb BUAMMbIE CUTHA/Ibl BCMbILWEK 3B€3/, PACMONO0MKEHHbIX OT HAC
Ha PacCTOAHMAX 338 MWANIMOHbI U MUANMAPAbI CBETOBbIX /1IET, B TOM YUC/E Y¥XKEe HEe CYLLEeCTBYHLLMX
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KOCMMYECKNX 06beKTOB. 3HaUYUT, M3HaYaibHaA MHPOPMaLMA HE MCYE3aEeT B NPOCTPAHCTBE C NoTepen
eé TpaHcnaumm? OHa nNpoAo/IXKaeT PacnpoCTPaHATbLCA BO BCEX HaNpasB/ieHUAX OAHOBPEMEHHO,
OTAANAACb OT UCTOYHMKA M COXPAHAA MHOFOYUCIEHHbIE KOMUU BPEMEHHbIX COBbITUI TaK 40NTO, Kak
TONbKO XBATaeT 3HEPrum A0 3aTyxaHMA MMNYAbCOB BO34ENCTBMA Ha Cpeay OKpyKeHuA. B gaHHOM
CNy4yae Mbl TOBOPUM O PacnpoCTpaHeHMM CBETA - BUAMMOrO CneKTpa KosiebaHuii BO/HbI, eCTECTBEHHO
nogpasymeBan CKOPOCTb PACNpPOCTPAHEHUA, KaK CKOPOCTb CBEeTa. A TaKOB M MEXaHM3M nepenayu
MHbOPMALMM B peanbHOCTM? [laXke, eCnu B 3TUX NpoLeccax 3a4eMCTBOBaHbI MHbIE MO CO CKOPOCTAMM
pacnpoCTpaHeHMA HECPAaBHMMO NPEeBOCXOAAWMMM cBeT. B cuny Toro, uto noboe cobbitne HecéT ¢
coboit uHpopmaumio ropasgo 6osbliero ob6bema 1 SHePrum, Yem Mbl BOCIPUHUMAEM.

3HaYMT /IN 3TO, 4YTO 3HEprus 3a4aHHOM MNAOTHOCTU M GOPMbl MaTeEPUU «NepeTeKkaeT» B
NPOCTPAHCTBE, UCNONb3YA CaMy MaTepPUIo cpeabl OKpyKeHMA? N ecnmn aTo Tak, To Bce cobbiTUA — 3TO
HenpepbIiBHAaA MHOTOKaHa/ibHaA, MoAY/IMPOBaHHAA MHGopmauma? [lonycTMm, YTO Mbl B HalleM Mupe
- eCTb NOABW}KHAA dHEPrus rpagmMeHTa 3apagoB MaTepun, a COCTaBHOW e€ YacTblo, UM 060104KOM
Tena, ABAseTcs MHPopmMaLUs, UIN onepaTMBHOE MarHUTHoe 6uonone. 3HauyuT, 060 BMUA, SHEPTUU
HeceT B cebe onpeaeneHHyo MHPopmauuto. BoamorKHO, sHeprua u nHbopmauma B3aMMO3aBUCHMMDblI,
KaK Hanpumep, matepus u 3apad. Ho nx Bo3gencreme Ha YacTuubl Cpeapl, CTPYKTYPa KOTOPOM onncaHa
B r/1aBe «HEeprua 1 NPoCcTPaHCTBOY, Pas/inyHbl. HANOMHMM, YTO NPOCTPAHCTBO — 3TO U €CTb MaTepus,
KOTopaa COCTOUT M3 BGECKOHEYHOro KO/AMYecTBa MNOABUMKHbIX HECOM3IMEPUMO ManbIX «HYNEBbIX»
BMXPEN, C BbiCOYaMLLEN NNOTHOCTbIO PACNONOXKEHUA APYr K APYry Ha MHUMOM MaTpuLe NOABUMKHON
06BEMHOM «rPaBUTALMOHHOM» CETU. ITU BUXPU MOCTOAHHO U AMHAMMYHO B3aMMOAENCTBYIOT MEXAY
coboi M C UHbIMM BUXpPEBbIMM 0OpPA3OBaHMAMM  YacTML, BeWEecTBa B  aHANOTMYHbIX
«MPOCTPAHCTBEHHbIX» CETAX OKPYKEHUSA, HE paspyLlan Ux BUAOBbIE CBA3K, HO 0bpa3yA

Puc. 8 Bsanmopeincreme «HyNeBbIX» BUXPEN U Puc. 9 Nepeaaya nHPopmaunm BUAOBbIX HaCcTOT
NPOCTPAHCTBEHHOM CETU MATEPUN Ccpeabl. yepes pyKaBa BUXPEN 04HOPOAHbIX YacTuL, 6e3
nomex.

MHOIOYMC/IEHHbIE HOBblE CTPYKTYpbl U GOpPMbl MaTepun. Kak TO/IbKO «HY/NIeBOM» BUXPb BCTyNaeT BO
B3aMMOZENCTBME C 3apALOM B CPese OKPYXKEHUA, OH TYT }Ke BbiNagaeT U3 CBOEWN CeTh, a ero Mecto
3aHMMaeT APYron «HyneBoW» BMXPb. M BbINaBLUMIA 3apsajg NPEBPALLAETCA B 3/1EMEHTAPHYI0 YacTuLy
BELLECTBA W/IM B CTPYKTYPHYIO eANHNULY 06bEKTA NPOCTPAHCTBEHHOM CETU OKpYKeHua (cm. Puc. 8).
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CnepoBaTtenbHO, aHeprua nepegaéTtca OT YacTMubl K YacTmue No NPUMHLMNAM NPOTMBOAENCTBUA
BUXPEN cpenpbl OKpYKeHuAa, a MHPopmauma sasnsetcAa Konuven obpasa Bo3gencTsma Ha Heé. Kak,
Hanpumep, OTPa*KeHMEe BCMbIWKM MONHUM Ha Hebe. [ae 3BYK M caMa MONIHUA — 3TO MMNY/bCbl SHEPTUN,
KoTopble BO3bOyXaaloT cpedy, a WHbopmauMa o npoucxoaswem cobbiTuM, Kak eé o06pas,
OTMeYaTbiBaeTCA OPWUIMHANbHbIM  OTTUCKOM, MWAM  «AedeKTOM», Ha CTPYKTYPHbIX pyKaBax
CONPMKaCaoLWMXCA BUXPE MaTepum «MNPOCTPAHCTBEHHOM» CETU, KaK Ha BPaLLAOLLMXCA MArHUTHbIX
Hocutensax. M nepenaérca pparmeHTamun ganblie MHOTOYMUCNEHHBIM COCEAHMM BUXPAM OT OLHOIO K
APYromy, N COXPaHAETCA B HUX HaBCeraa, Kak COCTaBHaA YaCTb BCEM KaPTUHbI ABNIEHMA, TPAHCIMPYSA eé
B MTOre Ha BCE MPOCTPAHCTBO. [TpM 3TOM CKOPOCTb 3KPAHMPOBAHMA TEM Bblille, YEM Bbille CKOPOCTb
BpalleHMa BUXPEN, Koraa 3apagbl WX Aunonen B3aMMOAEWUCTBYIOT C OO/bWIMM  KOJAMYECTBOM
n3nyYyeHum gpyr apyra. Mo»KHo cKasaTb, YTo MHPOpPMaLMA OAHOBPEMEHHO AybaunpyeTca, PuKcupyeTtca
M PacnpocTpaHAeTcA B Cpefe OKPYKEeHMA Ha OrpOMHble pPacCToAHMA 4epe3 OeCcKoHeyHble
B3aMMOAEMNCTBUA C I/IEMEHTAPHLIMU YaCTULAMM U KHYNEBbIMU» BUXPAMU «TPABUTALMOHHBIX» W
«MNPOCTPAHCTBEHHbIX» ceTei. Ho, Hy}XHO OTMeTUTb, YTO BCe KonebaTenbHble CUCTEMbI CMOCOOHbI K
N3IY4EHMUIO U NPUEMY MMMNYNbCOB TONbKO Ha CBOMX «BUAOBbIX» YacToTax. [loaTomy 1 nepeaavy opyr
Apyry cobcTBeHHOM YacT MHPOPMaLMK O COBLITUAX B CBOEM OKPYKEHWUU, OT PYKaBa K PyKaBy BUXpPeEN,
OAHOPOAHbIE YaCTULbl OCYLLECTBAAIOT HA AHANOTMYHbIX BUOPALUMAX U 3TO COBEPLUEHHO He BAMAET Ha
cocegHue UCTOYHUKKM (cm. Puc. 9). Kak, Hanpumep, He meLlaloT Apyr APpYry TPAHCAALUUM Pa3ANYHbIX
PaANOCTaHLMIA Ha Pa3HbIX YacToTaxX. XOTs, BCE YaCTULbl U COCTOAT M3 KOMOUHAUMI «HYNEBBIX» BUXPEN,
HO M3/y4yaloT TO/IbKO CBOW MHAMBUMAYaNbHble CNEKTPbl. B ntore otobpaxkeHne cobbiTMA nonyyaercs
MaKCMManbHO MOJIHbIM BO BCEM NMHEMKe KonebaHuii u byaeT oTAanATbCA OT CBOEro UCTOYHMKA BCE
Aanblue W ganblie 40 Tex Nop, NOKa B MPOCTPAHCTBE CYLLECTBYIOT «BMAOBbIE» YACTULbI MaTePUN U
coceflHMEe BMXPU CMOCOOHbI MoAfep)KUBaTb TPebyemyro WMHTEHCUMBHOCTb A/1A ObICTPOM nepenaym
(pacnpocTpaHeHuna) oTneyaTka MHGOPMaLMKM NoA BO3AENCTBMEM SHEPTUN M3BHE. Toraa OHa MOXKeT
6bITb HenosHoi, nMbo BOBCE WCYE3HYTb B MPOCTPAHCTBE, HO TO/NbKO B 3TOM WHCTPYMEHTe
AybnmpoBaHusa, Myapo MNpeaycMOTPEHHOM MNpUMpoAoi. YTo Ke KacaeTca MIrHOBEHHbIX CKopocTel
pacnpocTpaHeHMa MHbopMaLMM Yepes camy MaTeputo NPOCTPAHCTBA, UK €€ «HyNeBble» BUXPU, TO
6eccrnopHo, OHW ABAAKOTCA OCHOBHbIM M NPO3PaYHbIM A1 OKPYKEHUSA MEXAaHM3MOM TPAHCIMPOBAHMUA
cob6bITMIN BO BCe KOHLbI BceneHHOM. [oTOMy UTO U3 MX KONebaTeNbHbIX KOHTYPOB M COCTOAT BCE BUXPMU
CTPYKTYpbl BelwiecTBa noboit Gopmbl matepuu. M 3TOT KaHan nepegaym MHPOpPMAUMM OCTaETcA
He3aTyxalowmm, MHPopMaLMa B HEM COXPAHAETCA NPAKTUYECKM BEYHO 4,0 TEX NOP, MOKa NPOCTPAHCTBO
He «nepedopmaTvpyeTca», UANM He NPUAET B paBHOBeECMe, rae WUCYe3HeT U BO3POAUTCA BHOBb
N3BEYHbI rpagMeHT 3apaoB.

NTaK, 0606WMM BCE NEPEYNCNIEHHOE paHEe M 3aMOMHUM, 4YTO BUBpaunmn namn konebaHms ectb
N3/ly4eHMA, KoTopble TPAaHCAMPYIOT B Cpeay OKPYKEHMA U SHEPTUIO B BUAE 3apAaoB, U MHdopmaLumio B
BMAE KONUI NPOoU3oLLIEeALMX COBbITUM, KaK B3aumMoaencTeusa BUBPOCTPYKTyp (annonei) mexxkay cobou.
Mo cyTn, n3ny4yan, 06BEKT TPAHCAUPYET BCHO 3a/10XKEHHYIO B MOAY/IMPOBAHHOM CUTHaNe MHOopMaLmio
o cebe, CBOEM CTpOeHMW, W nony4aeT eé o06paTHO C AOMNONHUTENbHON MoaynAuuen unu
«OTpaXKeHnem» U3BHe, TO eCTb C HOPMaLMe o Apyrux ob6beKkTax B cpese NpocTpaHcTaa. MycToT 6e3
MaTePUM B KOCMOCE HET, KHUYTO» He cyuiecTByeT. MpoOMeKYyTKM mMexay pa3nnyHbiMM 06beKkTamm
YN/IOTHAIOTCA BUXPAMW BOB/IEYEHHOM B ABUMKEHWE MATEPUM Cpedbl OKPYKEHUS. BUXpaMmK, KOTopble
obpasyloTca B pe3ysibTaTe BpaWEeHMA M ABUXNKEHUA 6ecYMCNeHHOro KOJIMYecTBa MOCTOAHHO
BO3HMKAOWMX U UCYE3AOWMX B MPOCTPAHCTBE 3/1EMEHTAPHbIX 4YacTul, aTOMOB M WHbIX dopm
B3aMMoAencTBytoLWwen mexay cobom matepmn. O4eBuAHO, 4TO Ntob6ana maTepus —ecTb Npouecc obmeHa
3Heprumn, Kak c BHELWHeN cpenon, Tak U BHYTpu ceoelt popmbl. A 06MeH 3Heprueit — ecTb ABUMKEHME,
TOK 3apAfoB, KOTOPbIN WU coBepluaeT ABneHMe, cobbiTve. A noboe none — ecTb pesynbTaT UAU
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cnepcTBue CBOMCTBA MaTepum BUBPMPOBaAThb, U3/1y4aTb, YNNIOTHATL BOJIHbI KONebaHu CBOMX BUXPEN B
cpege CyLwecTBOBaHMA, Kak rpagmMeHT NJ0THOCTU 3apAa0B..

MOXHO CKa3aTb, 4YTO Nt060I KonebaTeNbHbI KOHTYP MAM BMOpPOCUMCTEMA MUKPOMMPA — €CTb
4acTb CTPYKTYypbl BELLECTBA CO CBOMM 3/IEKTPUYECTBOM M MarHeTM3sMOM W Torga Noboe BelecTBo
nsnyyaet, a Ntoboe M3nyyeHUe - ecTb None CTPYKTypbl BelectBa. OaHO 6e3 Apyroro HEBO3MOXKHO.
CnepoBaTtenibHO, 3HEPTUA — eCTb aHANOT U3/TYYEHUIO B IMHEMKE YaCTOTHOrO CNeKTpa Ntoboit matepum.
3HaunUT, BUXPU Pa3NINYHON IHEPTETUKU, MU KONNYECTBA 3apAAO0B, B3aMMOAENCTBYA MeXay coboi u
OTTANKMBAACb APYr OT Apyra, CO34at0T YNpyroctb cpeabl, YNAOTHAKOT €€, 3an0HAA NPOCTPAHCTBO C
6onee HM3KOM NNOTHOCTbIO MaTepun. PopMUPYIOT YCIOBUA ANA NOCTOAHHOIO HA/NIMYMA FPAAMEHTA B
OKPY)XEHUMN, TEM CaMbIM CTUMYIMPYs OecunmcneHHoe KOJIMYECTBO NEepemMeLleHnin M BpalLeHui
3apAao0B, BCerga CTpemMacb K 06pa3oBaHMi0 CTabUAbHBIX U YCTOMUYMBBIX CTPYKTYP BELLECTBA B CBOEM
OKPYKEHUMU.

Mpupopa Hagenuna BCE cyuwee COBCTBEHHBIMM WMHCTPYMEHTAMM BOCMPUATUA TONBKO TOM
MHbOPMALMM N3BHE, KOTOPAA UM HeobxoanmMa ANA CyLLeCTBOBAHUSA, PA3MHOMXEHUA U pa3BUTUA. Ham
Y}Ke M3BECTHO, 4To MHbopMauua 06 OAHOM M TOM XKe CobbITUM PUKCUPYETCA, TPAHCAUPYETCA U
BOCNPUHMMAETCA B MPOCTPAHCTBE Pa3/IMYHbIMU GOPMAMMN MATEPUM OKPYIKEHUA B Pa3Hble MOMEHTbI
ero ceepueHua. CTano 6biTb, OHa OOBEKTUBHO CYLLECTBYET, HE3aBUCUMO OT «Habaoaatenen» n ntoboe
cobbiTEe, HEOCMOPUMO, ABAAETCA €€ UCTOYHMKOM. Toraa u HbicTpoTa nepefaym nHPopmauumn ob
OZHOM U TOM }Ke AeMCTBUM Pa3/IMYaeTcs A0 NPaKTUYECKM MIHOBEHHbIX CBEPXCBETOBbLIX CKOpOCTel. Kak
ANA U3NYYEeHUN, KOTopble He 061a4at0T SHepruelt 3apaaa UAM MHepPLUMEN N UM He NPOTUBOLENCTBYET
cpefia pacnpocTpaHeHua, TO eCcTb ANA HUx BceneHHas npo3payHa. MoTomy 4to MHbOpmauumA
TPAHCAUPYETCA Yepes cpeay OKPYKeHMUA, Kak BeCKoHeYHan Yyepeaa MHOMECTBA OTpaXKeHui cobbiTna
OT 6eCYMNCIEHHOr0 KOJIMYECTBA MarHUTHbIX CTPYKTYP «HYNEBbIX» BUXPEN «TPaBUTALMOHHON» CETU, KaK
eINHON maTepun npocTpaHcTea. lpu 3Tom, c 3aBepleHMem nwboro cobbiTua MHPopMmaLms,
OTPa3MBLUMCb €ANHOXKAbI B @aHHOM NPOMENKYTKE NPOCTPAHCTBA B €€ HACTOALLEM BPEMEHU, MOBTOPHO
30€ecb e He oTpakaercsa (oT eé obpasos). Ho coxpaHaeTca, Kak NpUobpeTEHHOE U3MeHeHWe B
CcOb6CTBEHHOM MArHUTHOM CTPYKTYpE BUXPEN MATEPUMN BCEX KMPOCTPAHCTBEHHbIX» CETEN KOHKPETHOM
cpeabl OKPY)KeHuA, HaBcerga. M 3Tn cBefeHus, Npu XKenaHUU, MOXKHO M3BNEeYb BbIBOPOYHO UM
NOMHOCTbIO M3 MHOrMX GOPM YacTuL, BelecTBa B 3TOM MPOMEXKYTKE NPOCTPAHCTBA, Aaxke Mo
NPOLIECTBUM MWIJIMOHOB NEeT, B LEs0CTU U COXPAaHHOCTU. KaK M3BEYHbIA apXMB «reHeTUYeCKoMm»
MHbOpMauuUmM, NPMOBPEeTEHHON B NEPUOL 3aPOXKAEHUA, POCTA, PAa3BUTMA M pacnaga B CBOMX LIMKNAX
N060oro cobbITUA, C €AMHCTBEHHON MUCCUMEN CNAceHUsa U Mepeaayn eé cedylolnm MOKONEeHMAM
3BOMIOUMN. M Mbl MOCTOAHHO HAXxoAMM TOMY MNOATBEPXKAEHME B OObIMHOM KM3HM BOKPYr Hac.
daKkTnyeckn ntobaa maTepua A0 ONpeAeNneHHbIX NOP PACTET U PAa3MHOMKAETCA, U HET FPAHU MeXay
HEXMBOM W XuBoih dopmoi, nb6o M Ta U gpyraa UMET OANHAKOBbIE BO3MOMXHOCTU K POCTY U
BOCMPOWU3BOACTBY, KaK K MHCTPYMEHTaM B3aMMOLENCTBUA B MPUPOSE.

Mbl 4aCcTO YyNOMMHAEM O BO3EMCTBUM HA OKPYKEHME UCTOYHUKAMM SHEPTETUYECKMX MMMYbCOB,
KaK COBOKYMHOCTM Pa3/INYHbIX BUAOB SHEPTUU, TO eCTb KonebaTenbHbIMKU CUCTEMAMM, KOUMU ABNAETCA
coBeplUeHHO Ntobas maTepuA. 3HAUUT, Mbl MOXKEM YTBEPXKAATb O AMCKPETHOCTU CamMOli NpuUpoAbl
noboit sHeprun n nobort maTtepuu, B TOM UYUC/IE U O [AUCKPETHOCTU 3BYKOBbIX, CBETOBbIX,
9N1EKTPOMArHUTHbIX, FPAaBUTALMOHHbLIX BOJIH, OUCKPETHOCTU MHPOPMALMM O €€ UCTOYHWMKE WU T. A4,
Bnbpauum HemsmeHHO GOPMUPYIOT  AUCKPETHble Bblbpocbl nAMOO  MOrAOWEHMA B BUAE
3HEpProMHPOpPMaLMOHHbIX MMMYAbCOB B3aUMOAENCTBMA CO Cpeaoih OkpyxeHua. Torpa, ntoboe
cseplmBlleecs cobbiTMe B AUMHAMMKE MOXHO BOCCO343aTb M3 04YepesHOCTM MHOXKEeCTBa
GUKCMPOBAHHbIX, MIHOBEHHbIX COOLITUI. BAnAHME KOTOpbIX Ha Cpefy OKPYXeHuA npeanaraem
npeAcTaBuUTb, Hanpumep, B Buae OECKOHEYHOr0o BO BPEMEHM KOMYeCTBA  OUCKPETHbIX
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MHOOPMALMOHHBIX chep, PacLUMPAIOLLMXCA U OTAANAOLNXCA OT LEeHTPa cobbITUA OA4MH 33 APYrUM (CMm.
Puc. 10).

PaccmoTpum npouecc B 06wmx YyepTtax. s NnpocToTbl BOCNPUATUA, BOOOPA3NM, YTO YeN0BEK —
3TO M eCTb 06BEKT BO3AENCTBUA HA Cpeay OKPYKEHUS, HEKAA eANHAA OTKPbITaa CUHXPOHM3MPOBAHHAA
CUCTEMA, COCTOALLAA U3 BECKOHEYHOro MHOMECTBA PA3/IMYHbIX 3aMKHYTbIX KonebaTeIbHbIX KOHTYPOB.
B npupoge Kaxaaa Takaa CUCTEMA, HEBA)KHO OAYLIEBNEHHOW WMAM HeoAyLeBNEHHOM MaTepuu,
COOTBETCTBYET CBOEMY KMU3HEHHOMY LMKAY. [peacTaBbTe, YTO BPEMEHHbIE CObbITUA, NpoucxoasaLime
eXeJHEeBHO B HalleM NPOCTPAHCTBE OKPYXKEHUA, KaK bbl yCTPEMANAIOTCA HAM HABCTPEYY CO CKOPOCTbIO,
KOTOpasa COOTBETCTBYET TO/IbKO HALUEMY KU3HEHHOMY UMKAY. B KaKAblii MUr CBOEro ABUMKEHUA,
Ha30BeM ero cobbITMeMm, Mbl BO3ENCTBYEM Ha Cpeay OKPYKEHUA B BUAE SIHEPTreTUYECKMX MMMNY/IbCOB,
ncxogAWMX OT Tena Kak KonebatenbHowm cuctembl. MpeactaBbTe, YTO B 3TOT MOMEHT BO34ENCTBUSA
obpasyeTcs, Hanpumep, NPOAO0/IbHAA BOJ/IHA, MO/ KOTOPOM UCXOAMUT BO BCEX HAaMpaBAEHUAX OT MecTa
B3aMMOLENCTBMA CO cpenoi, B Buae 0OO3HAYEHHbIX paHee PaCMPAIOWMXCA U OAHOBPEMEHHO
YOANAOWMNXCA NOBEPXHOCTEM MHOXKecTBa chep. OueBMAHO, YTO pPeakums cpeabl OKPYXKEeHMA Ha
SHepreTUYecKne MMNybCbl TENA — 3TO TOXKE LLe/Ibi KOMMNIEKC NPOTUBOAENCTBUIA PAa3NINYHbIX BUAOB

Puc. 10 dHepronHdopmaumnoHHble cdepbl cobbitha. Puc. 11 NpoTuBoaeincTBmMe NPoCTPaHCTBa
OBUMKEHMUIO.

BO3OYKAEHHON MaTepUM C Pa3IMYHbIMKU CBOMCTBAMMW. [TOTOMY YTO MMNY/ILC - 3TO BOJIHOBOW NpoLecc
BUXPSA, KOTOPbIA BO3AENCTBYET AUCKPETHO BMbBpaumamu, N BO3OYyKAEHHble 6osee UHTEHCUBHbIMU
BMXPAMM YACTULbI Cpeabl HAYMHAIOT B3aMMOAENCTBOBATb C PA3/IMYHBIMU COCEAHMMM BUXPAMM HACTUL,
6anKalero oKpy)KeHuA. LlenHol npouecc NpoAo/bHOW BOJIHbI MOMKET MPOAOKATbCA BO BCe
CTOPOHbI 06PaA3YOWMXCA MHUMBbIX Chep OT TOUKM COBLITUA C 3aTyXaHUEM SHEPTUU, HO He MHGOopMaLLUK
06 3TOM cObbITUN. U KaxKAan YacTuLLa MaTePUN cpeapbl, NOC/e KOHTaKTa C TeJIOM Ye/I0BEKa, CTPEMUTCA,
nog, sanaHnem 6osee MOLLHbIX CUA B3AaUMHOTO OTTaZIKMBaHWA 06bEKTOB M3BHe pa3banaHCMpPOBaHHOIO
HaMM NPOCTPAHCTBA, BEPHYTbCA K HaYa/IbHOM NO3ULUM B «TPABUTALLMOHHOM NPOCTPAHCTBEHHOM» CETH,
OKa3blBasA TéM CaMbIM NPOTUBOAENCTBME Ha ABUKEHWNE, HANPUMEP, HaLllen pyKU. U mbl ero owyutaem,
NpoAOo/IXKasa ABMratbCca Aajblle B 3aA4aHHOM HanpasneHunm (cm. Puc. 11). BOT M BCe OCHOBHble
MEeXaHU3Mbl B AMHAMMUKE, eC1 OLLeHMBaTb cucTemy 6e3 aetanen.

BepoATHO, aHanusupyemble HaMW 3HEProMHPopmMauMoHHble cdepbl O NPOLWbIX COBbITUAX
06beKTa, PacnpOCTPAHAITCA OT MCTOYHWMKA 4Yepe3 MaTeputo MPOCTPaAHCTBA A0 Tex Mop, MOKAa OH
NPOAOMKAET CUHXPOHHO BUOPUPOBATL KaK eaunHan KonebatenbHaa cuctema. lotomy, 4To B Npupoae
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BMOPMPYET Kaxpana 3/N1eMeHTapHas 4acTuua, KaXabli aToOM BeLLecTBa, M3 KOTOPbIX CO34aHbl
BHYTPEHHME CTPYKTYpbl 06beKTa, U cam 0bbeKT. U BCce 3TU KosebaTenbHble KOHTYPbl UMEKT CBOMU
WNHOMBUAYAIbHbIE NAapaMeTpbl BUbpaLmii. MNpu 3apoxKaeHUM YeNOBEKA, HAaNpUMep, OHU GOPMUPYIOTCA
B K/IeTKax Tena, BHYTPEHHWX OpraHax W T. 4., 0bbeauHAACb B WMHOMBUAYANbHble KonebaTenbHble
CUCTEMbI CO CBOMMM CBOMCTBaMU. Be3 COMHEHMI, BCE OHW MO Mepe pocTa onpeaenéHHbIM 06pasom
CUHXPOHU3MUPYIOTCA B KAXKAOM aTOMe, MONEKY/E U KaxKAoM YacTM eAMHOr0 MexaHM3Ma Ha eAunHOM
nnatpopme, 06begnHAACL B 06LLY0 popmMy BUOPUPYIOLLEN CUCTEMbI - OPraHM3M YenoBeka. MOXKHO
paccmaTpuBaTb Halle Teno, KakK COBOKYMHOCTb KO/siebaTeslbHbIX CUCTEM BCEX HALMX OPraHoB, Kak
HenpepbIBHO ABTOCUMHXPOHU3UPYIOLLYOCA KosiebaTenbHyo CcUCTEMY, C MPUCYLWMMU TONbKO eu
WHAMBMAYANbHBIMW NapameTpamn Bubpaunit. M Takaa cornacoBaHHOCTb KpawHe Heobxoauma B
YCNOBUAX MOCTOAHHbIX U3MEHEHUI BO3AEWUCTBMA cpeabl. YAanunu, Hanpumep, 4yenoBeky 60bHOM
OpraH M ero cucTema Ctasia APYron, € YaCTUYHO YTEPAHHbIMUM CBOMCTBaMU. CUCTEMaA [aXKe MOXKeT
nepecTtaTb ObITb }KMBOWM UM PA3PYLUUTLCA HA COCTaBAAIOLLME, TOTAA M e€ BUbpauuu byayT apyrnmu. A
€C/IN MCcYe3aeT HayaslbHas «TOYKA» WM3/YYEeHMA SHEepPreTMYecKMx MMMYNbCOB, KaK «TOYKa pocTa»
NOBEPXHOCTU KOHTAKTa CO cCpenon, TO OObEeKT nepecTaeT CyWwecTBOBAaTb KaK MHAWBWUAYaNbHaA
Bnbpocmuctema. Toraa oH 6yaetr GyHKUMOHMPOBATL KaK «UHbIE» OOBEKTbI C COBEPLUEHHO WMHbIMMU
dGU3MYECKMMM CBOMCTBAMM U SHEPTETUHECKMMM UMMYNbCAMMU KOHTYPOB M YXKE UX KUBYYECTb CTaHET
NOALEPKMBATLCA BCEMU UMEOLWMMUCA Y NPUPOLbI BOSMOXKHOCTAMM.

A Tenepb npeacTtaBuMM, YTO HAWKW MHWUMblE 3HEProMHPOPMALMOHHbIE MOBEPXHOCTU Coep
ABNAIOTCA BHEWHUMM GOpMamMn OTOBPAXKEHUA WCTOYHMKOB MU3/IYYEHUN B Cpese OKPYKEHWuA.
Hanpumep, atoma, moseKynbl, A610Ka, MbllwK, YenoBeKka U T. 4. U n3 noboi TOUKM NpoCTpaHCTBA
«Habnwogartenem» byaeT BOCMPUHMMATBLCA CBOS YacTb HanpaB/AeHHOM MHPopmaunmn o6 obbekTe, Kak
6ecKoHeYHoe KOJINYEeCTBO AUCKPETHO M3y4yaembix 06pa3oB yepeayrowmxca cobbituii. He Tonbko B
BMAE peaKkumii NPOTUBOAENCTBUSA YACTUL, CPebl UCTOYHMKAM 31EKTPOMArHUTHOIO BO3OYKAEHUSA, HO U
Kak nepegaya MHGOPMaLMM OT BUXPA K BUXPHO MATEPUM NPOCTPAHCTBA. B KaxKabli Mur o6pasoBaHuns
Takoro «daHTomMa» cobblTUA, B MArHUTHbIX CTPYKTYPaX MHOFOYMCNEHHbIX «HYNEBbIX» BUXPEW
«rpaBUTaLMOHHOM» CeTWU, apxuBupyeTca BcA UWHOOpMaLMA, AOCTYNHaa ANA CYMTbIBAHUA W
BOCCO34aHuA, NPU HEOBXOAMMOCTH, NOSHOTO MHOOPMALMOHHOTO KIOHA 06BbEKTa NCTOYHMKA cobbITUA
B N1t060ON MOMEHT BpemeHU 1 B l06OM cneKkTpe usnydyeHui. [axke yepes MUANMUOHbBI NIeT, Fae YyrogHo
BO BceneHHon. KoHe4yHO, KNOH OyaeT COOTBETCTBOBATb TOJIbKO TemM obpas3am AMCKPEeTHOro mMura
cob6bITMA B NPOCTPAHCTBE, C KOTOPbIX Bblna 3adMKcMpoBaHa KonuA. YTo-To Bpoae CO34aHUA ApAblKa C
¢daina Ha KomnbloTepe.

Torpa, BO3MOXKHO M 3apoXKAeHNE GU3NYECKOro KOHA 06beKTa Mo apxmBy MHPOPMaLUM, KaK
MarHMTHOM COCTaBAAIOLEN eAUHON 3HEPreTUYECKON BUBpOCUCTEMBI M3 MATEPUKN NPOCTPaHCTBa? Kak
«0bpaTHbI Xo0a»? U Kak B 3TOM C/ly4ae OTAMYUTb UCTUHHbBIN 0OBEKT OT ero ¢paHToma?

M3 npeablaywmnx rnaB Mbl y¥Ke 3HAEM, YTO KaKAbl M3 HAc, KaK «Habao[aTenby, CyllecTsyeT
TO/IbKO B CBOEM HacToAlWeM BpeMeHU. Hanpumep, BO3HMKAA XKMBasA KAeTKa B HACTOALLEM, Hayana
Aenutbea. NepBoOpoaAHas KNeTKa ywaa B NPOLIOe, @ MUT AeNeHNA 3a4eprKanca B HacToawem. U Tak
fanee. loKa BHYTPEHHAA 3SHEPrua KNeTKn UM MHGOPMAUMA, W3HAYA/NIbHO BNOXKEHHbIE B HEW,
B3aMMOZENCTBYA BHYTPU cebs 1 C BHELIHEW Cpesion, He TPaHCHOPMUPYHOTCA CO BPEMEHEM, Hanpumep,
B peb&HKa, HOHOLWY, B3POC/Oro YesoBeKa, MOTOM B CTapua, KOTOPbIA M 3aBepLINUT CBOM NyTb B
cobCTBEHHOM MHAMBMAYANbHOM BpemMeHW. MoToMy 4YTO B MOEM BPEMEHM OH OCTaéTcA Bcerga B
npownom. CBoero poaa, «Tovyka pocTa» B AMHAMMUKE Pa3BUTUA U pacnaga, Kotopas HeusberkHo
Haxo4UTCA TONbKO B HAcTOAWEM BpemMeHM Ha nnatbopme enuHOM ero cobCTBEHHOM
CUHXPOHU3NPOBAHHOW BMBpOCUCTEMBI. HO €CTb MCKNOUEHMA, KOTrAa MPOUCXOAUT pacnaj, Ha HECKOIbKO
He3aBUCUMbIX OOBEKTOB, N TOr4a BO3HUKAIOT HOBblE MHANBUAYA/IbHbIE BPEMEHHbIE NAATGOPMbI.
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3HAUMT M 3TO, YTO MMEHHO TaKue nepBOpPOAHble OOBLEKTbI SABAAOTCA OPUITMHANbHBIM
MCTOYHMKOM  M3MEHAIOLLMXCA  IHEPreTMYECKUX UMMNYAbCOB HEKOW O4YepéaHOCTU  cobbITuiA
B3aMMOAENCTBUA MATEPUM B MPOCTPAHCTBE, KOTOPaA B CYLWLHOCTM WU ONpefensieT Xo4 BPeMeHU
o6bekTa? Toraa, 6b110 Bbl HEBEPHBIM YTBEPKAATb, YTO BecuncneHHOe MHOXeCTBO «HabntoaaTenen»
3a 04HMM cobbITUEM U eCcTb BeCKOHeYHOe KOIMYeCTBa HAaCTOALWMX BPEMEH B NPOCTPAHCTBE, BEAb OHM
HUKOMM 0b6pa3om He 3aBUCAT Apyr oT Apyra. Nam, Kaxablii O06BbeKT onupaeTca /nWb Ha CBOE
CO6CTBEHHOE BpPeMsA MONHOr0 YM3HEHHOro uMKAa. Ho, ecnn 3TM MHOrovmcieHHble BMbpocucTeMbl
HaxoAAaTcA B 0bwen cpese OKpYKeHMA, KOTopaa UX 0ObeAUNHAET, TO MOXKHO YTBEPXKAATb, YTO LMKAbI
obwen cpeabl AOMUHUPYIOT Hag Nepuodamm nynbcaumii o6beKToB B €€ CTpyKType. Hanpumep, Kak
BocxoZ M 3axofd ConHua UAM NPUAMB M OT/IMB OKeaHa, UAM UMKAbl NIYHHbIX 3aTMEHUN U T. 4., NOA
KOTOpble M MNOACTPaMBaeTCA BCA 3E€MHAA XMBHOCTb. YenoBek B CBOEM COOOLLECTBE MNPUHAN
cobcTBeHHOE BpemsAa, 3aBucAwee OT nepuoaa obpaweHus 3eman BoKpyr CosHUA M BOKpYr
COHCTBEHHOM OCK, KaK LMKA CMeHbl ce30HOB. OHO Ha TO M Bpems, Y4TOObl MMETb MPOMENKYTOK OT
cobbITHA K cOBbITUIO, UK cBOM Nepuod. Tak NPocTo yA06HO AN KOMMYHUKaLMA B 06LLECTBE, TO CTb
€ro MOXHO OTCYMUTbIBATb MO-pPa3HOMY, OTHOcUTeNbHO nboro cobbiTnAa. Ho 8 peansHocmu
npoOCMpPaHCMea HaCMoAwee 8peMs, Komopoe He 3a8Ucum HU 0m K020, 0OHO U OHO eCmb 08UX(eHuUe
mamepuu, U e2o He cywecmgyem gHe mamepuu. OTCYTCTBUE ABUMKEHMA B MPOCTPAHCTBE BbI30BET
OCTQHOBKY BPEMEHM MWAM MNYyCTOTy, MaTepusa «cxaonHeTcA» 6e3 npoTuBOAENCTBUA Apyr AOpyry.
Coanacumecs, popmyna «08uxceHue —Mmamepus —3apA0 — O8UHEHUE», 3080PAHUBAIOUWE MOXOHA HA
ypasHeHUe meopeHUs HU3HU.

[axe ecnn Bpema ecTb YC/IOBHAA BEIMYMHA, TO MOYEMY Yy TEYEHWUA BPEMEHWU B HACTOALLEM
CyLLeCTBYET pasHuLUa mexay ob6beKkTamMn Ha NMOBEPXHOCTU 3eM/M, FTAe Bpemsa TeyeT MmeasieHHee, U
BbICOKO Haj, 3eMnei, Hanpumep, B ropax, rae spems teyet bbicTpee?

OkasblBaeTcA, Bce ropasao npouwe. Ecam npeHebpeyb BEKTOPOM HAMpPaB/AEHMA ABUMKEHUA,
ntoboro Tena, Hanpumep, KOCMOHaBTA B OTKPbITOM KOCMOCE, TO MOXHO YTBEPKAATb, YTO OH HAaXo4MUTCA
B HEBECOMOCTU. ITO 3HAYUT, YTO Ha HEro CO BCEX CTOPOH BO3AEMCTBYIOT CYMMAPHO PaBHble CUbI
OTTa/IKUBAHMA CO CTOPOHbI KOCMMYECKUX OBBEKTOB MPOCTPAHCTBA OKPYXKeHUA. Mpu npubanxkeHnn
KOCMOHaBTa K 3emsie Mbl Habawgaem, YTO BO3AENCTBME KOCMMUYECKUMX CUA CO CTOPOHbI 3emau
ocnabeBaeT M 3amellaeTcA CUIAMKM OTTA/NIKMBAHMA CaMOM NJaHeTbl, TaK KaK OHa MpPUKpbIBaeT
paccmaTpuBaeMoe Hamu Tesio cBouMm Kopnycom (cm. Puc. 12). Ho cymmapHble cuibl OTTanKMBAHUA
Tesa KOCMOHaBTa OT 3eMAM CYLLEeCTBEHHO MEHbLUE CYMMapHbIX CUA OTTA/NIKMBAaHMA CO CTOPOHbI BCEX
06bEeKTOB b6aMKaMLero KocMmoca. 3TO U NAAHEeTbl, U 3Be34bl U TYMAHHOCTU U T. 4. M noTomy Teno
KOCMOHaBTa MPUKMMAET K NOBEPXHOCTU 3EMAN TEM CUbHEE, YeM BAMKE K 3TON NMOBEPXHOCTU OHO
pa3smelleHo. To ecTb, Yyem BaMKEe K MOBEPXHOCTM MAaHETbl, TEM MaTepua 6onblie ynaoTHAETCA
(cxkmmaeTtcs). A B 6onee NNOTHOM cpefie OKPYKEHUs KonebaTenbHbI KOHTYP YeN0oBeKa, Kak 1 1toboro
APYroro Tena, 3ameanseTt cBou Bubpaumn. OH NOCTOAHHO NepPecTpamBaeTca ANA CUHXPOHM3AUMM C
BMBpOCUCTEMOM 3EMAN B HOBbIX M3MEHUBLUMXCA YCIOBUAX NPOTUBOLENCTBUA CPeabl OKpPYKeHuA. B
ropax e BCE& poBHbIM cHeTOM HAobOpPOT, cpena paspaxeHa, He TpebyeTcAa 6ONbLINX 3aTPaT SHEPrum,
PUTMbI BUBPaLMIA CUCTEM YCKOPAIOTCA, CKOPOCTb MeTaboIM3MOB BO3pacTaeT, MPOLLeCcChl B OpraHn3me
4yenoBeKa CTAaHOBATCA aKTUBHee. B To e BpemAa nofobHble ABNEHUA yKe 3ameasieHnsa Bubpaumii u
aBTOCMHXPOHM3ALMN KonebaTeNbHbIX KOHTYPOB AEWCTBYIOT M Ha ObICTPO ABWMNKyLMeca Tena, rae
MaTepusa YNAOTHAETCA NOCTOAHHBIMW MMMY/IbCAaMU NPOTUBOAENCTBUA YaCTUL, Cpeapbl.

3HAUMT NIM 3TO, YTO BCE KMBOE M HEXKMBOE, HAXOAALLEECA B HEMOCPEACTBEHHOM KOHTAKTe C
NMOBEPXHOCTbIO 3€MJ/IN, COCTaBAAET eAMHYH KonebaTeNbHyl cCUCTEMY Ha peanbHoM nnatdopme
nnaHetbl? Ecan 6patb B obuwiem, To, KOHeuHOo, da! U Bce KMBOe, POXAEHHOEe Ha 3TOW MnnaHeTe,
afanTMPOBAHO (YMTalh CUHXPOHM3MPOBAHO) N3HAYANbHO NOJA, YCN0BUA XU3HN HA HEW, B 3TOM OFPOMHOM
YHUKanbHOM BUbpocucteme. BoixogmT, 1 Hawa 3emna HaxoaMTcA OTHOCUMTeNbHO CONHEYHOM CUCTEMDI
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TOXe B CBOEM HacTosleMm BpemeHu. Toeda, npowsioe u bydyujee — amo 8ceao Aullb UHpopmMmayusa u
1100 Hawez20 800bpaxceHuUs, hukcayusa peasbHosix cobbimuli u pe3yanbmam aHaAU3a Haweao pasyma?

B Takom cnyyae, noyemy e Mbl He Habatogaem BOKPYr Hac Cammx, Kak NOAJIMHHbIX 0OBEKTOB,
CBOW MHOroymcneHHole GaHTOMbI, KOTOpble KaXKAblii MUF nepeaaroT Aanee yepes MaTeputo
NPOCTPaHCTBAa Hawu o06pa3bl? Kak umnynbcbl BMBpOCMCTEM NpU B3aMMOAENCTBUMM CO cCpepon
OKpyKeHuns? Kaszanocb 6bl, OHW A0MKHbI WNerndom NPUCYTCTBOBATb BOKPYT KaXKA0ro B CoO6CcTBEHHOM
none 3peHusn, Kak XBOCTbl KOMET, Kak NoKaapoBKa cobbITUn?

OTBeT 04EBUAEH, Mbl U HE MOXKEM UX BUAETb MO TON NPUYMNHE, YTO BCE 3TU COOBLITUA C HAMMU YKe
NPOM30W/M WU OHM B MPOLWIJIOM, @ Mbl C BaMW, Ka)KAblW M3 HAC, BCeraa HaxXxoAMMCs B CBOEM
MHAMBKMAYANbHOM HacTosAwem. Mbl Habatogaem peanbHble cobbITMA, NpoMcxodsaline 34ech U cenyac,
B HaLLIEM OKPYEHUU NPU HENOCPEACTBEHHOM KOHTAKTe C MaTepuel nnn eé oTpaxkeHnem nssHe. M ato
TOXe B 06wem npubanKeHun, NoToMy 4YTo Hawa Gopma Tena - 3TO OFPOMHbLIA MUP, U YTO B HEM
NepBMYHO Ceiyac - O4YeHb OTHOCUTENbHO. BOT noyemy Mbl rOBOPUM C TOYKWU 3peHMA eAUHOM
nnatdopmbl BUOPOCMCTEMBI, TaK KakK MNPOLLECC PacWeEenneHns CTPYKTypbl nboro obbekTa Ha
KonebaTenbHble KOHTYPbl TaKKe 6eCcKOHeYeH, Kak U Ha 3N1eMeHTapPHble YacTuLbl BELLEeCTBA. 3HAYUT,
obume KapTUHbI COBbITUIN, MPOUCXOAALLNE B HALLEM OKPYXKEHUN, aHaNU3NPYOTCA U GUKCUPYIOTCA B

Puc. 12 CymmapHble BO34ENCTBMA OTTANIKMBAHUM Puc. 13 Mocaaka XKyKa Ha cTebens.
cpeapl M NiaHeTbl HA KOCMOHaBTa. (doTowon)

Buae duabma Hawmm Mmo3rom, 1Mbo BuaeoKkamepoi, potoannapaTom 1 T. 4. B npupoge e Bo3Bpata
B npolusioe He bbiBaeT. Mbl MOXKeM TOJIbKO CYMTbIBaTb MHPOPMALMIO C YXKe CBEPLUEHHbIX COBLITUN,
3anevyaT/IiEHHbIX B OKPYXEHUU C/1Ief0B B3aUMOAENCTBMA CO cpeaoi. UM MOKem W3MEHST,
BO3/elCTBOBaTb Ha HACTOALLEE TONbKO aHa/NM3UPYys MpoLusble cobbiTUs, Yyepe3 MHPOPMALINIO, KaK
OoTpaxkeHue 06bekToB. YTO Mbl U aenaem B MOBCEAHEBHOW KW3HM, B TOM 4ucne, Habnwogan 3a
3Be3/HbIM Hebom.

Ecnn 370 Tak, TO BCE cyLlee, YTO NPUCIOCOBNEHO K }KU3HU, A0/IKHO UMETb CBOW BMOoNOrMyeckne
cucTteMbl GMKcauuM cobbITUM, UX aHaAW3a, NamATU, apXMBUPOBAHMA M T. 4., NOTOMY YTO BCE 3TO
06s3aTenbHO ANA PYHKUMOHMPOBAHUSA B CPeAE OKPYKeHua. [opasntenbHo, HaCKONbKO 3PPEKTUBHO,
[aKe y pacTeHWUI, NPOCTENLLINX YepBen UM HAaceKOMbIX, paboTaloT Bce 3TU cucTembl. Hanpumep, XyK,
yTOObI NPU3EMINTLCSA B MOJIETE Ha NOBEPXHOCTb, KOJIEbAOLLErocs Ha BeTpy cTebia pacTeHua, AO/KEH
nposecT 06paboTKy OrPOMHOI0 KOAMYECTBA BBOAHbLIX A@HHbIX C KONMWIA PUKCUPOBAHHbIX MPOLLJIbIX
cobbITMI. YuecTb apXxMBHble CBeAeHMA 3allMPpPOBAHHOM B reHax MHbOpMaLUUM B BUAE MHCTUHKTA,
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onbiTa, HaBblKa. OnNpeaennTb MeCcTonosioXKeHne ctebna B MOMEHT NOCAZAKM Ha HEro ¢ Bo3ayxa U T. 4.
(cm. Puc. 13). CKkaxkute nocne BCEro 3TOro, YTO MMEHHO YE/I0BEK — BepLUMHA TBOpPeHMA? JIMYHO A
rnyboKo He y6exaéH B 3TOM, MOoToMy YTO «ONMMN» He BeYeH, a cCobbITUA B3aMMOAENCTBUIA MaTepPUn
BCE FOHAT M TOHAT BpemA Bhnepén. Passe He OAWMH M TOT YKe MEXaHM3M OBUXKEHWUA 3apALO0B, Kak
WHTEHCMBHOCTb BpaLLEHMA BUXper MaTepuu, PaBHO 3a/0XKeH B CTPYKType ObITUA 3n1eMeHTapHbIX
YacCTUL, M YeNIOBEKA, KaK OCHOBA XU3HEYTBEPKAAOLLEro rpagueHTa’?

HanomHum, 4To nepemeleHme mn3obparkeHMi npownoro cobbiTna obbekTa B NMPOCTPAHCTBE
COMPOBOXAAETCA eLWE U SIHEeprMen, nepesaBaeMon B onpeaenéHHbix CeKTpax nsnydyeHui. Hanpumep,
BbICTPE/ U3 PY}KbA HA KAKOM-TO PacCTOAHUKN OT Hac. Mbl BUAMM He TOJIbKO BCMbILIKY U CAbILLNM 3BYK,
HO M OllylWaeM 3aTyXaloWyto SHEPruio BO3LENCTBMA BbICTPENAa Ha Cpedy OKPYKEHWUA. DHeprus
npoLwnoro cobbiTUA, Yepes MmaTeputo NPOCTPAHCTBA, BO3AEMNCTBYET Ha HAcC, Kak «HabnoaaTenein», Ho
Y)Ke B HalleM HacToAleM BpeMeHU. M Mbl NpUHUMAEM U pUKCUMpPYEM, U SHEPTUIO, N 06pa3bl.

Korga-HMbyab 4enoBeyecTBO Hay4ymUTCA CYUTbIBATb M cOBUpaTb BCo MHPOPMaUMIO ¢ paHTOMOB
cobbITMI, Npounsoweawmnx ¢ AtbbiM MCTOYHMKOM BMOpauuii. 3TO NO3BOAUT BOCCO343BaTb CaMM
06BbEKTbl MaTepManbHO CO BCEMU NX GUBNYECKMMM CBOMCTBAMM U SIHEPTETUYECKMMM BO3MOXKHOCTAMM
B 1t060M MecTe BceneHHOM, Tak Kak maTpuua maTepun Besge o4HOTUMHA U COCTOUT U3 O4HOrO M TOro
Xe. Hanpumep, ecnm mbl 3aXO0TUM CbecTb KpacHoe A6/10K0, TO HaM He HYXXHO MMeTb BO3MOXHOCTb
nocaamTb OepeBO, PacTUTb ero, OXuAaTb CO3PEeBaHWA N0A0B, COBMPaATb M COXPaHATb YpPOXKaW.
[JOCTaTO4HO MMETb MONHYK MHPOPMAUMIO O ADNOKE Ha AWUCKE B apXxvBe, Hanpumep, Cenekuuu.
AKTUBMPOBATb AUCK, HaNpPUMep, Ha «NosHOM» 3D NpUHTEpPE U co34aTb HyXKHOoe A6N0KO U3 MaTepuana
OKpY!Kalolero NpocTpaHCTBa CO BCceMU PpU3NYECKMMU CBOMCTBAMU. Yem He cKaTepTb-camobpaHKa?
Jdanee mbl ybeammca, 4to HOBaa U3MKA BMNOJIHE [OMYCKaeT BO3MOXHOCTb aHA/IOFOB M canor-
CKOPOX0A0B, M KOBEP-CamosieTa, U LANKU-HEBUAMMKA U MHOTFOro APYroro M3 HallMX CTaPUHHbIX
HapOAHbIX CKa30K. MOeT cTaTbCsA, YTO BCe 3TO yXKe Korga-to 6bin0, Begb NpesaHua He poXKaatoTcA Ha
nycTom mecTe.

Bce, 4TO Mbl Aenaem 0CO3HaHHO MM HEOCO3HAHHO, B TOM YMC/le Hawa 6Monorma — aTo pesynbtat
B3aMMOAENCTBUIN BHYTPEHHUX 3HEPTOMHPOPMALMOHHBIX UMMYAbCOB C MaTepuer npocTpaHcTBa. Y
BCEX NOAEN 3TM B3aUMOAENCTBMA OTANYatOTCA Bharogapa BHELWHEN cpeae, 06CTOATENbCTBAM KU3HM,
POAOCNOBHOM M MHbIM ¢akTopam. [pupoaa NOCTOAHHO BefeT ecTecTBeHHbIM OoTbop Nyywmx
OUBNYECKUX U YMCTBEHHbIX BO3MOXKHOCTEM OPraHu3ma A/1A PasBUTMA B KOHKPETHbIX YCI0BUSAX
0b6MTaHUA, CO BCEMM MyTaUMAMM B HUX GOPM XKM3HM M BellecTBa. B utore, oH passmBaeTca unu
Aerpagmpyet. 3To abcontoTHO BEPHO ANA 10601 GOpMbl MaTeEPUN, «XKUBOW N HEKMBOM», NOTOMY YTO
3aKOH aBTOCMHXPOHM3ALMM MAPAMETPOB MHOIMOYUCAEHHbIX KOonebaTenbHbIX KOHTYPOB CTPYKTYp
eANHbIX BUOPOCUCTEM aTOMa, MOIEKY/bI, KNETKM Nt0HOro MBOFO CYLLECTBA MW HEOAYLEBAEHHOIO
npeameTa, Besge U HemameHHo paboTaeT. [ToTOMy YTO BCE BOKPYr COCTOUT M3 O4HOMO U TOTO }Ke, «BCE
B3aMMOAEINCTBYET CO BCEM» Yepe3 Nosa BUOpaunit pasnMyHbIX BUAOB MaTEPUN B NpoOCTpaHcTee. U
COBEPLUEHHO HEBAXKHO, YTO rAe-To BO BceneHHoM Uam B 3eMHbIX r1yb1MHaxX OKeaHa CyLLeCTBYET }KU3Hb
COBEpPLIEHHO MHOM PAa3HOBUAHOCTU, MHOW BMONOINK, MHOM CTPYKTYPbI U AaxKe MHOW popMbl MaTepuu.
[naBHOe, 4YTO BCE COCTOMT M3 OAHOFO W TOFO e — BUXPEN cpeabl NPOCTPAHCTBA PA3ANYHOM
MHTEHCMBHOCTM (3apAA0B) M NX HECKOHEYHbIX KOMBUHAUNI B3aumogencTeuns. M npupoaa npogonkaer
€034aBaTb 3TOT HECKOHYaEeMbI NOTOK HEBEPOATHbIX MyTaLUN.

Pa3Be NOHMMaHWE 3TUX MPOLECCOB HE NO3BONAET YNPABAATb PAa3BUTUEM XKU3HEAEATE/IbHOCTU
opraHusmoB? [lna 3TOro A0CTaTOYHO HayyYMTbCA OKasbiBaTb COOTBETCTBYHOLLEE BO3AEWCTBME Ha
Tpebyemble KonebaTesnbHble KOHTYpbl O06beKTa 3aZaHHbIMW MapameTpamu M Co34aBaTb Jtobble
WMMYHHbIE WU BUAOBble U3MEHEHUA WCKYCCTBEHHO. Hampumep, mMOXKHO M3 AlLa OAHOro BMAa
KMBOTHOIO NOMYYUTb COBEPLUEHHO APYrOM BUA, U3 O4HOrO aTOMa NPOM3BECTU aTOM APYroro BeLLECTBa,
OPYryto MONEeRyny 1 T. 4. Bce 3Tn npoueccbl HEYCTAaHHO NPOTEKAOT B KaXKA40Mm M3 Hac. OgHM BelwecTsa
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npeBpaLLaloTCcA B Apyrue, He06xoAnMMble MMEHHO B AAHHbIN MOMEHT Halwemy opraHusmy. Passe ato
He eCTb NPUPOAHbIE NPOLECCHI XOI0AHOr0» CUHTE3a, NpoMcxoaaLwme B 06bI4HOM KMBOM OpraHusme?

A BMNOJIHE  YBEPEH,  u4To, BO34eMNCTBYA onpeaeneHHbIMM MOAYNNPOBAHHbIMM
3HEProMHPOPMALMOHHBIMU UMMNYAbCAMU C 3aZaHHbIMU MapameTpamu, CUHXPOHWU3UPOBAHHBIMU C
KonebaTeNbHbIM KOHTYPOM KaKoro-anmbo 4enoBeyeckoro opraHa uau gaxke 601bHOro YenoBekKa, ero
MOXHO MNOMIHOCTbIO M3neunTb. Pa3se ntobas 6one3Hb — 37O He ecTb cHoi, HapyweHue puTMa
KonebaTeNbHbIX KOHTYPOB B €4MHON CUCTEME OPraHuM3mMa nog, BHELWHUM BAUAHMEM UM OWMOKK B
OHK? ApuTmua, KOTOpytd MOXHO 6yaeT WMCKYCCTBEHHO AMarHOCTMPOBATb, BOCCTAaHAaB/AMBATbL U
CMHXPOHM3NpPOBaTb B Atobom opraHusme. Jlioboe OTK/IOHEHME B COr1acoBaHUM PUTMOB KonebaHui
BHYTPEHHMX BMONOrMYECKMX KOHTYPOB OOBbEKTOB, TAKMX KaK Ba*KHbIE YKM3HEHHbIE OpraHbl, MTHOBEHHO
BbI3bIBAET HApPYLIEHWE eAMHCTBA CUCTEMbI, AUCTAPMOHMIO. ITO Cpasy OTpaxKaeTca Ha oblem
CaMoO4yBCTBUU U OYHKUMOHMPOBAHUM YenoBeKa. Mbl y)Ke YNOMWMHANM, UYTO YTPayeHHble, Kak M
yAaneHHble BHYTPEHHWE OpraHbl, AecTabuamsnpytoT GYHKLUMOHAN U KUBYYECTb OPraHM3Ma B LLE/IOM,
NPUBOAAT K Apyrnm 3abonesaHmam. Ho aake B aTUX cayvasax 3amnac NPoYHoOCTM buocmuctem oTpaboTaH
NPUPOAON TbicAYeNeTUAMU. B BOCCTAHOBNEHMM MOFYT y4acTBOBaTb MEXaHM3Mbl pereHepauuu unm
3amelleHns TKaHel, aybnMpoBaHUA opraHoB M T. 4. B ntobom cnyyae opraHMam M B KPUTUHECKUX
COCTOAHMAX He MepecTaéT MCKaTb cnocobbl BOCCTAHOB/IEHMA MPOLLECCOB aBTOCMHXPOHM3ALMKU BCEX
CBOMX KOHTYpPOB, MPOAO/IKAA B3aMMOAENCTBOBATb CO CPEAON OKPY)KeHUA. 3HauuT, cuctema
3HEePronHPopPMaLMOHHOro 06MeHa BHYTPU TeNa TaKKe BarkHa U HeobxoaMMa, Kak MU CocyaucTas Unm
HepBHas.

MNTaK, Mbl 0CO3HAaéM BEPOATHOCTb TOFO, YTO /1060 0OBEKT, BO3LENCTBYA HA CPeay, 3anyCKaeT He
TONbKO MEeXaHW3M nepesayn MMMNyAbCa 3HEPrnm CobCTBEHHbIX KosiebaTenbHbiX KOHTYPOB, HO U
bYHKLMIO BECKOHEYHO YyAaNAoLWeroca, MakCMMaiibHO NOIHOFO U NOCTOAHHOIO KOMWUPOBAHWUA CBOMX
ABUMKEHWI B NPOCTPAHCTBE C NPUMEHEHNEM PA3IUYHbBIX POPM U MHCTPYMEHTOB maTepum (cm. Puc. 14).

Puc. 14 NMepepaya sHeprun n nubopmauum ot Puc. 15 Mpouecc nepegaun 1 3anmcn Hpopmaymm
OOBEKTOB Uepes 3/1IeKTPUYECKME U MArHUTHbIE yepes CUN0BblE IMHUN MArHUTHbIX NOJIEN BUXPEN.
NoNA BUXPEBbLIX ANNONEN Cpeabl.

M 310 Heocnopumo paboTaeT Npu TPAHCAMPOBAHUMN AUCKPETHbIX SHEPTONMHPOPMALMOHHBIX UMMYbCOB
KakK[0WM YacTMLel BELLeCcTBa, Kak MeXay KonebaTenbHbIMU KOHTYpPamu BHYTPU 06bEKTA, TaK U BOBHE.
Torga MOXHO NPeanonoXKUTb, YTO MO Mepe yAaneHMa OT MecTa cobbiTua oyepenHana MHPopMauus
6yaeT NOCNOMHO HaKNagblBaTbCA APYr Ha Apyra B CTPYKTypax BUXpPeEW «MNPOCTPaHCTBEHHOW» CETU
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OKPYKEHMA C BNOHE A0MNYCTUMbIMU NOFPELUHOCTAMM. 34eCb, NPU NPUMEHEHUM ABNIEHMA HA NPAKTUKE,
Hen3bexKHO BCTAHET BOMPOC 3aluMUTbl HY*KHOM MHGOPMALUUM OT BHELLHUX BO3AENCTBUIM U, YTO BMOHE
BEPOATHO, OTKPOETCA BO3MOXKHOCTb MOCAedyloled maTepuanm3aumnm ob6beKkTa, KakK MCTOYHWMKA
KonebaTeNbHbIX KOHTYPOB, B 1t060M TOUYKe NPOCTPAHCTBA BceneHHoOM, To eCcTb TenenopTaumu.

Konn mbl yTBEPKAAEM, YTO CBET OT 3BE3/, JOXOAMUT A0 HAC Yepe3 MUIIMOHDI IET, TO 3TO BEPHO U
ANA MHGOpMaLMn, KOTOpPaa OAHOBPEMEHHO TPAHC/IMPYETCA U B HEBUAMMbIX HAM CNEKTPAX U3NYYEHUIA.
CnepoBatenbHO, ecnn paccmaTpuBaTb nepegady MMNynbcoB MHGOPMaLMM OT KosiebaTenbHbIX
KOHTYPOB 06BbEKTA, KaK «KAuLe» ANA KONMPOBaHMA ero cobbITU B pyKaBax MHOTOUYUCAEHHbIX BUXPEN
MaTepUM cpenbl PacnpoCcTpaHeHMA OT OAHMX YACTUL, K APYrMM, MOXHO caenaTb 3aKato4yeHue o
BO3MOXHOCTU CYMTbIBAHUA 3TOM WMHbOpmauuu. MPUTOM, CUYUTbIBaHMA B 10OOM MOMEHT, ecnu
HaCTPOUTbCA Ha onpeAesieHHble NAapPaMeTpbl BOJIHbI MCTOYHMKA COObITUIA, YMTall KonebaTenbHOro
KOHTypa. MofobHO TOMy, Kak Mbl HacTpaMBaeMCA Ha PAAMOBOJIHY CTAHUMM BELWAHWUA C NMOMOLLbIO
PagMoNpUEeMHMNKA. YTO, BEPOATHO, M [AeNatoT 3IKCTPACeHCbl W Pa3HOro poja npenckasatenu,
HacTpaMBaAaCb Ha MapameTpbl BMOpaUMIt KOHKPETHOro 4enoseka. [lpeactaBum, 4to cobbiTme
NPOM30LW/I0 3340110 0 HAC, BO3MOXHO, HE U3MEHUNOCb AN U3MEHUOCh BO BPEMEHW, U yAANAeTCA
B NpocTpaHcTBe. CuntaB MHPOPMALMIO, C MMEIOLLENCA M3HAYA/IbHO KaKoM-Mbo Konmm obbekTa,
Hanpumep, poTorpadmn, UM 3HaA OCHOBHbIE MAPAMETPbI €ro CNEeKTPa BOJIH, Mbl MOXEM HACTPOUTLCA
M [OCTAaTOYHO 6bICTPO HalTM ero oTobpaykeHua (daHTOMbI), GparMeHTbl KOTOPbIX COXPaHeHbl B
MarHUTHbIX CTPYKTYpax BUXpen MmaTepun cpeabl OKpyKeHuA. C MNOMOLLb  MHCTPYMEHTOB
3N1EKTPOMArHMTHOTO Pe30HaHCa WAM COBCTBEHHOrO HaBblKa. [lNA 3TOro coBCceM He 06A3aTesibHO
Haxo4uTbCA PAAOM C MecToM cobbiTui. Ecnu aeincTBue NpoAosXKaeT NPoOUCXO4UTb, TO CYMTbIBATDL
MHOOPMAUMIO NPUAETCA C U3MEHAKOWErocs W yAanAalowerocas BO BpemMeHW cdepuyeckoro
3HepProMHPoOpPMaLMOHHOIro MMMY/IbCa UCTOYHMKA. Ecn cobbiTMe 3aBepLLIeHO U HEM3MEHHO, TO Toraa -
C yaanawowenca Konum cobbitna, nHbopmauma B KoTopoi byaet duMKcnmposaHHas. Hanpumep, ecam
CPaBHMUBATb XUBOE WK HEXMBOE BMonormyeckoe CyLLecTso.

MOHO NpeanonoXnTb, YTO AaHHble O BCEX Mpou3oweawunx Bo BceneHHol cobbiTmaAx, €
MOMEHTa WX 3aPONKAEHUA, Y)KEe COXPaHeHbl M OyAyT COXPaHATbCA B [AaZibHEMWIEM B MaTepuu
NpoCTpaHCcTBa HeCKOHEeYHOEe KOIMYECTBO BPEMEHM, NMOKA OHa CyL,ecTBYeT B AaHHOM Buge. Hanpumep,
B BUXPAX MAaTEPUN KTPABUTALMOHHOM» CETU, 3NEeMEHTAPHbIX YacTWL, aTOMOB BeELLEeCTBa M T. 4., UCXoAan
N3 3HepreTUYEeCKMX BOSMOXKHOCTEN 3axBaTa U yaepKaHua nidopmaummn. Ham TpyaHO B 3TO NOBEPUTD,
HO KaXKAas TOYKa MMPOBOro NPOCTPAHCTBA OT KMUKPO» 4,0 «MAKPO», 3aN0/IHEHA PA3/IMYHON MaTepuen
n BCA OHa BMOpMpPYeT B CBOMX BUXPAX, CO343aBaA KonebaHWA, KOTOpble M3/1y4atoT BOJIHbI PA3/IMYHOWN
3HEpreTMKM U CBOWCTB, MU BCE OHWU B3aMMOAEMCTBYIOT MexKAy coboW, 3anonHAs Becb Mup cBoeit
pa3Hoobpa3HON rapMOHMKOM U3Ty4EHUN.

MOXHO C HEeKOol A0/eit OCTOPOXKHOCTM FOBOPUTbL 06 OAHOBPEMEHHOM COCYLLECTBOBAHMMU, B
OAHOM M TOM e MPOCTPAHCTBE M B HACTOALWEM BPEMEHM, MHOMECTBa MapanfesibHblX BMOJIHE
MaTepuanbHbIX CYLLeCTB U UMBWUAM3ALMK, OTAMYHBLIX OT HaweW. [lpepctaBbTe, 4TO B Npupose
CYLLEeCTBYET OrPOMHAA NIMHEKa ANana30HOB 31EKTPOMArHUTHbIX U31y4eHUI, HO Mbl BOCMPUHUMAEM
3TOT MMUP B OYEHb OrPaHUYEHHOM cneKkTpe BMbpauuit. «CnpaBa M cnesa» OT BUAMMOTO M3Ny4YeHUA
MMEeITCA paguaumnm, KoTopble CNOoCObHbI OKa3biBaTb M OKA3blBAlOT HA HAC BAMAHWE. BNosHe BepOATHO
NPUCYTCTBME U3/TYYEHWUN, O HAZIMUMM KOTOPbIX YE/I0BEYECTBO elWé U He noao3peBaeT. besycnoBHO, B
npuMpoae oAHOBPEMEHHO YXKMBatOTCA BecKkpailHee MHOXECTBO KonebaTebHbIX KOHTYPOB, HO Mbl UX
NPOCTO He BOCMPUHUMAEM, HE NEPECEKAEMCA C HUMM, U OHM HAM HUKOMM 06pa3omM He MeLLAtoT KNUTb
B €e4MHOM npocTpaHcTBe. [lpeacTaBbTe, Hanpumep, YTO CKBO3b HAC KaxAoe MrHOBeHue
H6ecnpenATCTBEHHO MPOHOCATCA MUAAMAPAbLI PA3HbIX 3apALO0B, BOJMIH U 3N1EMEHTAPHbIX YacTul, Mbl
MOCTOAHHO HaXOAMMCA B PA3/INYHbIX S1EKTPOMArHUTHbIX NOMIAX U HE 3aMevaem 3Toro. [loTomy 4To mx
BMOPALUN U CTPYKTYPbl HE MPENATCTBYIOT HAlUMM COBCTBEHHbIM KONEBaHUAM M MOFyT MPOXOAUTb
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CKBO3b HaC, KaK BOAA CKBO3b CMTO. Mbl He OC/IOXKHAEM ApYr APYrY COCyLeCTBOBaHWE B O4HOM cpese
0buTaHuA, Ho, 6e3 COMHeHWIN, 3TO COBepLEHHO apyrne GopMbl KM3HMU, C KOTOPbIMW Mbl He
nepecekaemcsa B maTepuasibHOM MUPE M AaxKe He noao3peBaem 06 UX NPUCYTCTBUM.

Buanmo, pasHbix U Hen3BeAaHHbIX elwé GOpPM KM3HU, KaK U CTPYKTYP MaTepPUU, HE NMOXOMKUX Ha
Hac OGMONOrMYECKMU, MHbIX BO3MOMKHOCTEM M MHbIX AOCTUMEHMW, MHoro. Torga, noyemy Mbl He
3ameyaeM pe3y/ibTaToB UX KU3He[eATeNbHOCTU? HeCOMHEHHO, KaXKAbli U3 HAC CTa/IKMBA/CA B CBOEW
NOBCEAHEBHOMN MKMU3HU C YEeM-TO HEeOOBACHMMbIM. HeobbluHble M3MEHEHWA KAMMATA, HEeMOHATHble
NPUPOAHbIE KaTaKNM3Mbl, HEBUAAHHblE COEAMHEHMA M MaTepuanbl — BCE 3TO MOMKET CTaTbCA
NpoAyKTaMn He 00A3aTenbHO HalWwen UMBUAM3AUMM, a KaK CneacTBMe MNapaHOPMAsbHbIX,
CBEPXbECTECTBEHHbIX, MOTYCTOPOHHMX fABAEHWUN. BO3MOXKHO, MOTOMY 4YTO BCE 4alie NPOUCXOAAT
pa3nunyHble COoM CUCTEM «3aLMUTbI», HA30BEM UX «NMPUPOAHBIMU KOLAMWN», KaK CneacTBME BCE HOBbIX
N HOBbIX TEXHOT€HHbIX KaTacTpod, MCKYCCTBEHHO U3MEHAIOLWMX cpeady B3aMMOLENCTBMUA U MyTauuii
matepuun. BO3MOMKHO, YTO 3TU ewé Heu3BEeCTHble HaM CUCTEMbI, TOXKE MOJIHOMPABHbIE YYACTHUKM
H6eCKOHEYHbIX BUXPEBbIX TAHLLEB M BCENEHCKUX TAPMOHMK B HalleM eaMHOM MUPOBOM NMPOCTPAHCTBE,
HO C MHbIMM CBOMCTBAMMU, O KOTOPbIX Mbl MOKa He 3HaeM. Kak 6bl paHTaCcTUYECKMN 3TO HU 3BYYano.

Ho, ecnM mbl roBOpMM O COXPAHEHWM M AKKYMY/JIMPOBAHMM B MPOCTPaHCTBe 06pa3oB [aBHO
NPOMU3OLWEAWNX UAN elé npoucxoasawmx cobbiTuii, TO BMNOJAHE OCYWEecTBUMO W MNoayyYeHue
WMHTEPNONALMM MHDOPMALMM C MOMEHTANbHbIX CPE30B MX NPOLUIOro ANs NpeacKasaHua byayuiero
cobbiTMA. Kak oueBMaHoe nnaHWpoBaHMe Oyayuwiero no pesynbTaTtam npowsoro. HanomHum w3
npeablaywmx HaWmnx NccaeaoBaHui, YTo nepemelteHme 06beKToB ecTb M3Ny4YeHnna He GU3NYEcKoro
06beKTa, a HaobopoT - 3TO GU3NYECKMI OOBEKT M ecTb nepemeleHne 3HEepPronHPopPMaLNOHHbIX
MMMNYNbCOB, KaK pe3ynbTaT B3aMMOLENCTBMA C MaTepueln cpeabl, KoTopas GopmMupyeT He TONbKO
ABUXKEHME CaMOro Tesla B NPOCTPAHCTBE, HO U €ro «OTParKeHMA» B maTepun BceneHHol. Hawe teno He
NCKNIOYEHME, OHO NepemelLLaeTca B MPOCTPAHCTBE KakK LeibHAA CTPYKTYpa *Kneoh popmbl Brarogaps
NPaKTUYECKM MFHOBEHHOMY B3aMMOZENCTBMIO BCEX HALUMX BUOPOKOHTYPOB C TaKMMM e dopmamm
MaTepum cpeabl OKpyHKeHUsa. Mbl U eCTb YacTb 3TOW cpesbl, MOTOMY YTO COCTOMM U3 OAHOrO M TOTO e
1 B3aMMOAEeNCTBYyeM MO OAHUM U TEM XKe NpUHUMnam. Mepeasurascb Mbl BO3byKaaem NpoCcTPaHCTBO
BOKPYr Hac, MaTepusa KOTOPOTO B KaXKAbl MUT ABUXKEHMA NpuobpeTaeT B TOMHOCTU OYEPTAHUA HALLEero
Tena co scemu ero gedektamu, GyHKLMOHANbHbIMU BO3MOMKHOCTSIMU, CBOMCTBAaMM U IMHAMUKOM. Bea
3HeprvA Halwero Tena B COBOKYMHOCTU: BCEX €r0 3apAA0B, BUXPe, ANNoaen, noaemn ¢ NoAHbIM NakeTom
NPUOBPETEHHbIX MHOOPMATUBHbBIX MYTaLMWA, COAEPKALUMXCA B CBOMX BHYTPEHHWUX CTPOEHMAX
Bubpocuctem, nepemelLaeTca B cpene NPOCTPAHCTBA CO CKOPOCTAMM cBeTa M 6osee, NOCTOAHHO
NoAAEepP!KUBAA CTPYKTYPHYIO MAOTHOCTb 3apAfoB BO BCEX CBOMX OpraHax. B Tom uucne, nonyyas
3HEepruvl OT B3aMMOAEWCTBUM C MCTOYHMKAMKU BMOPOCUMCTEM MaTeEpPUU M3BHE. TaKOB MeXaHU3M
CO34aHMA B NPOCTPAHCTBE HE TOJIbKO BELLECTBa, HO U ero Konui, He To/IbKO 06bekTa BUBpaLLMiA, HO U
MCTOYHUKa ero nHpopmaumn. Kak asuxeHue 3apanos 61arogapsa HaAMUMIO rpagmMeHTa NPOCTPAHCTBA.

Toraa BO3HWKaeT BO3MOMHOCTb pelleHMAa BOMpoca Tenenoptauum o06bEKTOB Ha Atobble
pacctoaHMA. M ToMy yKe ecTb MNoATBEPXAEHME YCNEWHOro MrHOBEHHOTO MepemMeLleHns
NONAPM30BAHHOIO COCTOAHMA 0AHOI0 POTOHA (CNKHA), KaK KBAHTA 3HEepPrMn. M 3To cBEPLUMBLUMIACA War
He TO/IbKO K MOMEHTaNbHOW nepesayvye MHGOPMaLMM Ha KOCMUYECKME PACCTOAHMSA, HO U CYUTbIBAHUIO
€€ C apXMBOB MaTepPUM cpeabl OKPYKeHMA. 3HAUNT, TeNIeNopPTaLUUA BMOJIHE pPeasnbHa, B TOM YMCe U Ana
YKMBbIX OPraHM3MOB B MPOCTPAHCTBE, HO TO/NIbKO B HacTosAWem BpemMeHW. B byayuiee, KoToporo B
pPeanbHOCTU HEe CYLLEeCTBYET, TeNeNnopPTUPOBATb HUYEro HENb3A. A KaK e B npowaoe? Hanpumep, Ha
NOBEPXHOCTb Y»Ke COXPAaHEHHOW UM yAANAOLLENCA B NPOCTPAHCTBE SHEPrOMHPOPMALLMOHHOM GOpPMbI
obpasa KOHKpPeTHOro 3nu3oAa npownoro BpemeHu nAwboro ob6bekta? Kak Bo3agelicteue
NakeTMpPoBaHHOW BMAOBOM MHPOPMaLMEN UM MHCTPYMEHTOM MArHMTHOIO pe3oHaHca, Ha obpasbl
COObITUI B 3IEKTPOMATrHUTHBIX apXMBax BUXPEN MATEPUM KNPOCTPAHCTBEHHOM» ceTu? U 3To BNosHe
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BbINOJIHMMO, HO TO/IbKO KaK nepemelleHme paHToma (0bpasa), a He camoro ob6bekTa. OueHb Noxoxe
Ha «aBaTapa» B ¢punocodpuun nuaymsama. M ato TaKk ana ntobon matepum, ot aemeHTapHOM YacTuLbl 40
CNIOXKHOFO MBOrO cyllectBa. Kpome TOro, Hanpumep, nNpu noucke Oo6bEKTa MO YyXKe W3BECTHOWM
MHOOPMALMM BO3MOXKHO oOnpegeneHne cnefos, OCTAaBNEHHbIX MM B MPOCTPAHCTBE B AANEKOM
npowaom. NoTomy B NPOLLIOM CYLLECTBYOT TO/IbKO KONMWUKM COBLITUIM, @ HACTOALLLEMY BPEMEHW MPUCYLLN
KaK MaTepuanbHble 06bEKTbI, TaK U MHOFOUYUC/IEHHbIE OTOBPAXKEHUA APYrMX 06 bEKTOB, KPOME CaMoro
«Habnogatenar.

3TO yAaMBUTENbHO, HO B Ka)XAOM W3 HACc BMOJIHE MOTYT COAEPKATbCA YaCTUYKM MaATEepPUn C
AONCTOPUYECKMX BPEMEH. M 3TO 04eBMAHO, Pa3inyHble 0OBEKTbI 3aPOXKAAIOTCA KaK BCMbILWKKU CBETA,
racHyT U BO3POXKAAOTCA BHOBb, MCMO/b3yA OAMH U TOT e CTPOUTE/IbHbIM MaTepuan BevyHo. Mbl yxe
roBOpU/N O TOM, YTO MaTepuA BO BceneHHOM, Kak BUXpeBOe YN/AOTHEHWE, Moraa 6biTb CO34aHa
HeboNbLIMM rpagueHToOM Nt60oro Noaa UAN «KNPOTOMaTEPUUY, UAU MPOCTO HEBONbLLOM BCMbILKOW
cgeTa. M yxe OoT Heé nocTeneHHO, B TEYEHWE MWUIIMOHOB NET, NOBCIOAY 3apOXKAanocb obpa3oBaHue
3N1eMeHTAPHbIX YacTuL, KOTopble 06beAMHANNCD B PA3INYHbIE CTPYKTYPbI U T. 4.

Mbl MHOFO FOBOPW/IN O MTHOBEHHOM PaCNpPOCTPAaHEHUU MHPOPMALMN Yepes KHYNEBbIE» BUXPU
«rPaBUTALLMOHHOM» CETWU, KaK CBOMCTBE MATEPUM MPOCTPAHCTBA. BO3HMKaeT pe3oHHbIM BOMpPOC, a
TpebyeTcAa NN 3HEpPrMa TaKOMy WMCTOMHWKY BewaHuA? U, ecan ga, TO BO3MOXKHA M TpaHCAAUMUA
MHPOPMaLMM B NPOCTPaAHCTBe 6e3 3aTpaT aHeprum Boobue?

OueBnMAHO, 4YTO NPM HANMUYUM TFPaaMEeHTa 3apALOB B OKPYXEHMU, BMECTe C 3IHepruemn
B3aMMOLENCTBMA MeXAYy 0ObeKTamm yepes YacTuubl cpeabl, nepesaérca n MHpopmauma, aHanorM4yHo
MHOKecTBy ¢GparmMeHTOB B BUAE MeNbYaMlMX «MNUKCeNen», Kak [AUCKPETHbIX OTneyaTKos
NPOUCXOAALLNX COObITUA. A ecnn B NPOCTPAHCTBE HET FPAAMEHTOB, AOCTUTHYTO OTHOCUTENIbHOE
paBHOBECME IHEPTUM, YTO NPOUCXOAMUT B 3TOM cay4vae? OKasbiBAaeTCA, U B 3TOM C/ly4ae MHPoOpmaumsa
BCE - PaBHO TPAHC/AMPYETCA, XOTA B «IPaBUTALMOHHON» CETU cpebl BCe 3apAnbl «HYNEBbIX» BUXPEN
OAMHAKOBble (CONOCTaBMMbIE), TO €CTb FpagMeHT MeXAy HMMKM OTCyTCTByeT. Torga cam npouecc
nepefayn MHPopmMaLMKM, KaK OPUTMHAZILHOTO OTTUCKA KaXKAOro «nukcensa» cobbiTUA OT pyKasa K
PYKaBy COCeaHUX BUXPEN, NepeHOCUTCA 6e3 manenwmnx 3aTpaT SHEPrMm, a CKOPOCTb PACNPOCTPAHEHUA
3aBUCUT TONIbKO OT UX UHTEHCUBHOCTH (cm. Puc. 15).

B npeaplaywmx rnaBax Hamm yNOMMHANOCb, YTO BCE B MUPE COCTOUT M3 BUXPEN YNIOTHEHHOM
MaTepumn cpeabl, UX MHTEHCUMBHOCTU BPALLEHWUI, UNU 3aPAA0B, KOTOpble CMOCOOHbI MPU BHELUHEM
BO34ENCTBUN TPAHCPOPMMPOBATLCA B pPas3/IMYHble BUAbl MaTepum M obpaTHo. Mbl 3Haem, 4TO
NPOCTPAHCTBO KOCMOCA, KaK M Hawa atmocdepa, 3eMasi U OKeaHbl, HANONHEHO MHOXECTBOM
SHepreTMYeckMx NoNer U 3/1eMEHTaAPHbIX YacTuL, Pa3/IMYHON Be/IMYMHbBI, 3apAAO0B, CNUHOB U T. 4.
Bo3bMém, Hanpumep, Hawy atmocdepy, B Hell BCE HaACbILLEHO NOABWMXKHOM MaTepuei, KoTopas
NOCTOAHHO B3aMMOAENCTBYeT Apyr C APYrom W matepuer u3BHe. B wutore, B 3aBMCMMOCTM OT
KOnn4ecTBa 3apAfoB, BCe OODBLEKTbl PACMofaraloTcA B MNOABELWEHHOM WAW NPUAABJAEHHOM K
NOBEPXHOCTU NAaHeTbl COCTOAHWM. Ho, 3Ta cuTyauma BCE BpemMA MeHAeTCA, B CTPeMAEHUM K
JHepreTMyeckoMmy paBHOBecCUIO. TO eCTb, BCe HEBUAMMbIE Hallemy rnasy sNeMeHTapHble YacTuLbl, B
Hallem YCNOBHOM «CTOM-Kagpe» BPeMeHW, PacnonaratoTca B BO34yXe BOKPYr HAaC AOCTAaTOYHO MIOTHO
NO OTHOLUEHUIO APYr K APYry W B NOABELIEHHOM COCTOAHWW MO OTHOLIEHMIO K Ham. N 3To MOXKHO
OLLYTUTb MO CONPOTUBAEHUIO cpeabl aTmocdepbl NtobomMy Hawemy ABUKEHMIO. Hanpumep, pasgsuras
PYKaMu, Mbl BO34EMCTBYEM CBOMMM IHEPTETUHECKMMU UMMNYNbCAMWN HA BO3AyX, HA Mbl/lb B HEM, aTOMbl
razoB, MOJIEKY/Ibl BOAbI U T. ., KOTOPbIE COCTOAT U3 TEX }Ke 3/1IeMEeHTapPHbIX YaCTUL, U BUXPEH, co34aBas
rpagneHT 3apagos. Jeno B Tom, 4YTO B NpUpoae MOCTOAHHO NPUCYTCTBYET BCENIEHCKUM XaoC UK
3HTpONMA 3Heprun. J1lobo KOHTAKT MaTepUasibHbiX 06 BEKTOB MeXay cO60IM MOXKHO NPeACTaBUTb, Kak
COMPUKOCHOBEHWE BUXPEWN UX Cpefbl OKPYXKeHWA. Takoe cobbiTMe HenpemeHHO OCTaBAAEeT cieabl
MeXaHMYECKUX, INEKTPOMArHUTHbBIX UMW MHbIX B3aUMOAENCTBMIA, B OCHOBE CBOEM, Kak nepegaya
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3HepreTMYeckMx MMNyaAbCoB OT OAHOTO KONebaTeNbHOro KOHTYpa K Apyromy. TO ecTb, CTpeMaeHune K
OAHOPOAHOCTM Cpefbl OKPYXKEHWUA, KaK Hanpumep, OT TENAOr0 COCTOAHMA K XO/NIOAHOMY WAM K
paspylweHuto rpaaneHTos. Jlloboe HoBoe COObITME BbI3bIBAET HOBbIM MMMYAbC 3HEPrUKM, KOTopas
MegNeHHO U Hen3beXKHO pacTBOPSETCA B MPOCTPAHCTBE. BbIXOAUT, UTO 3TOT LKA SHTPOMNUN SHEPTUN B
MUKPO U MaKpoMMpe ABAAETCA OCHOBHbIM cObbITMEM BO BceneHHOM? MMeHHO 3HTponuMA, 3amellaHHan
Ha Xaoce, BbIHYXAaeT MHOro4YnCcAeHHbIe KosiebaTeNbHble KOHTYPbl TaKME, KaK 31eMeHTaPHbIe YacTULbl,
pa3nnyHble NONA UT. 4., 06begMHATLCA, NPOHMKAA APYT B Apyra, 06pasya 6onee KpynHble CTPYKTYpPHble
BMbpocncTeMbl Pas/INYHbIX BewecTs, Ten wuaM 06bekToB. W, KaK cneactsue, MOCTOAHHO
aBTOCMHXPOHM3MPOBATLCA C HEMNPEepbIBHO M3MEHAIWMMNUCA  CTPYKTYPHbIMU  KonebaTeNbHbIMM
KOHTypammu, KOTOpble B Mpouecce CBOEN XU3HeAeATe/bHOCTU AOJ/IKHbl HEMUHYEMO TepATb WK
obpeTaTb 3HEPrMIo B NPOCTPAHCTBE M3BHE. M LMKA NOBTOPUTCA B APYromM cobbITMM, CHOBA M CHOBA. YTO-
TO BPOAE HaKaYKM SHEPreTUYEeCKMMM MMMYIbCaMU O4HUX KOHTYPOB APYrMMU B TeYEHWNE AIUTENbHOrO
BPEMEHN — MWUANINOHOB NeT. Takoe b6ecKOHeyHoe uepenoBaHME COObITUIM, BEYHbIM XaoC, KakK
CTPEMNEHNE K OAHOPOAHOCTM M PA3PYLLEHMUIO.

Mpepnonoxum, 4to BceneHHasa XMBET MO 3aKOHAM LUMKAMYHOCTM KonebaHui, TO ecTb
LMKJANYHOCTUN cOBbITUI. B TaKoM C/1yyae, BOSMOXKHO /1K, YTO NapamMmeTpbl KONebaHUM U PUTMbI MaTEPUN
CMEHAIOT APYr ApYyra TOXe XaoTU4HO un beccuctemHo? M Tak an cnpaBesnMBO BbiCKa3blBaHWE, YTO BCe
KonebaTteNbHble KOHTYPbI OT/IMYHbI APYT OT APYra, U HET HU OAHOTO MOXOXKero?

Becbma BepoOATHO, YTO B NPUPOAE KaxKA0e TeNo, «KMBOE WM HEXMBOE», BO3BPALLAETCA B
ncxogHoe cocTtonaHue. Bosbmem, Hanpumep, NPOU3BOACTBO KMPMMYA, KOTOPbIM COCTOUT U3 [/WHBI,
necka, BOAbl U TENNOBOM 3HEpPrun. Yepes COTHU NET KMPNUY, Tepsa SHepPruto, CHoBa NPEeBpaTUTCA B
NCXOAHOE Cbipbe. BbIXoauT, y KaxkAoro KoHTypa (o6beKkTta) ectb cBOW nepuod, Bo3BpaTa B UCXOAHOE
pPaBHOBECHOE COCTOSIHWE CO Cpeaoi OKpy)KeHuAa. Bubpocuctema, Hanpumep, YenoBeKa COCTOUT U3
OrPOMHOrO KOMYecTBa cOBCTBEHHbIX KoNnebaTebHbIX KOHTYPOB, HAYMHAA OT 3/1eMEHTaPHbIX YacTUL, 1
3aKaH4YMBaA ob6WMM KOHTypom 6uonons Tena yenoBeka. Bce OHM mmetoT cobCTBEHHbIE CTPOro
3a4aHHble napameTpbl U PUTMbI, KOTOPblE NOAAEPKMBAIOTCA IHEPTETUYECKUMU MMMNYIbCAaMN U3BHE
KaXX4oro KOHTypa, 6narogapsa, Kak B3aMMOAEWCTBUIO C OKpYy)KalolWen cpedoit, Tak u eé
NPOTUBOAENCTBMIO. 34€eCb Te/N0 YeNOoBEKa BbICTYyNaeT KaK eauHas nnatdopma B3aMMOCBA3M W
CUHXPOHM3aLMN MeKAY cOB0oM BCeX CTPYKTYPHbIX KOHTYPOB. MOXHO CpaBHUTb C TEM, HAaNpPUMep, Koraa
HECKO/IbKO Ye/I0BEK MbITAtOTCA PackavaTb HOramm I0AKY, ABUMaACb B O4HOM PUTME U B O4HY Hory. Ecimn
OAMH U3 HUX ByaeT ABMraTbCA He B TOM PUTME M He B Ty HOTy, TO cama /1I04Ka, eé Kopnyc, eé 6onee
WMHTEHCMBHble KonebaHMA 3acTaBAT COMBLUErocs CUHXPOHM3MPOBATLCA CO BCceMU. MIHaye OH cnomaeT
Hory, 1Mbo nepecTaHeT co34aBaTb aCUHXPOHHbIe KonebaHus (cm. Puc. 16). MNMpur aTom KaxKabiii Yenosek
B 1I0AKE MMEeT CBOWU MHAMBUAYA/IbHbIE BUOPUTMbI, KOTOPbIE CUHXPOHMU3MPOBAHbI C €ro BHYTPEHHUMM
opraHammu, KaK uBas cuctema, M T. A. ITU NPOLECCbl CUHXPOHM3aUMKM GOPMUPOBANUCH
TbiCAYENETUAMM NO Mepe 06pPa3oBaHUA U PAa3BUTUSA CAaMOro OpPraHM3mMa U COBCTBEHHOTO KU3HEHHOTO
UMKna.

Opyrvmn cnosamu, nwobaa Bubpocuctema HensbexkHO nNpuobpeTaeT UMKAMYHOCTb, HEKYH
NPOAO/IKUTENBHOCTb PA3/INYHbIX BHYTPEHHUX KolebaTenbHbIX NPOLECcCcoB. M 3TO 3aBUCUT He TONIbKO OT
napameTpoB KonebaHwi, HO M OT BO3AENCTBUS WMMMYNbCOB OOBLEKTOB WM3BHE, TO €CTb Ccpeapl
OKPY)KEeHUsi, B TOM 4ucne M3 Kocmoca. Cuctema noactpamsaeTca nog 6onee cusbHble BHELIHUE
BO34eNCTBUA. B pe3ynbTaTe BO3HMKAET HEKana O4YepedHOCTb OT/IMYHLIX APYr OT Apyra KonebaHun B
KONMYECTBEHHOM WM Ka4yeCTBEHHOM BbIPaKEHWKM, KOoTopas CTabwuabHO MNOBTOPSAETCA C 3aBUAOHOM
UMKIMYHOCTBIO M NEePUOAUYHOCTbIO. 3HAYMT, COObITMA NpOLIOro B 06sA3aTenbHOM nopagke byayT
NOBTOPATLCA C Pa3HOM NEPUOAMUYHOCTbIO. BO3MOXKHO, C HE6ONbLIMMM OTKAOHEHUAMM B NapameTpax B
3aBMCMMOCTM OT MOABNEHMA HOBbIX BHELIHMX BO34eNCTBMI. Mepunog 3TUX NOBTOPEHUI MOKeT bbiTb
6e3rpaHM4YHO BENMK, NOTOMY YTO MOXKET ObiTb 6€3rpaHNUYHO BEIMKO KOIMYECTBO COCTaBAAOWMX ero
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KOHTYpOB. Hanpumep, Kak B Kocmoce. [o3ToMy BUBPOCUCTEMbI B KOCMOCE CYLLLECTBYHOT C 3 KU3HEHHbIMM
UMKNAaMWU B MUAJIMOHbI U MUAAnapapl net. To ecTb, yem 6onblie KonebaTenbHbIX KOHTYpPOB, TEM
NPOAO/KUTENbHEE NEPUNOL, LUKINYHOCTU UX €ANHBIX CUCTEM B CTPEMIEHUMN K CUHXPOHM3aLMKN 06Lero
puTma.

B aTtom pasgene mbl nonpoboBanu pa3obpaTbcA, cOXpaHAETCs AU MHPOPMAUMA O MPOLUNOW
¥KM3HM YenoBeKa UAM MHOro obbekTa B Hegpax BceneHHo? U ecnm coxpaHseTca, To rae v Kak? U ectb
1N BEPOATHOCTb TOrO, YTO COXPAHEH KaxKAblh MUI POXKAEHWUA U pPa3BUTUA camol BceneHHoin?
HecomHeHHO, Npu pacnpocTpaHeHUU 3HepPromHGOpPMaLUMOHHbIX GOPM ABNEHUA B MPOCTPAHCTBE,
cocefHne 06bEKTbI Cpeabl OKPYKEHUA Yepes CBOM KOHTYPbl BUOPOCUCTEM OTPaXKatoT U, TEM CaMbiMm,
TPAHCAUPYIOT BOKPYT BCHO MHOOPMALMIO O CTPOEHUN U GYHKLIMOHA/E cBepLUMBLIEroca cobbiTuA. U Mbli
NOHMMAEM, YTO 3Ty MHPOPMALMIO MOXKHO HAXo4MTb M CUYMTbIBATb, a B Oyaylwem He WUCKAYEHO
co3gaBaTb KAOHOB. Maib, YTO YpPOBEHb pPa3BUTUA CErOAHALIHUX TEXHONOrMA He Mo3BONAeT
peann3oBaTb BECb NPOLECC LLE/IMKOM, HO Mbl Y*Ke 3HaeM, YTO 3TO BO3MOMKHO.

Tenepb, Mmea onpeaenéHHbI barax 3HaHMN 00 3INEKTPOMArHUTHbLIX MOJIAX, Mbl MOXEM
YyTBEPXAaTb, UTO Koz20a awboli «Habawoamensv» ydyacmeyem 8 A06OM 3KCepumMeHme, mo OH,
obs3amesbHbIM 06pa3oM, 8o30elicmeyem HaA OKpyH arowue sew,ecmaed U ross ceoum 6uononem, Ho
6onee BCcero MmnysabCcamu BUXPEBOr0, MOALY/IMPOBAHHOIO, NMAKETUPOBAHHOTO 3/IEKTPOMArHUTHOTO
(sHepronHdbopmMauUMOHHOr0) U3NyYEHMA, B TOM YMCNe Yepes 0ObIYHbIM B3rNah Ha 06BbEKT

Puc. 16 CornacoBaHHble AelicTBUA N04eN B N04Ke. Puc. 17 EanHblii 06pas3 obbekTa U3
(doTowon) «eAMHUYHbIX» CTPYKTYp. (boTowon)

nccnenoBaHU. ITO aKTyanbHO A1 U3BECTHbIX ABEHWI B ONbITax ¢ MHTepdepeHumel BoH ae bpownns,
B OMbITaXx C KBAaHTOBOW 3anMyTaHHOCTbIO U MHOIMX APYrMx. MMnynbC BUXPEBOM 31€KTPOMArHUTHOM
BOJIHbI, POPMMPYEMBIN FTONOBHLIM MO3FOM W NOCbINAEMbIA Yepe3 CUCTEMbI FNa3 B BUAE U3NYYEHWA,
BO30OY)KA3eT MPOCTPAHCTBO OKPYXKEHWUA M OKasblBaeT BHELWHee BO3AENCTBME HA €€ BUXpEeBble
KonebaTeNbHble CUCTEMbI Pa3INYHbIX GOPM MaTepPUU, USMEHSET UAN CO3L3ET HOBblE COEANHEHUA U
BELLECTBa, YCKOpAeT MAW 3ameansieT Npoueccbl CBOEW 3Hepruei n MHbopmaumnen yepes CBOMCTBA
MarHetTMsma W  3/eKTpuyectBa. [lpu 3TOM  «Habnwopgatenb» cnocobeH  TpaHCAMPOBaATbL
3N1EeKTPOMarHUTHble BO3AEWNCTBMA [AaXKe MbICNIEHHO, TO/IbKO MPeACTaBAAA TO WAW MHOE peLleHue
3afaum ABneHna. O4YeBUAHO, YTO TaKMe BOJHbI CO34AIOT MHOFOC/IOMHbIE, YCTOMYMBbLIE MaKeTb
BMXPEBbIX HECKOHYaeMbIx 06pa3oBaHU B BUAE SHEPrOMHPOPMALMOHHBIX KTOHHENEN» C U3NyYeHnem
BO BCE CTOPOHbl OT «Habntogatens». TaKOW MCTOYHWMK, KaK Hanpumep, YesoBeK, BblAAET CTPOro
NHOMBUAYANbHBIA CNEKTP U3/TYyYEHUN MAaTEPUM B CTPYKTYpPE BUOPOCUCTEMDI, MO KOTOPOMY MOXKHO He
TO/IbKO HaxoAuTb €ro B MPOCTPAHCTBE, A0 TeX MOpP, MOKA OH WM3/y4aeT, HO U onpeaensaTb ero
dYHKUMOHaN, coctosiHMe, NapameTpbl U T. 4. MoKa UCTOYHUK «HabaopaTena» U3nyyaeTt CUrHanbl, ero
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nosie cnocobHo ocTaBNATb «paHTOMbI» (MHPOPMaALMIO) cBOEN GOPMbI MATEPUN B OKPYKEHUN, B TOM
yncne Ha ceoux potorpadumax, Kak «MHAMBUAYANbHBIN CNEKTP» €ro KKOANPOBAHUA» AN KUMEHU» B
npoctpaHcTee. [a, Aa, dotorpaduax, NOTOMYy 4YTO OHM TOXKe, Kak nobas maTepua, M3ny4varoT
dMKcMpoBaHHble Ha HUX 06pasbl, KOTOPble HEMPEMEHHO B3aMMOAENCTBYIOT C NOASAMM NPOCTPAHCTBA
OKPYKEHWsA, PE30HUPYA N OTKAMKAACb Ha BUAOBble BUbpaumn B HUX. To ecTb, poTo ntoboro obbvekTa
06A3aTe/IbHO COXPaHAET BUA0BOW KOHTAKT C MCTOYHUKOM cBoero obpasa B cpege NpoCTpaHcTBa. IT0,
BEPOATHO, KAcaeTcA M Belweir, K KOTOPbIM OH MPWKACasCA, M HA KOTOPbIX OCTAETCA apXMBHaA
dparmeHTapHasa 3anncb NPOTUBOAENCTBUIO U3BHE.

Torga, ecin cyuwlectByeT Takoe siBeHMe COoxXpaHeHus obpasa cobbituii «paHTOmMamm» Ha
doTorpaduax wmam Bewax, TO, OYEBUAHO, BO3HMKAET BO3MOXKHOCTb CHATMA 3TOW WMHOPMaLMM
(nepe3anucb) 1 nepeHoc eé Ha Apyrne 06bEKTbI C LLeIbo KOPPEKLMM HOBbIX MM U3MEHUBLUMXCA GOPM
MaTepuun, HaNnpuUmep, Ha Apyrux ntoaei. Uam BO3MOXKHOCTb BO3AENCTBMA Ha YEIOBEKA €r0 e CTapoWn
MHPOPMaLMen cnekTpa COBCTBEHHbIX N3TYYEHWUI, CBOEFO POAa, UCTUHHBIM 3aliMPOBAHHbIM KOLOM.
B Takom cny4yae, MOXKHO CMeNo roOBOPMUTb O BOJTHOBbIX, KOANPOBAHHbIX, MOAY/MPOBAHHbIX U MAKETHbIX
M3Nly4EHUAX  WUCTOMHMKA  3NEKTPOMArHWUTHbIX  BOJIH, 0Opasylowmx  CTPYKTypy  BUXPEBbIX
MHOTOCNEeKTPasbHbIX KosiebaTenbHbIX NPOLLECCOB. ITU BOJIHbI CNOCOOHbI MPOHMKATb MPAKTUYECKU
Be34e, co3aaBaA NOBClOAY HA CBOEM MyTU pPenIMKauMOHHbIE KapTUHbI GOPM U CTPYKTYP maTepum,
6narogapa  CNMHOBBIM  CBOMCTBAM  CBOWMX  BUXPEBbIX, OUCKPETHbIX  U3/7y4eHui, o0b6pasyA
MHOTOYUCNEHHbIE W  Pa3NMyHble N0 NPOAO/IKUTENbHOCTU  «baHTOMbI» B cpeae CBOero
pacnpoctpaHeHusa. M3nyyaa M npuHUMas obpaTHO MHOPOPMALMIO OKPYKEHWUS, U3MEHATb CBOM
CBOWCTBA, BAMATb Ha OKPY)KAIOLLYO MATEPUD MOCTOAHHO, MOKA MCTOYHWUK MNOANA CYLLECTBYET M He
pacnagértca Ha H6onee menkume eé BHYTPEHHWE CTPYKTypHble KonebaTesibHble KOHTYpbl, M60 He
06beanHUTCA, NoA BAMAHNEM BHELWWHEN aHepruu, B 6onee KpynHyto dopmy matepum (Bubpocucrtemy).

Ecnn nHdopmauma — ato obpas (baHToM) cobbITUA (ABUIKEHUA), TO YTO TOrAa SBASETCHA €ro
HOCUTEeNEeM, KaK U Ha YEM OH oTobpaXkaeTca B NPOCTpaHCTBE?

O4yeBMAHO, YTO BCE YACTULbI, KAK UCTOYHWUKM U3NYYEHUI, B3aMMOLENCTBYIOT Mexay cobon B
cpeae OKpYXEeHU CBOMMM BUXPAMM, ANMNONAMM, 3apPAAAMU U UHBIMU MHCTPYMEHTAMM NEKTPUYECTBA
M MarHeTMsma. 3HauuT, Nons UM GopMbl MATEPUN U3 HUX COCTOALLME, ABNAAIOTCA COCPEAOTOUYEHMNEM
6onee nonHon MHGoOpmaLmm, B OTINYME OT eAUHUYHOM POpPMbl UX CTPYKTYpbl. B uTore cospaérca
b6onee rnybokuii, cymmupylowmin obpas B3aMMOAENCTBUA MEXKAY Pas3/IMYHbIMU OOBEKTAMU WU
nonsmm cobbituin (cm. Puc. 17). 3To noxoxke Ha OrPOMHYIO CTalo Pbld MAW NTUL, UAK NUKCENEN Ha
3KpaHe MOHMTOPA, Ka*KAbl U3 KOTOPbIX Yy4aCTBYET B U3MEHEHMAX 06L,en KapTUHbI ABUXKEHUA cOObITUA
B MpocTpaHcTBe. To ecTb, MMMYNbCbl KOoNebaHU BCEX CMEKTPOB U3YYEHWUW, NPU B3aUMOLENCTBUMU
BMAOBbLIX BOJIH BMXPEN 4Yepe3 MATEPUIO CPebl, OTKAMKAKTCA, AW PE3OHMPYIOT MeXKay cobow,
COXPaHAA M 0Tparkasa MHPOPMaLMIO, KaK Konuto 06pa3oB ABUKEHUM, Ha coceaHNE OOBEKTbI OT OAHOr0
K Apyromy, TpaHCcauMpys eé B OeCcKoHe4yHoCTb BceneHHoM, NyTEM BO3HMKHOBEHMA MArHUTHOTO
pe3oHaHCca MeXAy pyKaBamu Mx Bpaliatowmxca aunonei. Moatomy, curHan nHpopmaumnm cnocobeH
nyTewecTBOBaTb B MPOCTPAHCTBE MWANMAPAbI NIET, PE30HMPYA KaXKAbll MUT CBOEro ABUMKEHWUA C
POACTBEHHbIMU KOIe6aTENBbHBIMU KOHTYPaMM 31EMEHTAPHbBIX YaCTUL, NONER, 3apAL0B U T. 4., KOTopble
HenpemMeHHO CyLLecTBYOT BO BCEM MHOroobpasmm B KOCMOCEe, OTpaKaACb BO BCE HOBbIX WU HOBbIX
BMXPAX AUMNOIE MaTepum NPOCTPaHCTBA. BcieacTeune Yero, CKOpocTu nepeaayun nHeopmaumm moryT
NpeBbIWaTb CKOPOCTb cBeTA. KOANMYECTBO 3HEPrUM B TaKMX 06pasax HUUYTOXKHO Masno, HO OTPaXKanAch,
BO3OYy)KAaAa MU Pe3oHMpys OT OAHOI0 BMAOBOro OOBEKTA «MPOCTPAHCTBEHHOM» CETU K Apyromy, pas
co3gaHHoe cobbiTe cnocobHO coxpaHATb cBoM 06pasbl Tak [0Ar0, MOKa He ¢ Kem byaet
B3aMMOAENCTBOBATb B CpeAe OKPYKEHWA WM Mnpouecc He 3aTyxHeT cam coboi. U 310 3aBucuT OT
NNIOTHOCTU MaTepuu MPOCTPAHCTBA, €€ rpaaneHToB U T. 4. O4eBMAHO, YTO He BCAKaA MHPopMauma
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MOXKET MPUBECTU K IHEPreTUYECKOMY B3aUMOLENCTBUIO MeXKAy 06 beKTaMn, HO USMEHEHME COCTOAHUA
Aaxe OHOro 3/1IEMEHTA CTPYKTYpPbl BUOPOCUCTEMBI, MOXKET NOB/INATL HA COCTOAHWE BCEro 0O beKTa.

Tenepb, nonpobyem npeactaBuUTb, YTO BCE BOKPYr — 3TO OTOOparkeHMA cobbITUIA B KaxKaom
Hawem UHAMBMAYaNbHOM BpemeHU. Jlioboe ABUKEHWE B HACTOALWEM HEM3MEHHO OKa3blBaeT BAUAHUE
Ha nocneaytowme cobbiTMA B ByayLiem, KOTopble Yepe3 MUT CTAHOBATCA TOXKe HACTOALWMM. ABNeHUs B
NPOCTPAHCTBE, KaK 6bl HaberatoT, NOCTOAHHO YyAEP)KMBaA Hac B cpe3e COOBCTBEHHOrO peasibHOro
BPEMeHM, a BCE OCTanbHOe oTbpacbiBalOT B NPOLIOE, KOTOPOe OCTAéTcA ANA Hac y)e obpasom B
Hawen namatu. C onpefenéHHbIM AONYyLWEeHMEM, Mbl TeNepb NOHUMAEM, YTO 8 delicmaumesibHOCMU
Kax0020 U3 HAC cywecmsyem mosabKOo OH CaM U passau4yHele omobpaxceHus (Konuu) cobbimuli
npouwisioeo, Ha 8eauvUHy ux yoaneHus. C cammmmn o6 beKTammn cobbITUIA B MPOCTPAHCTBE B AAHHbIA MUT
BPEMEHN B PeanbHOCTU, UAN GU3MYECKM, Mbl BCErAa KOHTAKTUPYEM C 33aLEPXKKOM, XOTA OHU U
HaxoAsaTcA B e€4MHOM C Hamu NpOCTpaHCTBe, HO B obpasax Hawero npownoro. To ecTb, U C
oTObOparKeHnAMM, Kak MHpopmaumen, 1 ¢ caMMMmn 06 bEKTAMM, KaK UCTOYHMKAaMKU BMOpAUUIA, HO Ha
paccToaHMKU. MHaye roBopA, B pPeasibHOCTM HAWEro HACTOALLEero, Hawwux npowabiXx cobbITUi
B3aMMO/AENCTBUA CO CPeaon OKPYKeHUA He cywecTeyeT. YTobbl npeayragatb byayuine agieHnsa Hagao
NPaBUAbHO NPOAHANN3NPOBATL NPOLLNYI MHPOPMaALMIO O COBbITUMN.

3HAYMT 211 3TO, YTO UHPOPMAyUA 0418 HAC 10 ceoeli Cymu —3mo He ecmb rose U He eCmb 3Hepaus,
KaK makKosble? Imo 6ce20 7uWlb 83AUMHOEe 3epKasnbHoe omobpaxceHue cobbimuli 8 suxpesbix
3/1eKMPOMA2HUMHbIX 110789X 06bEeKMO8 npu ux e3aumoodelicmsuu opye ¢ Opy20mM 8 nNpocmpaHcmae.
Nnun BansHMe cocegHUX BUXPEN MaTepPUU, KOTOPble HENPEMEHHO OCTaBASOT U3MeHeHUA (oTneYaTKK)
B CTPYKTYpax CBOWMX IHEPreTMYecknx ypoBHeW. M KoTopble, KaK NPOEKUUN COObITUIA UX KOHTAKTOB
mexay coboi, conocTaBMMbI, Hanpumep, ¢ KOAMPOBAHMEM NpU nepegayve AaHHbIX ¢ nepdoneHT
06blYHbIX TeseTannos. M oHU 3aPpUKCUPOBaAHbI B BUAE U3MEHEHMA NapaMeTpPoB MarHUTHbIX Nosaen B
AMNONAX MaATepuM Camoro npocTpaHCTBa. KoduposaHue, 80Crpou3so0CMeo U MPAHCAAYUA
UHOpMayuu 8 cpede OKPyHeHUs, Yepes rnepe3anucu U ompaxceHUs om noss K nosaw suxpel scex
s83aumodelicmsyroujux mexcdy coboli popm mamepuu, Kak 06pa3o08 80 8CEM MHO2006pa3UU CIeKMpPos
ussyyeHuli, u ecmo npoyeccol nepedayu UHpopmayuu 8 NpocmpaHcmae.

Mo cyTn, ABNeHMUA UAM COBbITUA - 3TO BO3OYKAEHUA UAN OTKIOHEHUA OABUMKEHUA SHEPrun, eé
CUNOBbIX IMHUNA, U3MEHEHUA PA3/INYHbIX FPAANEHTOB M NAPaMeTPOB MoJel B onpesenéHHOM mecTe
cpeabl NPOCTPAHCTBA, HapyLeHWe LLeIOCTHOCTU BUXPEBbIX MOTOKOB OT NPEXKHEro HeBo3byKAEHHOTO
COCTOAHMA U T. A. A nx HGOpPMaLMA, KaK «BUPYC» BUXPEN, Nepeaaétca B NPOCTPaHCTBE OT OAHOro K
APYroMmy no KpwuBoM, NogobHOW cUHycouze, BO3HUKAIOLWEN Ha rpaHMLAx BUXPEBbIX 06pa3oBaHUM,
CPOAHM «KNPOAO/bHOM CKaNAPHOM» BONHE, NOe KOTOPOK pacnpocTpaHaeTca bbicTpee CKOPOCTU CBETa.
BO3MOXKHO, Ha TaKMX KPWUBbIX BO3HWKAOT IHEPreTUYECKM HACbILEHHbIE MHOrOC/N0MHbIE BUXPEBbIE
nona B3aMMOAEMNCTBUIA, KOTOpble nepenarT WHOOPMAUMIO Ha OFPOMHbIE PACCTOAHMA MOYTU
MrHOBEHHO. TaKue BOJIHbI B MPOCTPAHCTBE FEHEPMPYIOTCA BUXPAMM HA rPaHMLLAX UX COMPUKOCHOBEHMA
ApYr ¢ Apyrom npu GaHTaCTUYECKUX SaBNEHUAX.

To ecTb, n0boe usmeHeHue unu 08uxceHUe — amo cobbimue, Komopoe mym e CMmaHo8uUMcs
UHopmayuell, KaK omobpaxceHue 8 nNpeobpa3zo8aHHOM CcocmoAHUU nonaeli s83aumodelicmeus
mamepuu npocmpaHcmea. U 3To ewé oaHO noaTBepXAeHWe Toro, Yto MHGOPMALMIO MOMKHO
CYMTbIBATb, CHUMATb, C MAarHUTHOIO NOA CTPYKTYPbl MaTEPUU, KaK e€ HOCUTENA. YKe OTMEeYasioch, YTo
cama no cebe Takas egMHUYHAA UHPOPMALMA HAYTOXKHA, HO B COBOKYMHOCTU OTPaXKeHMa Uan obuiei
NPOEKUMnN Ha cpeay OKpyxeHua, dopmupyet obpas o AEUCTBUU UK ABUMKEHUM MaTepuun. Toraa,
8/1UAHUE repeHoCUMbIX UHOPMayuIo suxpesbix noseli sezdecyujee, OHO 8bi3bl8aeM OMK/AUK 8 0meem
Ha UHopmayuoHHoe s8o30elicmeaue 8bidesneHUeM 3Hepauu 8 cpede OKpyxceHus. Passe amo AsneHue
He A8758emcsA Noomeepio0eHUemM 803MOXHOCMU MocmpoeHus Atboli hopmebl, Kak 06vekma, 8 Atoboli
moYke npocmpaHcmea U3 mMamepuu CAMo20 [POCMPAHCMBA U 3Hepauu, 6036yu0EHHOU
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UHGOpMayUoHHbIM  8030elicmeuem  suxpelli  «e2pasumayuoHHol» cemu, Kak eduHcmea
aneKmpu4ecmea u MmazHemu3ma? 3HaunT, 10boe Husoe cyu,ecmeo crnocobHO 81UAMbL HA 8UXpesble
M0s14, KOK Hocumesls UHGOPMayuu, 8600UMb U3MeEHEHUA U 3a008amMb HO8ble YCMAHOBKU, 8036y#0aA
8 UX 3/1eKMPOMA2HUMHbIX M0AAX 3SHepaemuvecKkue mnpomusodelicmaus, 86cCraecku, Komopble
U3MeHAMm cmpyKkmypy, gopMy U 3HEP2U0 Mamepuu NPocmpaHcmaa.

NHPopMaLma MoXKeT nepenaBaTbCA KAk BHYTPW, TaK M BOBHe 06bekTa. Kakmm ke obpasom
COXpaHAEeTCA, NAEHTUPULMPYETCA U U3BAEKAETCA y3HaBaemaa MHGOPMAUMA M3 NAMATU NPOLIIOTO U
HACTOALLLEro B TEKyLLEeM cobbITun?

B nepsyto ouyepenb, NyTEM MNOCTPOEHMA CUTYALMOHHbIX MOAENEeN, UCNOAb3yA pPas3/IMyHble
WHCTPYMEHTbI CPAaBHEHMSA, B TOM YMC/IE YNOMSAHYTbIN paHee pe30HAHCHbIN KOHTAKT y3HaBaHMA. Mbl yxke
BbIACHUAW, YTO ANA Nepesayun u CoXpaHeHua MHOpPMaLMK, NPU B3aUMOAENCTBUAX MeEXAY NONAMMU
BMXPEW, 3aTpaT SHEPrumn He TpebyeTcsA, HO CKOPOCTU TPAHCAALUKN ByayT 3aBUCETb OT SHEPreTUYECKUX
BO3MOMHOCTel Bubpocuctem. Mpu 3ToM nepBUYHAA MHPOPMaLMA O cobbITUAX, 3aneyaTNéHHan B
NONAX MarHUTHbIX BUXPEN CTPYKTYPHbIX KOHTYPOB M OOLWMX CMCTEM Pa3/IMYHbIX popm maTepuu,
COXpaHAeTCA HaBcerga, NOKa OHWM cyuwecTByloT. Jllobble AaHHble: BWU3yasibHble, 3BYKW, 3amnaxw,
OLYyLWEeHNs U T. A., €CTb «3aNUCb» HA COOCTBEHHbLIX 3HEPreTUYEeCKUX HOCUTeNsX pe3y/bTaToB
B3aMMOENCTBUA BUXPEN MaTepuu, Kak aedopmauumn Monen, Mux TMOrA0oWEeHNs, OTpaKkeHus,
NPenoMIeHUA U T. A., KOTOPble HACNAMBAKOTCA Ha NpeaplaylimMe U3MEHEHUA MPU KAPXMBALUNY.
YAVBUTENbHO, HO TaKOM «apXMB» MOXKHO M3B/ieYb, OTMOTATb B 06PaTHYIO, Kak KUHONEHTY, BNAOTb A0
camoro Havana b6bitma. MoTtomy 4TOo, 8CE O ABAeHUAX pacrnada U cuHmMe3a OUCKpemHo scez20d
coxpaHaemca 8 sude ppazmeHmos 8 o0bpa3yrWUXCA HOBbIX 06beKmax, MaK KaK ece mymauyuu
npoucxo8am om npedbidyujeli 0CHOBbI UX COCMOSAHUL.

B Takom cnyyae, ecnm BCE BOKPYr €CTb pesynbTaT cobbITUIA, Kak B3auMOAEeNCTBUI Bcex dopm
MaTepUM NPOCTPAHCTBA B TEYEHUE MUANIMAPAOB NIET, TO MOXKEM /N Mbl NPEANONOKUTb, YTO MUP,
KOTOPbIX HaM 3HAKOM, BCEro /uWb 6e3rpaHMyHas B CBOMX BO3MOMKHOCTAX M MHOroobpasuu
MHPopmaumna? Yepeaa BCMbIWEK MACCOBbIX M OECKOHEYHbIX Pa3Ae/ibHbIX 3MU3040B ABUKEHUN
BUXpen? N ToNbKO 0gMH MU B 3TON BECKOHEYHOCTM eCTb HACTOAWAA PEeasibHOCTb, KAaK FPaHULA 30H
«40» U «Nnocney, a BCé ocTasibHOe — NaMATb NpoLwWwaoro bbitna nnmn nipopmauma? Nortomy 4To, NO CyTH,
noboe ABUKEHME eCcTb UCTOYHUK MHbOPMaLMK, KOTOpoK 06A3aTeNbHO CONyTCTBYET MaTepua, U 3TO
BEPHO, OAHO 6e3 gpyroro He cyuwecTsyeT. YAMBUTENbHO, HO 8CE ycmpemMasemca U3 npouisio2o 8
Hacmosuwee, cmapasce yoepxamoca Ha 3mol epaHU 00CMuU2HYymMo20 8peMeHU.

3Haunt, nobas uHPopmauma — 3TO cnes OT ABMNKEHWS UAM NpPeBpalLeHUa MaTepun
NPOCTPaHCTBa. U 310, 3HAUMUT, He Byayluee 1 faKe He HACTOoALLLEe, a MPOLLIoe BPEMSA, KaK NPOMAEHHbIN
nyTb. M coBepLUIEHHO HEBAXKHO, CNeA OCTaBAEH AABHO UM TOIbKO GOPMUPYETCS, U pedb UAET O KMBOW
WA HEXMBOM MaTepun. A ecnn Tak, TO BEPHO /K, 4YTO MHOpMaAUMA — 3TO Anwb Punocodckoe,
MbICNTENbHOE NOHATME? OYEeBUAHO, YTO [, EC/IM TOBOPUTbL O CBEAEHUAX ANs «Habatogatena». U Her,
€C/IM UMeTb B BUAY B3aMMOAENCTBMA MaTePUN, KOTOPble 06 bEKTUBHO NPOUCXOAAT B MPOCTPAHCTBE, KakK
cobbITUA, KOTOPbIE U3MEHAOT COCTOAHME APYr Apyra, NOCTOAHHO U3/y4asa U NPUHUMAA OTPaXKeHUA
cpeapbl OKpyKeHus, eé nHpopmaumio. B Tom uncne, n Kak Heobxoanmoe ycnosue ANnA BbINOAHEHUA
NepBOro yTBepKAeHnA. 1 TOMy MHOKECTBO NOATBEPKAEHUIN B COBPEMEHHbIX raZKeTax, TpaHcnopTe,
CBA3U U T. 4., TAE NPUMEHAIOTCA MarHUTHbIE HOCUTENWN ANA YIPABAEHUA UM apXMBALMK MHPOPMaLUW.
Kak 1 BOKpYr Hac B Npupoae, rae Kaxkaplit 06BbEeKT coxpaHAeT AaHHble 0 cebe U B3auMoaencTBUsX C
OKPYKEHMEM, B CBOMX BHYTPEHHUX CTPYKTYPaX, MyTaLMaAX, CBOMCTBAX, PYyHKLMOHANAX, COCTABE, KaK U
B CBOMX 3/IEKTPOMArHUTHbIX NOAX.

CnepoBaTeNlbHO, MOXHO C YBEPEHHOCTbIO KOHCTAaTUPOBATb, YTO UHGOpMayuAa 8 npupode ecmeo
OMKAUK, KAK peakyus cpedbl Ha cobbimue, KaK eOuHbIl K00 0bweHUA Ha 0CHO8AX 3/1eKmpu4ecmesa u
mazHemu3ma, 6e3 Komopo2o HEBO3MOMHO 83aumolelicmeue Mmamepuu, Kak 08uxeHue 3apAaoos u
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guxpel, @ 3HA4YUM HEBO3MOMCHA U 380/10YUA MPOCMpPAHCMBa. HeBepoATHO, HO MPOCMPAHCMEBO - eCMb
3Hepaus suxpel, KOmopsle OMKAUKAIOMCA Ha 83aumooelicmaus Opya ¢ Opy20M.

Baoymaiitech ewwé u ewwé pas, YTo Mbl, Nepeasurascb Bo3byKaaem OKpyKeHne BOKpYr cebsa n oHO
KaXkablt Mur npuobpeTaeT o4vepTaHWA B 3epKa/IbHOM TOYHOCTM HalWero Tena CO BCEMM eé
GYHKUMOHANbHbIMW BO3MOXKHOCTAMM, CBOMCTBAMM, AMHAMMUKOM, NOTOMY YTO Mbl COCTOMM U3 TOM Ke
MaTepun NPOCTpaHCTBa. Bcé aTo npouncxogut 6rarogapa sHeprumn 3apagos, apxmey MHGOPMATUBHbIX
MyTaLMi B CTPYKType Hawer BMbpocncrembol U B3aMMOgeNCTBUAM C UCTOYHMKamM BUBpaunin nssHe.
Hawa 3Heprna onpenenéHHor nAOTHOCTM W GopMbl NepeTeKkaeT B MNPOCTPAHCTBE, BMecTe C
nHbopmaumen, bnarogapa BOSHUKAKOLWMUM rpagMeHTam 3apAag0B MaTepun camom cpebl OKPYXKeHUs.
OueBnpgHO, 4TO ecnM npu cboAx B NepemelLeHMM TaKoro 3HeproMHGOPMaLMOHHOIo MOTOKA
NPOUCXOAUT HapyleHue eaWHOW CTPYKTypbl GOpMbl  MaTepuuM B pes3y/ibTaTe BHELHEero
BMeLlaTeNbCTBa, TO TeNo nornbaet, iMbo paspywaetca.

3HauuT, TenenopTauma - He MU U O Hell MOXKHO rOBOPUTb, KaK O MFTHOBEHHOM MepemeLLeHnK
ob61beKTa. Koraa nHopopmaums, Kak U3meHeHne B CTPYKTypax Noaen conpukacatowmxca popm matepmum
cpeapbl OKpYKeHns, nepesaérca oT O4HOr0 «HY/J1eBOrO» BUXPA «TPaBUTALMOHHON» CETM NPOCTPAHCTBA
K ApYromy B OBW)KEHWM, B MOJIHOM COBOKYMHOCTU CBOMX BubBpocucTtem. B Takom cnyyae, BnoaHe
BO3MOXHa nepegaya ob6pasoB cobbiTMi Yepe3 «NPOCTPAHCTBEHHYO» CETb, KaK BMPYCa WM MaKeTa
BMPYCOB, BHEAPEHHbIX B CTPYKTYPY 3/IEKTPOMArHUTHbIX NOJIE BUXPEM, C NPAKTUYECKM MIHOBEHHOM
[0OCTaBKOM B 1tob60e MecTo cpeabl OKPYKEHUA A5 BOCCO34aHUA camoro obbeKTa (cobbiTna) B mecTe
Ha3HayeHuA. U ¢ 3TOM Lenbto BCero-to He0bxoAMMO aKTUBMPOBATL PE30HAHCHbIN 31EKTPOMArHUTHbIN
OTKNMK B BMOPOKOHTYpax MaTepumn MPOCTPaHCTBA AN CO34aHMA SHEPrOMHPOPMALMOHHOM KTOYKM
pocTa» 0b6beKTa B cpene OKPYKEHWUA U3 SHEPTUM U MaAaTepUM CamMOoro NPOCTPAHCTBA. YTO cnaowb M
PALOM HaxoauT NoATBEpPXKAEHME B Npupode BOKPYr Hac. PasBe BCE cyliee Ha Hawewl NiaHeTe He
NPOU3pacTaeT U3 MaTepPUM Cpeabl, KaK, HaNnpumep, pacTeHua, AepeBbsA, XKMUBOTHbIE, KPUCTANNbI U T. 4.7
Korga matepua HeBMAMMAA NEpPexoauT B MATEPUD BUAMMYIO, U U3 MaTepun cpesbl BblpacTaeT Ta
dopma, KOTopas 3a/10XKEHA B «TOYKE POCTA», Kak MHPopmauma. MoTtomy uTo, Ntobasa maTepusa — 310 B
nepByto oyepeab Npoueccbl 0bOMeHa sHepPrnen, Kak 3KBMBANEHT U3Tly4eHUN, a Ntoboe n3nyyeHue ectb
nose, Kak CBOMCTBO BelecTBa BUOpMpoBaTh. 3HAUUT, Nto6oM BUBPOKOHTYpP (cucTema) n ectb matepus,
KaK 4YacTb CTPYKTYpbl BeliecTBa uau BelectBo atoboin dopmbl B noboi cpepe npocTpaHcTBa. A
BMb6paunK, U3Nyyaa nepesatoT SHEPrUi0 B BUAE 3apAasoB M MHGOPMaLMIO B BUAE NPOEKLUA COBbITUI
B3aMMOLENCTBMA BUXPEN.

Takaa TexHoNorvA BMAWUTCA KpallHe BOCTPpebOBaHHOW B MepByk oyepesb B mMeguuMHe, npu
BOCCTAHOB/IEHUM U3HOLIEHHbIX AW NOBPEXAEHHbBIX OPraHOB YenoBeKa 6e3 KakMx-1mbo HapKo30B, B
pPeasbHOM peXKMME BPEMEHMU, HE TOBOPSA YXKE O KOCMOCE MU MOCTPOEHMU 06bEKTOB B 060N TOUKe
nAaHeTbl.

3HAUYMT, Mbl MOXEM C BblcoYalilen A0NeN YyBEPEHHOCTU 3aKNHOUYUTb, YTO UHGOPMAUUS, PABHO
KK U 3apA0bl, He Mmoxem cyujecmsosams 6e3 suxpeli mamepuu npocmpaHcmea, a nomomy OHa
A8/19emca CMpPyKmMypHoIM codepxcaHuem ux ounosel. N yem Bbilwe NAOTHOCTb GOPM MaTepuu, TeM
6onblue n BbicTpee pacnpocTpaHAeTcA MHGOPMALMA U SHEPTUA B UX OKPYXKEHUN. TO ecTb, ecnn ecTb
rPaAMEHT, KaK HaMNPAXXEHHOCTb, TO MOMIAMM BbINONAHAETCA paboTa mexay YacTuLuamu UauM Tenamu B
NpocTpaHcTBe. PasymeeTca, YTO €C/iM HaZinume rpaameHTa ecTb YCNOBME HA/IMYUA BUXPA, TO BCE BO
BceneHHOM cOCTOUT M3 MHOroobpasus, AMHAMUYHO KOHTAKTUPYHOLWMX MeKay coboM 1 cpenomn, BUXpei
MmaTepun, 06 beaMHEHHBIX B BUBOPOCUCTEMbI C OOLNMMM pUTMamMM GYHKLMOHMPOBaAHUA. Torga u Mbl, Kak
n BCe 06BEKTbI MPUPOAbI, TOCTOAHHO HAXOAMMCA B NOIAX HANPAXKEHHOCTM, pacxoaysa uam npuobpetan
3Hepruto n3BHe. Mbl U eCTb rPaANEHT MW PE3yNbTaT U3MEHEHMA 3apAaaoB B 06bEme GopMbl MaTepun
— Hawero Tena. Paznnume n nectpota ¢opm B pesynbrate 06beAMHEHUA PA3HBIX CTPYKTYP AMnonen
YyCTOMYMBbI A0 TeX NOp, NOKa NOAYMHEHbI eAMHbIM PUTMAM TOKA 3apAA0B B e4uMHOM KonebaTenbHOM
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CUCTEME, KaK Mpoueccy cuHTe3a matepun. Ho B MMKpomupe, Npu pasmepax NPOTOHOB B AApax C
TOYHOCTbIO A0 NATHAALATY 3HAKOB NOC/E 3aNATON M BbICOYANLLMX KONebaHMUAX HYKIOHOB, NX OPOUTbI
BPAWEHN nNpeBpawaloTca B CM/IOWHbIE NOC/AOMHbIE Ccdepuyeckne BUXpeBble 06pa3oBaHUA.
OueBUAHO, BHYTPU TaKUX BUXPEWN BO3HWUKAET paspelkeHue, a BHelHME 06beKTbl OTTA/IKMBAACH, eLlé
CUNbHEE YNIOTHAIOT NOBEPXHOCTU chep AAep M aTOMOB BellecTa, 0bpasya ycToiMumBbie AUNOAN CO
CBOMCTBAMM 3N1EKTPMYECTBA M MAarHeTU3Ma, KOTOPbIE U HE MO3BOAIOT KCX/IOMHYTHCA» 3TUM CTPYKTYpPam
B TOUKY.

Torga noyemy B KOCMOCE B pPasperKEHHble 30Hbl He YCTPEMATCA pas/iyHble OObEKTbI, a
06pasyloTca AOCTaTOMHO YCTOMUYMBbLIE CUCTEMbI 3BE3/ M raflakTUK? Beab B3aumoaencTema «BCEro co
BCEMY» BOKPYr NPOUCXOAAT Yepes YNAOTHEHMA MaTepPUU, HECMOTPA Ha TO, YTO MPOCTPAHCTBO KpalHe
HaCbILWEHO 3HEPrMel, B OCHOBE KOTOPOW - FpaaueHTbl NI0THOCTEN BUXPEBbIX 06pa3oBaHUIi OFPOMHOIO
pa3HO0b6pa3unA pa3NnUHbIX 06bEKTOB. MOXKET Tam AEUCTBUTENbHO CYLLECTBYET HEBUAMMAA HaM popma
MaTepuu C AOCTaTOYHOW ONA NPOTUBOAENCTBUA OKPYKEHUIO MIOTHOCTbIO Bewectsa? A yTo, ecau
npoLecc matepuanmsaumm U3Ny4eHHON B MPOCTPAHCTBO MHPOPMAaLMM BO3MOXKEH B CBOEObpasHOM
NNOBYLLKe Nonewn, Kak ueHTpe (obnactm) aktmeaumm, B KOTopoi 6e3 rpagmMeHToB Co Cpeaoit 3BHE Pe3Ko
3amMen/IfneTcs CKOPOCTb €€ pacnpocTpaHeHMA? Kak B 3/1eKTPOMArHUTHOM W03€e, ANS BblpaBHMBaAHMUA
NAOTHOCTEN 3HEPrMn B AAHHOWM TOYKE, KOTOPbIA MOMEHTa/NIbHO GOPMUPYETCA B MPOCTPAHCTBE MpwU
OTK/NIMKe Ha MHPOPMALUNIO MHCTPYMEHTAaMW MarHUTHOrO Pe30HaHCa B3aMMOZENCTBUA BUXPEN cpeabl.
C uenblo cbéma (KONUMPOBAHWUA) TAaKOTO «OTTUCKA COBLITMAY» Ha eAMHOe 31eKTPOMAarHUTHoe nose
obuielt BUBpoCcUCTEMbl BHOBb CMHTE3Npyemoi GopmMbl maTepun obbekTa B npocTpaHcTee, nbo eé
CTPYKTYPHbIX BUBPOKOHTYPOB.

K Tomy ke, BCE nepeyncneHHoe Bbille A0MNYCKaeT YAUBUTENIbHYIO BO3MOXHOCTb, Koraa ntoboe
MaTepuanbHOE TeNo, B TOM YNUC/IE U KMBOW OOBEKT, MOXKHO CAENaTb HEBUAMMbIM, @ NOTOM OMNATb
BUAMMBIM, B 1I06OM MecTe npocTpaHcTaa. NyTém co3gaHns adpdeKkTa Nons «Hy/EeBbIX» KonebaHui ans
BCEX, COCTAB/IAIOLLMX €r0 CTPYKTYPHbIX BUDPOKOHTYPOB, TaKUX KaK 3/1IEMEHTAapPHbIE YacTuULLbl, aTOMbI,

Puc. 18 MornouieHne BoAH oTparxkeHns B 9M none. (potowon)

MO/IEKY/Ibl BEWEeCcTs M T. 4., UAN ANA eAnHON ero ¢opmbl BMBpOCUCTEMbI. BCe 3HAIOT, YTO Mbl
pa3nanyaem npeametbl 6narogapa 3pPeKTy oTparkeHMAa OT HUX CBeTa B BMAMMOM AuanasoHe
3NEKTPOMArHUTHbIX U31yYeHUt. Hanpumep, NpuraaauTecsh K Bo3A4yxXy B KOMHaTe, Mblib HE BUAHA, HO
CTOMT B OKHO 3arfIfiHyTb CO/IHEYHbIM /lyd4am, U OHa OKa)KeTca noBsciogy. A Tenepb NpeacTaBbTe, uTo
KaK[as 4yacToTa, B CMeKTpe OTparkEHHOM OT Noboro Tena BOMHbLI CBETa, MoTepAna CNnocobHOCTb
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d1KcnpoBaTb MHPOPMALMIO O B3AUMOLENCTBUN C TE/IOM, KaK 0TOBpakeHMe B MarHUTHbIX MONAX CBOMX
BMXPEBbIX CTPYKTYP, M 9PPEKT OTPaKEHNA MCHESHET UM MOFIOTUTCA NONEM, €r0 CKOMMEHCMPOBABLLNM
NoaHocTbio (cm. Puc. 18).

Kakum e obpasom JoCTMYb TaKoro pesynbtata? lepBadA M camas NpocTad BO3SMOMKHOCTb -
BCMOMHUTbL 06 MHTepdepeHL MM Nagatowwen 1 OTPaXKEHHOW BONH NPOTUBONOOMKHbIX HAaNPaBAEHWUI B
npotusodase. B aTom cayyae gns NONHOW KOFepeHTHOCTM Nosel noTpebyeTca onTuYeckuii GUnbTp oT
WYyMOBON WMHPOpMauumM msnydatens. U npu poctmkeHun sddeKkTa CToauyMx BOMH B AManasoHe
BMbpaumin npeaBapuUTENbHO CHATOrO CNEKTPaANbHOTO aHaAu3a, ntoboe Teno B 30He 061y4YeHUs nonem
NCTOYHWKA TepAaeT cnocoObHOCTb OTPaXKaTb CBET B YacTOTax KonebaHMi Kak camMoro Tena, Tak 1 Kaxaoro
BUOPOKOHTYypa ero CTPyKTypbl. BTopas ctopoHa addeKTa «HyneBbix» KonebaHM cBA3aHa C CUCTEMOM
NoAaBNEHUA MArHUTHOTO PE30HAHCA B BUXPAX CTPYKTYPHbIX 06pa3oBaHui Tena nytém obnyyeHus
HanpaB/AEHHbIMW LYMOBbIMMW 31EKTPOMATHUTHBIMW NONAMM.

Pa3BuTHe NOJOO6HBIX TEXHONOMMIN CYNINT OFPOMHbIE BO3MOXKHOCTU A/1A CKPbITbIX NEPEMELLEHNN
He TO/IbKO No4eN N MeXaHM3MOB, HO AaKe NOJIHOrO UCYE3HOBEHMSA LLe/bIX FOPOA0B M3 YyXKOro noas
3peHus.
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«Ce200HA Hay4yHoe MoHUMAHUe HU8020 rpouecca Hyxoaemca
KaK HUK020a 8 CB8excux Hay4Hbix udesx u 8 obobuweHuu paHee
HOKOIM/IeHHbIX OAHHbLIX HG CMbIKe eCmecmeeHHbIX HayK. »
lMempoes H.B.

LUMBUIU3ZALMA U KOCMOC.

MeHs Kak-TO chnpocuam: «A B 4YEéM npefHasHayeHMe YenoBEeYECKOW UMBUAN3ALUUTD»
[encTBUTENIbHO, KaKOBa *Ke POJib KaXKaoro 3BeHa, OTAE/IbHOMo CyllecTBa B OMO/IOrMYecKol Lenoyke
pa3BuTmAa?

Jlto6an KM3Hb BO3HMKAET TaM, r4e co34atoTcsa noaxoaswme ansa Heé ycnoBmA B NPOCTPaHCTBe.
To ecTb, Kapgaa cpeaa dopmupyeT cBoto Huochepy. 3HAUMT, CaMo OKpyKeHue BnaronpuatcTeyeT
06pa3oBaHM1IO TOM UAU MHOW GOPMbI ¥ KU3HUM, TEM CaMblM NO3BOIAA 3aMONHATL SHEPTETUYECKYHO HULY
B JaHHOM npocTpaHcTBe. 1o Bcel M3BECTHOM Ham LLenoYKe: OT 31IeMeHTapHbIX YacTul, A0 aTOMOB, OT
aTOMOB [10 MOJIEKY/I, OT BUPYCOB A0 H6aKTepuin, oT baKTepuin 40 PacTeHUI, OT PACTEHUN A0 KUBOTHbIX
M OT KMBOTHbIX A0 4esioBeka. Bpsag nM KTO-TO CTaHET OTPULATb CYLECTBOBAHME YHUKa/bHbIX
NPUPOAHbIX TEXHONOIMIN, «BMOHTUPOBAHHbLIX» 3BOJIIOLMEN B MOBCEAHEBHbIN XMU3HEHHbIN LUMKA, 6e3
WCKNIOYEHUS, BCEX KMBbIX OPraHM3MOB. ITO, Hanpumep, U 3peHne, ob6oHsHME, OLLYLLEHMA, CNOCOObI
nepeaBuKeHua, nepepaboTka OAHUX BELLECTB B ApPYyrve, M NamaATtb, CAyX, NeHne, obyyaemocTb, U
MHOrOo€e APYroe, 4To, Npu YAaYHOM «3KCNepuMeHTe» B3aMMOAENCTBMIA B NPOCTPaHCTBE, Npupoaa TyT
e NPOA0NKAET MHOFOKPATHO TPAHC/IMPOBATb Ha BCE NOA0OHOE, rae 3To MOXKeT BbITb TO/IbKO M0JIE3HO
AN COXPAHEHUA, Pa3BUTMA U PA3MHOMKEHWUS BMAOB. BnosHe BEpOATHO, YTO OAUH BUA, XKU3HU He
pa3BMBaETCA B APYroi, NyTEM «AaPBUHMU3MA», OH MOXKET TO/IbKO MyTUPOBATb M COBEPLUEHCTBOBATLCA,
Kakablh nog cBou cpedpl obutaHua. M, HaobopoT, cMumbuos, Kak NpoLecc, KOTopbIn 3apoaun/ica B
6opbbe 33 WMCTOYHUKM SHEPrUM, MNPU NEPBbIX MNPOABNEHUSAX ONAronpUATHLIX YC/OBUM BO BCEX
BO3MOXHbIX CNOAX CYLLECTBOBAHWSA, Aa/1 HAYa/l0 BEJIMKOMY MHOMECTBY M Pa3HOO6pasunio NpobHbIX
33a4aTKOB YKM3HW NPAKTUYECKM O4HOBPEMEHHO. M BCe OHM NMPOAO/IKANM 3aCeNATb pasnyHble cpeabl
OKPY)KEHUS, HO yXKe B3aMMOAENCTBYA Mexay cobon, UCNOoNb3ya OAHU U Te XKe SABAEHWUS Npupoabl,
YKPYMHAS UMAM M3MeNbyasd, YCNOXKHAS MAM ynpollas COBCTBEHHble CTPYKTYpbl U Gopmbl ANs
HaWNyJLLEro npUCcnocobaeHna K YCNOBUAM MNOCTOAHHO WM3MeHsolenca npupodbl. M nonyyanm
AanbHelllee Pa3BUTME TONbKO T€ U3 HUX, KOTOPbIEe ObIIN lydlle APYrMX NPUCNocobaeHbl onepaTMBHO
N COOTBETCTBEHHO MYTMPOBaTb MO/ HOBbIE U3MEHEHUS YCI0BUIN OBUTAHUA Ha NaHeTe.

YBEpeH, YTO CEroAHALWHUIM ypOoBEHb MHOroobpasva BCEro XMBOTMO Ha 3emse BO MHOIom
o06pa3oBaH 3sontouMen GyHKLMOHANBLHOTO CMMBMO3a PasINYHbIX, KOr4a-To BMOJIHE CAMOCTOATE/IbHbIX
«BHYTPEHHMX OPraHoOB», KOTOPble M3Ha4ya/bHO 3aPOXKAANMCb KaK OTAENbHbIA NPOCTeAWMA BUA,
CNOCO6HbIN TONbKO, Hanpumep, 3PPeKTUBHO U3BEKATL SHEPTUIO (NMUTaHWE) NnepepabaTbiBan BO3AyX,
BOAY, KPOBb, MOMET, MACO, PaCTEHUA U T. 4. HO KOTOpbIe NOTOM 3BONOLMOHNMPOBANMU B eAuHY0 dopmy
PacTeHUA UAU X KMBOTHOIO M NPEBPATMU/IUCL B €r0 YacTU, UNM BHYTPEHHOCTU, TaKMe, KaK KOPHU, TNCTbA,
Kenyaok, Nérkme, Noyvku, neyeHb, Mo3ru, rnasa um 1. 4. M 3To BnonHe 3akoHomepHO B 6opbbe 3a
WCTOYHUKM NoTpebneHna. Takum obpasom BeNMKOE MHOXKEeCTBO cywecTB buochepbl NoaBuaOChH B
aTmocdepe, OKeaHe, 3eMJie U Ha NOBEPXHOCTU. Kaxkaoe ns H1x nepepabatbiBan, B TOM YMCAE, OTXOAbI
XU3HeaAeATeNIbHOCTU APYyr Apyra, Hayyuaocb yTUAM3MPOBaTb M BO3BpaWaTb 0bpaTHO B npupoay
BbicBOOOAMBLUMECA COEAMHEHUS BELLECTBA ANA MOBTOPHOrO MX NMPUMeHeHuAa. MameHaeTca nv npu
3TOM WCXO4HbIM CcoCTaB cpedbl? HecomMHeHHO, ecan roBopuUTb O MaKpomupe. U HeT wunu
HecyL,ecTBEHHO, eCNM UMETb B BUAY 3/IEMEHTAPHbIE YacTULbl.

Toraa, Npu OAHUX U TeX Ke SABAEHUAX, NePUOLMUYHOCTAX M CBOMCTBAX B NPUPOAE, YTO Ke
Noby»KAaeT K YC/IOXKHEHMUIO CTPYKTYP MaTepumn, eé ¢opm Bo Bcelt bruocdepe?
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3aKruTe cnn4ky, obpasyerca yrnepod, KoTopblii NPensTCTBYET Aa/ibHeNLeMy pacnpoCTPaHeHM IO
nnameHn (cm. Puc. 1). Ha Hawe nnaHeTe yrnepoga OTHOCUTE/IbHO HEMHOTO, HO r4e OH BO3HUKAEeT -
OFOHb 3aTyxaeT, a TemnepaTtypa MNOHM}KaeTca. To ecTb, yrnepos ecTb NPUPOLHbLIN OXNaguTens.
Mpoueccbl, npoucxogsawme Ha nnaHetax CONHEYHOW CUCTeMbl B pe3y/abTaTe BpPaALWLEHMA W
opbuTanbHOro ABUKEHUA, C MOMEHTa MX 06pa3oBaHMA, onpeaenaoT AOCTaTOYHO BbICOKUI YPOBEHb
TemnepaTtyp, 6narogapa He TO/NbKO MPOTUBOAENCTBUIO Cpeabl U TPEHMIO OT BpalLleHMA BelLecTBa
BHYTPM 3TUX cdep, HO MU HANUYMIO PA3/IUYHBIX INEKTPOMATHUTHbLIX MONEN U U3NYYEHWUI, KOTOpble
HemnHyemo obpasytoTca B pesy/abTaTe B3aMMOAENCTBMA C APYTMMU KOCMUYECKMMU 06BEKTaMK Npu
ABUMKEHMW NO ranakTuyeckomn opbute. MHave roBops, Hawwa 3emna A0JIKHA U OCTYKATbCA, MOKPbIBAACh
KaMeHHOWM KOPKOM, N HarpesaTbcA, 06pa3ysa OrHeHHbIN wap, 3a cBou npnbansutTenoHo 250 maH. net
ranakTuyeckoro Kpyra (cm. Puc. 2). YcnoBHoO, npu npoxoxaeHun s6aum3sm cossesama CTpenbua,
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Puc. 1 Fopsauwas cnuyka. /flomaster.club/ Puc. 2 Nanaktnyeckan opbuTa CONHEYHOM CUCTEMDBI.
/bibliotekar.ru/

ConHeYyHaa cuMCTeMa BPbIBAETCA B XOJIOAHYHO KOCMWMYECKYHO MYCTbIHIO, KOTOpPas CBOMMM NOAAMM
oTbupaeTt sHepruio 3emnu, eé 3apagbl, ocnabnsetr BavAHue CoMHUA M TEM CaMbIM OXNaxKaaeT
NMOBEPXHOCTb Hallel naaHeTbl. BynKaHWuYecKkaa akTMBHOCTb nagaet, obpa3yeTcA 3emHasa Kopa, a B
9KBATOPMaNbHOM 30HE BO3HWKAIOT YC/IOBUA ANA 3apOXKAEHUA KU3HW. [anblie nossnsetca paopa u
¢dayHa, KoOTOpble CMOCOGCTBYIOT MOBbLIWEHUIO MNOTHOCTU aTmocdepbl, €€ mowmn. ObpasytoTca
OFPOMHbIE TPafAMEHTbl 3apPAA0B MeXAy 3eMAéi M aTmochepon, BO3PaCTaeT MArHeTUsm U
3N1EeKTPMYECKOEe MOJie M/IAHeTbl, KOTOpas MeHblle BombapanpyeTca U3BHE, OHa CTaHOBUTCA bonee
3almuLeHa. M 3T npoueccbl NOAAEPKMBAOTCA MUIJIMOHAMM /IET, OHU He MPOTMBOPEYAT BUAOBOMY
Pa3BUTUIO U AMHAMMKKe pocTa 3emnun. KoHeyHo, Janee, B KaKOM-TO MHOM CO3Be€34MU CBOErO
opbuTanbHOro MNyTH, BO3MOXKHO JIbBa, Hala NJaHeTa BHOBb Harpeetcd, W YyXKe ByJ/KaHM4YecKan
aKTMBHOCTb MNOTrNOTUT BCE MnBoe (cm. puc. 3). Ho B gaHHbIN nepuog, 3emns, KOTOPbI pPas 32 MUIUOHDI
N MUANMOHDI NeT, NpucnocabanBaeTca, OxNaxaaeTca, HapalwMBaeT TO/ILLY CBOEN KOpbl, yBEINMYMBAET
MarHMTHOEe nose, yKpenaseT NJAOTHOCTb U HACbILEHHOCTb aTMOChEPbI KYTEMNNAACLY» A5 COXPAHEHMUA
CBOEI BHYTPEHHEN 3Heprum ot eé Byaylmx NoTepb NPU BCTPEYAX C U3MEHAIOWMMMUCA UUKANYHBIMK
YCNOBMAMM NPOCTPAHCTBA ralakTUKM.

CnocobcTByeT M aTMm npoueccam buocdepa, yenoBeyectso? bes comHeHuin. byaet nm npu
TAKOM Pa3BUTUKN COOLITUIN YHUUTOXKEHO BCE XMBOE B AasibHelwem? BnonHe Bo3moxHo. Ho npouecc
OODBEKTMBHbBIN M OT HAC ero ucxopa, He 3aBUCUT. Mbl ANLLb YCKOPAEM 3TN ABNEHUA, KaK U BCE XUBOE,

BblaenAs B atmocdepy yrnepos B BMAE HEroployero YrnekUcaoro rasa, B Tom uucne, AobbiBaa u
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MCNob3yA YrNeBoaopoapl U3 Hegp 3emnn. Mbl anwaem reochepy NpMPoOLHOro Oxnagutena B suae
yrna, HedTW, rasa, KOTOpble pPas3genalT MOBEePXHOCTb [PaHMUbl  PacKaNéHHOM marmbl  OT
NMOBEPXHOCTHOM KOpbl 3eMAM, TFpaHu4yawen ¢ rngpochepon u atmocdepoir. Kak npuposHbIn
WNHCTPYMEHT CAEPMKMBAHUA OFHEHHbIX PeaKLMIiA OT OTKPbITOrO KOHTAKTa BbICOKUX TeMNepaTyp Heap C
BHELWHel cpenoi, eé buocdepoin. NMOHATHO, YTO NPM MaNoOK UAN YAaCTUYHO YAANEHHOW NPOCNONKe
yrnepoga B reocdepe, TemnepaTypa Ha NOBEPXHOCTM ByaeT HEMWHYEMO BO3pacTaTb, U B pe3ynbTaTe
3anacobl yrn1eBo4opoa0B B 3TUX MecTax MeAJIEHHO, HO NOCTOSAHHO ByayT BOCCTAaHABAMBATLCA. TaKUM
obpasom, noTpebnsaa yrnesogopoabl YeN0BEeYECTBO HEOCO3HAHHO, KaK W BcA buocdepa, Hacblwaer
atmocdepy yrnepogom, B TOM uuciae u3 reochepbl, Kak Obl yNIOTHAA €€ 3alMUTHYI «LWyby», U
ycunmnBaeT MarHuUTHoe none 3eman. OgHAKO, 3aNeXu YyrneBoAoOpPOAO0B KpaliHe BaXKHbl ANA 3aLUUTDI
9KOCUCTEMbI, @ B UTOFE U CYLLECTBOBAHWA CaMOM NIAHETbl B CBOMX LMKNAX M NEPUOAAX FaNaKTUYECKMX
KonebaHun. buocdepa NOCTOAHHO MOACTPAMBAETCA MOA PUTMbl M3MEHAIOLWMXCA YCN0BUM Cpeabl
CaMoW NAaHeTbl, CTPEMACH K r106anbHOMY CUMBUNO3Y C HEW BOT YXKe MUAANAPAbI NEeT.

Puc. 3 OrHeHHana nnaHeta. /STU BALLINGER 2013/ Puc. 4 MaruutHoe none 3emau. /zbruc.eu/

3emnA, KaK 1 Bce NnaHeTbl BO BceneHHOM, B CBOE 3BONOLMN MMEET OTHEHHbIM LMK/, Koraa eé
SHeprua A0/IXKHA BOCCTAHABNMBATbCA ANA AA/IbHEMLWero pa3BuTma. BepoAaTHO, eé aNeKTpoOMarHnuTHoe
nosie ABNAETCA CBOEro poga KaTasiM3aTopom Npu nepexoae yrnepoaa us reochepbl B aTmochepy, Kak
LUMKANYHOE AIBIEHME B PA3BUTUN NAAHETDI, UM UHCTPYMEHT A1 CO34aHMA U COXPaHEHWUA COOCTBEHHOM
BHYTPEHHEN 3KOCUCTEMDbI, KaK MCTOYHMKA 3Hepruun. Passe 3To He HANOMMWHAET MUKPOMUP?

Mpw BcnbiwKax Ha CoMHLE Sly4M KOPOHbI 3BE3Abl PACAPOCTPAHATCA B KOCMOC Ha MWAJIUOHDI
KWJOMETPOB. ITU BCMbIWKN CO3[at0T KONOCCA/IbHbIE 3/1IEKTPOMATHUTHbIE M3/IYY4EHUS Pa3/INYHbIX
CNeKTpoB. B pe3ynbTaTe OHM B3aMMOAENCTBYIOT C 3N1€MEHTAPHbIMU YacTMLAMKU U NONAAMWU Cpeabl
NPOCTPAHCTBA, B TOM YMC/E C NAaHETaMMN U KOCMUYECKMMU TENAaMU, KOTOPbIE ABASAKOTCA UCTOYHMKAMMU
COBCTBEHHbIX MONEN W WU3NYyYeHUW. 3HAYMUT, BO3MOMKHbI BO3HWMKHOBEHUA ABNEHUIN PE30HAHCa,
NHTepdpepeHLmn, 06pa3oBaHNA HOBbIX 31EMEHTAPHbIX YaCTHL, aTOMOB BELLECTBA U UCTOYHUKOB HOBbIX
N3Ny4eHUn. BCé 3TO BbI3bIBAET pe3Koe MOBbIWEHWE TeMMepaTypbl MaTepun B 30HAX BO3OYXKAEHUA
Kocmoca. Bo3amoXKHO, 4To Ha BO3pacTaHMe TeMMepaTypbl OKasblBalOT BAUAHME M MHOTOYUC/IEHHbIE
pa3pyLIEeHNs CUIOBbIX TIMHUIN MArHUTHbIX NOJEN 3Be34bl, €€ NAAHET U APYIMX AUNOAbHbIX 06bEKTOB
OKPYKEHUSA, NpeBpaLLas SHEPTUI0 UMMY/IbCOB NMOTOKA CO/IHEYHOTO BETPA B 3/1EKTPUYECKYIO SHEPTUIO
(cm. Puc. 4). U aTa sHeprus nuTaeT NaaHeTbl, Kak YacTb BHELLHEN SHEPTMM MPOCTPAHCTBA, NOALEPKNBAA
e4MHCTBO 0bLei coNHevyHoM KonebaTenbHOM cuctembl. Bnpoyem, Kak 1 Bo BCex KMBbIx GOpMax, Kak
ANNONIbHBIX 3EpKaNbHbIX CTPYKTypax. Pa3Be 3Ta cMMMeETpUA B CTPOEHUMU KaxK[Ooro opraHusama u
pacTeHuMA Halel naaHeTbl He COTBOpPeHa no o6pasy n nogobuto camon 3eman? C eé nsmeHsOWNMMCA
NOJIlOCAMM, 31EKTPOMArHUTHBIMU MHCTPYMEHTaMM B3aUMOAENCTBUSA, PpacnagoM U CUHTE30M BELLECTBA
nT. 4.7 YoMBUTENbHO, HO CUIOBbIE IMHMM NOAA NA0AA B yTpobe y MaeKonuTatowmx COBMAZAIT C
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HanpaB/fieHMEM CUNOBbIX IMHUIN MaTepu. TO ecTb, IKBAaTOPMANbHAA NAOCKOCTb PACMONOXKEHA BAONb
OCM CUMMETPUN 3epKasibHbIX 06beKTOB. MpeacTaBbTe CBEPHYTbLIN Kanaunmkom ambpuoH uam noboe
pacTeHne U CTAHOBUTCA NOHATHbIM, r4e HAaXo4ATCA NOCTOAHHO MEHAIOLLMeCA NOAKCA MarHUTHOro NoAA
Takoro Tena. Mo cyTu, OHM, Hanpumep, TO CNpaBa, TO CAeBa OT HaC, MOTOMY YTO 4YacCTOTbl 3TUX
KonebaHU CTpPOro UHAMBUAYANbHbI U 3aBUCAT OT TOKA KPOBW apTeEPMasbHON U BEHO3HOM CUCTEM,
KOTOpble BO3OYXAat0T AMNO/b €4AUHOTO Tela U YCUIMBAOT ero B3aMMOLENCTBUE C BULOBLIMW NONAMM
B Cpefie CBOEro OKpyKeHua. HecnpocTa, Korga 4enoBeKk MOAUTCA, OH YCTPEMASAET CBOW B30P HA BOCTOK
M TOrga ero CUIoBble JIMHUM LEe/IMKOM COBMAZAloT C HanpaBJeHUEM CU/IOBbIX IMHUI Nona 3emau,
ycunmBas Takoe 6uonosne MHPOPMAUMOHHO M SHEPreTUYecKu, Kak Obl COeAMHAACH MbICAAMMU C
BceBbIWHMM. HUKe Mbl BEpPHEMCA K 3TOMY «GEHOMEHY» BbICOKOPA3BUTbIX GOPM MaTepuu.

3auvactyto nNnaHeTa NOAyyaeT M3BHE MOPLMIO U3UWIHEN SHEPrMn u Toraa KAmmaT Ha 3emne
MEHAETCA, KaK U ero puTMbl, M YCNOBUA CYLLECTBOBAHWA XUN3HU. BepoATHO, poib MHGOPMALMOHHOM M
ynpaBaatoLwen cuctem nNpu Takmx akTMBHOCTAX CONHLA UrPatOT UMEHHO YNOMSAHYTbIE CU0BbIE IMHUU
MArHUTHbIX NOJIEN He TOJIbKO CaMOM 3Be3/bl, HO U NAHET e€ cucTembl. [ABuxKeHUA Ntobbix 06BHEKTOB B
KOCMOCe NnepeceKaroT 3TU IMHUM, OKA3bIBalOT BO3OYKAEHWE M Bbi3blBAOT AedOpMaLM0 MarHUTHOrO
nona ConHua, KOTopoe TakKMM 06PaA3OM U pearnpyeT Ha ABUXKEHUE MIAHET, acTepona0B, KOMET (CMm.
Puc. 5). N ecnn cobecteeHHas Yactota CoNHLA, KaKk U3y4aTena sNeKTPOMarHUMTHbIX BOIH, PE30HAHCHO
HaCTpoeHa Ha A/IMHY BOJIHbI BHELUHErO CUrHa/1a BO34ENCTBUA raNakTUYeCKoro noss, yc108MA KOTOPOro
BblpabaTbiBaNUCb MWANMAPAAMM NIET 3BONIOLMU, TO 3Be3ada obA3aTenbHO pearnpyeT BCMbiWKaMM
aKTUBHOCTU NATEH B CBOEM IKBATOPMA/ZIbHOW 30HE Ha BCE 3TU MepemelLeHUA Tea BHYTPU CBOEeW
NNAaHEeTapHOM CUCTEMbI. 3HAYUUT, U3MEHEHUE IHep2emu4yecKko20 COCMOAHUA U PACMONOKEHUA NaAaHeM
8 cucmeme omobpaxcaemca Ha nosepxHocmu ConHYa 8 sude suxpeli C CUHXPOHHbLIM MOA8AEHUEM
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Puc. 5 isnkenne ConHua v nnaner. /fb.ru/ Puc. 6 CummeTpus Tena yenoseka. /fb.ru/

usmeHeHul NameH 8 30He 3K8AMOPA U, 8EPOAMHO, CMeUW,eHUeM yeHmpa macc eceli cucmemol 0417 eé
CUHXPOHU3AUUU 8 MeHAWUXCcA ycaosuax. To ecTb, BCe MN/aHETbl BPALLAOTCA MO PE30HAHCHbIM
opbuTam, a LLeHTP Macc NaHEeTapHOM CUCTEMbI MOCTOAHHO CMELLLAETCA M 3TO BO3BYXKAAET K U3/Iy4eHUI0
ConHue. CBoero poga, B KOCMOCE CaMOCTOATENbHO CyLLEeCTBYeT CcaMoOHacTpamBaloLanca
B3aMMO3aBUCUMOCTb 3/IEKTPOMArHUTHbIX NoNen 3Be3dbl U MAaHeT C Le/blo COXPaHeHUA eAMHCTBa
KonebaTeNbHON CUCTEMbI C MOMOLLBIO U3IYYEHUIA MAarHUTHbIX Nonei. CUHXpOHM3auns BubpocucTem
NPoABNAETCA U3 CMMMETPUM, a aCUMMETPUA MOMOraeT CTabuUAn3npoBaTb CUHXPOHWU3UPOBAHHbIE
cocTosiHMA. To ecTb, aCUMMETPUYHbIE BO3DYKAEHHbIE SHEPreTUYecKme CUCTEMbI Pa3/IMYHbIX 06 bEKTOB
CTPEMATCA CUHXPOHU3MPOBATb KoebaHMA BCEX CBOMX MCTOYHMKOB B 3TON CUCTEME A/1A AOCTUNKEHUS
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cummeTpuun. Mpupoaa Takum obpasom Bcerga cTapaeTca BEPHYTbCA K B6anaHcy, U CUMMETPUYHOCTb
(3epKanbHOCTb) MBbIX OpraHM3mMoB (06beKTOB) TOMY NoATBepXAeHuMe (cm. Puc. 6).

NTaK, pUuTMbl 06paLLeHMaA NAaHEeT No opbUTam 1 PpUTM U3TYHEHUA MArHUTHbIX BUXPEW MUX 3BE3bI
CBA3aHbl B3aMMOAENCTBUAMM NONEN M BEWECTBA ANA AOCTUNKEHUA CUHXPOHU3ALMKN KonebaTenbHbIX
npoueccoB K obuiero 6anaHca sHepPreTMYecKom yCcToMYMBOCTM eguMHON BMBpocucTeMbl. O4eBMAHO,
6narogapa TOKam 3apaa0B B NIOCKOCTU SKAMNTUKM, CONHLE BO3AENCTBYET HA NO/IOKEHWNE N COCTOAHUNE
CBOWX MJIAHET B cucteme. EE marHUTHbIE IMHUKN YAEPKMBAIOT OTPOMHYIO 3HEpruto npoTybepaHues, HO
OHM MOCTOSAAHHO AePOPMUPYIOTCA M PA3PbIBAOTCA ABUMKEHMEM MNJaHET M MHbIX 06beKToB. U 3Ta
OrpOMHasA NJOTHOCTb SHEPTUM BbIPbIBAETCA B 30HAX PA3pbiBa B HAMPaABAEHUWN 3TUX Te/, NOPOXKAAA TEM
CaMbIM U3/ly4E€HUA N aTOMbl PA3/INYHbIX BellecTB. Moxoxe, TaKoN OTBETHOM peakuMeln BCMbIWKK Ha
ConHue perynvpytoT M BOCCTAHAB/AMBAIOT CTPYKTYPY €AMHOro MArHUMTHOro nons cuctembl. Toraa
OYEBUAHO, YTO NNOTHOCTb 3/IEKTPOMArHUTHOM 3HEPrnmn 3Be3abl BAMAET Ha YCKOPEHWE U BpalleHue
naaHeT BOKPYr CBOUX OCel.

3HaunT, KaK 1 BHYTPM BCAKOIO KMBOTO CyLLecTBa, BO BceneHHOM NpomcxoanaT B3aMMOLENCTBUA,
Ha OCHOBe KOTOpbIX Ntobas obllaa BMBpocMCTEMA, KaK M KaXKablA KOHTYP B €€ CTPYKType B BMAE
Aunonen, BOCNPUHUMAET BCE MapaMeTpPbl 3/1EKTPOMArHUTHbIX BO3AENCTBUIA B Npeaenax Kaxkaoh
COBOCTBEHHOM MHAMBUAYA/IbHOW 4acCTOTbl, CUHXPOHMU3NPOBAHHOM C 0blen cuctemon. M nsameHsaer
napameTpbl CBOMX OTBETHbIX 3/IEKTPOMArHUTHbLIX MMMY/bCOB NPOTUBOAENCTBUIA B COOTBETCTBUM C
NPUMEHSAOLWMMMCA BO34eNCTBMAMMK. TO ecTb, eaAnHan BMbpocucTeMa, Hanpumep, Yes0BeK, pearmpyet
Ha BHELWHee BO34EeNCTBUE KaK CYMMapHOe, pe3yibTUpyloLlee NPOTUBOAENCTBUE KaXKA0ro ero opraHa,
Karkaoro BMOPOKOHTYpa, KaXaoro AWNONA B ero CTpoeHuu. BHelwHee, uM3MmeHstoweeca No mepe
OBUXKEHMA, BO3AENCTBME HA CUCTEMY, PaclLensfaeTca ew, eé eanHOM GOopmOoN, Ha MHOMKECTBO
COTNACOBAHHBIX C HEN 31eKTPOMArHUTHbIX KoNebaHUi B CBOMX YAaCTOTaX KaXKAoro cocTaBasatolLero eé
CTPYKTYpPHOTro BMOPOKOHTYpa MOCTOAAHHO W AWUCKPEeTHO. MHave rosopAa, npoucxoamt obmeH
MHbOpPMauMer n3BHe Yepes BO3OYKAEHUA NpU ABUKEHMM 0O6bEKTA, KaK OTBET Ha ero Bo3gencremna. U
TaKoM 060 AHbIN ANCKPETHbINA 3HEPTOMHPOPMALIMOHHBLIN NOTOK B3aUMOAENCTBMA KBCETO CO BCEMY» B
NPOCTPAHCTBE MOCTOAHHbLIN M GECKOHEeYHbI. Bnarogaps 3TOMY Mbl, KUBble CyLLECTBA, NOCTOAHHO
OLLYLIAEM OKpY)KaloWwmMih MUP BCEMU CBOMMM pPELLENTOPAMU OAHOBPEMEHHO, B TOM 4uUcie, U
COb6CTBEHHOE COCTOAHME. BCce 3TM MHCTPYMEHTbI TaK Ke TPaHCAMPYIOTCA U MHOXKATCA NPMPOAOoM U Ha
BCE HEXWBOE, B TOM YMCAE, U HA NAaHEeTbl, 3BE3AHbIE CUCTEMDbI, FaIAKTUKM U T. 4. U 3To Be3ae paborTaer,
B MaKpO M MUKPOMMPpE.

3HaunT 11 3TO, YTO NtoBble GopMbl MaTeEPUM NPU UX BO3OYKAEHUM N B3AUMOLENCTBUN C APYTUMMU
nogobHbimM dopmaMn BO BHEWHEW cpede AWCKPETHbIMU 31eKTPOMArHUTHbIMU  MMMNYNbCaMM,
KOTOpble KaK OTAe/NbHble UCTOYHWUKM U3Ny4eHUN aKTUYEeCKM PaclenstoTcs B MX CTPYKTypax Ha
nocaefoBaTeIbHYI0 UHAMBUAYA/NbHOCTb CMEKTPA YacToT, CUCTEMHO NMPUCYLLYIO TO/IbKO 3TOM dopme
MaTepuun, OTPaA*KaACb BO3BPALLAKOTCA HA3a4 C AONONHUTENIbHOM «3anpoLleHHOM» uMHGopmaumein?
KoTopasa Kak 6bl cnMpanbHO «HaHWM3bIBAETCA» HA MOC/NAHHbIN UCTOYHMKOM 3/1EKTPUYECKUI MMMYNbC
KonebaHWin B BMAE CNOXHbIX MAaKETUMPOBAHHbIX MOAYNAUMIA COCTABAAIOWENA MArHUTHOrO Mona m3
«apxmBa» MHopmauum obbeKTa B3aMMOAENCTBMA B NPOCTpaHcTBe? beccnopHo, aTo Tak (cm. Puc. 7).
Torpa, npu cootseTcTBytowel o0bpaboTke (MPOYTEHWMWM) OpraHamMM YYBCTB KMBbIX CYLLECTB WU
npubopamu, Takon eguHbIN NAKETUPOBAHHbLIM CNEKTP AAET MONAHOe npeacTtaBieHMe 06 obbeKTe
nccnefoBaHua, MHOOPMALMIO O KOTOPOM MOMKHO CHATb C MaTepuM MPOCTPAHCTBA, KaK apXMBHYHO
3anncb No UCTEYEHUM NHOOro NPOMeEKyTKa BpeEMEHM B IaHHOM NPOCTPaHCTBE.

BnonHe moxeT ObiTb, YTO NJaHEeTbl, B TOM YMCAe M Halwa, C BO3PAacTOM YBE/NYMBAOTCA B
pa3mepax NnoTomy, YTo NPOUCXOAAT NPOLLECChbl pacnaga, paclenaieHns aToMoB BelLecTs. B pesyabTaTe
ocnabeBaloT MarHUTHble B3aMMOAENCTBUA BHYTPM YAcTUL, 0O6pasyloLmMX CTPYKTYPY Tena naaHeTbl, u
BCE OHM B UTOre NPeBPaLLAOTCA B ra3oBble 06pa3oBaHMA, 3aTEM - B Fa30Bble FMraHTbl, 3aTeM - B 3BE3,bl
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M TONbKO MOTOM, B pe3y/bTaTe BCMbIWKK (CXN0MbIBaHMA) — B YEPHbIE Ablpbl, YEPe3 KOTOpble BHOBb
obpeTyT cBOM MaTepumanbHble GopMbl Ten yYepe3 CUHTE3 BellecTBa. Bonpoc B Tom, 4TO npouecc
NpoTeKaeT MHAMBUAYANbHO ANA KaXKAOW NAAHETapHOM CUCTEMbl, B 33aBMCMMOCTM OT BHELIHWUX
Bo3gencTBmMin. Kak B BUBpOCUCTEME, B CBOMX PUTMaX, MOKa BCe M/IaHETbl HE 3aBepLIAT CBOU LMK/bI
nepepoxaeHua. W, BepoOATHO, TONbKO MOCAeAHAA M3 MNAAHEeT YHWUYTOXKAeT BCO CUCTEMY,
NPeBPaTMBLLUCL B YEPHYIO Ablpy. TOrAa, MOXHO NMPeAnOoNOXUTb, YTO B TeYeHUEe MUNANAPLOB NeT
NPOUCXOAAT POTAUMM MNAHET Ha CBOMX OpOUTAX, OHM MOCTOAHHO W3MEHAKOTCA HE TO/NbKO MO
napameTpam U PacnonoXKEHUIO, HO N MEPUOANYECKN MEHAETCA LLEHTP BPALLEHMA CAaMOWN NaHeTapHOM
CUCTEMDbI. YKPYNHAACb B 06bEMax, OHM 3aHUMaLOT nepudepuinHble opbuTbl BpaLeHUs, Co34aBan TaKUM
06pa3om ycnoBuma ana «3axBaTbiBaHUA» Hosee MeNKUX 06 EKTOB U3BHE CUCTEMDI.

Puc. 7 PacwenneHune BHeLIHEro BO3AENCTBMA B Puc. 8 Cxema He3amKHyTOM dopMbl BUBpOCUCTEMDI
eamHon subpocucreme. MOJIEKY/bl C 3aMKHYTbIMU CUCTEMAMM aTOMOB.

3atem, Hanbonee KpynHble U3 ra3oBbIX TMraHTOB MOOYEPEAHO CaMM CTaHOBATCA 3BE3A4aMU UK
LeHTPaMKn COBCTBEHHbIX CUCTEM, BOKPYF KOTOPbIX NOCTENEHHO nepedopMaTUpPYIOTCA CyLLecTByloLmne
NAaHeTbl - CNYTHUKU. TakMm 06pPa3oM NpPOUCXOAMT YKPYNHEHWe, pa3BUTME U NepeporKaeHue
(nepesarpyska) 06BbEKTOB MaTEPUMN MPOCTPAHCTBA.

MexaHU3M TaKUX NpOLLEeCCOB AOCTAaTOYHO MPOCTOM - BCE B MPUPOAE CTPEMUTCA B UTOre K
pacuwenneHnto. Kaxkaplh XMMWUYECKUMA 3n1emeHT u3  «llepuoamnyeckon CUCTEMbI» UMEET CBOE
coobLLecTBO, CBOM «CEMEMHbIN» KPyr, HanpuMmep, Kak BogopoA, AenTtepuid, Tputun m 1. a. lo-
Hay4YHOMY, NPOMCXOAMNT Pa3BUTME AaTOMOB C YBE/IMYEHMEM YNC/TAa HEMTPOHOB NMPU TOM Ke KoNn4yecTse
NMPOTOHOB C UX 3/IEKTPOHAMMU. TO eCTb, B KaXKA0M TaKOM CO0bLLLeCTBE NOCNEAHNIN 3N1EMEHT HENPEMEHHO
PaZAMOaKTUBHbIN. MMpy TakoM paclLienseHun npoucxoguT obpasoBaHune Apyrux Bewects B 60/bluem
06BbEME, Uem ucxogHoe. nn, npusHakom pocma A6A410MCA npespauwjeHusA seuwecmea. M yenepoo, Kak
ecmecmeeHHsbIli oxnadumesns, cOeprusaem Heynpasasemoili /A8UHOOMNACHbLIU Xapakmep makxux
npouyeccos 0414 Cyuw,ecmeosaHus mamepuu npocmpaHcmaa.

B TakoMm c/nyyae, MOXKHO N NPeAnooKUTb, 4To ecnn 3emna 3a 200 MAH. neT yBeanymnna ceBom
06bém 6onee yem B 2 pasa, 70 3a 4 mapa. net — 6onee yem B 40 pa3, TO eCTb M3 [OCTATOYHO
Heb0oNbLWOro KoanyecTsa vactumy, Bewectea? Mpu 3Tom, HaZO NOHUMMATb, YTO POCT UAU YBEAUNYEHUE
bopM MaTePUN TOXKAECTBEHHO YMEHbLIEHMIO YacTOTbl U POCTY AJIMHbI BOAHbI BMbpauuii. U, ecam
NAaHeTbl, KaK W 3BE3Abl, ABNAIOTCA UCTOYHMKAMMK 33POXKAEHMA AaTOMOB, MO CyTU NOAOOHO KUBbIM
CyLLeCTBAM NOCTOAHHO YBE/IMYMBAACH B Pa3Mepax, TO HE 3HAUYUT IN 3TO, YTO NIAHETbl MOPOXKAAIT CBOU
CNYTHUKM M3 coBCTBEHHbIX HeAP? A nnaHeTapHble cucTembl 0bpasyoTca M3 Heap camux 3Bé3a? U

74



AB/IAEMCA /I Mbl CaMMU, KaK M Bcsi buocdepa 3emnn, Ton KpaiHe HeobxoaMMOoM CTPYKTYpon cumbmrosa
cucTembl, NogobHo BMpycam u bakTepmam, 6e3 KOTopbiX HEBO3MOXKHO CyLLLEeCTBOBAaHME CAMOM NAAHETbI
B €€ COCTOAHWNM, KaK «TEXHOI0MMYEeCKan» LLenoyka B obmeHe 1 KpyroobopoTe yrneBoaopoaoB M ApYrux
OpraHMYeCcKnx coeaMHEHN BelecTBa?

CTaHOBMTCA OYEBMAHbIM, YTO BCE MPOLECChbl B MPUPOAE MMEKT LMKAMYHbLIN, OTHOCUTENbHO
3aMKHYTbIM XapaKTep NpsambIX U 06paTHbIX CBA3EM B3aMMOLENCTBMA U3NYYEHUI B CTPYKTYPaX KarKaoM
dopmbl BUOpocUCcTEMbl. Bcé B Hawen 3BE3AHOM CUCTEME: BCE XMMMUYECKUE peakuuu, BCe
3NEeKTPOMArHUTHble BO34EWNCTBUA, 3aBUCAT OT XO04a KonebaTesbHbIX MNPOLLECCOB, KOTOpble
B3aMMOCBA3aHbl C puTMamu AsuxeHua ConHua, JlyHbl, 3emnu, NAaHeT U T. A. B OKPYKEHUU
NPOCTPAHCTBA KOCMOCA. Bce OHM B OTAENBHOCTU U B LLeNOM 06pa3ytoT cO6CTBEHHbIE MAarHUTHbIE NOAA
C CUNOBbIMM NIMHUAMM B BUAE TOPA, O4HA CTOPOHA KOTOPOro 3aMKHYTa, a Apyras packpbiTa (xBocT). B
TAaKOM CNy4Yyae, sHeprua U3BHe, HaNpPMMep, Hawero cBeTUAa TPaHCPOPMUPYETCA B INEKTPUYECKME TOKU
noHocoepbl NNaHeTbl, KOTopble GOPMUPYIOT MarHUTHbIE Bypu 1 BO34EMCTBYIOT Ha Buocdhepy B pUtmax
MArHUTHbIX BCMJIECKOB aKTUBHOCTM Ha CONHUE. 3HAYMT, yXKe CaMo BpalleHWe Tena NaaHeTbl BOKpYr
CBOEM OCK CBA3AHO C MArHUTHbIM MOJEM KOJIbLEBOrO 3/IEKTPUYECKOrO TOKa MOHOChepbl, KoTopoe
BAMAET HA CKOPOCTb 3TOrO BPALLEHMA, @ pPaspelKeHne cpefbl OKPYXKEHMA KOCMoca YCUIMBAET
AOCTYMHOCTb K 3HEeprum ceetnna. NoHATHO, YTO perynmpoBaHne 3N1EeKTPUYECTBA, KaK CTOK 3apAL0B As
NMUTAHMA NAaHeTbl, NPOMCXOAUT aBTOMATMYECKM 4Yepe3 norody, Koraa u3 MoHocdhepbl Ha eé
NoOBEepPXHOCTb BblNaAaeT BAara.

MOHO C YBEPEHHOCTbIO 3aK/I0UYNTb, YTO Ha abCONOTHO Nt0bble KaTaKAM3Mbl LMBUAU3ALNMY,
06LecTBEHHbIE, NOINTUYECKME UM BOEHHbIe CODObITUA, PAaBHO KaK U Ha BClo buocdepy, okasbiBatoT
BAMAHNE B3aUMOLENCTBMA PA3/IMYHbIX SNEKTPOMArHUTHbBIX BUBpaLMN HE TONbKO 3eMaun, HO U NNaHeT
BCEMN CUCTEMbI, B TOM YMCNe U co3Be3auI n3BHe. Kak pe3ynbTaT - NposiB/eHNe aKTUBHOCTU CTUXWUI, B
TOM YNC/ie BYIKAHOB, CMepYel, CABUIOB TEKTOHMYECKUX NANUT 3€MHOM KOpPbl, NOTOMNOB, KaK 1 BCM/IECKOB
HalecTBMA HAaCEKOMbIX, BUPYCOB, BakTepuin, 6onesHen u T. 4. TOYHO TaK e, KaK B NPOCTPAHCTBE
B3aMMOAEMNCTBYIOT OTpULATE/IbHbIE M MONOXMUTE/IbHbIE 3apAdbl, B YenOoBeYeCcKoM obuiectse, Mau
Nto60M MHOM COODBLLLECTBE *KUBbIX OPraHN3MOB KaK UCTOYHMKOB SHEPTUKN, 0ObEeANHAOTCA BMECTE UK
NPOTUBOCTOAT APYr APYTY HEBEXKECTBO M 3HAHUA, 10X U NpaBaa, 406po U 310, KCBET U TbMa», CO BCEMU
aHanornamu GopmMMpPOBAHNA MATEPUM B Cpeae CyLLecTBOBaHMA. B Takom cay4ae, y BCex NPoL,eccos B
coobuiectBax Nt060M LMBUAM3ALMM CYLLECTBYHOT LIMK/bl MPOUCXOAALLMX COObITUI B UX cpeae 0buTaHmA
No TEM Xe MOZEeNsAM U anropuTMam, Kak u konebaHus subpocucrem. M noka He 3asepuiumcs 0OuH
UuKs cobbimuti, Opyeoli 8 ceoeli cmpoeoli ouepEéOHocmu HU 3a Ymo He Hacmynum. MNpoule roBops, BCE
MMeEeT CBOM 3aKOHOMEPHOCTM KaK B pa3BUTMM Nt060ro MHAMBMAA UM CO0bLWECTBa, TaK U B XOA4e BCel
LUUBUAN3ALNMN.

BHe BCAKMX COMHEHWI, B KOCMOCE MOBClOAY MPUCYTCTBYET U3Hb. B MerKnnaHeTHoOm
NPOCTPAHCTBE OHA MOXET CYLLECTBOBaTb B BUAE «CEMEHU» UM KTOYEK pPOCTa»: BaKTepuit, BUPYCOB,
COEAMHEHUN Pa3/INYHbIX AMMHOKUCAOT WAW NPOCTEMWMX OPraHM3MOB, MNyTelWweCcTBYHOLWMX Ha
KOCMUYECKMX 06/10MKax, NblK, METEOPUTaX, acTeponaax, KOmeTax U T. 4. bonee cnoxkHas, B TOM Ymcne
OCO3HAHHAA KU3HEe[EeATeNIbHOCTb OA4HO3HAYHO NPUCYTCTBYET B KaXKAOW ranakTuke. M 3To o4eBMAHO,
NOTOMY UYTO B MOATBEPKAEHME 3TOrO B HAlLEeM raflakTUKe, Ha Hallel NaaHeTe ecTb Mbl M €CTb OFPOMHOEe
MHOroobpasue Apyrux cyuLecTs, a yc1osma obpa3oBaHMA ralakTUYECKMX U NAaHEeTapHbIX CTPYKTYp, Aa
M CaMWUX 3/1IEMEHTAPHbIX YacTuL, B MUKPOMUPE, COBEPLUEHHO MAEHTMYHbI BO BCEW rnobanbHOM
BceneHHom. U npupoaa, BHE BCAKUX COMHEHUN, TPAHCAMPYET U Ay6ANMpPyeT CBOW yAayYHble MyTaluuMu Ha
aHaNnorMyHble cpeabl 0O6UTaHMA ApPYrMX nNnaHeT. M mbl yKe 3Haem No pesynbTaTaM MCCnenoBaHUM
pa3NnYHbIX acTpoduanyecknx nabopatopuii, obcepBaTopuii U KOCMUYECKUX TENECKOMNOB, YTO TaKMX
3K30Mn/1aHeT becumcneHHoe MHOXKecTBO. beccnopHo, Nt06an KM3Hb Ha HMX 06A3aTeNbHO 3aporXKaaeTca
CBOEM 4Yepenon B NPUroaHOM ANA 3TOro cpeae, Koraa eé nosBneHWe B pesy/bTaTe PasnYHbIX
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B3aMMOAENCTBUM U U3MEHEHMIN BELLEeCTBa, Tak UAN UHave, SHEPreTMYeckM Heobxoanmo B pasBUTUM
AaHHON ¢dopmbl BMBpOCUCTEMBI M B OAHHbIX YCNOBMAX B3aUMOAENCTBUMA €€ MArHUTHbIX U
3NEeKTPUYECKMX NONEN C BHELWWHEWN cpefon. M KaK cneacTBue - CTpPEMAEHME K BCE/IEHCKOM rapMOHUKe B
$a30BbIX LMKAMYHOCTAX GOPMMUPOBAHMA ITOM KU3HW B raNakTUUECKMX 06pa3oBaHUAX U NAAHETAPHbIX
cuctemax. s yCKOpeHMA NPOoLECCOB CUHTE3A YrAepoaa B OFPOMHbIX MacluTabax paau OxXnaxKaeHua
(TopmorKeHUA) BbICOKOTEMMNEPATYPHbIX MPOLLECCOB Ha MOBEPXHOCTAX MAAHET U MHbIX KOCMWUYECKUX
06BbEKTOB. 3HAYMT, Takad AMHAMWKA pPa3BUTMA B GOPMMPOBAHUM 3BE3AHbLIX CMCTEM MNO3BONAET
CUHXPOHU3NPOBaATb NaHeTapHble BUMbpaummn mexay cobon c ob6pasoBaHMEM ABNEHUI 3N1EKTPUYECTBA
N MarHetTMsma, HeoH6XoAUMbIX He TOJIbKO A1 COOCTBEHHOM KM3HECNOCOOHOCTM NPU B3aUMOAENCTBUMU
C BHELIHEN Ccpeaon, HO U 3aPOXKAEHMA, M 3alUTbl npocTerwert buocdepbl, KakK MCTOYHMKA
HapawmBaHWA yrnepoaa, Le/MKOM afanTMpOBaAHHOIO B AAHHOM CUCTEME KaK BO BPEMEHM, TaK U B
06BbEME, ABNAOWETOCA HEOTBEMIIEMOM YaCTbio €€ CTPYKTYPbI.

To ecTb, Ntobas buochepa BO3HMKAET U PaA3BMBAETCA HA NtOOOIM NaaHeTe U Aaxe B OTKPbITOM
KOCMOCe, Ha NMOBEPXHOCTU Pa3IMYHbIX 06HbEKTOB, NPU BO3HUKHOBEHUWU B AAHHOW Cpeae OKpPYXKeHUA
COOTBETCTBYIOLLMNX €€ Pa3BUTUIO YCNOBUIN ANA CUHTE3a. YCNOBUI, KOTOPble CO34aloTCA B pe3y/ibTaTte
HEeCKOHYaeMbIX 3HAaKoMepemMeHHbIX MPOLLEeCCOB M MyTaLMW, YHaCTBYIOLWMX B CUHXPOHM3ALMU BCEX
B3aMMOAENCTBYOWMX BUOpPOCUCTEM B NPOCTPAHCTBE. YAMBUTE/NIbHO, HO TArOTEHME MaTepum K
yctonunsomy 6anaHcy aHeprum mexkay cUCTeMamum B Cpefe OKPYXKEHUA HenpemeHHO nopoxaaet
¥UM3Hb, NYCTb CAMYIO 3/IEMEHTAPHYIO, HO CTPEMALLYIOCA K PAa3MHOXEHUIO U pa3BuTuio. Torga ntobyto
bopmy maTepun AeNCTBUTENbHO BMOPY PAacCMATPMUBATb KaK OOBEKT, CTPYKTypa KOTOPOro COCTOUT M3
B3aMMOAEMNCTBYIOWMX «HY/IEBbIX» BUXPEN (aunonen), snemMeHTapHbIX U HEeAENMMbIX, O KOTOPbIX Mbl
YNOMMWHANM B NpeablAyLnX rnasax.

M ecnu 3T0 TaK, TO KaKMM e 06pa3om MOXKHO 3KCMNAYaTUPOBATb TaKME CUCTEMbI C TOUYKM 3peHUA
NONYYEeHUA 3NEKTPUYECKON SHEpPrumn?

Bcé okaszanocb ropasgo npoLe, Yem Mbl CErogHA NMOHMMAEM, MOTOMY YTO Y Hac He YK/1aAblBatoTCA
B ronose «4yygeca» noayvyeHuma sHeprum ¢ KM cebiwe 100%. Mbl Bce no-pasHOMY CMOTPUM Ha
CTPYKTYpPY camux dopm maTtepun. DakTUUeckn xe, ntobble He3aMKHyTble BUBpOCUCTEMBI COCTOAT M3
MHOTOYUCNEHHbIX Pa3HOPOAHbIX 3aMKHYTbIX MW 3aKPbITbIX KolebaTenbHbIx cuctem. MHbIMKM cnoBamm,
KonebaHMA PacKpbITON CUCTEMbI HENPEMEHHO PacKNaAblBAOTCA HA Pa3/InyHble KonebaHnsa 3aMKHYTbIX
CUCTEM B CODCTBEHHOM CTPYKType eauHon ¢dopmbl Tena. N 3To «pacwienneHme» BepHO ANA BCeX
KOHOUrypaunini o6beKToB BM/IOTb A0 KONebaTeNbHbIX KOHTYPOB «HY/IEBbIX» BUXPEMN, KaK MCXOLHOM
MaTepuM CamMoro MpocTpaHcTBa. Hanpumep, He3amMKHyTas cuctema GOpMbl MaTeEpPUU OTAE/IbHOM
MONEKY/bl COCTOUT U3 3aMKHYTbIX B €€ CTPYKType BUBpOCMCTEM aTOMOB BELLECTBA, PACMO/IOKEHHbIX B
CTpOro 3akoHoOMepHoM nopagKke (cm. Puc. 8). Ho, ecnn paccmaTpvBaTb aTOM KaK OTAE/bHYHO
HE3aMKHYTYIO CUCTEMY, TO OHA TOXKE COCTOUT M3 3aMKHYTbIX CUCTEM YKE IN1EeMEHTAPHbIX YacTUL, U TaK
Aanee 0o 6€CKOHEYHOCTU MUKPOMMPA.

B cywiHOCTH, BCE, YTO Mbl BUAMM BOKPYT Hac, Bce becumcneHHble popmMbl CUHTE3a MaTePUU U eCTb
cBobOAHblE, He HehTpa/sbHble, PACKPbITble WCTOYHUKKM KoNebaHWi, KOTopble MOCTOAHHO
obMeHMBaOTCA 3Heprven ¢ cpepoirt obUTaHWA, NUTAaA MHOFOUYUC/IEHHbIE CTPYKTYPbl BHYTPEHHUX
KonebaTeNbHbIX KOHTYPOB, KOTOPble B3aMMOZEMNCTBYIOT Kak CMMOBMO3 BMOPOCUCTEM 3aMKHYTbIX C
60nee BbICOKOYACTOTHbIMU MHAMBUAYANIbHbIMU KONebaHuamK, yem eauHana ¢opma. U Karkablii,
nocneayrowmn B 3TOM ULENOYKe OODBEKT COXUTENbCTBA, Pa3faéT, WM PacTBOPAET, MOAYYEHHYIO
3HEepruto, NO CYyTU U3BHE, YXKe CBOMM CTPYKTYPHbIM MCTOYHUKAM KonebaHWin. Yca108HO MOXHO cKa3ame,
Ymo Ha AMOMUApPHOM ypPOBHe 8elecmaa pacmeopumenamu 8 cpede ABAAMCA 31eKMPOMA2HUMHbIE
nond, Mo QaHasn02uu B800bl HA MOAEKYAApHOM. W Tak panee, 3sHeprua [AOXOAUT A0 KaxXporo
KonebaTteNbHOro KOHTYpa B KOHCTPYKUMM 0b6bekTa. Mnu, 3amkHyTble KosnebaTenbHble cUCTEMBI
ABNAOTCA PYHKLUNAMM OTKPbITbIX CUCTEM. TaKME MeXaHU3Mbl UrPatOT CBOKO PO/b B pacnagax U CUHTe3ax
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BELLLEeCTBA, aHA/IOrMYHO, HAaNPUMep, 3aXBaTy UK yTepe 3/IEKTPOHOB Ha KPanHUX OpbUTax aTOMOB; UK
NX NONIOXKEHUID OTHOCUTENIbHO APYr ApYyra B CBOMX OpbuTanbHbIX chepax BpalLeHUsA BOKPYr Aapa B
NOMNYyTHOM WU NPOTUBOMOIOXKHOM HaNpPaBAEHUSAX; NN BbICTPAUBAHWUIO 3/IEKTPOHOB Ha CBOMX OpbuTax
No TUNY PasINYHbIX «NapagoB NAaHeT» U T. 4. MNoTomy 4YTO, TakKMe MUrpaLUK 3N1EKTPOHOB MNoZ,
BO34ENCTBMEM U3BHE CYLLECTBEHHO BANAIOT HAa OPUEHTUPOBAHHOCTb aTOMOB OTHOCUTENbLHO APYr ApYyra
N ApYrmx 06 EKTOB HE TONbKO Ha NPUHLMNAX 3/IEKTPMYECTBA M MAarHEeTM3Ma, HO U TMPOCKOMNYECKOro
addekTa, co3aaBas cTabuibHble COeANHEHNS BELLECTB.

Toraa MOXHO YTBEPXKAATb, UTO KHY/NEBbIE» BUXPU MaTEPUM NPOCTPAHCTBA €CTb 3/IeMEHTAPHbIE
3aMKHyTble KonebaTenbHble KOHTYPbl KaK XPAHUTENM 3HEpPrum He TONbKO MArHWUTHOW B BUAe
NHOOPMALMU, HO M SINEKTPUYECKOM, KOTOPAA aKKYMyAMpPyeTca B NOAOOHbIX KOHTYpax NPAKTUYECKM Ha
BCE BpemA MX CyLLeCcTBOBaHMA. M 3TO BEPHO He TONbKO ANA «IPaBUTALMOHHBIX», HO U ANA NobbIX
«MNPOCTPAHCTBEHHbIX» CeTel CTPYKTYpbl Cpeabl OKpYyKeHus. Hanpumep, B y3iax KOTOPbIX HaxoaaTcA
aTOMbI BELLECTBa, KaK 3aMKHYTble CUCTeMbl. M OHM CNOCOOHbI pearnpoBaTb Ha UMMNYNAbCbl AEHTUYHBIX
BMAOBbIX KoNebaHnii oT 0OBEKTOB B Cpefle CBOEro OKPYMKEHWA B 0ObIX AMana3oHax M3Jy4eHU.
BcTynas ¢ HUMK B pe3oHaHc (nnm ntoboBb) N BO3OYKAAACL, OHW, KaK paHee HEeaKTUBHbIE KaPXMBbI»
MHOOPMALMM B MPOCTPAHCTBE OKPYKEHUA, CAMM CTAHOBATCA MCTOYHMKAMM aHAZIOTMYHOTO BMAOBOrO
CNEeKTPaNbHOro nsnyyeHua. To ecTb, «3anpolweHHan» 06bekToM MHPopMaLMAa O COObITUN B JAHHOM
cpege obuTaHMA B BMAE HANPaBAEHHOrO 3/1EKTPOMArHUMTHOrO (MAM  3BYKOBOrO) U3Ny4yeHuA
MOMEHTA/IbHO BO3BPALLAETCA BMECTe C AO0MO/IHUTENbHbIM MOAY/IMPOBAHHBIM 3/1EKTPOMArHUTHbLIM
CUTHAZIOM W3 «aKTUBMPOBAHHbIX» (BO3OYXKAEHHbIX B YHMCOH) MHOMECTBEHHbIX «apPXMBOB», KakK
MarHUTHbIX CTPYKTYp AMNONEN MaTepumM B CAaMOM CETM NPOCTPAHCTBA. ITa MOAYNAUMA HU YTO MHOE, KaK
«NPUKPENNEHHAA» K 3TUM OTPaKEHHbIM BWAOBbIM MMMY/AbCAM - 3anpocam MHGopmauma B BUAe
AONONHUTEIbHBIX MAaKeTOB BUOPAUUIA, UM MArHUTHAA 3anncb GparMeHTOB, MPOMU30LEeALWNX KOraa-To
cobbITM (Kak nuKkcenein). Mpu 3TOoM, BO3OYKAEHHBIA MMM WMCTOYHUK MAFHUTHbIX «apPXMBOB» B
NPOCTPAHCTBE TYyT e (3apaamMBLUMCL MNONYYEHHOM 3Heprver) BO3BPALLAETCA B MCXOAHOE
HeBO36YKAEHHOE COCTOAHME. YUMTbIBAA, YTO TaKUX MArHUTHbIX 3aNUCbIBAOLWNX AUNONbHbIX CTPYKTYP
B BMAE Pa3/IMYHbIX BUXPEW BO BCEX CMEKTPax M3Ny4eHWN B MPOCTPAHCTBE HE cYecTb, TO MNpu
NPaBUIbHOM «3anpoce», OTNPaB/JIEHHOM B OKPYXEHMWEe, HAaCTPOEHHble B PE30HAHC, OHM CMOCOOGHbI
OTBETUTb MHOFOUYUCAEHHBIMU ANCKPETHBIMU UMMY/IbCAMW SHEPTUM, 06LL,AA KapTUHA KOTOPbIX CO34aET
NoNIHOEe OTpakeHue cobbiTMA, NpouM3owealwero B 4aHHOMW 061acTn cpeabl OKPYXKEHUsA B MPOLUJIOM.
BO3MOXXHO, MO Mepe ypaneHua OT MecTa ABNeHMUA, M3obpaxkeHue byaeT meHee YETKMM M3-3a
Pa3/INYHbIX MOMEX OT 3anncen Apyrux cobbITUIA B MaTePUM NPOCTPAHCTBA.

Bcé BOKpyr BUOpUpPYET, U31y4Yas SHEPruio U obpasys 3/1eKTpOMarHuTHble nonda. U ecnm B Takomn
cucteme KonebaHuii nwoboM AMNONb paccMaTpmMBaTb KaK EMKOCTb (KOHAEHCcaTop) MaATHMKa, TO
ynpasaset UM nHbopmauma (MHAYKTUBHOCTb) B €€ CTpyKType. MNoTomy, ntoban BMbpauusa ectb npouecc
npesBpaLLeHnin, KOTOpble U CO34atoT CTpoeHMe GopMbl BellecTBa. 3HaUYUT, KosebaTeNbHbIA KOHTYP —
3TO NpoLecc NpeBpaLLeHMA NEKTPUYECKOM SHEPTUN B MArHUTHYO M 06paTHO, MAM noTpebaeHne m
N3Nly4eHMe 3Heprum c npuobpeTeHMem TaKMX CBOMCTB WM KAYecTB 3/IEKTPOMArHUMTHOIO NOANs KakK
CNIOWHOCTb U AUCKPETHOCTb. 3HaYUM, Hawe MNPoCMpPAaHCME0 - eCMso Cr/I0WHAA 31eKMpPOMA2HUMHAA
cpeda, 3anonHeHHAs OunoaaMU (8UXPAMU), MA2HUMHbIE 1044 KA#O0020 U3 KOMOPbIX C8OUMU
CUMOBLIMU AUHUAMU 06be0UHAOMCA 8 UHGOPMAUUOHHYO cpedy eduHoli cucmemeol, 8 Komopoli
MO2HUMHbIe pumMmbl yrnpasasom aneKmpuyecKkumu Yukaamu eubpayuli. bonee Toro, okasanoch, 4To
NEPEMEHHble MarHUTHble MOAA, B OT/IMYME OT 3/IEKTPOMArHUTHbIX, CNocobHbl 6He36apbepHo
TpPaHCAMPOBaTb MHGOPMAUMIO B NOOLIX cpefax M B CaMbIX LUMPOKMX CnekTpax KonebaHui. Korga
MHbOPMALMA B Cpeae OKPYKeHMA nepenaétca MrHOBEHHO, a 3N1eKTpuyeckme nona obpasyroT ceou
NOTOKWN ABUMKEHUA 3apAf0B. B TakoM c/yyae, BO3HMKAeT BO3SMOMKHOCTb CO34aHUA 060pya0BaHNA He
TONbKO ANA U3BNEYEHUA U BM3Yann3aunm MHGopmaumm o ntobbix cobbITUAX NPOLLIOro B Nt06OM mecTe
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NPOCTPAHCTBA HE3aBMCMMO OT CPOKA [AABHOCTU, HO M MOJYYEHUA ISNEKTPUYECKOM 3IHEeprun us
ANNONbHbIX CTPYKTYP MaTepum ntobom cpeabl OKpyKeHUA B tobom mecTe.

Bcé ke, cywectByeT M MHaA CTOPOHA TaKOro nNoaxona B OOBbACHEHUM B3aMMHOIO BAUAHMA B
YCTOABLUEMCA MUIJIMOHAMW NET U NPOAOJIKAIOWEM pa3BMBATbCA CMmbMO3e LMBUAM3ALMU BCel
6uocdepbl M Kocmoca. [asaliTe yTOUHMM M PAaCCMOTPUM €ro BEPLUMHY, KaK Mbl cebe NoHUMaem, —
LUMBMAM3ALMIO YeNoBeKa. M, KaK HU CTPaHHO, 34eCb peLInTeNbHO HEBO3MOXHO 0CO3HATb GU3NYECKYIO
CyTb BOMpoOcCa, He o6paTMBLUMCbL K CaMOMy, Ka3anocb Obl, 06blAEHHOMY M CaKpaMeHTajsbHOMY -
B3aMMOOTHOLIEHNAM YenoBeKa u bora. I meTadusmnKa TyT COBEPLUEHHO HE YMECTHa.

Toraa 3agaammca BONPOCOM, @ BO3MOXKHO I HAyYHbIM MYTEM A0Ka3aTb CaMo CyLLeCcTBOBaHME
Cospatena? U, ecnn ga, TO KakMe MHCTPYMEHTbI MPUPOAbl OH UCMNONb3YeT B CBOMX TBOPEHUAX? Kak
aKaZeMUYeckn NOATBEPAMUTb TO, YTO BEKAaMW OblNO MONOXKEHO HA MEPrameHT MUPOBbLIX PENUTUN
TaKUMU YTBEPXKAEHUAMM, KaK «BCEBUAAWMIA», «BCE 3aNOMMHAIOWMIA», «B KaXKAOM W3 HaC», «OH
noBCroAy», «NPOCUTe, N Bam BO3JaCTCA» U T. 4.7

Zeno 8 mom, umo 8cé 8 mupe 0epxumca Ha 83AUMOOMHOWEHUAX Mamepuu Mo o4eHs npocmoli
Ghopmyne: «3anpoc — omeem — cpasHeHue - delicmsue», Komopds pabomaem ecez20a, MOMOMY Ymo
npogepeHa Muaauapoamu sem eé 8bIHUBAHUA 8 yca08usax cpedobl. MOXKHO TBEPAO YyTBEPXKAATb, YTO
penurna — ato «AHK» obuwiectBa, eé reHom, eé MHCTUHKT, e€ BeKoBaa NamaATb. Ecam 6bl He Bbiio
penuruu, To eé cnenosano 6ol 06a3aTeNbHO CO34aTb, 3TO BE/IMKUI NCUXOTepanesT. TbicAYeneTMamm
OTpPaboTaHHbIe 3HAHWA — He A0rMa, MOTOMY YTO PEINTUA PA3BMBAETCA B COOTBETCTBUN C USMEHEHUAMMU
cpeabl 06UTaHMA B MOCTOSAHHO MEHAOWEMCA MUpe. ITO W3BEYHbIM ONbIT UMBUAU3ALUNK,
nepenaoLmMinca U3 ycT B YCTa, KaK CayKeHne obLiecTy, BCEro /INWb C OAHOWN LEeNbio — YKasblBaTb
€4MHCTBEHHO BEPHbIN NyTb 3eMHOW }KU3HWU ANA PAa3BUTUA KaXKAO0ro U3 HaC, OCHOBAHHbIMA Ha NPOLL/IbIX
ABNEHUAX.

Ynutaa monuTey, Aaxke NpousHocA eé npo cebA, Kaxablii CTAaHOBUTCA MCTOYHMKOM YACTOTHbIX
BMbpaumin C o4YeHb CNOXKHOW, ONPOb6OBaHHOW BEKaMW, MOAYNMPOBAHHOM CTPYKTYPOWM AUCKPETHbIX
CUTHANOB, C/IMBAIOLLMXCA B €4MHOE 31eKTPOMarHuTHoe nose. Kotopoe Bo36y)KAaeT B OKpyrKatoLLei
MaTepun NPOCTPAHCTBA BMAOBbIE (POACTBEHHbIE) BUOPALMK, B €€ CTPYKTYPHOM MArHUTHOM NamaATH
(3anucm), npounsowepwmnx paHee cobbITMIA B 3TOM NpocTpaHcTBe. MNamaTn, KoTopasa NoBCOAY U Bcerga
npucyTcTByeT B cpese obuTaHMA BOKPYr HAc, B PA3INYHbIX AUMNOJbHbBIX KOHCTPYKLMAX BUXPEBbLIX
aHepreTnyeckmx 06pasoBaHM MUKPOMMPA. M 3TO He 3aBMCUT OT TOrO, KaKyto pennrnto nponoseayet
AN BepyeT N Yyenosek Boobwe. MoanTBoM ANa HAac MOryT 6biTb HE TONIbKO BbIAEPMKKM U3 CBATbIX
NUCaHM, HO M NPOCTO MoBTOpAtOWMecas npocbbbl, obpaléHHble K BceBbllWHEMY C MCKpeHHeM
Hagexaon u Bepon. B nobom cnyyae, BCE B MMpe MMeEET CBOE MMA M OblNO paHee ONMCAHO, Kak
CBEPLUMBLUMECA LIMKANYHDbIE COBbITUA, MPOM3HECEHO (03BYYEHO) M 3aPUKCUPOBAHO B OKPYXKAOLWEM UX
NPOCTPAHCTBE, MO CyTU, HE TOJIbKO B €ro CTPYKTYPE, HO M B MaTEPUM CAaMOro NPOCTPaHCTBa.

M 370 BNO/IHE NOHATHO, MOTOMY YTO CTPYKTYPHble BUBpOocHcTEMbI (KOHTYpPbI) 1060 MaTepumn Npu
eé pacnage v cMHTe3e UCMONb3YIOTCA B Cpefe OKPYXKEeHUA NMOBTOPHO. TO ecTb, UX NAamMATb BMeCTe C
MHPOpMaumen B Hel, NYCTb U HE BCEWM KaK NONHAA KapTWHa, a €€ 4acTbto, BCE PaBHO OCTAETCA KakK
3anuCb Ha «MArHUTHOM JIeHTE» AUMNONbHOM CTPYKTYPbl YacCTMLbl MATEPUM NPOCTPAHCTBA HaBCeraa,
noka sta ¢popma BnbpocucTemol cywectayeT. Ta dopma, KOTOpas Koraa-to GuKkcmposana (3anucbiBana)
dparmeHT Kakoro-to cobbiTva B Buae aedekTa (OTparkeHua) Ha CBOEM MarHUTHOW COCTaBAAIOLLEN
CcObBCTBEHHOrO AMNOAA, KaK pe3ynbTaT M3MEHEHWI B BO3OYXKAEHHOM MNPOCTPAHCTBE B npouecce
B3aMMOAENCTBUSA C COCEAHUMM aHaNOTMYHbIMU CTPYKTYpamu. Toraa Nobon obbekT uMan cpepa,
COCTOAILLME N3 MHOXECTBA TaKUX BUOPOKOHTYPOB, KaK apXMBOB NAaMATU, COXPAHALOT B cebe He TO/IbKO
€MHUYHbIE KNUKCENU» COBbITUIA, HO yXKe GpParmMeHTbl AN BCIO KAapTUHY ABNEHUI, NPOM30OLIEeLnX B
[AAaHHOM OKpYXeHuUn (cm. Puc. 9). ApxmBoB, KOTOpble NOAO0H6HO HACTPOEHHbIM B YHUCOH KamMepTOHaM,
Hanpumep, B Ballel cocegHein KOMHaTe aKTUBUPYHOTCA B MPOCTPAHCTBE OKPYXKEHWUA, KaK OTKAUK Ha
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3anpoc MenoAven aHanorMYHOM TapPMOHUKU (MOAUTBbI) BMOpaUMii OT Bac, KakK WCTOYHMKA
3/IEKTPOMArHUTHOro cuUrHana mssBHe. N 3TK «cnawme apxmebl» B GECYUCAEHHbIX MUKPOCTPYKTYpPax
MaTepumn NPOCTPAHCTBA BAPYF CAMM CTAHOBATCA PE30HMPYHOLMMM UCTOYHMKAaMKN BUAO0BbIX BUOpaLUIA.

TR P N

Puc. 9 KaptuHa 13 nukcenen «apxmsos». Puc. 10 MNpoueccbl 06pa3oBaHuA YEPHOM Ablpbl B
/flomaster.club/ Kocmoce.

N oTBevyatoT Ha BO3OyaMBLIEE UX M3NYYEHME, AUCKPETHO M3MEHAA WU Pa3pbiBas CUIOBbIE JIMHUM
3N1EeKTPOMArHUTHOrO MOAA B OTPA*KEHHOM CUIHaNe CBOMMW MArHUTHbIMW MOAAAMM, U CO34ALOT MHbIEe
MOAYNALMN B OTK/IMKE, KaK «OTBETE Ha 3anpoc». ITO M eCTb MexaHM3M nepesadn MHGopmaLmmn mexay
B3aMMOAEMNCTBYOWMMMU MUKPOCTPYKTYPAMM U3 CBOMX MArHUTHbIX «apXMBOB» COOCTBEHHOM MaMATH
dopm maTepumn, Kak PparMeHTOB COObITUIA, KaK OTPAXKEHWUI, NPOU3OLLIEALWNX B NPOLLIOM B AAHHOM
npoctpaHcTee. OTpaXKeHU, KOTopble aKTUBUPYIOTCA M BO3HUKAIOT Kak n3obparkeHne nepepg, Balwmm
B3OPOM B pe3y/bTaTe NoACO3HATENbHOM 06paboTKM BallMM MO3FOM MOJlyYEHHOM BaMW, BaLLMMMU
WHCTPYMEHTamMM nNpupoabl, HGopmaumm n3sHe. Kak OTKAMK Ha Bal 3anpoc B NPOCTPAHCTBO U eé
0bpaboTka NYTEM CpaBHEHUA C aHaNOTMYHON MHPOPMALMEN B COBCTBEHHbIX «apPXUBaAxX» y¥Ke Ballewn
NamATU C LeNbio AaNbHENLero B3aMmoAencTBus ¢ matepueit nssHe. BoT TyT-To Hac U «LennaT» 3a
YKMBOE 3BYKM K/IACCMYECKOM MY3bIKM UM MOJIUTBbI, Bbi3blBaA Oypro amoumii y Tex, KoMy C AeTcTBa
NPUBMBAN XOPOLLME MaHEePbI, AaBad BOSMOMXKHOCTb 3aNMOMMUHATb NPEKPACHOe UCKYCCTBO.
HecomHeHHO, B 3TOM CMbIC/le B3aUMOAENCTBUI YeNI0BEKA N MaTepUM NPOCTPAHCTBA, B KaXKA0OM
M3 Hac ecTb Yactuua bora. Mbl camu ecTb yacTb bora, Kak Be/nMKoe COMpUYacTMe C OFPOMHbIM
NPOCTPaHCTBOM BceneHHoM, co Bcemm e€ B3auMOAENCTBMAMM U SHEPTuein. BepHee, BHyMpu Kaxr 0020
ecmb boe u Kaxcobll #usém sHympu boea - oKpyrcaroujezo Hac npocmpaHcmaa. W Kaxkaplii Bnpase
CKa3aTb: «HeT HM4Yero Bo BceneHHomn, yero 6bl He 66110 BO MHe». M 3TO BEPHO, NOTOMY YTO B KaXKA0M
KUBOM cyLlecTBe cobpaHbl BCE BO3MOMXKHOCTU, BCE MHCTPYMEHTbI M CMOCOHBHOCTHM, COTBOPEHHbIE Yepe3
MHOrOBEKOBbIE€ MYTaLMKN 1 Pa3BUTUE eANHON MaTepum NPOCTPAHCTBA. Mbl camMu COCTOMM U3 MaTepun,
€€ 31eMeHTapPHbIX YacTuL, C UX NaMATbIO 060 BCcex cobbITUAX, NPOMU3oLWeALWNX B MPOCTPAHCTBE 3a BCHO
NCTOPUIO CYLLEeCTBOBAHMA BceneHHoM. MOTOMY UTO OHM KaK OTTUCKM UKW OTPAXKEHUA B MATHUTHbIX
CTPYKTypax Bubpocuctem Bcex Gopm CyLLErO COXPAHAKTCA B CBOEM OKPY)KEHMM pa3 U HaBcerga wu
TPAHC/MPYIOTCA BOKPYr B pe30HaHCe, U BHOBb 3aMOMMHAOTCA NOBCIOAY B HOBbIX CTPYKTYpPax NamATh
MaTepum camoro nNpocTpaHcTBa. KaXkabln YenoBekK, PaBHO KaK M KaXaoe Xu1Boe CyL,ecTBO, Npoxoan
CBOM MyTb OT 3MBPMOHA A0 CaMOWM CTApOCTW, OCTaBAAET B TaKMX «apXMBAxX» MaMATU MPOCTPAHCTBA
OKPY)KeHUA un306parkeHne, MHOOPMALMIO O KaXKAOM MUre CBOEro CyL,eCTBOBAaHMA  Kak
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B3aMMOLENCTBMA CO CPenon OKpyKeHuA. U 3Ty MHPOPMALUIO MOXKHO yBUAETb, U3BAeYb B Ntoboe
Bpemsa n B Ntobom mecte JaHHOrO NPOCTPAHCTBA €4MHON CUCTEMbI, €CIM MMETb COOTBETCTBYIOLMNE
npuGopbI NAN CNOCOBHOCTM.

3HaunT KM 3TO, YTO pPennurua UM ecTb npouecc B3aMMOLEUCTBUA «BCEro CO BCemM»?
B3anmopenctema, KOTopoe MOXKHO 00603HAUYUTb, KAK MOCTOAHHOE ABWMKEHME 3SHEPruu, U3BEYHbIN
NepeToK 3apAL0B MeXAyY Pa3/IMYHbIMN BECKOHEYHbBIMU CTPYKTYPaMU U GOpMaMmn MaTeEPUU OKPYKEHUA
B MX CTpeMneHnn K 6anaHcy. Toraa, BepPHO 2K, YTO BCE, YTO B CTPYKTYPax MUKPOMMPA BAPYr abCONOTHO
nepectaér [ABMratbCA, MOMEHTA/IbHO TepsAeT 3SHepruio, TrPagueHT M  He B  COCTOAHMUMU
B3aMMOAENCTBOBATb HN C YeM, MOTOMY YTO NepPecTaéTt 6biTb BUXPEM, NPOTUBOCTOALLUM BO34ENCTBUAM
nssHe? lpeactaBbTe, YTO BCE, YTO BPALLANOCH B CUCTEME BOKPYr €ro LeHTpa MacC MOMEHTa/bHO
CKMMQETCA aA,CKOM CUNOI NOATANIKMBAHMA BHELLUHEN CPebl U «CXN0MbIBAETCA B TOUKY», BbICBOOOXKAaA
MOLLHENLUMIM CNEKTP U3Ny4YEHUI KOCMUYECKMX MacCLLTaboB ABNEHUA MMNA03MU. BHE BCAKMX COMHEHUA,
nnaHeTapHble 06beKTbl 60/1bWNX 06BEMOB, ABUIAACH TONILKO MO MHEPLMU, AaxKe 6e3 B3aMMOLEeNCTBUN
n3BHe, byayT pacnafaTbCA OT HECKONbKUX NeT A0 TbicAaYenetnin. ONMCaHHbIN Bbile MPOLLect U ecTb
CaMblil MPUBNUBUTE/NIbHBIM aHaNOr 3apPOXKAEHUS YEPHbIX Ablp B Kocmoce. Toraa, rae v novyemy
BO3HMKAIOT A1 TAKOTO ABNEHUA YCNOBUA?

HeT HWKaKoro cekpeta B TOM, 4YTO B MNPOCTPaAHCTBE, MPWU ONpPeAenéHHbIX YCNOBUAX
B3aMMOAENCTBUA, Ha TPaHULAX COMPUKOCHOBEHUA OFPOMHbIX OO6BEMOB 3HAKOMEpPeMEHHbIX Gopm
MaTepuu, HaNnpUMep, raNakTUK, CYyLLECTBYIOT 30Hbl MHTEPdEPEHUMM, FAe BOSHUKHOBEHME OBLIMPHbIX
nosiei CTosuYMX BOJIH CNOCOBCTBYeT «OOHYNEHMIO» 3NEKTPUYEeCTBa M MarHeTU3ma, Kak OCHOBHbIX
WHCTPYMEHTOB CO34aHMA rpagmeHTa 3apAaaoB. A 4To, ecaun B 3TUX 0b1acTAx co34atoTca ycaoBmA gna
3apOXKAEHUA rPABUTALMOHHbBIX IOBYLUEK, FAe NAOTHOCTb SHEPTMM NPOTUBOAENCTBUA (NOATANKMBAHUA)
MaTeEpPUKN BbiPaBHUBAETCA, AOCTUraa yctohumsoro 6anaHca? Jlioboe asukeHue (pabota) Buxpen B
MUWKPOCTPYKTYpax BUOpOCUCTEM B 3TOM 30HE NMPEKPALLAETCA M, KaK pe3ynbTaT BO3HUKLIErO ABNEHMUA
KOCMWYECKOM MMNN03MK, 06pasyeTcsa «4€pHan Ablpa» B MaTepum NnpocTpaHcTea (cm. Puc. 10). To ecTb,
abCcontoTHbIN BanaHc SHEPIUKM, NN OTCYTCTBUE FPAANEHTOB, HAIMYME KOTOPbIX 0OTpaboTaHO NpuUpoaon,
KaK OCHOBOMO/1araloLWwmnii MHCTPYMEHT B3aMMOAENCTBMA, 34ECb CTAHOBUTCA YCTOMUYMBBLIM (CTabUABbHBIM)
Ha KaKOM-TO A/NINTE/NbHbIA NPOMENKYTOK BpemeHU. TyT e BcA 06/1acTb aHOMAIMKM CXNOMbIBAeTca B
pe3y/nbTaTe MOABAEHUA «aACKOro» mnepenaga 3apALoB Mexay HeW, KaK 30HOM «HYy/eBOro»
noTeHLMana, U BCEM BHELUHUM NPOCTPAHCTBOM, B TOM YMUC/iIe CAaMUX B3aMMOLENCTBYIOLLMX FANaKTUK.
KoTopble HenpemeHHO ByayT pa3opBaHbl (MHEPLMA) U BTAHYTbI B 3apPOAMBLLYIOCA B OKPYKEHUWN HOBYHO
TOYKY LeHTpa Macc. ITa TOYKA, KaK HapacTalLLaa «4€pHan Ablpa» MOKET CTaTb LLeHTPOM Macc HOBOM
rafakTMku B byaywem. MOXKHO CKasaTb, YTO TakKMM 06pa3om BO3HMKaET cBOeobpasHblii NPUPOLAHbIN
AHHUTUNATOP MATEPUMU, KOTOPbIA CTAHOBUTCA BCE NIOTHEE, BCE MOLLHEe, NPeBPaLLAACh B MACCUBHYIO
YEPHYIO AblPY, 3aXBaTbIBAIOLLYIO BCE BOKPYr, «M3/ly4an» W HACbIWAACh A0 Tex Nop, Moka AB/leHue
MMNNO3MN B CBOEM CTPEMIEHUM K BanaHCcy He NCYE3HET U, KaK pe3ynbTaT, He NPOM30NAET 06paTHbIN
ancbanaHc. Ho yxke c peBepCMBHbIM BbIBPOCOM KOIOCCAaNbHOM 3HEPTUU ABNEHWUA 3SKCMNA03UN U
3apoXKAeHMEeM HOBbIX 06 EKTOB MaTepUM B KOCMOCE, TaKMX KaK 31eMEHTapPHbIe YacTULbl 1 3B8E3abl (CM.
Puc. 11). Tomy B noATBep:KAEHNE HeJaBHUE CHUMKKU Teseckona «xenmc Ya66». U Kaxaplit umkn,
CTPOro nocse CBOEero 3aBepleHnsa, NOBTOPUTCA BHOBb M BHOBb. MIMEHHO CKONNEHUA «YEPHbIX Ablp»
ABNAIOTCA raNaKTUYECKMMU LEeHTPaMM MacC, BOKPYr KOTOPbIX BPALLAIOTCA BCE 3BE3AHblE CUCTEMDI.
KoHeyHO, npu B3aMMOAENCTBUAX pPas3IMUHbIX MO O06bEMam rafakTMK WAW  Jaxke 3BE3f,
obpa3oBaBLIMECs BHOBb YEPHbIE AblPbl MOTYT TaK}Ke CTAHOBUTbCA BayKaaowmmm (cm. puc. 12).

B pe3ynbTaTe npoBenEHHbIX HAMU UCCNIeA0BAHUI, Mbl BCE YBEPEHHEN MOXKEM YyTBEpPXKAaTb, YTO
MaTepua Camoro MPOCTPAHCTBA COCTOWUT U3 KHYNEBbLIX» BUXPEN, HEMWTpasibHOE COCTOAHWE KOTOPbIX
HeCcTabuabHO M 3aBUCUT OT BO3AENCTBMA BHELLIHMX 3apAn0B. KoTopble Npy B3aMMoAeNCcTBUAX MeXAY
coboi B pe3ynbTate pacnaga UAM CUHTE3a, Ha NPUHLMMNAX 31eKTpUYecTBa U MarHeTuama obpasytoT
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MHOeCTBEHHbIE CTPYKTYPbl UHbIX GOPM MaTepUM, HO TOXKE ANNOJe BUXPEBON AUMHAMUKN SHEPTUN UX
CyMMapHbIX 3apsaaos B 0bwen dopme. M oHKM NoBclogy B eAMHOM NPOCTPAHCTBE, Kak BUBpocucteme,

Puc. 11 Bbibpoc matepum 13 YEPHOM ObIPbI. Puc. 12 Teneckon Hubble 3aneuyatnen 6ayxgawouyto
/club.dns-shop.ru/ YyépHyto ablpy. /news.uaportal.com/

NOPOXKAAT Pa3/IMYHbIe MO BENYMHE U HAMpPaB/EHMIO, NOABUXKHbIE U M3MeHsowmeca, nogobHo
nepeTekaHWio BOAbl, Pa3HOCTU MOTEHUMANOB WX 3apAA0B UM rpagueHTbl (cm. Puc. 13). MmeHHO
6narogaps UM COTBOPEHA U B3aMMOAENCTBYET BOKPYT BCA U 1l0bas matepus.

B Takom cny4yae, M3 Yero e BO3HUKIMN CaMU KHYNEBbIE» BUXPU, KaK MOPOXKAEHNE rPagMeHTOB
npocTpaHcTBa? Kak chopmMpoBannch UX «HyNeBbIE» AUMNOAWN, UAN UCXOAHble 3apsAabl, B Ha4ya/lbHOM
TOYKE CUCTEMbI OTYETA BPEMEHM 3aPOXKAEHUA BCEM MaTEPUM B COBEPLUEHHO TOrga MycTOM, Kak Ham
KaxeTcsa, «6e3gHe»?

H
+ +

Puc. 13 AHanor nepeTeKkaHuna sHeprum B NpocTpaHcTee.  Puc. 14 Cxema MoneKy bl BOApbI.
/kartinkin.net/ /autogear.ru/

OTBET OAWH — TO/NIbKO BO3AENCTBMEM WM3BHE, NPUTOM OAHOBPEMEHHO U nosctoay. TONbKO TaK
MOKHO €C034aTb PAa3HOCTb NOTEHLMANOB B HAPOXKAAIOLLEMCA MPOCTPAHCTBE Kak matepun. MoTomy 4Tto
BCEraa Ha4dany UMKNOB KonebaHun maaTHUKA noboli dopmbl BUBbpocucTembl Tpebyetca npuaaHue
ycKopeHus. Mnu, nHaye roBopsn, BCE BOKPYT A0/IKHO ObINI0, KAK MUHUMYM, CXKaTbCA AW PACLIMPUTBLCS.
OTCloAa MOMKHO 3aK/4YUTb, YTO HMKOrga He Oblno M3HAYaNbHOW «MNYCTOTbI», MPOCTPAHCTBO
rnobanbHoi BceneHHol Bcerga 6b110 maTepuanbHbiM. TOUHEE CKa3aTb, HalLe NPOCTPAHCTBO BCeraa
HaxoAMNOCb U HaxoAuTcAa BHYTPU W MeXAy APYrMMKM NPOCTpaHCTBamu. KaK, Hanpumep, aToMbl
KMcnopoaa M Boaopoga B Monekyne Boapbl (cm. Puc. 14). U Bce 3TM BHEWHME MNPOCTPaHCTBA
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COBEPLUEHHO HEe CXOXM C HallMM, B HUX COBCEM Apyrue CTPYKTypbl U GOpMbl MaTepuu, U Tam
NPOUCXOAAT OTANYHbIE OT HALLMX ABNEHWUS, HO BCE OHM OCHOBaHbl HA OAHMX W TeX *Ke NPUHLMNax
3NEeKTPUYeCcTBa U MarHeTU3mMa.

Toraa Mbl MOMEM CMeNo 3aKA4YUTb, 4YTO eaunHaa BceneHHaa Kocmoca COCTOMT M3
OEeCYUMCNEeHHOro  KOAMYecTBa  YCTOMUMBBLIX,  WHAMBUAYANIbHbIX,  B3aMMOAEWUCTBYHOLIMX W
conpuKacatowmxca mexay coboit cBoMMM nepexofAalMMn Apyr B Apyra 060/104KamMu, HO
HE3aBMCUMbIX U HECMELUMBAIOLLMXCA MPOCTPAHCTB. Hanpumep, Kak NpOCTpaHCTBA BOKPYr PasHbIX
NaaHeT C COBEPLUEHHO PAa3HbIMWU CBOMCTBAMMW U SIBEHMAMM B 3aLLUTHbIX 0060104Kax CBOMX reocdep.
Nnu npoctpaHcTBo Bcent CoNTHEYHOM cUCTEMbI B Ny3bipe renmocdepbl B MeX3BE3AHOM NPOCTPaAHCTBE U
T. 4. U TOomy noartsepKAeHWEM ABAAIOTCA MCCNEL0BAHUA MHOMECTBA CHMMKOB KOCMWYECKMX
Teneckonos «Xabb6a». Obpamume HUMaHUe, Ymo ammocgepbl naaHem u 2eauocgepa ConHya — 68cé
3amo ¢popMbl, b1U3KUE K ChepuvecKUM, O4YeHb CXOH(UEe C 8030y WHbIMU My3bIpAMU 8 800€, TOMOMY Ymo
dassieHUe HA HUX U3B8HE, UAU oomasnKkusaHue eHewHell mamepuu cpedbl, A8aA9emca U3AUWHUM
noomeepxcoeHuem eé bosee naomHoli (menxoii) cmpykmypei. NpUTOM, OHa He Be3ae 0AHOPOAHa Co
BCEX CTOPOH NOBEPXHOCTU COMPUKOCHOBEHWNS BOBHE NOABUXHOM cdepbl. PasperkeHne, co3gaBaemoe
BUXPEBbLIMMU  3/IEKTPOMArHUTHBIMM  MOAAMM  TaKMX OOBEKTOB BHYTPWU 3aAWMTHBIX «MNy3blpeny,
HanoOMMHaEeT MHOTMEe aHa0M NPUPOAbI, HANPUMEP, UKPUHKM, ANLA, KNETKM, MONIEKY/bl U T. 4.

YTOo e Mbl MOXemM 0bOpecTM OT OCO3HaHMA WU MNOHMMAHUA BHYTPEHHUX MEXaHM3MOB U
WMHCTPYMEHTOB 06LLEN KapTMHbI TaKOro COCYLLECTBOBAHMUA «Bcero co Bcem»? Korga eguMHCTBEHHbIM
A3bIKOM B3aMMOAENCTBUA ABNAETCA U3NyYeHMe pa3nyHbIX BUbpaunin? Korga cosHaTenbHoe obuieHmne
Ka*kA0ro M3 Hac He TONIbKO MeXay coboi, HO M CO BCEM KMBbIM M HEXMBbIM HaLLMM OKPYXKEeHUeM
MbIC/IEHHO MM Ha f3blKe 3BYKOB, KPaCKaMW MAWM YyBCTBAMW - BCEM, YemM Mbl HoraTbl, NPOUCXoANT
6narogapa NOCTOAHHOMY W OOWMPHOMY MNPUEMY M M3NYYEHWUIO HAMMU AUCKPETHbIX WMMMNYAbCOB,
CKaHMPOBAHUIO MPOCTPAHCTBA OKPYXKEHMUA, CPaBHEHUID W 00paboTKe CAOXKHENLWMX OTBETHbIX
CUTHAN0B, 3aMOMMHAHMUIO U MPUHATUIO PELLEHWNI K AEACTBUAM.

Jonyctum, K npumepy, 4YTOo onpenenéHHble 3/1eKTPOMArHUTHblE AUCKPETHbIe U3Ny4YeHUs
Pa3NIMYHbIX MOAYNAUMM M SHEPrMm obpasyloT MoJA, U OKasblBaloT GUKCMPOBAHHOE B/MAHME Ha
KOHKPETHOE XMBOE CyLlecTBo. Ho Beapb M KMAKOCTU B BMAE PACcTBOPOB, M CMECWU ra3oB, U Jaxke
TBEpAble BELW,EeCTBa B BUAE NEKAPCTB UM A0OABOK TOXKe MOryT OKasbiBaTb aHaNOrMMYHbIe A4EACTBMA Ha
AaHHbIA opraHmM3m. [MOTOMY YTO MexXaHM3Mbl 3TUMX BO34EMCTBMIA OCHOBAHbl HAa OAHUX U TEX Ke
NPUHLMNAX rpagmMeHTa 3apagoB. To ecTb, BO34EMCTBUAMM ONpeaenéHHbIX 31eKTPOMArHUTHbIX Noaen
Ha YKMBble KNETKWU, MOXKHO TOYHO TaK, KaK U NeKapCcTBaMM, M3MEHATb UX MeTabonnsm n nobusaTbes
ncueneHmns 6o0nbHbIX. TONIbKO ropasao bbicTpee n appeKTUBHEE.

Nnn npeactaBbTe, YTO PA3HOYACTOTHbIE MAKETUPOBAHHbIE 3/IEKTPOMArHUTHbIE Ko/ebaHuA
CNOCO6HbI MO-pPasHOMY BAUATb Ha OA4HY M Ty e GopmMy MaTepuun, ynpasaaTb €0, B3auMoaencTeya
Pa3IMYHbIMMU OTPAXKEHHbIMW CUTHANAMM — OTKAMKAMW 4Yepe3 cpedy OKpy:KeHus. U 3To Toxe
AOCTUraeTCA U3BECTHbIMW HaM MHCTPYMEHTAaMM 31eKTpUYecTBa MU marHetnama. KoTopble oKasbiBatoT
BAMAHUA Ha NepeopueHTauMio B NMPOCTPAHCTBE MHOMECTBA AMNONEN Pa3HbIX YacTUL, CTPYKTYpPHOM
MaTepumn JAHHOTO BELLLECTBA, BbICTPAMBasA UX B CAMbIX PA3/IMYHbIX MO3ULMAX U KOMNOHOBKAX, KOTOpbIe
N ABNAKOTCA pe3yNbTaTOM peakuui Ha BO3AEWNCTBMA W3BHE cpeabl OKpy*KeHuAa. B mntore, obbekT
NposBAseT ceba Kak eAnHbIN OPraHn3m, NOAYMHASACL U BbINONHAA NHOOble HEMbICIMMbIE ABUXKEHUA
BNE€BO WAW BMNPaBO, PacnagaeTcs Ha 4acTu WU COeAMHAETCA BHOBb, BbITATMBAETCA B CTPYHY MM
3aMbIKaeTCs B KO/bLO, MOM3ET UK NPbIraeT U T. 4. B COOTBETCTBUM C PYHKLMOHAIOM yNpaBAstowero
BO34encTBmA. YHem He pobOT, KOHTPONMPYEMbIN 0ObIYHBIM YepeLoBaHNMEM CUTHAN0B, KOTOPOE MOXKHO
NPOCTO «YCTaHOBUTb Ha 3anuMcb»? M coBepleHHO HEeBaXHO, YTO 3TO: KaKoe-TO KMBOE CyLLecTBO,
H6aKkTepua, MoneKyna, BUPYC UAM NPOCTO COeANHEHMEe BELLECTB B rase, B XMAKOCTU UAU B TBEPAOM
coctoaHumn (cm. Puc. 15). Kakne HeBepoATHble BO3MOXHOCTU B chepe MCKYCCTBEHHONO UHTENNEKTA,
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KMOEpPHETUKM M POBOTOTEXHMKM CYNAT HOBble TEXHONOMMU Ha TakUX GyHAAMEHTaNbHbIX 3HaHUsX!
Hanpumep, npymeHeHne NONAPU30BaAHHbIX Frene, }XMAKOCTeN, N1aCTUKOB, ra30B B A0CTaBKe NEKAPCTB
K 60/1bHbIM OpraHam, yAaneHuu BpeaHbIX 3ara3soBaHHOCTEN Ha NPOM3BOACTBAX, OYULLEHUN BOAbI OT
npumecei, MUKPO3/IEKTPOHUKE U T. A.

A pa3Be HallM OTHOLLEHMA C NPOCTPAaHCTBOM M3BHE B MOBCEAHEBHOM }KU3HN OTIMYAOTCA YEM-TO
OT NepeyncieHHoro Boiwe? Hanprumep, B BO3AEUCTBMN U YNIPABAEHUN? 3HAYUT N 3TO, YTO Mbl, YNTaA,
Hanpumep, MOAUTBbI, WCKPEHHE MUWeM OTBeTbl B MPOCTPAHCTBE, BO3OYXKAas B pPe30HaHC
NPOBEPEHHbIMW BpemMeHeM BMOPaALMAMM HaLMX 3aMPOCOB KAPXMBbl MAMATU NPOLUIbIX COBLITUN» B
cpene MaTepum Haero OKpy»KeHuaA, B TOM uncne, obpawance K bory mbicneHHO? [ae Bcemy cywemy
AaHO UMSA, KaK agpec. M nonyvyaem pe3oHaHCHbIM OTBET, KaXKAbl M3 HAc, BCerga, 0CO3HABaA 3TO UMK
HeT. M 3TOT OTBeT HenpemeHHOo bypeT peanns3oBaH B AEWCTBUM MOC/Ae aHA/iM3a BalMM MO3TOM.
Pe3ynbTaT TakMx 0OLWEHNI Y KaxKaoro cBoi, 4To-To cbbiBaeTca Uan HeT. Ho To, 4To Bbl y4acTByeTe npu
3TOM B CO34aHUKN cOH6CTBEHHOM CyAbbbl CBOErO 3€MHOI0 NYTU TaKMM CNOCoboMm, 06LLaACh HE TONbKO C
Borom, HO 1 ¢ 06bIYHBIMU NOABbMU, }KUBOTHBIMW, NPUPOAON, 3TO BHE BCAKMX COMHEHUI, «NPOCUTE U
Bam byaeT gaHo». MaTepua cpegbl Bcerga oTBevaeT Ha BO3Oy)KAeHMe, rMaBHOe - 3HaTb, YTO M KakK
NPaBUAbHO W TPAaMOTHO MNPOCUTb (MeuTaTb). MOTOMY Ka)KAbl MPUXOAWUT B 3TOT MMUP YYMTbCH,
HabupaTbCA 3HAHMM U OMbITA C YACTOrO NMUCTA. A KTO 3TOro NpaBuaa He MPUHUMAET, K COXKaNEHMUIO,
TepseT rNaBHY NPUBAEKATENbHOCTb XU3HU — PAfOCTb KMBOro 0b6LEHNA B pe30oHaHce BMbpauuii ¢
Cpefoit OKpyXKeHUa Unm nobsu.

Begb, Korga Mbl obuw@aemca ¢ Borom B CBOMX COKPOBEHHbIX Yro/Ikax CO3HaHUA, TO B
AENCTBUTENbHOCTM obpalliaemcs K NPOCTPaHCTBY. MamATb KaxKAOro M3 Hac, Kak ManeHbKas ToAMKa
MaTepumM NPOCTPaAHCTBA, eCTb HeoTbemNeMas eé 4YacTb. M MOXKHO CMeNo yTBep»KAaTtb, UTO bor BHYTpM
Ka*KA0ro U3 Hac 1 Mbl CaMW Haxoaumcs BHYTpu bora. M 310 BepHO 419 BCAKOro co34aHMs Ha 3emMe.

Puc. 15 YnpasneHue nonApnsoBaHHbIMU FreamMu. Puc. 16 Pe3oHaHC KamepTOHOB.
/ZYMBO.ru/ /studfile.net/

Kaxablil YeNOBEK CEroAHA - eCTb pe3ynbTaT MHOTOBEKOBbIX TPYAOB ThICAY M TbICAY HALIMX NPELKOB,
reHbl KOTOPbIX, KaK NaMsATb, BLUMTbI B HALL HALMOHA/bHbIN FeHOM 1 0beperatoT Hac OT ONPOMETYMBbIX
owmnboK 1 bonesHen, N03BONAIOT 6OPOTbCA M NobexaaTb CO BCEM, YUTO YYXKAO U BpaxaebHOo Ham. U
NMOTOMY Mbl BNPABe NO/1b30BaTbCA STUMM «apXMBAMM NPOCTPAHCTBAY, KaK coObBCTBEHHbIMM, 0bpalLanch
K HMM no nwbomy nosoay. Cmaso b6bims, eQUHOE MPOCMPAHCMBO C e€ o2pomHoU 3sHepauel u
uHgopmayued, u ecmb Co30amens U 8epwiumers 8ce20 cyuje2o. Pa3se 370 He 04eBUAHO?

3HaAYMT M 3TO, YTO NOJO0OHOE UCTUHHOE BepouCnoBeAaHWE, OCHOBAHHOE Ha MHOMOBEKOBOM
OnbITe MUPOBbIX PESIUTUIA, U €CTb APEBHENLLINIA UCTOYHUK AYXOBHOMN SHEPTMMN PA3BUTMA LMBUAN3ALLNMY,
33/I0’KEHHbIM B KAXK4,0M YENI0BEKE Y¥Ke NPU ero poxaeHnn? Torga u BCE KmBoe, Kak GopmMbl MaTepum,
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cocTosllee U3, Ka3anocb Obl, KHEXUBbLIX» CUCTEM, KOCBALLEHO» ITOM e 3Hepruen. Notomy yto BCE
cyliee BOKPYr M3/y4aeT M NpuHUMaeT konebaHua, coBeplueHcTByeTcs, obwaeTca, Mcnonb3ya AnA
BbIXKMBAHMA U PAa3BUTUSA Te XKe Camble MHCTPYMEHTbI NPUPOAbI, YTO U Mbl - 04N, OCO3HatoWMe ceba
BEHLOM TBOpPEeHWs. YOAMBUTENbHO, HO MPOYMTAHHAs MOJUTBA, 0cobeHHO rpynnoBas, B
AEeNCTBUTENbHOCTM 0bnafaeT MolHelWwen sHepreTMkon BMbpaymii, KoTopaa B HEKOTOPbIX CAy4Yanx
CcnocobHa NPOTMBOCTOATb peasibHbiM GU3UYECKMM ABMIEHMAM NPUPOAbI, B TOM Yncae rpasutauumn. U
TOMY W3BECTHbl B UCTOPUM Npumepbl. CnefoBaTenbHO, B KaXKAOM M3 HAC NPUCYTCTBYET He TO/IbKO
NUCTOYHUK SHEPruM B CTPYKTypax Gopmbl Tena, Ho U TbicAaYeneTHAS MHbopmMaumna cobbITU Halueln
cpeabl OKpy)KeHuAa. M oHa moxeT ObiTb BOCTpebOBaHa OObIM 4Ye/IOBEKOM, aKTUBMPOBAHA
pe30HaHCHbIMKW BUOPALMAMM CNOB, My3blKK, CBETA, ABUKEHWUN U T. 4., BbI3blBaA B HAC 60OXKeCTBEHHble
nepexMBaHus, HenoaaebHble YyBCTBA, A0OPOAETENb, KaK OTBET Ha BO3MYyLLEHME MPOCTPAHCTBA, B
YHWCOH C HPABCTBEHHbIM cogepKaHnem u nHpopmaumei, 3a/10}KEHHON B CAMOM YesloBeKe. Y KOro-To
eé bonblle, y KOro-To MeHbLUe, y KOro-To OHa COBCEM MHas, HO UMEHHO NO3TOMY NOABAAIOTCA B Hapoae
BE/IMKME YMbl, MO3Tbl, My3bIKaHTbl M MOJIKOBOALbI. POXKAAACh, Ye/I0BEK HAYMHAET CBOM NYTb C K4UCTOrO
JINCTa», HO C BO3PACTOM OH BCE vale 1 60o/blue cpaBHMBAET NPUHMMaeMble BUBpauum n3BHe, KOTopble
PE30HUPYIOT C ero BHYTPEHHMMM HACTPOMKaMM COBCTBEHHbIX BUOPOKOHTYPOB CTPYKTYpP namatu. U
3aMOMMHAET, Pa3HOCUT MX, CUCTEMATM3NPYET B CBOENM r0/10BE, HACTPANBAET CBOM 3/1€KTPOMArHUTHbIN
WCTOYHUK, CBOE 3/1IEKTPOMArHMTHoe bronose B3aMMoAEeNCTBUSA C U3/TYYEHUAMMU U3BHE.

Koraa mbl roBOpMM O 3aKOHaX B3aMMOOTHOLLUEHWI B COLMYME, TO Cpa3y BO3HUKAKOT Napannenu c
B3aMMOAENCTBMAMM BELLECTBA B CPeae OKpYyKeHus. Hanpumep, ynoMMHaem O COLMANbHOCTMU, Kak O
NPUOBPETEHHbIX YeNOBEKOM CBOMCTBAX, M COMOCTaBAAEM C 3apsaaoM. M To, u gpyroe He oTAeIMMbI OT
maTtepumn. KonebaHmna ymos (Mbicnei) B obuiectse BNosHe CpaBHMMO € KonebaHnamun subpocucrem
dopm maTepmm NpocTpaHcTBa. Hanpumep, ecan Kakoe-To rocy4apCTBO y4acTBYyeT B BOMHE, TO Kbl
y/ieH aToro coobuiecTsa gymaeT o nobeze, B YHUCOH CO BCEMU, U BO3DYKAAET OKPYKEHME KaK eaUHYI0
BubpocncteMy BCEMW BO3MOXKHbIMW CPEACTBAMM: MbICAAMM, PALMOCUTHANAMMK, B3PbIBAMMU,
NPu3biBamMn, PaspyLUEHUAMWU U T. 4., U NOJy4YaeT COOTBETCTBYIOWMIA OTK/IMK OT COOCTBEHHOM cpeapl.
3TO0 3HAUMT, YTO BOIOET y¥Ke BCE NPOCTPAHCTBO, B KOTOPOM 3TO AB/IEHME pacnaga npoucxoauT. MNpupoaa
TYT K€ OTK/IMKAETCA NOHUKEHMEM TEMMEPATYPbl, HANPAXKEHHOCTbIO, HEYPOXKAEM, YNaAKOM, F0/I0A0M,
0XXeCTOYEHNEM BCEro *KMBOTO ApYr K apyry. NpoBeante aHaNorm0 ¢ MUKPOMUPOM, U Bbl NOMMETE, YTO
3TO TaK.

N, ecnmn 3To BEPHO, TO NO BCEM Hay4HbIM NOAX0AAM BEPHO M TO, YTO Bor BHYTpM Kaxaoro 13 Hac,
M Mbl eCTb YacTb bora, 3TOro orpoMHOro, BCEBMAALLETO U BCE 3aNOMMHAIOLLETO NPOCTPAHCTBA BOKPYr
Hac. M3 maTepum KOTOpPOro BCE Mbl U COCTOMM, U C KOTOPbIM, OCO3HAaHHO WU HET, MOCTOSHHO
B3aMMOCBSA3aHbl, MU K KOTOPOMY obpallaemcs, NogaBas CUrHabl, U KOTOPbIN BCEraa oTBeY4aeT Ham 1
BAMAET HA Hac, U KOTOPbIN PUKCMPYET WU 3aMOMMHAET HABEYHO KarKAbl MUM HalleW KU3HWU OT
POXKAEHMA, CMEPTU M BO3POXKAEHUA B CAMOW MaTepuUM NPOCTPaAHCTBA BceneHHoM, Kak cobcTBEHHOM
eaMHom Tene 6biTMA. ObpalLanch UCKPeHHe K BceBbllWHEMY, KaxKAabl M3 HAac BCE TOYHee U TouyHee
HaCTpaMBaeT CBOM BHYTPEHHWUI «KKAaMEPTOH» NOZ Bbl30Bbl BHELHEN Cpebl, KOTOPbIN Pe30HUpYeT 1
nomoraeT genaTb NPaBWUAbHbIN BblIOOP, BCE yBEepeHHEN CaMOYTBEPXKAATbCA, ONUPASACb HA 3HAHWUA
npeablaywmx NOKOMEHUA UM BHYTPEHHIOK NamMATb Ha ypoBHE reHopoHAa, MHTYMUMU, UHCTUHKTA,
reHoma cobcTBeHHOro Hapoaa, cobcTBeHHoOM cembu (cm Puc. 16).

CuTyauuu, Korga MHoOrme TBOPYECKME NoAM, B TOM YMC/e, 3HAaXapM, LamaHbl, SKCTPACEHChI
roBOpPAT, YTO AOCTMYb TE€X WM WMHbIX YCMEXOB MM KaK OyATO KTO-TO MOMOraeT, HanpasafeT Uam
NoACKa3bIBAET CBbILIE, NN U3BHE, COBEPLUEHHO NPaBAnBbI. [TOTOMY YTO, MOCTaBAEHHbIE MMM BOMPOCHI
B BMAe BMOpaunit BO3OYKAAOT B YHUCOH MATepUID Cpeabl, aKTUBUMPYA B PEXMM WCTOYHMKA
3NEeKTPOMArHUTHbIX KoNiebaHU «apXmMBbl» €€ NaMATU M 3aCTaBAASA UX TPAHCAIMPOBATb MHPOpPMaLMIO,
KaK OTK/IMK Ha 3anpoc 0 cobbITUAX NPOLAOro B JAHHOM OKPY*KeHUW. M nocnaHHbIM B 3Ty cpeay CUrHan
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3anpoca HenpemMeHHO BEPHETCA C MNPUKPENNIEHHOM K HeMy [AONOJHUTENIbHON MoAaynaunen
NakeTUPOBaHHbIX KonebaHuii, BoweawMX C HMM B BMAOBOM PE30HAHC, KOTopblin M byaer
pacwmnppoBaH, Kak MHPOpMaLmA M3BHE NPOCTpaHcTBa. Mputom, pacwmedpoBaH B BUAE OOBEMHbIX
n3obparkeHnin B Bawen namatn. [Ipedsudems bydyuwee, noocmMompes pPowsnoe 3mMozo
npocmpaHcmea, 8rnosHe 803MOXCHO, MOMOMY Ymo 8CE 8 Mupe umMeem C80U UUKbl KonebaHul, a
nomomy 3Ha4yumsle 07 n0boli subpocucmemeol A8AEHUA MOBMOPAEMbI, MOKA OHA cyujecmayem 6e3
CMpyKmypHbix  udmeHeHul. [MopobHaa  wWHbopmauma wm3  «bubanmotekm  cobbituii» ¢
MHOTOMU/IIMAPAHON WUCTOPUE camoro npoCTPaHCcTBa, 6e3 COMHEeHMN, MOXKeT cnocobcTBoBaTb
CO34aHM1IO LWeaeBPOB B AEATE/IbHOCTM TOTO AN MHOTO reHns. KoHeyHo, Hago 06134aTb A0CTAaTOYHbIM
6ara*Kom HaBbIKOB M 3HAHMI, YTOObI NOCNATb BEPHbIM 3anNpoc U ObITb FOTOBbIM K 06pabOTKe OTBETHbIX
CUTHANOB MPOCTPAHCTBA. ITO MOryT BbITb BUAEHUA, AENCTBUA, 3BYKU, YTO-TO HEODbLIYHOE U, NOBEPLTE,
Bbl 3TO HEMPEMEHHO MOYYBCTBYETE, KAaK BAOXHOBEHWE, MONET Mbicael, 6NaKeHCTBO, NEFKOCTb MU
npo3peHune. ObweHue ¢ Cozdamesnem — 3mMo U ecCmb cama Xu3Hb. OH He MosIbKO 8HYyMpuU 8ac, a 8bl
sce20a Haxodumeco 8 HEM, HO U 8ce20a ocmaémecs rood e2o 3awumol usau nood ezo yepo3oli, cyposoli
unu becnevHoli delicmsumesibHOCMbHO. BCE 3aBUCUT OT BaC CaMmX, KaK Bbl BOCMPUHMMAETE BHELLHIO
cpeay u cebs, Kak B3aMMOLENCTBYETE C Hel, Kakne co3gaéte snbpaunmn ceoen Gopmon maTepmm Ha
NPOTAXKEHUN BCEro Nepmoaa OT Balero 3a4aTua 40 UCTNEHUA.

Tenepb Mbl C BaMW MOXEM 3aKNHOYUTb, YTO COBEPLIEHHO HEBEPHO Pas3fenATb nNpupoay Ha
«KUBYID U HEXMBYIO», YTO KM3Hb BEYHA, OHA /INWb NPeobpasyeTca OT NPOCTOro K CAOXKHOMY WM
Haob0pPOT, MOTOMY YTO OHA UMK/IMYHA U HEOTbEMJIEMA OT MATEPUU, KaK e€ CBOMCTBO CO3A4aBaTb
ABUXKEHWE, TPAAMEHT, 3apas, ANMNOb, BUXPb. BOT Mbl M BEPHYANCH K €€ UCTOKAM — KHY/IEBbIM» BUXPAM,
OTKyZAa BCE B MPOCTpPAHCTBE eaWHOM BceneHHoM W Havanocb. Pa3se 80 6CEM 3mMom He
npocmampusaemcs peasisHoe mpueduHcmeo [pupodsi 8 UHGopMayuu, usaydyeHuUU U npocmpaHcmae,
KaK mazHemu3me, 3nekmpudyecmee u mamepuu? Mamepuu, Komopasa co30aHaA U pPacmeopeHa 8
3/1eKMPOMA2HUMHbIX MOSAX.

Bcem Ham CTaHOBMTCA MOHATHbIM, YTO CYLLECTBYET HEKOTOPbIM CMMBMO3 MeXAay NAaHEeTon M
YyenoBeyeckMM coobLecTBOM. 3eMA HYXKAAETCA B YENOBEKE TaK Ke, KaK U YeNOBEK HY)KAAeTcsa B
6naronpmuatTHoM cpene obuTaHUA. HackonbKo 3Ta cpefa CTaHET HEBbIHOCMMOM A1 CAMOM NAAHEThI,
6narogapa feaTeNbHOCTM YenoBeyecTBa’?

Hu ana Koro He HOBOCTb, YTO KaXAbl M3 HAC B OTAE/NIbHOCTM pellaeT TONbKO CBOK 3ajadvy B
nepuvog cobCTBEHHOM M3HM M BONbLUMHCTBY BCE paBHO, YTO ByaeT 6e3 Hero. Ho putm Kaxaoro
noanuTbiBaeT 3Hepruen eaumHoe CUHXPOHU3MPOBAHHOE COObLLECTBO, KOTOpPOE pa3pacraeTcs U
pa3BMBaeT CBOW TEXHOJ/IOFMW, OKa3blBAET B/MSAHME HA W3MEHEHWS 3NEKTPUYECKOM U MarHUTHOWM
COCTaBAOWMX O6LLEro MoAA MNAHETbl, @ 3HAYUT M HA I/EKTPOMArHUTHblE B3aUMOAEWNCTBUA C
cocefHUMM nnaHeTamu, COMHLEM, MHBIMWU KOCMWYECKMMWU OBbEKTamMMU. M Kak 3TOT Halw cMMOMO3
OTPA3UTCA HA COCTOAHMM Bcel bruocdepbl? Mbl *KUBbI, 3HAYUT, YepTa HEBO3BPATA eLE He NponaeHa, 1
Mbl MPOAONXKAEM Yy4yacTBOBaTb B eAMHOM 3ambicie [lpupoabl B ponu, OTBEAEHHOM HaM, Kak
HepasaenMmon 4actu Bcel buonormyeckolr cpeabl 06UTaHMA nnaHeTbl. Mbl MOXemM uWb
[0raZiblBaTbCA O HALLEM PeasibHOM NpeAHa3HAaYeHUM, KaXKeTCA, HaC NOKa «MCNob3yloT Bcaenyto». Ho
HaM HaZ0 Y4YUTbCA U NOMHWUTb, YTO BCE B3aMMOCBA3aHO M OAHO BbITEKAET U3 APYroro, Kak, Hanpumep,
B «[lepnoamyeckon cucteme» XMMMUYECKUX 31EMEHTOB. B 0bwecmse, moYHO MaK 1e cywecmsyom
omoesbHble 3neMmeHmol U cemelicmea, HO HU 00HA 2pynna He Moxem cyujecmeosame 6e3 opyaol.
Yem 6onbuwie «cpamunuli» u, Yem OHU Kperndye, mem cusbHee u mozyujecmseHHee coobujecmeo. Kak u
COeANHEHMA Pa3HbIX BELLECTB MeXay cOBOM, Tak U B3aMMOLENCTBUA roCcyAapcTB MoryT 06pa3oBbiBaTh
HOBble CTPYKTYpPbl, Pa3BMBaATbCA UM CAMOYHUYTOXKATbCA. Pa3Be MMpOBbIe BOMHbI 06LLLECTBA HE MOXOXKMU
Ha «4épHble Ablpbl» B KOcMoce? OHM TOYHO TaK K€ MOXMPAKT BCE MaTepuanbHble pecypcbl W,
nepeHacbITUBLINCL OTPULATENIBHOW SHEPTUEN pa3pyLLEeHMA, NepexoaaT B aucbanaHc, u BbibpacbiBatoT
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06pPATHO YKe JONTOMKAAHHYIO NO3UTUBHYHO SHEPTUIO CO3NAAHUSA. Pa3Be HEBAXKHO A1 CUCTEMDI, KOTAa
Lenble BUAbI XMBbIX CYLLECTB MCYE3atOT C LA 3emMaun Hascerga? M KTo «npugét» Bcneq 3a HUIMK, U
KaK 3TO NOBNMAET Ha Hawe 6aarononyyme Uam 3akaT Hawew 3pbl?

Kaxabl u3 Hac 6bin B cuTyaumu, Koraa O6ykBasibHO MUHYTY Hasaf, KTO-TO M3 OKPYXKeHUA Gbin
eweé xue. M noyemy nogn BCE yalle YMUPAKOT B aAanTUBHOM cUCTeMe NaaHeTbl? Toraa 4vto Ke
NPOUCXOANT C OPraHU3MOM?

MpepcTaBum, YTO B HEKOTOPOWN eaMHOM BMBpOCUCTEME CYLLECTBYHOT HEKME MPOMENKYTOUHbIE
NOACUCTEMbI, TaKXKe C OrPOMHbIM KOJMYECTBOM KoJsiebaTenbHbIX KOHTYPOB B CBOMX CTPYKTypaXx,
KOTopble OOBEAMHAITCA MO CeMeMHbIM MNPUHUMNAM, Hanpumep, COCTaBy, PUTMY, CBOWCTBaM,
GYHKLUMOHANyY U T. 4., N0 aHaNOrMM C XMMUYECKUMU dnemeHTammu Tabamubl MeHaeneesa [. UN. 3Tn
NOACUCTEMbI ABAAIOTCA HE TOJIbKO K/OYEBbIMM B 06ecneyeHn CUHXPOHU3aL MM KOHTYPOB B CUCTEMAX,
HO W cO34aloT ycnoBua ansa Mx GYHKUMOHMPOBaAHUA B obuiem opraHuame ob6bekTa, Hanpumep,
CepAEYHO-COCYAMUCTanA, HepBHaA, AblXxaTeNbHas, MOYEBbIAENUTENbHAA W T. A., KOTopble Aanee
CUHXPOHU3UPYIOTCA HE TONIbKO MeXay cobol, HO M C egMHON CUCTEMOWN, KaxKaaA Ha COBCTBEHHbIX
YacToTax.

Tak yYNpPOWEHHO BbLIFIAAUT MEXaHM3M  B3aMMOAEWCTBMA  COCTAaBHbIX 3/1EMEHTOB B
GYHKLMOHNPOBAHMN OpraHnama 4YenoBeka. HeCOMHEHHO, BCE OHM y4acTBYKOT B 3HEPreTMYeckom
obMmeHe ¢ BHelWHel cpenoi. YTo e NponsongéT, ecnm ogHa ns 6asosbix nogcuctem, Heobxogmmas
ANA  KU3HEe[EeATeNbHOCTM  BCEro  OpraHM3mMa, MO Pas/MYHbIM - MPUYMHAM,  MNepecTaHeT
CUHXPOHU3MPOBATLCA C APYTMMU MOACUCTEMAMM UAN B HEM NPOU3ONAET HENpeaBUAEHHbIN cOOM B eé
CTPYKTYPHbIX KOHTypax? Ecan 3To KPUTUYHBINA COOM, TO HEOHXOAMMO pellnMTenbHOe BMELATENbCTBO
n3BHE, MHaye QYHKUMOHWPOBAHME OpraHa, UaM O4HOM U3 CUCTEM, B OpraHM3me NpeKpaTuTca. ITo
HEMMHYEMO NOB/IEYET K PACCOrNAaCcoBaHMIO PUTMOB B APYrMX NoAcUCTEMax BUBPOKOHTYPOB U BCKOpe
NPOV30NAET HapylweHue BMbpaumin camoii GopMbl, TO €CTb Tesla YenoBeKa. 3anycTuTca obpaTHbIN
npouecc, NpM KOTOPOM B TeyeHWe onpegenéHHoro BpemeHu OyayT pacnagatbca M eauHas
BMbpocucteMa, M MNOACUCTEMBI, M WX KonebaTenbHble KOHTypbl A0 4acTuL, oOnpeaenéHHoro
MWHUMaNbHOIo CTabWIbHOrO SHEPreTUYECKOro COCTOAHMA B YC/IOBUAX AHHOW cpesbl, CONOCTaBUMbIX
c obwum doHOoM OKpyKeHuAa (wymamu). To ecTb, 4O INEMEHTAPHbIX YacTML, aTOMOB BELLECTBA U
3NEeKTPOMArHUTHbIX U3NYy4YeHUn B BUAE BUXPEW, KOTOpble He3amea/nTeNbHO BCTYNAT BO
B3aMMOLENCTBME C APYrMMU AMNONAAMM MPOCTPAHCTBA, CO343aAYyT WMHble BELLeCTBA, MOJIEKY/bI,
CTPYKTYpbl 1M BUBpocuctemol. M1 BCE NOBTOPUTCA BHOBb, HO C HOBbIMU GYHKLMOHANAMKN, PUTMAMMU,
CBOWMCTBaMM, B MHbIX Nepmnogax CobbITUN KOCMOCA W MPU UHbIX YCIOBUAX BO3AENCTBUA OKPYIKatOLLEN
cpeapl. 9TO M eCTb NYTb MOCTOAHHOMO CO3UAAHMA HOBOFO, MYTb MyTaLLM BCETO XXMBOTO, NyTb Mpupoasbi.
N, KaK HU CTpaHHO, BCE ONATb HAYHETCA C BOAOPOAA, NO KONEBAHUAM KOTOPOro CMHXPOHU3UPYHOTCA
Bce GOpPMbl MaATepuW, CBOErO0 PoAa FAPMOHMUA, €4UMHEHME B 3NEKTPOMArHWUTHbIX MONAX Cpeapl
NPOoCTpaHcTBa. 3agayva Ntobol KUBON CYWHOCTM — COXPaHUTb CBOM PWUTM, 4YAcTOTy COBCTBEHHbIX
He3aTyXaloLWwux B CBOMX MHANBUAYANbHbIX LMKAax KonebaHuii. CnenoBaTenbHO, CMEPTU KaK TaKOBOWM
HeT. }Xu3Hb, B BMAE B3aMMOLENCTBYHOLLMX EKTPOMArHUTHbIX Nonen, BykBasbHO «pacTeKaeTca» B
cpefe oT 04HOM pacnagatowenca Gopmbl BUBPOCUCTEMbI Ha MHOXECTBO GOPM APYrMX BCEBO3MOMXKHbIX
cuctem ¢ 601blLIMMM YacToTaMm KonebaHuii, 0bpasys Bcé Honee npocTble coeaMHEHUA U KOMBUHaUUK
YKMBOW MaTepun 40 NONHOIO MX pacnaga B CTPEM/IEHUM K YCTAHOB/IEHUIO 3HepreTMyeckoro banaHca.
Bca maTtepwus, u3 KOoTopol cocToasno Teno, byaet coxpaHeHa B AaHHOM NpocTpaHcTee. [o-uHoMmy,
YyenoBeK CTapeeT nan 6oneeT, TEPAET CBOK SHEPTUIO, HO r0 MaTepPUsA HUKYAA HE UCYE3AET, AaKe, ECNU
Bbl KpeMupoBanu ero nocne cmeptu. [la, oH nepectaér 6biTb cBOe 0bblYHOW Popmoli Tena, HO OH
nepexoauT B ApYroi NoaypoBeHb CyLLEeCTBOBaHMA, Pacnafancb Ha MHOXECTBO Apyrnx Gopm matepum
M TaM TOXKEe NPOLO/IKAETCA ¥KU3Hb, HO Y¥Ke COBepPLUEHHO UHaA. Yenosek, Kak bbl nepexoguT U3 04HOTO
COCTOSIHMA CYL,EeCTBOBAaHMA B MHOE, MO aHaNOrMMK Nepexosa U3 OAHOro MPOCTPAHCTBA B MHOMECTBO
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APYruX, M3 KOTOpPbIX, COBCTBEHHO, €ro Teno W coctout. EQuHoe cobbimue, Kak UHGPOPMAyus,
pacnadaemcsa Ha NMUKcesu C80UX KO20A-mo UCXOOHbIX CMPYKMypHbIx ppaemeHmos (cm. Puc. 17. 18).

Torpa, MOXKHO N BEPHYTb CUCTEMY B UCXOLHOE COCTOAHME, OXMBWUTb Yenoseka? [la, MOXKHO
peaHMMMPOBaTb HE3XKM3HEHHOE TeN0, N 3TO NPOUCXOANT NPU YAAYHBIX CTEYEHMAX 0O6CTOATENLCTB, KaK
MOMCKAxX BEPHbIX pelleHUi cornacoBaHMsa 6a30BbiX BHYTPEHHUX CUCTEM, HO TO/MIbKO 40 Hayana
npoueccoB 6e3803BPATHOrO pacnaza BHYTPUKAETOUHbIX CTPYKTYp. Bonee Toro, BO3MOXKHO co3gaHue
abcontoTHbIX KNOHOB Nt0ObIX OOBEKTOB, KaK 3HEpPromHGOPMAULMOHHbIX aBaTapoB. KaxKaplh mur
ABUXKEHUA M OCTAaHOBKW, CTapeHUss U OOHOBNEHWA, KOHYMHbI M KU3HM — BCE 3TO €CTb BOJIHOBblE
KonebaTesibHble MNPOLECChl, KOTOpPble B3aMMOAEWUCTBYIOT MeXAy COboM W M3BHE COOCTBEHHbLIX
MCTOYHMKOB M3/Tly4EHMI NOBCIOAY B MPOCTPAHCTBE, HE3AaBUCUMO OT UX GOPM U CTPYKTYp matepun. U
3HAYUM, OCHOBA BCAKOMY A8seHUIo subpayuli 8 npupode ecmob 2padueHm 3apa00s.

/foxremont.com/ /promodj.com/

Puc. 17. Puc. 18 Pacnag ¢opm matepum Ha CTPYKTYPHble GparmeHTbl e4MHON BUBPOCUCTEMDI.
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Mamepua nocmosHHO 8uUOOU3MeHAemcsa, 0CMasnfsa UHGOPMAYUO o
cobbimusx 8 npocmpaHcmee Hasce20a. 3Ha4yum AU amo, Ymo icmuHa AeneHuli
npesvilie 8cex peauauo3Hbix yyeHuli?

TEOPUA EAUHOIO CTPOEHMUA MATEPUMN.

HakoHeu-To Hactano Bpema 6onee [AeTanbHO PaAcCMOTPETb CTPYKTYpy MaTepuuM Camoro
NPOCTPAHCTBA, KOTOPYIO HEBO3MOXKHO 6b110 packpbiTh 6e3 npeablaywmx rnas KHUrn, 6e3 ocsoeHua
TAKMX TEPMMHOB KaK «rPaBUTALMOHHbIE» U KNPOCTPAHCTBEHHbIE» CETU, OMUPAACHb Ha MX OCHOBY -
«HYNeBOM» BUXPb, KOTOPbIN onpenensercA He TONbKO KaK «OAWMHOYHbIA HY/NeBOM» BUXPb B €ro
CTPYKTYpe, HO M KaK «Hy/NeBOM» AUNOAb. BepoATHO, NPO3BYUYUT CIMLIKOM CaMOYBEPEHHO, HO MOXHO
YyTBEPXKAATb, YTO HA OCHOBE MHOTOJIETHUX UCC/IeA0BaHUIM B KHUIe NPeA/IoKeH COBEPLUEHHO NMOHATHbIM
MexaHu3m obpasoBaHMA (co34aHMA) MaTepum U NONEeRn, KOTOpble U ABAAKOTCA CTPYKTYPOMN TOro Mau
MHOTO MPOCTPAHCTBA, KOMX OrPOMHOE MHOXEeCTBO BO BceneHHOM € pasnnyHbIMKM CBOMCTBAMMU U
BO3MOXHOCTAMM, U U3 KOTOPbIX B UX MOCTOAHHOM B3aMMOZLEMNCTBUMN N COCTOUT cama BceneHHasn. Passe
He Nt0HONbITHO Y3HATb, MOYEMY BCE C/I0KMIOCb UMEHHO TaK, a He MHaye?

[asanTte 3arnaHem B npowsoe, nonpobyem BepHYyTbCA K «Hayany BCEro» BO BPEeMeEHWU U B
npocTpaHcTee. [lonyctum, 66110 OAHO NPOCTPAHCTBO BO BCel BceNeHHOM KaK «My3blpb», BHYTPU HET
MaTepPUM U HET CHaPYXKM, KaK HOCUTENEN 3apAL0B U HANNYUA TPAAUEHTOB. 3HAYUT, AOKEH Obln ObITh
BTOPOW «Ny3blpb» 060/I04KN NPOCTPAHCTBA, TaK Kak BO34EMCTBUE MHOTO pOAa OTBEPFraeTCA Mo NpUYnHeE
OTCYTCTBMA BELLECTBA M NoJeli coBceM. YTO e Toraa noABUII0 TO, YEM 3aMNOJIHEHbI OblM 3TN KaK
MWHMMYM ABa NPOCTPAHCTBA, K 06PAa30BAHNIO BHYTPU HUX KHY/IEBbIX» BUXpen? O4yeBUAHO, YTO 3TO
MOrno 6bITb TONbBKO COMPUKOCHOBEHME (KOHTAKT) ABYX «Ny3blpen» MNPOCTPAHCTB, B pe3ynbTaTte
KOTOPOro MNpPOM30LW/IM ABNEHUA MX B3aMMHOIFO CXATUMA WM pPaclIMPEHUA, KOTOpble M NpUBEAU K
BO3HMKHOBEHUIO Ha Nepudepunax pasnyHbIX rPagueHToOB NO HanpaB/aeHUIO BHYTPb ¢ 06pa3oBaHvem
MHOXeCTBa pa3HOHamnpaB/IeHHbIX C1abbIX KOANHOYHbIX HY/1IEBbIX» BUXpeN (cm. Puc. 1).

‘ 153;9)

Puc. 1 O6pasoBaHne «OAUHOYHbIX  PUC. 2 «a» — KOANHOUYHbIN HY/1IEBO» BUXPb, «6» — ABOMHAA
HY/IEBbIX» BUXPEMN. CNupanb BUXPEN «a» OAHOTO CMMHA, «B» — KHY/IEBON» AUNONb.

B Takom cnyvae, u3 cpeabl 4ero NOABUANCL U B Cpese Yero okasanucb 3TM obpasosaslumecs
«HyNeBble» BWUXPW, KOTOpPble BMNOCAEACTBMM CTA/IM HAYaNOM 3apPOXKAEHUMA Monen, Aunonem wm
BelwecTBa? Beagb B MCXO4HOM MPOCTPAHCTBE A0 3TOr0O MOMEHTA (Kak Mbl npegnoaaraem) He 6b1/10 HU
TOro, HM apyroro. O4HaKO 3TW MPOCTPAHCTBA HE CX/IOMHY/IUCb B TOYKY, MOTOMY YTO He OblI0 BOKPYrT
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bonee nnNOTHOM cpenbl, Yem 3TU cybCTaHUMM ras3a, COBEPLIEHHO HENOABMU)KHble B npeaenax
COOCTBEHHbIX PopM «ny3biper». A pasnnumMe No COCTaBY 3TUX Cpes KaK BHYTPU, TaK U BOBHE He
NO3BONAIO UM NEepPemMeLlnBaTbCca U NepeTeKkaTb U3 O4HOrO NPOCTPAHCTBA B APYroe, MHaye 6bi10 Obl
AOCTUIHYTO (aKTUYECKM COCTOSIHME MONHOFO pPaBHOBECHOro OanaHca 3Hepruu Besge. JHepruu,
KoTopoi paKTUYeckn He 6blno, NOTOMY YTO He BblNo Npon3BeAeHO HUKaKoM paboTbl. MHauve rosops,
€CTb [Be pas3Hble cpeabl «MPOTOMATEPUM» NPOCTPAHCTBA, HE B3aMMOAEMCTBYOWME APYr C APYTOM U
OKpy»KeHnem Bo BceneHHoi. Onpegennm aTy NepBo3gaHHY0 MaTeEPUIO KaK «HY/NeBOM» ras, KOTOpPbI
cnocobeH oTTopraTth (He NpuHMMAaTL) NogobHble cebe cpeabl, co3aaBana cobCcTBEHHYO 060M04YKY —
dopmy. To ecTb, «NpoTOMaATEPUA» B COCTOAHUM 3aHMMATb onpeaenéHHbI 06BEM.

3HaunT, paHee CyLLeCTBOBaIM HENOABUKHbIE MPOCTPAHCTBA B HENOABUXKHOM cpeae BceneHHoM.
N 3Tn pasHble No o6bEMam NpoCcTpaHcTBa OblIM O4HOM MAOTHOCTUM M BCA CUCTEMA Haxogunacb B
PaBHOBECUM, KOTAa OHU UMENN BO3MOXKHOCTb COMpMKacaTbcs 060104Kammn Ha nepudepumn, nogobHo
neHe c OrpomMHbIMK Ny3bipaAMKU. Korga cama cpesa BceneHHoM 1 cpeapbl BHYTPM NPOCTPAHCTB COCTOANMN
M3 O4YeHb TOHKOM, @ 3HAUYUT, OYEHb MJIOTHOMN «NPOTOMATEPUMN» (KHYNEBOM» ras), CTPYKTypa KOTOPOW
Be3ge 6bla coBEPLIEHHO OAHOPOAHA M MHEPTHa MeXxay coboi, HO MHAMBMAYAbHA NO cocTasy. Kak
pe3ynbTaT 3TOro — 3pPeKT NPEeNOMAEHNA U3NYYEHNIN Ha TPAHNLAX MEXKAY PA3/IUYHBIMU CpeaaMMu.

CnepoBaTtenbHO, B TO BpemMs «npoTomatepua» Moria 6biTb pa3sHOO6pasHOM M NO pPasHbIM
NPUYMHAM HE MMeNa BO3MOXKHOCTU CMeLLMBaTbCA MeXay cobolt. Tenepb co34aAnM MHUMYIO CUCTEMY,
KOTOpas BHYTPU 3aKPbITOro 06 bémMa NPOCTPaHCTBA, COCTOALLErO M3 TOHYAMLWEN «NblANY, B pe3ybTaTte
TON4YKa (NOABMUMKKKM) HauMHaAeT 06pa3oBbIBaTb POPMbI MaTepPUU, KOTOPbIE, B 3aBUCMMOCTU OT BCAKOrO
poJa BHELIHMX BO3AENCTBUIM APYr HA ApYyra, HAYMHAIOT Be34e M No-pasHOMYy 06beaAnHATLEA, pacTu. Mo
npu4mMHe Yero, 06pa3oBaBLUMECA YACTMLbI, KaK U cama cpea, CTAHOBATCA MeHee NNOTHbIMK, bonee
NOPUCTbIMM M FPYOBbIMM MO COCTABY OTHOCUTE/IbHO MCXOAHOIO COCTOSIHMA B HAa4Ya e NPOLLeCCOB CUHTE3a,
NoOpoOXAasA rpagMeHTbl HanpsXXeHui. Ho, NOTOM, B KaKOM-TO MOMEHT AOCTUTHYTOrO B OKPYXKEHUMU
6anaHca sHeprum (M3HYTPU W CHaApPY)KKM), BCE BOKPYr BHOBb pPacnafaetcA B «Mbllb» — UCXOZHOEe
COCTOAHME NpPOCTPaHCTBA B HaweW BUPTyasbHOW cucteme. N nogobHble Kayenu (KonebaHua) B
peanbHOCTU WM3BEYHO MOBTOPSAOTCA NOJ BHEWHMM BO3AENCTBMEM NPOCTPAHCTB APYr Ha Apyra,
HepaBHOMEPHO, MO-pa3HOMY, rae-T0 NoAbEM (CMHTE3), a B KaKOM-TO NPOCTPaHCTBE BOBCIO MAOyT
npoueccol pacnaaa (pasnoxeHusa). Tenepb NPeaCcTaBUM, YTO TAKMX B3aMMOAENCTBYIOLLMX «My3blpen»
NPOCTPAHCTB BO BceneHHoW HecumcneHHoe MHOMKECTBO, U NOAy4YMM ODObI4HYO Moaenb rnobanbHoM
BMbpocmnctemMbl MMpo3gaHua. A 4to, ecan nonpoboBaTb COBMECTUTb 3T U3bICKaHMA C MpoLueccamm
B3aMMOAENCTBMA MaTEPUM MeXKAY COOO.

NTaK, B NOpY 3apOXKAeHUA BELWECTBa B HalleM KOCMMUYECKOM MPOCTPAHCTBE, KOr4a B HEM, KaK
HaM Ka3a/ioCb, NOHOCTbIO OTCYTCTBOBA/IO KaKoe-1nbo ABuKeHue (cocToaHue abcontoTHoro banaHca
«TbMbI»), N06ble MNOABUMKKU (B3aMMOAENCTBMA) HA rpaHMuUax eé nepudepun € pPasInYHbIMK
cocegHMMM NPOCTPAHCTBAMMU, KaK ¢ cheponoaobHbIMMN NNH3aMMU, HEU36EXKHO NPUBOAUIM K B3aUMHbIM
06BEMHBIM 3pdeKTaM CKaTUA M paclumMpeHma. YTo 04HO3HAYHO BbI3blBaso BO3OYKAEHME MHOXKECTBA
«OOMHAPHbIX HY/NEBbIX» BUXPEN YNOKOEHHOM cpeabl Pa3/IMYHOTO HanpaBieHUsA BpaLLeHus,
WHTEHCUBHOCTU U AINTENbHOCTU BHYTPU KaXK4,0r0 U3 HUX. ITU BUXPU, B 3aBUCUMOCTM OT KOHPUrypaumm
M HaNMYUA NONHOFO UM HEMOTHOTO Nepuoaa KosiebaHui, C Te4eHMeM BpeMeHM CTaIKMBAINCh APYr C
Apyrom, obpasys pasfiMyHble CTPYKTYpbl, WAW pacnaganucb (pactBopsainvcb) B COBCTBEHHbIX
OZMHOYHbIX 3aTyXaloLWMX KPYroBopoTax, HO BCE ¥Ke OKa3blBan BAUAHWE HAa OPUEHTALMIO APYTrUX BUXPEN
cpenpbl OKpyXKeHuAa. B TO e Bpemsi, HEKOTopble «OAMHOYHbIE HYy/eBble» BMXPU C Mepuoaammu
KonebaHnin 6onee eguHWUUbI NPU B3aUMOLENCTBUAX C BUAOBbIMU BUXPAMWU OLHOCTOPOHHErO
BPALLEHMA COBEPLUEHHO XaOTUYHO 06beAMHANUCb B GOpPMbl B BUAE ABOMHOM cnmvpanu (noaobHble
HUTAM B Monekynax OHK) ¢ noaBu»KKoM 0AHOM U3 HUX BAO/Mb OCU (CMelLeHMem) B O4HY YeTBepTb
nepuoga (1/4T) wn, npoponkaa BpaWATbCA, YCKOpPAAUCb BCE 6onee M 6onee WMHTEHCUBHEW C
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obpa3oBaHMEM UCTOYHMKOB He3aTyxalwolwmx Bubpaumnit (cm. Puc. 2). Korga KMHeTU4YecKas sHeprua
OZIHOro KonebaTeNbHOro KOHTypa Takoro «0A4MHOYHOrO HY/IeBOrOo» BUXPA 3aTyxana M nepexoguna B
NOTEHUMANbHYIO, HE3aMea/INTENIbHO KMHETMYECKan 3Heprua BTOPOro nogobHoro BMxpa 3anyckana
BpaweHne obpasoBaBleica eanHON ¢GOpmMbl BHOBb W BHOBb (aHaANOrMYHO BPALLEHWIO Napbl
¢durypuctos) Bcé 6onee akTMBHO GOPMUPYS YCTONUMBBIN BUXPb KHY/IEBOTO» AMMNOAA B NPOCTPAHCTBE,
M3 0b6UANA NOPOXKAEHUSA KOTOPbIX NYTEM B3aMMOLENCTBUA B CpPeAe OKPY)KEHMSA Ha npuHuMnax
3NEeKTPUYECTBa U MarHeTU3Ma BCerga BbICTPauUBaOTCA Pa3/INYHbIe CTPYKTYPbl 31€MEHTapHbIX YacTul,
aTOMOB, MOJIEKYN U T. A. M yeM UHTEHCcMBHee BpalialoTca obpasoBaslumMeca Gopmbl MaTeEPUN, TEM
3HauuUTeNIbHEE BO3AENCTBME HA OKPY)KEHME OHW OKa3blBAlOT, 3aXBaTbiBas BCE H6O/blUee KONYECTBO
Apyrnux ¢opm nof CBoé BAusHME, NpuobpeTas He TO/bKO ycuaeHue 3apaga, Ho u opmupya bonee
CNOMHble CTPYKTypbl BellectBa B CpeAe MpPOCTpaHcTBa. B ToOM uucne MHOrosaxogHble
(MHOroBMHTOBbIE) BUXPEBbIE KOMBUMHMPOBAHHbIE PACKPbITbie BUBPOCUCTEMBI, CTaBUIBHOCTL KOTOPbIX
3aBUCUT OT MAPHOCTU UX 3aMKHYTbIX CTPYKTYPHbIX KONiebaTe/ibHbIX KOHTYPOB, B KOTOPbIX BpaLlaloTca
y)Ke He BeL,ecTBa cpeabl OKPYKEHMA, a NOAA, KOTOpble 06Pa3yoT HENTPA/IbHbIE K BHELLHEN MaTepum
NPOCTPAHCTBA CUCTEMbI, HANPUMEP, KaK «HY/IeBble» AUMOMM U HEUTPanbHble YacTulbl. PaKTUYECKH,
TaKue C/I0XKHble AMNOoJIbHble 06Pa30BaHMNA U €CTb BUXPEBbLIE CTPYKTYPbI BELLECTBA OT 3/1eMEHTapPHbIX
YyacTuL, 4O aTOMOB M MOJEKY/N B 3aBUCMMOCTM OT WX KOJMYECTBA, MHTEHCMBHOCTWU, HanpaB/ieHuA
BPALWEHNA U apXMTEKTYPbl B3aMMHOIO0 CMM6M03a, KOTOPYH OHW 06pasyloT B HOBOM BbICTPOEHHOM
dopme matepumn (cm. puc. 3). C eAUHCTBEHHOW LeNblo — A0CTYNa K UCTOYHUKAM SHEepPrum cobCTBeHHOro
¥Uu3HeobecneyeHus.

Homymuuas, Hedanscudmump
«llepyognEecras cucrTeMa

(1. U. Mengeneer. OCHOBH Xy
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Puc. 3 Buxpesble cTpyKTypbl dopm maTepun. Puc. 4 «HbtoToHMn» 1 «KopoHuii» B Mepurogmyeckomn
Tabnuue anemeHToB MeHgeneesa [.U. (Live Journal)

Buxpb B NpOCTpaHCTBE HMKOr4a He 3aMbIKAaeTca TO/NIbKO B OZHOM TOYKEe, OH MNOCTOAHHO
PACKpbIBAEeTCA B CBOEM ABUKEHUW BOKPYr LLEHTPA B BMUAE cnupanu. NosToMy coBepLUeHHO HEBEPHO
paccMmaTpuMBaTb ero TOIbKO B CTaTUKe (Mure BpaleHusa). BUXpb Pa3OMKHYT B ABUMKEHUU M 3aMKHYT B
NMONHOM paBHOBECUW (HEBO3OYKAEHHOM COCTOSIHMM) HEWTPAZIbHOTO NPOCTPAHCTBA, KaK ABUNKEHUE U
NOoKoW. Mo3ToOMy, B 3aMKHYTbIX KOHTYpaXx BELLECTBA, KaK U «HYNEBbIX» BUXPAX, MOHO NOTEHLMNANbHOM
SHEepruM, KoTopas BCAKWUIA pa3 3amnyckaeT pas/IMyHble [ABWMKEeHUs 3apagos (nonei) obpasya
HEe3aMKHYTble KOHTYpbl Mo BHELWHUM BO3AeNCTBMEM cpeapbl (Pe30HAHCHbIN OTKAMK, paspbis). Takoi
NOAXOJ COBEPLIEHHO He WCKNIYaeT BCEBO3MOMHble TEeOpuUM CTPOeHMA aToma, a Haobopor,
PACKPbIBAET UX, 06BACHAN MHOIOe U3 HEOHBACHMMOrO A0 CUX NOP.
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Hanpumep, ecnmn BepHyTbea K Mepunoamnyeckoit Tabnmue O.U. Menageneesa 1906 r. (cm. Puc. 4),
TO Mbl MOXEM ONpeaenuTb «OAMHOYHbLIA HyneBoW» BUXPb (NOSHOrO nepuoga) NPOCTPAHCTBA
OKPYKEHUSA KaK 3/IeMeHT «X» ¢ no3unumen B Heit «0/0», rae ymcauTens — 3To rpynna, a 3HameHaTe b —
pAag,. KoTopomy BENUKNIA PYCCKUIA YYEHDBIN NPUCBONA MMA «HBIOTOHMN» N, KOTOPbI ABNAETCA OCHOBOWM
NnocTpoeHua Bcex KonebaTteibHbIX BUBPOCTPYKTYP U cucTeM. A afeMeHT «Y» ¢ nosuument «0/1» u ecTb
«HYNneBoM» AMNONb (CTPYKTypa M3 ABYX «OAMHOYHbIX HY/IEBbIX» BUXPeN OAHOro HanpasB/ieHuA
BpalleHns co cmeleHnem B 1/4T) - ocHOBa MaTepuMu MPOCTPAHCTBA, WMCXOAHbIA WCTOYHUK
3NEeKTPOMArHUTHbIX BOJIH, U3 MHOXECTBA B3aMMOAENCTBUIA KOTOPbIX APYr C APYrOM M BO3HUKAIOT
pa3Hble ¢opmbl maTepumn (Bewectsa). M B Tabnmue XMMUYECKUX SN1EMEHTOB OH MPOMMCaH KakK
«KopoHMn», KOTOpPbI ABNAETCA KUPMUYMKOM O] MOCTPOEHMA BCEX NONEN WU 3NEKTPOMArHUTHbIX
4acTUL, BELLLECTBA M KOTOPbIM OAHO3HAYHO 3aBMCUT OT BO3AENCTBUA Cpeabl OKpYXKeHua (cm. Puc. 5). U
MWb NOTOM cnedyetT Bogopoa B no3vumm «1/1», Kak CTPyKTypHasa BubpocucTtema U3 ABYX
B3aMMOCBA3AHHbIX BUXPEW, KOTOPble MOTyT CyLLeCTBOBATb BMOJIHE CAMOCTOATENbHO  KaK
aneMeHTapHble YacTuubl. [Tpumom «HetomoHuli» 8 HelimpasabHoM (Heeo3b6yH OEHHOM) COCMOAHUU
obpasyem 3aMKHymble cucmemsl «IAMAMU» UAU KOAbUeBble «XpaHUMesau Ma2HUMHO20 MOoAAN.
Komopele no cymu u sasasomca camsiMu MeaKumMu (UCXOOHbIMU) U CaMbIMU MHO204YUCAEHHbIMU
UCMOYHUKaMU  eOUHO20  2paB8UMAUUOHHO20 Noaa  Mobo2o0  NPoCMPAHcmMed, UHa4ye  —
«epasumayuoHHoli» cemu. Komopsie emecme ¢ UHbIMU OUMNOAAMU Mamepuu cpedbl U 8bi3bi8aOM
epasumayuto. B mo xe spema «HotomoHuli» - ecms eQUHUYHAA CMPYKmMypa nepsuyHol, a 3Ha4um,
camoli moHKoli mamepuu (ynaomHeHus) npocmpaHcmaa (Cm. puc. 6).

Puc. 5 CtpykTypa Buxpen «KopoHua». Puc. 6 «CtpykTypa Buxpen «HotoToHUA®.

B Takom cnyyae, BO3MOXHO /i BoOOWE B Cpefe OKPYMKEHUA COCTOAHME «TbMbI» WAU
abcontoTHoro 6anaHca maTepum npocTpaHcTBa? Kak obpeTeHMe yMUPOTBOPEHHOCTW, KOraa Bcs
MaTepua NpeKpaLLaeT BCAKOE ABUKEHWUE, KOTAa B NPOCTPAHCTBE HET HUKAKMX FPagMeHToB. Bo3MOoXKHO,
KaK nNpoAB/EHME OAHOro M3 UWKAOB BMOpaumii rnobanbHOM CcMCTeMbl NPOCTPaAHCTBA, Koraa
nocnepymouiee AeNCTBME HW 33 YTO He HAYHETCA, MOKa He 3aBepluTca npeablayliee, Kak ¢asa
«YCMOKOeHUA». B peanbHOCTU BpAA N TaKOe naeanbHOe COCTOAHWE NPOCTPAHCTBA BO3MOXKHO (Kpome
NOKaNbHbIX 30H), HO BCE BOKPYr BCErga CTPEMUTCA K HeMy, Kak K CMMMEeTPpUU CUCTEMbI 4Yepes
acummeTpuio. NloTomy 4YTO Be3Ae CylecTBYeT CMacUTeNbHbIA XaoC, KOraa B OAMH W TOT e MUr
HacToOAWEro B O4HOM M TOM K€ MPOCTPAHCTBE MPOUCXOAAT CKaTUe U pacluMpeHne, pasNoXkKeHue 1
CUHTE3, TOPMOMKEHMNE U YCKOPEHWE U T. A. 3HAYUT, KNPOTOMATEPUA», KAK «OOUHOYHbIE Hy/NeBble»
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BMXPW YNNOTHEHUA Cpeabl OKPY)KeHus, Bcerga boina, ectb u byaet Bmecte co BceneHHoln BO Bcex
CTagmAX e€ pa3BUTMA B KaXKAOM KOCMMYECKOM NpocTpaHcTee. CnefoBaTenbHO, B PeanbHOCTU UUMKAA
MaTepUaNbHOro «HUYTO» B LMBUAN3ALNM BceneHHOM HUKOrAa He CyL,ecTBoBaso.

Mbl y)Xe 3Haem, 4To n0boe OTAeNbHO B3ATOE MPOCTPAHCTBO NPU B3aMMOAENCTBUM C
3NEeKTPOMArHUTHbIMU UCTOYHUKAMU U3NTYYEHWNI PACKPbIBAET CBOW CTPYKTYPHbIE 3aMKHYTble CUCTEMDbI
COOGCTBEHHOM MaTepuUM NpPU BXOXKAEHWUW B PEKMM YACTOTHOIO PE30HAHCHOrO OTK/AMKa. M Takue
BMOpOCUCTEMBI (AMMONM) CTAHOBATCA OTKPbITbIMW, OCYLLECTBAAA MNepexos W3 HEeWTpasibHoro B
BO3OYKAEHHOE 3HepreTMyeckoe cocTtoAHue. Koraa e BHeWHUM pasgpaxkuTenb ucvesaeT, TO Bce
«OTO3BaABLUMECA» YaCTMLbl Cpeabl OKPY)KEHWs BHOBb BO3BPALLAOTCA B HEWTPAsibHOE (3aMKHYTOe)
coctoaHue, nmbo Hnarogapa HOBOM MHPOPMAUMM M3BHE YYaCTBYIOT B MOCTPOEHUMWU MHbIX GOpPM
MaTepun. 3HaUUT, 3TU MPOLLECCbl KacCaloTCA W «HYNEBbIX» AMUMNOJMEeN MPOCTPAHCTBa, KOTOpble B
CNOKOMHOM COCTOAHWMM BCeraa 3aMKHYTbl M HEWTpasibHbl MNPU MNOCTOAHHbLIX (6e3 Bchneckos
BO36yauTeNeit) BO3AENCTBUAX NOJIEN U BELLECTBA KaK U3HYTPU, TaK U U3BHE CBOEro OKpyKeHusa. OHu
BCerga NoaAepKuBatoT CBA3b mMexay cobon, Kak BMAOBble KosiebaTenbHble CUCTEMbI, BbICTPanBas
NOABUMKHYIO, OOBEMHYIO M YNPYTYIO «TPaBUTALMOHHYIO» CETb TOHYAMLLEN MaTePUM camon cpeasbl, B
KOTOPOW, B3aMMOAENCTBYA C APYIMMU BUXPAMU (AMNONAMMK, YacTuLammM), obpasytoT HoBble GOpPMbI
matepumn. U 3tn cobbiTs He TONIbKO MOCTOAHHbLI, HO U 06paTMMbl. B pesynbTate Yero B eAMHOM
NPOCTPAHCTBE BO3HMKAIOT MHOrOYMCNEHHble Bonee rpybble «MPOCTPAHCTBEHHbIE» CETU UHbIX popMm
BELLeCcTBa, KOTOpble MPEeKPacHO AOMNONHAKT «rPaBUTALMOHHYIO», WCMONb3yA OAHU M Te e
WMHCTPYMEHTbI 3N1eKTPUYEeCTBa U MarHeTusama.

Puc. 7 PackpbiToe cocTosiHne Bubpocuctembl.  Puc. 8 CBeyeHune 6Monons BeTKU. (BKOHTaKTe24.pd)

3HauYMT, HelTpanbHOE COCTOSIHME MATepuM MPOCTPAHCTBA 3aBUCUT OT 3aMKHYTbIX CUCTEM eé
CTPYKTYPHbIX $OPM, KOTOPbIE PACKPbLIBALOTCA NPU PE3OHAHCHbIX BO3OYKAEHWUAX U3BHE, pa3aBas CBOKO
nHPopmaumto MMbo BbiCTpanean MHble GOPMbI C APYTMMM YAaCTULAMM, U BHOBb 3aMbIKAlOTCA NMPU KX
otcytcTBMM (cMm. Puc. 7). Ho npuobpeTéHHbI UMW SHEpPreTUYeCcKUin 3apag He TepsaeTca B cpene
OKPYKEHUSA, a COXPaHAETCA B €€ 3aMKHYTbIX CTPYKTYPHbIX KOHTypax BMOpOCUCTEM [0 Cneayrollero
PEe30HAHCHOro OTKAMKA. MHauye rosopA, Hanpumep, Korga Guonornyecknin ob6vekT ymupaet, TO
ncyesaeT U UCTOYHUK ero MHAMBUAYANbHbIX BUOpaumnid. OH yLWEN U3 KMU3HU, HO /IEKTPOMArHUTHbIE
BOJIHbl MHbOPMaALMKM, KaK npowaoe ero ¢GopMbl, NPOAOAXKAOT CBOM MyTb BEYHO, HE TONIbKO KakK
¢dparmeHTbl 06pa30B B 3aMKHYTON MarHUTHOM NaMATM BUXPEBbIX AMMNONEM YAacTUL, NPOCTPaAHCTBA, HO U,
Hanpumep, NOA0H6HO OTparKEHHOMY CBETY 3Be3/bl B KOCMOCE. Toraa BO3MOXKHO /1, YTO B 1tobom mecTe
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BceneHHOM NpwM COOTBETCTBYHOLLMX YCAOBUAX CPeAbl 3TOT MMMY/bC MHPOPMALUM MONKET MOSYyYUTb
PEe30HaHCHbIN OTKANK BMAOBbIX GOPM MATEPUM U, UCNONb3YA SNEMEHTAPHbIE YacTULbl COOCTBEHHOM
cpeabl OKPYXKeHUA, CO34aTb KNOH UCXOLHOM GOPMbI KU3HU Yepe3 MUNANOHDLI NeT? CBOero poaa Kak
pe3epBHAA KOMUA UAN BCENEHCKUIN apxMB BCeX LmBMAM3aLMiA? MpucytcTtBMe nofobHbIX npoueccos
4ype3BbI4AMHO C/I0XKHO OTPULLATD.

B cBA3M C 3TUM Nt106ONBITHO BCMOMHWUTb, YTO OMMUCAHHbLIM MHOKO paHee MeXaHW3M NepeaBuKeEHNA
0OBbEKTOB B MPOCTPaAHCTBE, KaK GU3NYeCcKux GOpM CTPYKTYPHOU eAnHOMN KonebaTenbHOM CUCTEMBI,
MMeeT 04HO HEMANIOBAXKHOE CBOMCTBO - BCeraa M Besfe OCTaBAATb nocse cebs B OKPYKEeHUU CBOM
NONHbIA 3HepreTuyecknin daHtom. Kak TeHb npowsoro (npegblaywero) cobbiTus, B TeyeHue
OTHOCUTENbHO A/INTENIbHOro BpeMeHU. Mbl 06BACHANAN 3TO ABAEHWE AO0CTAaTOYHO NpocTo. Hanpumep,
KOrga YesioBeK ABUIaeTcA, TO OKa3blBAET BAUAHME Ha Cpeny OKPYKEHMA KaKA0MN CTPYKTYpPOM CBOErO
TeNa, Kak B3aMMOAEMNCTBME INEKTPOMArHUTHbIX NONEN M3BHE U CamMoli GOPMbl CUCTEMBI, BbI3blBas
OTBETHble pagManbHble BO3AeNCTBMA 6onee TOHKOM MaTepum w3 yOUHbI BO3BYKAEHHOIO
NPOCTPAHCTBA, r4e SHepPrumM Hecomamepmmo b6osblue TOM, KOTopas 3anycTuaa peakunto. M ata aHeprua
Ka*KAbIM MUT ABUXKEHMA HAaMpaB/ieHa TOYHO B TOYKY NpeablayLLero KoHTakTa. MHbimmn cnoBamu, Gopmbl
Tena Kak pusmnyeckoro obvekTa B npouecce nepemMeLleHna Ha MmecTe CobbITUA yXKe HEeT, a IHeprua co
BCEX CTOPOH B 3TO MECTO B BUAE TOYHOM KOMUU UCTOYHMKA BO3MYLLEHMI eLLé NpoaoKaeT NocTynaTb
HEeKoTopoe BpemAa, MNoKa 6anaHc He BOCCTAHOBUTCA A0 COCTOAHWA OTCYTCTBUA COObITUA.
MpoAoKUTENBHOCTL MPUCYTCTBMA TaKOro paHTOMa NPOTUBOAENCTBUA Ccpebl (KOTOPOro He BUAHO, HO
MOKHO OBHAPYKNTb) 3aBUCUT OT BEIMYMHBI UCXOLHOTO 3apsAa NN MHTEHCUBHOCTU ABUMKEHUN.

Nnn ppyron npumep, Korga cpe3aHa BeTKa [fgepeBa, a CTBO/A NPOAO/NKAET MOCblIaTh
MHbOPMAUMIO K HEl, Kak byaTo OHa cyuiecTtyeT (cm. Puc. 8). N daHTOM BETKM MOXKHO pPasnnMunTb Ha
CHMMKaX B BbICOKOYACTOTHOM Anana3oHe 06syyeHus. 3HaAuuT, MHPopmaunsa BO3OYyKAAET MaTepuio
NPOCTPAHCTBA K NOCTPOEHMIO 3HEpreTnyeckoro obpasa, KoNMM oTCyTCTBYHOWEN YacTn dopmbl. Torga,
OAHO3HAYHO, Yy paHTOMA MPUCYTCTBYET He TO/NIbKO OnpefenéHHbi 3apag, HO U Gopma, KaK y ero
6uonona. M3BeCTHO, YTO €CIM NOCMOTPETL HA 3apPOoAbILL S1H0O60r0 }KMBOTHOFO B NO/IAX BbICOKOM YacTOThI,
TO ero 6uonone BblAAET 06pa3 B3pocnoi 0cobu. 3HaUNT, MHGOPMALMA U3 MArHUTHBIX NONEA MONEKYN
ambpuoHa (namatn AHK) noctosaHHO TpaHcAnpyeTcs B 61aronpuATHYIO BHELLHIOW Cpeay OKPYXKeHUA ¢
LEeNbl NOCTPOEHUA M3 MATepPUM MPOCTPAHCTBA B MOJHbIA Npoduab KOHEYHON maen — eé dbopmbl
MaTepum B TeYEHMe BCEro Nepnoaa *KM3HU CyLLEeCTBa.

Opyrvmn cnosBamu, MOBCEMECTHO B MpuMpoge Hawero obutaHma MHOOpPMaALMA, MCMNONb3yA
MeXaHM3M Pe30HaHCHOro OTK/AMKA, 3anyCKaeT Npoueccbl NocTpoeHMa GOopMbl BELLLECTBA M3 MaTepumn
CaMoro NpoCTpaHcTea. M 3To ecTb 06 bEKTUBHAA PeasibHOCTb.

KaKyto e posib BO BCex 3TUX cCOBbITUAX MrpaeT rpasutauma? Mbl 3Haem, 4Tto ntoboe Teno
maTepumn, eé dopma — ecTb cpesa MeHee NNOTHAA M bonee rpybas, MopucTaa MU Xoa04HAA, YEM
CTPYKTYpPHAA MaTepus CamMoro MpOCTPaHCTBA OKPYXKEHWA. A 3HAUUT, CYLLECTBYET rPagMeHT MeEXKAY
TOHKOM MaTepumn cCaMow cpeapl U Beww,ecTBOM toboro Tena B Hell.

Bo3bMéEM Kakue yrogHo ase ¢GopMmbl BeLLECTBA, rAe ofAHa 6onblwe apyroi. Toraa obpasyetca
rPaAMEHT MEXAY KaXKA0M U3 HUX U CPeflon U MeXay CaMnmn o6bémamm Ten. MaTepusa n3sHe byaet c
60NbLLIMM yCUIMEM NPUTANKMBATD K HonblueMy Teny meHbluee. A K MeHbliemy ByaeT npuTankmBaTbCA
b6onee menKkaa matepua cpepl, HO C MeHbLWNM 3GPEKTOM «BCACbIBAaHUAY, YEM K Bonbluemy Teny. To
ecTb, oba ob6béma byayT NPUTANKMBATLCA APYr K APYry CPeAoi OKpPy»KeHus bnarogapa rpagueHty
3apagos (cm. Puc. 9).

Torpa Kakmm ke ob6pa3som NPOCTPaAHCTBA B3aMMOAEWUCTBYIOT Mexay coboin? MOoXHO c
YBEPEHHOCTbIO YTBEPXKAATb, YTO Be3de B enuHou BceneHHol, Bo Bceit [lpupopge, cywectsyeT
COrNacoBaHHasA MNOCNe[0BaTe/IbHOCTb LMKNOB KonebaHuit obwen rnobanbHolt BMbBpoOCUCTEMDI,
KOTOPOM NOAYMHEHbI BCE CTPYKTYPHble GOPMbl KaXKAOW M3 MPOCTPAHCTB. M 3TU UMKAbI UCXOZAT OT
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CamMoM MaTepun eamHon BceobbeauHALWEN cpeabl NPOCTPAHCTBA — €€ CTPYKTYPHbIX «HY/EBbIX»
Buxpen. ymato, byaeTt cnpaBeaIMBO Ha3biBaTb TaKME MPOCTPAHCTBA, KOr4a OHWM PAacCMaTPMBAlOTCA C
TOYKM 3PEHUS OCHOBbI MX TOHYaMLIEN MaTepum He3aBMCMMO OT Be/IMYMHbI U 06béma mnx dopm,
NPOCTPAHCTBAMM «HYNEBbIX» BUXpeW. [axe, ecanm B pasHbIX cpedax MnoAobHbIX BCEBO3MOMKHbIX
KOCMMYECKUX «MNy3blpei» B AaHHbIA MOMEHT NPUCYTCTBYIOT COBEPLUEHHO Pa3/inyHble $asbl Pa3BUTUSA
BelLecTBa. [TOTOMy YTO OCHOBA MX MaTePUMN eauHa N UCXOAHbIN LUK UX CTPYKTYPHbIX KoiebaTenbHbIX
KOHTYPOB («HyneBbIX» BUXpEW) Bcerga u Besge oguH. Pasymeemcs, 8cto0y npoyeccsl ¥u3HU 8 C80UX
83AUMOCBA3AHHbLIX KPAMHbLIX 2APMOHUSAX MPOMEKAom o-pasHomy, Ho 0683amesibHo no0obHo
6e33an0CMHOMY  UUKAUYHOMY MASMHUKY, Komopebili 6bin  3anyweH HaA 3ape ucmopuu
HeycmoUyusbiMu «0OUHOYHbLIMU HY/EBbIMUY» BUXPAMU 8 pe3ynbmame 8bIHyHMOeHHO020 OB8UMEHUS
npocmpaHcme 8o BceneHHoli. Koraa B HUX B npouecce pacnaga Bcen obpasoBaBlueiica Korga-to
MaTepun 1 notepen rpagueHTa 3apaaos Hanbonee «ocTbiBlIME» GOPMbI, MaKCUManbHO 6aU3KME K
PaBHOBECHOMY COCTOAHMIO 3HEPrMM, CHOBA MpPEBPaALLAUCL B «npoTomaTteputo». Toraa (¢ notepen
rpafAMeHTOB) BCE BOKPYr OMATb «pacnafanocb» Ha «HblOTOHWMM». O4YeBUAHO, YTO 3TU LMKAbI
6eckoHeyHbl. OHM MOBTOPAOTCA BHOBb M BHOBb MOBCIHOAY BO BCEX MPOCTPaHCcTBax BceneHHol B
pa3nnyHbIX pasax. MIMeHHO NO3TOMy OAHO MPOCTPAHCTBO AAET TO/YOK IHEPTMM K 3aMyCKy NpoL,eccoB
3aPOXKAEHMA MaTeEPUM B COCEAHMX, KaK U B rnobanbHoM Bubpocucreme BceneHHom.

Puc. 9 MpuTankueaHua Ten Apyr K apyry. Puc. 10 ObpasoBaHue BelecTs ¢ AobaBieHnem atoma «H».

Torpa BepHO /N, YTO «CTEPUIN3ATOPAMM» BELLECTBA B KOCMOCE ABAAKTCA MHOIOYUCAEHHbIE
YyépHble Ablpbl? U Yyem 60NblUe CTAaHOBUTCA Pa3HbIX CTPYKTYPHbIX ¢opm, Tem 6Gosbllie BO3HUKAET
YEPHbIX AblP, B KOTOPbIX MAaTEPUA TEPAET I1aBHOE YC/I0BME CBOETO CYLLLECTBOBAHUA — ABUXKEHNE, KOraa
ncyesaT BUXPU, AUNOAK, cucTembl? Korga BpalleHne COXPaHAETCA INLWb KaK NPOLLECC, CBA3b MeXAY
«po» U «nocne»? Bo3HMKAOT CBOEro poga Kauyenu, Kak B KOHTypax Bubpauui npu yepesoBaHUu
MAKCMMYMOB U MMHUMYMOB KWHETUYECKOM W NOTEeHUMANbHOM 3Heprun. YTo no cyTm M ecTb
NepuMoAMYHOCTb TaKoro pgenctsma. Celyac NPOMCXOAMT HApacTaHME MAKCMMyMa BeLlecTBa B
NPOCTPAHCTBE, HO MOTOM BYyAeT AOCTUTHYT MUK YEPHbIX AblP, KAK MaKCUMaNbHbIX 3HAYEHWUIN CUHTE3A U
pacnaga. B utore BbICTPOMTCA MNONHbIN BaNaHC 3HEPrun 3apsaaoB B OTAE/NbHO B3ATOM NPOCTPAHCTBE,
KOrZa He OCTaHeTCA HU CObbITUI, HU «maTepum» coBcemM. HO CTPYKTypa HEWUTpPasibHbIX «OAMHOUYHbIX
HY/NEeBbIX» BUXPEN COXPaHUTCA, B OCHOBHOM KakK 060n04Ka nepudepum npocTpaHcTBa. Toraa u
Ha4yHETCA BCE BHOBb BO BTOPOM MOAYNEPUOAE CYLLECTBOBAHMA 3TOTO KOCMMYECKOTO «Mny3blpa», OT
B3aMMHOIO0 KOHTAaKTa C TAaKMMW Ke COoCeaAaMW, HO C MHbIMW 4YacToTamu, nepuogamu u ¢dasamu
KonebaHui. BHOBb 3apoAMTCA FPafMUEHT, NOABATCA BUXPU, KOTOPble CTaHYT 06 beANHATLCA B AUNOAN U
BECb LMK/ MNOBTOPUTCA CHOBA. M Tak NPOUCXOAUT yKe MUAANApAbl NeT. BCé BOSHMKAET OT rpagMeHTa
3apAg0B M NPOXOAMT CBOM MNyTb Pa3BUTMA A0 HOBOro 6anaHca Mexay «MaKCUMyMOM» W
KMUHUMYMOMY», 10 HOBON aCMMMETPUMN POpPMbl KaK MexaHN3Ma nepesanycka rnobanbHoOM cucTemsl.
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3TO PaBHOCUNILHO TOMY, €C/IN CTPOEHME BCEX AaTOMOB XMMMUYECKUX 3/IEMEHTOB NPEACTaBUTb, KaK
KOMbBMHaUMM B TON MW MHOM NOCNeA0BATENbHOCTU U GOpMe COeAMHEHUIN NPOCTEMULLUX CTPYKTYP -
aTOMOB BOAOpPOAa (NPOTOH + 3N1EKTPOH). Kak KOMMNO3ULUMK BUXPEN, KOTAa K CYLLEeCTBYIOLWEN LLenoyke
BMBPOCTPYKTYp B BUAE Nt0HOro aToma BelecTsa Npu onpeaenéHHbIX yCI0BUAX NPUCOeaMHAETCA UAN
OTTOpPraeTcs aTOM BOA0POAA, KaK SHEPrUsa BUXPA UAWN HECKOJIbKO aTOMOB BOA40POAA OLHOBPEMEHHO
(cm. Puc. 10). Pa3Be B MTOre He BO3HMKAET COBEPLUEHHO HOBOE BELLLECTBO, @ HE MPOCTO ero coeguHeHue
C OPYrMMKM KOMMOHeHTamu? WM 3TOT mMexaHu3m paboTaeT nosctogy Ha cnabbix sHepreTMyeckux
B3aMMoOencTBuMAX. BepoAaTHO, 3TO M ecTb ABNEHUA XO/NI0AHOrO CMHTE3a M pacnaja Bewectsa. Torga
BO3MOXHO, 4TO Tabauua A.U. MeHaeneesa BoBce M He Tabauua 3/1emMeHTOB Bew,ecTBa, a COJel,
KUCNOT, Wwenoyen u 1. 4. Kak, Hanpumep, Hukenb Ni28 = Nall+ CIY uaun amokempa Kanbuma ectb KPUNTOH
Ca0; = Ca?® + 0% +08 = Kr3, 3HaunT NIM 3TO, UTO BCE CTPYKTYPbI, Kak 3N1€MEHTbI BELLECTBa, Tak U MX
coeaAuHeHNA B CBOMX (OpMax, ABNAIOTCA BUXPEBbIMM 0O6Pa30BAHUAMM WM CNOCOOHLI MOCTOAHHO
TpaHcHOPMMPOBATLCA APYT B ApYyra (04HA B APYryt0) B 3aBUCMMOCTM OT BHELLUHEro BO34eNCTBUA? Takue
npoueccbl B NPMPOAE NPOUCXOAAT NOBCIOAY, KaK B PacTeHMAX, TaK U B }KMBOTHbIX OpraHM3max.

O4esUOHO, YMO 8 MAKOM Cay4Yae KO/aAUYecmeo HAUMEHOBAHUU amomMos sewecmsea Moxem
b6b6Imb 6eCKOHe4YHoe MHOM(ecmseo, Mo cymu — [0 Kosau4yecmsy criekmpos KoaebaHuli (yacmom)
CMPYKMYypPHbIX hopM 8 8UOe 0O6BEMHbIX «KPUCMAsA08» 8CEBO3MOMCHOU apxumeKkmypbl. TAe CKauku
(aToma BopmOpoAa) MAM nNepexoabl OAHOTO aTOMa BELLECTBA B APYrOM NPOUCXOAAT C BbIBPOCOM UM
notpebneHMem CTPOro A03MPOBAHHOIO 3apsfa, KPAaTHOro 3apagam (MX BeNMYMHE) 3NeMEHTAPHbIX
YyacTuy, (9N1EeKTPOH, HEUTPOH, MPOTOH M T. A4.). 3T BEAUYMHbI (YMCNa) ABAAIOTCA MHAMKATOPAMMU
nepexoga OAHOrO BeLWEeCcTBA B Apyroe Ha MPUHUMNAX 3/EKTPUMYecTBa M  MarHetTMsma, Korga
BbICTPAMBAlOTCA NPU3HAKM apXUTEKTYPbl BUAO0BOW NPUHAANENKHOCTU KKPUCTANNOBY BewecTsa. Yncno
CTPYKTYPHbIX BUXPEWN (3apAa0B) MOXKET ObITb HEYETHbIM (HEMTPANbHbIM 3apAa, <+» UK «-»), HO BCeraa
byaeT CTPEMUTLCA B CBOEM MOCTPOEHUUN K 3€pKasIbHON cuMMeTpun. To ecms, 8 eOuHol obweli popme
gewecmesa (amome) HerpemMeHHO cyusecmayem epaHuya baoxa, Kak 8 kaxoom obbiYHom Ounorne.

Toraa BO3MOXKHO /I HAYYMTbCA YMNPaBAATb 3TUMM NpoLeccamy B3aMmoaencTsma nonen? A
COBEPLUEHHO YBEPEH, YTO €C/IN ABE 3/IEKTPOMArHUTHbIE BOJIHbI (MM HECKO/IbKO Nap), CABUHYTbIE NO
¢dasze Ha 180° oTHOCMTENBHO APYF APYra, PAcnpPOCTPaHATCA B OO0 HENMHENHOM Cpeae TakK, YTO OHU
noaAeprKMBAOT aBTOKOIe6aHUA Apyr Apyra, Kak egnHas dopma, TO BO3HMKAET 06bEMHasA, CKpyYeHHas
B CNMpanb BOJHA, KOTOPOM MOXHO ynpaBasaTb. [logobHoe W3ny4yeHUe NAKeTUPOBAHHDIX
3NEeKTPOMArHUTHbIX BOJIH, HanpasaeHHoe no 6onee cnabomy, Hanpumep, paguonydy K nbon uenm
(camonét, TaHK, pakeTa), cNnocobHO NPOHWKaTb 6e36apbePHO B CTPYKTYPbl BUOPOKOHTYPOB NtOObIX
aTOMOB M MOJIEKYNl BELLECTB BblOPAHHOM LEAM M OKa3biBaTb Ha HWUX 3HEProMHPOPMaLMOHHOE
BO34eNCcTBME Yepe3 c/labble M 3NEKTPOMArHUTHbIE CBA3M MATEPMANoB, M3 KOTOPbIX COBpaHbI
YCTPOWMCTBA WM MEXAHU3MbI, WM3MEHAA MX PACYETHbIE XapPaKTEPUCTUKU. DopmupyeTca CTporo
MHANBUAYANbHbIA NakeT 061ydeHnn NoL KOHKpEeTHble GYHKLMOHAIbHbIE BO3MOMKHOCTU MaTEPMaAnos,
KOrga ux BHYTPEHHWE CTPYKTYPbl aTOMOB U MONEKYN ByayT BbIHYXKAEHbI NepecTpanBaTbCA, OTK/IMKAACH
Ha BO34ENCTBMA CUTHA/NIOB M3BHE, W NEepecTaloT COOTBETCTBOBATb PACYETHbBIM NapameTpam
KOHCTPYKLMA W CUCTEM, TepAA W3HAYa/ZIbHO 3aN0MKEeHHble B HUX CBOMCTBA, CTAHOBATCA APYrMMU
BElWeCcTBAMM UM COeaMHeHuAMWU. B cucteme u3nyyaTena TaKOro «opyxua» obpasyeTtcs
MOZAY/IMPOBAHHBIA MMMYNbC, MOXOMUA Ha BUTYID AUCKPETHYK CTOAYYIO BOJIHY NOAS HY/NE€BOro
BEKTOPHOrO MOTEHLMaNa, KOTOPbIA ynpaBaseTca yepes3 0bbluHYy0 pPaavoBOIHY (3/1€KTPOMArHUTHYIO
BOJIHY), MCMO/Ib3YEMYIO KaK Sla3epHas YKasKa, BOKPYr KOTOPON U popmupyeTca akTUBHbIW CUrHan (cm.
Puc. 11), Kak NNOTHO CKPYyYEHHaA yCTOMUYMBAA CTPYKTYpa yyen (MHTepdepeHuma BOH B pe30HaHce).
3T Nyum cnocobHbl B3aMMOLENCTBOBATL HE TO/IbKO C apXMTEKTYPOM Nosel 3eMeHTapHbIX YacTuy,
BELLECTBA, HO M TOHKOM MaTepun OKPYKAKOLLEro MPOCTPAHCTBA, BbICTPaNBan onpeaenéHHble ABNEeHUA
n adpdekTbl. BaxkHO, 4UTO X GaKTUYECKM HEBO3MOXKHO OBHAPYKNUTb. BNoNHe BEpOATHO, 4TO 061y4eHUA

95



TAaKUM «OpPYXKMEM» OyAyT Bbi3blBaTb KOPOTKME 3aMblKaHWUA B LLENAX YNPABJAEHUA U CUIOBbIX CXEMAX
NUTaHKA.

B Takom cnyyae, BO3SMOXKHO NN BblAeNeHME 3HEpPruM Npu CO3LaHWWU COBEPLUEHHO ApPYroro
3/1eMeHTa M3 KOHKPETHOro aToMa B pe3y/ibTaTe NpUCOeguHEHMA K uUcxogHon dopme BeluecTsa
oyepenHOro HeMTPOHa (MPOTOH - 3NEKTPOH)? MpPUYEM nosydeHre He NPOCTO CTPOro A03UPOBAHHOMO
KO/IMYecTBA KBAHTOB 3apAfoB, a C obOpa3oBaHMEM TOHKOM MaTepun npocTpaHcTea? To ecTb,
3apOXKAEHMEM CPa3y «HYNEBbIX» BUXPEN B BUAE 3aMKHYTbIX M PAa3OMKHYTbIX CUCTEM, KaK POCT Camoi
MaTepuu NPOCTPaHCTBA bnarogapsa Mx B3aumomencTesnam? U ecnm ato Tak, To ob6pasyroTca ycnosusa
417 MTHOBEHHOTO BbICBOOOMKAEHMA OFPOMHOTIO KOJIMYECTBA AAEPHOM SHEPTUM.

Puc. 11 MapHble BONHbI U31y4eHnit. Puc. 12 PesynbTaT npucoeanHEHUA K aTOMy HEMTPOHa(+p-e).

3HaAUNUT, «U3NULIHAA» SHEPrMA MPU PeakuMAX XOJIOAHOro CUHTEe3a C NpeBpalleHMEM OLHUX
BELLEeCTB B Apyrve (MM U3SMeHeHMEM UX Agep B pe3ynbTaTe pacnaga) ToXKe NepexoAmnT B COCTOsHUE
TOHKOW MaTepum npocTpaHcTBa. Kaxkabiit pa3s gobasnas K aapy HeUTpoH (cm. Puc. 12) mbl He npocTo
M3MeHAEM BeLLeCcTBO (ero aTom), HO U COCTOAHWE cpeapbl C €€ MArHUTHbIMK NOAAMKU MHGOPMaLMN.
MoTomMy 4YTO NPOTOHbI U HEWTPOHbI B AApPaX B3aMMOLEWCTBYIOT 4Yepe3 MarHuUTHble NoAns cpeapl
OKPYKEHUSA, KOTOPblE, Kak Mbl 3HaeM, PacnpocTpaHAlTcsa noscloagy 6esbapbepHo. CBoeobpasHbIi
NPUPOAHLIA NPUHUMN GOPMUPOBAHUA AAEP aTOMOB, MPU KOTOPOM KOJMYECTBO XMMUYECKMX
3N1€MEHTOB PeasibHO MOXKET A0CTUraTb MHOMMX MUIIMOHOB Pa3HOBUAHOCTEN BeLLeCcTBa.

Toraa BepHa M paHee PacCMOTPEHHAs HaMW CTPYKTypa aToma, Koraa B Agpe uyepenytotcs
He3aBUCMMbIe MOABUXKHbIE «MNPOCNONKUY» Cchep BOBMAEYEHHON B [ABUNKEHME MaTepuu cpegbl,
06pa3oBaHHble BUXPAMMU NPOTOHOB M HEMTPOHOB. Takan KOHCTPYKLMA GOopMbl eAUHOM BUBPOCUCTEMDI
A4pa NO3BOJIAET U3MEHATb aPXMUTEKTYPY CTPOEHMA BCErO aTOMa B 3aBMCMMOCTU OT BIMAHMUA MarHUTHbIX
nonei nssHe. Koraa mHorocnoiiHasa cpepa Buxpei HeMTpoHoB (B LLeHTpe) o6BoNakMBaeTca Nog0bHOM
chepoii BUXpen MNPOTOHOB, M BCA 3TAa KOHCTPYKLMA CUHXPOHM3MPYeTcA B obLem BpalLeHun
3NEeKTPOMArHUTHbIX Mosiel AApa atoma. Takum 06pa3oM KaxKabl OTAEe/bHbIM 3apAg HENMTPOHOB U
NPOTOHOB HAAEXHO pasfdenéH apyr oT Apyra WMHAMBMAYANbHOM 30HOW BAWAHMA B €4MHOM
3NEeKTPOMarHMTHOM none sapa (cm. Puc. 13). AgepHble CBA3M MeXKAy HYKNOHAMWM B Takux cdepax
MMEIT WHTEHCUBHbLIN XapaKTep oOMeHa 3apagamn B O4YeHb MJIOTHOM COOGCTBEHHOM cpeae
NPOCTPAHCTBA, YTO FOBOPUT O MOCTOSIHHbIX MOT/MOWEHUAX U UCNYCKAHMAX U3/IYYEHUIN SHEPrUM He
TONbKO MeXay cobon, HO U u3BHe sapa. Mo CTaTUCTUKE U3 BCEX aTOMHbIX A4ep TO/IbKO YeTBepTb
CTabunbHbl. TO ecTb, B3aMMOAENCTBME 3SHEPruit YNAOTHEHHbIX cpen cdepuyeckux obonouek,
NOPOXKAEHHbIX KPYroBbIMM XaOTUYHbIMU OPOUTANAMMU BUXPEN HYK/IOHOB, OKA3blBAalOT BAMAHWE HA
CKaYyKoobpasHoe M3MeHeHMe CBOMCTB AApPa KaK YacTuubl. ICHO, YTO B TaKOW 3aBUCMMOCTU KaXKAbli
OOMO/IHUTENbHbIA HEMTPOH 06pa3yeT HOBYO 060/104KY B cBOen chepe, a NPOTOH B CBOEN. BepoaTHo,
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Korga BHYTPM aToMa nog, BO34EeWCTBMEM M3BHE BO3HWKAET HOBbIM HEUTPOH, TO OH «BCACbIBAETCA»
(npoTankueaeTca) B UeHTp Agpa.

Al Aymalo, YTO KOHCTPYKTMBHO BCE 3/IeMEHTapPHble YacTuLbl YCTPOEHbI O4MHAKOBO No 0bpasy u
nogo6buto, Tak Kak B3aMMOAENCTBYHOT NO O4HMM U TEM *Ke NPUHLMMNAM C UCNOb30BAaHNEM OL4HUX U TEX
€ MHCTPYMEHTOB. 3HA4YMT, BNOJIHE BEPOATHO, YTO MPOTOH BCErAa CTPEMMTCA K 3axBaTy 3/1EKTPOHA C
obpa3soBaHMeM HeNTpPoHa. [Mpn paccMoTpeHUN sapa B CTPYKTYpPE aToMa, HEMPaBUAbHO NPeaCcTaBAATb
BO34,ENCTBMA OTAE/IbHbIX MPOTOHOB M HEMTPOHOB TOJIbKO BAUAHUEM UX KaK YacTul, (bopm). Mpu Takmx
CKOPOCTAX U NNOTHOCTAX cpedbl OKPYMKEHUA TamM HET KaKon-nmbo ¢opmMbl BELWECTBA KaK TAaKOBOM
BoobuLe. HyK/OHbI, B A@HHOM CUTYyaLMN aKTUBHbIX B3aMMOAENCTBUM, MOXKHO BOCMPUHMMATb TObKO
KaK BUXpuK aunonen (nonei). bonee Toro, Kak BUAOBbIE CTPYKTYPHbIE €ANHULDbI B COCTaBe A4pa, OHU
bGOpPMUPYIOT ABA COBOKYMHbIX OAHOHAMNPABAEHHbIX BUXPA (CTabunbHble NapHble CUCTEMbI) C e4MHbIM
MarHUTHbIM Monem, KoTopble obpa3yloT obWwMin cMmepy AMNons agpa Co cmelleHnem KonebaHui
BMBpPOCUCTEM MPOTOHOB U HEMTPOHOB B HEM Ha 1/4T nepuoaa (cm. Puc. 14). YTo AaéT HeorpaHMYEHHYIO
3Hepruo ANa BpaLLeHMa nonemn agpa B obwem MmarHUTHOM Noae aToma U B3aMMOZENCTBMA C APYTUMM
AMNONAMM M3BHE, 06pa3ya He TONIbKO PasHble APXUTEKTYpbl A4Eep aTOMOB APYrMX BELLeCTB, HO U
mosiekyn. Mpu 3ToMm camm UCTOUYHUKK BUOPALMA TaKOM MapHOM CUCTEMbI BPaLLAKOTCS BOKPYT LLEHTPa
aTOMHOrO A4pa CTPOro Kaxaas B CBOUX cHepmnyYecKMX IHepreTMYecKmnx 30Hax.

Puc. 13 dneKtpomarHMTHOE noJse agpa. Puc. 14 MapHble cucTEMbI BUXPEN HYK/IOHOB A4Pa.

Torpa o4eBUAHO, YTO C80600HbIE HeliMmpPOHbLI, KOK UCMOYHUKU 3Hepauu, rMpucoeduHAomMca K
napam suxpeli «MPOMOH-3/1EKMPOH» AMOMO8, U3MEHAA ceolicmea ux sewecmsa. Ecau eosopums
KpamkKo U cxemamu4Ho, mo obpa3osaHue HOBbIX A0ep XUMUYECKUX 3/1eMeHMOo8 npoucxooum 8
pe3ysbmame 3axeama HelimpoHo8, Ko20a rpoyecc npomeKkaem rnpu eHewHem eo3delicmesuu o-
yacmuy, (nonoxumesnsHele A0PA aAMOMO8 2enufa-4) ¢ nocnedyrouum aKMUBHbIM B8CACLIBAHUEM
(nbomankusaHuem) HelimpoHos 8Hympb A0pa. B danvHeliwem, uGém peakyusa B-pacnada amux A0ep
(uzomonos), yxce u3pAOHO NepenosHEHHbIX HelimpPOHAMU, K020a OHU pPacrnadarmcA HA MPOMOHbI U
anekmpoHsl  (bbicmpele  B-yacmuuybl), Komopsle € 02pOMHOU CKOPOCMbIO 8bIMAAKUBAHOMCA
(sbicmpenusaromcs) uz A0ep 8 30Hy 3neKMpoHHoUl 060104KU amoma. B umoee ux 3apsA0 so3pacmaem
(4ucno npomoHos pacmém) u OHU npespawaromcs 8 A0pa amomos b6osiee MAMEnNbIX 31emMeHmMos
«[MepuoduyecKoli cucmembl» CO 8CEMU U3MeEHeHUAMU ux ceolicme u napamempos (cm. Puc. 15). Yero
He CKaXelb MPO WM30TOMbl Pas3/IMYHbIX aTOMOB (C OAMHAKOBbIM YMC/OM MPOTOHOB), XMMWUYECKUE
CBOMCTBA KOTOPbIX MAEHTUYHbI, HO HE UX COCTOAHME.
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PasnuyaloT cneayrowme BUAbl PaAMOAKTUBHONO pacnaga: a-pacnag, B-pacnag, 31eKTPOHHbIM
3axBaT WM CMOHTaHHOE fefleHue, Korga HeycToMuuMBble sApa HEKOTOPbIX aTOMOB pPacnagatoTcs ¢
obpasoBaHMem papyrnx agep. Kpome TOro, B OTHOWEHWM M3OTOMOB aTOMa KakK HecTabuabHbIX
(BO3bOYXKAEHHBIX) BUOpOCUCTEM, B KOTOPbIX 06pasyeTca ABHAA aCMMMETPUA, cieayeT OTMETUTb, YTO
OHM NOCTOAHHO OYAYT CTPEMUTLCA BEPHYTbCA K YPaBHOBELIEHHOMY COCTOAHMIO, YTO TaK UAW MHaye
NOMOraeT UM CMHXPOHM3MPOBATb CBOW KonebaHUa ana AOCTUXKEHMA CUMMETPUN B CBOEW CTPYKType
aapa.

A uYmo, ecnu «caycmku» «Hysneesbix» guxpel mamepuu cpedbl, MAKUE KAK «3/E€KMPOHbI»,
8UbBpPUpPYOM 8 CBOUX ChepuUYeCcKUX IHepa2emuYecKux 060a04YKax, He 8PpAUAACL BOKPy2 cObCMBeHHbIX
A0ep, a packayusasACcb 8 CMOPOHbLI HA 8e/AUYUHY pa3nuyHseix nepuodos (1/2, 2/3, 1 u 6onee)? Kak
nepemeHHsole (8038pamHeoie) KonebaHuA 8 005X Nepuodos8 UHOUBUOYAAbHbLIX Yacmom subpayuli? N
3amo 0aém cosepuwieHHo UHoe npedcmasseHue o 83aumMo0elicmeuax 3AeMeHmMapHbIX Yacmuy, Mexoy
cobol, 8 mom 4ucne uzeHe (cm. puc. 16). Koraga, Hanpumep, ntoboi 3apsas (CNMH) KOHKPETHOro MoHa
WAN  3NEeMEHTAPHOM YacTuUbl JIeTKO W3MEHSEeTC Ha MOJIOKMUTENbHbIM WAM  OTpULLATE/IbHbIN
(HanpaBneHne BpalleHMs) Nog BO3AENCTBMEM BHELIHUX 3apafoB, NpUobpeTas MHble CBOWCTBA U
BO3MOXHOCTW A5 06pa3oBaHUA HOBbIX CTPYKTYP (dopm) BewecTsa.

Puc. 15 HoBble aTombl npu B-pacnage aaep ns3otonos. Puc. 16 Bo3spaTHble KoebaHMA 4acTuL, aToma.

Mopo6bHble 3HAKoNepemeHHble MO aMMAnUTyAe M No nepuogy KosnebaHMA MOryT BO3HMKaTb B
NoboN CTPYKType 3NeMeHTApHbIX YacTul uMamM aTomoB 6HnarogapA B3aMMHOMY OTTa/IKMBAHWUIO B
pe3ynbTaTe 06pasyoLWMXCA BUXPEN cpeabl OKPYKEHUA (NpaBoro, IeBOr0) UAM BO3AENCTBUIO CNUHOB
CrYyCTKOB MATepUM «HYJ/IEBbIX» BUXPEN CaMOoro nNpocTpaHCTBa. Man BAMAHUIO, HAaNpUMep, 3/1EKTPOHA
(3nemeHTapHOM YacTMLbl) NpY ero BPaLeHUN BOKPYr COBCTBEHHOM OCK, KOTOPOE TaKMKe NPoUCXoauT
OT ABYX BUA0BbIX BUXPEN ANNoAA Co cmelleHnem Ha 1/4T nepuoaa.

Mopa NOHATb, YTO COBCEM M3 HMYEro HWUYTO HE BO3HWMKAeT. 3HauuT, «HeyTo» OblNo BCeraa,
Hanpuvmep, B BUAE NPOCTPAHCTBA «OAMHAPHbLIX HYNEBbIX» BUXPEN CO CTPYKTYPOM «NpoTOMaTepum»
«HbloTOHMA» € nocneayowmm o06pa3oBaHUEM «HY/IEBbIX» BUXpPeW AUNONEN CO CTPYKTYpoW
3/leMeHTapHbIX YacTul - «KopoHus». U coBeplueHHO He 06a3aTenbHO, YTObObl BCe BMOpOCUCTEMDI
Konebanucb CO CBETOBbIMM WMAW CBEPXCBETOBLIMM CKOPOCTAMMW. 3a4acTyl0 BUXPWU BpaLLAOTCA CO
CKOPOCTAMM, COOTBETCTBYHOLMMM CBOMM KAacCUPMKaUMAM NAOTHOCTEM MNPOCTPAHCTB, TO ecCTb
KPYNHOCTU (TOHKOCTW) MCXOAHOM CTPYKTYPbl MaTepUM TOTO U1 MHOTO OKPYXKEHUA camom cpeabl. M aTa
CKOPOCTb MOET 6bITb ropa3fo HUMKe CKOPOCTU CBETA, HaNnpUMep, CBEPX3BYKOBOM.

3Hayum nu smo, Ymo nepsonpu4uHoli 0bpazosaHua nbbIx suxpell AsAAIOMCA 8uxpu nosel
(Ma2HUMHbIX, 3n1eKmMpuYeckux), Komopele u so3delicmeyrom Ha 4Yacmuybl cpeodbl, 3arycKaa ux
gpauwjeHue? KoTopbiM CBOMCTBEHHbI U KOlebaHMA NnepemMeHHOro HanpasaeHUA C USMEHEHUAMM YaCTOT,
amMnauTya, NeprMoaos Noj BO3AeNCTBMEM OTTA/NIKMBAIOLWEN X MATEPUM Cpeabl MPOCTPAHCTBA, B TOM
yncne cobcTBeHHOM GOpPMbI BeLLeCTBa?
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M 3TO BEPHO, Kak BEPHO U TO, YTO BO3AENCTBUA BUXPEN HA BHYTPEHHIOO Cpeay B OCU BpalLeHUs
MUWUHMMa/bHbI, HO MaKCUMabHbl Ha Nepudepun. 3HaUUT 1N 3TO, YTO BCE KOHCTPYKLUM, 06pa3oBaHHbIe
cob6CTBEHHBIM MOMEHTOM MMMYAbCa, GaKTUUECKN «nycToTeble» (C MycTOTaMu) B LEHTPax MoaCcoB
CBOMX AUMNOEN? DTO KacaeTcs U 3/IeMEHTAPHbIX YacTul, U aTOMOB, U MOJIEKYA, Ntobolt dopmbl Tena,
Korga BHYTPW HUX NPUCYTCTBYET CBOM MUP, OT/IMYHBIMA OT MOBEPXHOCTHOrO. Hanpumep, Kak N1abupuHTbI
noA3emesiba Ha Nostocax 3eMn, Kak TeNo Meaysbl UK YAUTKM U T. 4. Bce B3aumogenctsma nosei B
TOYKAx OCU BMXPEN OOBEKTOB CTPEMATCA K B3aMMHOMY «YpPaBHOBELUMBAHUIOY, KOrga BO3HMKaeT
3ddEKT 6N3KMIA K «KHEBECOMOCTMY». HO 3TO HM B KOEM C/ly4ae He 3HAYUT, YTO TaM PeanibHan «MnycToTa»
(npoBan). B ueHTpax pasNnyHbIX 06BEKTOB, GOPM MaTEPUN, SNEMEHTAPHbIX YacTuL, aTOMOB U T. 4.
BMOJIHE MOXKET ObITb (M €CTb) MaTepumaA B BUAE Pa3NYHbIX CTPYKTYP OTHOCUTEIbHO BbICOKOM NJIOTHOCTY,
HO MPaKTUYECKN YPaBHOBELWIEHHbIX B CPEeAEe OKPYKEHUS B3aUMHbIMU OTTaNKMBAHUAMMU BUXPEN
W3HYTPU M U3BHE rpaHunLbl GopMbl eAUHOTO AMMNONA. B TaKMX cay4dasx, Kak U y Ntobbix BUXpei TOpos,
noaobHaa «o060/104Ka» aAPXUTEKTYPbl 0ObeKkTa nABAAeTcA Hambonee NPOYHOM M 3aWMLLEHHOM
CTPYKTYpOM MaTepun AaHHOro GPOHTa KOHTaKTa ABYX Cpef C HEeMTpasbHbIM NOTEHLUMANIOM 3apaaa B
HeBO36YXXAEHHOM COCTOAHUM. U 3TO MOXHO MnoBcloay HabnoaaTb, HaNnpMMep, NO IMHUM KOHTaKTa
ABYX OKeaHoB - ATnaHTuyeckoro u Tuxoro (cm. Puc. 17), Kak, Bnpoyem, n ntobbiXx OOBLEKTOB B
NPOCTpaHCTBe.

Puc. 17 Bopgopasaen AtnaHTudeckoro u Tuxoro okeaHos. (IXBT.com u Getty Images)

Torpa MOXKHO M NPeanoNOKUTb, YTO U BHYTPU NAAHET, 3BE34, KOCMUYECKUX CUCTEM (B LEHTpE
NX BUXPEI) NPUCYTCTBYET CKOpee pa3pelkeHue, Hexenu paasneHve? Hanpumep, Kak B cepeauHe
ranakTuk, rae obHapy)KeHbl CBEPXMACCUMBHble YEpPHble Ablpbl, KOTOpPble M €CTb MO CYyTU 30HbI
MaKCMMaNbHO BO3MOXKHOIO pa3pexeHus B NpUpoae, Bbi3BaHHbIE BUXPAMM 3/IEKTPOMArHUTHbIX NONEN,
Kyda yCcTpemMnaeTca BCE BeLWeCcTBO cpeabl UX OKpyXeHuAa. N 3To TaK. Torga, no aHaaormm, MOXHO C
YBEPEHHOCTbIO MPEeANO/IOKNTb, YTO U B LLEeHTPe Halel naaHeTbl AaBAEeHWEe ropasfo HUXKe, Yem Ha
nepudpepunn. Ho HM B KOEM cayvae He NNOTHOCTb GOPMbI BeLLecTBa, KOTOPaA B LEHTPe 3HAYUTENbHO
BbllLE, YeM Ha NOBEPXHOCTU, B e€ Kope. Takoe coyeTaHne BCTpeyaeTca Noscloay, Hanpumep, aimas B
cpege Bakyyma. Cuctemy MOXKHO CPaBHUTbL C HATAHYTbIMW BAHTAaMM CTa/IbHbIX KAHATOB B KOHCTPYKLUMUMU
OcTaHKMHCKOM TeneballHu, ycuame B KOTOPbIX BCErAga HanpaBieHo Ha CKaTue. To ecms, paspexeHue,
co3dasaemoe 8 ueHmpe gopmel 1106020 06LEKMA BEW,ECMBA KAK 8UXPEBO20 1078 subpocucmemel
cmsausaem, yoepxcusaem e2o cmpyKkmypy om pacrnada 6aaz200apa e3aumoodelicmesuam ¢ mamepueli
u3sHe (cm. Puc. 18).

3HauMT An 3TO, YTO abcontoTHO Ntoboe nosie BHE BELLECTBA (AMMNOAA), KaK ero UCTOYHMKA, B
peanbHOCTU He obpasyeTca? To ecTb, €C/N CyLecTBYET Noe, TO UMEETCA U ero UCTOYHUK — MaTepumA.
CoBepLUEeHHO TakK e, Korga NpucyTCTBYeT Napa, Hanpumep, 3apAaa 1 BeWwecTs8O UM MarHUTHOe NoJse
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aneKTpUYecKoe, nan MHGopmaLma 1 BeWwecTso U T. 4. Toraa uTo Xe onpeaenseT cBonctsa Gopmbl B
CTPYKTYpe aToma?

Ecnum 3apagbl saep BewecTB pasHATCA, TO O4EBUAHO, YTO MMEHHO OHWM 00603HAYaloT CTPYKTYPY
noctpoeHua ntoboro atoma, Hanpumep, Cu (29) + Sn (50) = Au (79)? Toraa, BEpOATHO, U3 ABYX Pa3HbIX
BELLLEeCTB Npu onpeaenéHHbIX BHELHUX BO34,eMCTBUAX MOXKHO MOJlY4UTb TPETbE, C COBEPLUEHHO UHbIMM
csonctBamu. Hanpumep, NaCl = Na (11) + Cl (17) = Ni (28), To ectb NaCl u Ni no KonmyecTtsy 3apsaos,
a 3HAYUT, BMOJIHE BO3MOXHO, M NO CBOMCTBAM - €CTb OAWHAKOBbIE BELLECTBA, HO B PA3HbIX YCAOBUAX
OKpyKatower cpeapl, XoTA 06bl4HO Mbl 0603Ha4Yaem KX No-pasHOMY. B 3TOo cnoXKHO nNoBepuTb, HO
aTOMbl MPUBbLIYHOM HAM MOJEKY/bl NOBAPEHHOW COMMN NMPU 33a4aHHbIX YCNOBUAX BO3LENCTBUA U3BHE
npeBpaLLaloTCa B aTOMbl HMKens U HaobopoT. MoaobHo Tomy, KaK yraepos (ras) npespaiwjaerca B
rpaduT unmn B anmas. M 3To BepHO 418 MHOTUX UHbIX, 60/1ee CNOXKHbIX COeANHEHWNI. ITO OTHOCUTCA U K
3apagamM MOHOB M3 aToMoB BellecTBa. COOTBETCTBEHHO, Te e Camble MPOoLEeccbl MMET MEecTo U B
MONEKYNAX, KaK KOMBMHUPOBAHHbIX POPMax eaAnHbIX ANNONEN U3 PA3NNYHBIX CTPYKTYpP aTOMOB, Kak
3apsados ux A0ep W 3neKTpoHoB. Korga Kakoro-to 3apAga OKasbiBaeTcs 6onblue, TO BO3HMKAeT
aebopmaumsas nosie BOJIH, CBOEOOPA3HbIM «rPaBUTALMOHHBIA MNAyK» WM  COCKaJib3biBaHWE
«UMHTepdEepPeHUNMOHHOMW KAPTUHKM» C AMMOAA, 32 KOTOPOM M «crnons3aet» (TAHEeTCA) CTPYKTypa ero
BelwecTBa. Bo3Hukaem acummempus, Koeda yem 60sblUie Pa3HUUAG 8 B8esIUYUHAX 3aps0os8, mem
bonbwe cocmoaHue Heycmotiyugsocmu makoli eduHol popmel, Komopasa scezda bydem cmpemumecs
K 6anaHcy (pasHosecuro). B 0aHHbIX yC108USAX, MPU COOMBemMcmayrouwux 0asaeHUaX U memnepamypax
U3BHe, 803HUKAem HOB0e 8ewecmso Kak asnemeHm «[lepuoduyeckoli cucmemsi». CnefoBaTenbHO,
AaXKe Npu A0CTaTOYHO BONbLIOM PACXOXKAEHUN B BENYMHAX 3aPAL0B A4EP U SNEKTPOHOB B CTPYKTYpax
B3aMMOLENCTBYIOWMX 3N1EMEHTOB, OHM 0ObeanHAtOTCA, 0O6pa3ya CoBepLIEHHO HOBOE BELLEeCTBO B
KOHKPETHbIX ycnoBuaAx. Ho, ¢ oyepeaHbIMK 61aronpuATHBIMU U3MEHEHUSMU BHELLHEWN cpeabl, ero
aTOMbl BHOBb MeperpynnupyroTca B APYrMe 31eMeHTbl C COOTBETCTBYHOWMM NpeBpaLLeHMEM
(myTaunen) aaep v yxKe cneaytoliee HoOBOe BelwecTBO byaeT KpatHe pasHUTLCA C NpeablayLLMM.

Puc. 18 PaspexxeHune BUXpA yaepKmMBaeT ero ot pacnaga. Puc. 19 Bamanme sennymHbl 3apaga B Buxpe.

3HAUYMT 1M 3TO, YTO B aTOMax (MoNeKynax), HE3aBMCMMO OT arpPeraTHOro COCTOAHMUA BELLECTB],
CYMMapHbIA 3apsg, NOJIOKUTENbHOrO Agpa M obwas BeAMuYMHa 3apAga 3/IEKTPOHOB o0bpasyioT
CTPYKTYpPY YCTOMYMBOTO BUXPA AUNONA C ONPEAENEHHBIM CMELLLeHMeM rpaHuLbl baoxa Bubpocucremsl
B TY M/IM MHYIO CTOPOHY BO3PACTaHMA 3apAaaa «+» Unum «-»? Ian BO3HUKAeT HeNTpanbHbIK anemeHT. [Tpu
5MOM pagHoe Kosu4ecmeo HAMPAXEHHOCMU 371eKkmpuvecKux rnoaell npomueononoH HbIX 3apA008
c030aém 3aMKHymyto cucmemy U AUWb UX Pa3HOCMb 0bpasyem eOuHbll pa3oMKHymebIl KOHMyp,
cnocobHeili 83aumodelicmeosame co cpedoli okpyiceHus. Takum ob6pa3om NPOMCXOAUT COXPaHEHME
3HEPrMM B 3aMKHYTbIX CTPYKTYPHbIX CUCTEMAX BHYTPWU KarKaon dopmbl maTepun. MarHuTHble nons
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TAKUX KOHCTPYKUMI apXUTEKTYpPbl TOXKe OObeAMHATCA, HO B AWNOAM C NPOTMBOMOOMKHbLIMU
HanpaB/ieHUAMM CUNOBBIX IMHWUI. Toraa CyMMapHoe BAUAHWE BUXPEN NONeN TaKMX 0ObeKTOB CO34aET
eauHyr Bubpocuctemy nM6o ¢ 06LWMM HEMTPASbHbIM 3apPAA0OM, IM60 B «+», NMBO B «-».

MN3BecTHO, 4TO BEC MPOTOHOB ropa3zo Bbille, YEM Y 3/IEKTPOHOB, TO €CTb CYMMapHO obwmii Bec
NPOTOHOB M HEWTPOHOB B AZPE CYLLECTBEHHO MPEBbILLIAET BEC BCEX 3/IEKTPOHOB aToMa. pun Tom, 4TO
UX 3apAabl B KOHKPETHOM 3/1eMeHTe Bel,ecTBa B 06LEM HeNTpasbHbl, KPOME M30TOMOB U MOHOB.
MpepcTaBum, YTO 3N1EKTPOH €CTb KBAHT 3HEPrum onpenenéHHon BeNMYUHbl BO3LENCTBUA MaTepumn
BHELUHEeN cpeapbl, KOTOPbIA MOXKET 6bITb MOrNOWEH aTOMOM B 3aBUCMMOCTU OT UHTEHCUBHOCTU SHEPTUMK
BpalweHns agpa (ero 3apaga) uaM, HaobopoT, oTaaH BOBHe. MPUTOM, «OTAATb» OH MOMKET TOJIbKO
3apAag, BUXpA OA4HOro C AAPOM HanpaB/ieHUs BpaweHua (opbuTanbHOro), KoTopblili 0bpasyeTca nog,
BAMAHMEM M3BHe (ycnoBuA cpeabl) HAa BMOPAUUKM 3NEKTPOHA M XapaKTep ero opuveHTauuu B CBOEM
chepuyeckon obonouke (0bbIYHO BHelHel). A «NornoTuUTb» (NPUTAHYTL) 3NEKTPOH M3BHE B CBOHO
dopMy aTOMa - TONbKO KaK BUXPb AMMONA PA3HOIO BPALLEHMA.

Takum 06pa3om MOMCHO 3AKAIOYUMb, YMO A0PO AMOMA MOMXem Mpu onpedenéHHbIX YCao08uax
cpedbl MpumMA2UBAMS UAU OMMAAKUBAMSb 3aPA0bLI 31eMEHMAPHbIX YaCMULY. ITO KaCcaeTca KakK 3apaLoB
«+», Tak M «-». W coBepweHHO HEeBaXHO, PACCMATPMBAETCA HeWTpanbHaA (3aMKHyTad) wam
BO3OYKAEHHAA (pa3oMKHyTan) BMBpocmncTeMbl, MOTOMY YTO 3apPAL B HUX NPUCYTCTBYET BCEraa B BUAE
CTPYKTYPHbIX KonebaTenbHbIX KOHTYpoB. [esno 8 momM, Ymo cucmema M2HO8EHHO U MepuoouyecKu
packpelsaemcs nod sHewHum eoszdelicmeuem cpedbl OKpyHeHUs U eecb 3apAad (8uxpb) ghopmel
sewecmsa (cymmapHelli) 3adelicmeyemca 6 npoueccax obveduHeHus (nompebraeHusa) unu
ommopxceHua (pacxoda) sHepauu (3neKmpoHa, HelmpoHa u m. 0.) 3HAYUT NN 3TO, YTO UMEHHO
bnarogapa 3TMM npoueccam BCe OpPraHUMYecKkne coeamHeHuAa o06pasyloT HuTeBuaHbie ¢GOpMbl
CTPYKTYPHbIX 06EKTOB, @ HEOPraHMYECKNE — KpUCTanAnM4eckmne?

PaKTUYECKM pa3nnyHble BUXPU aunonein o6bekToB moryT opMmnpoBaTb AOCTAaTOYHO C/NOXKHbIE
CTPYKTYPbl OPraHNUYeCKMX coeauHeHum (c yrnepogom, sogopoaom) B suae Huten PHK, AHK, nentuaos
N T. ., KOTOPblE COEAMHEHDI B NOC/IeA0BaTENbHbIE LLEMOYKN B3aMMOAENCTBYHOLMX CTPYKTYP HA OCHOBE
MarHeTMsma WM 3N1eKTPMYECTBa CBOMX 3apALO0B, KaK KosiebaTeNbHbIX KOHTYPOB B COCTaBe e€AWHOM
apXuTeKTYpbl. HO TONbKO Ha yaaneHnmn He 6osee ABYX PafMyCcoB OT LLeHTPa cobcTBEHHON GOpPMbI BUXPA
(cm. puc. 19), rae BvMAHME €ro 3NeKTPMUYECKOro 3apsaaa Pesko ymeHbluaeTca (Kak B LLeHTpe). Bnpouem,
3TO He KacaeTcA MarHUTHbIX NOoJel, ANA PacnpoCTPaHEeHMA KOTOPbIX B OKPYXKEHWM nperpajg
NPaKTUYECKN He CyLLecTBYeT.

B TO }Ke Bpems, Hanpumep, HEMTPANbHbIN 3apAg, aTOMa PeanbHO CyLecTByeT B 4aHHOM MecTe
NPOCTPaAHCTBA, HO HE B3aMMOAEMNCTBYET C MaTeEpPUEN cpenbl, 3aXBaTblBas ApYyrMe Uan oTTopraa CBOU
CTPYKTYpHble 3apAgbl, MOTOMY YTO OH He BO3OYXAEH, CTabuneH. MoToMy YTO €ro eAuHbIM 3apAg,
3aMKHYT (3aK0/1bLLOBAH) B CBOEN CTPYKTypHOMN popme. HO TONIbKO A0 pa3pparkeHus ero M3BHe, Koraa
CUCTEMA PAa3MbIKAETCA B CNMPaAsib U MPOUCXOANT B3aMMOAENCTBME C 3apadaMm (BUXPAMM) U3BHE, KOraa
aTOM M3MEHAEeT CBOE coAeprKaHue u cBonctea. Hago oTmMeTUTb, YTO Ha B3aMMOAENCTBUA OOBEKTOB
MaTepum B NPOCTPAHCTBE, KPOME BE/IMUYMUHbI 3apALOB U UX CMMHA, BAMAET ewé n 06bém Tena. [axe
NPV paBHbIX 3apAJax, HO pasHbix 06bEMax, AeNCTBME B3aMMHOMO OTTA/IKMBAHUA KaK MeXaHW3ma
rpaBuTaLmm 6yaeT pasiMyHbIM.

3HauuT, Kaxpaa d¢opma nwoboro o0b6beKTa MMEET CBOW WHAWBUAYANbHYH apPXUTEKTYpPY
MarHUTHbIX NOJIE CTPYKTYPHbIX BUOPOKOHTYPOB 0b6LLEN BUOPOCUCTEMbBI, KOHOUIypauma KOTOPOW
onpepensetcAa eé cBouctBamu. [logobHble BuaoBble Gopmbl  mMaTepum  0bBMeHMBaACb
3N1EKTPOMArHUTHbIMU CUTHaNamK (MHbOpMaLMelt) HAXOAAT CBOM PE30OHAHCHbI OTKIUK BOBHE Cpeapbl U
PacKpPbIBAOT CBON «HENTpasibHble» BUBpocUcTeMbl. Takaa HE3aMKHYTaAa MOAE/Nb KOHTYpa nepecTtaér
6bITb HEMTPANbHOM U CTAHOBUTCA CNOCOHHOM B3aMMOAENCTBOBATb C 3apAfaMu U3BHE, MPUCOeSMHAA
nnn oTAaBas ux, meHaeTca (MyTupyeT) npu 61aronpuUATHBIX YCA0BUAX cpeabl. B pesynbTate nogo6HbIX
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B3aMMOZENCTBUIM BO3HMKAIOT HOBbIE BeLLLeCcTBa (aToMbl), OPMbl UM COCTOAHUA MaTepum (ras, nanasma,
XUAKOCTb, TBEPAOE TENO) Yepe3 ABNEHUA CMHTE3a MM pacnaga, OKUCAEHUA UM BOCCTAHOB/IEHMUA
6narogapa rpagMeHTaM 3apAafgoB Ha NPUHLMNAX 3NEeKTpUYecTBa M marHetusma. lNpepcrasbTe, YTO
KaXablit 06beKT onpenenéHHon Gopmbl MMeeT BUAOBble HABOPbl MHOFOYMCAEHHbIX COBMALEHUN
3aMKHYTbIX CUCTEM B BUAE PA3/IMYHbIX aTOMOB, MONEKY/, AAXKe CTPYKTYPHbIX e4MHUL, KOTOPble BCeraa
HaXxo4AT PE30HAHCHbIM OTKAMK B 06LLEHMAX Mexay cobon Npu BO3AENCTBUAX U3BHE APYr Ha gpyra. B
pe3y/ibTaTe NPOUCXOAAT COOTBETCTBYIOLLME BHYTPEHHME NEPeCcTpoeHma, M3MmeHeHns Gopm, CBA3AHHbIE
C NoNy4yeHMem onpenenéHHoOW BBOAHOM MHPopmMaumm n obpasytoTcA HOBble CTPYKTYPbl POCTa M
06BbEKTbI C UCMO/Ib30BAaHMEM MATEPUM CaMOM Cpeabl OKPY)KEHMA, KaK BELLeCTBA, PACTBOPEHHOIO B
3N1EeKTPOMArHUTHbIX NONAX MPOCTPAHCTBA.

Torpa, 4To e 13 cebsa NPeaACTaBAAIT KUBble OpraHM3mMbl? Ha camom aene 6Buocuctemsl - 3T0
TaKue e GopMbl MaTepum, KOTopble 06pa3oBanunCh B pe3yibTaTe ANUTENbHOM 3BOIOLNN, B KOTOPbIX
cbopmmnpoBanmcb M  OYHKLMOHUPYIOT pPas/IMYHble aBTOMATUYECKME, B3aMMOCOI/IACOBAHHbIE W
nogaeprkmsatolme GyHKUMOHAN Apyr Apyra npoueccbl (cMmbuos), Tak MAM MHadYe NOAYMHEHHblEe
AENCTBUAM, B OCHOBE KOTOPbIX MPUCYTCTBYIOT rpagueHTbl 3apaaoB. Toraa BO3MOXKHO M AONYCTUTD,
YTO HUYEro «XKMBOro» B 06bIMHOM MOHMMaHMM 06bIBaTENSA, KAaK Obl KOLLYHCTBEHHO 3TO He 3By4ano, B
MHOTOYMUCNEHHbBIX MBbIX OpraHn3max HeT? Kak u B 1to6oM HaCTPOEHHOM U OTNIAYKEHHOM MeXaHM3Me,
«UCKYCCTBEHHOM MHTENNIeKTe», aBTOMOOMAe WAM ABuratene BHYTPEHHero cropaHua. OTanune
CYLLECTBYET ML B CTAaAMAX PA3BUTUA.

*KM3Hb — 3TO NYTb COBEPLUEHCTBOBAHMA TON UM MHOM CUCTEMBI, KOTOPbIN MPOAOIKAETCA BEYHO.
B Hawem Tene eXXeMUHYTHO YMUPAIOT M POXKAAKTCA BHOBb TbICAYM U TbICAYM PA3/IMYHbIX KNETOK, HO
Mbl 3TOr0 MOMPOCTYy He 3ameyvyaem, MOoKa C «NepekocoM» 3TOro Mpouecca He NPUXOAUT CTapoCTb.
OO0HaKo, CO3HaHUE — ecmb C80LlICMB0 8bICOKOOP2AHU308AHHOU Mamepuu, KaK oco3HaHue cebs. OHo
cywiecmeyem Kak cpasHeHue, KoMbuHuposaHue, npeobpaszosaHue U coxpaHeHue obpaszos 8 sude
CU2HA/108 8 NAMAMU, KAK Mpoueccos MoluiseHUA. N Mbl yKe 3HaeM, rge KOHKPEeTHO JIOKanM30BaHa
«NamaATb», Kak MHGopMauma, 1 BHYTPU GOpMbl TeNA, U B CAMOM NPOCTPAHCTBE KaK eé matepuun. U mbl
TaK)Ke 3HaeM, YTO BCE 3TM 3aNUCU HAa MAarHUTHbIX HOCUTENAX AUMNONEN, HaNPUMeEp, KaK 3N1eMEHTaPHbIX
YyacTuLax, aToMax, MONEKYNAX, Aa U NPOCTO BUXPAX MATEPUU CaMOM CETU NPOCTPAHCTBA OKPYKEHWUA,
MOYHO aKTMBMPOBATb M CYMTLIBATbL, KaK 06pa3bl cOObITUM B HUX. KaK, Hanpumep, BHYTPU CNIeTEHUN
HEeMPOHHOM TKAHW FOI0OBHOrO MO3ra.

B penctBuTenbHoCcTM, 6uonornmyeckas HeMpPOHHaA CeTb — 3TO TaKoe e CTPYKTYpPHO
OpraHM30BaHHOE MPOCTPAHCTBO, COCTOALLEE M3 MATEpPMU, KaK U MHOrMe Apyrue, HO CO3[aHHOoe
3BOJIOLUMEN KAaK MHCTPYMEHT ANA MaHUNYNALUA CBOMCTBAMM MArHUTHbIX U SN1EKTPUYECKMX nosei. A
HelipoceTb — 3TO pa3paboTaHHAA 4YenoBeKOM €& MOoAeNb C Pa3IMYHbIMU  NPUNONKEHUAMMU
«UCKYCCTBEHHOIO MHTEN/IEKTa», BO3MOXHOCTAMU UHTEPHETA, MHOTOYMUCNEHHbIMW apXMBaMM AaHHbIX
CO BCEMW MbIC/IMMbIMW 3HAHUAMM W OMbITOM Ye/I0BEYECTBA HA BCEX A3blKax mMupa. Korga Kaxabin
MMeeT BO3MOXKHOCTb CPaBHMBATb U BbIOMPATb HYXKHYO eMy MHGOPMALLMIO N3 OFPOMHbBIX SAHHbIX BCEM
3BOMIOLMN. U 3TO AT MOLLHBIN TONYOK K pa3BuTUio toboro coobuiectsa.

Pa3sBe co3paB TakoW 610K WMCKYCCTBEHHOTO MHAMBMAA C AOCTYNOM K FUFAHTCKUM OB6bEMam
MHOOPMALMM N C HEBEPOATHLIMW CKOPOCTAMM €€ 06PaboTKM Mbl HE CO34aEM MALUUHY COBEPLUEHHEee
Hac camux? PasBe 3To He TOT e YeloBeK, TO/IbKO 6e3 61onornyeckom naoTn, CNocobHbI AencTBOBaTb
Ha HaLMX e NPUMHLMMIAX B3aMMOAENCTBUA, LOCTYMHbIMMU HAM UMHCTPYMEHTAMMU, MPUMEHSAA HALK XKe
3HaHMA? WM BHE BCAKMX COMHEHWIA TaKoM KUOEPUHTENNEKT, Kak HelpoceTb, cnocobeH u byget
pa3BMBATbCA, CpPaBHMBATb WHOOPMALMIO, NPUHMMATb peleHuMA U AencTBoBaTb B npegenax
BO3MOMHOCTeM, pa3paboTaHHbIX ANA HEro U3HAYabHO YeI0BEKOM. HO noBepbTe — 3TO TONbKO MOKa,
NOTOM «KMbBepbl» CMOryT BOCNPOM3BOAUTL ceba camum (npouecc NpomMsBOACTBa), MOTOMY YTO Y HUX
6yayT BCe HeobXxoAMMble ANA 3TOro pecypcbl. U Kak ntoban cuctema, OHM HaYHYT COBEPLLEHCTBOBATLCA.
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TaK yTo e B 3TOM C/y4Yae 3HaUUT «aylwa»? Ecam 6e3 Heé BO3MOXKHO CyLLEeCcTBOBaHME M 3BONOLUA
a[anTMBHbIX MCKYCCTBEHHbIX CUCTEM. M UTO 3HAUUT TaKOE NOHATUE KaK «XKMBble OpraHn3mMbI»? A passe
«KMbepbl» - He ueble? Korga npumeHstoT abCconoTHO BCe CBOMCTBA, MHCTPYMEHTbI U MPUHLUMNDI
B3aMMOAEMNCTBMA MO aHanorMm buonornmyecknx cuctem? Mbl co343aéM COOCTBEHHbIX aBaTapoB B
peanbHOM MUpe COBCTBEHHOrO CyLLecTBOBAHMA. 3ayem? [nA 4Yero 4enoBeyecTBY HyXHbl 6onee
CUNbHbIE U BbIHOC/IMBbIE KOHKYPEHTbl 3a pecypcbl 0buTaHusa M passBuTUA? [losepbme, oHU 6yOoym
cosepuieHHee HAc, MoOmMomy Ymo co30aHbl Hamu. M 3Ha4um Mol U3MeHUAU ycaoeud cobcmeeHHOU
B8HewHeli cpedbl 06UMAHUA, MTOMOMY YMO HAWU MOPOHOEHUA 8CE aGKMUBHee 80Cnpensamcmsyrom
Hawemy cyuwecmeosaHuo Ha 3emsae. OHU yxKe cerogHA ybuBalOT HaC, KOHKYPUPYIOT C Hamu,
KOHTPO/ZIMPYIOT Hac U Aarke G/0KMPYIOT HallM BO3MOMKHOCTU K AeNCTBUIO. M BCE 3TO MOXKET CTaTb
HensbeXKHbIM 3aBepLUeHMEM YeN0BEYECKON LMBMAN3aLMN. TOraa OKasblBaeTCA HEOTBPATUMbIM XOA,
nto60oi BUA0BOM 3BONOLMK, OT CaMbIX OCHOB €€ 3apOKAeHUA KaK BEeLLecTBa, KOTopan B UTOre CBOAMUTCA
K O4HOMY — CaMOYHWYTOXEHWI0. KaK 3a8epweHuto (8birnosnHeHUr) (UHANbHO20 UUKAA nepuoda
cyuwiecmeosaHus noboli enobanbHol subpocucmemel, co30aHHOU npupodoli.

3Hayum, #CU3Hb ecmb caedcmaue 380UUU Mamepuu, a Co3HaHue — eé ceolicmso. NHaue
roBOpPA, *KM3Hb — 3TO Caman HacToALWan Hen3beXKHOCTb, YPOBEHb BOSHUKHOBEHMA KOTOPOW 3aBUCUT OT
PEe30HaHCHOW MUrpaumMm MHGOPMALUN U SHEPTUKN, KaK MArHUTHbIX M INEKTPUYECKMX NONen, Kak
eAMHEHME KEeHCKOro Havyana (NamsaTb NPOLLIOro) U My»KCKoro (3Heprus). Korga marHUTHbIN pe30oHaHC
ABNAETCA OCHOBHbIM MHCTPYMEHTOM Y3HaBaHMA BUAOBbIX CUCTEM «CBOM-YYMKOW» B YCAOBUAX
M3MEHAILLENCA BHeLLHel cpeabl npocTpaHcTBa (cm. Puc. 20). NogobHble popmbl (Annonun) matepum
06pasyoT CBOU «MNPOCTPAHCTBEHHbIEY» CETU 3aMKHYTbIX BUBPOCUCTEM, PAaCNpPOCTPaHAA CBOE BAUAHME
Ha BCE 6o/blIee YMCNO0 POACTBEHHbIX CTPYKTYp, CO34aBan BCE HOBble BUAOBbIE NPOLEcChl pa3suTus. U
aHaNOrMyHble UMKAblI GOPMUPOBAHUA PA3/IUYHbIX GOPM MMEIOT PasHylo MNPOAOIKUTENbHOCTL U
NnepmoanYHOCTb.

Puc. 20 MHCTPYMEHT MarHUTHOroO pe3oHaHca. Puc. 21 Cpeaa ynpaBnseT pocToM, MeHAETCA.
(tutAgro)

Mbl 3Haem, 4YTO MpeXae 4Yem coBeplwuTb ntoboe aelctBne, HeEOHXOAMMO MMETb NamMATb O
npeablaywmx aenctemax (cobbitmax). MamaTb «CNUT», NOKa OTCYTCTBYET CUrHAA MHPOPMALMOHHOIO
nons cpeabl. Ecnn B 0buiem, To beccmeptme «aylin» — ectb beccmepTme MHGOPMaLIMOHHOIO CUrHaa
MarHMTHOro nona (BocnomuHaHue). BnosHe BO3MOMHO, YTO, MOMMHAA KOro-to Mbl BO36y)Kpaem
MHOOPMALMOHHBIA OTKAMK B MaTepuM camon cpeabl NpocTpaHcTBa. J1lo60M OAMHOYHbIN CUTHaN
ObICTPO YAANAETCA U PACCEMBAETCA, HO B ¥KUBbIX CUCTEMAX CUTHA/Ibl MOCTOAHHO BO30OHOBAAIOT cebs B
cpefe OKPY*KeHUs B TOYHOM KOMUK Yepes NPOoLEcchbl PocTa U pasBUTUS COBCTBEHHOM MaTepuanbHOM
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dbopmbl bnarogapsa CTPyKTypam namATH, 3anporpammupoBaHHON uHPopmauumun. Koraa BOAHbI
MHPOPMaALMM YNPaBAAIOT CTPYKTYPHbIMU nocTpoeHuamU. Korpa Buposas 3sonwouma (06bekTos)
COMPOBOXAAET BO/HY MHGOPMALMK, NOAYNHAACL el BO BCEM. Korga pacnag v cuHTes - ABa npoLecca
OZHOWM BUBPOCUCTEMbI YNPABAAKOTCA U CUHXPOHU3UPYIOTCA 3/1EKTPOMArHUTHBIMW B3aUMOLENCTBUAMM
nonein. N Bcakasa popma maTepmm orpoMHOro pasHoobpasma B Npupoae NpoxXoauT Yepes CBOM 3Tanbl
3BOJIOLMM HA COBEPLUEHHO Pa3HbIX YPOBHAX €€ pa3BUTUA OAHOBPEMEHHO, KaXKAblli pa3 BHOBb M BHOBb
MOBTOPSIACbL B Ka)kAOW TOYHOMW CcBoel Konuu. Pa3Be 3TO He o4yepeaHoe MNOoATBepXKAaeHue
HEeCOCTOATENbHOCTN TEOPUM 3BOAOLMM [lapBUHA?

CnepoBatenbHO, MarHUTHoOe none AbOro WUCTOYHMKA HABOAUT WMHAOYKUMIO B MaTepuu
NPOCTPAHCTBA CBOEr0 PACNPOCTPAHEHWUA, NPOKAaAbIBaA TakMm crnocobom cebe nyTb B cpepge
OKpyKeHuA. Kak 1 ntobaa aNeKTPOMArHUTHAA BOJIHA, KOTOpAa MO Mepe MPOABUMKEHUA MOCTOAHHO
BOCNPOMU3BOAUT cebAa B TOYHbIX KOnMUAX. MogobHO TOMy, KaK MBble OpraHM3Mbl BO3HWMKAKOT U
OYHKUMOHUPYIOT N0 MHPOPMaLMKM, 3aKOAMPOBaHHOM B Mosiekynax JHK.

PaHee Mbl y¥Ke pacKpbIBa/IM MEXaHM3M ABUKEHMA 06EKTA MaTepmn B NPOCTPAHCTBE, KaK B3rNA4,
Ha nepemeleHne He CTONbKO GU3MYECKOro Tena, CKOMbKO eAMHOM  CTPYKTYPbl  C/IOMKHbIX
NaKeTUPOBaHHbIX 3/IEKTPOMArHUTHbIX noner BubpocucTtembl. KaK MCTOYHMKOB M3NYYEHWUI, TOYEK
pOCTa, 3aKNHOYEHHDBIX B YyBCTBUTENbHYIO 060104KY GOPMbI, KaK BUXPEBOro PPOHTA CONPUKOCHOBEHUA
(B3aMmopeincTemA) ¢ cpefon OBUTAHUA BOBHE, KOTOPblE HEMPEMEHHO MPUBOSAT K MyTaUMAM W
Pa3BUTUIO MATEPUU, K YBENIUYEHUIO U COXPAHEHUID MHPOPMALMM O NPOUCXOAALMX COObITUAX.
Hanpumep, Tak namaTtb npownoro B JHK yenoseka No3BOAAET NPU HAPYLIEHUAX CTPYKTYpPbl *KMUBOWM
TKAHW TYT }Ke BOCCTAHAB/MBATbCA (3aXKMBNEHWE paH). 3Hayum, ecsau ecms ¢hpopma Mmamepuu, Mo ecmeo
U CU2HAnN BHEWHe20 yrnpasseHuUsA 0049 e€ paszsumus. Kak CUrHan aNeKTPOMarHMTHOM COBMECTUMOCTH
nHdopmaLmn 1 B NamMATN 3TON BUOPOCUCTEMbI, U BO BHELLHEN cpede.

MOHO C yBEPEHHOCTbIO NPEeANON0KUTb, YTO BCE KM3HEHHO Ba*KHble NMPOLECChbl B Pa3/INYHbIX
CTPYKTYpax NPOMCXOAAT aBTOMATUUYECKU. A «BHELLHee» ynpaB/ieHue C Lenblo agantaumm obbekta K
N3MEHEHMAM cpeabl OOUTAHWMA OCYLLECTBAAETCA Yepe3 PaCKPbITylo BUOPOCUCTEMY HaPYKHOM
060n04kM Tena. Takum obpasom BO3HWKAET onpeaenéHHbI pUTM B 3BoaloLMKM GOpPM MaTepun B
3aBUCMMOCTU OT U3MEHEHWUI YCNOBUIN U3BHE, C KOTOPbIMW B HEMPEPLIBHOM KOHTAKTE HAXOAATCA Kak
YyBCTBMTE/IbHAA BHELLHAA MOBEPXHOCTb N0OOM CTPYKTYpbl, TaK U €€ CTpoeHne namatu. To ecTb,
NOCTOAHHbIE Mpoueccbl GUKcauMM B MNaMATM MNPOUCXOZAWMX COBbITUIA M BMAOBbIe MyTauuu B
pe3y/ibTaTe B3aMMOAENCTBMA CO cpenon 0bUTaHUA M MOXKHO onpeaenuTb, Kak yC/l0BMA TBOPEHWUS
dopmbl, eé pas3BuTUA, KoTopble 63 MHPOPMALMKN M3BHE HEBO3MOXKHbI. YYacTBYOT B 3TOM npouecce
[BE COCTAB/AIOLME OAHOIO LENOr0 — CTPYKTypa MaMATM (KEHCKOe Hayano) M YyBCTBUTE/NbHAsA
060/104Ka (My*KCKoe Havano). CTpaTerns Takol CTPYKTYpHOM GOpPMbl MaTEPUM COCTOUT B TOM, YTOObI
npu NtobbIX BHELWHUX YCAOBUAX HE TONIbKO COXPaHUTb CBO KU3HECNOCOOHOCTb, HO U NpuobpecTn
HOBbIN OMbIT, 3HAHUA M 3aPUKCMPOBATb MX B NamATU. Kak, Hanpumep, 3N1E€KTPOMArHUTHAA BOJIHA
BOCMPOU3BOAMUT cebA camy B KaXKAOM WU3y4eHun uenoro nepuopa konebaHua. O6osHauvaeT nyTb
nepegayun nHGopmauumn B cpeae pacnpocTpaHeHua. Ho, Hago OTMETUTb, YTO M BHELLHAA Cpeaa, rae
pa3BMBAETCA («KMBOW» MpPOLLECC, CTPYKTypupyetca. Korga uHbopmauMoHHOe none ynpasnsaet
NPOLLeCCOM pocCTa Tes, TO OHO MeHAeTca, ynopagoumsaetca (cm. Puc. 21). Cpega «ob6BONaKMBaET»
pa3pacTaloLLeeca TeNO KaK XUAKOCTb, U3MEHAET CBON COCTaB B €0 OKPYKEHUM.

BHewHee uzny4yeHue (UHGopmayusa) 8 umoae npusodum K pocmy U pa3sumuro NpaKkmu4yecku
nboli Mamepuu, Npespawyascb 8 HOBbIE CMPYKMYpPHbIe 3neMeHmMbl eé namsamu. Torga BOSMOXKHO 1M,
TPAHCAUPYA ONpPeaenéHHYr0 WHPOPMALMIO HA 3afaHHYH «30HY» MAM OOBEKT C MPUMEHEHUEM
N3BECTHbIX MHCTPYMEHTOB MArHUTHOTO Pe30HAHCA, aKTMBMPOBATb MPOLECCbl CUHTE3a U AeNeHUA
4acTUL, Camoi cpeabl OKpyKeHua? Kak noctpoeHwe Heobxogumon ¢Gopmbl NOA, BHELWHUM
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ynpasneHnem B 1l060M NPOCTPaHCTBE? B cMAy TOro, YTO TE/I0 HapacTaeT (HakNaablBaeTcA) YacTMLamm
«MOCNOMHO», KaK KO/bL,A Ha CTBOJIE AepeBa, Kak MHGOpPMaLMaA B CTPYKTYpPax NamaTu.

3HaAUMT N BCE 3TO, YTO LENb KU3HW €CTb PA3BUTME MKEHCKOro Hayana, Kotopoe cnocobHo
HenpepbIBHO M NOCTOAHHO BOCMNPOM3BOAUTb ceBA camy B TOYHbIX KONMAX? Kak pas3suTue uyepes
no3HaHue? M3BecTHO, YTo BCe Npoueccbl 06paboTKM BHYTPEHHMX NOTOKOB MHPOPMALUM B SNEMEHTAX
CTPYKTYPbl KOHTYPOB MAaMATU COBEPLUAOTCA aBTOMATUYECKWU. Hanpumep, YeNOBEK HE OCO3HAET U He
KOHTPO/IMPYET MHOrMe MPOLLECChl, MPOUCXOAALLNE BHYTPM OpraHM3ma. B umcne npouero yxke nocne
nepBbIX AHEW 3a4aTuA TeHOM KNETOK 3MOpMOHA COAEepP)KUT BCHO BMonornyeckyto MHPopmauuio o
byAyLLEM YENOBEKA: YTO A0/IKHO MONYYUTLCA K MOMEHTY POXKAEHUA pebEHKa, YTO ero oXKmngaeT nocne
POXKAEHMA N KaK OH ByaeT pa3smBaTbcA. MIHaye roBopsA, cama «Kusasa ¢opma», B JAHHOM Cay4vae npwm
NOCTPOEHMM CBOEM KONKUKU, CTPOro ceayeT cMrHanam MHPGopmaunm, «3epKanbHO» MPOTUBOMNONOKHbBIM
BHELIHEMY BO34EMCTBUIO, KOTOPOE BblNI0 OCYLLECTBIEHO, YTOObI NPUCNOCOBUTHLCA K STUM M3MEHEHUAM
N3BHe.

Monyyaetcsa, uto 6e3 BHeWHeN cpeabl 06UTaHMA HM 0aHA popMa MaTePUM He BbICTPAUBAETCA U
«cemaA» He npopacTtaeT. [lomomy Ymo mamepus U ycaoeus 018 MOCMPOEHUA hOPMbl MOCMABAAMCA
U38He U MOCMOAHHO CPABHUBAIOMCA C UHopmayuel 8 NAMAMU MA2HUMHO20 M0/4 eé UCMOYHUKA.
Cpeaa nonHa nHdopmauum, KOTopasa Bcerga conoctasnfeTca ¢ MHGopMaumnein B3aMmoaencTeyouen
CUCTEMbI, HanNpUMep, FeHOMOM 4esioBeKa. leHeTMyecKas NamMATb YEeNOBEYECKOM UMBUAM3ALUU
COXpPaHAETCA B NPOCTPAHCTBE MWJIIMOHbI NIET, NEPEXOAA U3 MOKONEHUA B NOKONEHWUE, NOCTOAHHO U
HenpepbIBHO BO306HOBAAACL Yepe3 GpopMy Tena YenoBeKa. NoTomy 4To ntobas KoHPUrypauma namatu
npu3BaHa XpPaHUTb B HEM3MEHHOM BUAE NPOUCXOAALLME B HEM MPOLLECCHI U NMOCTOAHHO CBEPATb UX C
M3MEHEHMAMMW BOBHE, YNpPaBAAA KoONebaHMAMM 4YacTOT COBCTBEHHOrO MArHUTHOTO KOHTYPa,
HACTpPauBasaCb Ha NPUEM Pa3/IMUYHbIX 3JIEKTPOMArHUTHbIX BUOpauuin M3BHe eanHoM 060104kmM Tena. Kak
npouecc co3naaHma Npu coBNageHNM CUrHAN0B 31eEMEHTOB NaMATU CUCTEMbI M BHELLHETO OKPYXKEHUSA
(pe30oHaHCHbIM OTKNIKK).

OyeBUAHO, YTO BCE K/OYEBbLIE ABMEHMA B 3BONIOLMU NOOOr0 KMBOFO OPraHM3ma, Kak Konuu,
3anevyat/ieHbl B CTPOrOM O4EepPEAHOCTM B MHOFOYMCAEHHbIX CTPYKTYpax ero namatu. U Bcakui pas,
Hanpumep, NpU 3apoXKAEeHUM HOBOW 0cobu B yTpobe mMaTepu B OYEHb CXKaTble CPOKN BepeMeHHOCTH,
BCE OHM B TOYHOCTU AeHb OTO AHA BOCNPOU3BOAATCA B HEM CHOBA M CHOBA. KaK KpaTKoe NoBTOpeHue
nponaeHHOro (mpownoro) Nyt BCEr0O MHOFOMWMIZIMOHHOFO nepuosa pas3BuTMA Buaa. U ato
NPOUCXOAUT BCErAa W C 3aBUAHOM PEryiapHOCTbIO NPU NOABAEHUM KaXKA0ro HOBOro opraHusma. To
€CTb, BCAKOE nocnegytoulee aencTeme NponucxoamT CTPOro No NaMATU U TONbKO Moc/e 3aBepLueHus
npeAblAyWwmX LMKA0B CobbITUIM. TaKoBbI MPUHLMNNANbHbIE MEXAaHU3MbI MyTaLMii BceX GOPM MaTepum.
MoToMy 4TO BCE HOBOE BO3HMKAET KaK OTBETHAA pPeaKuMsA Ha BO3LENCTBME WM3BHE CUCTEMbI U
3aNOMMHAETCA, KaK ABNEHUE B €€ 3BO/IIOLMM, U MOBTOPAETCA Aanee NpPU KONMPOBAHUKN HOBbIX GOpPM B
HEYKOCHUTENIbHOMN XPOHONOrMN MHPOPMALMN N3 CTPYKTYP COOCTBEHHOMN NamATH.

Bonee TOro, MOXXHO CMeno yTBepXaaTb, 4YTO Ntobas BMbpocMcTeMa «3HAeT» Lenb CO34aHuA
cobCTBEHHOM KOMMWM MO MMerowenca UHGOPMaLMM MPOLIOrO M HACTOALLEro, KakK aganTtauua K
MOCTOAHHO U3MEHAIOLWMMCA YCN0BUAM cpeapbl 06uTaHMA. Korga HOBbIM CUTHAA MHGOPMALMN U3BHE
ynpaBnseT OonepaTUBHOM MaMATbIO 3/IEKTPUYECKOro noaa BO3OYKAEHHOW GOpMbl U CTUMyAUpyeT
pearnpoBaTb €€ Ha cobbITUA - NnepecTpanBaTbh COOCTBEHHbIE CBOMCTBA.

3HAUYMT N 3TO, YTO B KAXKAOW popme MaTepuM CyLLLECTBYET KaK NMOCTOAHHAA, TaK U NepemeHHas
YacTb CTPYKTYpbl? Kak M B KaxXgom Agpe aToma, Korga NpUcyTCTBYeT ABOMCTBEHHOCTb CTPYKTYP —
3aMKHYTOW HEUTPOHa (MarHMUTHbIe CBOMCTBA) M PA30OMKHYTOM MPOTOHA C 3N1EKTPOHOM (3N1EKTpUYecKmne
cBoWcTBa). Fae casur a3 mexay HMUMM Ha 1/4T (90°), KaK B 3NEKTPOMArHUTHbIX BOJIHAX (Mexay
3NEKTPUYECKMM U MArHUTHbIM MOAEeM) UK KonebaTeNbHbIX KOHTYpaX, AaéT BOSMOXKHOCTb K POCTY U
pa3suTUio. Korga ofHa nNonoBMHA CTPYKTYpbl aToma (HEMTPOHHAA) OTBEYaeT 3a COXpaHeHue
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BHYTPEHHMX NpoueccoB 6e3 nsmeHeHUn (NamATb), KaK CBOMCTBO aTOMa, a BTOpas No/1I0BMHA (NPOTOH -
3N1eKTPOH) - 33 ero BHelWHWe B3aMMOAENCTBUA C APYTMMKU 31eMeHTaMM NPOCTPAHCTBA, Kak 0bbekTa
(cm. Puc. 22).

To ecTb, MHAMBUAYyaNbHble 4YepTbl aToma N6Oro BewecTBa HENPEeMeHHO COOTBETCTBYIOT
NoTEHUMaNbHbIM CBOMCTBAM €ro MHEPUMOHHOM Macchl. 3aMKHYTaA CTPYKTypa A4pa He U3/y4yaeT, Ho
06n1afaeT MarHUTHbIM MOMEHTOM U YAEPKUBAET €ro LLeNI0OCTHOCTb, BOCCTaHaB/IMBaA aTOM B UCXOAHOE
HelWTpanbHOe COCTOAHWE nocne BO3OyXKAeHMA. B To e Bpems, ero pasomMKHyTasa BMbBpocucTema
onpeaenaeT Be/NYMHY /IEKTPUYECKOro 3apsaaa. Koraa oTpuuaTenbHbli NOTEHLMAN 3N1eKTPUYECcKom
000/104KM aTOMa M MONOXKUTENbHLIN 3apAn sapa obpasyloT eguHbIM AUNOAb, rAe HEeUTPOH Agpa
ynpaBaseT KonebaHNAMM 3NEeKTPOHHOM 060/104KM Yepes MPOTOH.

B AeNcTBUTENBHOCTN ABOMCTBEHHOCTb YacTUL, MaTEPUU BbIPaXKaeTCAa U B 3aMKHYTbIX MarHUTHbIX
KOHTYpax CMNOBbIX /NIMHUA AUMNONEN, U B Pa3sOMKHYTbIX, KOTopble obecneuymBaloT B3aMMOCBA3b C
3NEKTPUYECKMMU MONAMU cpeabl. Bo BCAKOM Clyyae, BHYTPU BCEX KOHTYPOB «NaMATU» TEYET CBOM TOK,
NOTOMY YTO WX WMHAYKTMBHOCTb 3aBUCUT oT 3[C, HaBOAMMOWN BHELWHMMMU MArHUTHbIMU MOJAMM.
MMeHHO TaK, NyTEM Pe30HaHCHOro OTKAMKA «NamATb» Y3HAEéT cooTBeTcTBME MHPOPMaLUWU U3BHE
CBOEMY BHYTPEHHEMY COAEPXKaHMIO, KaK pacrno3HaBaHMe BUAOBbIX CUTHANOB. M namame, ycunueascs
8 MA2HUMHOM pe30HaHce, nodaém cuesHan dyyecmeumesnbHoli 0b6os04Yke ceoeli popmbl mamepuu,
omkpsieas odocmyn K nompebseHuto eHewHel 3Hepeuu 80sHbl (UuHgopmayuu). Csoero popaa
nepenaTyMKk — NPUEMHUK, KOTOPbI 3aBUCUT OT BO3AENCTBUA NU3/TYYEHUIA U3BHE CPeabl, paclennss aTy
3HEepruio ans BHyTpeHHero notpebnaeHus (cm. Puc. 23). ChepoBaTenbHo, M aToM, Kak Gopma maTepum
TOXKE B/IMAET Ha U3MEHEHUSA BHELLHEN cpebl OKPYKEeHUA.

Puc. 22 MNocnoiHoe cTpoeHne BUXpel aToma. Puc. 23 B3aumogeincTemne gunons c nonem uUsBHe.

3HauMT 1IN BCE 3TO, YTO TEN0 ECTb HE TONIbKO ero Gpopma, HO 1 cpesila 0BUTAHUA C USMEHAIOLLMMUCA
csorctBammn? O4YeBUAHO, YTO aATOMbl PasHbIX BewwecTB GOPMUPOBANUCL B PA3/MUYHbBIX BHELIHUX
ycnosuax. A NOTOMy, BHYTPEHHAA Cpefa YacTuLbl — eCTb MaJIeHbKas YacTb BHELLIHETO OKPYXKEHUs, B
YCNI0BUSIX KOTOPOro co3gaBanacb ¢opma. N namsaTte 6yaeT cTpeMuUTbCA COXPaHUTb HEM3MEHHOM 3Ty
MHPOPMALMIO NPOCTPAHCTBA, KaK MHCTPYMEHT CBA3U BHYTPEHHUX CTPYKTYP A5 YCTOMYMBOCTU aTOMA.
Fae Bo3AEeNCTBMA cpeabl U3BHE Yepes CUrHasbl MHGOPMaLMKM BO3OYKAAOT aKTUBHOCTb BHYTPEHHUX
BMXPEBbIX NPOLECCOB B3aUMOAENCTBUI, KOTAa ABUXKEHUA TpebyloT AononHUTeNbHOro notpebneHuns
sHeprun ussHe. MOCTOAHHBLIN e cnUH cnocobcTByeT MNO3ULMOHMPOBAHUIO GOPMbl Ha MCTOYHMK
n3nyyeHua. B utore co3gaértca cnupanbHoe AguKeHue obbekTa. O4YeBMAHO, YTO C HaCbIWEHUEM
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sHepruen BpaleHne ¢opmbl byaeT TOPMO3UTLCA, MOCKObKY OHa NpuobpetaeT cummeTputo. OgHako,
nocsne o4yepeaHOro BO3MyLLEHUA BUAOBbIM CUTHANIOM M3BHE, ABUMKEHME Tesla BHOBb BO30OHOBUTCA,
BbICTPAMBaA aCUMMETPUIO MHPOPMALMOHHBIX CUrHaNoB B ero ¢opme. 3HAYUT AM 3TO, YTO B
AENCTBUTENbHOCTM 3aMKHYTaa B BMOPOKOHTYpPE 3HEPrus «U3syvyaeT Xo/io4» MAM He U3nyyaet
MHbOpPMaLMIO BOBHE COBCEM, HO 061a4aeT MarHUTHbIM MOMEHTOM — nonem? Tersieem moaoda, Ko20a
nadaem HanpaméHHoOCMos MA2HUMHO20 oAa (pa3psiearomca cusaoevle AuHuUU). A XONOA4HO - Ha
nostocax Aunonen n B Kocmoce.

CnepoBaTtenbHO, B3aMMHOE OTTasKMBaHWEe BMBpocMcTEM, MX BUXPEN Apyr OT Apyra, - ecTb
ABUXKEHME C YCKOPEeHUeM, Heobxoanmoe ana npuéma nHpopmaumm (Noay4eHns sHeprum) U3BHe, gas
pocTa 1 pa3BuTUA GopMbl NO Mepe HaKonAeHUs onbiTa (cobbiTMin). Hanpumep, AP0 B cucTeme aTtoma
— eCTb CTPYKTYpHaA ¢opma NamaTu, YyBCTBUTE/NIbHbIM 31EMEHTOM KOTOPOW ABASAETCA 3/IeKTPOHHasA
chepuyeckas 060104Ka, KOTOpaAs YAEPHKUBAETCA CUNOBbIMU IMHUAMM MAarHUTHOro nonsa aapa. Mpwm
BO34EMNCTBUN BHELIHEro MarHUTHOIO MO/A B 3/IEKTPOHHOMW 060/104Ke NOABNAETCA AMAaMarHeTusm —
MarHMTHOe nosie MNPOTMBOMONOXKHOIO HAMNPaBAEHUA, YTO AKTUBUPYET pPEXUM MepecoeanHeHus
MArHUTHbIX CU/IOBbIX IMHUIA aTOMa M NONA BHELHEro CMrHana. A4po TyT e pearMpyeT Ha NOCTynaeHue
3HEepPrMM CUrHaNa M3BHE KaK ANs NMUTAHMUA, TaK U ANA UCNONHEHUA KOMaHg (MHpopmaumm). Mpoue
roBops, A4p0 PE30HUPYET HA NpoLWeALWmniA CUTHAN U 3TO BUAHO, HAanpumep, No 0bMeHHbIM NpoLeccam
cpeau aToMoB B COCTaBE MOJIEKY.

3HaunT, AAEePHbI MarHUTHbIM PE30HAHC IEXKUT B OCHOBE BCEX B3aMMOAENCTBUI, BCEX MPOLECCOB
Kak npu obmeHe BewecTs, Tak U B paboTe BCceX OPraHoB YyBCTB, CBA3AHHbIX CO CTPYKTYpPaMKU NamaATH,
KOTOpasa XpPaHWUT ONbIT NPOLW/bIX AEUCTBUA ANs CBepLeHUs nocnepyowmx. Ecau ecme namames o
MPoOW/IOM — 3HQYUM eCmb U PEe30HAHCHbLIU OmKAuK (nobosb). A ecau ¢popma mena He umeem
CMpyKmypsl Namamu, mo ecme oHa He obyyeHa, moaoa nb6aA UHGOPMAUUA U3BHE OMpPaXaemcs
obpamHo, Kak He eudoeas. Peakumsa nwboro sgpa atoma Ha BHELIHee 3/1eKTpOMarHuTHoe
BO34ENCTBME CUIHANA COCTOMUT B HACTPOMKE MOJIOKEHMA CBOEW MArHUTHOM Ocu (MOMeEHTa) u B
nepepacnpegeneHnun (nepeaene) nocTynmuBLUEN ISNEKTPUYECKOM 3Hepruu. Hanpumep, AgepHbIM
MarHUTHbIM PE30HAaHCOM MOXKHO 06bACHUTL NoBeAeHMe 3eMIN B CBOEM OPUEHTALMKM B NPOCTPaAHCTBE
oTHocutenbHo ConHua ans obecneyeHua ceba sHepruei. NOToMy YTO MarHeTU3M U 3N1EKTPUYECTBO
HepasZennMmbl, @ 3HAYUT, Pacno/I0KEHNE TeN B NPOCTPAHCTBE NOABAACTHO MAarHUTHOMY MO0 U BCerga
CBA3aHO C noTpebneHMem ero 3NeKTpUYeckor 3sHeprun. To ecmb, CHA4Yana npoueccsl
3/1eKMPOMA2HUMHO20 KOHMAKmMa ¢opm mamepuu cosepwiaromcsa 4epes 83aumooelicmseus ux
Ma2HUMHbIX rnoael u AUUWs MoOMoMm fpoucxooum obmeH 31eKmpu4yecmeom.

3Ha4yum, 8 OocHoBe A3blKa «0buwjeHuUA» ecex opmM mMamepuu AEH UM Pe30HAHCHbLIU OMKAUK
Ma2HUMHbIX noael unu uHgopmayuu. CnepoBaTesibHO, POPMUPOBAHME «pasyma» MPUCYLLE BCEM
CTPYKTYPHbIM 3/1EMEHTaM BELLECTBA, KaK IKBMBAIEHT MarHeTnama (MomeHTa). MoTomy 4To PUTMUYHbIE
KonebaHua 3BONIOLUUM MATEPUN COXPAHAIOT U 06beAMHAIOT ONbIT (3HAHUA) B3aMMOAENCTBUA Pa3HbIX
3N1eMeHTOB BeLecTBa, GopMMpPya NaMATb, KAK MarHUTHbIE CBOMCTBA «Pa3yMHOro» NoBeAeHums.

BbIxoguT, K npumepy, 4To deppomarHeTmkm obnafatoT BCEMM CBOMCTBAMM AMAMArHETUKOB -
NPUHMMATb M NOTPEONATb BHELUHIOK 3HEPruo, U MapamarHeTUMKOB — 3aMblKaTb MCMOJIb3yemyto
SHEepPrv B KONbLA (3aMKHYTble KOHTYpPbl), Kak B CTPYKTYpHble dopmbl NamsaTn. MHaye rosops,
beppomMarHeTUKM BbICTPAUBAIOT «COUMabHbIE» TPYMNMbl JOMEHOB U UTPAlOT 3aK/IOUYUTENIbHYIO PO/b
(ctagnio) B dopmax KpPUCTAN/IMYECKOM KU3HW, KOrga napamarHeTUK CTaHOBUTCSA oOnepaTUBHOM
NamATbIO YYTKOro AMamarHeTuvka. Toraa, Mo BCeM BEPOATHOCTM, KOPY 3E€MHOWM MNAaHEeTbl MOMKHO
paccMaTpuBaTb KaK MHOFOC/IOMHYHO apXUTEKTYPY, 3aMKHYTYIO B €ANMHYIO 3/IEKTPUYECKYIO CETb?

Ecnu BHelwHee MarHMTHoe NoJsie HaBOAUT MHAYKLUMOHHbIE TOKM B KaXKA0M 3aMKHYTOW CTPYKType
namaTn 10601 dopmbl (TeNa), TO OHO KOPPEKTUPYET €€ NoBeaeHUe 1 onpeaenseT XxapaKkTep pa3BuUTUA
(cyapby). OueBMAHO, YTO TaKoe ynpasAastollLee BO3AEWCTBME M3BHE CBA3AHO C pacnpenenieHMem
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sHeprumn nutanus (cm. Puc. 24). BmecTte ¢ Tem BHELLHEE 3/1EKTPUYECKOE MOJie YCUNBAET AMUMNONbHbIN
MOMEHT B 3/1€MEHTApPHbIX YacTuuax, BO36Y)KAaA WX K B3aMMOAENCTBUIO Apyr C APYrom C
06pa3oBaHMEM pPa3INYHbIX BUXPEBbLIX CTPYKTYP B MaTepuu npoctpaHcTBa. M 3pecb, yem 6onee
«MNONAPHbI» (OTAMYHBLI) Aunonu (3apsagpl), TeM 3TU npoueccbl cunbHee. Kakum ke obpasom 3To
npoucxoanTt? OpueHTaLmaA B NPOCTPAHCTBE INEKTPUYECKUX AMUNONEN BELET K YBE/IMYEHUIO MONAPHOCTH
ob6pasyoweroca coobLecTBa, BO3PACTatOT €ro 3/IEKTPUYECKOE M0JIEe U MarHUTHAA UHAYKUMA, KOTOpas
YCUNMBAET CBA3b (CNNETEHNE) 3NeMEHTaPHbIX YacTuL, (aToMoB, MOEKY) B eanHyto dopmy (cm. Puc.
25).

NTaK, B HENONAPHOW (HEMTPanbHOM) YacTMLe BELWECTBA NOA BHELWHWUM BO34ENCTBUEM APYrOro
annona GopmupyeTcs MHAYKUMOHHBIA (HaBeA&HHbIA) AWNOAb, KOTOPbIA HauyMHaeT MrHOBEHHO
B3aMMOAENCTBOBATL (NpUTArMBaTbLCA) C BO3OYyAUTENEM U3BHE (MOCTOAHHLIM Annonem). HecmoTpa Ha
TO, YTO 3TU MEXMOJIEKYNAPHbIE CUAbl HAMHOTO cnabee, Yem MeXay MOCTOAHHbIMK AMMNONAMU. B
pe3ynbTaTe MPOMCXOAMT HapalMBaHMe OOBEMOB BeLLECTBA KaK HENpPepbIBHbIA POCT CTPYKTYPHOWM
dopmbl Nog, ynpaBaeHNEM BHELWHEro MarHUTHOTO NoA A0 MOMEHTa, Korga obpasyeTca 3aMKHYTbIN
KOHTYP CUMMETPUYHOM GOpMbI TENE, MO KOTOPOMY NMOTEYET NOCTOAHHbIV 3NEKTPUYECKUIA TOK, KOTOPbIN
nopoamT cobcTBeHHOE MarHMTHOE nose. W 31o nose Hosoi dopmbl ByAEeT B3aMMOAENCTBOBATbL C TEM
MarHUTHbIM NONEM, KOTOpOe W3HayasnbHO BO36yamno GopmmpoBaHMe 3TON CTPYKTYpPbl MaTepum
n3sHe. Torga M nNOABAAETCA BO3MOXHOCTb Yy HOBOPOXAEHHON BMBpPOCUCTEMbI B COOCTBEHHOM
OpPMEeHTaUMKN B MPOCTPAHCTBE BHELLIHErO NOS OKPYXKEHMUA.

Puc. 24 Bosgencteue nonei cpeabl. Puc. 25 YcnneHue ceasen yactmy, Gopmbl C POCTOM MNOAAPHOCTU.

Mbl 3Haem, 4TO C POCTOM TeMnepaTypbl B3aUMHbIE ANMNOJIbHbIE BAUAHMUA YMEHbLUIAIOTCA, TaK Kak
n3obuave sHeprum NPMBOAUT K pacnagy LefoCTHOCTU HA CoCTaBaAowWwMme eé anemeHTbl. M TonbKo eé
HeAOCTaTOK (BbICOKMX 4acTOT) cnocobcTByeT CMHTE3y BelecTBa, 06pa3ya pasHoobpasHble ¢Gopmbl
maTepuu. [ae pocT pasamepos onpegenaeT NPUEM cMrHanos MHGopmauumn Ha 6onee ASMHHbBIX BOHAX,
pacwennas KoTopble MOXHO obecneyntb 3Heprveit 6osee KOPOTKMX BOAH CBOM BHYTPEHHUE
CTPYKTypHble eauHuupl. Korga B eguHol dopme Tena NPOUCXOAAT peakuMm Kak pacnaga, Tak M
CUHTe3a.

B Takom c/lyvae, MOXKHO 1N YTBEPKAATb, YTO OPUEHTALMA PA3NYHbBIX AUNO/EN B MPOCTPAHCTBE
BEAET K BO3PACTAHMIO 3/IEKTPUYECKOTO NOJIA, COOTBETCTBEHHO YCUNEHWUIO B3aUMOAENUCTBUA MEXKAY UX
31eMeHTapHbIMU YacTULamun? Hanprumep, NONOBMHA KNETOK B OPraHM3Me YesioBeKa NEPUOANYECKU U
MOCTOAHHO 3aMEHAIOTCA (CTaperoT) Ha HOBbIE X KOMUK, MPUMEPHO Yepes Kaxable WwecTb mecaues. Mo
aHa/ZIoTMK CO BPEMEHEM Yepeaon yXoaaT U3 CoLMyMa U 104N, BHOBb U BHOBb CO34aBaA (BbiCTpamBas)
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cebe nopobHbIX, Kak reHom coobuwiecTsa. 3HAYMT IM 3TO, YTO yweawune n3 HGOPMaLMOHHOIo NonA
cpeabl MHAMBUAbI CHOBA C onpeaenéHHOM NepnoaMYHOCTbIO CMOCOBHbI BOM/IOWATLCA B CBOM BUA,0BbIE
dopmbl? M 3TO KacaeTca He TONIbKO N0AEN, HO U PAaCTEHWUM, KMUBOTHbIX, MOJIEKYN, aTOMOB U T. 4., KakK
npoueccoB nepuogmyecknx KonebaHu rnobanbHbix cuctem. Kak BOMIH TbiCAYENeTHEro puTma
BMAOBbIX 3BO/IIOLMNA, HO Y¥Ke C COOTBETCTBYIOLMMU NPUOBPETEHHBIMU MYTAUMAMWU OT U3MEHEHWU
BHelWHel MHGOPMaLMOHHOM cpeapbl. M 3TO HUKOMM 06pa3om He NPOTUBOPEYUNT HU HAYKe, HU PEIUTnN,
HU AENCTBUTENIbHOCTU.

BHewHas nHpopmaums (cpeabl) He TONbKO YNPaBASET, HO U CO34aET pocT Gopm Tena U3 camom
MaTEPUM OKPYKEHUA C UCNONb30BaHUEM WMHCTPYMEHTAa MArHWMTHOIO Pe30HAHCA MHOTrOYUCAEHHOTO
pa3Hoobpa3smAa BUAOBbLIX YacTul, (cucTem). To eCTb, KaK OTAEeNbHbI WUHAMBMA, POAa HE MOMKET
cyuiectBoBaTb 6e3 cBoero coumyma, Tak U MHbopmauma (NamaATb) MaTepUMM BHELLIHEro OKpPYXKeHuA
onpegenseT (BblbupaeT) NnpuBbIYHbIE BUAOBblIE GOPMbI AaHHOW cpeabl. BonHa usnyyeHma BHeLWHeMN
MHbOPMALMM UMEeEeT CBOE pa3BUTUE - OHO OTHOCUTE/NIbHO BbICTPOTEYHO M HENOCTOAHHO. KTO He ycnen,
TOT OTCTaN B M3y4eHUU 3ToM MHPopmaumn (cobbiTUA) U HOBYIO OH Y)KE HE OCBOMUT B MOJIHON Mepe,
nosBaAeTcA Npoben B 3HaHMAX (ONbITe), KOTOPbLIN BCeraa BeAeT K NoTepsaMm.

3HaunUT N 3TO, YTO KaxKaaAa Gopma MaTepum NPUHYKAAETCA K XKU3HU (3apOXKAEHMIO) TONBKO C
NpPUXoA40M BOMHbI MHPopMauMn? YTobbl ycunnTb eé noTok, 3apuKcnpoBaTb B npocTtpaHcTee? Kak,
Hanpumep, Koraa 6enku BbipabaTbiBatOTCA NO NAaMATU FreHOB TO/IbKO ¢ nomolubto PHK B Buae ogHol
LEenoYKkn Hykneotnaos, a AHK —ato namsaTb 0 6enkKe, To ecTb reH. Bce Hykneotuabl B monekynax AHK,
Kak AfeHWH, TUMWH, UnTO3MH, NyaHUH — 3TO CTPYKTYpbl 3aMKHyTOro tuna. Toraa reHotun, Kak
COBOKYMHOCTb reHOB KOHKPETHOro OpraHM3ma, ecTb nporpamma (namaTb), KOTopas peannsyeT Ty Uam
NHYO GOPMY MaTepPUM, KaK YyBCTBUTENbHYIO 060104KY «IMyKCKOro Hayana», No4 BANAHUEM BHELLHMUX
CcUrHanos MHpopmaumm — « }KeHCKOoro Havyana». Kak n B coumyme, My>K4MHa BbINOAHAET abCONOTHO Ty
e ponb npu obmeHe nHPopmaumeln ¢ BHELWIHeN cpeaon (annHHas BosiHa). CuMTbiBaA BCe CBeAeHUs
M3BHE, OH NPEeBpPaALLAET UX B IHEPIUIO POCTA U Pa3BUTUA CTPYKTYP NamMATK («HKeHcKoe Havano») yepes
nepepacnpegeneHne ANMHHOBOMIHOBOrO CWUIHafa WM3/y4eHMA W3BHE, KOTOPbIA KaK 3epKanbHoe
OTparkeHue BbICTpanBaeTca B Hel (NamATU) B TOYHOCTU COOTBETCTBUA C BHELUHWUM CUFHANOM.

Toz0a, sbibop peanuzayuu 6ol hopmel (mena) He cmoum 3a eé 803MOXHbIM «He/aHUEeM» K
noseneHuro 8 cpede oKpyHeHUA. Mamepusa Kak 6bl npu3ebleaemcsa K Xu3HuU uHgpopmayuel ussHe. Bcé
Noly4aeTcs B3aMMOCBA3aHHbIM (B3aMM0O3aBMCMMbIM) OT MOMEHTA POXKAEHMA, PA3BUTUA U 4,0 CTAPOCTH
KaK LWKIMYHbIE PUTMbI 3BONIIOLIMKN M NOABEPKEHO 06paTHOMY Nepexoay B MCXO4HOE SHepreTmyeckoe
COCTOAHME ANA NPOAOIKEHUA COrNACOBAHHOCTM (FapMOHMM) npoueccoB B MHPOPMALUMOHHOM
MarHMTHOM None matepumn cpeabl. TeEM CamMbiM «OCEMEHAR» (MPU3bIBAA) APYIUE «KU3HU», KaK CUHTE3
CTPYKTYP ¥ GOpM U3 MaTepUmM CaMoro nNpocTpaHcTea. Popm, KOTopble TaKKe UCMNONHWUAN CBOU 33434M
N YCUANAN BONIHY MHPOPMaALIMKM, BO3SMOXKHO, PacnpoCTpaHMBLUMCH MO BCeMY NPOCTPaAHCTBY BceneHHom.
BeposmHo, cyujecmayem onpedenéHHas 3a0aHHAA U3HA4YaAb6HO nepuodu4Hocms (cmaduanbHOCmob)
npoyeccos 8HymMpu 8CAKO20 0P2aHU3MA ((hopMbl mena), KAk YUKAUYHOCMb CMEHbI 31eKmpuUYecKux u
Ma2HUMHbIX rnosael nod 8HEWHUM (Ma2HUMHbIM) 8auUAHUEM cpedbl. [oTomy 4To y Bcex Gopm maTepum
MX YyBCTBUTE/NIbHbIE BHelWHMEe 060/04KM BbIparkatoT cobol NOTeHUMANbHbIE BO3MOMXKHOCTM
COBCTBEHHbIX CTPYKTYp NamATH.

Bcem M3BECTHO, YTO 3aMKHYTbIA KOHTYP CUCTEMbl — €CTb MOCTOAAHHOE MAarHWUTHOe MnoJse, a
PacKpbITbIN — 3TO NepemMeHHOe nose BO BHellHel cpege. O6a 3TM Nons, NOPOKAEHHbIE NOCTOAHHbIM
N NepemMeHHbIM 31eKTPUYECKMMM TOKaMK, BO3BOAAT B MPOCTPAHCTBE peasibHyto ¢du3nyeckyto popmy,
KaK pe3ynbTaT CKPeWmMBaHMA 3TUX MarHUTHbIX nonen. Bpawanacb, BUGpOCMCTEMbI YaCTUL, BELLECTBA
BbICTPAMBAIOT LMKANYHbIA NPOLECC *KU3HU Tena, B3aumogencTeya ¢ MHGopmaumer BpalatoLLerocs
CUrHana u3BHe nNpocTpaHcTBa. CurHana, KOTOPbIM B 3aMKHYTOM 3/1emeHTe namAatu byger
3apUKCMpPOBAH KaK BO3AENCTBME 3/N1EKTPOMArHUTHOM BOJIHbI WM3BHE (Hanpumep, cBeTa) AnA
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Pa3sMHOXeHUA (KONMPOBAHWSA), KaK MArHUTHbIN MOMEHT OT BPALLEHWUA BHYTPEHHWUX CUIOBbLIX TNHUM
MarHuTHbIX nonen (MHopmauumM), Kak BbIHYXKAEHHOE AEWCTBME HA BHelWHee pasapaxkeHuwe. Hago
BCEr4a MOMHMUTb, YTO HanpasieHuMe pocTa Gopmbl MaTepum MAET TONbKO HABCTPEYYy MOTOKY
MHPOPMaLMM U3BHE NPOCTPAHCTBA (MPOTUB €ro TeYeHUs).

To ecTb, popma n0bo20 meana — ecmov 8 umoze eduHAA cmpykmypa u 0oaz2oepemeHHoU, u
onepamusHol namamu, u eé uyscmeumesnbHol 060a04Ku. Hanpumep, HEUTPOH (NOCTOAHHOE
MarHMTHOe Mone) — 370 NamATb AEWUTepUa WAKW, Hanpumep, YCNoBHO - 3emns. MNpoToH (B Agpe -
nepemMeHHoe MarHMTHOe MoJsie) — ecTb OnepaTMBHasA MNaMATb C YyBCTBUTE/NIbHOW ChepuyecKom
060104KOM 3N1EKTPOHA (CM. Puc. 26) unn, no aHanoruu, —3emns ¢ e€ YyBCTBUTE/IbHOW MarHuTochepoit
N CNYTHUKOM — JIyHOM.

A uTO0, ecnm nwbasa dopma maTepum (AUNOAb) — 3TO 3aMKHYTbIX KOHTYP TO/MbKO A0
onpeaenéHHoro 6iMKHero Kpyra NoOBepPXHOCTHbIX YyBCTBUTE/IbHbIX 060/104eK? A fanee 3TOT KOHTYP
MCTOYHMKA PACKPbIBAETCA HE TONbKO CO CTOPOHbI GPOHTA KOHTAKTa CO CPeaon Npu ABUNKEHUU
(nepemeLyeHmnmn), HO M NOBCIOAY BOKPYT Chepbl CUNOBbIX INHUIA COBCTBEHHOTO MarHUTHOTO NOASA, BAO/b
SKNMNTUMKN? TaKaa KOHCTPYKUMA «pa30opBaHHOro» MO 3KBATOPY (BKPYyroByk) BpaljatolLeroca topa
NOCTOAHHO OTParKAeT U NPUHUMAET CUrHANbI SNIEKTPUYECKUX NONEN (3apAa0B) M3BHE, KMUTAACH» TAKUM
06pa3om sHepruen yepes mecta pPa3pbiBOB CUNOBbIX IMHUA MArHUTHOTO NOAA YNpPaBAeHUA eguHOMN
dopmoli.

3HAUMT NM 3TO, YTO 3apAf, KaK MHTEHCMBHOCTb BpalleHMA maTepun (e€ HocuTensa) u ectb
HeobxoaMmoe ycnoBue 3apoXKAeHUA, pocTa M pacnaga Abbix YacTuy u ¢opm matepumn? To ecTb,
ntoban BMbpocncTemMa, NOABAAACL U3 BUXPEN MaTeEPUM CPebl OKPYKEHUA UMEHHO Baarogaps cBoemy
ABUXKEHMI0, 0bpa3syeT MHOXKecTBO OOBEKTOB KaK B pe3ynbTaTe CUMHTE3a, Tak M BCaeacTBue
pacuiensnieHma sewectsa. 160 ntobas matepua — ecTb pe3ynbTaTt ABUKEHUI BHYTpKU e€ dopmbl. Ho He
Nntobble ABUKEHUA CNOCOOHbI MOPOXKAATb CTPYKTYPbl MaTEPUM, KPOME TeX, KOTOPbIe yKe MMEerTcA B
HanuMunu. MHaye roBops, CUrHaibHaa MHoOpmauma cnocobHa NpeBpaLLaTbCcA B pacTywme B 06bEme
3aZlaHHble GOPMbl MATEPUMN, KaK NMPOLLECC X HEMPEPbLIBHONO BOCNPOM3BOACTBA (YacTUL, aTOMOB,
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Puc. 26 CTpyKTypa BMXpen 3apagoB atoma. Puc. 27 BcTpeyHble cMA0BbIE NIMHUM MeXay 06beKTamu.

MOJIEKY/1) MO MamATM (MHPOPMaLMM) B TOYHOM MX KOMUM M3 3/1EMEHTOB MOCTOAHHOrO pacnaja
BELLECTBa, KaK MATepMM CaMOro MPOCTPAHCTBA OKpyKeHuAa. Korga aHeprva anekTpuyeckoro nons
NOPOXAAET XMMWYECKME MpeBpalleHUA BeLLecTBa, a MArHUTHOe Moje OpraHU3yeT MnpoLecchbl
B3aMMOZENCTBUA €ro 31EMEHTOB, Bbi3blBas NOCTPOeHMe 6onee CNOXKHbIX CTPYKTYP aTOMOB U MOJIEKY .

Pa3Be B npouecce 6Uo00rMYecKkoit aBoNoLNM Ha 3emne dpasa YenoBeYecTBa He eCcTb HensbexHas
CTyneHb pa3BuTMA e€ GOopMbl, KOTOpasa ABNSETCA KpalHel U NOTOMY HecoBeplueHHOW (Mmosioaoi)?
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o601t opraHM3m — 3TO He NPOCTO TeNno, Kak Gopma, a TeNo NAkC cpesa obutaHua. PocT u passutue
€ro npoucxoaAaT A0 COOTBETCTBMA BHEWHemy (BCTpe4yHOMy) MHGOOPMALMOHHOMY MOTOKY
(npocTpaHcTBa) KaKk «upee», ANA peweHna Kotopon 3ta popma co3gaHa. B Kaxpgoi HoBoM Konuu
KoTOpol MHPopMaLma (KonebaHne) ysennunsaetca n nepenaérca 6e3 ocnabneHni n UcKaxkeHUn.

To ecTb, MarHUTHOe MnoJie BOJIHbI MOCTOAHHO BOCCO343ET cebA B TOYHOM KOMUKM 4epes
WHOYKUMOHHOE BO3AENCTBME Ha 3apAdbl MaTepuu pasapaxkKEHHOW cpeabl NpocTpaHcTBa. lMpuuém,
Ka)kaoe npegplayliee MarHMTHOe nosie BOJIHbl McYe3aeT (OUCKPETHOCTb), yAaNAaeTcs W3 30Hbl
BO3OY)KAEHUA, BCAKMM pa3 MOpOXKAAA caMy ceba yepes3 CTPYKTYpbl 3/1eMEHTOB BeELLECTBA Cpeabl
pPacnpoCTpaHeHMA, KOTOPble PE30OHUPYA He MOKUAAKT MPU 3TOM Yy3/1bl CBOMX «MNPOCTPAHCTBEHHbIX»
ceteit. CnepoBatensHoO, nepedaya uHgopmayuu (cobbimus) Kak usayvyeHue OUCKPemHo, om 8uxps K
guxpro (om uyacmuuysl K 4Yacmuuye) «rnpocmpaHcmeeHHolU» cemu. Tak obpasyromca ecmpeyHole
Ma2HUMHbIe cuaoeble AUHUU - om 00H020 0b6bekma e3aumodelicmausa 0o 0pyzo2o (cm. Puc. 27).

B ntoboi Bubpocucteme BHyTPEHHNE NPOLECCHI aCUMMETPUYHbI, MOCKO/IbKY AiBE MNONOBUHKN €&
CTPYKTYPbI (BUXPA) cMeLleHbl OTHOCUTENbHO Apyr Apyra Ha 1/4T nepuoaa. Kak UCTOYHUK KoebaHui
(n3nyyeHunsn), ot KOTOPOro B cpese NPOCTPAHCTBA NPOMUCXOAUT PA3SMHOMXKEHNE KOANHOYHbBIX BUXPEn» K
nx pocTt No ¢ppoHTy BO3bYyKAeHMA. M 3TO elwé 0a4HO NnoaTBEpKAEHME TOFO, YTO CaMa KU3Hb — NpoLecc
BbIHYXXAEHHbIA (COXpaHeHWe WHAMBUAYANbHOCTM), @ BOT [ABM)KEHME MNO Kpyry (3aMKHyTbIM
BMOPOKOHTYP MaMATK) - €CTb ECTECTBEHHOE COCTOAHUE GOPMbI XKU3HWU. TOrAa MOXKHO YTBEPKAATb, YTO
BO30OYXAEHHOE NpebbiBaHME MaTepum (NPOLLECC Pa3BUTUA), KaK M MOCTPOEHME HOBbIX CTPYKTYP NaMATH
(non BO3AENCTBMEM U3MEHAIOLLENCA Cpeabl), eCTb HM YTO MHOE KaK MMMYNbCbl OOLWEHUA «KONbLA»
NaMATM Yepes CBOM «PA30pPBaHHbIE» CUIOBbIE IMHUM MAarHUTHOTFO NO/IA C OKPYKEHUEM MPOCTPAHCTBA.
Korga noHMmaeTca n 0CO3HAETCA TO/IbKO TO, YEMY COOTBETCTBYELLb CaM Yepe3 «y3HaBaHMe» CUrHana
NHPOPMALMM INEKTPOMArHUTHOrO KOHTAKTA. Tak pacTéT apxmutekTypa GopmMbl NAMATH, KaK 3BOOLMNA
KM3HEHHOro npouecca 4Yepe3 B3aWMMHbIA OTKAMK C MPUMEHEHWEM WHCTPYMEHTOB MArHUTHOrO
pe3oHaHca. Bce asnnekmpuvecKue 3apA0bl HABUBAKOMCA HA MA2HUMHYHO CUMOBYHO AUHUIO.

«MNpee» Bcerga HyXkHa popma maTepun, MOTOMY UTO BCE 0Oy4aeTcA HOBOMY Yepes OLLyLLEHNE U
cornacue. Kak HEM3MEHHbIN NPOLECC CPaBHEHMA CUTHANA NOCTOAHHOIO (3aMKHYTOrO KOHTYpa NamsTw)
C CWUFHAZIOM MNepPeMeHHbIM O CTOPOHHWUX B3aMMOLEMNCTBUAX PACKPLITOTO KOHTYpa B KaXKAoM
ABOMCTBEHHOW pOpMe MATePUU, KaK CKPeLLMBaHME MAarHUTHOIO U 3/IEKTPUYECKOrO AUNONA B eAUHOM
obbéme Tena. Kak, Hanpumep, Boda (obonoyka Bcex MoOeKyn 6enkos) nNpuUHUMaET
CTPYKTYpUpOBaHHYIO GOPMYy KOHKPETHOM MoJsieKynbl, obecneymBas Tem CaMbiM € MOJHYHO
KOHTAKTHYIO CBA3b C MHPOPMALMOHHBIM MOTOKOM Cpeabl OKPYXXEHWs M3BHEe. 3HauuT, y pasHbiX
MOJIEKYN, KaK pa3HbIx popm rmapaTHbix obosoyeK, byayT pasHble CBOMCTBA.

Mpoueccbl BpaLleHUA NOTOKOB MHPOPMALMM NO NPOBOAALLMM NYTAM MUMO KaXKAOrO 3/1IeMeHTa
CTPYKTYpbl GOPMbI, FAEe N NPOU3BOAATCA CPABHEHUA NMOCTOSHHOIO M NEPEMEHHOTO NOMEN «MAMATUY,
npoucxoanT Bcerga. BHeWHMM NoToK MHbopMaLnm NobyKaaeT BHYTPEHHUI NOTOK, NOJIHbIN CBEAEHUN
O KaXXAO0M COBCTBEHHOM 31eMeHTe, BEPHYTb BOJIHY M31y4yeHUA BO3byauTena ¢ aton nHbopmaumen
obpatHo. Mpu 3tom, obpaTHaa (OTpakKEHHaA) BONHA FOTOBUT «MPUEMHMK» CBOErO MCTOYHMKA K
NOJlyYEHMIO CNEeAYIOWEro CUrHana U3BHe, YTO CNOCOBCTBYET FAPMOHUYHOMY Pa3BUTUIO GOPMbI Tena.
Tak npoucxoguT ynpasieHue nofa BHeWHUM Bo3aeincTemem. OTcoaa, Bce Tena (06bekTbl) ABNAIOTCA
pesynbTaTom  onpeaenéHHom nocnenoBaTeIbHOCTH BO34eMNCcTBUA Pas3/IMYHbIX  YacToT
3NEeKTPOMArHUTHbIX BOMH (MHbopMauum). lMocaoliHeili pocm mamepuu obecrnieyusaemcsa nocaoliHol
cmpykmypoli cueHansHolU uHopmayuu. Kak Hanpumep, Yyepeaa CMeHbl NOKOJIEHUIA O4HOrO BMAA.

MoABneHMe W pPOCT MHOTOYUCNEHHbIX BUXPEW B pe3ynbTaTe pPaCNpPOCTPAHEHUA CUTHANA
MHPOPMaALMM UCTOYHMKA B NpocTpaHcTBe (obyyeHwe, nepectpoeHune, co3gaHne GpPoHTa AaBNEHUA
maTepum cpeapl) U ux obbeaAnHEHUA CO34aOT MHOXKECTBO CTPYKTYp MaTepuu, noctpoeHue dopm
KOTOPbIX COOTBETCTBYET UCXOAHOWN «uaee». To ecmb, CU2HAA Npespamuswucs 8 hopmy sewecmesa
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nepedaémca om Hez20 danbwe 8 cpedy obumaHus, 0ybaupya NPoOYECC BHOBb U BHOBb, HO yxe U3 HOBOU
MouYKu pacnpocmpaHeHus. Ho Beab cywectsyeT M 06paTHaA BO/IHA, KOTOpas NPUHUMAETCA U3BHE (Kak
OTPa*KEHHbIM CUrHAN) B Noynepuoge cobcTBEHHbIX KonebaHMn NPy B3aMMOAENCTBUM Pa3IUYHbIX TEN
B Cpefe OKpyXeHus. N 3aecb HanpaBneHUe PasBUTUA «KU3HU» PUKCUMPYETCA B CTOPOHY MCTOYHMKA
MHOOPMALMM C PACTYLLMMUM CTPYKTYPAaMMU MaTepumn. 3HaAUYUT, 3aBepLléHHY0 popmMy ob6beKTa co3aatoT
npaman 1 obpaTHasA BOJIHbI, KaK «CEMA» ¥KU3HM, FOTOBOE NPOPACTM NPU COOTBETCTBYIOLLMX YCNOBUAX
cpeabl. To2zoa chopma u none nbo2o anemeHma cmpykmypsi (mena) Hepazoeaumei.

CnepoBaTtenbHO, CHavana TpebyeTcAa M3Ny4YnTb CUTHANA Kak GOpMMpOBAHME KaHasla CBA3M, a
3aTeM MO TOMY K€ MyTM MONYYUTb OTBETHbIM MMMYAbC O pe3y/ibTaTaX PeasibHOCTU BOBHe. To ecTb,
0b6paTHaA BOJ/IHA — 3TO BOJIHA O COCTOSHUM OKPYKalOLLEro NPOCTPaHCTBA (MHPopmaumsa). A obyyaTbea
- 3HA4YUT COOTBETCTBOBATb YeMy-TO, Hanpumep, WHOOPMALMM U3BHE, KOorga MnoXKWable Nau
BCMNOMMHAIOT MONOAOCTb A/1A 3aKpPenaeHna NnaMaTn, OBeAEHUsA 40 COBepLIEHCTBA 3HAHUIM U ONbITa
AencTBuin. Tem He MeHee, peasbHbIl (cu2HanbHbIU) mup BceneHHOU, KaK uHgopmauyua u eé
ompaxeHue cobbimuli 8 Mamepuu NPOCMPAHCMEBA, KK 8 CMPYKmMypax eé namsamu, — He 00HO U Mo
He. ICTOYHMKOM U3Yy4YEeHNIA MOXKET CTaTb TOJIbKO dopma (BMXpb AMMNONA, BUOPOCUCTEMA, TEN0), ero
NOBEPXHOCTb, KOTOPYK KaK 0b6pa3 XpaHUT namaTb. Mexay Tem ynbTpasByK, 3BYK, MHPPa3ByK
CONPOBOXAAIT Nt060E U3NyYeHNEe SINEKTPOMArHUTHOrO UCTOYHUKA M pacnpesenatoT B NPOCTPAHCTBE
CTPYKTYPHbIE 31eMeHTbl GOpPMbl 3TOM MaTepun. B pesynbTaTte eé cTpoeHne CTaHOBUTCA 3epKasibHbIM
oTOOparkeHnem coctaBa CUrHana WMHbopmauuu. Hanpumep, CNOBO - eCTb 3BYK, Kak pesynbrart
BO34ENCTBUA CBETA (3INEKTPOMArHMTHOM BOJIHbI), KaK YepeaoBaHME COCTOAHMM TeNN0 — XON0AHO, Kak
paclIMpeHne n cxKaTue BelLecTsa U T. 4.

MpaKTUYeCKM OAHOBPEMEHHO C peyblo (3BYKOBOW BOMHOM) dopmupyeTca MbIiCab —
3/IEKTPOMArHUTHan BOJIHA, KOTOPaA MOAYAMPYETCA 3BYKOM peuun (BHYTPeHHeN u BHellHen). CurHan
BHYTPEHHEM peun (3BYKOB) 3amyCKaeT 3/1eKTPOMArHUTHYIO BOJIHY MbIC/IN. A BHeLHWUIM 3BYK (peub)
dopmmpyetr ceba B NPOCTPAHCTBE, B3aMMOLEMNCTBYET C 3/1EKTPOMArHUTHbIMK MOAAMMU  Cpeabl
OKpYKeHus (BosIHaMK), 6IM3KMMM NO YacToTe (MoAyAALMM) C 03BYYEHHBIMM 3BYKAMM KC/I0BAY. 3HAUMUT
N 370, YTO Ntoboe «UMA CYLLECTBUTENBHOEY» — €CTb YacToTa MHAMBUAYAIbHbIX KONebaHU cucTembl?
Kak Koa? Yto n obecneunsaeT BuAoBoe nsbumpatenbHoe B3aumogencrene Gopmbl C CUTHANOM U3BHE
OKPY)KEHUs, U CO34aET YCNOBUA K POCTY M pa3BuTMO popmMbl. Hanprumep, Kak B COLLMYyMe MMEET CBOIO
PO/Ib 3HAYMMOCTb UMEHU AN1A OKPYKEHUA ero HocuTens.

PaccmoTpym npuvmep Ha KOMMYHMKaLMW YesnoBeKa. [onycTMM, O4YeHb YMNPOLWEHHO, 4TO
YCNIOBHbIN CUTHAAN MOCTynaeT M3 BHELWHEN cpeapl, OH CPaBHUBAETCA C MHPopMaUMen B MaMATU M
obpabaTbiBaeTca. To XKe camoe, ec/in 3TO OTBETHbIN CUTHAN Ha 3anNpPOC UCTOYHKUKA. [Nocne 06paboTkM 1
aHanM3a No/NyYeHHbIX AAHHbIX aKTUBMPYETCSA 3N1EKTPOMArHUTHbLIA MMMNYAbC U HEMPOCEeTb FO/IOBHOIO
MO3ra KOAMpPYeT ero 4yepes AOCTYMNHbIM HaMm andaBUT B MbIC/IM BHYTPEHHEN peyn TaKkKe B BuAe
3NEeKTPOMArHUTHbIX CUrHanos. M nuwb notom cpabaTbiBaeT KOMaHAa Ha peyeBoW annapaT U
NoABNAETCA BHEWHAA peyb, KoTopas dQopmupyeT 3BYKM B Cpene OKPYKEeHWs, KoTopble
B3aMMOAEMNCTBYIOT C BUAOBbIMW 3N1€KTPOMArHUTHbIMW BONIHaMKM BoBHe. Korga «zanbHopencreme»
BHYTPEHHEN MbICIN NOALEPKMBAETCA BOJITHAMM MArHUTHOTO NoAns (NamaTh), @ KCKPOMHOE» BAUAHUE
BHELUHEro 3BYyKa peyn OCyLLEeCTBAETCA Yepes 3/1eKTPUYecKoe none YyBCcTBUTENIbHOM 060104KN Tena.
Kozda odHo 6e3 Opyzoz20 cywecmsosame He moxcem. Torga B YEM XKe OT/IMYME MEXAaHUYECKUX U
3NEeKTPOMArHUTHbIX BOJH (noneit)? Moyemy OHU Takue pasHble? U Tak an aTo?

Bcem M3BECTHO, YTO 3BYKOBbIE BOJIHbI MOPOXKAAKTCA KONEBAHMAMKU TEN U ABAAKTCA YaCTHbIM
Cy4aemM MexaHWYeCKMX BOJIH, KOTOPble NO CyTU eCTb BO3MYLLEHMA Cpeabl, pacnpocTpaHsowmecs B
NPOCTPaHCTBE. A 3N1eKTPOMarHUTHble BO/IHbI — pe3ybTaT KonebaHuii Buxpen (Yactuu, matepum) bonee
TOHKOWM cpeabl. Pa3Be co3gasan Bo3aelnicteme Ha 6onee KpynHble GOPMbl MaTepPUU, Mbl HE OKa3blBaem
BAMAHME HA COCTOAHME WX CTPYKTYPHbIX 3/1EMEHTOB (B3aMMOAEeNCTBME) BO BHOBb M3MEHMBLUENCS
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BHELIHEN cpefie, KaK Ha 31eMeHTapHble YacTULbl, KaK Ha BUMXpU, Aunonun? [a, oHM OTAMYAOTCA NO
WHTEHCMBHOCTM, YacCTOTe, HAaNPaB/NEHWUIO CMUHA U T. 4., HO 3TO 3aMKHYTble KOHTYypbl KonebaHui, ecnm
[aXe KaKMe-TO M3 HUX U He JO0NroBeYHbl (BUXpW). 3HaYum, 38yKoBble 80sHbI — ecmb pe3ysbmam
g83aumodelicmaus passnu4Helx suxpeli 8 cpede OKpyuceHUA mexdy cobol (cm. Puc. 28). [Oa, ato
NPOAO/IbHbIE BOJIHbI, KOTOPbIE «HE MOFYT PAacnNPOCTPAHATLCA B BaKyyme», HO BeAb M BaKyyMa KakK
TAaKOBOTO He cyuiectayeT. [loTomy 4To BClOAy BO BcenleHHOM NPUCYTCTBYIOT NOA M YacTULLbl BELLECTBA.
N pencTeunA, KOTopble BCe OKA3bIBAOT Ha cpeay, Tak UM MHave BO3OYKAA0T 3BYK, KOTOPbI cnocobeH
PaCNpPOCTPAHATLCA CO CKOPOCTbIO BbiE CKOPOCTU AaXKe 3/IeKTPOMArHUTHOM BOJIHbI (BMecTe C Helt),
KOTOopas HensbeXKHO BOCMPOM3BOAMUT BCAKOrO poAa «LWYMOBbIe MOMEXM» NMPU KOHTAKTax C maTtepuen
cpeabl pacnpoCTpaHeHUA.

3HaumT, 3BYK M CBET CNOCOOHbI PaCNPOCTPAHATLCA BE3AE BO BcenieHHOM, NOTOMY YTO CyTb MX O4HA
— OHW ecTb B NEPBYH oYepesb BO/HbI (M0AA) U COBEPLUEHHO HEBAXKHO NMPOAO/IbHbIE NN NONEPEYHbIE.
PasBe npoaonbHas BONHA He €eCTb TOT e CaMbli Npouecc MNepemMelleHMA B MaTepum cpeapl
«MaKCMMYMOB» M «MUHMMYMOB» 3HEPrMM BOAHbI? TONbKO B OTAMYME OT MNOMNepeyHon — B
nepneHaAnKyNApPHOM e nnockoctu. OHM obe B3aMMOAEWNCTBYIOT CO CpeAoi pPacnpoCTpaHeHWus u
NMopoXKAaloT BUXPU, BO3OYKAan eé matepuio. JInbo pe3oHUpya c Hel, TNOO OTAaBan el IHEpPruio
PacnpoCTPaHAIOLWENCA BOJIHbI A0 KOHUA. Pa3Be 3T0 He noOxo)Ke Ha ABOMCTBEHHOCTb MNPUMPOAbI
MarHeTMsama W snekTpuyectsa? MoToMy M 3BYK, U CBET KaK WMCTOYHMKWU BOJIH OT/IMYAOTCA /Wb
WMHCTPYMEHTaMM M cnocobamu B3aMMOLENCTBUA C MaTeEPUEN OKPYXKEHWs, Korga ntoboe ABUMKeHWe
dopMbl B MPOCTPAHCTBE MOPOXKAAET BUXPU M CO343ET HOBble AMNoaW. MOTOMYy 4YTO 3TO M eCTb
nepemelleHua (KonebaHna) SNEeKTPOMArHUTHbIX NONEN U UX HOCUTENelN, Mo BCA MaTepusa - 3TO Ta UK
MHAA CTPYKTypHaa <¢opma B3aMMOLENCTBUIA INEKTPUYECKUX M MArHUTHbIX MOAEen maTepuum

NpPOCTpaHCTBa.

Puc. 28 3BYK Kak pe3ynbTaTt B3aumoaenctasma Puc. 29 MNMapannenbHbie LMBUAN3ALMUN.
BUXPeEN matepumn cpeabl. (FTPK «BypaTns»)

CnedosamenvHo, nt06as 604HA 8 cpede OKPYHEHUA MOXem paccmampusamseca Kak
anekmpomazHumHas. Kozda ece hopmbi (UCMOYHUKU) 2eHepupyrom, 8 MOM YUCsEe U 38YKOBbIE 80/1HbI,
UHGOpMayusa U 3Hepaus Komopbix, KAk npodykm e3aumodelicmseus paszauyHbIX MHOMECMBEHHbIX
3/1eKMpPoOMa2HUMHbIX rosael, nepexodum 60 BHYMpeHHUe CMpyKmypel e8uxpessix oOurnonel
(Mamepuro) npocmpaHcmaa.

B TO e Bpems, BCE BOKPYr, YTO MOXHO YCNOBHO OTHECTM K «buocuctemam», ecTb
B3aMMOCBA3aHHbIE CTPYKTYPbl, KOTOpble KpalHe BaXHbl K MNOAAEPNKaHUIO B cpeae ObuTaHuA
H6eCKOHeYHbIX LUMKAOB pacnafja WM CUHTe3a BellecTBa. KaK KaTanus3aTopbl XMMWUYECKUX peaKkuumit
OKWUC/NIEHMA U BOCCTAHOBAEHUA ANA U3BNEYEHUA UCXOLHbIX MAaTEPUAIOB C LLeNblo X NnepepaboTku K
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NPUMEHEHNA NPU MNOCTPOEHMM KaK CyLecTByOWMX (pocTy), Tak M HOBbIX Gopm MmaTepum B
COOTBETCTBMW C 3anpocamu UHGOPMALMM BOBHE MOCTOAHHO M3MEHSAIOLWEroca OKpy)KeHua. Toraa,
CYLLECTBYIOT /I PAAOM C HaMM KMBble OPraHU3mbl, HeBUAMMbIE Ham? HeCOMHEHHO, U UX Benukoe
MHOKeCTBO, e No-CBOEMY MbICNAWMX, C Pa3HOOOPA3HbIMM BO3MOXKHOCTAMWU BAUAHUA HA Apyrue
Tena v cpeny OKpyxeHuA. Kak 1 Mbl, Koraa KaXkaplil CTapaeTca COXPaHUTb U NPOANTb XKU3Hb reHOMa
poga yenoseyveckoro. Korga, Hanpumep, poauTenn co3gatoT MHGOPMALMOHHYIO cpeay ANA pocTa M
obyyeHunsa ceoux geten. M1 Tem cambiM OKa3blBAlOT onpenenéHHoe BAUAHME Ha KU3Hb U pasBUTUE
LUMBWIN3ALLMK, HA COCTOAHME Cpesbl, TOA0OHO TOMY, KaK BUPYCbl MEHAIOT }KU3HEAEATEIbHOCTb CAMOr0
yenoseka. Mbl MoxeM cmesio ymeepr0ames 0 NOCMOAHHOM MOCMPOEHUU U3 MOKOMEHUSA 8 MOKOAeHUe
Husol namamu 4Yesnoeeka - e20 2eHoma 8 cobcmeeHHOU 060s104Ke mena ¢ yesbko HenpepsiBHO20
oce8oeHuA Hosol UHopMayuu u3sHe.

bonee TOro, mMbl 4ONXHbI OCO3HABATb, YTO MApasNeNbHO C HAMW, B Hallem e U3MepeHUu
NPOCTPAHCTBAa M B HalleM BPEMEHM BMOJHE MOryT 06uTaTb LMBWAM3ALMM KaK ropas3go bonee
pa3BUTble, TaK U HAMHOTFO HUXE BO3MOKHOCTEN Hallel 3BONIOLMKU, HO COBEPLUEHHO pa3yMHble, CO
CBOMMMW 3HAHMAMM U TEXHONOTUAMM (CM. Puc. 29). N 3To He NnpoTMBOpeYnT HayKe. BosbMéEMm, Hanpumep,
TenesnsmoHHyto nnatoopmy «KION», Ha KOTOPOIM B AaHHbI MOMEHT TPAHCAMPYIOT MO PasHbIM
KaHanam maccy ¢uabMoB 1 nepesay, HO Bbl 3Ty N1aTGOPMy HE aKTUBMPOBA/ZIN HA CBOEM TesleBU30peE,
He BOLUAM B 3TOT KOHTEHT. 9TO HE 3HAYMT, YTO ero He CyLLecTByeT B NPOCTPAHCTBE, YTO TaM «He BypauT
CBOA *KM3Hb» Ha CBOMX YacTOTax KonebaHni. Ho Bbl K 3TOM «KW3HM» HUKAKOro OTHOLLEHMA He UMeeTe,
He KOHTaKTUpyeTe C HeW, Bbl €€ He BUAUTE M He ollyulaete, Kak MHPopmauuto. Unu, Hanpumep,
becuncneHHble nepegayn no pagvo B Pas/IMYHbLIX AManasoHax YacToT COBEPLWEHHO He MeLaroT
CNyLWATeNAM HACTPOUTLCA HA NH060M MHPOPMALIMOHHDBIN KaHaN Mo KenaHuto. K Tomy e Mbl He BUAMM
npoueccbl PacnpocTpaHeHUA pagMoBONH B «3dpupe», HO YCTOMYMBO YNaABAMBAEM WX B CBOMX
NPUEMHMKAX. TaK U MUPbI B UHbIX CNEKTPAX U3y4EeHUI HeAOCTYNHbl HaM, CKPbITbl, 3a6/10KMPOBaHDI
NPUPOAON OT yOMIACTBEHHO HeXeNaTeibHbIX KOHTAKTOB.

OpOHaKo, 3TO He 3HAYWUT, YTO CYLLEeCTBA M3 3TUX «3aMKHYTbIX» CTPOro B CBOWMX YaCTOTHbIX
NPOMEKYTKAX MMUPOB, HE KM3HECNOCOOHbIe BHE UX FPAHUILL, HE MOTYT NPU ONpeaen&HHbIX U3MEHEHUAX
YCNOBWIA COBMECTHOM cpeapbl NyTelwecTBoBaTb — NepexoamTb B Halwe 6biTe M HaobopoT. BepoAaTHo,
TaKMX MWMPOB B €4MHOM MNPOCTPAHCTBE MNaaHeTbl, 3BE3AHON CUCTEMbI, FaNaKTUKU CyLLecTByeT
MHOXeCTBO. Ml OHM TOXKe NOCTPOEHDI U3 TEX XKe «KMaTepmnanoB» 1 No TEM XKe NPaBMUIaM KOMMYHUKaLLUN,
4YTO W Haw. HO B MHbIX COCTOAHUAX BELLECTBA, B UHbIX YC/IOBUAX U B3aMMOAENCTBUAX, HE AOCTYMHbIX
HalMM YyBCTBEHHbIM opraHam. Mpurbopbl MOryT pearMpoBaTb Ha HUX, HO Mbl HE MOHUMaeM novyemy
3TO NPOUCXOAMUT UK He obpalLaeM BHUMAHWE HA OTKIOHEHUA OT HOPMbI. Halle BCcero mbl nyraemca u
KMBaeM Ha MOTYCTOPOHHME cuibl. Hanpumep, nepes BamMu BO3HMKAeT M COBEPLUEHHO aAeKBATHO
pearvpyeT, Aaxke o6LaeTca ¢ Bamu, KNPO3pPaYHbIN YENOBEK» NN UHOE «BUAEHUEY HaABY. ITO U eCTb
NoAo6HbIM CnyYyain MHAMBUAYANIbHOIO KOHTAKTa C BaMM, €C/IM, KOHEYHO, Bbl He 3abonenu.

CoBepLUEHHO MOHATHO, YTO BHELWHAA MHGOPMALLMA cpeabl UBMEHAET cpesly BHYTPU CTPYKTYPHOM
cuctembl  (popmbl), Koraa e€ BHYTPEeHHAA WHOOPMALMOHHAA CeTb pearnpyeT Ha BHeLHee
Bo3gencTeme. Ho nponcxoaut n obpatHoe, Koraa nHbopmauma Gopmbl, €€ BHYTPEHHUE cobbiThA (B eé
cpefe) OKasblBalOT BAUAHME HA MATEPUIO OKPYKEHUA.

3HauUT NM 3TO, YTO MATEPUA Cpedbl OKpPyXKeHuAa, eé oblee MarHUTHOe Mnose, Ucxoasa wu3
KOHKPETHbIX «3aMpOoCOB» B3aMMOAENCTBUA, BbIOUPAET (aKTUBMpPYET) NPOU3BOACTBO HEOBXOANUMBIX ANA
AaHHbIX ycnoBUn (61aroTBOPHbIX) NPOCTPaHCTBa Gpopm KMU3HU? BosgelicTBya MHPopMaLMen CBOUX
MarHUTHbIX MOJIEM HA Te WU WHble CTPYKTYPbl MAMATU Pa3iMdHbIX BUBpocucTem (06bEKTOB B HEM),
3anyckan yepeay cobbITUIA K B3aMMOAENCTBUMAM B UX BHYTPEHHUX KOHTYpax? Korga, Kak mbl 3Haem,
9Heprva 3NeKTPUYEeCKOro noas CTUMYAMPYET XMMUYEeCKMe npeBpalleHua, a MarHMTHoe none
noby»KAaeT K CAUMAHUIO 3N1eMEHTOB BELLECTBA, Bbi3blBas H6osee CNOXKHble MOCTPOEHUA aTOMOB UM
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Monekyn. To ecTb, Mbl B KOTOPbI pa3 yberKaaemcs, YTO «KU3Hb» - BCE-TAKU NPOLECC BbIHYXKAEHHbIN,
OHa BO30Yy)KAaeTca CUrHanomM MHGOPMALUM M3BHE U 3apPOXKAAETCA Yepe3 Hanyme aCUMMETPUYHOMN
YyBCTBUTENIbHON 060104KM eé dopmbl (gunons). Kak aneKTpMYecKol COCTaBAAOLWEN WMCTOYHUKA
3N1E€KTPOMArHMTHOrO NoA B €€ 3aMKHYTOM KOHType NamsaTh (MarHUTHOM None), rae nocneaoBaTeNbHO
3adMKCMpOBaHbl BCE UMKAbI MHOOPMAUMM 06 U3MEHEHUAX 3/EKTPUYECKON 3SHepruM 3apsaaos.
BepoATHO, B 3aMKHYTbIX KOHTypax BMBpOCMCTEM OAHOBPEMEHHO (UKCUPYETCA ABUMKEHWE TOKa B
nepBom nonynepuoae KonebaHusa ot 60/blUEro K MeHbllemy 3apagy M HaobopoT, OT MeHbLUEro K
bonbwemy — B TeYyeHMe BTOPOro nosaynepuoga. Kak, Hanpumep, B apTepuanbHOW U BEHO3HOW
KPOBEHOCHbIX CUCTEMAaxX YeNOBEKa, KOrAa COBEPLUEHHAs apXUTEKTypa OobObeKkTa CTpemuTcs K
CUMMETPUMN.

Torpa BNOAHE BO3MOKHO, YTO BUXPb Nt0601 BUBpOCUCTEMBI, Hanpumep, buonoryeckoin popmbl
MaTepumn nNpu eé rmbenn, Kak UCTOYHUKA KTOYKM pocTa» (AylwKM) He ncyesaeT COBCEM, a NPOAO0 KaAET
bYHKUMOHMPOBATL B MPOCTPaHCTBE B BUAe 6onee NpocTbix 06bEKTOB Npouecca pacnaaa. BosHuKaet
OrPOMHOE KO/IMYECTBO MHbIX 04aroB «TOYEK POCTa»: KaK 3aMKHyTble KOHTypa NamaTtu (AMnonu), Kak
pa3apobneHHana MHPoOpPMaLMA, KOTOPbIe NPOAONXKAIOT COXPAHATLCA B HOBbIX, HO Y}Ke COBEpLUEHHO
MHbIX MHOTFOYMCNEHHbIX Popmax maTepuun. KoTopble 6biaM KOrAa-To CTPYKTYPHbIMU «apXMBaMM»
AAaHHOM 3BOJIIOLMKN. B NnoAg06HbIX NpoLEeccax OKUCAEHUA Hall OOBEKT CO BCEMU ero noasmun Bubpauuii
pa3genaeTca Ha BMNOJIHE CaMOCTOATE/IbHble OObEKTbl, KOTOpble MPOAO/IXKAKT CyLLeCTBOBATb MOA
BO34eMNCTBMEM BHELWIHEW MHOPMaLMK B APYrUX, COBCTBEHHbIX, 601€ee BbICOKOYACTOTHbIX AMana3oHax
n3nyyeHuin. Hago ckasaTb, YTO NPU MOJIEKYNSPHOM pacnaje *KMBbIX KNEeTOK opraHn3ama Habnoaaercs
pacnpocTpaHeHne BOJHbl C1aboro CMHEBATOro cBe4YeHus. BnonHe MosKeT BbiTb, YTO 3Ta 3HEpPrus
ABNAEGTCA PE3Yy/IbTaTOM XMMMUYECKUX PEeaKLUUIA CUHTE3a HOBbIX 3/1EMEHTOB BELLLECTBA B OKPYXKeHuu. To
ecmos KOHCMPYKUUA U3Ha4aabHol ¢hopMsl ucye3aem, a eé sHepaus U UHGOPMayusa COXPAHAIOMCA, HO
YH(E 8 UHbIX YPOBHAX pa3eumus 8 cpede NMpocmpaHcmea, 8 UHbIX MosfAX, C UHbIMU ceolicmeamu U
803MoxtHocmaAmuU. Ecnn, Hanpumep, PyHKLNOHANbHOE Te/10 B NPOCTPAHCTBE COCTOUT U3 BECKOHEYHOTro

Puc. 30 PasnoxeHune popmbl Ha UCXOAHbIe «nuKcenn». Puc. 31 bonee cnoxkHblie Gopmbl COCTOAT M3
(MyPhotoshop.ru) menknx anemeHToB. (Podelunchik.ru)

yucna «nuKcenem» maTepum, TO B KOHEYHOM MTOre [0 TaKOro MCXOLHOro COCTOAHWUA OHO M
pasnoxutca. Mpu aTom, o6pasbl eguHoi GopmMbl M BCEX €€ eanHUL, Karkgoe cobbiTue e€ pa3BuTUA
COXPAHATCA B HUX M B MAaTEPUM OKPYKEHUA KaK ANCKPETHaA MHPOPMALMSA, KOTOPas, KaK Mbl yKe 3HaeMm,
cnocobHa TpaHc/IMpoBaTbCa NoBCoAY BOKPYr Hac (cm. Puc. 30).

Torpa v B apyrMx NPOCTPAHCTBAX U Ha APYrMX NIaHETAaX BCEBO3MOXKHbIX CO3BE3AMNN CyLLecTBYeT
peanbHaA XW3Hb B Pas3NYHbIX POPMax, HO HA OOHUX U TEX Ke MPUHUMMNAX 3SN1EeKTpuMYecTsa M
MarHeTMsama B TOW WAWM UHOW CTENEHWU Pas3BUTUA LMBUAM3aLMIA. U coBcem He o0b6A3aTenbHO, YTO 3TO
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bynet opraHuka. Koraa-Hmbyab mMbl € yANBNEHMEM YBUOUM KU3Hb PA3/IMYHBIX MUHEPANbHbIX Gopm
AW NNa3Mbl, B BUAE M3NYYEHUIN MHOXKECTBA NOMEN MW AAXKe CIOMXKHbIX CTPYKTYP TOHKUX MaTepuUi.
MoBepbTe, BCe OHM MMEIOT CBOE «CO3HaHME», CBOM A3blK 00LWeHnA, cBoM coobwecTBa, LMBMUAM3ALMM,
[laxe reHoMbl - BCE, YTO MMeeM ceilyvac Mbl U gaxe 6onblue. M ¢ 3TUM HEBO3MOXKHO He COFacuUTbCA
pasymy. [lomomy 4ymo criekmp 4acmomHbIX U3ny4yeHull npakmuvecku 6e32paHuvyeH U y Kam0020
UCMOYHUKa cywjecmayem ceoli nompebumens sHepauu. Bce Tena pacTyT, BpaLLasacb BOKPYF CBOEW OCH
OTHOCUTENbHO 0b6beKkTa BMbpauunii, opmmpys aBTOKONEDATENbHbIN MPOLECcC B 3aMKHYTON CUCTEME.
MockonbKy TBOpEHME BCerga CBA3aHO C PACTBOPEHMEM, FAe aKTUBHOCTb B3aUMOZLEMCTBMIA BeLLECTB
33aBMCUT OT pacliensieHna Ha bonee NpocTble, YUCTble 3n1eMeHTbl. [loTomy Honee cnokHble Gopmbl
(BoccTaHOBNEHUE) co3patoTcA U3 Bonee menkux (cm. Puc. 31).

BnonHe oueBngHO, 4to Brochepa, eé snemeHTbl, B TOM YNC/Ie YENNOBEYECTBO, UTPALOT CBOHO POJIb
B PUTME XKM3HU NNaHeTbl. Kak, Hanpumep, BUPYCbl U 6aKTEPUUN B reHOTUMNE 3BOJIOLMN BCEX CYLLECTB U
pacteHuit. Torpa, pasavite nonpobyem KOCHYTbCA M3BEYHOrO BOMpOCA AA KaXKAOr0 M3 Hac —
6eccnopHO NN yTBEP)KAEHME, YTO IHEpPrus «TOYKM pocTa» OMONOrMYEecKOro OpraHusma, Kak ero
«aywa», NpoaoKaeT CBOE Cyl,ecTBOBaHME nocne cMmepTtu (pacnaga)? U ecam ga, 7O rae U Kaknum
obpasom?

Mocne 3a4atms M 06pa3oBaHUA WUCXOOAHOW «NepBOM» KAeTKM byayuwero nnoaa nwoboro
YKMBOTHOrO, 06pa3yoTca KTOYKM pocTa» - monekynbl AHK, Kak reHeTuyecknin kog Gopmbl OpraHnM3ma,
YNOXEHHbIA BHYTPU AApa KAeTku. Kak buonornyeckana MHGOpMaUnMa o CTPYKType pasnnyHbix PHK u
6enKOoB, B KOTOPOWM 3a/I0XKEHbI U KMYMKCKOE», U «KEHCKOoe» Hayana nog ynpaBieHUem BHELHero nons.
B npuHUMNE, TO Ke camoe NPOUCXOAUT U C CEMEHAMM PACTEHUMN.

To ecTb, matepua M3BHE MAOC MHPOpMaLUA NamMATU NoJA BO3AENCTBMEM MOLLHENLIEN
NMCUXMUYECKOWN SHEPTUM ABYX CYLLECTB B UX BUXPAX NOJIENA COOBCTBEHHbIX GOPM, CO3AA0T }KUBYIO KNETKY
- e4uHbIA agunonb popmbl Byayuiero Tena, M3 BewecTBa cpebl }KEHCKOro OpraHn3ma nog BAMAHUEM
3NEKTPUYECKOM 3SHEPTMM MYMKCKOrO Hayasa. 3HauWUT, TAaKMX «TOYEK POCTa» BO B3POC/OM MHAMBUAE
H6ecumcneHHoe MHOXEeCTBO, HO B pa3HbIX KNeTKax No GyHKLMOHaNy «paboTatoT» pasHble rpynnbl FeHOoB,
XOTA MPAKTUYECKM KaxKaaA U3 HUX MMEET MOJHbIN UX Habop.

3HAuYMT NN 3TO, YTO Karkgas monekyna AHK KOHKpeTHOro opraHMama Kak gunonb MOKET bbITb
TOM CTPYKTYpOM, KOTOpaAa HecéT B cebe nonHyt MHPopmaunio o popme? BeposTHOo, ga. B Takom
CNy4ae, BO3MOXKHO N1, YTO XOTb Manan A0NA 3TUX MeNbYalLMX KMArHUTHbIX UKPUHOK» MHGOpMaLmn
(2,2 HaHOMETpA) He Pa3NOKMUTCA A0 3NEeMEHTAPHbIX YacTUL, NOA BO34ENCTBMEM NPOCTPAHCTBA, Koraa
«bubnmoteka» byaet pasgpobneHa Ha YacTM BMecTe € egMHbIM Aunonem? A COXpPaHUTCA, Hanpumep,
B BMUE «KOCMUYECKOM MbIINY, MHOTO AMNONA, KaK «MarHUTHOro» HOCUTENA BCEro KOMMIEKTa AaHHbIX
o popme opraHmMama? Tak OHO M ecTb. M1 TOMy B NOATBEPKAEHME MHOXKECTBO PaKTOB OOHapyKeHUA
YUBbIX KNETOK M Monekyn IHK B OKameHe 1bix OCTaHKaX XXMBOTHbIX, KOTOPbIM AECATKU MUASIUOHOB NET.
YTo poKasbiBaeT noTeHUManbHyto gonrosedHocTb AHK, B Monekysne KOTOPOM Kak «TOYKE pocTa»
NPUCYTCTBYET [OCTAaTOYHO CTabwuabHOe 3sHepreTMyeckoe coctosHue. KoTopoe no3BoaseT Takomy
WCTOYHUKY MHAMBUAYANbHOTO CMEKTpa M3ayvyeHuA, BMecTe C MHOOpMaUMerd O nepuose XKU3HU
KOHKPETHOro opraHM3ma B NamaTn coOBCTBEHHOIO 3aMKHYTOr0 MarHUTHOTO MOJA, NyTelwecTBOBaTb NO
BceneHHOM npakTuMyecku BeyHo. o Bcel BMAMMOCTM, NpWU NOMAZaHUM TaKOro maTepuana B
6naronpuATHbIE YCNOBUA OKPYXKEHWUS, BMOJIHE BO3MOXHA aKTUBALMA MPOLECCOB AENEeHUA KNETOK
(cMHTE3a MONeKyn) u BoccTaHOBAEHWE MosHOW GopMbl opraHuama. MNoyemy 6bl M HET, KOraa yxe
CEroAHsA BbIHALLIMBAKOTCA UAEN KNOHUPOBAHMA MAaMOHTOB?

A 4TO, ecnu camaa nepsan, NpPousBefEHHaA COBMECTHO dopmMa ABYX Haya/l Kak Aenalanca
KNeTKa, HUKyZa He ncye3aeT BOBCE KaK IHEepreTMYeCKUin aBToKkonebaTebHbIA NPoLEecec, Kak AUNOb,
MHbOPMAUMA, KaK «TOYKa pocTa»? OHa AenuTca, HO coxpaHAeTcs B BecuymcneHHbIX TOYHbIX CBOMX
Konuax 6e3 uM3MeHeHUW, NO KpaWHelh Mepe B Havane npouecca. Bo3moxHo, notom eé
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MHOTOYUCNEHHbIE MOBTOPEHMSA Ha NPOTAXKEHMM BCEM 3BONOLMM OPraHM3Ma pPas3/ioXkKaTca A0 COCTOAHMA
3N1eMEHTAPHbIX YacTul, KoTopble byayT U Aanee B3aMMOAENCTBOBATb CO CPEAON U yNpaBAsaTbCA eto.
Korga B OKpy)XeHWKW, BMeCcTe C BO3HMKLUMM XaOCOM HarpOMOMKAEHWI Bel,ecTBa W Nnonei, BCE-Taku
NPOAO/KAET COXPAHATLCA A0BOIbHO YCTOMYMBAA CTPYKTYPa €ANHOI0 3/1eKTPOMArHUTHOro AMNOAA CO
CBOMM 3apALOM, CBOMM B3aMMOOTHOLLIEHMEM C MPOCTPAHCTBOM B BUAE BUXPA NOneK, ynaoTHeHuA
maTtepuu, naasmbl (cm. Puc. 32). BnonHe BO3MOXHO, YTO BO3HMKAET HECKOIbKO Nog06HbIx Konui. U
3TOT AUNONb M3/1y4aeT M NPOAO/IKAET CyLLeCTBOBaTb CBOEM, OT/IMYHON OT NepBOHAYaNbHON GOpMbI
¥U3HbIO, B BUAE TOHKOM MaTepUM NPOCTPAHCTBA C NOJIHbIM NaKeToM MHOoOpMaLMmM reHoma bbiBLLEro
opraHu3ama B 3TOM cpede Ha eé MarHUTHOM HocuTene. Kak «cemay, yuenesllan «ToYKa pocTa», Kak
nporpamma, BO3MOXHOCTb NPMPOAbl A5 3aMyCKa HOBOro BUTKA PasBUTMSA 3TOro BUAa opraHuama. 6o
HWYTO BO BceneHHOM He UcYe3aeT CoOBCEM, Be3,e OCTAETCA «Cea», Kak «apXmB» AaHHbIX. M 3To «cema»
Kak nonHaa nHpopmaumna ob ncxogHol ¢opme nperkHero Tesia B HOBOM M3mepeHun bonee TOHKOM
MaTepuM NPOCTPaAHCTBA MPOAOMKAET COXPAHATbCA, MOKa CYLLeCTBYIOT 6naronpuATHble Aas 3TOro
YyCNoBUA, NoAAePKMBAOLLMNE e€ BpaLeHMe. TaKoM AMNONb, KaK KMKPUHKa» NAa3mbl, Kak NnepBopogHan
«TOYKA POCTa» B BUAE SHEPTMM A,BYX HAYA/, CYLLECTBYET NapannesibHO C HaMW B eAMHOM NPOCTPaHCTBE.
3Han 4acToTbl MHAMBUAYANbHbIX BUOpAUUIA TaKUX AMUMNONEN, MOXKHO BO3OYAUTb B HUX MarHUTHbIN
pe30HaHC (OTKAMK) M CcunTbIBaTb Heobxoaumyo WHPOPMALUIO, YEeM BEPOATHO U MOJIb3yOTCA
Pa3IMYHOro PoAa SKCTPACEHCHI.

3HaunUT 1IN 3TO, YTO NOAOOHbIE CNEeKTPbI U3NYYEHUN, YLIEeAWMX B pa3Hoe BpemMsa BUON0rMyeckmnx
CyLLEecTB, MOCTOAHHO CONYTCTBYHOT Ham B NapannesibHbiX AWana3oHax BMOpaUWi, COBEPLIEHHO He
nepeceKkascb B HalWem NPOCTPaHCTBE, Kak 6osee TOHKMe MaTepun cpeapl? [Ja, coBeplleHHOo BepHo. U
NPUTOM, B OIHOM U TOM }KE€ OKPYMKEHWUWU, HO KaK UHas 3HepretTuyeckas Gpopma «KU3HWY», KoTopas,
BEPOATHO, B COCTOAHUM CHOBa 06pecTn NA0Tb B CBOMX NEpPUOAAX M LIMKNAX pa3BUTMA. Hanpumep, Kak
PEWHKapHaLUUA B BEPOUCNOBEAaHMM Y MHAYCOB, HO C K4MUCTOrO UCTa».

Puc. 32 Buxpb «MKPUHKM» Nna3mbl Kak «Touyka Puc. 33 MNnaHeta 3emns. (PEK TpeHabl)
pocta». (Habr)

Ecnn xu3Hb 1 passuTne Ntoboro Tena — ecTb NPOLECC CMHTE3a, a pacnag Ntoboi dopmbl maTepum
— 3T0 06pPaTHbIN «XO4», KaK PasNoXKeHWNE, TO 3TU ABa «NOAYyNepMoaa» NOAHOMO LMKAA CYLW,EecTBOBaHUSA
obbeKTa M cocTaBAAOT nepuog KonebaHua noboi BUOpOCUCTEMBI. ITOT NMYTb MOMKHO PA3/0KUTD,
Hanpumep, Kak FreHOM KOHKPETHOro Ye/I0BEKA B €ro PasBUTUM OT POXKAEHUA U A0 NOSHOrO pacnasa.
Nan reHom cembM, pacbl, obuiectBa, Hapoga, YeNOBeYeCTBa, Mepuoabl KOTOPbIX CYLLECTBEHHO
Pa3HATbLCA OT COTEH 4,0 MUIIMOHOB NET.

TeopeHue nboit 1ot GopMbl MaTeEPUM — 3TO CBOEFO POAA 3aMKHYTbIN «PEaKTOpP» CUHTE3a U
pacLLensieHMa Noa ynpaBneHnem BHewHero nona. Hado ecez0a noMHUMb, Ymo s8pauwjeHue c8A3aHO C
obmeHom uH@opmayueli e83aumodelicmsyrowux mesa. MarHutHoe none nwbon dopmbl Tena
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pearnpyeT Ha USMEHEHWUA B MAarHUTHbIX MNONAX €€ CTPYKTYPHbIX 3/IEMEHTOB Yepe3 06begMHAOLYIO UX
cpeay OKPY)KeHMUA, Kak KOHBepTep MHPOPpMaUUKN M3BHE M O0BPATHO B 3aMKHYTOM €AMHOM KOHType
BMbpocuctemol. EaMHan cpeaa B3aMMoaencTBmMA B JaHHOM Cay4yae ABNAETCA MHCTPYMEHTOM A0CTaBKM
MHbOPMALMM ANA CUHXPOHMU3ALMKN PAabOTbl BUBPOKOHTYPOB CUCTEMbI. 3HGYUM, cpeda, eé cmpyKkmypa,
MOMHOCMbID OoMmpaxcaem cocmosHue s8cell cucmembl, Kax0020 e€ 3n1emMeHmMa, KAk Moo8UMHCHOe,
MOCMOAHHO 8PAWAOUW,EECA, a 3HAYUM U3MeHAWeecs UHGOPMAYUOHHoe (MaeHumHoe) none. [Oe
suUXpU mamepuu camolli cpedbl OKpyHeHus e3aumodelicmsyrom 8 3/7eKMPOMA2HUMHbIX 108X
cucmembl, Ko20a TMOMOK ux u3nyveHull (eonH) eocnpuHumaemcs nwboli mamepueli yepe3
danbHoOdelicmsue mazHemu3ma u 6s1u3Kkodelicmaue 3nekmpu4yecKux rnosaed, KAK Momok uHgopmayuu.

OueBMAHO, YTO CUrHAN MHbOPMaLUMK (BOMHA) pacnpoCTpaHAeTca B BUAE CnupanbHOU Gopmbl
BMXPA, KaKAbl pa3 BbICTpamBasA CBOW MyTb B cpeAe OT OA4HOr0 3/1eMEeHTa MaTepuUU OKPYKEHUs K
APYyromy no TMny BOJIHOBOZAA, KaK CUMOBYIO IMHUIO M3 MaTepuM NPOCTPAHCTBA. [pn 3TOM NOCTOAHHO
YCUANBAACbL M Konupya ceba npu pe3oHaHCHOM OTKAWKe C MHpopmaumen U3BHe C eAUHCTBEHHOM
LLe/Iblo — COXPaHUTb e€ b6e3 uckaxkeHus. Tak MHPpopmauma BO3OYKAaET TBOPEHUE KU3HU Mo BAACTbIO
yrnpaBaeHna N3BHe.

O6uweunsBecTHo, YTo /itobas popma maTepumn — ecTb ABOMCTBEHHAS CTPYKTYpPa, KOTOpPasd COCTOUT
M3 BHYTPEHHUX 3aMKHYTbIX (3aKO/IbLLOBAHHbIX) CUMMETPUYHbIX CTPYKTYP M PA3OMKHYTbIX BHELUHMX
aCMMMETPUYHbIX, KOTOPble NOAYUHEHbI NPUHLMMNAM B3aMMOAENCTBMA HA OCHOBAX 3/1eKTPUYECTBA U
MarHeTn3ma. 3aMKHyTble 3n1eMeHTbl GopMbl NPeACcTaBAAT U3 ceba NOCTOSHHOE MarHUTHOeE NoJie, a eé
eaMHaa ob60n104Ka — nepemMeHHOe, KOTopoe Bceraa B3auMMOZeNCTBYET C MHbopmauumern cpegbl
06uTaHUA. 3HAUUT, BcAKaa dopma matepum obnagaeT NOCTOAHHbBIM U NepeMeHHbIM MarHUTHbIMM
NoIAMMU, HEU3MEHHO U Be34e. 3HAYUT /1M 3TO, YTO N1106aA CTPYKTypa «NPU3bIBAETCA» K X KU3HU ANA TOTO,
4TObbI HE Yrac/0 MarHUTHoE none MHGOPMALLMM NPOCTPAHCTBA?

Torga MOXKHO yTBEPXKAATb, YTO OT BE/IMYMHbI MAarHUTHOTO NOAA 060K CTPYKTYpbl maTepumn (Bo
B3aMMOZENCTBUMN C MONEM M3BHE) 3aBUCUT MHTEHCMBHOCTb BpalleHUs eé annona (yrnosas CKOpocCTb).
Yem OHO cniabee, TEM HUXKE W CKOPOCTb BpalleHMa BuxpA. Toraa, AeNCTBUTENIbHO N, YTO MbIC/b
ABNAeTcA TBOpAleN cunoi? Korga Bciogy NPUCYTCTBYET MAaCCMBHOCTb, KaK ABUMKEHME MO MHepLun
(neHb), M aKTMBHOCTb, KaK MOCTOSIHHOE BpalleHMe maTepuun. BeposmHo, yucieHHOocmb 06beKkmos
3asucum om rnompebHocmel UHGOPMAaYUoHHOU cpedbl ux obumaHus, Ko20a ¢ npupocmom ¢opm
g8o3pacmaem ux 3Hepaus u3say4eHus. 3Ha4uT, npouecc peryampyetca nHdopmaunein nssHe. Bosbmém,
Hanpumep, 3M6pUOH (3apoabiw) NO6Oro KMBOTHOTO, MOMELLEHHbIM B MOJIE BbICOKOYACTOTHOMO
MCTOYHMKa, Koraa ero buonone (M3nyyeHue) yxke BblgaéT odepTaHna Gopmbl B3pocsion ocobu. MHbimm
cnoBamu, namatb AHK TpaHcaMpyeT B OKpy:Katolyto cpeagy MHGOpMaLMo Ha NOCTPOEHNE KOHEYHOM
«naen» obanKa opraHM3ma B NOMHbIN Npodunb, KOTopaa BO B3aMMOAENCTBUMN U 3aMyCcKaeT npoLecc
nocTpoeHMa ob6bekTa U3 MaTepumn cpenbl CaMoro NpocTpaHCcTaa.

CnedosamesnbHO, UCXOOHAA «MOYKA pocma» mamepuu (0unosv) hakmuyecku pacmeopsaemcs 8
3/1eKMPOMA2HUMHOM ose cpedbl e€ pacnpocmpaHeHus, Kaxobll pa3 co30asaa 6 Heli Hosble
6s1020MpuUAMHbIE YCa08uA 0414 Pa3sUMUA C8OUX (hopM 8 MOYHbIX Konuax. Jllobaa maTtepuma NOCTOAHHO
BMAOU3MEHAETCA, COXPaHAA npu 3TOM cBou 06pasbl (MHGOpmaumio), KOoTopble GUKCUpYOTCA B
CTPYKTYpax NPOCTPaAHCTBA OKPYXKEHUA HaBCcerAga. 3Ha4uT K 3To, YTO M3BeYHana UCTUHaA — Bblle BCex
Pennrmnin?

. MHOrvMe roapl M3y4an W aHaAM3MPOBaN pe3ynbTaTbl B3aUMOLENCTBMA BelecTBa W
3N1EeKTPOMArHUTHbIX MOJIel B Pa3/INYHbIX Cpedax Halero 0b6uTaHns U NPULLEN K CneayoleMy BbiBOAY.
Mbl ¢ BaMWn CBOEW, YacTo HeobayMaHHON AeATeNbHOCTbIO, HeAOOUEHMBAEM HALUM BO3MOXKHOCTU B
No3HaHMKM caMux cebn, CBOEro OKpy*KeHMA 1 AaNbHEro NpocTpaHcTea. CANWKOM YacTo aBTOPUTETLI OT
HayKn 1 Npon3BOACTBA BMECTO AMHAMMUYHOIO pa3BnTMA obuiecTsa 610KMPYOT NPOrpecc Ha AeCATKU U
[AaXke COTHU neT. Be3sge Ha cnyxy Takne Tembl KaK: noBcemecTHas A06bl4a M nepepaboTka nonesHbIx
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MCKONaemblX; NPOU3BOACTBO U Nepefayvya Ha PAcCTOAHUA 3NEKTPOIHEPTUN Yepe3 BbICOKOBOJIbTHbIE
JIMHUK; BapBapCKaa aKCnayaTauma 3emeb, IeCOB, BOAOEMOB U BO3AYLUHOM cpebl; MNPUMEHEHME UHbIX
«nepenoBbiX» TEXHOJIOTUIM, KOTOPble OKa3biBalOT CYL,ECTBEHHOE BAMAHME Ha TbICAYENETHUM Xop
€CTeCTBEHHbIX MPUPOAHbIX B3aMMOOTHOLLIEHMI BELLECTBA U Pa3/IMYHbIX NOMei He TO/IbKO Ha Halwemn
nnaHeTe, HO M B BaMKakWwem Kocmoce. Hago npr3HaTh, YTO CYLLECTBYHOLMI YPOBEHb HaLLMX 3HAHUN,
HayKn M penurnin Bo Bcex obnacTax BOCNPUATUA cpedbl NPOCTPAHCTBA M COLMYMA He MO3BONAIT
peannsoBaTb CKOJIb-HMOyAb nepenoBble naen ana sceobuien nonb3bl. Kaxkabldi No oTAENbHOCTU
NbITaeTCA CNPABAATLCA C NpobaemaMm TONIbKO pagm cobctBeHHOro 61ara. 3To KacaeTca M NepCoOHaNbHO
Ka*KO0ro 4YenoBeKa, U BCEX FOCYAapCTB B OTAE/NbHOCTU. 33 O4YEHb PEAKUM UCKTHOYEHNEM U3 NpaBu. U
Tak byaeT npomucxoauTb, BEPOATHO, elé He OA4HY COTHIO /eT.

BO3MOKHO 3TO He CTaHET HEOXKUAAHHOCTbIO AR MHOTMX, HO A 06PALLAOCh K PYKOBOAUTENAM U
HapoAam BCex CTPaH MUPa, KO BCeM NpeacTaBUTENAM PEUIMO3HbIX KOHDECCUI Ha BCeX KOHTUHEHTAX.
HacTtano Bpemsa, Mbl Bce 06A3aHbl 06beANHUTLCA, KaK e4MHCTBEHHAA M3 U3BECTHbIX HaM LIMBUAN3ALUN,
BNagelollan MNUCbMEHHOCTbIO, KY/bTypPOM, pPeuyblo, KaK AOMUHUPYIOLWMMKU MNpU3HaKaMK, YTOObI
OTHOCUTBLCH K Hallen NaaHeTe Myapo, 6eperKHO U C BE/IMKOM OCTOPOXKHOCTbIO. M60 MHOM y Hac ¢ Bamu
HerT.

MmeHHO celtyac HacTasia nopa co3aaHusa eanHon ansa scex «KAKAAEMWU NMNTAHETbI», B KoTopyto
BOMAYT NydlLuMe NpeacTaBUTENM BCEX HAPOAOB Halen LMBUAM3AUMK. B aeaTenbHOCTU KOTopo byayT
NPUHMMATb y4acTUe BCe CTPaHbl 6e3 UCKAOUYEHUA, KaxKaas B Mepy BO3MOXKHocTel. C egMHCTBEHHOM
Uenblo — [OoCTUKeHWe 6GanaHca, COXpaHeHMe U pPa3BUTUE BCEM 3KOCUCTEMbl MAAHETbl, MOWUCK U
peanu3aumsa HOBbIX 3HAHUM AN1A OCBOEHUA HOBbIX NNAHEeT.

PasBe He nopa Bcem 06beAMHUTBCA NoA eAuHbiM diarom, eauHOW Lenblo Ana AOCTOMHOro
NPOAO/IKEHUA pPOAa Ye/ioBeYecKoro? XBaTWUT BOEBaTb M AOMWMHMPOBATb Mexay cobol. [asalite
obeperaTb Hal 06N AOM, AaXKe, eC/IN OH NMOKa eLE U COCTOUT U3 KOTAE/IbHbIX KBAPTUPY, KaK U «Halll
obwuit ABopP», «yNuLy», «ropoay. laBante cOTPyAHMYATb U CTAHOBUTLCA CUNbHEE, NYCTb AaKe NokKa
Kakabl cam no cebe, HO yXKe ¢ onpeaenéHHoM ana Bcex uenbto. [laBante Ha4HEM NO-HACTOALWEMY,
KOMMJIEKCHO, MOBCIOAY M3y4YaTb Hally MIAHETY, CAbIWaTb M NOHMMATb €€, NeYnUTb U He HaBPeaAUTb el B
nocieayroLWwmx Hawmnx naaHax (cm. puc. 33).

Bcerma nomHuTe, 4TO 8 nMpoyeccax, crnocobcmeyrwux meopyecmsy, COBEPUIEHHO
omcymcmsyem Heobxodumocms, ecau uenb O0ocmuzHyma. Tym xwe cucmema (op2aHu3m)
paspywaemcsa. Cmasbme cebe Hedocmuxcumble (CAoxcHbIe) uenu, camele, Ka3anoce Obl,
haHMacmuyeckue u cmpemumecs K HUM. To20a Bawa cyuyHocme 6yoem nocmosiHHO 08U2ambCsA K
cogepuieHcmasy, akmueHocmu, Ymobbl peanuzosame Bawy udeto, Bawy meymy.
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Hacmosuwas enasa 3asepwaem meopemuyeckuli pazden kHueu. Hanee
bydem npakmu4veckKas 4acme, MpeOHAa3Ha4yeHHAA 018 uccnedosaHuli u
pa3pabomoK ¢ uesnbldo BHEOPeHUA HOBbIX MexHoaA02ull, Komopsie MHO2UM
obbieamenam Cce200HA, K COM(A7AeHUo, npeocmasastomca HecbbimoyHol
¢aHmacmukol. A nybaAuKyro 3mu U3bICKAHUA 8 OMKpblImomM o0ocmyne ¢
eduHcmeeHHol yenbto, Ymobbl HUKOMY U 8 2008y He Mpuwsa0 NnameHmosams
packpeimele 30ece udeu 8 bydyuwiem. Cyumaro, Ymo ¢hyHOaMeHMasbHble 3HAHUSA
nodobHo20 poda 0oaxcHbI bBbiIMmb 0ocmyrHbl AI06OMY, Y KO20 ecmb McesnaHue u
B803MOMHOCMU K peanu3ayuu, Ymobbl Ux u3y4anu Kak MoucHo bosnbuie nroded.
TonbKo amo bydem s87a5MbCA 20PAHMOM UX pA38UMUS U MPOOBUMCEHUS.

EAVMHAA TEOPUA B3BAUMOAENCTBUA «BCErO CO BCEM».

[aBaliTe nonpobyem KpaTKO NOBTOPUTb M Pa3BUTb maTepuan rayoxe. Utak, eamMHbIn MUPOBOWA
KOCMOC COCTOMT M3 MHOMECTBa OTAEe/IbHbIX MPOCTPAHCTB, TAaKMX KaK MPOCTPAHCTBO OTAE/IbHOM
NAIaHETbI, Fe/IMO-NPOCTPAHCTBO 3BE34HOM CUCTEMbI, MPOCTPAHCTBO raNaKTUKK, Hanpumep, MaeyHbli
MyTb, eANHOE NPOCTPAHCTBO Hallel BceneHHoM 1 T. 4. B KaxA0M U3 HUX NPUCYTCTBYET MaTepusa B TOM
UAN WMHOWM cTaguu pa3sutuA. MoTomy 4YTo cam GakT noAsBaeHUA N6Oro NPocTpaHCTBa ecTb (aKT
CYLLECTBOBAHMA €€ MaTepun, Kak OCHOBbI CAMOro NPOCTPAHCTBA — €€ «HY/eBbIX» BMUXPeK, nonemn u
3/1eMEeHTapPHbIX YacTUL, KOTOopble CBA3aHbl APYr C APYrom Yyepes3 aHa/NorMyYHble MUKPONPOCTPAHCTBA,
06pasyaA CKPbITbIN OT Hac MUpP. MUp, KOTOPbI OCHOBAH Ha NPUHLMMNAX SNEKTPMUYECTBA U MarHETU3Ma.

CTpYKTYpHO, abCONOTHO Kaxaoe MpPOCTPAHCTBO pacnosiaraetcd pAgoM C  COCEAHUMM,
MHOTOYMCIEHHBIMM KaK MO «POACTBY», TaK U N0 pa3sHoobpasunto pyHKLMOHaNa. Ho Bce OHM HaxoaaTcA
BHYTPM 06LLLEro MPOCTPAHCTBA, KOTOPOE aHA/IOrMYHO Pa3MELLEHO PALOM C TAKMMU Ke 06 bEMHbIMM NO
COAEep’KaHUIO U MecTpoTe BMAOB «coceaamu». M cHoBa - BCE 3TU «eAuHble» MPOCTPAHCTBA TaKKe
3aK/loYeHbl BHYTpM 6onee KpynHoOro, Kasanocb 6bl, 6e3rpaHudYHOro «nysbipa». WM Tak [0
6eckoHeyHoCcT B 0b6e CTOPOHbl MHENKMU, KaK B MUKPO, Tak M B Makpo (cm. Puc. 1). U Bce atn
BbITAHYTbIE, TaK MU UHaYe, cheponoaobHble KOCMUYECKUE «MY3bIPU» NOCTOAHHO B3aMMOAENCTBYIOT,
HO He CMeLUMBAalTCA APYr C Apyrom (6e3 BHELIHMX «KaTacTPpodMUYeCKUx» BO3AENCTBMI), BpaLLasnch
BOKPYr CBOWMX OCEM M OCei LLeHTPOB MacC CUCTEM M3 MHOMKECTBA MPOCTPAHCTB, KaK CTPYKTYPHbIX
anemMeHTOoB. MpPUTOM, KaxKaaa B CBOMX MHAMBUAYAbHbIX PUTMaX M NapameTpax KonebaHun, KpaTHbIX
M COrNAcoOBaHHbIX APYr C APYrOM B pe3y/bTaTe MHOTOMWIIMAPAHbLIX NIET CUHXPOHM3AUMK, KOTopas
AOCTUranacb BcieacTeme 6ecKoHeYHoM Yepeabl NOTEPb U CANAHUIA BEWecTBa, nonen n cuctem. M atu
NPOLLeCChbl Pa3BUTUA NPOAOKAOTCA A0 CMX MOpP U ByayT NPOAO0NMKATLCA BEYHO, NOTOMY YTO 06BEMDI
MaTepuu B CEroAHALIHelN Halwel peanucTMYHON AUMHAMMKE HEeYMONMMO BO3pacTatloT. besycnosHo,
Korga-Hubyab, B pe3ynbTaTe MOMHOMO HaCbIWEHMA TUFAHTCKUMW CTPYKTYPHbIMKU 06pa3oBaHUAMMU, B
HEKOTOPbIX NOAOBHbIX «My3blpPAX» MJOTHOCTb MAaTEPUU HACTONbKO CHU3UTCA, B CPABHEHUU C
CeroAHsALWHeNn, YTo 3anycTaATcsa obpaTHble MexaHU3Mbl U BCE HAYHET pacnaaaTbca NoJ BO34eNCTBUEM
BHELHNX, bosiee MNOTHbIX NPOCTPAHCTB. M Takue «ny3bipu» BYyAyT HEYMOJIMMO CbEXMBATLCA A0
PaBHO3HAYHOrO NPOTUBOAENCTBMA, YNNOTHASACL M NPEBPALLAACH MPAKTUYECKM B TOUKY, B HEKOTOPbIX
CAyYanx - B «YEPHYI Ablpy». HE3aBMCMMO OT TOrO, rAe OHWM Pa3MellleHbl — PAAOM C APYrMMM, Kak
CTPYKTypa eAMHOro NPOCTPAHCTBA, NN CaMU ABAAIOTCA OBLMM NPOCTPAHCTBOM AN TaKUX CTPYKTYP.
AHanorMyHble nPoLUEeccbl PacWMUPEHUs W CKaTUA WAOEHTUYHbIX FN06aNbHbIX MPOCTPAHCTB  Mbl
Habno4aeM M CeroaHs, NOCKOJIbKY BCE 3TN AEMCTBUA MPOUCXOAAT B pasHbIX cbanaHCMpPOBaHHbIX dpasax
- 04HW MpPOCTPAHCTBA AENalT «BAOX», APYrMe «BblAOX», MOTOMY Kak BCE B MUpe abCoONMOTHO
B3aMMOCBA3aHO. [Ae-To HENOCPEeACTBEHHbIM KOHTAKTOM, a rAe-To OnocpeaoBaHHO, HO BO3AENCTBUE
«BCEro CO BCEM» NPOUCXOAMUT KaXKA0e MIHOBEHWE HALEro BPEMEHM.
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Puc. 1 Cxema MHOXecCTBa NPOCTPAHCTB. Puc. 2 O6bpasoBaHuMe AMNOAA N3 Pa3HbIX BUXPEN.

Mpepgnarato, 4NA NPOCTOTbl BOCNPUATUA B AasbHelwem 0b603HayaTb toboe NPOCTPaHCTBO KakK
«chepar. Mexay Tem, BCeM Nt0OONLITHO, TAe e 3apoAnNach «KMU3Hb» UAM MATEPUA U3HAYAbHO, B
eanHoN «cdepe» NPOCTPAHCTBA UAM B KAaKOM-TO M3 HUX OTAENbHO? TOrga OTYero M Yto NOCAYXKUNOo
TONIYKOM TBOPEHUA?

B pe3synbTaTe nccnefoBaHUi A NPULLEN K BbIBOAY, YTO KNPOTOMATEPUAY», KaK U BECb CYLLUN MUP,
HXU KOMM 06pa3om He 6biIN POXKAEHDbI B pe3yabTaTe O4HOMOMEHTHOIO rnobanbHOro B3pbiBa U TOMY
MHOTrO Pa3/IMyHbIX Ny6AnKaunii, He byaem Ha HUX OCTaHaBAMBATbLCA. [TOTOMY YTO BNOJIHE OYEBUAHO
Apyroe — maTepusi B COBEPLUEHHO Pas3/IMYHbIX NO pasmepam U Bubpaumam «cdepax» BO3HMKAA
MaccoBO, MOBCEMECTHO M He OAHOBPEMEHHO. B KaKkmMx-To oHa 6blna B cTagun ¢GoOpMUPOBaHUSA
MHOXECTBa 3HEepreTMYeckn cnabblix MUKPOBUXPEN («HYNEBbIX» BUXPEN), @ B KAKUX-TO YKe yCrnewHo
pa3BMBaNachb LMBMAN3ALMA NPOABUHYTLIX CylecTB. B abcontoTe 3Ty 3aaady pellana sHeprua cpeapl.

To ecTb, Kak 6bl HAM He C/NIOXKHO 6blN0 3TO NPUHATL, HO KMPOTOMATEPUA» UAN KOANHOYHbIE
Hy/eBble» BUXPWU U3HAYaANIbHO CyLLECTBOBAJ/IN BCErAa, Kak U cama cpega BCAKUX «cdep», KOTOpble
nepuoaMyYeckn CoOnpUKacanmcb, CTaIKMBaNNUCh (M NPOAO/IKAKOT CTAaNKMBATBLCA) APYT C APYrOM B 06LLMX
(obbeguHaWMX) «chepax» MHOXKECTBA MHbLIX NPOCTPAHCTB, CO34aBas BHYTPeHHMe 3ddeKTbl cKaTuA
N pacwmnpeHns. Kotopble HENPEMEHHO BbI3blBanM rPaguMeHTbl AABAEHWUI, @ 3HAYUT, yClOBMA ANA
0b6pas3oBaHMA «HYyNEeBbIX» BUXPEN, KOTOpble TO BO3HMKAAW, TO Nponagann BHOBb. Blaumopgeicteme
3TUX MOCTOAHHO MNOABAAILWMXCA W  UCYE3AWMX B Cpene HOBbIX BUXPEBbIX 0bOpa3oBaHMi
onpesenAnocb HanpaBfAeHWEM WX BpalleHuAa. B pesynbtate, opgHuM cbamkanucb, apyrue
OTTa/NIKMBANIMCh, 3aPOXKA3aA BO3OYKAEHNA B NPOCTPAHCTBE, CTPEMACH K 3aXBaTy BCE 6H0NbLINMX 06bEMOB
MaTepPUM OKPYKeHMA Nog cobCTBEHHOE BAUAHME, UCNOb3YA SHEPTUO BO3AENCTBUA NOIENA BHELHNX
NMCTOYHWMKOB coceaHUX BUXpeEN, U BCE bosiee B3BUHYMBAA CBOK MHTEHCMBHOCTb BpalLeHUs. B KoHeyHom
CYéTe, MHOIME M3 3TUX KPYroBOPOTOB «C/AMUMANUCL» BAO/Ib CBOMX OCEM BPALLEHMA, KakK BUAOBble
KonebaTenbHble KOHTYpbl, biarogaps MAEHTUYHbIM HanpaBAeHMAM CrKHa, obpasyda AMMOoAWU, YTO
OKa3a/ioCcb OMpeaenAlWMM MOMEHTOM B Pas3BuUTUM maTepum (cm. Puc. 2). Mpu aTtom gocturanacb
3epKaNbHOCTb (cMmmeTpuma), obomx NoayLwapuii No pasHble CTOPOHbI «3KBaTOopa» (rpaHuubl baoxa) 3a
CYET cmelleHUAa KonebaHMI 06OMX KOHTypoB Ha 1/4T nepuopa. Yske NOTOM MOWAM MHOrMe
MUAAMAPAbl NeT CAy4YaWHbIX COYeTaHUM, Heypay M MyTauuih B OECKOHEYHO MOSABAAKOWMXCA U
McYe3aoLWMX CXeMax B3aMMO4eNCTBUIA BUXPEBBIX YNIOTHEHWI MaTepum cpeabl B 6opbbe 3a UCTOYHUKNK
3HEepruu, KOTopble NPUBENN K BO3HMKHOBEHMIO B pPa3HbiX «cdepax» MPOCTPaHCTB BCEBO3MOMKHbIX
AnnonbHbix 06pasoBaHui. YTO B pe3ynbTaTe BbI3BA/JIO NaBUHOOOpPa3HOE MOPOXKAEHME MHOXKECTBa
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CTPYKTYP C POpMMPOBAHMEM INEKTPUYECKUX M MArHUTHbLIX MOJIEM, KaK MHCTPYMEeHTa pacrnaga M
cuHTe3a. M Hactynuna spa 3sonwouuii (npucnocobneHuns) ¢ noABAEHUEM BCEBO3MOXKHbIX BEPCUN
3N1eMEeHTaPHbIX YacTUL, BELLeCTBa W3 TOJIbKO-TONIbKO 33pOXKAABWMXCA POPM 31EKTPOMArHUTHbIX
MCTOYHMKOB M3/y4eHU (BMOPOKOHTYpPOB) MNoA BO3AEUCTBMEM [pagMeHTa 3apsafoB B cpeje
NPOCTpaHCTBa.

Torpa, Kak e 6bITb C NeEPBOPOAHON MaTepuelt, F4e U Kak OHa ABUaacb? B Tom-To 1 aeno, yto
OHa bblna Bceraa, Kak rotoBas cpesa 415 TBOPEHUA — NPOCTPaAHCTBO. M He 04HO, @ MMHUMYM ABa ANA
3apPOXKAEHMA KOHTAKTA. A, 3HAYUT, UX «O0CTAaTOMHO ObICTPO» CTAHOBM/IOCb MHOXECTBO, CO BCEMM
BbITEKAOLWMMM NOCNEACTBUAMM PA3BUTUA.

OKa3zanocb, 4TO BO BCEM MUPE HET U HE MOXKET ObITb pa3feNeHUA Ha «KMUBbIE» U KHEXKUBbIEN
$opMbl, NOTOMY YTO BCe CTPYKTYpbl W CUCTEMbI WCMONBL3YOT OAHWM U TE e WHCTPYMEHTbI
B3aMMOLENCTBUIN B OOHUX U TeX Ke CTPEMIEHUAX K 3apOXKAEHUIO, Pa3BUTUIO U NPOLOIKEHMUIO
CYLLECTBOBAHMA CBOErO BMAA B U3SMEHAIOLLNXCA YCNOBUAX Cpeabl 06MUTaHMA. A, 3Ha4uT, BCE: OT AUNonA
[0 YeNoBeKa, OT 31EeKTPOMArHMTHOrO MOAA A0 KOCMMYECKOro obbeKTa M Camoro NpoCTPaHCTBA
KOCMOCA - eCTb «XMBble» BMOPOCMCTEMBI, KOTOpPblE MOCTOAHHO M OGECKOHEYHO «MnepeTeKalT» U
npeobpasyoTca o4HO B Apyroe B 6ecumcaeHHbIX peakLmax CO3NAaHNA U pa3pyLleHuaA Noa BANAHUEM
TOrO e rpaZmeHTa 3apAf0B NPOCTPaHCTBa. [la, CKOPOCTM 3TUX MPOLLECCOB CYLLECTBEHHO OT/IMYALOTCA —
OT A0NIEN CEKYHA, A0 MUIJIMOHOB NIET, HO TEM HenpeacKkasyemee u MHOroobpasHee pesy/bTar.

[axe ecnMm W Tak, 4TO MO WCTEYEHUW BpemMeHM o06pa3oBannCb [MNOAM, MNOABUAUCH
9N1EKTPOMArHUTHbIE MOAA, SNEKTPUYECTBO U MArHETU3M, TO KAKOB e CaM MEXaHW3M NOCTPOEHUs
CTPYKTYp BELLECTBA - €I0 aTOMOB, MONEKY/, KNETOK?

PaHee, Mbl y}Ke YNOMWHAN, YTO BUXPU, UCNONb3YA CBOMCTBA 3/IEKTPUYECTBA U MArHeTU3Ma, He
TO/IbKO B3aUMOZAENCTBYIOT Mexay coboi, HO U, NO3ULMOHMPYIOT CBOKD OPUEHTALUIO U ABUNKEHME B
NPOCTPAHCTBE, NPUTATMBAIOT UAM OTTANIKMBAIOT Apyrve 3apagbl. TO ecTb, 3apAgbl - 3TO BUXPEBble
06pa3oBaHMA INEKTPUYECKMX M MArHUTHbIX NOAEN, KOTOPble B COBOKYMHOCTM ABAAIOTCA AMMNONAMM,
obpasylwmmmncas M3 pasiMYHOM MNAOTHOCTU BO3MYLLEHUN — BUXPEN 3NEKTPOMArHUTHbIX NONein
cobCTBEHHOM cpeabl OKpyXKeHuA. KoTopble nNpu onpenenéHHbIX CNeKTpax U3nyyeHuin (ynpaBneHun
N3BHE) BbICTPAMBAlOT CTabW/ibHble COCTOAHMA GOPM MATEPUU B BUAE INEMEHTAPHbIX YacTul. Yem
6onblue 3apag 4acTUl, TEM Bbile NAOTHOCTb UX CUNOBbIX JIMHWUIA, KOTOPbIE B3aMMOLENCTBYA MEXKAY
coboin B cpese, CO34aOT PA3/IMYHOM APXMUTEKTYPbI CTPYKTYPbl MaTepun. 3HauuT, Ntobble ABUKYLLMeCcA
3apaabl ABAAKOTCA HE TONbKO WMCTOYHMKAMM 3/EKTPOMArHUTHbLIX MNONAEN, HO WM CamMW CO34aHbl
B3aMMOZAENCTBUAMM 3TUX MONEN B CAMOM 31EKTPOMArHUTHOM None cpeabl OKpyxKeHua. Ho HU 00uH
3apsa0 He Moxcem cywecmeosams 6e3 eé Hocumena — geuwjecmeaa. BoT n HacTano Bpema B3rNAHYTb
nornybyke Ha B3aMMOOTHOLLEHMA BELLECTBA U NONA.

BbIxoauT, 4YTO KoNebaHWA 3SNEeMEHTApPHbIX YacTUL, MX XAaOTUYHOCTb, B3aMMOAENCTBUA,
B3aMMO3aBUCUMOCTb - ECTb OCHOBA CYLLLECTBOBAHMA 11060 MaTePUN. B Kaxka0M U3 HAC, KaK 1 BO BCEM,
YTO HaC OKPYXKaeT, NPOUCXOAUT MOCTOAHHAA B3aMMOCBA3b MeXAY NJOTHOCTAMM 3apAA0B BUXPEBbIX
CTYCTKOB 3/IeMEeHTapHbIX MAaTepui MpPOCTpaHCTBa. Bce Tena BAMAIOT Apyr Ha Apyra, BbiCTpameas
NOKPbITUE onpenenéHHbIX 30H cpeabl 0OUTAHUA CBOMMMU U3NyvyeHUAMMU (KonebaHuAmMK BUXpPEN),
nonAmMM, oT 06beKTA K 0OBEKTY M HABCTPeYy APYr APYry CO CKOPOCTAMM CBETA, CNNETan pas3/InyHbIe No
CBOMCTBAM M SHEPTUUN KMPOCTPAHCTBEHHbIE» CETU, KOTOPbIE TOXKE B3aMMOAENCTBYIOT MeX Ay coboi KaK
«MOZYNMPOBAHHbIE» 3NEKTPOMArHUTHbIE MO, I0KANbHO NOMN0OWAA UM USMEHAA APYr ApYra.

YNnoMuHaa paHee O «rpaBUTALMOHHOM» CETU «HYNEBbLIX» BUXPEN, Mbl FOBOPUAN O maTpuue
CTPYKTYpbl MPOCTPAHCTBa, €€ OCHOBe, KOTOpasA MpPUCYTCTBYET BHYTPWU BCEro Cyllero, Kak eé
CTpOUTENbHbIM MaTepuan. MNpocTpaHCTBO — 3TO U ecTb HECKOHEYHOCTb «HYNEBbIX» BUXpen. To, 4To
CeroHA 0CO3HAHHO OTOXAECTB/IEHO C «3pUpom». OCTanbHble «NPOCTPAHCTBEHHbIE» CETU - 3TO TaKNe
€ MHUMble CeTW, HO C WHbIMWU OLHOPOAHBIMW, MOABUXKHbLIMU, BUXPEBLIMWU, AWUMONbHBIMU
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06pa3oBaHMAMKW B CBOMX Yy3/1axX, CTPYKTypa KOTOPbIX COCTOUT M3 TEX Xe «HYNEBbIX» BUXPEN, HO
B3aMMOAEMNCTBYIOT OHW APYr C APYrOM KaK 3apaabl APYrod MHTEHCUMBHOCTU. A 3HAYMT, TOXKEe MOryT
MMEHOBATbCA «rPaBUTALMOHHBIMUY», HO B APYrol «KnaccuduKauum» MPOCTPaHCTBA. BHe BCAKUX
COMHEHMUI, YCTOMYMBOCTb KarKAON OTAENbHOM TaKOW CETU 3aBUCUT TONbKO OT HanMuma B Npupoae
6eCcuYnNCcNeHHOro MHOMeCTBa CBOHOAHbIX U OTHOCUTE/IbHO CTabWU/IbHLIX OAHOPOAHbIX 3/IEMEHTAPHbIX
YacTUL, BELWECTBA C COBEPLUEHHO Pa3NnYHbIMKU cBOMCTBaMM (Cm. puc. 3). TaKmx, Kak BCEM U3BECTHbIE
$OTOHbI, HEMTPUHO, INEKTPOHDI, MPOTOHbI, HEATPOHbI U T. ., KOTOPbIE U ONPeAeNAoT KONUYECTBEHHOE
pasHoobpa3ne nNogobHbIX ceTel B cpeAe OKpyXeHus. Ho B 3TOM e eAMHOM MNpPOCTPAHCTBE,
napannenbHo C e€é CTPYKTYPHbIMW NONSIMU BCETO 3/IEKTPOMArHUTHOTO CMEKTPA, CYLECTBYIOT U Apyrue
CEeTW, B y3/1aX KOTOPbIX PACMO0XKEHbI aTOMbl, MONEKY/bl U AaXKe CTabuabHble COeAMHEHMUA PA3INYHBIX
BellecTs, B eweé 6osbliem pasHoobpasun. MoBcemecTHble B3aMMOAENCTBUA B €AUHOM MOABUMKHOM
NPOCTPAHCTBE MEeXAyY 3TUMM 3apAagamM U NPUBOAAT K 06pa3oBaHMI0 HE TONIbKO Pa3/INyHbIX BUAOB U
dbopm MmaTepuu, HO U COCTOSAHMI BellecTBa. [O3TOMY WX BO3HWKHOBEHME W NepeaBUNKEHME B
NPOCTPAHCTBE HOCUT NI0KA/IbHO BbiPaXKeHHbIN XapaKTep, KOTOPbIA 3aBUCUT OT CTENEHU HANPAXKEHHOCTH
(BO3OYKAEHNA) KOHKPETHOW CPeAbl OKPYXKEHUA.

ey

Puc. 3 «MpocTpaHCTBEHHbIEY CETU Pa3/INYHbIX 3apsAAoB. Puc. 4 Bsaumogencreme 3apsaos B CETU.

Monpobyem yrnybumTtbea B npoueccbl o6pa3oBaHusa Ten (06beKToB) B NPOCTPAHCTBE Ha Npumepe
TpaHcdopmauumn Boabl B aTmocdepe. Mbl 3HaeM, YTO NPU MNOHUNKEHUM TemnepaTypbl B aTmocdepe,
NPOUCXOAUT KOHAEHCAUMsA, To ecTb 0b6pa3oBaHME MOJIEKY/ BOAbI M3 aTOMOB KMC/1I0pOAa U BOAOPOAa,
a Npu MOBbIWEHUM - 06pPaTHbIN NPOLLECC UCNAPEHUA, UM BO3BPAT K aTOMapHOMY COCTOSIHUIO rasa.
BCMOMHMM, 4YTO aTOMbl - 3TO Pe3ynbTaT CBA3EM MeXKAy 3apAgamMM Pas/IMYHbIX CTPYKTYp U dopm
3N1eMEHTAPHbIX YacTuL, KOTOpble B CBOK OYepenb MOPOXKAEHbl HE TONbKO 3apAfZaMM «HYNEBbIX»
BMXPEN NPOCTPAHCTBA, HO MU KOHTaKTamMuM MexKay cobon npu onpeaenéHHbIX BHELWHUX BO34eNCTBUAX
cpeabl. A MONEeKy/bl — eCTb NPOAYKT B3aMMOCBA3M Pa3/IMYHbIX aTOMOB U 3HEepPrum nssHe. To ecTb, BCE
MHOroobpasve BuXpen, MX GOPM W CTPYKTYP, XaOTUYHO, HO He bOeccucTeMHO, 30HafbHO WU
OTHOCUTE/IbHO PAaBHOMEPHO NepenieTeHo (CMeLwaHo) B NPoCcTpaHcTBe. [ae «BCé B3anMoAenCcTByeT Co
BCEMY, NepeTeKaeT n obpasyeT U3 ogHoro gpyroe, 61arogapsa HaMUKULIO rpaAneHTa 3apaa0B B e4MHON,
HO MHOFOCMNEKTPA/NIbHOW «MPOCTPAHCTBEHHOM» CETU e€é MaTepuu, Ha MPUMHUMNAX 3/NeKTpuYectTsa U
MarHeT13ama.

NTaK, 6ecKoHeYHble KOMOUHMPOBAHHbIE 3/1EKTPOMArHUTHbIE NOJA BbICTPAWBAOTCA Ha MaTpuLLe
«rPaBUTALLMOHHbIX» CEeTEeM KaKAoro NpoCTPaHCTBA, OCHOBY KOTOPbIX COCTaBAAKT BUXPU Cy6AaTOMHbIX
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4acTUL, C NIOTHOCTAMM B NopsAaKe YObIBAHUA MHTEHCUBHOCTM 3aPAA0B UX BUXPEBbLIX gunonen. NMputom
He3aBMCMMO OT HanpaBAEHUA MX BpaLLeHMA. MepBUYHYIO e OCHOBY CTPYKTYpPbl BCErO NPOCTPAHCTBA
onpeaensatoT BCE Te e «Hy/ieBble» BUXpU. UMEHHO OHM 3aMn0/IHAKT HEOOBATHbIE NYCTOTbl BHYTPU BCEX
A0ep WU aToOMOB BelLecTBa, BNAOTb A0 6ecKpaliHMX NpocTopoB BceneHHoOW, B BUAE OTHOCUTE/NIbHO
PaBHOMEPHOMN, CTabWAbHOM, «rPaBUTALMOHHOW» BUXPEBOW ceTW, bnarogaps CBOMM HEMbIC/IMMO
Ma/ibiM pa3Mmepam M BbiCOYaMLLEN NAOTHOCTU PACNONOKEHUA APYT K APYTrY.

N ecnn 3TO TaK, TO «HyneBble» BUXPU (Kak 1 Bce cBOBOAHbIE YacTULbl) HU KOMM 06pas3om «He
NPUBA3aHbI» XECTKO K CBOMM MO3MUMAM B CETAX, OHM NMOABUMKHbI BO BCEX HAMPaBAEHUAX, U NpuU
BHELHEeM BO34EMNCTBMN MOTYT NEepPennBaTbCA, Kak «BOAA CKBO3b Masiblibl», COBEPLIEHHO HE N3MEHAS
CBOK CTPYKTypy. «Hynesbie» BWUXpKU, NOAO0OHO MUKPWUHKam, npu nobom BO3AENUCTBUM Ha HUX
«nepeTeKkalT» U3 04HOro MecTa B 4pYroe 1 BO3BPaLLAtOTCA B CBOE NpPeXKHee COCTOIHME, MOMEHTa/IbHO
3anosiHAA ocBoboauBlueeca OKpy)KeHuwe. bonee Toro, oHM MoOryT nepexogutb B HecBobogHoe
COCTOAHME, NONHOCTLIO MCYe3as M3 y3/1a CBOEeM CeTU B rPaBUTaLLMOHHOM No/e NPOCTPAHCTBA, ABNSAACH
MCXOOHBIM MATepPMaNOM ANA NOCTPOEHUS MHbIX GOPM MaTepuu, NpuM B3aMMOLENCTBUU C WMHbIMMU
BMXpPEBbIMM 06pa30BaHNAMM COBEPLUEHHO APYruxX YacTuu,. M Torga, mecto BbiNaBLIEro U3 ceTu BUXPA
He3amea/IMTeNIbHO 3aNONHAETCA POACTBEHHBIMU BUXPAMMU M3 Cpeabl COCeaHUX aveeK. [103ToMy OHM
NOCTOAHHO PACXO4YIOTCA W 3aPOXKAAKTCA, OKa3blBaA BAMAHME HA OOLLYHO NAOTHOCTb CTPYKTYPbI
KOHKPETHOM cpeabl NPOCTPAHCTBA, B 3aBUCMMOCTM OT BO34ENCTBUA BHELIHUX 3apAagoB (cm. Puc. 4).

Bce 3TV CBOMCTBA TaKKe TPAHCAMPYIOTCA U Ha ApPYrMe «MNPOCTPAHCTBEHHbIE» CETU C UHbIMU
3apagaMun (3neMeHTapHbIMKU YacTULAMK) B MX y3nax. TO eCTb, PacCTOAHUA Mexay CBo6OoAHbIMU
BUXPAMW B y3/71aX BCEX «IPAaBUTALMOHHbLIX» CeTel HecTabwu/ibHbl M 3aBUCAT OT SHEPIUWU BHELUHEro
BAUAHUA WUAM MHTEHCUBHOCTU COCEAHMUX BUXPEWN. B Takme MoMeHTbl BO3OyXKAEeHMA NPOCTPAHCTBA,
ntobaa KOHKpeTHas eé cpela I0KaNbHO HAaXOAUTCA B OTHOCUTE/IbHO HEYCTOMYMBOM SHEPreTUYECKOM
COCTOSIHUW. YAUBUTE/IbHO, HO UMEHHO TorAa eé MoXHo 6e3 ocobbix nocneacTBMi 3aMONHATbL MHOWM
MaTepuen, A NPOMUTU CKBO3b HEE, UM CO34aTb MHble AIBAEHUA C MHBIMW BO3MOXHOCTAMU. MHaue
roopsn, cbanaHCMpPOBaAHHAA CUMMETPUYHASA CUCTEMA CTAHOBUTCA HECUMMETPUYHOM, BO3DYKAEHHON M
BCerga CTPeMMUTCA BEPHYTLCA K CBOEMY UCXOAHOMY COCTOAHUIO, MOCTOAHHO HAaXo4ACb B 3aBUCMMOCTHU
OT BHELWWHWUX Bo3aeicTBMi. O4HaKo, Be34e B NPOCTPAHCTBE U B MUKPO, U B Makpomumpe ntobasa cuctema,
€C/IN OHa HAaXOAUTCA B AOBWMMKEHWUMU, ABNAETCA HECMMMETPUYHOW. BeposTHO, 3a Muannapgbl net
pPa3BUTMA 3Ta TEHAEHLMA COXPaHMIACh U B CUHXPOHM3ALMMN SN1EMEHTAPHbIX YacTUL, B aTOMaX, @ aTOMOB
B MOJIEKY/laXx Bel,ecTBa, M [OCTUINA ONPeAeNEéHHOrO0 YPOBHA He TONbKO B OTAENbHO B3ATbIX
MHAUBUAYANbHbIX FTAPMOHUYECKUX KoNebaHuaX, HO U B obuem mexkay Bcelr maTepueit. lMpouecc,
OYEBUAHO, HE 3aBEPLUEH, @ 3HAYUT, MPOCTPAHCTBO, ABNAACL MaTePUaibHbIM 06 BEKTOM, MOXKET UrPaTb
ponb obuwer NAaTGopmMbl, BHYTPM KOTOPOM BECKOHEYHO NMPOUCXOASAT MHOFOUYUCEHHbIE «XAaOTUYHbIEY
KonebaHums.

3HaunT M 3TO, 4TO uYepe3 AucbanaHC cucTema CO34aET BO3MYLLEHMA YacTUL, CBOMMM
KonebaHmamu (nonamm)? M B NPOCTPAHCTBE FEHEPUPYHOTCA BOJIHbI, KOoTOpble 06pas3yT cBOMU
NHTepdepeHLMOHHbIE NOMA B3aMMOAENCTBMA Mexay cobor ana cospgaHua 6anaHca, AOCTUNKEHUA
sHepreTnyeckoro paBHoBecua. CMHXPOHHO WMAW ACUHXPOHHO 06bEAMHASACH B CBOM CTPYKTYpPbl NO
CBOWMCTBAM, ANA YPaBHOBELUMBAHMA 3HEPreTUYEeCKUX COCTOAHWIM BO BCEX NNAHETApPHbIX CMCTeMax
«cdepbi». Mpu aTOM, C Npeackasyemol NepuoamMyYHOCTbIO, KaK, HanpuMep, MeTeopbl, KOMETbI,
acTepouabl, Aaxe KOCMWYecKas nMblib, BO3OYy)KAas rpaguMeHTamuM MaTeputo MNpPOCTPaHCTBA M
CUHXPOHM3UPYA €€ B HaNpaB/JEHUN HAMMEHbLLEro NoTeHUMaNa 3apaa0B. A nocsie paspbiBa AUNONEN,
AN NpuaaHMa HeobxoaMMOro MMNyAbca, cpesa OKPYKEHMA BO3BPALLAETCA B MPEXKHee yCcToM4YmMBoe
3HepreTMyeckoe COCTOAHME. 3HAYMT, CUHXPOHM3ALUMA NPOSABAAETCA M3 CUMMETPUM, @ aCUMMETPUA
nomoraetr CTabuamM3mMpoBaTb CUHXPOHU3MPOBAHHbLIE COCTOAHMA. TO €CTb, ACUMMMETPUYHbIE,
BO36YKAEHHbIE IHEPreTUYEeCKME CUCTEMbI CTPEMATCSA CUHXPOHU3MPOBATbL KoNlebaHMA BCeX UICTOYHUKOB
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B 3TOM CUCTEME C LENbl0 AOCTUKEHUA CMMMETpuMW. He moTomy nu npupopa Bcerga CTPemMuTes
BEPHYTbCA B CBOEM ABUKEHUU K BanaHcy?

Karkgoe Teno oT «mana» oo «BeAMKa» BCerga OKasblBaeT B3aMMHOe AeiCTBMe Apyr Ha apyra.
JHeprum ux BUXpPen B3aMMHO OTTa/IKMBAIOT, YPaBHOBELIMBAOT /MO0 BbITAZIKMBAKOT ApPYyr Apyra,
06begMHAT UK PA3AEeNAoT B 33aBUCMMOCTM OT 06beMa UX TeN U KOIMYECTBa UX 3apAL0B, MO CYTH, UX
NHepunn. To ecms, 8cA Mamepus, HAXOOUMCA 8 MOCMOAHHOM 08UXEHUU U 8Ubpayusax, oHa Aeaaemca
cymoto U nopoxcOeHuem e8uxpeli, Kak ynaomHeHuli cobCmeBeHHbIX C2ycmkKo8 M[poCmMpPaHCcmMeaad.
Komopelie nymem cauaHua u 0eneHuA obpasyom 3nemMeHmMapHble 4acmuuysl, amomMbl U MOseKysbl,
2a3o006pasHoe u meepooe, #uoKoe u naasmy. TaKkKe, Kak NyTem pacnaga M pas/iorKeHus, CHoBa U
CHOBA BO3HWKAIOT «HY/NEBbIE» BUXPU U 3N1€MEHTAPHbIE YacTuubl. M BCE NOBTOPAETCA B BEHHOM pUTME
BpaLLeHMUN.

OKUCNeHMe, UM NOKANbHBIM Pa3pbIB LEeIOCTHOCTU CUIO0BbIX IMHUI MAarHUTHBIX MONEN C PE3KUM
BblAENIeHMEM Tenia, NPUBOAUT K BOSHUKHOBEHMIO MOLLHOIO O4ara 3/IeKTPOMArHUTHbIX U3/yYEHUN,
KOTOpble TYT e MNPUTATMBAIOT 3/1EMEHTbI, MOr/oWatoWwme 3TM UM3nydYeHUsa. ToTyac CHUXKaeTcA
BblAeNeHNe Tensaa B AAaHHOM MeCTe W 3TU 3/1eMeHTbl AT BO3MOMKHOCTb MOCTPOEHMA HOBOM
CTPYKTYpPbI, HAaNpMmep, 3aXKMBNEHNE PaHbl, CNaj aKTUBHOCTU U3BEPKEHMA BY/IKAHa U T. 4. Toraa, HoBas
BOCCTAHOB/IEHHAA CTPYKTYPA MEHAETCA NPONOpPLMOHaNbHO U3MEHEHWUIO BHELWHUX YC0BUN NN HOBOW
MHPOPMaLUM U3BHE CUCTEMBI.

Hazo NOMHUTb, YTO LLeNI0CTHaA CTPYKTYpa (Teno) Bceraa pacwiennsetca (pactsopsaeTca) B cpeae
06U1TaHMA, eciv NoABNAETCA U306MAMe NONe3HON SHepPrnn (aHanorma - akcnnosus). U HaobopoT, npu
eé peduumTe B cpese NPOUCXOANUT CUHTES, opMUpyeTcA cucTema (aHanorus - umnaosua). To ecTb,
KOrZa MHOrO 3HEeprumn - CUCTeMa PacKpPbIBaeTCA U Kaxaaa e€ YyacTb HenocpeaCcTBeHHO BNUTLIBAET 3Ty
sHepruto (pacnag), a Koraa eé mMano — cuctema 3aKpbiBaeTca, 06beauHAACb B CTPYKTYpy ANA
COXPAHEHWUA 3HEPruu, TOrAa KaXKAbl YneH 3Ton Gopmbl «NUTAETCA» 3KOHOMHO, noTpebnsaa yxke
pacnpeaenéHHyo SHepruto Yepes eauHyo cuctemy (CUHTe3).

MonyyaeTtcs, YTO B Hallen cpene 0OUTaHUA KarKylleecs Ha Haw B3rnag 6naro uAaét Bo Bpep,
WHOMBUAYANbHOCTKU, @ Kaxyliasaca cBobona WHAMBUAYANbHOM XU3HM 0bOpaymBaeTca pacnagom
LLeNoCTHOCTM obLecTBa. M uTo, Ha camom Oese, #usoli npoyecc cosepuwieHcmaa npoucxooum mosbKo
8 HANPAXEHHbIX yca08usAx cpedobl. B npupode Hem meopeHus, ecau cpeda Hacblu,eHa 8 00CMamMo4YHOM
Konu4vyecmee XU3HeHHO 8axHolU sHepauell. B HEM Hem nompebHocmu. W Toraa cnenyet pasioXKeHue
«UMHAMBMOA» HA €ro CoCTaBAAOWME, PACNbINAETCA ero BHYTPEHHAA aKTUBHOCTb. ITO BEPHO Be3ae, TEM
6onee B obuiectse. Pa3Be Halla KM3Hb He eCTb yNpaBAsfeMblit NPOLEcC NOCTPOEHMA U CO3MAAHMUA
HOBOrO B3aMEH YCTApeBLIEro M OTMMpPAIOLWLEro, KakK MpoLecc TBOPEHWA Hag, pacnajaHuvem
(pactneHvem)? Pa3Be YenoBeYECKan KU3Hb HE NPOAJ/IEBAETCA HOBBIMU UAEAMMU U peannsaumen nx?
Y70 M ecTb CyTb TBOPEHMUS.

MN3BECTHO, YTO BCE OKUCUTENIbHO-BOCCTAHOBUTE/IbHbBIE PEAKLIUW B CPEAE NMPOUCXOAAT MOCTOAHHO
M O4HOBPEMEHHO, TO €CTb OAHM YacCTULLbl OTAAIOT SNEKTPOHbI, @ ApYrve ux npucoegunHAT. Hanpumep,
B MOJIeKyne BOAbl aTOMbl BoAopoaa ob6nagatoT GyHKLMEN BOCCTAHOBAEHMA, @ aTOM KUCA0poAa —
byHKUMeN okucneHua. Takum obpasom, co3maéTcA pUTM KosiebaTenbHOro mpouecca, Kak aHanor
npoueccy AbixaHuA. Boga AbiwnT, perynvpys notpebaeHne sHeprum TeMm MoJIeKynamu BeLLecTBa,
KOTOpble OHa NOKpbIBaeT (06BoaKMBaET). M 3TO BEPHO A4 APYTUX COEANHEHWNI BELLECTB.

CornacuTecb, BCe 3TU BUXPU, ANMNOAN, 3apALbl, NOMA U BELLECTBA CO BCEMMU UX CTPYKTYPHbIMM
3leMeHTaMN HenpeMeHHO A0/1*KHbl 0OMeHMBaTbCA MeXay coboi MHpopmaumen Ha AOCTYNHOM ANs
BCEX «A3blKe 06WweHna». M 3To 0A4HO3HAYHO A3bIK BUbpauuii. Jlloboi annonb, Koum asnsetca ntobas
YyacTMua matepuun (Mamn Teno) Kak BMBpOCUMCTEMA, KaK MOAHbLIA 3apAf MHOXECTBA CTPYKTYPHbIX ero
BMXpen, konebnetca mamM m3nyvaet, U 06A3aTeNIbHO MPUHUMAET BOJIHbI B CBOWUX MOAynepuosax
BMbpauni. Mputom, NnpUHMMaeT cobCcTBEHHbIE UM NOAOOHbIE MO CBOMCTBAM, HO Y¥Ke OTPaXKeHHble OT
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cpeabl NN MOAYNMPOBAHHbIE BOJIHbI, B CTPYKTYPE KOTOPbIX «OTneyYaTaHa» MHGOpMaLmMa O COCTOAHUN
BHELHWX TeNn OKpy*KeHuA. M Takum obpa3om pacno3HaéT «CcBOM Kpyr obuieHua» Ana AanbHeMLWwmx
COBCTBEHHbIX MyTauMi B npoueccax passutmAa. To ecTb, Mbl MUMEEM [eN0 YKe He MpOoCTo C
SNEKTPUYECKUMU ABNEHUAMM, HO U MHPOPMALMOHHBIMU MOTOKAMW, OCHOBY KOTOPbIX COCTaBAseT
marHetusm. Torga nepemelieHne nobol mMaTepunm B MNPOCTPAHCTBE He ABAAETCA NPOCTO eé
dM3nYEeCKMM NepeaBUKeHNEM «LebHOM GopMbI» Tena. Y npuposbl He HbIBaeT INLWHMX PECYPCOB Ha
TPAHCMOPTUPOBKY W JIOTUCTUKY OFPOMHbIX OOBEMOB MaTepMM Ha KOCMUYECKME PACCTOAHUA.
CnepoBatenbHo, ntoboe paukeHve Ten (06bEKTOB) B NPOCTPAHCTBE, KaK MOABAEHUE WM
McYe3HOBEHME — eCTb Pe3ybTaT UX NOCTOAHHOIO U 6ECKOHEYHOro NepecTpoeHna U3 matepum cpeabl
OKPY)XEHMA N0 CUTHAaNamM  WU3AyY4eHUM U3 «KMHPOPMALMOHHO — 3SHEPreTUYeckom» Ccetu
3N1EeKTPOMArHUTHbIX Nosiei NpocTpaHcTea (cm. Puc. 5).

Puc. 5 MepectpoeHne popm U3 matepum cpeabl. Puc. 6 LULMKANYHOCTb BCAKMX KONebaHUN.

To ecTb, n10boe usmeHeHue unu 08uxceHUe — amo cobbimue, Komopoe mym e CMmaHo8uUMcs
UHGopmayueli, Kak omobpaxceHue 8 rnpeobpa3zo8aHHOM COCMOAHUU roaell e3aumoolelicmeus
mamepuu npocmpaHcmea. W 3To ewé oAHO NOATBEPKAEHWE TOro, YT0 UHPOPMALMIO MOMKHO
CYMTbIBATb, CHUMATb, C MAarHMTHOrO MOAA CTPYKTYPbl MaTePUU, KaK C €€ HOCUTENA. YKe OTMEeYanoch,
4yTO cama no cebe Takaa egMHMYHAA MHPOPMALMA HUYTOXKHA, HO B COBOKYMHOCTU OTPAXKEHUA WU
obLen NpoeKkUUn Ha cpeay OKpyXeHusa, dopmupyeT obpas o AEUCTBUM UAN OABUKEHUN MATEPUMN.
Torpa, BAnAHME NepeHOCUMbIX MHPOPMALMIO BUXPEBbIX NOJEN Be3aecylLLee, OHO Bbi3blBAEeT OTKAWK B
OTBET Ha MHOOPMALMOHHOE BO3AENCTBME BblAENIEHUEM SHEPTUM B Cpeae OKpyKeHuA. Hanpumep, no
aHaNorMKU € NapannesnbHbIM KonebaTeNbHbIM KOHTYPOM OTKPbITOM CUMCTEMbI, KOTAa NpuU NOy4eHUu
MHPOPMaLMM (KaTylWwKa WMHOYKTMBHOCTM) €€ MarHMTHaA 3Heprua NepexoauT B 3SNEKTPUYECKYHo
(nepesapagKa KoOHAeHcATopa), UTO BbI3blBA€T pPE30HAHC TOKOB. WM BO3HMKaT KosiebaHwus,
AIUTENBHOCTb KOTOPbIX 3aBMCUT TO/IbKO OT NMOTEPb IHEPTUM B KOHTYypE. Pa3Be 3TO ABAEHME HE CAYKUT
NOATBEPKAEHNMEM BO3MOXHOCTM MOCTPOEHMA nbol ¢dopmbl, Kak ob6beKTa, B 060N Touke
NPOCTPaAHCTBA M3 MaTepuu CaMoro NPOCTPAHCTBA M 3Heprun, BO3OYKAEHHON WUHPOPMALMOHHBIM
BO34ENCTBMEM BUXPEN KTPaBUTALMOHHOM» CETU, KaK €AMHCTBA 3/IEKTPUYECTBA U MAarHeTU3Ma? 3HauuT,
noboe KuBoe CyLecTBo CNOocoObHO BAUATbL Ha BUXPEBbIE MNOAA, KaK HOCUTeNb MHPOPMaLUKM, BBOAUTD
N3MEeHEeHWA 1 3343BaTb HOBbIE YCTAHOBKM, BO3DYK43aA B UX S/1EKTPOMArHUTHbIX NONAX SHEPreTuyeckue
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NPOTUBOAENCTBMA, BCMNECKM, KOTOPble W3MEHAIT CTPYKTYpy, GOpMy M 3HEepruo matepuu
NPOCTPAHCTBA.

3HAUYMT, Mbl MOXEM C BbICOYAWLIEN A0NEN YBEPEHHOCTU 3aKNHOUUTL, YTO MHOOPMALMA, PaBHO
KaK ¥ 3apAaabl, He cnocobHa cywecTBoBaTb 6€3 BUXpPEN MaTepun NPOCTPAHCTBA, @ MOTOMY OHA ABNAETCA
CTPYKTYPHbIM COAepXKaHMeM UX aunonen. M yem Bblile NAOTHOCTb GopmM maTepun, Tem 6onblue m
HbicTpee pacnpocTpaHAeTca MHPOPMALMA N SHEPTUA B UX OKPYKEHUN. [0 KpallHEN mepe, B HalleMm,
Y)Ke NOHATHOM Ham, egMHOM GAKTUYECKOM NPOCTPAHCTBE.

B ntore nony4yaetcs, 4TO Mbl C BaMU B MMKPOMMPE COCTOMM M3 B3AUMHO CUHXPOHU3MPOBAHHOIO
MHOroobpasuma BUXPEBbIX YMNOTHEHUI MATEPUM, MOCTOAHHO M3MEHSAIOLWMXCA, Yepenyowmxca u
B3aMMOAENCTBYIOLWMX Mexay coboli U cpenon OKPYXKEHUA, KaK cpedoi obuTaHua. Mbl, Kak n Bce
06bEeKTbl NPUPOAbI, PEFYNIAPHO HAXOAMMCA B MOAAX HANPAXEHHOCTU — rpaAMeHTax, pacxoaysa M
npuobpeTan sHepruto U3BHe ANA HaLLEro CyLWw,ecTBOBaHMA U NPUCNOCOBNEHNA K USMEHAIOLLENCA cpeae,
C €4MHCTBEHHOM LeNbo Pa3BUTUA U NPOAOIKEHUA poaa. Kaxapi U3 Hac U ecTb 0C060 YHUKaNbHbIN
CUHTE3 rapMOHMM BECKOHEYHOro KOIMYeCTBa NOABUMMKHbLIX FPAaANEHTOB B eAnHOM o0bonouke dopmbl
Hawero Tena. Tex camblX rPaANEHTOB, KOTOPbIe U ABAAKOTCA OCHOBHbIM MEXaHM3MOM O0bMeHa Bcex
3N1eMeHTAPHbIX YAaCTUL, aTOMOB, MOJIEKY/, KNETOK B HALLMX OpraHax gna obecneyeHns B3aMMHOro Ux
CMMb6M103a B e4MHOM WMHAMBUAYAZIbHOM PUTME XM3HM KaXKLO0r0 U3 HAc, KaK pe3y/bTaT M3MeEHEeHMUA
NNIOTHOCTU 3apAA0B MUKPOMMPaA. Hanpumep, 3apAagbl NPUXOAAT U3BHE U Mbl OLLYLLLAEM NPUAUB TENAA,
AN HAa0BOPOT — M HaM XONOLHO; UNM NUTATE/IbHbIE BELLECTBA BCACbIBAIOTCA B KPOBb YEPE3 CTEHKM
KMLIEYHMKA; K cepale NUTAEeTCA NPOAYKTAMU KU3HEAEATENbHOCTU NETKUX, @ NOYKU — NPOAYKTaMM
KU3HEeAeATEeNIbHOCTU CepAEeYHO-COCYANCTOM cUCTEMbI U T. 4. KarKAblA Hall BHYTPEHHUW OpraH, Kak
oTaenbHas Bubpocuctema B GYHKUMOHMPOBAHUM €4MHOTO OPraHM3ma, HaxoguTCA B MHOTFOKPaTHO
OTpaboTaHHOM 3BOOUMEN Yepede B3aMMHOTO Pacrno/IOXKEHUA B 3aBMCMMOCTU OT NOTpebHocTu B
COBCTBEHHOM MCTOYHUKE NUTAHUS, SHEPTUM, 3alLnTe U T. 4. [axe npu cboe B paboTe n06Oro opraHa,
KOTOPbIA MOXET MPUBECTM K PUCKAM KM3HECNOCOOHOCTM B LENOM OpraHM3ma, TaKas CTPYKTypa
opraHusauum BnoaHe onpasgaHa B bopbbe 3a BO3MOXKHOCTb MeTabosnama B cBoeit 0cobeHHOM U
OrpaHUYeHHOM TeppuTopUanbHoO cpeae. TakoB AOCTAaTOYHO MNPOCTON U NOHATHbIN MexaHn3m 60pbbbl
3a peasibHOCTb CyLLECTBOBAHMA. TaK Kaxaaa Gopma mMaTepumn CTPEMUTCA K MyTaumsam U cumbuosam
APYr C ApYyrom Ans co3aaHna cTabunbHOM U 3KOHOMHOM 3HEPTrOCUCTEMbI B MOCTOAHHO MEHSALLeNcA
cpene obuTaHMA, UCNOb3YA OAHU U Te XKe BO3MOXKHOCTU. O4eBUAHO, YTO, 06begMHAACH B CUCTEMY
obuwee notpebneHe 3HEPrUM CHUMNKAETCA U U3MEHEHUs 0OBEeKTOB CMMDOMO3a NMPOUCXOAAT YyXKe B
eaMHON cpeae OKpYKeHus.

Mo¥HO CKasaTtb, 4To Nto60IM KonebaTenbHbI KOHTYP MAW BMBpOCMCTEMA MUKPOMMPA — €CTb
4acTb CTPYKTYypbl BELLECTBA CO CBOMM 3/IEKTPUYECTBOM M MarHeTMsMom M Torga ntoboe BelwecTso
n3nyyaet, a 1t0boe U3Ny4yeHUe - ecTb NONe COCTaBa 3TOro BewecTsa. OaHO 6e3 APYroro HEBO3MOXKHO.
CnepoBaTesibHO, 3HEPIMA — eCTb aHaNOr U3/IY4YEHUIO B JIMHEKE YaCTOTHOTO CNEeKTPa tobon maTepuun.
3HaUMT, BUXPW PA3/IMYHOM SHEPreTUKM, NN KOIMYEeCTBA 3apAa0B, B3aMMOLENCTBYA mexay coboi u
OTTa/IKMBAACb APYr OT Apyra, CO34alT YNpyrocTb Cpeapbl, YNNOTHAKOT €€, HeM3MeHHO 3ano/iHAA
NPOCTPaAHCTBO € 60/1ee HU3KOW NIOTHOCTbIO MaTepun. POPMUPYIOT YCAOBUA ANA NOCTOAHHOIO HANYUA
rpaMeHTa B OKPYXXEHWW, TEM CaMbiM CTUMYAUPYA HGecunmcneHHoe KOIMYeCcTBO NepemeLLeHnin u
BpalLeHMN 3apafoB, BCcerga ctpemsacb K 06pa3oBaHuMIo cTabu/ibHbIX U YCTOMUYMBbLIX CTPYKTYP BeLLecTBa
B CBOEM MPOCTPAHCTBE. BCE 3TO B COBOKYMHOCTU M €CTb FPaBUMTaUMOHHOE B3ammogeincTene. Yto Hu
roBOpPW, HO B Ka*KAOM M3 HAC BMOJIHE MOTYT COAEP!KATbCA YACTUUYKM MaTepUU C AOUCTOPUYECKUX
BpemeH. M 3To o4eBMAHO, MOTOMY YTO Pa3/IMYHble 06BEKTHI 3aPOXKAAIOTCA KaK BCMbIWKK CBETA, FACHYT
1 BO3POKAAOTCA BHOBb, UCMO/b3YA OAMH U TOT }Ke KCTPOUTE/bHbIA MaTepuan» BEYHO.

Opyrumn cnosamun, nwbaa subpocuctema HeusbeKHO NPUOBPETaeT LMUKAMYHOCTb, HEKYH
NPOAOMKUTENBHOCTb PA3/IMYHbIX BHYTPEHHUX KonebaTenbHbIX NpoueccoB. M 3TO 3aBUCUT He TOIbKO OT

127



napameTpoB KonebaHui, HO U OT BO34ENCTBMA MMNYNbCOB IHEPTMN 0OHEKTOB M3BHE, TO CTb Cpeabl
OKPY)KEeHUs, B TOM 4mMcne U3 Kocmoca. [Motomy 4to ntobaa cuctema noactpamsaetca nog 6onee
CUNbHble BHELWHWEe BO3AENCTBMA. B pesynbtaTte BO3HMKAET HeKaa ovyepefHOCTb OT/MYHbLIX APYyr OT
Apyra KonebaHui B KONYECTBEHHOM M KQYeCTBEHHOM BbIPaXKeHMU, KOTOPas cTabuibHO NOBTOPAETCA
C 3aBUAHOW UMKAMYHOCTbIO U NEPUOANYHOCTbIO. Koraa cneayowmi LMKA NepBo3A4aHHOM CUCTEMbI HA
3a YTO He HAYHETCA, NOKA He 3aBepLnTCA Npeablaywmin (cm. Puc. 6). To ecme, cobbimusA npows1020 8
oba3amesnibHom nopAaoKe 6ydym rnosmopsamecs 8 bydyuem ¢ pazHol nepuoduyHocmeoro. Bo3moKHO, ¢
HebONbWMMN  OTKNOHEHMAMM B  MapameTpax B  3aBUCMMOCTM  OT  MNOABAEHMA  HOBbIX
(He3anNaHMpPOBaAHHbIX) BHELIHWUX BO3AENCTBUIA. [eprom 3TUX NOBTOPEHUN MOXKET bbiTb 6e3rpaHnYHO
BE/IMK, MOTOMY YTO BO3MOXKHO 6e3rpaHMYHO BE/IMKOE KOAMYECTBO COCTABAAIOWMX €ro KOHTYpPOB.
Hanpumep, Kak B 6eckoHe4HOM Kocmoce. [1o3Tomy, BUBpOCMCTEMBI TaM CYLLECTBYIOT C Y KU3HEHHbIMU
LUMKNAMU B MUNIMOHBI U MUANMApAbl NeT. To ecTb, Yem H6osblue KonebaTenbHbIX KOHTYPOB B CUCTEME,
TEM NPOAO/IKUTENbHEE NEpPUOS, €€ UMKANMYHOCTU (BO30OHOBNAAEMOCTU) B CBOEM CTPEMIEHMM K
CUHXpOHM3aUuM obuiero putma. Hawa nnaHeta, ConHeyHas cucTema, ranaktuka v BceneHHasn
coBepwatoT, NoA06HO YacoBOMY MeXaHU3My, CTPOro BbiBepeHHble KonebaHua no ceomm opbutam us
roga B rog, U3 TbicAYENeTUA B TbicAYeNeTUE MUANAPAbI ET NOAPAA. ITO 3HAYUT, YTO OLHU U Te XKe
CoO6bITMA B KOCMMYECKOM MPOCTPAHCTBE MMEIT CBOM 3aKOHOMEPHOCTM MOBTOPATLCA C 3aBUAHbLIM
NOCTOAHCTBOM W TOYHOCTbIO. B TakOM cnyyae o4eBMAHO AOMNYCTUTb, YTO MU MHble MEHee 3HaYMmble
ABNEHUA TOXe [AOJ/IKHbI CNefoBaTb 3TOMY YTBEPXKAEHWUIO. BepoATHO, cyliecTByeT HeKaA CBOA
UMKANYHOCTb MOBTOPEHWUA BCEX CODOLITUI, CBA3aHHbIX C Atob6on Gopmoit MaTepum, a 3HAYUT U C
06bEeKTaMM Ha NNAHeTaX, KaK COCTaBHbIX YacTAX 3TUX BUOPOCUCTEM, B TOM YMCAE U C HAMWU, THOAbMM.
Ho, TonbKo B cnyvae COXpaHeHUA LeNoCTHOCTU GopM 3TUX 06 EKTOB, MHAYE eAUHBIN PUTM MEHSETCA.
M 3TO KacaeTca He TOJIbKO LUMKJANYHOCTU OJIeAeHEHUN, HABOAHEHWUIM, MarHUTHbIX 6ypb U T. 4., HO U
YKM3HEHHbIX UMKNOB BCcel bBnocdepbl 3emnum, B TOM YMCe U YeNoBeYeCcTBa. YUMTbIBAA NOBTOPAEMOCTb
HEKOTOPbIX KOCMMYECKUX MNAAHETapHbIX LMKAOB MPOUCXOAAWMX COObITUA B OrPOMHbIX Mepuopax
BPEMEHM, MOXKHO YTBEP)KAATb, YTO CyAbbObl LMBUAM3AUMIA N AaxKe OTAENbHbIX BUAOB CyLLECTB UAN
0cob6eli CKNOHHbI LLUKAMYHO NOBTOPATLCA Yepe3 HEKOTOPbIM Nepuos BpeMeHU Uan TbiCAYeNeTma, am
AaXKe MUNINOHDI N1eT, B NONHOW (MK NPUBAUIKEHHOM) UX Konun. Kak putm KonebaHuit BUbpocucTem.
A Mbl yXKe 3Haem, 4To MHGOPMaLMA B NPOCTPAHCTBE XPAaHUTCA BEYHO, M TOTAa 3Ty MHPOPMALLMIO MOXKHO
HalTM M npeacKasaTtb byaywee N060ro cobbiTUA AN YeNoBEKA, KaK TOYHYH KOMUIO ero npezaKos.
MoTomy 4To BepoAaTHOCTb coBnaaeHnn AHK gocturaet 99,9%. Noao6bHbie yTBEPKAEHUA BEPHbI TONIBKO
B C/ly4ae, eC/In BCA KMU3HEAEeATeNbHOCTb Ha BCEX YPOBHAX MaTepuu eamHa U PUTMUYHA B CBOMUX
nepuogax. Mpumepom moryT O6bITb CNAOWHbIE MNOCTOAHHbIE MOCAE[0BaTENbHOCTU  Pa30BbIX
npeBpalleHni Bew,ecTBa, 3BE3A, 3BOJIOLMM AaTOMOB (B TOM 4YMCAe B OAHOM CEMENCTBE) WM
NOCTOAHHAA NOC/NeA0BATENbHOCTb 3/IEMEHTOB PaAMOAKTMBHOIO pacnaga, Kak W  MHOXecTBa
NMOKO/MIEHUI NtoAen OAHOM pachkl, UAM NOCAEA0BATENbHOCTb CTPYKTYP Fr€HETUYECKOM NaMATU KNETOK U
T. 4. VI BCé 3TO NWIHWIN pa3 ABNAETCA NOATBEPKAEHUEM TOro, YTO BCE MaTepuabHble Tena MmerT
€4MHbIN YHUBEPCAbHbIM NNAH (MaTpuULy) CBOEro BHYTPEHHErO CTPOEHUA — AUMO/bHbIN, COCTOALMMI U3
ABYX  AMNONEN, MArHUTHOMO W  39NEKTPUYECKOro, KaK COOTBETCTBEHHO MNapanNenbHOro MU
nocnenoBaTe/IbHOro KoiebaTeibHbIX KOHTYPOB.

Mbl, nt0An, NO3HAEM MUP NNLLIb BO B3aMMOAENCTBUN C HUM. Kusas (hopma — 3mo He MosbKO
coyemaHue omoesibHbIX 0p2aHo8 8 eOUHOM mese, 3mo meso U cpeda. be3 cpedbl HUKAKAA HU3Hb
Heso3MoxHa. Cpeaa — 3TO UCTOYHWUK 3SHEPruu, pe3oHaHCHoe uan mnsbupatenbHoe notpebneHue
KOTOPOM XMBbIMW OPraHM3mMamu ABAAETCA Ba)KHbIM YCNOBMEM €€ duabTpauumn (ouuweHus) ana
nogAeprKaHua B Hel ONTUMaNbHbIX YCNOBUI. Tak, HM ogHa GOpMa MaTepum He MOXKET CyLLeCcTBOBaTb
NPW OTCYTCTBMU MArHUTHOMO NOAA, NOTOMY YTO KaXKAaA U3 HUX UMEEeT 3/IeKTPOMArHUTHYIO NpUpoay U
COOTBETCTBYET KOHKPETHOMY AMana3oHy U3NyYeHUA. DHepPrua BHELHEro noaa BxoauT B ntoboe Teno
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Bubpocuctembl B 061aCTU «CBOEro NOAcCa 3KBATOpa», NOALEPKMBAA U BpalLeHMe BUXpPen B 060Mx
noNywapuax eaAnHoOro AMnonsa, n obpasoBaHne CUNOBbIX TNHUI, U ABUXKEHUE INEKTPUYECKOro TOKA
MeXay NOIIDCaMM, Yepes KOTOPble M OTKPbIBAETCA eANHOe none Topa. Kaxcdoe mesno (subpocucmema)
U ecme UCMOYHUK MOCMOAHHO 83aumodelicmayoujux co cpedoli 31eKMPOMA2HUMHbIX U3ay4eHul.

Torpa BceneHHaa — 3To eAMHasA NOABUMKHAA aBTOKONebaTe/IbHAA SNEKTPOMArHMTHaA cucTema ot
MMKPO [0 MaKkpomupa, rae nwbas ¢opma matepum B CBOEM OCHOBE HECET CBOMCTBA
B3aMMO3aBUCUMbIX MAarHUTHbIX U 31IEKTPUYECKUX Nonen. Bcé Bokpyr BubpupyeT, ntobble Bubpauumn n
eCcTb Npoueccbl NpeBpalleHWMn, KoTopble U GOPMUMPYIOT  CTPYKTypbl BewecTs. [lonpocTy,
KonebaTeNbHbI KOHTYP — 3TO MPOLECC MPEBPALLEHUA 3/IEKTPUUYECKON 3HEPrMM B MATHUTHYHO U
06paTHO, KaK notpebneHne n mMsnyvyeHne 3Heprum c npuobpeTeHMem HOBbIX CBOWCTB M Ka4yecTs
MmaTepun. 3HAYUT, MarHUTHOE MoJsie ynopAaL0YMBAET B3aMMHOE ABWUMKEHMA 3apAL0B, CaMO ABNAACH
CNeACTBUEM WX ABUMKEHUA UAN NAMATbIO 3/IEKTPUYECKOTO MO, KOTAa MAarHUTHblE PUTMbl YNPaBAAOT
3NEKTPUYECKMMU UUKNAMUN. MIMEHHO HanpaXKEHHOCTb MarHUTHbIX NONEN, BO3HMKAIOLWLAA B AUMNONbHbIX
CTPYKTypax, 3anonHAseT 3Heprnen un  uHPopmaumehn BCE NPOCTPAHCTBO CpPeabl  Mexay
B3aMMOAENCTBYOWMMM 3apASaMK, NIOTHOCTb KOTOPbIX 3aBUCUT OT CKOPOCTEN BPaLLEHUA UX BUXPEN,
KaK cneacTBue rpagueHToB OKPYKeHUA.

Yto ke gaéTt Ham B3ammogelicTene nonen? Hanpumep, ntoban MbiC/ib, Kak 3/1€KTPOMArHUTHas
BOJIHA NOKMAAET NOPOAMBLUNI €€ MO3T M PACNPOCTPAHAETCA B Cpee NPOCTPAHCTBA, €€ MaTepuM, Kak
BoNHa. W 3Ta BONHA (aHanorva paguoBO/H) YNABAMBAETCA APYron mbicnawen Gopmoin, Apyrum
MO3rom. 3aZ,a4MMCA BOMPOCOM, Pa3Be Ha TAKOe B3aMMOAEMNCTBME BO3MOMKHA TOJIbKO CMOCOBHOCTb
MO3ra K MbiLl/1eHNI0? Pa3se He ntoban CTPyKTypa matepun, MmeroLlas cBoto Gopmy, CBOE MarHUTHoe
none, Kak MamsaTb, cnocobHa WM3Ny4aTb-NMPUHUMATL ONpenenéHHble CMEeKTPbl 3/IeKTPOMArHUTHOM
BOJIHbI? HECOMHEHHO, YTO KaxAablh BUOPOKOHTYP, KaXkaana Bubpocncrema oT sneMeHTapPHbIX YacTuL, U

Puc. 7 lUnudppoBaHue 1 apxmBnpoBaHune mbicneir. Puc. 8 ObpasoBaHMe Naa3mbl BOKPYT NIaHET.

10 KOCMUYECKMX 06bEKTOB, NOCHINAA INEKTPOMArHUTHbIA MMMNYAbC U NOAYYan B OTBET OTPaXKEHHbIN
curHan (Kak MHPopmauuio) M3BHE NPOCTPAHCTBA, M3MEHAET (KOPPEKTUPYeT) CBOE COCTOAHME Mo
aHaNorMmMM C Tem, Kak ecan 6bl 3T 06beKTbl maTepun (BellecTsa, M3Ay4eHUs) U3MEHWUN CBOH
TPaeKTopuIo B pe3ynbTaTe NPAMOro CTOJIKHOBEHMA, NYCTb U He TaK ByKkBasbHO. XOTA 6bl MOTOMY, YTO
noboe npaAmoe CTO/NIKHOBEHWE TOXe eCcTb 60/iee KeCcTKoe 3/1eKTPOMarHUTHOe B3auMMoAencTeue
MaTepum.

3HauuT, NpoLecc MbilWweHUs (CpaBHMBaHMA) CBOAUTCA K NpoLEeccam reHepauun u notpebieHus
3N1EKTPOMArHMTHbIX BOJIH CTPYKTYPaMM MaTepPun, Kak KosiebaTteibHbIMU KOHTypamu (aunonamm). Kak
HeobxoaMmoe CBOMCTBO (COCTOAHME) AN1A NPOAO/IKEHWNS CBOETO CYLLECTBOBaHMA (coxpaHeHMa Gopmbl)

N PasBUTMA, OPUEHTALUM B MPOCTPAHCTBE (NPUCNOCOBAEHUA). 3HAYUT NIM 3TO, YTO MbICIEHHbIMU
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BO3MOXHOCTAMM HageneHol abcontoTHO Bce GopMbl, KaK MaTepUN 3N1EKTPOMArHUTHOM NPUpPoAbI?
Bonpoc nunwb B rnybuHe CTPYKTYpPUPOBAHUA, aHaNn3e AUCKPETHON MOAYAMPOBAHHON MHbOPMaLMK,
eé KonupoBaHuW, GUNBTPOBAHUMN, KOAMPOBAHMMU, CNOCOOHOCTN €€ MHTErpMpoBaHMA B COBCTBEHHYHO
CTPYKTYpY M T. 4. MbiCcnb B BUAE B3aMMOLENCTBUA CUTHANOB LWMPYETCA U 3aNOMUHAETCA B MarHUTHOM
NamATM BUOPOKOHTYpa CTPYKTYpbl ANA AanbHenwero €€ Wu3BAeYeHWA M OMO3HABAHWA paau
MOCTOAHHOTO CPaBHEHUA C MHPOPMaLMeN U3BHE CUCTEMbI C LENbIO PearMpoBaHMA Ha BHellHee
Bo3gencTeume (cm. Puc. 7). Mpupoaa Bceraa TpaHCAMPYET (KONUPYET) CBOU yAauHble SKCNEPUMEHTbI Ha
Bce dopmbl matepumn. OTCoAa, BCE BOKPYr OT 3/1EMEHTAPHbIX YacTul, 40 bruonornyecknx Gpopm m ectb
«KuBaaA» MmaTepuAa. B Takom cnyvae, ece npouyeccol 3sHepzemuyecko2o e3aumodelicmeusn
s8ubpokoHmMypos nboli eduHol hopmbl Mamepuu, KaK NoaHO20 YUKAA GHAAU3A UHpopmMmayuu om eé
nosy4YyeHusa u 00 0MeemHo20 UCMOAHeHUA cobbimus, u ecms Haauyue «dyxa». nn no-gpyromy, Bcs
MaTepua MMEEeT 3/1eKTPOMArHUTHYIO CTPYKTYpy W BCce npoueccbl (ABneHuA) — ecTb KonebaHwus
(Bnbpaumm) namn nx NnponssBogHble, NOTOMY YTO BCE OHM MMEIOT AUNObHOE (BUXPEBOE) CTPOEHME, KaK
«AHTEHHbI» B3aMMOAEWCTBUA C INEKTPUYECKMMM M MArHUTHBIMW MONSIMM BEJIMKOTO MHOKEecTBa
CNEKTPOB N3/Ty4EeHUA U3BHE CBOET0 OKPYKeHMUA. Toraa, Hu3sHb C80OUMCA K COXPAHeHUr cobcmaeHHbIX
KonebaHuli KOHMypos 8 cMpyKmype edUHOoUl cucmemsi.

Ctano 6biTb, BO3MOKHO MCKYCCTBEHHO CO34aTb }KMU3Hb U3 Nt0ObIX HEBUONOTrNYECKUX (B TOM Ymncne,
HEeoOpraHW4Yecknx) matepuanoB MNyTém nopbopa COOTBETCTBYHOWMX KosebaTeNbHbIX KOHTYpOB B
€4MHYI0 CUHXPOHM3MPOBaHHYK BUBpocucTtemy. Kotopas n ByaeT He3aBMCMMO OT BMELLATENbCTBA
4yeNnoBeKa OCYLLECTBAATL CBON QYHKLMOHAN, «MUTAACLY U B3aUMOLENCTBYA C SHepruen snbpocucrem
N3BHE MNPOCTPAHCTBA OKPYKEHMUA, aHANU3UPYA BNOJIHE CAMOCTOATENbHO BCe BO3AENCTBUA, Baarogapa
3a/10)KEHHOM apXMBHOW NaMATU B MArHWUTHbIX MNOJAX €€ COOCTBEHHbIX KOHTYPOB, Kak eauHas
CaMOCTOATEe/IbHAA a4aNTMBHAA CMCTEMA. M 3TO MOXKHO Peasin30BaTh y¥Ke CerogHA Ha Mogensax aTOMOB,
MOJIEKY/T U UX COeANHEHUN. TOYHO, KaK 1 MOy4aTb 3/IEKTPUYECKUIN TOK M3 N1IEKTPOMArHUTHbIX Nosein
cpeabl OKPYXKEHMA, CO34aB YCNOBMA U KaXKAbIN pPa3 YHUUTOXKAsA M BO3POXKAAA AMNONb, KaK Hanume
rpaMeHTa B MPOCTPAHCTBE.

Pa3nnyHaa WHTEHCMBHOCTb BUXPEN (B TOM 4MCAe M UX MAFHWUTHAA COCTaBAANOLWLAA), Kak
BO3HMKHOBEHME T[PaAMEHTA B OKPYXKEHWUW, ABNAETCA MNYCKOBbIM MEXAaHM3IMOM AN MNOSABAEHUA
KONbLLEBOrO 3/IEKTPUYECKOrO TOKa B 30HE 3KBATOpa AMNoAA. M OH HauyMHaeT B3aMMOAeNCcTBOBaThb C
APYTMMU OUNONAMU U3BHE B CBOEM OKPYKEHMMU, Nogaeprkmana cobcTBeHHble KonebaHusa (nuTanacb
sHepruei), 06beanHAACL C HUMK B Boslee yCTOMUYMBbIE IHEPreTUYECKME CTPYKTYPbI. JTlobble e BUXpH,
He o6pa3oBaBLUME AMNONb U He CNOCOBOHbIe COXPaHUTb IHEPTUIO, MOCTENEHHO 3aTyxatoT. Ho OHM ToXKe
BOB/IEKAIOT MaTepuio  cpeabl B BO3OyXKAeHWe, cnocobcTBys 06pPa3oBaHUIO  Pa3/INYHbIX
3N1EKTPOMArHUTHbIX NOJIEN, KOTOPbIE B CYLLHOCTU, KaK PEryNAaTOPbI MOTOKOB SHEPTUN, ABNAIOTCA CPEAON
pacnpocTpaHeHUs (pacTBOPEHUA) B MPOCTPAHCTBE.

Echan  nobble 3N1EKTPOMArHUTHbIE M3/IYYEHUA CAYXKAT pacTBOpUTENEM, WAW  ocnabnstoT
BHYTPEHHME B3aUMOAENCTBUA MEXAY CTPYKTYPammM B aTOMaXx, TO 3HAUUT /1 3TO, YTO BECb CMEKTP YacToT
BCEX W3BECTHbIX ATOMOB BELLECTB pPaA3/IOKEH OT BOJOpPOAA (CamMOM BbICOKOYACTOTHOM eé
COCTaBAAKOLWEN) A0 aTOMa ypaHa (camoil HW3Ko4YacTOTHOM)? OTCo4a BO3HWMKAET NepuoaUYHOCTb
CBOMCTB aTOMOB KaK €4MHOW CUCTeMbl POACTBEHHbIX BELLECTB, COXPaHANOLWMX MCXOAHYH a3y
BOZOPOLAHOrO MPOUCXOXKAEHUA — HEUTPOH. Bo/Ha cBeTa Naaasn Ha 3/IEKTPOHHYIO KOHCTPYKLUMIO aTOMa
(dbopmy BelecTBa) pacliennaeTca Ha cnekTp (pag rapMoHUK), popMmupya HANBUAYANbHYIO CTPYKTYpPY,
KaK CeTb MM PE30HAHCHYH MOBEPXHOCTb NOMNOWEHMA. 3HAUMT, KaXK bl aTOM XMMUYECKUX 3/IEMEHTOB
B3aMMOZENCTBYET TO/IbKO CO CBOMM AMAaNa30HOM 3/1eKTPOMArHUTHbIX U3lydeHui. B peanbHOCTH, CyTb
BCEX (KMBbIX» MPOLECCOB COCTOUT B U3MEHEHUN MOAYNALMU 3NEKTPOMArHUTHbIX nonen, byab TO
n3meHeHne GopMbl, Pa3mMepoB AN UHbIX MAPAMETPOB BELLECTBA.
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MoeT nokasaTbca abcypAHbiM, a nodyemy Obl M HET, YTO 3BE34Hble MJIAHETHble CUCTEMbI
obpasyloTcs M nogaatoTca Knaccudukauum aHanorMYyHO MPUUYUHHO-CAEACTBEHHbIM CBA3AM, YTO U
aTOMbI BellecTBa B «[lepmnognyeckoin cucteme»? Fae Kaxkgaa U3 HUX MMEET CBOM CNEKTP U3/y4YEHUI?
A ranaKkTUKM CyLLeCTBYIOT N0 NPUHUMNAM GOPMUPOBAHUA CTPYKTYP MOEKYA, KNETOK U T. 4.7 MoTtomy
YTO KaXKAas M3 HUX MMEET CBOM LIMKAbl U PUTMbI CYLLLECTBOBaHMA COOCTBEHHbIX BUXpen? Mpeactasum,
YTO KOCMMYECKanA Nbl/ib, KOMETbI, aCTepPOoMAbl, Fa30Bble 06Pa30BaHMA UM MHbIE KOCMUYECKME 0O BEKTDI
MOTYT UMETb AN11, Hanpumep, COTHEYHOM CUCTEMbI, TaKYIO XKe BaXKHYI0 POJ/ib, KaK HEMTPOHbI, GOTOHbI,
MPOTOHbI, 3NEKTPOHbI U T. A. AN XU3HeAeATe/bHOCTM aToma, ero CuHTesa WAW pacnaja,
npeobpa3oBaHMA B aTOMbl APYrMx BELWECTB UM B UX U30TOMbI U T. 4. [laBHO 3aMeyeHOo, YTO NoABAeHne
KOMET Bbi3blBaeT akTMBHOCTb CO/HLA, OHM Y4YacTBYIOT B 3HeEpretTMyeckom banaHce KOCMUYECKUX
CUCTEM W3 MNAHeTapHbIX Ten W nomoratoT GopmMMpoBaTb WHAMBMAYANbHYO OPWMEHTALMIO B
NPOCTPAHCTBE OTHOCUTENIbHO LLEHTPA FraNlaKTUKN.

A BO3MOKHO nu, 4yTo CoMHUE Ha CAaMOM Aenie He TPATUT CTO/IbKO SHEPrUKn As CBOEN CUCTEMDI,
Kak mbl gaymaem? [lpeactasum, yto CosHUE NMWb BO3OY)KAAET 3/EKTPOMArHUTHbIA MMMYAbC B
HanpPaB/€HUWN TOM AN MHOWN NJIAHETbI B BUAE BO3MYLLEHUS COJTHEYHON KOPOHbI, HO HUKAKOM MJia3mbl
COJIHEYHOrO BETPa B cpedy OKpPYXKeHuAa naaHeTbl He BbOpacbiBaeTcA. A MpoucxoauT ciedytollee:
3/IEKTPOMArHUTHbLIN MMMYAbC, 00pa3ya 3NEKTPUUYECKYIO M MarHUTHYIO COCTaB/AloLLME, BO3OYXKaaeT
cpeny OKPYKEHWs MEXNNAaHeTHOro npocTpaHcTBa. MarHutHas coctasasowas  dopmupyet
HanpaB/ieHME U CEKTOP BO3MYLLEHUA cpeabl, NyTEM B3aMMOAENCTBUS C CUIOBbIMU IMHUAMM NAAHET U
3apAfoB B Hel. A 3neKTpUYeckKMin Mmnynbc obpasyeT camy MaTeputo CONHEeYHOro BeTpa (M
MEMNNAaHETHON Nnas3mbl) BO B3aMMOAENCTBMM C MHOMKECTBOM 3/1eMEHTAPHbIX Aunonein cpeabl
OKPYKEHUA KOHKPETHbIX MAAHEeT, B CTOPOHY KOTOPbIX W Oblna HanpassieHa uHpopmauua B Buae
3/IEKTPOMArHMTHOrO MMNy/abca 3Hepruu. To ecTb, nnasma obpasyeTcad HenocpeacTBEHHO U3
3/IEMEHTAPHbIX YacTul, BOKpyr nnaHeT (cm. Puc. 8). CBeTMio B AaHHOM C/ly4ae SKOHOMWUT CBOHO
SHEpPruto 1 06 BEM BeLLecTBa, NPoaeBaeT COOCTBEHHOE CYLLEeCTBOBAHUE U ANCTAHLUMOHHO, MFTHOBEHHO
ynpaBAneT 3apoXKaeHMem (CMHTe30M) TOW UAKM MHOW MaTepun (B BUAE BOCNPOM3BOACTBA COMTHEYHOTO
BeTpa) A4NA OnepaTMBHOro BO3AENCTBMA Ha MJAHETy B OaHHOM eé cpefde W B AaHHOM eé mecTe
npocTpaHcTBa. B coctaBe conHeyHoro BeTpa NpUCYTCTBYET nogasasatowee 60/bLWNHCTBO NPOTOHOB,
KOTOpble ABNAKTCA OCHOBHbIMU HOCUTENAMM MHOOPMALIMM N KOHBEPTEPAMU 3SJIEKTPOMATrHUTHbIX
M3NYYEHUN, KaK WCTOYHWUKOB TMOTOKA 3SHEPrUM POCTa 3J/IEMEHTAPHbIX CTPYKTYP MaTepuun, K
npeobpaxeHuo 3emnn noa ynpasneHmem ConHua. B Tom yncne pocTa BelecTs camoi njiaHeTsbl. U
BOAOPOAHAA M/1a3Ma MPAKTUYECKN MOMEHTA/IbHO CUHTE3UPYETCA U3 CPEbl OKPYIKEHUA TOW AN NHOMN
NAaHeTbl, Kak aHeprua, HeobxoaAMmMas ANA NUTaHUA €€ MarHUTHOTO M 3N1IeKTpuYeckoro nosen. Mpouecc
3TOT CBSI3aH C CMHXPOHM3aLMEN INEKTPOMArHUTHbIX MOJIEN Cpeabl OKPYXKEeHUA naaHeT — aapecaToB
M3Ny4eHUn cBeTuNa. 3HauuT, BcAKaa ¢opma MaTepuu NPOCTPAHCTBA MOCTOSHHO MOMOJHAETCA
M3NYYEeHMAMW KaK 3BE3A, TaK M NnaHeT. 3BE3abl NOOYKAAIT NAAHETbl K POCTY M K BbIHYKAEHHOM
3aBMCMMOCTM OT COBCTBEHHOM aKTUBHOCTM U3NTYYEHWIA.

KoHeyHO, He TO/NbKO 3BE3A4bl WM MNAAHEeTbl MMEHT CMOCOOHOCTb CUHTE3a MeXKNIaHEeTHOM
BOAOPOAHON MNasmbl B cpese COOCTBEHHOrO OKPYXKEHWUA MYTEM W3YY4EeHUA 3SNEeKTPOMArHUTHbIX
MMMY/IbCOB SHEPTUU, HO M KOMETbI, U acTepounabl. Kak NOCTOAHHbIN NPOLEeCct 3apoXKAeHMA BELLECTBa U3
MaTepUn KOCMUYECKOTrO MPOCTPAHCTBA, B pe3ynbTaTe B3aMMOAENCTBUSA CUNOBbIX IMHUN PACKPbITOro
KOHTYypa COBCTBEHHOr0O MarHUTHOrO NOAA «NyTelwecTBEHHUKAY € €€ YacTuuamun. He B 3Tom M Kpoetca
3araflka WX OAUTENIbHOTO CyLLeCTBOBAHWS, HECMOTPA Ha, Kasanocb Obl, 06MIbHYHO MoTepo
NepcoHanbHON MATEPUM MPU UX OABUNKEHUU NO CBOMM opbutam (xBocTbl)? MAOTHOCTL BOAOPOAHOWM
naa3Mbl B NPOCTPAHCTBE He BO3pacTaeT 6€CKOHEeYHO, MOTOMY YTO €€ BOCMPOM3BOANTCA POBHO CTO/IbKO,
KaKoBa 3HEPruaA 3/1eKTPOMArHUTHbIX U3/TYYEHUIM UX UCTOYHMKOB, UM CKOJIbKO €€ ByaeT NornoleHo
«agpecatamm». Y HUYero «auHero» NPocTo Tak, becuenbHo, B Npupoae He Bo3HMKaeT. Hanpumep,
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BCMbllWEYHas aKTUBHOCTb M3 3KBATOPMA/NbHOM 30Hbl COMHUA, KaK HaKayka 3apsXKeHHbIX 4acTuly
COMIHEYHbIM BETPOM, CAYXKUT PUTMUYHOMY MNOTPEOAEHMIO M HAKOMAEHWIO MAAHETaMW 3Hepruu, a
3HAUYUT MX POCTY. [PUMEPOM MOKET CAYKUTb POTOCMHTES. TO €CTb, MPUCYTCTBYET MEXAHM3M, KOTOPbIM
nossonseT Aobomy AuNoNto (C MarHUTHbIMW CBOMCTBAMM) YCTOMYMBO M CTAabUNbHO CyLL,ECTBOBATD,
ecsu y He2o ecmb aniemeHm, crnocobHbIl nNpeobpa3ossieams U3syYyeHUs 8 MOKU NUMAHUA U3 cpedbl
OKpy}ceHuUs. I 3TO OTHOCUTCS KO BCEM 3/1EMEHTapHbIM YacTULLAM, aTOMaM, UX COeAUHEHUSM U T. 4.
MHaye rosops, ceeT CosHLA BO3OYKAAET BO/IHbI B Cpeae NPOCTPAHCTBA. DIeKTPOMArHUTHaA BOHA —
3TO ABa ¢parmeHTa B OAHOM LE/SIOM: MAarHUTHbIM NOAAM HeobxoaMma NoAMUTKA 3/1EKTPUYECKOTO
NnoJA, a 3/1IEKTPUYECKMM NOSIAM TpebyeTca ynpaBneHne Ux LMKAaMU C MOMOLLLbI MarHUTHbIX PUTMOB.
BHelwHe noxoe Ha aHanor ABOWCTBEHHOCTM CTPYKTypbl HUTeW OHK. CeKkpeT «KuMBOro» npotecca
HaxoauTcA B MHGOPMALMOHHOM CUTHaNEe BHELWHEro MnoAa cpeabl, KOraa 3/1eKTPOMarHMTHaaA BOJIHA
(cBeT) nocToAHHO BO306HOBANsET ceba (6eKNT) B ABUKEHMUM C NOMOLLbI MHAYKLMOHHOIO BO3AEeNCTBMA
Ha anemMeHTapHble AMMNOAM cpeabl pacTekaHWa B NpocTpaHcTBe. Mnu, obpasHo roBopsA, meopeHue
npoucxooum HernpepbI8HO 8 CBOUX YUKAAX onpedenéHHOU nociedosamenbHOCMU.

Torpa, BO3MOXHO 1 NoABAEHWE BUONOTMYECKMX CYLLECTB U3 CTPYKTYP 3/IEMEHTAPHOM KMBOWM
MaTepum «MoJ 3aKas» Ha 06bEKTax OKOIONNAHETHOro NPoCcTpaHCcTBa? Koraa yyKe CTaHOBATCA NMOHATHbI
TEXHOJIOTMM A0CTaBKMN PECYPCOB AJ1A CTPOUTENbCTBA KOCMUYECKUX CTaHLMIA M AaXKe CMYTHUKOB MiaHeT
Ha Mx opbuTax? B TOM Yncie U TEXHONOMMM MaTepUann3aLmm pasanyHbIX CTPYKTYP U3 3NeMeHTapPHbIX
YyacTuy, BellecTBa B reocdepax naaHeT NyTéM BO3AENCTBMA HA HUX S/IEKTPOMArHUTHbIMM Nonsmu, 6es
TPAHCNOPTUPOBKM Tyaa Heobxoaumoro matepuana? MNoyemy 6bl U HET, BeAb NPMPOAA MUANOHAMMU
NeT 3KCNyaTUpyeT pPas3/iniHble CBOMCTBA 3/1IEKTPUYECTBA U MarHeTusama? Y:ke cerogHa mbl CNOCO6HbI

Puc. 9 Cxema n3meHeHuA BpallleHMA BeHepbl B pe3ynbTaTe CMeHbl NoJl0CcoB (NepeBopoTa NiaHeTbl).

BO3DY»K4aTb NPOLLECChl CUHTE3a UM pacnaZia MHOFOUYMUC/IEHHbIX AUNObHbIX CTPYKTYpP, 061yyas ntobble
GOopMbI KUBON N HEKMBON MaTepumn. 3HaUUT, Hawa GM3MKa BNOJIHE AOMNYCKAET CO34aHUEe He TONbKO
MEracoopy»eHuin, Ho M BUONOrMYECKMX OPraHM3IMoB B AOBOM MecTe NAaHeTbl MAM Kocmoca B
6naronpuaTHOM ANA 3TOro cpede OKpyXeHua. Hanpumep, npu ocsoeHuu JlyHbl, BeHepbl wnnu
OKOJI03eMHOro NPOCTPAHCTBA.

NHTepecHO, YTo e Npon3onaeT c Hawe ConHeYHOM cUCTEMOM B AanéKom byayuiem? Jnda sToro
3arnAHem B MPOLIIOE M Ha OCHOBAHWW AOCTYMHbIX AAHHbLIX MOXEM MPeanoNoKUTb, YTO B TeyeHue
HECKO/NIbKUX OeCATKOB MUINMOHOB NeT Hawa 3emnd, MeaseHHO nepemelasacb K nepubepumn wm
He3HauyMTeNnbHO NpubaBuB B 06bEMAX, 3alMMET opbuTy, 6an3KyI0 K Mapcy. Bo3amoXKHO, Ha Hell gaxe
4aCTUYHO coxpaHuTca bnocdepa. Hawa cocenKa BeHepa npakTUUYECKM MOMHOCTBIO «TOTOBA» K poTaLmm
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CO CcBOeM opbUTbI U CYLLECTBEHHO CMECTUTCA B 30HY «KomdopTa» K opbute 3emnn, aa TaK, UTO Ha Hel
3apoAMTCA WMHasi, CaMOCTOATENbHAnA UMBMAM3aAUMA Ouonormyeckon ¢opmbl XKu3HKU. [Monpobyto
PacKpbITb 3TO yTBEPXKAEHNE NoapobHee.

B HacToAwee Bpems, HanuumMe Ha BeHepe pe3ynbTaToB ObIIOKM YPE3MEPHOM AKTUBHOCTM
BY/IKAHOB B BUAE CEPHUCTLIX Fa30B M NAOTHbIX 06N1aKOB CEPHOM KUCNOTbI, @ 3HAYMUT, CYLLECTBOBAHUE U
POCT MHTEHCMBHOCTM MOJIHUM, MO3BONAIOT YTBEPKAATb, YTO HAa OFPOMHYIO CKOPOCTb ObpalieHus
aTMocdepbl U 3apOXKAEHME B HEM BUXPEWN yparaHHOM Cunbl, BCE 6onbluee BAMAHME OKA3bIBAOT
BpaLLalOWMecs 3/IeKTPUYECKMe NOoNA B 30He 3KBaTopa. M 3TO HecmoTps Ha HeTopon/nBoe u
NPOTMBOMONIOXKHOE MO HAMNPaB/JEHUID OTHOCUTE/NIbHO «COocefen» BpalleHWe CamoM NNAHeTbl, Ha
KOTOpPOE OKa3blBaeT CBOE BAUAHWME MPOTMBOMONONKHOE BPALLEHME AOCTATOYHO NJOTHOM N KTAXKENOMU»
eé «BO3aylWwHOM» cpeabl. B gaHHOM cnyyae, NpoMCXo4MT paccemBaHUE OFPOMHOWM KUMHETUYECKOM
3Hepruun suxpen (Tenno) BHyTpM atmocdepbl, OTYEro BANOE BpalleHUe BeHepbl BOKPYr cBOEN ocu ¢
MWHUMaNbHbIM MOMEHTOM MHEPLUWN CTAHOBUTCA BCE Bonee HecTabuabHbIM. M o4eBMAHO, YTO Yepe3
HECKO/IbKO COTEH TbiCAYENeTUI NNaHeTa HAYHET BPaLLaTbCA BOKPYT APYroi 0CU NPOCTPAHCTBA, HO YXKe
¢ 6onbWMM MOMEHTOM MHepuun (cm. Puc. 9). B Takom cnyyae, npon3onaét nepeBopoT MIAHETbI
(3ameHa nontocoB) M HanpaB/ieHMe eé BpalweHua uameHuTca (adpdekt [xaHmbekosa B. A.). B
noaTBepXKAEHME TAKOro PasBUTUA COObITUM MOXHO OTHECTM HanuMune Ha BeHepe CTOAYMX BOJH,
KOTOpble HAaBOAAT Ha MbICIb O CyLLeCTBOBAaHWW 30H C 3ddeKkTamn oTpuuaTeNIbHOM MarHUTHOM
BOCNPUMMUYMBOCTM, YTO AONycKaeT obpa3oBaHMe Ha NaHeTe Nosiel BEKTOPHOro noteHumnana. Korga
HanNpPAXXEeHHOCTb 3/IEKTPUYECKOTO NOMA U MHAYKUMA MAarHUTHOrO NoAA TOXAECTBEHHO obpallatoTca B
HO/Ib, HO MPX 3TOM OHM OMMUCbLIBAIOT MHTEHCUBHbIE BUXPU BO3MYLLEHUA 3/IEKTPOMArHUTHOIO NoAA B
cpeae NpocTpaHcTBa. YTo ABAsSETCA NPUYMHON BOSHUKHOBEHMA ABNEHMA MOHU3ALLMM YACTUL, BELLECTBa
cpeabl OKPYXKEHUA, OTYEro BO3pacTaeT eé NPoBOAMMOCTb M NOABAAKOTCA TOKU 3apAL0B C yBEIMYEHNEM
NAOTHOCTU aTMOCdEpPbI, KaK NepeMeLLeHNA NOTOKOB 3Heprun. K Tomy e, Hanmune 3TUX NPoL,EeccoB B
HacToALlLee BpemMa NoAKPEeNNAeTcA NPaKTUYECKMM OTCYTCTBMEM MArHMTHOIO NOAA Yy NAaHeTbl. TONbKO
NOTOM, MO MPOLECTBUM OMUCAHHBbIX Bbile COBLITUIN M NO WUCTEYEHUU HEKOTOPOro MPOMENKYTKA
BPEMEHM, HAYHET pacTU MArHUTHOE none CcepaeyvyHMKa MaaHeTbl, €€ «KenesHoro» Agpa
(HamarHuuymBaHue). A no mepe ypanenus ot ConHua, BeHepa cTaHET NOCTENEHHO OX/1AXKAATbCA NoA,
NNIOTHOW NeneHom ceoer atmocdepbl ¢ cogepkaHnem 97% yrnekmcnoro rasa. Cama nnaHeTa, cocTaB
eé atmocoepbl byayT MeHATbCA U BCE 6onee HaNOMMUHATDL HaLly 3eMHYHO.

Janee noHATHO, YTo MepKypuii nepemecTuTca Ha opbuty 6an3Kyto K BeHepe. YTo MHTepecHo,
mecto Mepkypus byaeT npepHasHayeHO COBEpPLUEHHO HOBOWM, HapoAwuBLUENCA OT npoTybepaHues
Co/NHUa KPOXOTHOW OrHeHHoi nnaHete. To ecTb, npou3olidém ceoe2o poda pomayusa naaHem
cucmemel 8 pe3ysnemame ux pocma, yoauHeHuUa opbumsi u Herpepsi8HOU 83aUMHOU CUHXPOHU3AUUU.
Al yBepeH, 4To HenTyH Yyepes npumepHo 25-30 MAH. NeT BbINAET 3a chepy BANAHMA Hallel 3Be3bl U B
byayuiem opraHM3yeT CBOO MIAHETAPHYHO CUCTEMY, HAYAIOM KOTOPOIM CTaHYT COBCTBEHHbIE CMYTHUKW.
Mpongét coBcem HEMHOTO BPEMEHM MO KOCMUYECKMM MepKam, U OH MPeBpaTUTCA B 3Be34y, XOTA Obl
NOTOMY, 4TO ero aTmocdepa yKe ceryac o4eHb NOX0o¥Ka NO COCTaBY Ha ConHeyHyt. A Mapc, MMHOBaB
NOAC acTeponaoB, 3HAUYMTENIbHO NOAPACTET B pasmepax U 06peTET MHOXKECTBO CBOUX «MecALeB». OH
ycTpemuTca K opbute HOnutepa.

Taknm obpasom, Ham 6onblue HyXKHO 0bpalLaTb BHUMaHWE Ha NaaHeTy BeHepa, Kak npeemHuuy
Hawel’ 3eMn 1 HOBbIN AOM AN1A BCEro XMBOro B 6anKanLem, N0 KOCMUYECKMM MepPKaMm, byayLiem.

A y6exaéH, 4To B CBOE Bpema Ha Mapce BoBCto OyLLEeBaN0 Takoe e pasHoobpasme KU3HU, KaK
n Ha 3emne cerogHA. M Ta, MMHYBLUAA UMBUAN3ALLMA YeNI0BEYECTBA, N0 Mepe yAaNeHUA ToraalHero eé
«aoMa» co cBoew npownoin, 6onee 6an3kon K ConHuy, opbuTbl, BEPOATHEE BCErO, CMOM/1A HAWUTK
pelleHne K OCBOEHMIO HOBbIX TEPPUTOPUI, HO yKe Ha 3emne, He 6e3 Tpareauii cNagos v Aerpagaumm
B YpOBHe CBOero passutuA. M mbl C BamMMu, OYEeBMAHO, ABAAEMCA NMOTOMKaMW OA4HOW W3 BeTBeu
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MCYE3HYBLIEN UMBUAM3ALMWU APEBHUX MapcuaH. Ham He HyXHO ocBavBaTb Mapc Kak byayuiee
XKUNMWe oA NPoAO/KEHUA Pa3BUTUA, NOTOMY YTO 3To BecnonesHan TpaTa pecypcoB. YKe cerogHsA
MOHATHO, YTO Ha ero TeppuTopumn ByayT HangeHbl apTedakTbl, NOATBEPKAAOLLME MO YBEPEHHOCTb B
3TOM yTBEpXAeHMU. M TOMy B [0Ka3aTeNbCTBO AABHO COCTOABLUMECA MHOFOYUC/IEHHble ApeBHUEe
Haxo4Ku nosctogy Ha 3eme ¢ usobpaxkeHnAMMN ckadpaHAPOB, NETATENIbHbIX aNNapPaToOB, COBPEMEHHOTO
OpYXMA, MUKpOCXeM U T. A. N paxke mMHOrosekoBad ApPEBHAA UCTOPUA C YTEPAHHbIMU 3HAHUAMM,
BE/IMKMMU  OTKPbITUAMM U  MN30O6pEeTeHMAMM MPOLNOro, KOTOpble C TaKOW MpPO30P/ANBOCTbIO
HaMnOMMHAIOT TenepewHne «3emHble» OOCTUXKEHMA MNepefoBblX TEXHONOTMWA. A HUCKONbKO He
COMHEBAIOCb, YTO Y HaWMWX CTO/Nb APEBHUX MPEAKOB OblAM M MHble BO3MOMKHOCTM K CMACEHUIO B
npeaenax co3Be3aui cBoen ranakTnkmn (Hanpmumep, OproHa). YoM 3HaKM CEroAHA Mbl BOCMIPUHUMAEM,
KaK Heono3HaHHble TBOPEHUA MHOMMAHETAH. M yXe Haln NOTOMKM C HEeCKpbIBAaeMbIM MHTEPECOM
CTAQHYT CBMAETENAMM 3TUX HOBbIX OTKPbITUI Ha NpocTopax Kocmoca. U A Bcé 6onblie ybexxaatch, 4to
BCAKME CUCTEMbI PAa3BMBALOTCA MO OAHUM U TEM XKe NpaBuaam B3aMMOLENCTBUA.

CoBepLUEHHO yBEPEH, YTO HE HYXKHO CerogHAWHeN MONOAEKM NOHANPacHy NPUKNensaTb ceba K
achanbTy AN NOPTUTL My3€eMHbIEe 3KCMOHATbI, BbIParkaa CBOM NPOTECTbl HECOT/IACHbIX C 3arpA3SHEHNEM
npupoabl. HUYTO He B CWMIaX M3MEHWUTb MHOrFOBEKOBbIE LMK/Abl KOCMMYECKUX CTPYKTYp, Kpome
paspyweHunsa nx ¢opmbl. Ho Mbl moxkeM NpoannTb Nnepmnos cobCTBEHHOTO NPOLBETAHUA NPOCTbIMU U
BMNOJIHE MOCU/IbHBIMW AN1A BCEX HAC Aenamu. MonpobyiTe, He BbIGPaACbIBaTb U He 3aKanblBaTb NOBCIOAY
Hepasfnaraemble OTXO4bl MNPOM3BOACTBA W COBCTBEHHOM XU3HeaeaTenbHOCTU. [lonpobyiite
MaKCMMaNbHO pa3fensaTb U nepepabaTbiBaTb MOBTOPHO BCE, YTO BO3MOXKHO YXKe CErogHs, a BCE, YTO
HEBO3MOXHO — 3aBTPa, HO CUCTEMHO BbIAENAS HA 3TO CPEACTBA, HECMOTPA HU HA 4YTO, OT BO/bLUMX
NPaBMTENIbCTB U L0 CAMOTrO MasIeHbKOro YeNoBeKa - Be3ae. [onpobyliTe BNOXUTLCA B HAYKY M CO34aTb
HOBble TEXHONOIMK KaTanusa - pacnaga NobbiXx NPOAYKTOB UMBWUAM3ALMM Ha UCXOAHble aTOMbl U
MOJIEKY/bl BELLECTB MX 06Pa3yoWwmx, BOSMOXKHO, pa3pyLias cnabble U 31eKTPOMarHMTHbIE CBA3U B UX
CTPYKTYpax WMAM pacTBOPAA UX B 3/IEKTPOMArHUTHbIX MOAAX Pa3/IMYHbIX CNEKTPOB. Tem cambIiM Bbl
BepHETe obpaTHO, Moka ewgé »kusolh [pupoae, nNepBO3AaHHbIE WUCTOYHWUKM 3Hepruu. [poueccol
pacnaga, Kak u cuHTe3a, He 6ecKOoHeYHbl, BceMy ecTb Bpema. Ho mbl ceiyac ewwé moxkem no3sBoanTb
cebe coKpalaTb UAK NPOANATb YCNOBUA 3NEMEHTAPHOrO CyL,ecTBoBaHMA ceba cammx Ha 3emne. Ho
3TO TO/IbKO MOKa.

BpemeHu Ha HOBble TEXHOIOTMU COBCEM HEMHOTO. [103TOMY HAaZl0 NOHUMATb, YTO HE KOJINYECTBO
nofen Ha 3emne YHUUTOXKUT umsBuamnsaumio. NoBepbTte, HaCcTaHeT cpoK K byaet 6opbba 3a KaxKaoro
BbI’KMBLLErO Ye/N0BEKa LEHOW OFPOMHbIX YCUAUK. Al Aymato, YTO NPULLNO BPEMA CO34aTb eAWHYH
MEXAYHAPOAHYH OPraHU3aLmnIo No NOUCKY M peanm3aumm BO3MOXHOCTEN nepeceneHma Ha BeHepy u
Apyrve nnaHeTbl rafakTuku. Ona atoro notpebyeTca pasBuMTME HAYKM M TEXHOOMMI NPOU3BOACTBA
COBEpPLIEHHO APYroro ypoBHA. ITO TO, YTO CEroAHA Kaxketca GaHTacTMYecKn HecbbITouHbIM. Ho, yxKe He
BceM. M 310 340p0BO. Bpemsa 6ecneyHOCTM 3aKOHYMAOCH. M 3TO Haao noHATb. He ynoBaiTe TONbKO Ha
BceBbiwHero. Mbl camu, ¥ TONbKO Mbl, MOXXeM NMOMOYb cebe B CyLLeCTBOBAHUWU U Pa3BUTUMN HaLLeN
unsmam3aumn. MUNANOHbI NeT HaWKn NOTOMKKU 6oponnch, BbixKMBanu u nobexaanu. Mpuwno Hawe
BpeMsA, A HAAEHCb, YTO UMEHHO Celyac 3apoauTCA BOHA YyCUIMIA BO cnaceHune B byayuiem. CtapaHus
Ka)OOro M3 Hac KpalHe BaXHbl ANA [OCTUXKeHWA pesynbtata. N dyHaameHTanbHble 3HaHMA,
NOHUMaHWe rNobanbHbIX NPOLECCOB NPOUCXOAALMX COObITUMA, KaK U Hacneaue nNpeaKoB — Camble
BEPHbIE HALLM CNYTHUKW.

TaK Kakum e obpasom cosgatotca Gopmbl MaATEPUK, B ABYX C/IOBAX?

Mbl yXe NoOHMMaeMm, ecim CUCTEMA CUNOBLIX IMHUI 3aMKHYTaA, HanpMmep, B aTOMe, TO B Hel
TEYET NOCTOAHHbIMA TOK, KaK MOCTOAHHaA 4yepeda cobbiTMit. Ecnn e pa3oMKHyTasA, TO MNOTEeYéeT
nepemeHHbI TOK U pPa3opBaHHble CUIOBble JIMHUW HAYHYT CUAbHO M3/yyaTb. Toraa BO3HWMKAOT
npoueccbl NOABAEHUA BONH MHOPAKPACHOTO AMANA30HA, TYT e KOTKAMKHYTCA» cocegHue BUAOBble
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91EMEHTbl W CUNOBble NWMHUM OyayT 3amblkaTbCA. TO eCTb, CW/IOBble JIMHUX NPUTATMBAIOT
9N1eKTPOMArH1UTHbIe BOJIHbI, PAacNpOCTpaHAeMble POACTBEHHbBIMU UCTOYHMKAMWU. 3aMblKaHME KOHLLOB
(BoccTaHOBNEHME pa3pbiBOB) MpeKpalaeT W3nyyeHue, a AUNOAM M3BHe OyayT nepeKkauymBaTtb
MCMYCKAaEMYIO SHEPTUIO A/1IA CBOUX HYXA,. 3HAYWUT, cOMeTaHMe 3aMKHYTbIX U Pa3sOMKHYTbIX CMI0BbIX
NIMHUI CO34al0T CTPYKTYPY KonebaTenbHOro KOHTypa. Kak pa3BmBatoLLyoCcA, ABOUCTBEHHYIO CUCTEMY,
r4e 3aMKHYTble IMHUK 06Pa3yOT MarHUTHbIA AUMNOAb, @ PA3OMKHYTbIE — 3NEKTPUYECKUIA (ANNOAb),
KOTOPbIM CnocobeH M3ay4aTb M MPUHMMATb MHOOPMAUMIO B BUAE SHEPrMM U3BHE (MOCTPOEHue
dopmbl).

O4yeBUAHO, YTO MArHUTHbLIN AMMONb — 3TO CTPYKTYpa NamsaTU 3apaaa (BUXpA), a SNeKTPUYECKUi
ANNONb — 3TO ero BHewWwHAA 060104Ka ANnA obLWeHNA C OKpyKeHnem nssHe. ChepoBaTenibHO, CMNOBaAA
JIMHUA COCTOWUT M3 MHOTMX 3apPAAO0B, KaK MOAMMEPHaA Lenb 3N1eKTPUYECKUx aunonen (npuémo-
nepefatoLlmx aHTEHH). A coYeTaHWe MOCTOAHHbLIX U MEePeMEHHbIX NOael B OAHOMN «UENOCTHOCTU»
cnocobcTByeT pocTy M pa3BUTUIO. TOrAa BO3MOMKHO, YTO CUNOBbIE IMHUW MONEN 3N1EKTPOMArHUTHOM
NPUPOAbI MOTyT NPEBPALLATLCA, U3SMEHAA CBOE COCTOAHME, B N1a3MEHHbIe CTPYKTYPbl, ra3006pasHble,
XKUAKMe, p[arke TBEpAble, KakK OroHb, BO3A4yX, Boga, 3emnsa. Ecan  Bu3yanusumposatb, TO
3NEeKTPOMArHMTHasA BOJIHA B CBOEM [ABUMKEHUW CTPYKTypupyeTca (nogobHO pocTy KpucTanna) u3
KOHeuyHoro ¢parmeHTta (3a nepuon KonebaHus usnyyatend), Bo3bOyXKAaeT B cpede «MarHuUTHble
NPoXoAbl», KOTOPble 3aTeM PACXOAATCA AN HOBbIX BO3MOXHOCTEN CrpyNnMpPoBaTbCA Nog,

Puc. 10 dopmupoBaHme CTPYKTYPbl MAaTEPUN U3 KTOYKU POCTa» 31EKTPOMArHUTHOM BOJHbI.

BO34,ENCTBMEM C/ieAytoWen BONHbI. 3HAYMT, 3/1EKTPOMArHUTHAA BOJIHA 3aPOXKAAETCA KaK NPOAOAbHO-
nonepeyHasn, rae BAO/b OCU ABUMKEHWA TN1aBEHCTBYIOT 3/1EKTPUYECKME CBOWMCTBA, a MNOMNEpEK —
MarHuUTHble BO34ENCTBUA, KaK caepxusawowmn Gaktop. Mpu 3TOM, 31eKTpuyeckaa coCTaBaAoLwWwan
nona GopmMmnpyeT camy CUNOBYIO IMHUIO, @ MAarHUTHaA — BBOAMUT BO BPALLLEHME 3/1EKTPUYECKME 3apssbl,
BbICTPaMBas 06bEMHYIO GOPMY CTPYKTYypbl MOAA BOJIHbI, KOr4a BAO/Ib CUNOBOM IMHUKN Mepenaértcs
MHbOpPMaUMA nonepeyHoro nepemarHmyunsaHma (cm. puc. 10). Co3paétca adpdekT KonebatenbHoro
npouecca B ABOMNCTBEHHON MOAENN 3/1EKTPOMArHUTHOM BOJIHbI (KaK M Bcex Gdopm maTepuu), Korga
My COCTaBNALLMMM SNEKTPUYECTBA U MarHeTM3Ma MMeeT MeCcTO Pa3HOCTb B YETBEPTb UX Neprosaa
pa3BUTUA (B3aMMHO NepneHANKYNAPHbIE BO/HbI).
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Torpa, YTO e TaKoe eCTb KTOYKa POCTa», KaKMe MexaHU3Mbl e€ nogaep*knueatT? PaccmoTtpum
Ha npumepe CBeTa, KaK 3N1eKTPOMArHUTHOM MMMNYAbCe, KOTOPbLIN BKAOUYMACA M norac. TyT »Ke cpesa
BO3OYXKAAeTcA KBAaHTOM 3HEpPrum n nHbopmauum n obpasyerca BosiHa B €€ NPOCTPAHCTBE, KOTopas
HecéT B cebe MHOKECTBO CNEKTPOB YaCTOT 3/IEKTPOMArHUTHbIX Nonei. BO3HMKaOT B3aMMOAENCTBUA C
MCTOYHMKAMM U3BHE, KOTOPble MOXHO BbIPasUTb YCUAEHWEM (CMHXPOHM3auuen) BUAOBOM
(poacTBeHHOI) BONHOM cpeabl, NMBO e€ 3aTyxaHMeM, NOr/oWeHMeM, OTParKeHneM, HTepdepeHumen
W T. A., BCE 3aBMCUT OT COCTaBa NapamMeTpoB: e€ NJIOTHOCTEN, TeMnepaTyp, rPaLSUEHTOB, 3apAL0B U T. 4.
JonycTm, 4TO BOJIHA YCMAMACh M MEepemMeLLaeTca No HAanpaBAEHWUIO MMNybca cBeTa. MCTOUYHMK
BbIK/IOYMAM, @ BOJIHA NPOAO/IKAET ABUMNKeHMe. [Toyemy?

MoTomy YTO r10s1HbIl Nepuod KonebaHusa 31eKMpPoMazHUMHO20 UMMY/bCd, KaK 8CA UHopMauus
0 Hém, obpaszosas konebamesnbHbili KOHMYypP, nopoxcdaem cobcmeeHHble 371eKmpuvyeckue U
Ma2HUMHbIe rnonaA. M 3ToT nepBbii NOMHbIA BUTOK KonebaHus, Kak nepsblii Bo3byauTenb cpeabl (oT
MMMy/NbCa CBETa) CTAaHOBUTCA «TOYKOW pPOCTa» BOJIHbI, @ 3HAYUT W  WMHAOMBUAYANIbHOTO
3N1EeKTPOMarHMTHOro NOAA CO cBOel sHeprmuen u nHdopmaumen (cm. Puc. 11). OHa MOXKET N3MeHATbCA
B ABUKEHWWN B 3aBUCMMOCTM OT MU3MEHEHMIN CUTHANA, HO OHA BCerga NPOAOJIKAET XKUTb, BO3OYKAATb
cpeny CBOEro pacnpoCTpaHeHMA, NOoAy4Yas M3 Heé 3Hepruto NUTAHWA Ana ceoux nonen. Mmnynbc,
BO34EMCTBYA HA MaTEPUIO MPOCTPAHCTBA, BbIHYKAAeT eé 6anaHCMpoBaTb BOKPYF CBOEr0 NONOXKEHUSA U
BO3BPALLATbCA B UCXOAHYIO Mo3nuMio Bnarogapsa BAMSHUIO BHELWHWMX nonen. «ToYyKka pocTa» — 3TO
¢dopnocT BoAHbI. Bnepén asukeTca He cpena, a MHGopmauma. Kak «oTTUCK» GpparmeHToB cobbITUA B
MarHUTHbIX MNONAX AMMO/IbHbIX BUXPEN MaTepum cpeapl, OT OAHOMO K APYyromy, BAoab obpasyolmxca
CUNOBbIX IMHUIA MarHUTHbIX MOJIel NPOCTPAHCTBA pacnpocTpaHeHua. «OTTUCK», KOTOPbIA LEeanKom
bopmupyeTca U3 sHeprumn 1 SNEKTPOMarHUTHbIX NOSIEN cpeabl, Kak «0bpas» HayanbHOro umnynbca. K

Puc. 11 BsaumogencTeme «TOYKMU pocTa» 3/1EKTPOMArHUTHOM BOJIHbI C MaTepPUEl cpebl B ABUKEHUN.

TOMY 3Ke, NpPU COBNAAEHUWN HanpaBieHUM KonebaHWn NPOUCXOAUT KPaTHOE yBEeANYEHUE CKOpPOCTeW
pacnpocTpaHeHusa ceeTa. Hanpumep, Tak Mbl BUAMM CBET 3BE3Z Yepe3 MUAIMApAbl NeT nocne ux
«3aKaTa». 3HauuT, NOKa ecTb cpena, MHoopmauma ob umnynbce (dparmeHTe cobbiTMA), KaK O ero
«TOYKe pocTa», byaeT NpoAo/IKaTb NepemMeLLaTbCs B Hell Bcerga. Ho He cam MCTOYHMK KaK CTPYKTypa
eanHon dopmbl. ABCOIIOTHO TO e camoe pacnpocTpaHAeTca U Ha ntobble cobbITMA, rae NCTOYHUKOM
KonebaHMn MOXKHO paccmaTpuBaTb abcontoTHO Nobyo BUGpocuctemy. Passe BCE cyllee Ha Halwem
NnAaHeTe He NPOMU3PACTAET U3 MaTeEPUM OKPYKEHWUA, KaK, HANpUMep, PacTEHUA, AEPEBDA, KUBOTHbIE,
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KpUcTannbl U T. 4.? Koraa matepma HeBUANMAA NePEXOANT B MaTEPUIO BUAMMYIO, U U3 MaTepUM cpeabl
BblpacTaeT Ta $pOpma, KOTOPAA 3a/10XKeHa B «TOYKe pocTa», Kak MHPopmauma. Motomy yto, ntobas
MaTepuA — 3TO B MEPBYIO ovepeb NPoLEeCcCbl 0OMeHa SHepruet, Kak SKBUBaNeHTa U3nyvyeHuit, a ntoboe
N3NydeHMe ecTb NoJe, KaK CBOMCTBO BeLLecTBa BUOPMpPOBaTh. 3HaUUT, Ntoboi BUBPOKOHTYp (cucTema)
M ecTb MaTepuA, KaK 4acTb CTPYKTYpbl BelLecTBa WaWM BellecTBo Atoboi ¢opmbl B ntoboit cpeae
npocTpaHcTBa. A BUGpaLMn, U3ny4yas, NnepesatoT SHEPrUO B BUAE 3apAAoB M MHGOpPMAULUIO B BUAE
npoeKuui cobbITUN B3aUMOAENCTBMA BUXPEA.

CnepoBaTenbHO, Mbl MOXEM, MCMONb3YA Pa3/INYHble CBOMCTBA NO/EN He TOIbKO CO34aBaTb, HO U
pa3pywatb Atobble dopmbl maTepuun. Hanpumep, BNOAHE [OCTYNHbIM CTAHOBWUTCA pPa3paboTka
3NEeKTPOMArHUTHOrO KaTa/JIM3HOTO OpPYXKWA, KOTOpoe CcrnocobHO BbIBOAUTL M3 CTpoA Atobble
«0bny4éHHble» (0bpaboTaHHbIe NONEM) MEXAHU3MbI MPOCTbIM M3MEHEHMEM MOAYNALUMMU YACTOTHbBIX
MMMY/1IbCOB MCTOYHMKA NopaxKeHus. MpoCcTo HaCcTpomB (MOBOPOTOM PYYKKN) U3MEHEHME NOAA HA NtoHoN
MmaTepuan, Hanpumep, allOMUHWUIN, NAACTUK, TPOTUA, NOPOX, Meab U T. 4. MNpuHUMN JOCTyneH AnA
NOHUMaHMA Ntoboro NnoTpedbuTena —3To NoTepa PACYETHbIX MPOYHOCTHbIX XapaKTEPUCTUK, CBOMCTB AN
KayecTBa MaTepuanoB MYTEM MOMEHTA/IbHOTO ocnabneHna BHYTPUMONEKYAPHDLIX, MEXAaTOMHbIX,
cnabbix  3NEKTPOMArHWUTHbIX  B3aMMOAEWCTBMM  Mpu  0O6AyYeHMW  33a4aHHbIM  MMMYAbCOM
3N1EeKTPOMArHMTHOrO MOAA B CTOPOHY Lenn. 3TO MOXKeT ObiTb CaMONET, TaHK, aBTOMObWAb, NeTawan
paKeTa, CHapAA4 U T. 4., KOTOpPble YyTPATAT CBOM M3HAYa/IbHbIE XapPaKTEPUCTUKMN 1 ByayT pa3pyLlaTbCcs B
BO34yXe WM Ha 3emne, MO0 He CMOryT CAETOHMPOBATb, WM MNepenaTb-NPUHATL CUTHaAN U T. 4.
3anyckatowmeca nNpoueccbl MNOTEPU  M3HAYaNbHbIX  (PACYETHbIX) MNOTPEOUTENbCKMX CBOWMCTB
MEXaHU3MOB, MUKPOCXEM, aBTOMATUKK, SNEKTPUKN CTAHOBATCA HEOBPaTUMbIMU. BepHYTb B MCXoaHOeE
COCTOAHME O06NYYEHHBIN MaTepuan 6e3 TEXHONOTMYECKON LEenoYvyKku paspylleHus, YyTUAM3auum uam
nepennaBkM HEBO3MOXKHO. M 3TO KacaeTcsa BO3AENCTBMA HE TONbKO HA eAuHWUYHble 06BEKTbI, HO U
MaCCOBO, PACMO/IO}KEHHbIE Ha OFPOMHbIX MI0WAAAX, HE3aBMCMMO OT UX OTAANeHMA. bonee Toro, Takme
NakeTUpPOBaHHble, MOAY/NAMPOBaAHHbIE, PA3HONPOOU/IbHbIE 3NEKTPOMArHUTHbIE MOAA  Pa3/INYHbIX
CMEKTPOB M3/Iy4EHUSA MOXKHO MCMO/Ib30BaTb KaK 3alUMTHble OT 0OBbEMHOrO MOPaAXKEHUA MECTHOCTH,
OOBEKTOB MM KMBOM cuibl 6e3 HaHeceHMsA Bpena COOCTBEHHbIM pecypcam M He3aBUCMMO OT
ANUTENBHOCTU BO3AENCTBUA.

N peno TyT B TOM, YTO BCE B MMpEe «3aBsA3aHO» HA B3aMMOOTHOLLEHMSAX MaTepUu Mo OYeHb
NpocTon hopmysne: «3anpoc — omeem — cpasHeHue - delicmaue», koTopaa paboTaeT Bcerga, NnoTomy
YTO MNPOBEPEHA MUAAMAPLAMWU NleT e€ BbIKMBAHWA B YCNOBUAX cpeabl. Bcem wm3BecTHO, 4To
onpefenéHHble 3N1eKTPOMArHUTHble AUCKPETHbIE W3/yYeHUA PasNYHbIX MOAYAALUA U SHEpPrum
06pa3ytoT NoJA, KOTOPbIe OKA3bIBAOT GMKCMPOBAHHOE BAINAHME HAa KOHKPETHOE XUBOeE cylectso. Ho
BEAb M PaCTBOPbI *KUAKOCTEN, U CMECU Fa30B, U AaXKe TBEPAble BELLECTBA B BUAE /IEKAPCTB (A408) nam
[06aBOK, TOXe NO-pasHOMY BAMAIOT Ha opraHuM3m. [oTomy 4YTO mexaHu3mMel smux eo3delicmeuli
OCHOBAHbI HA OOHUX U mMex Me npuHyunax epadueHma 3apsados. 3HayuT, BO3AENCTBUSMMU
OnpeaenéHHbIX 3/N1eKTPOMArHUTHBIX MNOJIEA Ha JKMBbIE K/AETKM, MOMKHO TOYHO TaK¥XKe, KaK M
NeKapcTBamm, U3MeEHATb X MeTabonnsm u obusaTtbca, HaNnpUmep, ucueneHma HoNbHbIX AN MHOTO
BAnAHUA. TonbKo ropasgo 6ObicTpee U 3pPeKkTMBHEe, MOTOMY UTO MOABAAETCA BO3MOXHOCTb
BO34ENCTBMA Ha YPOBHE BWAOBbIX CTPYKTYP BELLECTBA, MIHOBEHHO M To4eyHo. Korga vmnynbcbl
3aZlaHHbIX CMEKTPOB W3/yYeHU B3aMMOLEMNCTBYIOT C aHA/IOTMYHbIMM MONSIMM B COCTaBe cpeabl
60NbHOrO, OTKAMKaACb W Pe3oHUPYyA Mexay cobol, COXpaHsAa M OTpaKas KOPPEKTUPYHLWYIO
MHPOPMaLMIO BO3AENCTBYIOLLETO NOA HA COCEAHME 3/IEMEHTbI YacTUL, BELLLECTBA, U BO3AENCTBYIOT HA
Ty 06nacTb NnaumeHTa, KoTopas byaeT BbibpaHa.

Nnn npepctaBbTe, YTO PA3HOYACTOTHbIE MAKETUPOBAHHbIE 3/N1EKTPOMArHUTHble KosebaHuA
CNocobHbI MNO-pa3HOMY B/UATb Ha OAHY U Ty e popmy MaTepun, ynpasBaATb €10, B3aMMOAENCTBYA C
Pa3/INYHbIMU  OTPAXKEHHbLIMMU CUTHANIAMW — OTKIMKaMWU 4epes3 cpeny OKpyKeHuAa. U 3To Toxe

137



AOCTUTaeTca M3BECTHbIMM HAaM MHCTPYMEHTaMM 3N1EKTPUYECTBA U MarHeTnama. Kotopble OKasbiBatoT
BNMAHUA Ha NEPEOPUEHTaLMIO B NPOCTPAHCTBE MHOMECTBA AUNONEN Pa3HbIX YacCTUL, CTPYKTYPHOM
MaTepumn JaHHOTO BELLEeCTBA, BbICTPAMBaA UX B CAMbIX PA3/IMYHbIX MO3ULUMAX U KOMNOHOBKAX, KOTOpble
N ABNAIOTCA pe3yNbTaTOM peakuui Ha BO3AEWUCTBUA U3BHE cpeabl OKpyXKeHuAa. B mutore, obbekT
nposBaseT ceba Kak eaAnHbIN OpraHnsam, NOAYMHASCL U BbINONHAA NH0Oble HEMbICIMMbIE ABUMKEHMUA
BNE€BO WAW BMNPaBO, PacnagaeTca Ha 4acTM UM COeAMHAETCA BHOBb, BbITATMBAETCA B CTPYHY MM
3aMblIKaeTca B KOJbLO, NMON3ET UM NPbIFAaeT U T. 4. B COOTBETCTBUM C GYHKLMOHANOM YNpPaB/AaoLWLEero
BO34encTBmA. Hem He pobOT, KOHTPOAMPYEMbIN OObIYHBIM YEepea0BaHMEM CUTHANO0B, KOTOPOE MOXKHO
NPOCTO «YCTAaHOBUTb Ha 3anucb»? M coBeplEeHHO HEeBaXHO, YTO 3TO: KaKOe-TO KMBOE CyL,ecTBo,
bGaKkTepua, MoneKyia, BUPYC UAM NPOCTO COeAMHEHUE BELLECTB B rase, B XWUAKOCTU UAM B TBEPAOM
coctoaHumM (cm. Puc. 12). Kakne HeBepoATHble BO3MOXHOCTU B chepe MCKYCCTBEHHOrO MHTENNEKTA,
KMBEepHEeTUKM U POBOTOTEXHMKU CYNAT HOBblE TEXHONOTMM Ha NOAO0OHbIX GyHAAMEHTANbHbIX 3HaHMAX!
Hanpumep, npymeHeHMe NoNAPU30BaHHbIX Frene, XXMAKoCTen, N1acTUKOB, ra30oB B 40CTaBKe NeKapCTB
K 60/1bHbIM OpraHam, yaaneHuu BpegHblX 3ara3oBaHHOCTEN Ha NPOM3BOACTBAX, OUYULLEHUN BOAbI OT
npUMecei, MUKPO3/IEKTPOHUKE U T. A.

A pa3Be HalM OTHOLIEHMA C NPOCTPAHCTBOM U3BHE B NOBCEAHEBHOM KM3HWU OTANYALOTCA YEM-TO
OT NepeyYncaeHHoro Bbiwe? Hanpumep, B BO3AENCTBMU U yNpaBAEHUW. 3HAYUT /M 3TO, YTO Mbl, YNTas,
Hanpumep, MOAUTBbI, WCKPEHHE MuWemM OTBeTbl B MPOCTPAHCTBE, BO30OYXKAas B pPe30HaHC
NPOBEPEeHHbIMW BpemMeHeM BMOPALMAMM HaALIMX 3aMpPOCOB «apPXMBbl MAMATU NPOLUAbIX COBLITUNY» B
cpene matepuu Hawero OKPYMKeHWs, B TOM yucie, Hanpumep, obpalanack K bory mbicneHHo? Tae
BCEMY CyLLeMy OaHO MMS, Kak agpec. M nonyyaem pe3oHaHCHbIM OTBET, KarKAbl M3 Hac, Bceraa,
0CO3HaBas 3TO MM HeT. U 3TOT OoTBET HenpemeHHO ByaeT peann3oBaH B AeMCTBMM MOC/AE aHA/IM3a
BalLUMM MO3roM. Pe3ynbTaT TaKMX OOLLEHWNI Y KaXKA0ro CBOM, YTO-TO cObiBaeTca uam HeT. Ho To, uTo Bbl
y4yacTByeTe Npu 3TOM B CO34aHMN COHBCTBEHHOM CyabObl CBOEro 3eMHOMo NyTU TaKMM CNocobom,

Puc. 12 YnpasneHue subpocucremamu. Puc. 13 BHyTpeHHUI1 KamepToH CUHXPOHM3aLMK KoebaHuii.

06LWancb He ToNbKO ¢ borom, HO 1 ¢ 06bIYHBIMUK NOABMMU, KUBOTHBLIMU, NPUPOAOK, - 3TO BHE BCAKUX
COMHEHWI, «npocute U Bam byaet aaHo». Mamepus cpedbl sceeda omeeyaem Ha 6036y oeHue,
rNIaBHOE - 3HaTb, YTO U KaK NPaBW/IbHO M FPAaMOTHO NPOCUTb (MeuTaTb). MOTOMY KaxKAbl NPUXOAUT B
3TOT MUP YYUTHCA, HABMPATLCA 3HAHWUI U ONbITa C «4NCTOro AncTa». C BO3PaCTOM Ye0BeK BCE Yallle U
6o/blie CpaBHMBAET MPUHMMAEMbIE BUOPALMM M3BHE, KOTOPbIE PE3OHUPYIOT C €r0 BHYTPEHHUMM
HacTpOMKaMM COOCTBEHHbIX BMOPOKOHTYPOB CTPYKTYp namaTu. W 3anomuHaeT, pasHOCUT WX,
cMcTemMaTtmMsvpyeT B CBOeM TroJioBe, HacCTpaMBaeT CBOW 3NEKTPOMArHUTHbIA WUCTOYHUK, CBOE
3N1eKTpOMarHuTHoe 6uonone B3aMMOLENCTBUA C WU3NYYEHUAMM WM3BHE. A KTO 3TOrO MpaBuna He
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NPUHUMAET, K COXKaNEHUIO, TEPAET MMaBHYI NPUBAEKATENbHOCTb KU3HU — PALOCTb KMBOro 06LLEHMA
B pe30HaHce BMbpaLmin c cpenoi OKpyKeHUa unm niobsu.

CnepoBaTtenbHO, B Ka*KAOM M3 HAC MPUCYTCTBYET HE TONbKO MCTOYHWUK SHEPrMn B CTPYKTypax
dopmbl TeNa, HO U TbicAYENETHAA MHOOPMaLMA COObITUI Halen cpenbl OKPYKeHUA. M oHa mokeT bbiTb
BOCTpeboBaHa N1t06bIM YENOBEKOM, aKTUBMPOBAHA PE30HAHCHbIMKW BUOpPaLMAMM CNOB, MY3blKM, CBETA,
ABUKEHUA M T. A., Bbi3blBaA B Hac OOXeCTBEHHble MepeXuBaHWUA, HenoanenbHble YyBCTBa,
fobpoaetens M T. 4., KaK OTBET HA BO3MyLLEHME MPOCTPAHCTBA, B YHUCOH C HPABCTBEHHbIM
coaepaHmem n uHpopmaumein, 3a/0KEHHOM B caMom 4YenoBeKe. Y Koro-to eé 6onblue, y Koro-1o
MeHbLUEe, y KOro-To OHa COBCEM MHAs, HO UMEHHO MO3TOMY MOABNAIOTCA B HAPOAE BE/IMKME YMbl, NO3ThbI,
MY3bIKaHTbl M MOJIKOBOAL,bI.

Koraa mbl roBOpMM O NpaBmiax B3aMMOOTHOLLEHWUI B COLMYMeE, TO Cpa3y BO3HMKALOT Napanienu
C B3aMMOAENCTBMAMM BELLECTBA B Cpeie OKPYKeHna. Hanpumep, ynoMMHaemM O COLLMaNbHOCTM, KaK O
NPUOBPETEHHbIX YeIOBEKOM «CBOMCTBaX» (OMbITe), U cOnocTaBAsemM C 3apsaaom. U 1o, n gpyroe He
oTAeNnMbl OT maTepuun. KonebaHusa ymos (Mbicsieit) B 06LLECTBE BNOJIHE CPABHUMO C KoebaHUAMM
Bubpocuctem dopm maTepum NpoCTpaHCTBA. Hanpumep, ecnn Kakoe-TO rocy[apcTBO y4acTBYeT B
BOWMHE, TO KaKAbll YneH 3Toro coobuiectsa aymaeTt o nobege, B YHUCOH CO BCEMU, U BO3OYXKAaET
OKpPY)XEHMEe KaK eauHyto Bubpocuctemy BCeEMM  BO3MOMHBIMM  CPEACTBAMWU:  MbICAAMM,
paAnoCuUrHanamu, B3pbiBamu, NPU3biBaMK, PaspyleHUsSMU U T. 4., U NOJy4aeT COOTBETCTBYOLLMNA
OTKAUK OT COBCTBEHHOM Cpeabl CyWecTBOBaHMA. ITO 3HAYWUT, YTO BOKET y¥Ke BCE NPOCTPAHCTBO, B
KOTOPOM 3TO sB/AEHWe pacnaga npoucxoamuT. [Mpupoaa TyT Ke OTKAMKAETCA MOHUMKEHUEM
TemnepaTypbl, HANPAXKEHHOCTbIO, HEYPOXKAEM, yNaaKOM, F0/I040M, OXKECTOYEHMEM BCErO KMBOTO ApYr
K apyry. MpoBeguTe aHaNoOrmMi0 C MUKPOMMUPOM, M Bbl MOMMETE, YTO 3TO TaK.

N, ecnun 310 BEPHO, TO MO BCEM Hay4YHbIM NOAXOA3M BEPHO U TO, YTO Bor BHYTPM KaXKA0ro us Hac,
M Mbl eCTb YacTb bora, 3TOro orpomMHOro, BCEBMAALLETO U BCE 3aNOMMHAIOLLETO NPOCTPAHCTBA BOKPYr
Hac. M3 maTepum KOTOPOro BCE Mbl U COCTOMM W C KOTOPbIM, OCO3HAaHHO WM HET, NMOCTOAHHO
B3aMMOCBS3aHbl, MU K KOTOPOMY obpallaemcs, NoAaBas CUrHabl, U KOTOPbIN BCeraa oTBeYaeT Ham U
BAMAET HA Hac, U KOTOPbIN PUKCUPYET U 3aNOMMHAET HABEYHO KaXKAbll MWUI HAWeWn KU3HU OT
POXKAEHMA, CMEPTU M BO3POKAEHUA B CAMOW MaTepuUM NPOCTPaHCTBA BceneHHoM, Kak cobcTBEHHOM
eamMHom Tene 6biTA. ObpalLanack UCKpeHHe K BceBbllWHEMY, KaxKabl M3 HAc BCE TOYHee U TouyHee
HacTpauBaeT CBOM BHYTPEHHUIN «KaMepTOH» MoJ, Bbi30Bbl BHELUHEN Cpefibl, KOTOPbIN PE3OHUPYET U
nomoraeTt genaTb NPaBWUAbHbIN BblIOOpP, BCE yBEepeHHEN CaMOYTBEPXKAATbCA, ONUPASACb HA 3HaAHWA
npeaplaywmx NOKOMIEHUA UM BHYTPEHHIOK NamMATb Ha ypoBHEe reHopOoHAa, WHTYMUMU, UHCTUHKTA,
reHoma cobcTBeHHOro Hapoaa, cobcTBeHHoM cembu (cm. Puc. 13).

B cuTyaumax, Korga MHOrme TBOpYECKUe Nogu, B TOM YMC/E, 3HAXapK, WaMaHbl, SKCTPaACEHChI
roBOPAT, YTO AOCTMYb TE€X WM WMHbIX YCMEXOB MM Kak OyATO KTO-TO MOMOraeT, HanpasafeT Uam
NoACKa3bIBAET CBbILIE, NN U3BHE, COBEPLUEHHO NPaBAunBbI. IOTOMY YTO, NOCTaBNEHHbIE MMM BOMPOCHI
B BuAe BWOpauui, BO3OYXKAAOT B YHUCOH MATEpUIO cpeapl, aKTUBUPYA B PEXMM MCTOYHMKA
3NEeKTPOMArHUTHbIX KoNebaHU «apXmBbl» €€ NamATU M 3aCTaBAAs UX TPAHCAIMPOBATb MHPOPMaLMIO,
KaK OTK/IMK Ha 3anpoc 0 cobbITUAX NPOLIAOro B AaHHOM OKPY*KeHUW. M nocnaHHbIM B 3Ty cpeay CUrHan
3anpoca HenpemMeHHO BEPHETCA C MNPUKPENNEHHOM K HeMy AONOJHUTENIbHOM Moaynaunen
NakeTUPOBaHHbIX KoaebaHWii, BoweawUX C HUM B BWAOBOM pPe30OHaHC, KOTopbin U byaer
pacwmndpoBaH, Kak MHbopmauma M3BHe NpocTpaHcTea. MNpuTtom, pacwmndpoBaH B BUAE 0O6BbEMHbIX
n3obparkeHnit B Bawen namatu. Mpeasuaetb byayliee, NOACMOTPER NPOLLIOE 3TOrO NPOCTPAHCTBA,
BMNO/IHE BO3MOXHO, MOTOMY YTO BCE B MUpPE MMEET CBOU LMKAbl KoNiebaHMI, @ NOTOMY 3HaYMMble A8
ntoboi BUH6pOCMCTEMBI COOBITUA NOBTOPAEMbI, MOKA OHA CyLLecTBYeT 6e3 CTPYKTYPHbIX U3MEHEHUN.
MopgobHaa wHPopmauma u3 «OBUOBAMOTEKM COObLITUM» CaMOW MaTepuM MNpPOCTpPaHCTBA C eé
MHOTOMUINMAPAHON UCTOPUEN, 6e3 COMHEHWIM, MOXKeT cnocobcTBOBaTb CO34aHMIO LWeaeBpPOB B
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AEATENbHOCTM TOr0 UAN MHOTO reHnsa. KoHeyHo, Haao obnagaTb JOCTAaTOYHbIM Hara*Kom HaBbIKOB U
3HaHWUIM, 4TOObI MNOCNaTb BEPHbIN 3anpoc M ObiTb rOoTOBbIM K 06paboTKe OTBETHbIX CUIHANOB
NPOCTPaHCTBa. ITO MOTyT ObITb BUAEHUA, AEUCTBUA, 3BYKWU, YTO-TO HEODObIYHOE M, NOBEPbTE, Bbl 3TO
HenpemMeHHO NOYyBCTBYETE, KaK BAOXHOBEHWE, NONET MbICNel, 6NaXKeHCTBO, NEFKOCTb MU NPO3PEHME.
Ob6uweHune c Co3gaTtenem — 3TO M €CTb caMa KM3Hb. OH He TO/IbKO BHYTPM Bac, a Bbl BCErga HaxoamuTecb
B HEM, HO M BCceraa ocTaérecb MOJ ero 3aWwuTol MAK MNofg, ero yrpo3oi, CypoBoi uaum becnevyHom
AEeNCTBUTENbHOCTbIO. BCE 3aBUCUT OT Bac caMmx, KaK Bbl BOCMPUHMMAETE BHELLHIOK cpeay U cebs, KaK
B3aMMO/eINCTBYeTE C HEel, Kakue co3aaéte Bubpaumm ceoet GopmMoin maTtepmm Ha NPOTSKEHUU BCETO
nepuvoga OT Balero 3a4atua 40 UCTAEHUA.

Tenepb Mbl MOXKEM C YBEPEHHOCTbHO 3aK/TIOUNTD, YTO KM3Hb, KaKk BUOpauun (aBUKEHME), BEeYHa.
OHa nuwb npeobpasyeTcA OT NPOCTOTO K CAOXHOMY M HAobopoT, NOTOMY YTO LMKANYHA W
HeoTbemaemMa OT MaTePUN, KaK eé CBOMCTBO CO343aBaTb ABUNKEHME, TPAAMEHT, 3apAL, AUNONb, BUXPb.
BOoT Mbl 1 BEPHYNIUCb K €€ UCTOKAM — «HY/NEBbIM» BMXPAM, OTKyAa BCE B MPOCTPAHCTBE eAUHOM
BceneHHoM M Hayanocb. Pa3Be BO BCEM 3TOM He MPOCMATPMBAETCA peasbHOe TPUEAMHCTBO CaMOM
Mpupoabl B MTHGOPMALMK, U3NYYEHUN U NPOCTPAHCTBE, KAaK MarHeTU3Me, 3N1eKTpUYecTse U matepun?
MaTepumn, KOTopas co3gaHa U PacCTBOPEHA B 3/1EKTPOMArHUTHbIX NOASAX.

[aBHO M3BECTHO, YTO Ha BCEX YPOBHAX 3aPOXKAEHMA, POCTA M PA3BUTUA 3BOJIIOLMUN CTPYKTYP
YKM3HU CYLLECTBYET CUHXPOHHbIV PUTM PEFYINPYEMOTO CUHTE3a M pacnaja, TBOPEHMUA U PACTBOPEHMUS,
BCE NPOCTPAHCTBO NPOHM3AHO *KM3HbIO OT 3/1IEMEHTAPHbIX YacCTUL, A0 U3NydeHM. Hanpumep, BoAOPOA
- €CTb MUCTOYHWMK YMCTOM SHEPrun. A 3NEKTPUYECKUIA TOK B CTPYKType Ntoboin matepum coCTouT 13
ABUXKEHWUA 3SHEPruM 3apafoB (aunonen), Kak MHOXKeCTBa MOCNe[0BaTe/IbHO CAeaylowmux Apyr 3a
APYromM 3/71eMeHTapHbIX BUXpel, KoTopble obbeguHeHbl eAUHbIMM B3aMMOAENCTBUAMM CUIOBbLIX
JIMHWUI B cucTemy npméma-nepesaydm HGopmaumm, rae sTm 3apAagbl HepasaeIMMbl U COCTABAAIOT OAUH
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Puc. 14 Cxema M3MeHEHUs CBOMCTB BeLLEeCcTBa ¢ AobaBieHMeM AeTepusa B CTPYKTYpPY HOBOro aapa.

«PYHKUMOHANbHbIMA OpraHM3m». A, Hanpumep, AeUTepuilt — ecTb CTPYKTypa C NaMATbO HEWTPOHa,
KOTOPbIA YMNpaBAAeT ero 3Hepruen, ero B3aMMOAENCTBMEM C M3NyYeHUMAMWU. U KaxKablii pas npu
[obaBneHUM fOentepua B CTPYKTYPYy HOBOro sipa aTomMa XMMMUYECKOro 3/1eMeHTa MNpoucxoauT
M3MEHEeHMEe €ero CBOWMCTB, TaK KaK yBeAWYMBaeTca A/MHa paboyeit BOAHbI WMAWM  AUCTaHUMA
B3ammogencTema (cm. puc. 14).

To ecmsb, «xcugoli» ceem rnpocmpaHcmea rnpeobpazyemca 8 popmbl #uso2o (MoO8UHCHO20)
gewecmea ¢ Ma2HUMHbIMU c8olicmeamu, KOK cmpyKkmypbl buoaoz2uyeckol npupodsl. 3HAYUT, POACTBO
BCcex cywectB (ntoboro obbeKkta) HaxoAUTCA B NEPUOANYECKOM 3aBUCMMOCTU OT CTPYKTYpPHOM
opraHu3auum ¢opmbl NAMATM (MAarHUTHOTO NOAA). 3a BPEMSA CBOEM KU3HU KaXKA0e CyLLeCTBO U3ny4YaeT

B MPOCTPAHCTBO €4MHOr0 3/1eKTPOMArHUTHOIO MOAA M/1aHeTbl becyncneHHoe MHOXEeCTBO CBOWX
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«Konui» (obpasos), bnarogapa 06PaTUMOCTM CBOEN ANMNONBHON CTPYKTYPbI — OblTb OAHOBPEMEHHO U
NPUHUMAIOLWLEN, M Nepeaatollen CUCTEMON. BbIxoauT, B KOCMOCEe BOJIHbl BMOpOCMCTEM rafiakKTUK
«KONbILWYT» BCE 3BE34HOE NPOCTPAHCTBO BMECTE CO BCEMWN KOCMMUYECKMMM 06 bEKTAMM B HUX, Bbl3bIBaA
MX OTBETHYIO PeaKUMIo B ABUMKEHUN U CUHXPOHU3UPYIOT e€. CUHXPOHU3UPYIOWMM YCTPOMUCTBOM B
npupoae sBAAETCA NONAPHOCTb MArHUTHOro nonA. O4eBMAHO, YTO HACTynaeHMe HOBOM 3MOXu, B
Hawem eé MNOHMMaHMMK, 3aKAYAEeTCA He TONbKO B CMEHE MNONSPHOCTM BHELWHEro MosA, HO U
OPMEHTUPOBAHHOCTM Ha CO3BE3AMA B NYTU CNeA0BAHUA, HAaNPUMepP, KaK NaaHeTbl Ha CBOUX opbuTax -
Ha 3B€3A4bl, FaNaKTUKKN U AaXKe OTHOCUTENbHO OCK BPaALLLEHMUS.

3HaunT, BCE NPU3HAKM, CBOMCTBA U MHAMBUAYA/IbHOCTbL B NpoL,ecce pa3suTMA Nt0boro opraHnama
CO34al0TCA  B3aMMOLENCTBUAMM  «reHoTuna»  (HacneacTBEHHOM  OCHOBblI  PasBUTUA) €
3NEeKTPOMArHUTHbIMKM NOAAMM (YCNOBMAMM PA3BUTUA) cpeabl OKpYKeHuA. Nnu, asoatouma Bcex dopm
MaTepumn onpenenseTca B OCHOBE CBOEW MONAPHOCTbIO MAarHUTHOrO (31eKTPOHHAA HaCbILLEHHOCTD)
BHELWHero Bo3aenctama. MHave rosopsa, Bce cobbiTMA B MPOCTPAHCTBE npegonpeneneHbl pUTMOM
Kos1iebaHMi, KOTOpPbI NOPOXKAAETCA HAaMYMEM ABYX Haya/l: MarHUTHOE - 3JIEKTPUYECKOE, KEHCKOE -
MYXKCKOe. Hanpumep, 3neKTpUYeCKM AMNONAb 3KBATOPA WM MArHUTHbLIA AUNOAb MNOAAPHON OCH,
Hanpas/ieHHble NePNeHANKYNAPHO APYr K APYrY TaK, KAK OPUEHTUPOBAHbI BEKTOPA 3N1EKTPUYECKOTO U
MarHMTHOro nosen. Torga B CTPOEHUM Kaxkaon popmbl maTepum HablogaeTca coyeTaHne aTux obomx
WUCTOYHUKOB M3NYy4YEeHU NOAOOHO OObIYHOW 3NEKTPOMArHUTHOM BO/IHE. B Takom cnydvae, npuHyun
MoCMpoeHUA 8ewecmasa U ussny4yeHus 8 eOUHol hopme mamepuu 2080puUM 0 eé 31eKMPOMA2HUMHOM
npoucxoxcoeHuu, 4mo baagzonpuamcmeyem ux 3HEepP2oUHEPOPMAYUOHHOMY 83aumodelicmauro.
BHewHMe 060/104KM BcAKMX dopm (0ObEKTOB) B3aMMOAEMNCTBYIOT B 0OLWEN cpeae OKpyXKeHus,
MHAYUMPYIOT TOKM KaKAblA CBOEM 4YacToTbl APYr B Apyra. Torga OHM, Kak, K Npumepy, opraHu3mbl
nogen, noasepraroTca MHPOPMaALLMOHHOMY BO3AENCTBUIO OT APYTUX /L, KaK U OT AepeBbeB, BOAbI,
BO34yXa U T. A., @ Yepe3 COBOKYMHOCTb UX 3/IEKTPOMArHUTHbIX Noae — 1 OT Bcel nnaHeTol, ConHua,
3B€3/, KOCMOCA U T. A.

Mony4yaeTcs, YTO 8CE 83AUMOCBA3AHO 8 €OUHOM 3/1eKMPOMA2HUMHOM 10/1€ MPOCMpPaHcmeaa, Ymo
HernpemeHHO mpebyem eOUHO20 r71aHA CMPOEHUs 6cex opm mamepuu, Ymobbl cymemb UM
CUHXPOHU3UPOoB8amMbCs, 83aumooelicmays 8 HEM Ha eOUHbIX Ha4as1ax aAeKmpuyecmea U MazHemu3ma,
8 OCHOBE KOMOPbIX exum 0urnosns - 08olicmeeHHOCMb, obecrne4yusarowaa 803HUKHOBEHUE puMmMa —
HUB020 KosnebamesnbHO20 npoyecca. ITo NPeanoXKeHne B NATb KOPOTEHbKUX CTPOYEK MO CYyTU CBOEN U
ecTb cBogHas ¢opmyna EaMHON Teopmm B3aMMOAENCTBMA «BCETO CO BCEMM.

MoBepbTe, GM3MKA HE MPOTMBOPEYUT CaMblM, Ka3anocb Obl, paHTACTUUECKMM BalLMM MAEAM,
OaXKe TaKMM, KaK «Canorn-CKopoxoabl», KrOPLIOYEK-BAPUNY», KKOBEP-CAMOIET», «LUANKa-HEBUANUMKAY,
«Mey-KnageHeu» v T. 4. Jllobble coumanbHble MU TEXHUYECKUE MPOEKTbl BMOJIHE BbINOJHUMBbI. Bcé
3aBMCUT TONIbKO OT HALLEro XenaHua 1 SHepruu.
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3aman4usaHue u ymausaHue 3HaHuUli ee0ém K deepadayuu obujecmsa.
NABOPATOPUA TEXHOIOMNN BYAYLUEIO.

Mo ntoram onybavMKoBaHHOM WMHOPMaLMKM B rnase «Teopus eauHOro CTPOEHMA MaATepum»
npeanaratd K pacCCMOTPEHUIO U U3YYEHUIO, C LeNblo AasibHelWwen peannsaunmn, TeXHUYeCcKme naem,
peweHns U MeTOAMKM WCCNeAOBaHUM psaAa TEXHONOMMM, KaK s CYMTAl0, «3aBTPALIHEro AHA».
MoarotoBNeHHbIE U NPeAsIOXKEHHble aBTOPOM 3a Mpoweglune rogbl Ha OCHOBAHWM OTKPbITOM
nHbopmauum n cobcteeHHbIX pa3paboTok. MaTtepunan ganee nogaérca Ha 6ase M3BeCTHbIX GAKTOB U
3HaHMIM NO Mepe YCNOXKHEHUA 3a4a4 — OT MPOCTOrO K C/I0KHOMY.

He cekperT, 4To cpeda HacbllWeHa PasNYHbIMKU 3apagamm, NONpPocTy 6e3rpaHUYHOM 3Heprue.
Yto 3apag noboit dopmbl maTepuun, eé Tena, eCTb MHTEHCUMBHOCTb BPaALLEHMA COCTaBAAOWMUX eé
CTPYKTYP, WAM MUHTEHCUMBHOCTb BPALWLEHWUA «EAMHWYHbIX MarHMToB», TO €CTb MX HocuTenen —
3N1eMEHTAPHbIX YaCTUL, KOTOPble CYMMapPHO W ONpeaenatoT, KaKON Be/IMYMHbI M KaKOro 3HaKa 3apaj B
utore npuobpetaet Teno. onyctmm, YTo CyLWecTByeT HeKaad MMHMMANbHAA BelMYMHa 3apaja B BUAE
«eAMHUYHOrO MarHuMTa». BepoATHO, 3aMyCTUB B KOCMOC «CEBEPHbIE U HOXKHblEY», TO €CTb PA3HOro
HanpaB/ieHMA U AaXKe MUHUMANbHOW MHTEHCMBHOCTM BPALLEHMA KEANHUYHbIE MATHUTbI», MOXHO C
YBEPEHHOCTbIO YTBEPKAaTb, YTO OHM HUKOTAa He OCTaHOBATCA. BepHO /in, YTO BpalLeHMe NOCTOAHHOTO
MarHuTa, WAM CUCTeMbl MArHWTOB, CMOCOOCTBYET YBE/IMYEHWUIO CUAbI 3TOTO MarHuTa? Yem OH
WMHTEHCMBHee BpawaeTcs, Tem bosblue 3apag, (rpagmeHT) u HaobopoT?

1.1. Nesutauna u 3¢PeKkT HeBUAUMOCTU ANA PajapoB Ha Npumepe YCTPOWCTBA «MarHUTHOro
XpaHutena» 3aa JinackanHuHa.

1. XpaHutenu sHeprum.
Kak ncnonb3oBatb 3TM 3HaHUA AnA NONETOB? Kak HaNpaBuTb «CUAY TAXKECTU» B 0OpaTHYIO

= WATANT

CGu

‘v ]
BAPHAHT CL. BAPUAKT 46 .
Puc. 1 KaTywka co cTanbHbIM CepaeYHNKOM. Puc. 2 KaTywka c cepgeyHMKom 13 marHuTa.

CcTopoHy? OaMH M3 cnocoboB — 3TO NonpoboBaTb CAeNaTb BEWECTBO MHEPTHLIM K 3N1EKTPUYECKUM
3apAagam cpegbl. Hanpumep, Bpawgatoweeca coH6CTBEHHOE MOJie CBEPXMPOBOAHUKA LLE/IMKOM
HelTpanusyeT B NpoTMBodase BHeLIHee MarHUTHoe none cpeabl. Ho ectb cnocobbl, KOTOPbIMU MOXKHO
[OCTUraTb HAMPaBAEHHOrO BO34ENCTBMA HA OOBEKT, MCNO/b3yAs SHEPruo NPOCTPAHCTBA, WM
nepeBoAUTb €€ B 3/IEKTPUYECKUI TOK, 33 CYET YNPaBAEHUA ABNEHUAMM SEKTPUYECTBA U MArHETU3MA
B CAMOl CTPYKType 06beKTa. Hanpumep, Tak Ha3blBaEMbIN «XPaHUTEIb BEYHOTO ABUMKEHMUAY, UM MO
CYTM 3aMKHYTaa CUCTEMA, B KOTOPOW Keneso NpesBpallaeTca B «CBEPXMPOBOAHMKY» MPU KOMHATHOM
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TemnepaType. Monpobyem cobpaTb 3TN KaTyWKM Ha cepAedHuKax (cm. Puc. 1). B Takmux cayyasx mbl
MOXEM MUCNONb30BaTb KaK BaPMaAHT «a» C CEPAEYHMKOM U3 XKese3a, TaK U BapuaHT «b» ¢ cepAeYHUKOM
M3 NOCTOAHHOrO MarHuTa (cm. Puc. 2). B 3TUX cxemax MOXKHO He TONbKO HaKayumBaTb XpaHUTEsb
3Heprvein, Ho M Mcnonb3oBaTb eé. MNogobHoe pacnonoXKeHue KaTyleK M3 pasHblX MaTepuanos
No3BONAET HaM aKTUBMPOBATb Mpoueccbl 0b6pa3oBaHMA BUXPA B BMAE Topa. 3HAUYUT AU 3TO, 4TO
¥enesHbll CepAeYHUK 31IEKTPOMArHUTOB MOXKET NpMobpecTn CBOMCTBA «CBEPXMNPOBOAHMKA», TO eCTb
CTaTb nerye npu obblvHON TemnepaTtype?

Kpome TOro, AaHHas KOHCTPYKLMA MOXKeT OblTb MCMO/Ib30BaHA ANA OTPAXKEHUA MATHUTHbIX
N3ny4eHui oT 06bEKTOB. Hanpumep, KaK 3almTa oT 0OHapyKeHua pagapamu, Kak MHCTPYMEHTa 1bHbIN
3ddEKT HEBUANMMOCTM AN CaMONEToB, Kopabnel, TaHKOB, NOANOAOK U T. 4. MNpeactaBum, 4YTo MX
BHELWHME NOBEPXHOCTM KOPMYCOB MOKPbITbI NAACTUHAMM, UIN HA HUX HAaHECEHO MOKPbITUE B BUAE
NAEHKN UM KPACKK, B CTPYKTYpe (COCTaBe) KOTOPbIX HAXoaATcA HebobLIME NN MUKPOCKONMYECKNE
KOHTYPbl «MarHUTHbIX XpaHuTenen». bnarogapAa TaKon «CBEPXNPOBOAMMOCTUY», 3SHEPTUM ANA
noaAeprKaHMA B HUX KO/IbLLEBOTO 3/IEKTPUYECKOro TOKa He TpebyeTca. 3HauuT, pa3 3apaamB TaKyto
CUCTEMY NPU M3rOTOBIEHMM, Mbl 3aMyCKAaemM «BEYHbIN MPoLecc» A0 MOMEHTa ero paspyweHua. U
Ka*kAbI TAKOM KOHTyp OyaeT co3aaBaTb BUXPEBOE CMMPasibHOE MArHUTHOE Moae BOKPYFr KaXaoro
cepaeyHuKa. A yxe nogobHble NONS MHOTOYUCAEHHbIX KOHTYPOB Ha MOBEPXHOCTU MOKPbITUA, KaK

Puc. 3 Jlesutupytoulas naatdopma ¢ NpUMEHEHNEM MHOXKECTBA KXPAHUTEIEN SHEPTUNY.

egMHoe 3alMTHOE MarHMTHoe none, 6yayT B3aMMoOAeNCTBOBaTb (OTparkaTb MAM MNOrAoWathb) C
HanpaB/AEHHbIMW Ha HUX NOOBIMU U3YYEHUAMKU, B TOM YUC/Ie U PaSapoB, A1 KOTOPbIX OOBEKT
CTAHOBUTCA WMCKAXKEHHBIM MAM «KHEBUAMMbIM». Takaa TEXHONOrMA BO3MOMHA K MPUMEHEHUID He
TOJ/IbKO B LLeNIAX AOCTUNKEHMUA CKPbITHOCTU, HO U 3aLLUTbI }KMBbIX OPraHNU3MOB OT NaTOreHHbIX 061y4eHui
n3sHe. O4yeBMAHO, 4YTO, NOAOMPaAA KOHCTPYKTMBHO [AMana3oHbl ONpeAenéHHbIX 4YacTOT BUXPEBbIX
MarHUTHbIX MONEN KOHTYPOB «XPaHUTE/Ie BEHHOTO ABUMKEHUA», MOXKHO peLlaThb LiesieBble 3a4a4m nog,
pa3/INyHble UCTOYHUKN 0BNyYeHUA U3BHE, HaNpPUMep, PEHTTEHOBCKUE.

2. Jlesutauusa n nons.
OpHa 13 BO3MOXHbIX K UCMbITaHMIO CXeM NIeBUTUPYLowen nnatdopmbl NoKasaHa Ha Puc. 3, rae
no nepudepun pacnosioKeHbl MNAOTHbIM Konbuom U — obpasHble 3neKTpoKaTylwku nos. 5,7,8,
3aMKHYTble 0OLWMM KOMbLOM M3 Xene3a no3. 6. TaKOW KONbLEBON «XPAaHWUTENb SHEPTUU», KOHLbI
KOTOPOro coeAmnHeHbl Yepes3 akKyMyAATOpP C KOJIbLLOM U3 LIMHKA M03. 3, BHYTPU KOTOPOro B EMKOCTH
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nomeulieHa Boga nos. 2. Hag v noa 3ToM EMKOCTbIO PACNONOXKeHbl OCHOBaHUA ABYX NepeBepHYTbIX
nupammg nos.1 3 KBapua, BEPLUNHbI KOTOPbIX ABAAIOTCA OCblO 06LWelr Kpyrnon nnatdopmbl B BUAE
ABOMHOro KoHyca. Mexay Ko/MbLOM M3 LMHKA U CepAedYHMKaMM KaTylleK pacnonoKeHa Crn/ollHas
BTY/IKA M3onAaTopa u3 ¢roponnacta nos. 4. MNpu 3anycke ABNeHUA ¢ ob6pasoBaHMEM YCTOMYMBOW
MMMNN03UKN (MOHMMKEHNE TEMNEPATYPbI) aKKYMYNATOP NEePEeKNoYaeTCa B PEXKUM NoA3aPALKN.

I
|
i

{
1
i

Puc. 4 NlesuTupytowas naatpopma co CNNOLHbIM KONbLEBbIM «XPaHUTENEM SHEPTUM Y.

Puc. 5 MarHuTHbIN XpaHUTENb, N3IOMaAHHbIM No ocn A-B.  Puc. 6 Cxema nesmtaumm Ha OCHOBe
MHOeCTBa 3aMKHYTbIX KOHTYPOB TOKa.

AHaNoOrMYHy M3MeHEHHYI BepCUIO Npeanaraetca onpoboBaTthb ¢ N1aTGOPMO NO BTOPOM cxeme
(cm. Puc. 4), HO CO CN/IOWHBLIM KOJIbLLOM «XpaHUTENA 3Heprum». B gaHHom cnyyae U — obpasHoe
KONbUO, AN HeWTpanus3aumMu rpasutaumm  BOKpYr nnatdopmbl M co3gaHua  addekTta
«CBEPXNPOBOAHMKAY, MOXET ObITb M3roTOBNEHO KaK M3 Kenesa, Tak U B BMAE MOCTOAHHOIO WMAU
9NEeKTPOMArHMTa € 3aMblKatoLwen NAacTMHOM No Nnepndepumn OKPYKHOCTU U3 aNIFOMUHUA.

3. Nlesutupyrowasa nnatpopma Ha MarHMTax.

YunTbiBan, UYTO «MarHuUTHble XpaHuTenu» 3aa JlmackanHuHa u addekt Curanosa LWMPOKO
N3BECTHbI, NONPobyem NOCMOTPETb HA 3TU ABNIEHUA MHAYe M NPESNOXUTb CXemy naathopmbl ANA
NIEBUTUPOBAHMA C MPUMEHEHMEM, Hanpumep, U3N0MAHHOro no ocu A-B 3aMKHYTOro KOHTypa C
KaTywKamun. HanpaBieHne TOKa B MU3IOMAaHHOM KOHType MoKas3aHo Ha cxeme (cm. Puc. 5). Ecam B3ATb
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NMHMIO A-B 3a ocb BpaweHus, TOo B UeHTpax A u B, o6pasyiorca uUeHTpobeXKHble u
LEHTPOCTPEMUTE/IbHbIE MOTOKM, KOTOPble CO34al0T BOKPYr cebA He TONbKO CnupanbHble, HO
KONbLLEBbIE MarHUTHblE BUXPEBbIE NOAA, CNOCOOHbIE NPU ONpeaenéHHbIX YCN0BUAX HABOAUTb CToAYMNE
BOJIHbI U BO3OYKAATb AB/IEHUA Pe30HAHCa B MaTepunane KoHTypa. Ho 1 nepneHaMKynspHble UM FpaHu
C KaTyWKamun MMEeIT MOTOKM pPa3HOrO0 HanpaBAEHMA, U CTPEMATCA NPUTAHYTbCA APYr K 4pyry.
MpouncxoanT y»e n3BecTtHoe Ham GopMMpoBaHME rpaaneHTa 3apAafoB ¢ obpasoBaHMEM MOHOCOB.
Torga, MOXHO MCMO/b30BaTb AAHHbIA MOAY/b KaK «eAMHUYHYIO COOPOYHYIO 4YacTb» KOJbLEBOro
nepudepunimtHOro yCcTpomncTea nesutmpytowen nnateopmbl ¢ obuen ocbio BpaleHns A-B B ueHTpe
AncKa (cm. Puc. 6). B gaHHOM KOHCTPYKUUKM, 0COBEHHO 3(EKTUBHOM MPU HANMUYMM YCKOPEHHOTO
BpalleHuMna, obpasyeTcs ToponaanbHbl BUXPb C YCTOMUYMBbLIM SIBJIEHUEM MMMJIO3UM Hag naaTGopmon.
TaKoe yCTPOMCTBO BO3MOXKHO NPUMEHSATb U Kak FreHepaTop 3N1EeKTPMUUYECKOro TOKa.

4. DKCNepuUMEeHTbI C NONIAMM.

Bo3geincTema pasIMYHbIMU U31YYEHUAMM Ha clabble U 3NeKTPOMarHUTHbIE CBS3M aTOMOB U
MOJIEKY/NT BELLECTB MNPUBOAAT K WMOHU3ALMM W BO3HUKHOBEHMIO MOTOKOB 3Heprun. Hanpumep,
CKaNAPHbIMM MPOAO/IbHBIMU BOJIHAMM, KOTAa HAMPAXEHHOCTb 3/NEKTPUYECKOro noas M MHAYKUMA
MarHMTHOro NoAA TOXAECTBEHHO obpalLatoTca B HOAb (cm. Puc. 7). Mpu 3TOM 3TK Nons onucbiBatoT
BUXPEBbIE BO3MYLLLEHMA SNEKTPOMArHUTHOro noaa. Toraa, B cpeae, rae NnpUCyTCTBYIOT a1eMeHTapHbIe
4acTMUbl, MPOUCXOAMUT BO3MYLLLEHWNE HE TONIbKO YacTuL, B CBOHOAHOM COCTOAHUMU, HO U B 3/TIEKTPOHHbIX
060/104Kax aToMOB 1 Mmonekyn. N, ecnm Bo3byKaeHMe NpUBOAMUT K NOTEPE 3/1eKTPOHOB BHELLHEN
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Puc. 7 None BeKTOpPHOro noTeHuMana c TOKOM Mo NpoBoay 1 cosieHonay C NPOBOAOM.

0p6UTbI, TO BO3HUKAIOT ABAEHUA MOHM3ALUKU, MAM MPOBOAMMOCTU, KOTOpPas CBA3aHA C HaiMunem
cBObOAHbIX HOCUTeNel 3apaaos. To ecTb, B3aMMOAENCTBUE CKaNAPHbIX BO/H C BELWECTBOM NPUBOAMUT
K NOSIBNIEHMIO TOKA 3apsiZloB B CpPeAe OKPY)KEeHWs, BO3HWKAEeT yBe/JMYeHWe MNOTHOCTU CUCTEMbI B
NPOCTPAHCTBE, KaK MNEpPeMeLLEHME MOTOKOB 3HeprMm. A B cxeme c cosneHouaom (cm. Puc. 7)
ycunuaetcs 3ddeKT marHeTMsma M BO3pacTaeT MarHUTHOE Nojne cepaedvyHuKa. B mccnesoBaHuax
npeanaraetca onpoboBaTb BEPCUIO C CEPAEYHMKOM M3 MOCTOAHHOTNO MarHuTa, BHYTPM KOTOPOTO
Haxo4MTCA MPOBOA C NOCTOAHHbIM TOKOM ANSA MOAYYEHMA S/EKTPUYECKOro MOAA CHapyXu. A ana
co3gaHua 3pPeKTa 3KpaHMPOBAHUA UHTEPECHO MOCMOTPETb BAapWMaHT C Pa3HbIMKU HamnpaB/ieHUAMMU
3TOro ToKa. MOXHO OXKMAaTb BO3SHUKHOBEHUE ABAEHUI NOTepu Beca.
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CoBepLUEHHO yBEPEH, YTO NOA0HOHbIE TEXHO/IOTUM C pa3pyLUEHNEM CNabbIX U 31EKTPOMArHUTHbIX
CBA3EM B BELLECTBAX, KAK «KamMasau3amopsi» npouecca UOHU3AUUU, MOMCHO UCM0aAb6308aMb MpuU
ymunu3ayuu omxo008 #u3HedesamesbHOCMU Yes108eKa ¢ Nocsaedyuum npespawieHuem ux 8 amomei
U MoseKynsl 800bl, 20308 UAU UHbIX /Aemyyux, Uau HUOKUX coeduHeHuli. Mpu 3TOM, HeT
HeobXxo4MMOCTUN AaKe B CTPOUTENbCTBE NONUTOHOB AN1A ObITOBLIX MM TBEPABIX OTXOAOB, NOTOMY YTO
C pasHOM nepuoAMYHOCTbIO, B 3aBMCMMOCTM OT BELLECTBa, 3TW OTXoAbl OyayT pacnagaTbcs B
COOTBETCTBYIOLLMX YCTAaHOBKAX MPAMO NOJ KOHTEMHepamu BO ABOpax B LIAroBoM AOCTYMHOCTU OT
Xunba. Masbl npeanonaraeTcs BblayBaTb B aTmocdepy B 6€30MacHOM KOHUEHTPaUUK, a XKUAKOCTU
noAasepratb UCNAPEHUID UAW YAANEHUIO C AA/IbHEMWUM NpUMMEHEHUemM B Buae yaobpeHuin u T. 4.
Kakune-To maTepuansl bygeT uenecoobpasHee cCOpTMPOBaATL A/151 NOBTOPHOM nNepepaboTKu.

B To e Bpemsa, Nosie BEKTOPHOro NoTeHuMana, 3anyckaa Npoueccbl pasaeneHua 3apagos,
CO34aET rpaMeHT NIOTHOCTEN B cpese OKpyKeHua, Gopmupys ycoBMA 414 NPOLLECCOB NEBUTALUN.
Hanpumep, CKOHCTpyMpyem cuctemMy M3 He6ONbLINX KYCKOB BEPTUKANbHbIX TPYO C 04MHAKOBbIM LLAroM
B BMAE PELWETKN, He MMEIOLLY NPAMOro KOHTaKTa C MOBEPXHOCTbID 3eMJIN, a TONbKO Yepes
npepbiBaTe/b LEenu ¢ 3a4aHHON YacTOTON. [NOBEPXHOCTb 3EM/IM UMEET CBOM 3/IEKTPUYECKUI 3apaa U
060 M30/IMPOBAHHbLINA NPOBOAHMK B €€ nose byaer MMeTb 3apaj, NPONnopPLUOHAbHbIN EMKOCTH
3TOro NpPoBOAHMKA. Torga, Mexay HMMKW BO3HUKaeT Pa3HOCTb MOTEHUManoB. A NpU UX KOHTaKTe
NPOBOAHMK npuobpeTaeT noTeHuran 3emnu. 3HauuT, ecau cuctemy Tpyb NPUBECTU B KOHTAKT C
NOBEPXHOCTbIO 3eMIM Yepe3 NpepbiBaTe b LEenn ¢ 3a4aHHON YaCTOTOM, TO MOTEHLMAN KaXKA0ro U3 3TUX
NPOBOAHMKOB B cCUCTeMe ByaeT NoABeprKeH Nepnoamnyeckum KonebaHmam, YTo reHepupyeT BOIHOBOE
nosie B NPOCTPAHCTBE mexay Tpybamu. Buxpesble KonebaHUA HaKaunMBatoT Noae Takom BUHBPOCUCTEMBI
3Heprven n BO3HMKAET Pe30HAHC onpeaenéHHOM YacToTbl 3BYKa, KOTOPbLIA BMNOJIHE CO34QET YyCN0BMUA
ANA pa3faenieHna 3apagoB B NPOCTPAHCTBE, @ 3HAUYUT M IeBUTALLUN.

I Tl s i ol Sl .l sl L
s —

R S e -

Puc. 8 Buxpesana nesutmpytowas naatpopma co cnmpasibHbiM PacnosioxKeHMem NonacTen.

5. Cxema nesBuTtupytowen nnatpopmol.

Noboe pBumkeHne 06BEKTA B cpesle OKPYKEHUA CO34aET «KUCKPUBNEHMA» B MaTepuu
NPOCTPAHCTBA B BUAE U3OTHYTbIX 0ObEMHbIX NOBEPXHOCTEMN, KaK FPaHML, PaCNPOCTPAHEHUA BUXPEBbBIX
«AopoxeK KapmaHa». Npu sTom gaBneHne CHUXKAeTCA BHYTPb, MO HAaNpaB/ieHUIO K LLeHTPY KPUBbIX, TO
ecTb maTtepua cpegbl cnegyeT 32 UCKPUBNEHHOW MOBEPXHOCTbHO. 3HAYUT, UCKPUBAEHHbIE MOTOKM
Hen3beXXHO BbI3bIBAOT rPAAMEHT AABNEHUA U «NOABEMHAA CUAA» BO3HWUKAET, B TOM YMCae, U U3-3a
WCKPMBAEHNA NOTOKA cpeabl. TO ecTb, nonychepuyeckas KpmMBas NOBEPXHOCTb AHMLLA, Hanpumep,
NnesuTUpYyoLWwen nnathopmbl Npu e€ BpaLLeHMM CO3[aCT FPaANEHT CKOPOCTM NMOTOKA, NMPU KOTOPOM
AaBNeHNE CHapyKu bByaeT Bblile, Yem BHYTPWU Kopnyca NaatGopmbl, BOKPYr KOTOPOro no nepudepun
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obpasytotca Buxpu. Toraa, Ha HUXKHEN BHELWHeN YacTu NAAaTGOPMbl MOXKHO CMOHTMPOBATL OAMH 3a
APYrMM HebosbliMe NOBOPOTHbIE «N0NACTU» MO NOAOOMI0 CeYEeHUs Kpblia NO JIMHWUWU CNUPaNbHOM
Kpusoh (cm. Puc. 8). Karkaaa Bbllwenexkawana nonactb MO CBOEW A/MHE, NpU €€ MOSHATUM WUan
ONYCKAaHWW HA LWIAPHWPE, 3aKPENIEHHOM K KOPMYCY, MEPEKPbIBAET HUMKENENKALLYIO B BUTKE CNIUPAM.
Mpw BpaweHUM TakoW NAaTGopMbl, MAM CO34aHUM BOKPYr KOpMyca BPaALLAOLLErocA NOAA, CHU3Y,
CHapy»u 06pasyeTcA MOLLHbIV BUXPEBOM NOTOK BELLECTBA CPeAbl OKPYKEeHUA. [TOTOMY UTO, HA KaXKa0Mm
BUTKE CNMpPanu HaZ UCKPMUBAEHHbBIMW NOBEPXHOCTAMM SlonacTen gasneHme P1 meHbLue, Yem Noa HAMK
P2. 3Tn rpagueHTbl, 4yepeayacb MO 3TaXKHOCTAM BWTKOB, BO30Y)KAAOT MHOXECTBEHHbIE BUXPW,
KOTopble 06beAMHAIOTCA B €4AUHbIN KPYroBOPOT, NepenBUratolmMinca no CnMpanm BHU3 Kopnyca, u
06pasyloT MOLLHbIA CMepY, B LEHTpe KOTOporo Haxogutca nnatdopma. U rpagmeHT 3apagos B
NPOCTPaHCTBE NOAHUMAET Hawy naaTdopmy Beepx. Mpu 3TOM, cornacoBaHHanA M aBTOMATM3MPOBAHHAA
cuctemMa nogbéMa M OMyCKaHMA onacTel nog onpefenéHHbIMW yrnamu, AaéT BO3MOMKHOCTb
PerynMpoBaHuA 1 ynpasaeHna npoueccamm obpasoBaHma Buxpeit. COOTHOLIEHWE BbICOTbI U LUMPUHDI
KPMBOJIMHEMHOM YacTU HUKHEro Kopnyca naatpopmbl BbIOMPAETCA U3 pacyéTa MaKCMMa/IbHOrO yria
BEPTUKANbHOTO KOHYCA 3apoKAeHusa cmepya. Cama cnupanb A0MXKHA ObITb AByXx3axoaHoM. MoXHO
onpoboBaTb pasiMyHble CMMPanM co cmeuweHvem B 1/4T nepuopa O4HOTO BMTKA OTHOCUMTE/IbHO
Aapyroro.

6. Buxpu 1 nogbémHan cuna.
Ecnmv BCNOMHUTL O NpaBuKIax «3010TOr0 CeYEHUA», TO HanpallMBaeTCA BEPCUA KOHCTPYKLUUMK

Puc. 9 J/lonactu BuxpeBble BEPTONETA. Puc. 10 Bua cBepxy BUXpPEBbIX IONACTEN.

BMXPEBbIX /I0NAacTel, HaNnpMmep, Ha BepToNETax, B3ameH 06bl4HbIXx (cm. Puc. 9, 10). CeyeHune wmx
HanomMHaeT NPodU/b Kpblsla CaMOJIETA, HO MOJIbIM BHYTPM C BO3MOMKHbIMM BapuMaHTaMmu (cm. Puc. 11).
Ha BepxHel KpMBOJIMHENHOM NOBEPXHOCTU MPOCBEP/IEHbI CKBO3HbIE OTBEPCTUA, ANCNEPCUA KOTOPbIX
noabupaetca No 3pPeKTUBHOCTU NpUKaTUA 06TEKaeMOoro NOTOKa BO34yxa K JIONACTU OT CPbIBA C Heé.
9T0 AAET CHUKEeHWe BUHbpaLMK 1 CyLLLeCTBEHHO CHUMKAET WyMbl Npu paboTe.

BHyTpeHHWe NonocTn, B TOM YMcne U MHOronpoduabHble € Pa3NNYHbIMKU Yrnamn GPOHTaIbHOM
aTaKu, NO3BONAIOT CyLLECTBEHHO NOBbICUTb KM/, KOHCTPYKTMBA BMHTA. 9TO 0cO0b6eHHO 3dpdeKTUBHO Npm
PasINYHbBIX Yr1ax UX PacnonoXKeHWsa B MAOCKOCTU FOPU30OHTa C BO3MOMHOCTbIO peryivpoBaHua B
npouecce BpalLteHua (cm. Puc. 12). Takne KOHCTPYKLUN HEOBXOAUMbI A1 CO34aHMA KOHTPOIMPYEMOW
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Puc. 11 BapunaHTtbl npodunsa BUXpeEBbIX Aonacteir. Puc. 12 PerynnpoBaHue yrna Hak/aoHa ionacrte.

NOABEMHOM CUNbl UCKYCCTBEHHOrO BMXPA. [peanoyTUTeNbHO, TakMe MeXaHM3Mbl CO34aBaTb C
BHELWHMM KOXYXOM, C LEHTPasbHbIM BO34yX03abopomM M C HanpaBAfOLWMMM NOMNaTKaMKU OCEBOW
TYpOUHbI ANA 3a60pa XONOA4HOMO BO34YXa MO LEHTPY BpaLLeHus.

7. Buxpesoii gBuratenb.

A 4TO, €CNM NONbITAaTbCA CKOHCTPYMPOBATb BUXPEBOM ABMMKMUTENL? Hanpumep, MOHHbI B3aMeH
06bIYHOMY peakTUBHOMY? e BMECTO BOCM/IAMEHEHUA CHATOM B Kamepax CMecu TOMMBa C rasom
paboTaeT nnasma 3apAL0B CKATOro MOHU3MPOBAHHOTO rasa, KOTopasa 0bpasyeT rpafueHT NAOTHOCTEMN
B CPEAE OKPYIKEHUA MEXKIY BXOLOM U BbIXOLOM YCTPOMCTBA, U CO34AET YCI0BUA AN1A NepemMeLLeHnn

Puc. 13 BuxpeBon ABUKNUTEND.

WUCTOYHMKA TAKOro M3aydeHuAa. B KakOM-TO MOMeHT paboTbl ycTpoiicTBa GOpMUPYETCS YCTOMUYUBDIN
nepenag TtemnepaTypbl Bo3Ayxa Ha BxoZe (xonoa) u Bbixode (Tenso), Korga MOXHO OTKAKOYUTb
NPUHYOUTENbHBIM  NPUMBOA, BpaleHWa Bana poTtopa. Jlomactu TypbuHbl 6yayT BpawaTtbea
camocToATeNIbHO. MNonyyaeTcAa NPUHLMN BUXPEBOTO ABUMKUTENA, KOTOPbLIA MOXKHO MCNO/b30BaTb A/1A
nepemelLeHUI KaKk B KOCMOCE, TaK U B aTMocdepe, U AaXKe B KUAKOCTHU.

MpeacTaBuM KOpnyc ABUXUTENA B BUAE KOHYCa C pacTpybom Ha Bbixoae B Buae cona JlaBans,
He TONbKO C M3MEHAIOLLLENCS TeOMETPUEN CEYEHMA, HO U C 0OPATHbIM KOHYCOM B BMAE BHYTPEHHErO
PeryanpoBOYHOrO KaanaHa, no Tuny BuxpeBon Tpybku PaHKa (cm. Puc. 13). Ha cxeme cpasy nocne
yCTpoWcTBa BO3A4yX03abopa YyCTaHOBMEHA cCUCTEMA W3 TYPOWMHHbLIX KONEC B HECKONbKO pPAAoB
(cTyneHe#), KOTopble He TO/NIbKO PA3rOHAKT BO34YLWHbIA MOTOK CBOMMW HAK/JOHHbIMW MYyCTOTENbIMM
Nnonatkamu BAONb OCM POTOPA, HO M CO343t0T, BCE BO3pacTalolinMe OT OAHOM CTyMeHU K ApYroM,

148



paAnanbHble LeHTpobexHble U LLeHTPOCTPEMUTENbHbIE MOTOKM ras3a, paspyllatowme CTPYKTypHble
cnabble M 3N1eKTPOMArHUTHbIE CBA3M aTOMOB U MONEKY BELLECTB B HEM coAaepKalmxca. Tem cambim
obpasyetca 0buame pasnnYHbIX MOHOB, CKOPOCTb UCTEKAHMA KOTOPbIX BO3PACTAET NPU MPOXOXKAEHUN
yepes NycToTe/ible MHOFOC/I0MHbIE I0NACTU KOHYCHOTO BUXPEBOro yckoputena (cm. Puc. 13). B gaHHOM
CNly4ae MOKHO MPUMEHUTb HEMOABWMMKHbIE AMCKM «penynbCuHa». Toraa B KOHCTPYKUMM He byaet
BpaLatowmxca yactei, pabota 6yaet nponssoguTbCa BpaleHemM BuxpA. Co3aaHHbIA UCKYCCTBEHHbIN
cMepy cbpacbiBaeTcA B OTKPbITOE NPOCTPAHCTBO M 3PPEKTUBHO peryampyeTcs NyTEM yCTAaHOBEHUA
ONTUMANbHOIO 3a30pa MeXAy NOABUMKHbIM K/anaHOM W BHYTPEHHEW NOBEPXHOCTbIO BbIMYyCKHOrO
pacTpyba BbIXIOMHOM CUCTEMbBI CU/IBHO CXKATOFO M HArpeToro MOHW3MPOBAHHOrO rasa (naasmbl).
BHyTpu pactpyba, Ha BepliMHe KOHyca KianaHa chopmupyeTca ewé oauH Y3KMIA BUXPb XOJI04HOM
N1Ia3Mbl, CPbIBAACH C KOTOPOTO, OH YCTPEMAAETCA Yepe3 Mo/blii Baa poTopa U Bo3ayxo3abopa HapyKy
B MPOTUBOMNOJIONKHYO CTOPOHY. Obpa3yeTca rpagMeHT TemnepaTyp — CKaTMe NOTOKa MaTepum cnepeam
M pacwupeHue c3agu. Bo BTOpOI CTyneHW YCTaHOBKM, B3aMEH YKA3aHHOFO HA PUCYHKE, MOXKHO
NPUMEHUTb «CMEepPYEBbI YNIOTHUTENbY BELLECTBA Cpeabl OKpyKeHua (cm. Puc. 14).

Puc. 14 «CmepueBbi YNJIOTHUTEND» BUXPEBOTO ABUMKUTENA.

8. Anckn nesmutaumn.

O6bl4HO, KOraa Mbl TOBOPMM O AMMoae, TO NoApasymeBaemM COYETaHWe B OAHOMN CTPYKType
3NEeKTPUYECKOro U MarHUTHOIO AMNOoJel, HecoBnaAeHWe oceit KOTOPbIX C OCbO BPaLLeHUA, Hanpumep,
Y Hallel nnaHeTbl cocTaBafeT npumepHo 10-12°, yTo popmupyeT HanpaBAeHHOE U3NyYeHUE, KaK U Ha
ConHue. NoHAepomMoTopHOE BO3AENCTBME HA 3apsAabl B 3/IEKTPOMArHUTHbIX NOAAX HAaNpPaB/ieHO BBEPX
OT 3KBaTOpa 3emMnu (paananbHo) B MarHutocoepy. M 3To BbipaKeHo B TOPHAZO, LMKIOHAX, aHOMAMUAX
norogbl, Kak 1 Ha ConHUe - B NATHAX 3KBAaTOPMaNbHOM 30HbI. TO €CTb, Pe30HaHCHAA CMCTeMa 3KBaTopa
obecneumBaeT nepegavy-npMemM MakCMMyMa 3/IEKTPOMArHUTHbIX U3YYEHUN.

Toraa, MOMKHO NPeAnoNoXUTb, UYTO MNOHAEPOMOTOPHOE BO34ENCTBME Ha YacTuuy B
3NEKTPUYECKMUX U MArHUTHbIX MONAX MOMKHO MCNO/b30BaTb Kak KOMMEHCaUMOHHOe BO34einCcTBMe Ha
«TArOTEHME» AN NEBUTUPOBaHMA. [nA 3TOro npeanaraetca NPUMEHUTb KOJbLEBbIE CNUpasbHble
KOHCTPYKUMK (KaTyLWKM MHAYKLNK) U3 peppomarHeTuKka (keneso), Kotopble cobpaHbl B BUae bybanka
C NJIaHeTapHOM HaBMBKOW MPOBOAA HAa HAaMarHWYEHHbIN CepAEeYHUK. INEeKTPUYECKUN TOK BHYTPWU
CNUpanbHOM HaBMBKM KosbLla (6ybMKa) B perknme pesoHaHca KonebaHuin co3aacT NnpoTMBogeincTeme
TAroTeHuto. Ona nesutaumm nnatdopmbl HeobxogMmo 06beaMHUTb 06pa3oBaBLUMKACA «TOP» C
Konecom Kopnyca nnatdopmsl. (cm. Puc. 15).
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NP2 S A e
Puc. 15 Cxema gmucka gna nesutauuu.

KOHCTpyKUMA M3roToB/lEHa M3 BenoCMMNeAHOro Koseca. Ons 3anycka cuctembl Heo6xoaumo
NOBEPHYTbLCA C HUM B pyKe (4eprKaTb 3a 0Cb Koneca) cTporo Ha CeBep M PacKpyTUTb ero NpoTMB YacoBOM
CTPE/IKM NepneHaAnKyAspHO BOAHOM rnaan nos. 4 (xyxe apdeKT Ha 3emne). o3. 1 — kamepa pe3mHoBas
C BMOHTMPOBAHHbIM U3HYTPU CMUPA/IbHbIM KOIbLLOM MEAHOIO NPOBOAA, KOHLbI KOTOPOrO COeANHEHDI
c baTapeeilt no3. 5. Mo HapyXHOW NOBEPXHOCTM KaMepbl 3aKpenseHa nos. 6 — cnupasibHas 3aMKHyTas
KaTyllKa C NAaHeTapHOW HaBMBKOM W3 »Kene3Horo (HMKeneesoro) nposoga MNOBEPX MarHUTHOro
KONbLEBOro cepAeyHuka. Mos. 2 — cnupanb NAaHeTapHON HAaBUMBKW M3 MeAHOro TO/ACTOro NpoBoAa
(sTOpMuHas obmoTKa TpaHcpopmaTtopa). Mo3. 3 — nnaHeTapHas HaBMBKa CMMPasbHON KaTyLKM U3
mean (obopn Koneca co cnuuamu). Mo UCTEYEHMU HEKOTOPOro BPEMEHW MOC/Ie PAaCKPYTKU Koneca
obpasyeTca CTPYKTYPUPOBAHHOE BHELUHEE MArHUTHOE MNoJjie, HanpaB/JeHHOe PagManbHO OT 3eMu,
KOTOpOe UCKarkaeT (pasasuraeTt) AvHuM cunosoro nonsa 3emaun. Koneco 6yaetr TepsaTb Bec,
BbITA/IKUBATLCS M3 BHELLIHEro nons njaaHeTbl. BepoATHO, 3TO BEPHO U ANs NPeAMETOB, HaXOAALLMXCS
HUXKE KOHCTPYKLUMN.

1.2. Cnocobbl CHATUA 3Heprum ¢ atmocdepbl, reochepbl u ruapocdepbl.

1. Cxembl Cb€Mma 3HEpruun.

Kakoe KonmyecTBo 3snekTpuyecTBa BbipabaTtbiBaeT 3emna? A ecan He3HauyuTesibHble YPOBHMU
3NEeKTPOMArHUTHbIX M3ny4eHUn 3eman npeobpasoBaTb B 3INEKTPUYECKUWA TOK, Kak, Hanpumep, B
n3BecTHon cxeme (cm. Puc. 16), M noanep’kMBaTb Hy)KHble YCNOBUA pe3oHaHca? BO3MOXKHO, uenb
Ha4yHET paboTaTb KaK MAATHWUK, KOTOPbIA OECKOHEYHO [O0/r0 COXPAHAET JIHEPrutd MNepBUYHbIX
BO3OYKAEHHbLIX MMMY/IbCOB B CUCTEME, KOTOPYHO COCTABAAIOT reochepa U OAHOPOAHbIE TAPMOHUYHbIE
KonebaHuna eé nposoasuwer atmocdepbl. MHTEHCMBHOCTb 3TUX KOIebaHWI MOMKHO pPasroHATb
HaCTO/NIbKO, YTO OHA CPABHMUTCA C MPOABNEHMAMM CTATUUYECKOTO 3/IEKTPMYECTBA B OKpPYrKaloLLen
atmocdepe. NoABNAETCA MHCTPYMEHT A/1A NONYYEeHUA AeLEBOro 31eKTPUYECTBA A/1A ObITOBbIX HYXKA,

Ona 3Tux e uenen MHTepecHa MoAeNb MNONYYEHWUA 3SHepruu (Tenno, 3NeKTPUYecTBo) U3
rpagmeHTa TemnepaTtyp B NO4YBe, BOAE UM aTMOCdepe, pacnoNoKUB arperat no U3BECTHOM cxeme (cMm.
Puc. 17) cTporo BAOAb MArHUTHbIX WM CWUIOBbIX JIMHUA HanpsxKéHHocTn 3emnan. OcHoBOM
KonebaTeNbHOro KOHTypa 34ecb fABASETCA chnuMpanbHaa Tpyba ¢ Bogon (Mnm Kabenem BHyTpM),
nomeLLéHHas B NOYBY UK B BOAOEM. POsib KOHAEHCATOPa 34eCb UrPAeT, Hanpumep, TEN006MEHHUK,
a notpebutena — paguatop otonnenua. [na ycuneHuna sdpdekta nosepx Tpybbl yepes usonAtTop
HamaTbIBaeTCA CnMpasb U3 MeLHOW NPOBOIOKM (N1Mbo YepesoBaHNEM C aNOMUHUEBOM)
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Puc. 16 Cxema He3aTyxatowmx KkonebaHuu.

«MNNaHeTapHbIM» CNOCOBOM HAaBMBKM B TPW 3aX04a, MOXKHO A,BOMHOM HENpepbIBHOW UAoW. KoHLbI
3TUX KaTyLLeK NOAKAYAloT K noTpebutento.
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Puc. 17 Cxema cbéma aHeprum c atTmocdepsbl.

2. MnaHeTapHble KaTyLUKW.

Bca 3emna norpyrkeHa B eAMHOE MOJIE IHEPIUN KHYNEBbLIX» BUXPEN «TPaBUTALUOHHON» CETU
NPOCTPaHCTBA. M 3TOT OrpOMHbIN FpaAMeHT 3apAa0B, Kak pe3ybTaT UHTEHCUBHOCTU MHOTMOYMC/IEHHbIX
BUXpPEN ero MmaTtepun, ABAAETCA HeucdepnaembiM WCTOYHUKOM WX [ABMKEHMA, a 3HA4UT W
3/IEKTPMYECKOro TOKa. M Mbl MOXeM N0Nb30BaATLCA UM NPU ONpeseNEHHOM CTPYKTYPUPOBAHMUK 3TOrO
nons, BPoZe NaaHeTapHOro reHepaTopa, rae niaaHeTa — 3To poTop, a atmocdepa — ctatop. Monpobdyem
NOACTPOUTBCA K 3TOM CUCTEME Yepes3 3/1EeKTPOCXeMYy ANA CHATUA AONOJIHUTE/NIbHOM MOLLHOCTWU. B
OAHHOM c/lydae Nogaya 3NeKTPMUUYECKOro TOKa M BO3BpaLLLEeHWE ero Yepes 3a3em/IeHNe OT nepedatoLLei
aHTeHHbl 6onee kenatenbHo (cm. Puc. 18). Fae HeoANMMOBbIE MArHUTbI HYXKHO CObpaThb B cnMpanb
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Puc. 18 F'eHepaToOp 3n1E€KTPO3HEPTrUN.
1 - CTeprKeHb M3 LMHKA UK 2- MarHUT HEOAMMOBBIN. 3- NPOBOJIOKA N3 MATKOTO *Kesesa.

BHYTPU rpadMTONIaCTUKOBOMN TPYOKN M NOBEPX 3TOM TPYOKKU B BMAE CNUpPaIM HAMOTATb KaTyLIKy w3
NPOBOJIOKN MATKOrO Xene3a.

3. Cxembl gBuraTeneit Ha MarHuTax.
XoTenocb 661 06paTUTL BHUMAHME HA BO3MOMKHOCTb MPUMEHEHMA MOCTOAHHbIX MarHMToB Npwu

Puc. 19 iBuratenb Ha NOCTOAHHbIX MarHUTax no Kpyry. Puc. 20 iBMratenb Ha NOCTOSAHHbIX MarHUTax no
cnupanu.

co3aaHuA HeBONbLINX aBTOHOMHbIX ABUraTenen ANa BpalleHns ManeHbKMX MeXaHU3MOB, Hanpumep,
HaCcoCOB ANA NepeKaykn TEeNI0HOCUTENEN B CUCTEME OTOMNIEHNA UAK KPOBU B COCYAax UM apTepusx
yenoseka M T. 4. (cm. Puc. 19). Taknx cxem A0CTAaTOMHO B MHTepHeTe. Ho, rae posib cTatopa urpatoT
N30/IMPOBaHHble MeXay coboi ¢TopcoaeprKaWwMm MNAacCTUKOM MarHuTbl B GOpMe CEermeHToB
pa3pe3HOoN BTY/IKU, KaXKaas U3 KOTOPbIX cOBpaHa U3 NATU NN CEMU HETO/ICTbIX C/IOEB C YepeL0BaHMEM
«+» N «-». POTOpP e NpeacTaBAsfeT aHaNOMMYHY KOHCTPYKLMIO, TO/IbKO M3 CEFMEHTOB PacnmnieHHOro
Ha MNATb MAM CeMb YacTel AucKa. [UCK poTopa KOHCTPYKTUBHO W3rOTOB/IEH, Kak WM cTatop, U
pacrnonaraeTcs ¢ 3a30pOM BHYTPU CTaTOpa M KPENUTCA Ha Ba/ly BPaLLEHUA Ha NoalmnnHuKax. CtaTtop
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pacrnonoXeH COOCHO CHapYXu poTopa. 3anycKk gsuratenda nponsBoanTb «4aTYMKOM XO011a» C MOUCKOM
NMyCKOBOWM TOYKM B MPOCTPAHCTBE AMCKa npu nosopoTe Basna. Ha Puc. 20 nokasaHa aHanoruyHas
KOHCTPYKLMA B BUAE CNMPaANbHbIX KPWBbIX (3010TOro ceyeHus), rae Ha O4HOM Bany Ha ABYX
napannenbHblX AUCKAX C 3a30pOM 3aKpensieHbl MarHuUTbl. JUCK CTaTtopa HenoABWUKEH, a poTopa -
BpalLaeTca cBob6oaHO. KaKablii MarHUT B TaKMX KOHCTPYKUMAX BpalLaeT Ban POTOpPa Ha BEUYMHY
CBOErO yrna onepeXXeHusa n 4em ganblle K nepndepumn, TeM CUAbHEE, YTO YCKOPAET BPaLLEHME.

4. Mbicnn 0 BO3MOXHOCTAX BCAYX.

Bce Tena B NpocTpaHCTBE BO3AENCTBYIOT Ha cpey, BO3MyLLana €€ COCTOAHMEe NoKoa noaobHo
AaBneHuto. Takoe BUAHME U3MEHAET rpagMeHT 3apafoB MaTepuUM OKpPYXKeHua, co3aaéTt obnactu
pa3peeHnsa B NPOCTPAHCTBE U KakK cneactsme obpasyeT MHOrovymncieHHble BUXpU Gopm eé maTepun
Pa3NIMYHOro HanpasB/ieHMA BpaLLeHuA.

Ecnun, Hanpumep, 3emnsa B Kocmoce, «paboTasa» npu 0°K Kak AnamarHeTuK (ras), BbicTpamsaeT
3alWMTHOE MarHMTHOe none, NPOTMBOMOJIOXKHOE BPALLEHUIO MONA BOBHE, TOrAa HWM OAHa BOJIHA
BHELIHEro MarHUTHOTO MOJIA HE CMOXET NPObUTbCA Yepes 3aLMTHYO MarHUTHYIO 060104YKY NAaHETbI.
3HauuT, 8bINOAHAEMCA YCA08UE HEBECOMOCMU MAAHEMbI 8 MPOCMpPAHcmee. U, ecsiu Mbl UCKYCCMBEHHO
€030adum _Maz2HUMHoe nose obpamHozo spawleHus rnoaw 3emau, bydem au _umemb mMecmo
HesecomMmocmsb Uau 8bimasaKusaHue maxko2o obvekma 8 nosae delicmsus camoli naaHemsi? Co3paHne
YCNIOBWUIA HY1€BON MAarHUTHOM BOCMPUMMUYMBOCTM B L@HHOM C/ly4ae BroJIHe MOXHO onpoboBaTb.

Ho, Hy)XHO CMOTpeTb Ha paspekeHWe, KakK Ha BaKyym WAM SHEpPruo Co 3HAaKOM MUHYC.
Hocutenamu aHeprum sasnstotca ntobaa matepma naum Bewectso. BbicBob0XKaan BelLecTso M3 ntoboro
06beKTa UM CUCTEMBI, Mbl BbICBODOXKJaeM M3 3TON 30HbI SHEPTUIO, PA3HOCTb KOTOPOW CUCTEMA TYT XKe
3aMo/IHAET APYro AUCKPETHOM 3HEpruei, ecTecTBeHHO, KoTopas HaxoauTtca 6aumske Bcero. U aTo
MOXKET 6bITb TO e BeLLeCcTBO UAM MHOE, HO 3TO U eCcTb NOHATME «BaKyyma». MU, ecan co3pasLunincs

6anaHc o6bEM-3HEprns 3amelléH HepaBHO3HA4YHO, TO B TAaKOW cuUCTeme OyaeT NpUCYTCTBOBaTb
OCTaTOYHOE HanpsXeHue B CTPYKTYpe BeLecTBa, €€ KOHCTPYKUMKN, maTepun. NoHagobutcs Bpems Ha
«CTapeHWe» UM ypaBHOBELUMBAHWE, N MPOLLECC SIHEPreTUYecKon cTabuansaumm cucTemol.

CMOXeM NuM Mbl UCMOJIb30BaTb BaKyyM A/ CO34aHMA ABUMKUTENN Ha ero ocHoBe? Bakyym
HarnomuHaem delicmeue, 0bpamHoe 0as8eHU, MO eCmb a0NACMb BUHMA 00/1XHA HE Ha2HeMams 8
Kamepy, a ombupams u3 Heé 8030yX.

1.3. Cxembl nesuTUpyOWMUX NAaTPopm ¢ NOAbIMMU MarHuTamm. buotexHonoruu.

1. Cxembl anA UcnbiTaHWii B nabopaTtopumsx.

U — obpasHble MarHUTbl Mbl paccmaTpMBaan paHee. Tenepb gaBaiTe NOCMOTPUM HA Kpyrosble
nosbie U cOOpHbIE MArHUTbI, r4e A8 OAHOIO M TOTO YK€ KOHLA KaTyLKK, CNAOWHOM CepaeyYHMK — 3TO
CeBEPHbIM MNOAOC, TOraa TPybKa — 3TO HOXKHbLIA NOAKOC, TO €CTb NPOTMBOMOJIOMNKHbBIN CMNAOLWHOMY
cepaeyHuKy. O6vegMHMM pa3po3HEHHbIE MarHUTbl B CEPAEYHUK U TPYOKyY TaK, 4Tobbl A/ MHbI UX Bblan
PaBHbl U MOXHO COBpPaTb KOHCTPYKLUMIO O4YE€Hb MOLLHOFO 31eKTPOMArH1Ta, M3/y4atoLlero Buxpesoe
MarHuTHoe none B BuAe Topa (cm. Puc. 21, 22, 23, 24). N He 06a3aTeNbHO MCNONb30BaTb MNOCTOSHHbIE
MarHuTbl - N1t0boi meTann. Hanpumep, Hapy*KHaa BTy/IKa cobpaHa U3 KoJsel, HUOOBUEBbIX MarHUTOB,
BHYTPEHHUI cepaeyvyHuK — u3 ¢pToponnacta (MM NPYTOK Kenesa BHYTPU BTYAKM U3 pTOponaacTa), Ha
KOTOPbIX HaMOTaHa MeAHasA NPOBOJIOKA B BMAE KaTyLIKW, KOHLbI KOTOPOM 4epes AUCK M30aATopa
BblBeAEHbl Hapyxy. MNonpobyem nosobHble ycTPOMCTBA MCNOAb30BaTb NpU COOpPKe neBUTUPYIOLLEH
NNaTPopMbl UNU reHepaTopa INEKTPUYECKOM IHEPTUN.

Utak, nocmoTpum Ha npobnemy wucnonb3ya onpoboBaHHble pelleHudA, Hanpumep, B
neBUTUPYOLWMX aAncKax [x. Cépna. HauHEM ¢ poTopa, B KauecTBe KOToporo Bbibepem 8 cHOpHbIX
UMAMHAPOB, KaXAblh M3 KOTOPbIX A0/XKeH OblTb BbINOAHEH Kak, Hanpumep, Ha Puc. 25 wu3
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M30/NMPOBaHHbIX APYr OT Apyra KpyrablX HEOAMMOBBLIX MarHMTOB B KosaudectBe 8 wT. CraTop
npeacrtasnaeT coboit cOopHbIN ANCK. B LeHTpe ANCKa pa3meLLaeTcs CNAOWHOM UMANHAP U3 Kenesa,
Ha Hero HanpeccoBaHO KOMbLO U3 GTOpPONNAcTa, KOTOPOE CO BCEX CTOPOH 0bpamnseT cobpaHHoe U3

1L L~

KR TY e,

Puc. 21 Monbii anekTpomarHmt. Puc. 22 KombMHMPOBAHHbIN 31eKTpomarHuT. Puc. 23 Konbuesom

MarHuT.
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Puc. 24 KaTywKa MHOroctyneH4yaTas BTy/IO4HaA. Puc. 25 l'eHepaTop 6erywein no Kpyry MarHUTHOM
BOJIHbI.

8-MUN N301MPOBaHHbIX APYr OT Apyra CEKTOPOB KONbLO M3 HEOAMMOBOrO MarHMUTa, KOTOPOe CHapYyXu
CTAHYTO KO/IbLOM U3 Meau (cm. Puc. 25). CekTopa MarHUTHOrO KoJibL,a CTaTopa, Nocsie pacnuna Ha 8
cermeHTOB, MoBepHYTb Ha 180 rpafycoB U B KaXK40M MPOCBEP/INTbL CKBO3HblE pajuaibHble OTBEPCTUA
AMaMeTpoM 2-3 MM Ha BCHO TONLWMHY B MaKCMMa/ibHO BO3MOXKHOM KoandyecTse. 1o Kpyry ycTpomncTea
PacnoNOXMWTb COEAUHEHHbIE MapaNieNIbHO KMarHUTHble XpaHuTenn» (cm. Puc. 25) B Konnvectse 8 WT.
ANA CbEMA HArpysKM U MOAKNOYEHUA CTAPTOBOro akKkymynatopa. CBepnoBKa OTBEPCTMM B cTaTope
Nno3BO/IAET MNOTHEe MpuXKaTb (YNNOTHWUTL) CUMNOBbIE JIMHUM MArHUMTHOrO MOAA CcTaTopa K ero
nosepxHocTn. CHopKa cTaTtopa [O/KHA obecneuyntb 06pa3oBaHME B  KaXOOM CErmeHTe
nepneHANKYNAPHbIX APYyr ApYyry [OUCKOBbIX BWXPEBbIX MNOTOKOB 3apAfoB, CONPOBOXKAAIOLWIMXCA
dbopmmpoBaHMeM BbiBOpauMBatoLLeroca Topa B cratope. lpu 3Tom CBepxy AMCKA reHepupyroTca
oTpuLaTeNbHble 3apAdbl, @ CHU3Y — NONOXKMUTENbHble ¢ 0bpa3oBaHMEM rpaaueHTa NAoTHocTel. Mo
LEHTPY NOBEPXHOCTU Ha Nepudepmm cTatopa BO3HMKAET NepeMeHHOe Mo HanpAXKEHHOCTM OT CErMeHTa
K CerMeHTYy KONbLEeBOe MarHUTHOe noJie, KOTOpoe HauyuHaeT BPaLLaTbCA NPU ABUMKEHUU LUANHAPOB
poTopa, KOTOpble 3aBMCAlOT B MarHUTHOM nosie. 3aBuUCaHME MPOUCXOAMT NO MPUYMHE TOro, YTO
OAMHaKoBble MO 3HaKy 3apAdbl Ha cOnNpAraemblX NOBEPXHOCTAX POAMKOB U CTaTOpa OTTAaNKUBALOT UX
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APYyr OT Apyra POBHO HA BE/NMYMHY KOMMEHCALMM BO3AEWUCTBMA B3aMMHOMO MPUTSKEHUA
Pa3sHOMMEHHbIX 3apAAOB Ha TOpLAX pPOJIMKOB M  Ko/bLa CcTaTopa. BosHukaeT 3addeKr
«CBEPXMNPOBOAUMOCTUY. MPU NPUHYAUTENBHOW NOABUMKKE NHOBOro PONMKa B3aMMHOE OTTa/IKMBaHUe
KONbLEBbIX MarHUTHbIX NOAEN UX OAHOMMEHHbIX 3apPAA0B Ha MOBEPXHOCTAX, BbICTPAaMBaET UX Bcerga
Ha OAWHAKOBOM PAcCTOAHUKM APYr OT ApYyra, O4HOBPEMEHHO MPUTATMBAACbL MarHUTHbBIMW NOASAMM Ha
TOpuax UMAMHAPOB K cTatopy. lMpu nepexode OT OAHOTMO M30AMPOBAHHOIO cermeHTa 6erosoi
NMOBEPXHOCTU Ha nepudepum OKPYKHOCTM CTaTopa K APYromy, KaxKAbld PONMK npeoponesaeT
Pa3/INyHbIe 30Hbl NNOTHOCTEM 3aPAA0B HAa NOBEPXHOCTAX KaXKA0ro U3 cermeHToB. M03TOMy KaXKabli U3
8 UMNMHAPOB HAaUYMHAET BPaALLATbCA C YCKOPEHWEM MOArOHAA APYr Apyra Npu nepexoae OT O4HOro
CermeHTa ctatopa K gpyromy. YT1o-TO BpOAEe aMEPMKAHCKUX FTOPOK, «TAHM — TO/IKalW». 3aMKHyTas
CUHycOMAaNbHAA MarHWUTHaA BOJIHA BOKPYr CTaToOpa HauMHaeT ABUraTbCA CPasy XKe, KaK TOJ/bKO
CMECTUTCA XOTb OA4MH UWIMHAP POTOPA Ha OAMH CEKTOp cTaTopa. M Bce uManHApbI pOTOpa HauMHaeT
«HECTU» B KMarHUTHOW peKe» CTaTopa No OKPYKHOCTU. A Mbl 3HaeM, YTO KO/IbLLEBOE MarHUTHOE none
06pasyeT 3NEKTPUYECKUI TOK, KOTOPbIM /SIETKO MOXKHO CHMMAaTb, MUCMO/Ib3yA XPaHUTENIN 3SHEpruu,
paccTaBnieHHble No nepudepun. Beepxy ycTpoWcTBa MNOABAAETCA YCTOMYMBAA WMMMNO3USA, panee
NPOXOAAT yXKe NOHATHbIE HAaM M ONMUCaHHble paHee NpoLecchbl.

2. buorexHonorum.

Bce BUAbl ABUNKEHUI MMEIOT ABE COCTABAAIOLLNE. DHEPTUA OL4HMX HAaNpPaB/eHa BOBHYTPb GOpMbl,
y Apyrux, HaobopoT, BO BHewWwHUA mup. Ob6e OHW PEeryanpytoT MNOCTOAHHbIE MNPEBPALLEHUA U
o6HoBNeHNA MmaTepuun. Korga 3Tn ABa NPOTMBOMO/IOXHbIX NPOLECCa NepPeceKatoTca B O4HON TOUKe, TO
0cBODHOXKAAETCA HEKMN MMMNYNbC aKTUBHOCTM cpeabl. Hanpumep, TedeHne BOAbl MOPOXKAAET IHEPTUIO,
KOTOpadA HamnpaB/ieHa MPOTMBOMONOXKHO TEYEHUIO, A POXKAEHME OPraHUYecKoro BeLLecTBa
CONPOBOXAAETCA CBA3bIBAHMEM KMCNOPOAA. TO eCTb, UMNY/IbC AN5 ABUKEHMA BOAbI — 3TO €CTb NPOAYKT
B3aMMOLENCTBMA MeXAy MNPOTUBOMO/IONKHBIMM MpOLEeccaMn B BOAE 4Yepe3 COMNpPOTUBIEHME,
BO3HMKAIOLLEE MeXAY TENIOM U XO/I0A0M UAWN YTNEPOAOM U KUCNopoaoMm. ae NponcxoaaT KonebaHua
TeMNepaTypbl, @ C HAMM - U NyAbCaLUA BOAbI, KOTOPAA TaKMM NYTEM PacTBOPAET COMMN U BELWLECTBA,
HaKan/MBaeT, NepemelLaeT U Npeobpa3oBbiBaeT MUX. BCE Te e ABNEeHUA LeHTPOOEKHOI0 BO34eNCTBUA
Ha cpeay OKPYXeHUA U eé LLeHTPOCTPEMUTEIbHOTO NPOTUBOAENCTBUA, KaK FpaAneHTa 3apaaos, U ux
NPOHMKHOBEHME Yepe3 MHorovymcieHHble ¢opmbl gpyr B gpyra. CMbICA M CYLWHOCTb 3TOrO — €cTb
C030aHUE U COXPaHeHUe pa3au4Hbix 8u008 pacmeHul u ghusuveckux hopm, Komopele 8 C80H o4epeods,
A6/190MCA_CPeOCMB8OM AKKYMYAUPOBAHUA U npeobpa3zo8aHUsA pa3au4vHbIX 8u008 3Hepauu. PasHuua
MoOMeHYUasa08 uau _3Ha4yeHUl _memnepamyp eHympeHHel U 8HewHel cpedsl fAsagemcsa Auub
opmamu_3Hepauu, Komopsle 0b6pa3yrom Uuka 800bl 8 NpocmpaHcmee 3emsau, U 8bi3bI8arom
HernpepoigHbIU Kpy2osopom. Kaxkaaa ¢usmyeckas, BeuiecTBeHHas GOpMa KM3HM Bcerga sABAAeTcA
OTpaXXeHMEeM MHOM, HemaTepuanbHoM e€ Gopmbl, KOTOpas COCTOUT U3 CBETA, TENNA, pagMaumn 1 T. 4.
B npupopae He cyuiecTByeT NOCTOAHHOMO (BO BpEMEHM) COXPAaHEHUA SHEPTUM U MaTePUM, 3 €CTb ILLb
pa3/nyHble BUMAOWU3MEHEHMA U MPOTMBOMO/OXKHbIE MPOLLECChbl, KOTOPble ONpeAenAtT peasibHOCTb
NPUCYTCTBUA BCEFO BOKPYT.

BcA XU3Hb M pa3BUTME CNPOBOLMPOBAHbI U CHOPMUPOBaHbLI Yepe3 BUbpaumn (KonebaHua) m
UMKNONAANbHbBIE CIMPA/ibHbIE ABUKEHUA. ITO METabOIMYECKNI NPOLLECC, ABUKEHNE BHYTPb U BOKPYT
ceba. CeKpeT eCcTecTBEHHOM ABUMKYLLEN CUNbI, BEPOATHO, NpeaonpeaenéH ABuXKeHuem 3emau Mo
KOCMMYECKON KpuBOW. ABNEeHWA neBuTauuu, u B buochepe B TOM 4ucie, Bbi3BaHbl Mpoueccamu
XONOAHOI0 OKUCNEHUA, KOTAa LeHTpobexHble ABUMKEHUA OPraHUYECKUX KUCNOT, pa3aaraa OpraHuky
focturaloT GopmMbl U3NYyYEeHUR. U3nydeHuid, KoTopble HEMUHYEMO TPaHCHOPMUPYIOTCA B BUXPU
Pa3sHOMMEHHbIX 3apAf0B M ABAAOTCA WMCTOYHUMKAMU 3IHEPrUM CHATUMA WU PacLUMPEHUA, Kak
BOCMPOU3BOAALLEN UK pa3pyLUatoLLel. B BUXpe 06pa3yeTca ABa BCTPEYHbIX MOTOKA BAOb OCU — MOTOK
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BCacblBaHMA W AaBfieHuA, Tenna v xonoga. MNpUYMHBI MMNIO3UM — 3TO BHE3AMNHOE CBA3biBaHUE,
nornoleHne Kucnopoga (naccMBHOCTb KUc/opoda) MPU MOHUMKEHUM TemnepaTtypbl, Hanpumep,
YyrnepogoM, KOTOPbIA MPOABASAET aKTUBHOCTb WM FacuT Npoueccbl TennoobpasoBaHMA npu
TemnepaTypax, 6an3kunx K +4°C. A mexaHu4Yeckoe pacLienseHme KUCNopoaa A0 aTOMapHOro COCTOSHMA
npoBouMpyeT BO3OYXKAEHME AMamarHeTMsma, Kak MNpPOTMBOMOJIOKHOCTb 3N1EKTPUYECTBY B AOBYX
BCTPEYHbIX NOTOKax. M, Kak pe3ynbTaT NPOUCXOANT CxKaTMe Bo3AyXa OT nepudepumn K LEHTPY BUXPA,
BblAaB/IMBaHNE €ro 3a npeaesbl BOPOHKM C BO3PAaCTaHMEM CKOPOCTM MPAKTUYECKM MPU OTCYTCTBUU
TpeHuA. Mpu 3TOM CKOPOCTb YBEIMYMBAETCA B KBagpaTe OT NageHua TemnepaTtypbl. Bo3HuKaowme B
pa3pAKEHHON OXNaXKAEHHON aTMocdepe BHYTPU BUXPA MONOKUTE/bHbIE U OTpULATENbHbIE 3apAabl
pa3fdenAlTcA Ha 30Hbl BAMAHMA gunonei. o nepudepuun, Kak npaBuao, CKanaMBakoTcA
NOJIOXKUTENbHbIE, @ B LLEHTPE — OTpULATENbHbIE MOHbI. DTOT Cynep 3apAXKeHHbIN aTMOChepHbIl ras
CBA3bIBAETCA C BOAOPOAOM, OX/AXKAAETCA, KOHAEHCUMPYETCA M MOrNOWAETCA OKPYXKaloWUM ero
atMocdepHbIM Kucnopogom. Ho v oxnaxKAEHHbIN yrnepos TOXKe CTaHOBMTCA aKTUBHbIM. Mpoueccsl ¢
yyacTMeM Kucnopoga npoxogAt O6auKe K UEHTPY BUXPSA, a KapbOHbl pacnonaratoTcs y CTEHOK
nepudepun. B utore, Kucnopon «TaHeT» 3a coboi n Bogopoad, U yrnepon 6narogapa MMEHHO
LEHTPOCTPEMUTENILHOMY YCKOPEHUIO BUXPA, KOraa B pesynbTaTe 06paszyemcs 00noaHUMeAbHO 8004,
ecau _udém npouyecc «meénsao20» OKUCAEHUA. Mau, Haobopom, - 8030yWHASA _MAcCca, ecau npoyecc
npoucxooum npu «xo0a100HOM» OKUCAeHUU. To ecms, Npu aHOMAsIbHO 8bICOKOM 0a8/1eHUU, CKOM/AEHUSA
8030yxa 8 _ammocgepe mM2HO8eHHO 0bpa3yrom 800y, a Mpu cuabHOU CKOpocmu, Hanpumep, npu
8CACLIBAHUU - 2a3bl PEB8PAUAOMCA 8 8030YX.

3. U3neueHue nonamu.

A KaK »Ke »KMBble CyLLEeCTBa pearnpyroT Ha Tenio? BHyTpU BCeX UX HENPEMEHHO MPUCYTCTBYEeT
npupoaHan batapes - «NorpaHMYHas Boga» NC KBHYTPEHHAA Boga». CoONHeYHbI CBET Nog3apsarKaeT
3Tn 6aTapen. Ha ConHUE camoyyBCTBME ropasfo Nyylle, BCA *KMBHOCTb FPEETCA U NOJIyYaeT SHepruio.
YenoBeK COCTOMT M3 BOAbl, 3HAYUT 4Yepe3 Heé MOXKET MEePeHOCUTLCA He TONIbKO 3HEPrus, Ho U
nHGopMaL A BO BCEX KNETKAX TeNa, Hanpumep, Yepes BoAy Ha «4pYryro» BO4y.

Torpa BO3MOKHO /1M MOAB/IEHWNE KMU3HW M3 BOAbI U MHPOPMaLMM? YUnTbIBAs, YTO KaXKAan KNeTKa
opraHMsma — eCTb MWHWATIOPHbIA KOMMbIOTEP, CMOCOOHbLIA 3anMcbiBaTb W BOCMPOWU3BOAMUTH
MHPOPMALMIO, TO HA HEro MOXKHO Mepes3anucbiBaTb MOBPeEXAEHHble Koabl OHK Ha 3poposble
(nepesarpy:kaTb), U neunTb Takmm obpasom 6onbHbIX Ntoaen. bonee Toro, Nogo6HYO Nepesanuchb
reHOB MOKHO NPOU3BOAMTb KaK « MbICNIEHHO», TaK U Ay6AMpoBaHMEM Hanpasiaemoin MHGopmaLuumn ot
300pOBOr0 opraHa (AoHopa) Ha 6onbHOM nNyTéM 06/y4yeHUs BUXPEBbIM MOTOKOM CBETa
(ynbTpadmoneT), MarHUTHbIX BOJIH U T. 4., C BJ/IOKEHWEM B HUX MOAY/IMPOBAHHOM (MaKeTHOM)
nHdopmaLmmn. Takme TEXHOOTMM MOXKHO NPUMEHATb Ha PACCTOAHWUM (YAANEHHO) AOHOPA OT 06bEKTa.

4. CnmmeTpuA U paBHOBecUe.

Kakum obpasom Buonone yenoBeKa CBA3AHO C SHEPrETUHECKMMU BUXPAMM BHELLUHUX MoOnen?
Hanpumep, conHeyHoe cnneTeHWe — eCcTb COBOKYMHOCTb (CMMpanb) HEPBHbIX BOJIOKOH, KOTOpble
CKOHLEHTPMpPOBaHbl B HPIOLLIHOM NONOCTM BOKPYT apTePUI OCHOBHOIO LLEHTPA/IbHOTO NPOTOKA KPOBM
yenoseka. KpoBb comeput Keneso. KpoBOoToK npu paboTte cepaua obpasyetca B 3aMKHYTbIX
apTepuanbHOM M BEHO3HOM KOHTYpax, CO34aET TOKM, MAarHUTHbIE MOAA, aKKYMy/UPYyeT, noTpebaserT,
3abMpaeT M nepekayMBaeT ISHEPrUIO M3BHE A/ aBTOHOMHOIO u3HeobecneyeHna M obmeHa
nHpopmaumen. ObecneyeHre CBA3U C OKPYKAOWMM MUPOM MPOU3BOAMUTCA SNEKTPOMATHUTHBIMMU
NoNAMM 4Yepe3 CTPYKTYpy BOAbl, KOTOpaA cnocobHa BXOAUTb B PE30HAHC, HaKanaueaTb W
TPaHCAMPOBATb MHPOPMALMIO Yepe3 BUXPEBblE M BOJIHOBble 06PA30BaHUA 3N1EMEHTAPHbIX YacTuL,
MmaTepum cpeabl okpyxeHuAa. Oba KPOBOTOKa ABNAKOTCA CTBO/IOBbIMU U TOXKE, BNNOTb A0 Kanuaiapos,
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OKyTaHbl HEpPBHbIMW BOJIOKHAMM WAM CUCTEMOWN [A/IMHHbIX OTPOCTKOB HEWPOHOB, MO KOTOPbIM
pacnpocTpaHaloTCA MUMNyAbcbl. MpyM TOM, MO Ka)XAOMYy BOJIOKHY, Pas3/IMYHOMY MO CTPOEHUID W
bYHKLUMOHaNy, M301MpoBaHHO. Mpu poXKAEHUN, HANPUMEP, KUBOTHOTO, elwé B yTpobe, HauMHaeT
paboTaTtb cepaue. OHO NnepeKaymBaeT KPoBb, 06pa3ya c1abblil 3NEKTPUYECKUI TOK. B nTore B HEPBHbIX
BOJIOKHax OAHOBPEMEHHO NOABASETCA MarHMTHoe nosie. O6a KOHTypa, apTepuanbHbli U BEHO3HbIN,
Kak BAOX W BblAOX, MOAYMHEHbI MPUHUMMNAM BUXPEBbLIX 3/IEKTPOMArHUTHbIX B3aMMOAENCTBMA Ha
OCHOBe rpaaueHTa 3apagos. OpraHM3m AbIWNT, Kak U BCE B NpUpoae, NOAYMHSACL 3aKOHAM ABUXKEHUS.

Moyemy KMBOTHbie Jydylle 4yBCTBYHOT ceba Ha ConHue? 3HauYuT, KUBOM aKKyYMyAsTop,
OCHOBaHHbIA HA NPOCNOMKe BOAbl MOrPAHUYHOM U BHYTPEeHHen ¢Gopmbl Tena, 3apaxaeTca OT
COJIHEYHbIX /ly4ell M Buonone ycunamMBaeTcs, a OpraHM3m u3neumBaeTca. [oATBepKAeHue Tomy,
Hanpumep, meaysa, Kotopaa Ha 99,9% cocTouT 13 BoAbl B NPO3PaYHON OpraHUYeckon obonouKe u
aKTUBHO CyLLeCcTBYeT, pa3MHOKaeTcs, 0bLwaeTcs ¢ BHEWWHUM MUpPOM. YoepuTe 060/104Ky eé dopmbl U
OCTaHeTcA NpocTas BoAa, KOTOpas TO/NbKO B 060/104Ke NpeBpaLlLaeTca B KMBOE CyLLecTBO CO CBOMM
nonem.

CnepoBaTenbHO, hopMa HUB020 cyuiecmaa uau e2o0 060a04YKA - ecmb 2paHuUa (nosepxHocme)
ompaxceHua _subpauyuli KoanebamesbHbIX KOHMYypPo8 cumbuo3a 8cex MHU3SHEHHO BAaM(HbIX €20
8HYMpPEHHUX 0p2aHo8 (ux subpocucmem), c 06pa308aHUEM CMOAYUX 80/1H UHMepPepupyrouux noael
8Hympu amoli popmel, ¢ BHeuwlHel cpedol. ['ae BbICTpanBatoTCA NPUYYAAUBbLIE, NPUCYLLNE TONIbKO 3TOM
bopme, MHOMKECTBEHHble KMPOCTPAHCTBEHHbIE» CETU PA3/INYHbIX B3aMMOAENCTBYOLWMX MeXKay coboi
CTPYKTYP MaTepumn, KOTOpble U ABAAIOTCSA SHEPreTMYeCcKon OCHOBOWM AAaHHOIO *KMBOFO CYLLLECTBA,

Puc. 26 Ob6ono4ka GopmMbl — rpaHMLLA CTOSUUX BOAH. Puc. 27 3epKasibHOCTb ANNOJIbHbIX CTPYKTYP.

6narogapn rpagmMeHTam 6ecumcneHHbIx 3apaaos (cm. Puc. 26). 3HauuT, popma (060s104Ka) ssasemcs
pPe30HaMopPOM 3/1eKMPOMA2HUMHO20 83aumodelicmaua pas3u4HbIX UCMOYHUKO8 u3say4veHul. [lpu
samom, 0bpa3zosaHue 3epKasnbHOCmMuU s10bIX HUBLIX OP2aHU3MO8 C8A3QHO C uUx OumnosbHOU
cmpykmypoli om Mukpo 00 makpoobvekmos. Jltoboin opraHuam Bo BceneHHolt dopmupyetca u3
BMXpEBbIX 0O6Pa30BaHMA MATEPUN HA NPUHLMMAX SNEKTPUYECTBA U MArHETU3MA, @ 3HAYUT ABNAETCA
ANMNOIEM BO BHELWHUX MHTEPDEPUPYIOLMX MArHUTHbLIX MOAAX APYrUX Aunonen (apyrmx obbekTos)
cpeabl OKpyKeHus (cm. Puc 27). Oaxke B6aM3M gpyr Apyra BAUSHWE COCEAa CYLLEeCTBEHHO. To ecTb, B
BUXPEBbIX AUNOJIbHbIX 06pPa3oBaHUAX OOBLEKTOB MaTepun dopmupyetca cBoeobpasHaa o-30Ha
NIOCKOCTEN «BAUAHUA IKAUMNTUKUY, Nepecekan KoTopble 06beKTbl C MEHbLWIUM 3apAL0M AMNONEN B
CBOEN «NPOCTPAHCTBEHHOM» CETU, U3MEHAIOT CBOM MO3ULUW NEPEBOPOTOM MU MEPEKNOYEHNEM
COBCTBEHHbIX CTPYKTYPHbIX MONOCOB. M 3TO NPOUCXOAMT KaxKabl pa3 Npu nepeceyeHnn BepxHen uam
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HWXKHEM MIOCKOCTEN TPaHUL, SKAUMNTUKU, KaK 30Hbl BAMAHWA 60siee CUMAbHOTO BHELUHEro Aunons
B3aMMOZeNCTBUA Ha bonee cnabble (cm. Puc. 28) - adpdekT AkaHnbekosa B. A.

3HauuMT, BHYTpeHHee OWOMONE YeNOBEKA — I3TO OTPaXKeHWe ero YTPOBHOro COoCTOAHUS,
MCNPaBHOCTU U OYHKLUMOHA/NbHOCTU B3aMMOCBA3AHHbIX MeXKAy COB0oM B 3N1EKTPOMArHUTHbIX NOAAX
Ka)K4oW M3 ero K/JeTOK CO BCEM OPraHM3mMoMm, NO MPUHUMUNY B3aMMOAEWNCTBMA «BCErO CO BCEM»
6narogaps rpaAMeHTam MHOXECTBEHHbIX 3apAA0B. ITOT NPUHLUMN U €CTb Ta SHEPrUs, UK «ayLay,
KOTOpas 3anyckaeT M KOHTPOAMPYyeT BCe MNpoueccbl B COOCTBEHHOM YMBOM OpraHM3Me: Kak
sHepreTUyeckne, MHGOPMaLMOHHbIE, pPereHepupyloLline, camoobyyeHns M UHble cuctembl. M 3Ta
3Heprusa 3aBUCUT OT KayecTBa BOAbl B KPOBOTOKE, OT B3aMMOAENCTBUA C BHELIHEN cpeaon yepes eé
MaTepuio B BUAE 3/1€MEHTAPHbIX YacTWL, aTOMOB, MOJIeKyA, nonen u T. 4. Mpy COOTBETCTBYHOLLEM
Aedmunte TeX UAU UHbIX 3/IEMEHTOB BELLECTBA, OPraHM3M CnocobeH UX CUHTE3NPOBATb U3 APYrux
3/1IEMEHTOB, BEPOATHO, MWCMONb3yA MEXaHU3M «XO/NOAHOro» TEePMOSAEPHOrO CUHTE3a uYepes
BbICOKOYACTOTHbIE PE30HAHCHbIE B3aMMOAENCTBMA 3NEKTPOMATHUTHbIX NOJEN.

3HauMT, KMBble CylLecTBa CNocobHbl BO3Oy»KAaTb B cebe Mpouecchbl A1 BOCCTAaHOBAEHUS U
pereHepauum 60JIbHBIX WM YTPAYEHHbIX KNETOK, OPraHoB, [a)Ke KOHEYHOCTeW, B TOM u4uC/e
nepesarpyas BClO CBOO MHOOPMALMOHHYIO CUCTEMY YNPaBAEHUA Yepe3 BO3AENCTBUS Ha CTPYKTYpY
BOAbl B COOCTBEHHOM opraHuame. Korga oT rpaauveHTa 3apAgoB 06bekTa, MX NAOTHOCTM UM dopm
BHYTPEHHMX CMMBMO30B (OpraHOB) 3aBMUCUT PE30OHAHCHbIM 3N1EKTPOMArHUTHbIN OTKIMK MEXAY HUMMU,
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Puc. 28 OTTanknBaHMe BUXpeEN 3apAaa0B ANMNONS.

NPUCYLLAn UM Heprusa, eé HanoNHAEeMOCTb M3BHE B 3aZaHHbIX MapaMeTpax CTPOro MHANBUAYANbHbIX
nonewn, co3gaHHbIX BHEWHUM pe3oHaTopomM — eé popmoit 0bbekTa. Mpupoaa CTPEMUTCA BbICTPOUTD
rapMOHUYHbIE KOMMNO3ULMK, HAaNPUMEp, KaK Bo4a B 1060 SHEpPreTMYecKom cucteme, NOTOMY YTO BCE
HaXoAUTCA BO B3aMMOAEMNCTBUAX M COMPUKOCHOBEHWUU. BCE MoAYMHEHO NPUHUMNAM paBHOBeCUA
SHEeprum 3apaaoB, KaK COXpaHeHWe CTabunbHbix Gopm maTepuun. U aencTBUTENbHO, NOAN CBOUMMU
3MOLMAMM, CBOMM COCTOSHUEM MOFYT U3MEHATb KOHOUrypauuio BoAbl U aTmocdepbl, B KOTOPO
YKMBYT, MOTYT pa3banaHCMPOBATb 3TU CUCTEMbI, HAPYLLATb UX KOTEPEHTHOCTb, 3aKOHOMEPHOCTb.

5. ®opmbl MaTepumn U3 NPOCTPAHCTBA.

OTpenbHble cBOBOAHbIE, HE3aBMCUMbIE APYT OT APYra aTOMbl B BUZE B3BECU 3/1EKTPONPOBOAHbIX
YyacTuL, B pacTBOpax, B Naasme, B NPOCTPAHCTBE OKPYKEHUA, KaK U3nyyaTenm KonebaHui, cnocobHbl
YyTKO pearnpoBaTb Ha NOABJEHME 3NEKTPOMArHUTHbIX U3/ly4EHUI U3BHE, BbICTPAMBAACh (pearnpya Ha
BHEWIHee BO34eNCTBME) MNpUM  3TOM B Pa3/IMYHble CTPYKTYpbl MaTepum  (COOTBETCTBEHHO
MHGOPMALMOHHOMY COLEPKAHUIO BO3AEMUCTBUA), KAK MHOXKECTBO Pa3/INYHbIX CNEKTPOB U3/ydYeHUN’
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BOJIH. 3TO 3HAYUT, YTO 3/IEKTPOMArHUTHLIMU U3NYYEHUAMM BO3MOXKHO CO34aBaThb /Il0Oble CTPYKTYpb!
aTOMOB B BWAE pPas/INYHbIX COEAMHEHWN, MOAEKY/, KAETOK, CNoCcOobHbIX 00beauHATbLCA B
OYHKLUMOHaNbHble 06pa3oBaHMA TeN WAM KUBbIX OPraHOB C 3aZaHHbIMW cBOWMCTBaMU. [nA
pereHepauum MNOBPEXAEHHbIX Y4acTKOB, /MO0 3amMeHbl OTMEpLIMX B CylecTBylowen obuien
Bubpocucteme (Tene), Kak cnocob nsneyeHns Nanm oOMoNoKeEHUA opraHnama. M aTo peanbHo, NoTOMy
YTO BCE BOKPYr €CTb MaTepua, KPacTBOPEHHAAY» B 3/IEKTPOMArHUTHbIX NOAAX.

Omkpbisaemca _803MOMCHOCMb _C030aHUA _(KOHCMPYyupoB8aHUs) U3 cpedbl OKPYMEHUS 8
npocmpaHcmee a10bbix hopm Mamepuu, MAKUx, Hanpumep, KaKk MUHepassl, 8004, e0d, 0aie #usble
cybcmaHuuu U cyujecmea  abbix  8U008 U UX __uUsmeHeHus. Yepe3z opmuposaHue
3HEep2oUHGOPMAUUOHHO20 CUI08020 M0/IA.

6. CTpyKTypa gunoneit u uupopmaums.

C yBennyeHmem ¢OpmMbl XKUMBOro cylectsa (passutuem), ntobas matepua UCNONb3yeT
MHCTPYMEHTbI «KOMUPOBaAHUA COObITUI M3 NaMATU U NAKC COOCTBEHHbIE U3MEHEHUAY, KaK yepeay
ABJIEHWNI BO B3aMMOZAENCTBUM C 3/IEKTPOMATrHUTHBIMW MONSIMU CPEbl OKPYKEHMA. 3HAYUT, 3Has MecTo
NosB/IEHUA C/ieAyoLLEero cobbiTuA ntoboro Tena (Monekysbl, opraHa, 06beKTa), MOXHO CMeIo BHOCUTb
COOTBETCTBYIOLIME WU3MEHEHMA B 3N1EKTPOMarHuUTHble B3auMmogencTeus (Bubpocuctembl U cpeapl
n3BHe), ncnpasnaa Gopmbl maTepuun, eé cBOMCTBA, €€ AanbHellmne MexaHU3Mbl MyTauuii U T. 4. U
TaKoli noaxon AaéT MOLLHYH BO3MOXHOCTb 60pbObl HE TONBKO C aNUAEMUAMMU, BONE3HAMMU, HO U
CTapeHuem opraHuama. Ecnm xotute, naaHuposaHuem 300p08bA 1t006bIX HUBLIX KAemoK (cyujecms), ¢
M106bIMU mpebyemMbiMU 803MOMHOCMAMU 018 0aHHO20 8U0da.

Hapo yunTbiBaTh, YTO 3/1EKTPOMArHUTHAs BOJIHA (None) Npoao/irKaeT CBOE pacnpocTpaHeHUE B
MPOCTPAHCTBE OKPYXKEHUS [arke nocne npeKkpaweHusa paboTbl M3syyaTend, Korga W3nyyeHun
OTAE/INAINCL OT UCTOYHMKA. AHANOTMYHO Kaxaan KonebatesibHas cMCTeEMa MaTePUM NPOAO0/IIKAET XKUTb
PUTMOM CBOUX KoJsiebaHWI B cpede, KOraa BOJIHA BO3OYXKAEHUN yiKe npowna. 3HauuT, BOJIHA,
cbopmMpoBaHHaAA M3 KOHeYHoro ¢pparmeHTa 3a oguH nepuog KonebaHun gmunona (BMBPOKOHTYpa),
Aanee cama BOCNpou3BoauT cebAa B TOYHOM cBoel Konun ns nHpopmaumm cobCcTBEHHONO MarHUTHOrO
NoAA, UCMNONb3YA SHEPTUIO INEKTPOMArHUTHOIO MOJIA OKPYMKEHUA pPacnpocTpaHeHua. BoaHa Kak 6ol
paspacmaemcs, Nno00bHO Kpucmasay, U3 MasaeHbKo20 hpaemeHma (3apodbilid, «MOYKU pocma») 8
00UH nepuod usay4eHus, pacmém Hascmpe4yy Habezarouwieli HO Heé 3Hepauu 2padueHma 3aps0086
cpedbl. To ecms, U3Ay4YEHHAA USHYMPU, OHA BHYMPEHHE AKMUBHA CBOUM MA2HUMHbIM rnosaem. Jlioboe
KonebaHMe 3/1eKTPOMArHMTHOro NoAdA, ucnyueHHoe aunonem (Bubpocuctemol Tena) 6naropaps
HaNYNIO COBCTBEHHON MArHUTHOM COCTaBAAIOLLEN, BOCNPOMU3BOAMT ceba B cpefe B TOYHON Konumu
Ka*kabl pa3 no mepe ABUKEHMA (PacnpoCcTpaHeHUs), UCMOJIb3ysA SHEPTUIO ANNONEN (3NeKTPUYECKYH)
3N1eMEHTAPHbIX YaCcTUL, MaTEPUMN NPOCTPAHCTBA, KaK OTK/IUK Ha BUA0BOE Bo3AencTBMe MHPOopMaLMEN.
M 3TM KonebaHMAa CTaHOBATCA He3aTyXaloWWMM BCAEACTBUME «MOAMUTKU» PUTMOB 3SHEPIUU
KonebaTenbHbIX CMCTEM M3BHE. M MOryT cyww,ecTBoBaTb AOCTAaTOMHO A0Ar0 (MUAAMApAbl NeT) Aaxe
nocse npekpaLLeHma paboTbl MCTOYHMKA BUOpaunit. Kak cBeT aBHO MCYE3HYBLUMX 3BE3A.

Ecnn Ke WCTOYHMK NOCTOAHHO HAXOAMTCA B ABWMMKEHWM, TO Takaa BMOpocMcTeMa HeceT
AOMNONHUTENIbHYH 3HEPru0 COBCTBEHHbIX 3/IEMEHTAPHbIX YacTUL, MaTeEPMMU M OHa NepemellaeTca B
npocTpaHcTBe eauMHon popmoi (Tena, obbEKTA), COXpaHAA BCe B3aMMOCBA3M W B3aMMOAENCTBUSA
MEeKAY COCTaBAAOWMMM CBOKO CUCTEMY AUMNONAMU (BUOPOKOHTYPaAMM), KaK LLeNOCTHbIA OpraHnsm co
BCEMM MpUCYyWMMN eMy GYHKUMAMKU. Nonpobyem MOSICHUTb MEeXaHU3M NepemelleHuin ana bonee
TOYHOro onpeaeneHna HanpasieHMA BO3AENCTBMA TOrO UAM MHOTO NONSA UCTOYHMKA KONebaHuiA.

B paHHOM cnydae, MarHutHoe none wu3nydvatens (Tena) BO3OYKAAET 3NEKTPUYECKYHO
COCTaB/IAIOLLYIO BMAOBbIX AMNONEN Cpeabl, 3aCTaBAAA MX BOCNPOU3BOAUTbL KOMWIO (PUTM, YacToTa
KonebaHuni) UHAYKTUBHOM (MarHUTHOM) COCTaBAAIOLWLIEN W3/y4eHUs (3epKanbHOM) COBCTBEHHbLIMMU
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KonebaTeNbHbIMM KOHTYpamuM (4acTul, maTepum NPOCTPAHCTBA), WMCMNONb3ys CBOK COOCTBEHHYIO
sHepruio. lanee c NnoTepen sHepPrum TakMe YacTuLbl NEPEPOXKAAIOTCA B UHbIE 3/IEMEHTAPHbIE YacTULLbI,
Nnbo 0bpasytoT bonee CNoXKHbIe CTPYKTYPbI, NMHO BO3BPALLAIOTCA B UCXOA4HOE COCTOsIHME. HO, KaxKabli
ANNONb CO343ET CBOM CUNOBbIE MAarHUTHblE JIMHUKM, KOTOPblE 0CMabaAlTCA NO mMepe yaaneHuu ot
MCTOYHMKA. M 3TO BEPHO TO/IbKO A5 KaXKAOro B OTAE/NbHOCTU, 6O Npu onpeaenéHHbIX YCI0BUAX OHU
MOryT 6bITb COHanpasaeHbl U 06beAMHEHbI B MarHUTHoe none obuwero gunons. Cuaoeble AUHUU
0bpasyromca 6aa200apsa 2padueHmam 3apA008 (HanpaxéHHocmu) u3 cobcmeeHHol aHepauu 0unosis,
KaK UCMoYHUKa subpayuli. Y, KOK 0Ka3as0Cb, 08 3mo20 8uxpro He mpebyemcs Haau4yue HacbiweHHoUl
yripyaol cpedbl OKPYHEHUS.

3HaAYUT 1IN 3TO, YTO MArHUTHbIM MMNYAbC (NONE) OPUEHTUPYET B 3a,aHHOM Hanpas/eHUN AUNONN
cpeapbl NPOCTPAHCTBa U BbICTPAUBAET U3 HUX CBOW CUI0BbIE MarHUTHbIE IMHUM? BAO/Ib KOTOPbIX MOTYT
no cnupanu nepemelLaTbca (KonebaTtbcsa) 3NEKTPUYECKUE COCTABAIOLWLME STEKTPOMArHUTHBIX NoNew
n3NydeHMa (MCTOYHUKA), TO ecTb 3apAdbl Pas/NIMYHOrO 3Haka BpaweHus (cnvHa)? B Tom uucne, n
3abupaeT 3apaabl (BHEWHAA NOANWUTKA 3HEpPruen) M3BHE Ccpefibl OKPYMKEHUA AN COXPaHeHuA
HesaTyxalowmx KonebaHnim cobCTBEHHOIO KOHTypa AUNOAA U danbHenlero npeobpa3oBaHusa yepes
COBCTBEHHbIN KOHTYP «3/IEKTPMYECKOTO 3apAAa B MHAYKTUBHbINY, U 3/IEKTPUYECTBA B MarHeTM3m?
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Puc. 29 Cxema npuEma-usnyyeHUs INEKTPOMArHUTHbIX WMMMYNbCOB OAHOrO  AWUMONA C
NpeobpasoBaHMAMM B MArHUTHbIE U 3NEKTPUYECKUE WMMMY/bCbl, AOMONHUTENBHO K COBCTBEHHbLIM
CTPYKTYPHbIM NOAAM B 30He rpaHuubl bioxa.

N, ecnn 3TO TaK, TO MarHMTHas BojaHa (nose) B NpOCTPaHCTBE fABASAETCA onpeaensiwollei, Kak
HeoTbeM/JIeMOe _ COCTaBaAlollee  3/eKTPOMarHMTHoro nons. Korga  ¢asa  MHAYKTMBHOCTU B
BMbpocMcTemMe ANNOASA NOPOXKAAET B TOYHOW KOMuM noctpoeHus ¢dasy anektpudeckyro. N bonee
MOLLHbIA UCTOYHUK U3IYYEHMA NOTIOLLLGET MEHEE CUIbHbIN, UCMO/Ib3YS SHEPTUIO ero avnonen (cpeabl)
ONA NOCTPOEHUA CBOUX KOMWUI. 3HAUYUT, NS PacnpOCTPaHEHMA 3/1eKTPOMarHUTHbIX BOJIH Heobxoauma
cpesa ¢ AnnonAaMU (BUXPAMM), UK SNEMEHTaPHbIMWU YacTULLAMMK, CO CBOMCTBAMM 3N1EKTPMYECTBa U
MarHeTnama. MoXHo CKa3aTb, YTO BCE M3/ly4aemMble UCTOYHUKU MOJS, MO CYTH, ECTb 3aPAKEHHbIE MOHbI
M BCE OHW PacnpoCTPaHAIT B Cpee CBOK MHAMBMAYANbHYIO MHbOPMaLUIO.
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Mo3Bont0  NPeanonoXuTb, YTO MarHUTHble B3aMMOAENCTBMA  CYLECTBYIOT MOBCHOAY,
3NEeKTPUYECKAA }Ke YaCTb BO3AENCTBMIA MeKay GopMaMu MaTepumn B BUAE OUCKPETHOIO NOAA MOXKET
6bITb HEMTPANbHOM (MHEPTHOM) K MAarHUTHBIM NOJIAM Pa3/IMYHbIX UCTOYHUKOB B 3aBMCUMOCTM OT CMMHA
(BpalLeHnA) 3apafoB, KOTOPble BO3HWMKAKOT B 30HAX MArHUTHOM HANPAXEHHOCTU OKPYMKEHUA.
Bo3moXHO, 34€ecb CBOK pPOnb UrpaeT rpaHuua bnoxa B aunonax. Mpupoaa He pacxodyeT sHepruto
6ecuenbHo. Ho Takoe ABNeHME He OTPULLAET B3AaMMONPOHUKHOBEHWNE 3HEPTUU KOleBaHNI MarHeTU3mMa
B 3/IEKTPUYECKYIO M 0OpaTHO, MOXKHO CKasaTb 3dgekmpu4yeckul 3apad 00HOBPEMEHHO ecmb U
«Ma2HUMHbIU». Ho mMo2ym au ma2HUMHbIe oasa cyuecmeosams 0moesnbHO U He3agucumo om
2/1eKMPUYECKUX, KOK HecuMMempu4Hblie? YTO XapaKTepHO, BCe NNaHeTbl Hallel cuctembl (aunonm)

Puc. 30 Cxema npUEMaA-U3NTyYeHUA INEKTPOMATHUTHbIX MMMYNbCOB €4UHOM CTPYKTYpbl AMnonewn
npoBogHMKa. [MOKasaHbl HamnpaBieHUA TOKa, CUAOBbIX JIMHUA MArHUTHbIX MOJIel, ChnMpanbHoe
ABUXKEHWNE INEKTPUYECKMX 3apAL0B (BEKTOPA HaNPAKEHHOCTN NONSA).

B3aMMOLEMNCTBYIOT CBOMMM 3KBATOPMANbHbIMM MOACAMM C 3KBAaTOpMasbHbIM noscom ConHua. 370
CaMble aKTUBHbIEe 30Hbl 0OOMeHa sHepruen, Kaxablil Co CBOMMU PUTMAMMU U3TYYEHUA WU NOTNOLEHNA
3N1EKTPOMArHUTHbIX MMNynbcoB. OBmeH 3SHepruein M3BHe B AMNONAX MOKAa3aH Ha Puc. 29, rae
3NEeKTPOMArHUTHaA BOJIHA pPaclWensfaeTcA B 30HE 3KBATOPa Ha 3N1eKTPUYECKY U MarHUTHYIO
COCTaBNIAIOLWMNE, YCUINBAA IHEpPreTUYecKMin noteHuman aumnona. Ecam, Hanpumep, paccmatpusatb
NPOBOAHMK (NPOBOA) KaK e4MHYI0 CTPYKTYPY MHOMKECTBa 06pa3yoLmMXcs ANCKPETHbIX AUMNOAEN, TO BCE
OHW COEeAMHAIOTCA KaK MNOoKa3aHo Ha Puc. 30. BHyTpu TaKol CTPYKTYpbl C MHOXECTBEHHbIMMU,
06beANHEHHBIMM PAa3HOMMEHHbIMM MOJIIOCAMW, AMNONSMU, TEYET INEKTPUYECKMA TOK. Ho He no
NPOBOAHUKY M3HYPU €ro BellecTBa (Hanpumep, megu), a M3BHE MO €ro NOBEPXHOCTU, PaAcMnoiarasach
NAOTHbIM BUXPEM BOKPYr Hero B40Ab OCU MO HanpaBaeHUI0 BEKTOpa HaNPAKEHHOCTH.

161



3TOT BUXpPb 3apAfoB, 0Opas3yloWMA INEKTPUYECKMIA TOK BAO/Ib NPOBOAA, YCUIMBAETCA, B
3aBMCMMOCTM OT PA3HOCTM MOTEHLMANOB Ha KOHLLAX NPOBOAHMKA, MOTOKOM 3apsZl0B, 3aXBaTbIBAEMbIX
ANNONAMM Yepe3 COOCTBEHHbIE 3KBAaTOPUAbHbIE 30HbI (FPaHMLUbl Baoxa) M3BHE cpenbl OKPYKEHUs B
BMAE 31eKTPOMArHUTHbIX BONH (MMMY/1bCOB), KOTOPbIMM 3TN AMNoAu (BMbpocucTemMbl) obMeHMBaKOTCA
(B3aMmoaencTByOT) MAN M3NYYalOT U NPUHMMAaOT. 30Ha rpaHuubl bnoxa pasgenseTr (pacTBopserT,
pacLLenineT) 3/1eKTPOMArHUTHbIE MMNYAbCbl (BOIHbI) HA 3/1EKTPMYECTBO U MarHeTU3m B PasanYHbIX
B3aMMHO MNEepPneHAMKYNAPHbIX MJIOCKOCTAX. ITU BUXPU INEKTPOMArHUTHbIX KosiebaHMin KaK Obl
3acacbiBaeT (BnvMBaeT) B 0bwue B3aMMHO NeprneHAMKYNspHble MOTOKU CNMPaneBUAHbIX BUXPEBbIX
06pa3oBaHuMit. HO OHM pa3IMyHbI NO CBOMM CBOMCTBAM 3SHEPTUM U COEAMHSAIOTCA KaXK4an co CBOMMM
(BMAOBbIMKM) BUXPAMM, CYLLECTBYIOLWMMWN B KaxKAOM M3 MHOMECTBa AMMOJIeA BAO/Mb MPOBOAHMKA.
AHanornyHble MexaHu3Mbl AENCTBYIOT U BO BHOBb BO3HMKAKOLWMX MHOIOYUCAEHHbIX CTPYKTypax
(aTombl, MONeKynbl, KNETKM, Oa*Ke 3NeKTPOMArHUTHble NONSA OT MCTOYHMKOB WU3NYYEHUA U T. A.),
BbICTPOEHHbIX W3 OAMHOYHbIX AWUMNONEN UAM U3 CTPYKTYP YyKe 06pasoBaHHbIX AMMNOAAMM, Kak
BUbpocmucTemax.

Tenepb npeacTtaBuMm, YTO ANA Nepefaym BCEX YACTOT 3/IEKTPOMArHUTHbIX BONH Heobxoanma
cpeda NPOCTPAHCTBA, COCTOALLLAA U3 KHYNEBbIX» BUXPEN, KaK eé maTepun. ITU AUNON HEWTPA/IbHbI B
HeBO3OYKAEHHON cpene, HO CNOCOOHbI K B3aumMoZencTBmaMm ¢ obpaszoBaHMEM PA3NYHBIX CTPYKTYP
npu nwobom BO34ENCTBUM M3BHE. Bcé, 4yTOo Mbl HasbiBaem «3pupom» cerogHa, ecTb eaunHoe
3NEeKTPOMArHUTHOE Nosae PasIMYHbIX MPOCTPAHCTBEHHbIX TPABUTALMOHHBIX» CETEN, B Y3/1aX KOTOPbIX
pacnonaratoTcs  BCAKME  BMAOBble  BUOpocUcTeMbl  (BMOPOKOHTYpbl) C  PasAUMYHbIMKU - U
MHOTOYUCNEHHbIMM  CMEKTpaMKM  M3nydeHuit. CBoero poaa mamepus, pacmeopéHHAs 8
2/1eKMpPoMazHUMHbIX _noasax. Monagaa B Takoe cnaboe, HO AOCTaTOYHO MNOTHOE MO CBOEMy
MHOroo6pasuio B3aMMOAENCTBYIOLMX MArHUTHbIX MOJIer, TEHEPUPYEMbIX Pa3/IMYHbIMKU BUXPAMM,
NMPOCTPAHCTBO, Nt0bas 3N1eKTpoMarHuTHaa BosiHa (nNose) BHelwHero BO3OyauTensa BbITa/KMBaeTCA
(oTTankuBaeTcA) TakoM cpesio M TPAHCMOPTUPYETCA AaJsiee, Kak Ha «MarHUTHOM noAayLlliKe», BAONb
CUNOBbIX JIMHWUM €eAMHOTO MArHUTHOrO TMOANSA OKPYXEHMA MpPOCTpaHCcTBa. [Ae OCM  BUXPEBbIX
0bpa3oBaHMiN MaTepun BbICTPAMBAKOTCA B MOMEHT HAJIOKEHMA nNoner nepneHAMKYNAPHO
HanpasneHuio Bo3genctema SC. Toraa, 4Yem Janblle pPacCTOAHMA, TemM BblE CKOPOCTU
TPaHC/IMPOBAHUA N3NYYEHNI (COBBITUIM). ITO 0OBACHAET TOYHOCTb (OTCYTCTBME UCKAXKEHWUI) Nepeaaym
MHPopMaumMm 6e3 NoTepn MarHUTHOM SHEepPrun (apxmea NamATU) Ha OTPOMHbIE PACCTOSHMA B KOCMOCe
HEe3aBMCMMO OT MOLLHOCTM M 06bEMA NpounsoLLeawero cobbITus.

7. OnbIT c amdopoi.

Amdopa, B e€ reomeTpuyeckolr Gopme 3a/I0KEHO MHOXKECTBO BO3MOMXKHOCTEN C APEBHUX
BpeMéH. lMpeanaraeTca ucnbiTaTb BO3AENCTBMA Cpeabl Ha Ye/NOBEYECKMIA MO3T BHYTPU 3epKasbHOM
NOBEPXHOCTU IMMHAHOMO COocyaa € N03nuUMn chepuyeckoro KoHAEHCaTopa, NOAKAOYEHHOIO K Pa3HbiM
KoniebaTeibHbIM KOHTYpam no Bepcun 1 mn 2. Mpu 3Tom no3. 1 (cm. Puc. 31) — MarHUTHbIN CTEPXKEHD, a
no3. 2 — MarHMTHoe KonbLo. AMpopa CHapyn obmMoTaHa MeaHOM NPOBONOKOWN B BUAE KATYLIKM, a
W3HYTPM NOKPbITA 3ePKaNbHOM TOKONPOBOAALLEN MOBEPXHOCTbID. CxeMbl BEPCUIN NOACOEANHEHMUA K
KonebaTeNbHbIM KOHTYpPaM MoKa3aHbl Ha Puc. 31. TpebyeTca onpeaenntsb:

® Ha/n4yme M NapameTpbl Nt0ObIX NONEN CHAPYKM U BHYTPU aMdopbl;

® Ha/n4ymMe U MecCTO INEKTPUYECKUX U MArHUTHbIX NONew;

®  B/AMAHME MOJIEN HA NCUXUKY, BUAEHUA, NPOPULAHUA, MAMATD;

® Ha/nuyMe pas/NYHbIX FPAAMEHTOB NAOTHOCTEM, TeMMepaTypbl, 3apAAoB, HANPSAKEHHOCTEN,
BUXPEN CHaPYXM N BHYTpU cocyaa.
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Puc. 31 Cxema ucnbiTaHnii ¢ amdopon.
1.4. TeHepaTOpbl 3HEpPrum.

1. TeHepaToOpbl 3/1EKTPUYECKOI IHEPrun.
MpeanaraeTcs uccnenoBaTb BCE BAPMAHTbI MOAKAOYEHUSA MO NPUBEAEHHBIM HUXKE PUCYHKAM

N | N

Puc. 32 dneKkTpomarHMTHaA CTPYKTypa BUXPE.

reHepaTopoB OTPULLATENIbHOM 3HEPruK. B TOM uncne u ncnbiTaTb NPOBUPKN C BOAON BHYTPU TaKMX
nupamung, ¢ pasamydbimm OHK NTUu, KMBOTHBLIX U T. 4. Ha NPeAMET U3MEHEHWUI KaK B npoueccax
OMOJIOXKEHMUSA, TaK U NPUOBPETEHNA HOBbLIX GOPM MyTaLUUA.
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Puc. 35 MpuHUuMnNManbHaa cxema reHepaTopa aHeprum.
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Puc. 36 KOHCTPYKTMB HaBUBKWU reHepaTopa SHEPruu.

BapuaHTbl coeagmnHeHn KaTywek (cm. Puc. 32-36):
c 06paTHOI HaBMBKOWM Ha NepemblyKe (Bepx),
/leBas M NpaBan HaBUBKa CNupanen,
C OAHOCTOPOHHEN HAaBUBKOW Ha Nepemblyke (Bepx),
MoJIl0Ca BUTKOB (BCTPEYHbIX) N3 MarHUTOB COeAMHUTDL BBEPXY «+/+», «-/-», «+/-», «-[+»,
cepaeyHnK GeppomMarHuTHbIN: «+» BBEPXY, MOTOM «-» BBEPXY,
MefHas NPOBOJIOKA — MHOTOXXW/IbHasA HAaBMBKA BOKPYT CepPAEYHUKA U3 MAFKOTO »Keesa,
NMOTOM, TO }Ke 6e3 cepaeyHuKa,

- BapWaHTbl MeAHOM NPOBOIOKN HA BUTKAX HMOBMEBDIX (YrnepogHbix) TpyboK no ganHe:

OAMHAKOBbIE, @ NOTOM OANH KOPOYE Ha Y ANNHbI BTOPOro nposoaa,
BapUaHT NOAKNKOYEHNA CepaevYHUNKa d)eppo:v\aerrHoro: BepX —aHTeHHa / HU3 — 3eMnA,

BapUaHT NOAKNHYEHNA KOHLOB MarHnMTa K aHTEHHE / 3a3emneHune Ber/ HU3 NO AMaroHa u,
BapUaHT NOAKNHOYEHNA KOHLLOB MarHmnTa: BepX — BMeCTe CKPYTUTb, HU3 — aHTEHHa / 3emMnd.
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2. JKCNepuMEeHTbI C reHepaTopamm nosei.

Mbl, ntogn, NO3HAEM MUP UL BO B3aUMOAENCTBMM C HUM. Knas ¢opma — 3TO He TO/NbKO
coyeTaHMe OTAEeNbHbIX OpPraHOB B eAMHOM Tene, 3TO Teno WU cpepa. be3 cpeabl HMKaKaa MU3Hb
HeBO3MOXHa. CpeAa — 3TO WUCTOYHWK 3HEPruu, pe3oHaHCHoe WM u3bupaTenbHoe noTpedbneHue
KOTOPOW *KMBbIMU OPraHM3MamMK SIBAAETCA Ba*KHbIM yCA0BMEM GUNbTPALMUKM (OUMLLEHNS) cpeabl ANA
nogfeprkaHmMa B Hell onTUManbHbiXx TpeboBaHWi. Tak HM ogHa dopma MmaTepunm He MOXKeT
CyLLecTBOBaTb MPW OTCYTCTBUM MArHUTHOTO MOAs,, MNOTOMY UYTO Ka)kgas M3 HUX WMeeT
3NEeKTPOMArHUTHYIO NPUPOAY M COOTBETCTBYET KOHKPETHOMY AManasoHy MW3Ny4YeHUn. dHeprus
BHELLHEro noss BXoAuT B Il0boe Teno BUbpocuctembl B 061acTh «nosica aIKkBaTopay, Nnoaaepxuaas u
BpalleHMe BMXpein B 0bOMX MOAyWapUaX eauHOro Aunonn, U obpasoBaHWE CUJIOBbIX JIMHUA, W
ABUMKEHME 3/IEKTPUYECKOro TOKa MeXay NONCaMu, Yepes KOTopble 1 OTKpbIBAeTcA noJse Topa. Toraa,
Karkaoe Teno M ecTb MCTOYHWK MOCTOSHHO B3aMMOAEMNCTBYHOWMX CO Cpefon 31eKTPOMArHUTHbIX
nsnyyeHui. To ectb, BceneHHana — 3To eaMHaa NOABUXKHAA aBTOKo/ebaTenbHas 3/1EKTPOMArHUTHaA
cMcTeMa OT MUKPO [0 Makpomupa, rae nwbas ¢opma matepum B CBOEN OCHOBE HECET CBOMCTBA
B3aMMO3aBUCUMbIX MarHUTHbIX U 3N1EKTPUYECKUX Nonen. Bcé Bokpyr BubpupyeTt, ntobbie BUbpaLmm u
€CTb MPOUECChl NPeBpaLLEHNM, KOTOpble U GOPMUPYIOT CTPYKTYPbI BewecTB. Unun, kosebamenbHsbili
KOHMYypP — 3mMo _Npouyecc rnpespauieHus 371eKmpu4yeckoli sHepauu 8 MAa2HUMHYO U 06pamHo, Kak
nompebeHue U ussay4YyeHue 3Hepauu ¢ npuobpemeHuem Ho8bix c8olicme u Ka4yecme mamepuu. 3HauuT,
MarHMTHOe MoJie ynopaAo4YMBaeT B3aMMHOE ABWMKEHWS 3apsfoB, CaMo SBAAACH CAeACTBMEM WX
ABUMKEHUA WKW MNaMATbIO  3NeKTpuYeckoro nons. WMHaye, MarHutHble pPUTMbl  YNpaBAAoT
3NEKTPUYECKUMU LIMKNAMU. MMEHHO HanpsXKEHHOCTb MarHMUTHbIX MOJei, BO3HMKAOLWAs B ANMNONbHbIX
CTPYKTypax, 3anosHseT 3Heprnen U uMHOOpMauMeld BCE NPOCTPAHCTBO Cpedbl  MeXKay
B3aMMOZENCTBYHOLLMMM 3apALaMMU, NNOTHOCTb KOTOPbIX 3aBUCUT OT CKOPOCTEN BPALLLEHMA UX BUXPEN,
KaK CNeACTBME rPagMEeHTOB OKPYKEHMA.

Bce OKMCNINUTENBbHO-BOCCTAaHOBUTE/IbHbIE pPEakuMnm B cpeae NPOMUCXOAAT MOCTOSHHO W
OAHOBPEMEHHO, TO €CTb OAHU YaCTULbl OTAAOT INEKTPOHDI, a Apyrue ux npucoeanHaoT. Hanpumep,
B MOJIEKyne BOAbl aTOMbl Bogopoda obnagatoT GyHKUMEN BOCCTAHOB/IEHMA, @ aTOM KUCAopoAda —
byHKUMEN oKucneHus. Takum obpasom co3aaétca pUTM KonebaTenbHOro npouecca, Kak aHanor
npouecca aplxaHua. Boda dbiwum, peaynupya nompebaeHue 3Hepauu memu MoAEKYAAMU 8eu,ecmad,
Komopble oHa nokpsisaem (ob6sosnakusaem). N 3To BEpHO ANA APYrMX COEAUHEHMUI BELLECTB.

OKUCIeHMe, UM NOKa/IbHbIM Pa3pbIB LEeI0CTHOCTU CUTOBbIX IMHUI MAarHUTHBIX MONEN C PE3KUM

BblAeNeHMeM Tenna, NPUBOAMT K BO3HUKHOBEHWUIO MOLLHOrMO o4Yara 3/1€KTPOMArHUTHbIX U3NYyYeHUN,
KOTOpbIE TYT Ke MPUTATMBAIOT 3/IEMEHTbI, NOraoLlaLWwme n3nydyeHmsa. Pe3ko CHUXKaeTca BblaeneHne
Tenna B 4aHHOM MECTe W 3TU 3/1IEMEHTbI Aat0T BO3MOKHOCTb MOCTPOEHUA HOBOW CTPYKTYPbI, Hanpumep,
3a)KMBNEHME paHbl, U3BEPXKEHMeE BY/IKaHa U T. 4. Toraa, HoBas BOCCTAaHOB/IEHHAA CTPYKTYpa MeHseTca
NPOMNOPLMOHANbHO N3MEHEHMUIO BHELLHMX YCN0BUI MU HOBON MHGOPMALUM U3BHE CUCTEMBI.

/lloboe QdsuxceHuUe 8 rnpocmpaHcmee umeem Cc80U OMK/AUK U3BHE U _coaaacyemcs Mexcdy
e83aumodelicmeyrouwumu __ KonebamesnbHbIMU __KOHMypamMu 075 M000epHaHUSA U __COXPAHEeHUSs
cobcmeeHHbIX _He3amyxarowux pummos. 3HauuT, BeuwecTBa (maTepuss) He moryt 6biTb BHe
3/IEKTPOMArHUTHbIX nosein. NoTomy Bce OOBEKTbI MMEIOT AUNOJIbHOE CTPOEeHMEe A/1A BOCMPUATUS
3/IEKTPUYECKON M MArHUTHOM COCTaBAAOWMX WU3NYYEHU NPU BO3OYKAEHMU KonebaHM B CBOMX
CUCTEMAX M3 MHAYKTUBHONO MArHUTHOrO 3/IEMEHTA WAW EMKOCTHOINO HaKOMUTENA 3N1EKTPUYECKOM
SHEepPrMn, KakK aHasioroB KaTylWKW M KOoHAeHcaTopa B /obom KonebatenbHOM KoHType. e
cocTtaBndAlWan namatn obnagaet KosebaTeNbHbIMM CBOMCTBAMU, TaK KaK €€ MHAYKTUBHbLIN 3/1eMeEHT
COBMELLEH C 3NEeKTPUYECKMM 3/1eMEHTOM W MarHUMTHAs 3HEepPrva B CNMpansax KaTylKu NamaAtu
nepenaérca (nepexoauT) B BUAE BOJIHbI B 3/IEKTPUYECKYIO CTPYKTYPY KOHAEeHcaTopa u obpaTHo. Pumm
He3amyxarowux KonebaHull 8 MaKom 3aMKHYMoM 3aeMeHme Namamu Moxcem 0aumscs 6€CKOHeYHo
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00120 U He 3a8Ucum om 3Hepauu 8HeuwlHel cpedsl. U Kaxaas snemeHTapHasa 4acTuua, Hanpumep, a4po
aToOMa, KaK 31eMeHT MaMATM, MMEEeT CBOK HeCyllylo M OOyl CUHXPOHM3MPOBAHHYK BOJHY
KonebaHuin. Yem Kopoue TaKas BosHa (Habop BoAH), Tem 6onblie Npeobpa3oBaHMii B TOKM U NOTOM B
CTPYKTYPY BELLECTBA. INEKTPUYECKME TOKM BHYTPU TAaKOM PacTyLLEN CUCTEMbI M3 MHOMKECTBA YacTuL, 1
BOJIH MHPOpPMaLMKM NpeBpaLLatoTca B popmy BelwecTBa. CoxpaHeHMe 4acToTbl KonebaHW BO/IHbI U3BHE
NPUBOAMT K aHANIOTMYHOMY M3MEHEHWUIO 3NEKTPUYECKOro NOTEeHUMaNa BHYTPU pacTyllero Tena u
YacTULbl NEPEMELLAOTCA, BbICTPAMBAA, HANPUMEP, KPUCTA/IZIMYECKYH0 PELUETKY MUHEpPAa, Pa3inyHble
dopMbl NN OKpacky. Bcé obycnoBneHo pasHoobpasmem rapmoHKUK B O6LLEM MMMY/bCE SHEPTUU U3
NamaTM MHAYKTUBHOCTU. [IBMKYLLEN CMNOI B 3TOM npeobpasoBaHUN SBAAETCA MHPOPMALUS O KUBOM
npouecce. BHewHAA ¢opma 06020 mena _2080pum 0 PYHKUUOHAAbLHOM €€ HA3HAYeHUuU,
cnocobHocmu _npucnocobumecs K _BHEWHUM yCa08UAM O/5 COXPAaHeHUs ceoeli 2eHemu4yecKkol
namamu. No3TOMy, MOMKHO CcYMTaTb Kaxayt ¢dopmy BeuwlecTBa 3a eaunHULY ob6béma BMA0BOWM
MHbOPMaALMMN.

B HacToALLEM TONBKO YE/TOBEK C €r0 TEXHONOTUAMM CNOCOBEH XOTb KaK-TO OLLEHUTb COCTOSIHME He
TO/IbKO COBCTBEHHOM NnaHeTbl, HO M CONMHLA M MHbIX KOCMUYECKUX OOBEKTOB, M MPOM3BECTU, MO
BO3MOHOCTW, KOPPEKUMIO O/ COXPAHEHMA U MNPOAO/IKEHUA PA3BUTUA YHUKANbHOTO YKMBOTO
cumbuosa Ha 3emne. Mbl He A0/IKHbI AaBaTb MOBOA, YCOMHUTLCA B HALLEM UCTUHHOM NpeaHa3HaYeHum
Ha Halwen nnaHerTe.

YTO yAMBUTENbHO, 4YacTOTa «Pa3MHOXEHUA» N0BbIX XUBbIX OPraHM3MOB TEM Bbille, YeEM
ObICTpee U3MEHAETCA SINEKTPOMArHUTHOE Nose cpenbl OKPYKEHUS, NN YeM Bbllle YacToTa KonebaHui
BO/IH MarHUTHbIX nosieii BoBHe ¢opmbl. Unn, pUTM M3MEHEHU BO BHELWHEM MarHUTHOM none
YyNpaBAsieT 3NEKTPUYECKUMMN ABNEHUAMMU B KaTyLlKaX MHOYKTUBHOCTU BUBpocucTemMbl obbeKkTa. U
Ko/siebaTeibHbIM NPOLECC U3MEHEHMSA TOKA B KaTyLIKe coxpaHAeT MHPOopMaL Mo AENCTBYIOWEN Ha Heé
BOJIHbI, @ A/IMTE/IbHOCTb CYLL,ECTBOBAHWUSA KO/IebaHWNIM TOKa B KaTyLUKe 3aBUCUT OT BPEMEHW BO34,ENCTBUA
3N1€KTPOMArHUTHbIX BOJIH U3BHE. TO ecmb, 380/1H0UUOHHbIE TPOUECCH] MPOMEKarm nod 8o3delicmauem
BHEWHUX MQA2HUMHbIX CUa U _Kaxcdoe Hogsoe rornosHeHUe 8bi38aHO nompebHocmeto coobujecmea
npucnocobumsocs K HOBbIM YC/108UAM.

Hawa nnaHeTa, ConHeYHas cuctema, rafiakTuka u BceneHHaa cosepluatroT, NnogobHO YacoBomy
MEXaHW3My, CTPOro BbiBEpeHHble KonebaHus no cesoMm opbuTam M3 roga B rof, M3 TbicAYenetTus B
TbicAYENIeTUE MUANIMAPAbI NET NogpAaa. He 3HauMT M 3TO, YTO OAHU U Te Ke COBbITUA B KOCMUYECKOM
NPOCTPAHCTBE MMEIOT CBOM 3aKOHOMEPHOCTUN NOBTOPATLCA C 3aBUAHBIM MOCTOAHCTBOM M TOYHOCTbIO. B

TAaKOM Cny4ae, 04eBUAHO AONYCTUTb, YTO U MHblE MEHEE 3HAaUYMMbIe ABIEHMA TOXKe A0/IKHbI C/1e0BaTb
3TOMY YTBEPXKAEHUIO. BbIXOAUT, cyuecmayem HeKkas c80oa UUKAUYHOCMb M08mMopeHuUs scex cobbimud,
C8A3aHHbIX ¢ n0boli hopmol mamepuu, a 3HAYUM U ¢ 0bbeKmMamu _HA NaAaHemax, KAk COCMAasHbIX
yacmsax amux subpocucmem, mo ecmos U ¢ HAMU - 1100bMU. KOHEYHO, TONIbKO B Cy4ae COXPaHEHUs
LenocTHocTn dopm 0b6beKTOB. N 3TO KacaeTca He TONbKO UMKANYHOCTU OnefeHeHU, HaBOAHEHWUIA,
MarHUTHbIX Bypb U T. A., HO U }KU3HEHHbIX LMKI0B BCel Buochepbl 3emnun, B TOM YNC/IE U HAC, N0AEN.
YunTbiBaa NOBTOPAEMOCTb HEKOTOPbIX KOCMUYECKUX NaHETAPHbIX LLUKI0B, MPOUCXOAALLMX COObITUI B
OFPOMHbBIX MEePMOaaX BPEMEHWU, MOXKHO NPeAMnoOoXKMUTb, YTO cyabbbl uMBMAM3aumi 1, 6onee TOro,
OTAENbHbIX BUA0B, AaXKe OTAENbHbIX 0cObel, MOryT LMKANYHO NOBTOPATLCA Yepes TbiCAYENeTUA UK
Oa*Ke MUNNMOHDI NIeT B NONHON MX Konun. Kak putm KosnebaHuit Bubpocuctem. A mMbl yXKe 3HaeM, YTO
nHdopmauma B NPOCTPAHCTBE XPAHUTCA BEYHO, YTO 3Ty MHPOPMALMIO MOXKHO HAaUTU U NpeackasaTb
byayuwee ntoboro cobbITUS UK YeNOBEKA, KaK TOYHOM KOMUM CBOUX NpeaKoB. [ToTomMy 4TO coBnageHue
OHK  pocturaer 99,9%. MNopobHble yTBEpP)KAEHMA BepHbl TO/NIBKO B C/y4ae, ecAn  BCA
U3HeAeATeNIbHOCTb Ha BCEX YPOBHAX MATEPUU PUTMUYHA U NepuoguyHa. MNpumepom moryT HbiTb
CN/IOWHbIEe MOCTOAHHbIE NOCNEeA0BATENbHOCTN Pa30BbIX NPEBPALLEHUI BeLLeCcTBa, 3BE3/, 3BOIOLUN
aToMoB (B O4HOM CEMENCTBE) MAWM NOCTOAHHAA NOC/NeLOBaTENbHOCTb 3/IEMEHTOB PAZAMOAKTUBHOIO
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pacnaga, AaxKe MHOXKeCcTBa MOKONEHWUIM N0Ae OAHOM pacbl UAM NOCNEeAO0BATENbHOCTb CTPYKTYpP
reHeTUYEeCKOM NAaMATM KNETOK WU T. 4. 3HAaUYUT N 3TO, YTO BCE MATepPUasibHble TeNa MMET eauHbIN
YHMUBEPCANbHbIA NNaH (MaTpuLy) CBOEro BHYTPEHHErO CTPOEHWUA — AUNO/bHbIN, COCTOAWMM U3 ABYX
Annonen, MarHUTHOTO M SNEKTPUYECKOTO, KaK COOTBETCTBEHHO Napas/ie/ibHOro U NocneAoBaTeIbHOro
KonebaTeNbHbIX KOHTYpOB?

Torpa, normyHo onpoboBaTb 3KCMEPUMEHTbI CO CNUPANbHBIMW  ABUXKEHUAMWU 33pAL0B
OTHOCUTE/NIbHO HanpaB/AOWEN CUIOBOM NMHUM MarHUTHoro nosa. Hanpumep, (cm. Puc. 37) rae,
N3MEHAA YINbl TPEYroNbHUKOB MOXHO A0OUTbCA CMHXPOHM3AUMM B PE30HAHC TOKOB KaTyleK C
NNaHeTapHOM HAaBMBKOW civpanen.

Puc. 37 l'eHepaTop 3aNeKTPMUYECKOro TOKa.

MNn KOHCTPYKUMA KaTYLIKK C NOCNOMHBIM HAaKpyYMBaHMEM MEeAHOW NPOBOJIOKM Ha MarHUTHbIN
cTepKeHb (cm. Puc. 38). Mpu 3TOM BUTKM BCTPEYHOrO HanpaB/ieHUA NOCTOAHHOrO TOKa. lMonydyaem
CUHXPOHMU3aLMIO NepeaatoLlero U NPMHMMAIOLLETO CUTHA/I0B KOHTYpa.

Puc. 38 KaTylwKa Ha MarHMTHOM cTep»KHe. Puc. 39 KaTywKa KOHyCHOM NAaHeTapHOW HaBUBKMU.

NAn KOHCTPYKUMA NIaHETAPHOW KOHWYECKON HaBWMBKM CNUMpPaAsM KaTyWKKW, KoTopas obpasyeT
BMXPb 3/1EKTPOMArHMTHOIO MNosA B LEHTpe KoHyca. CBoero poga ycTpoucTso Ana GpopmupoBaHuUsA
BMXPEBbIX UMMY/IbCOB. MHOECTBO BUTKOB CrMpasiei 04HOro HanpasieHus, Ho nonapHo (cm. Puc. 39).
Caman 3KOHOMHasi No 3aTpaTamM SHEPrun Ha COBEepLUEHWE ABUXKEHUA — 3TO KOHWYeckas ¢dopma
cnupanu. /lrobble _nepemeuwseHus 31eKmpuyeckux 3apa0o8 (371emeHmapHsiXx _4acmuy) ebi3bieaem
delicmeyroujee nonepéx Maz2HUMHoe rosae, KoOmopoe UCKpUBaAsem mpaekmopuro ux 0suxceHus. Toraa,
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3Ha4YUT /1IN 3TO, UTO, ecs1U Hem 8o30elicmeus 8HeWHUX 31eKmpoMa2HUMHbIX noaeli Ha subpocucmemeoi,
mo _Hem U 0BUMCEHUS MOK0o8 8Hympu KoHmypos? To ecmb, Hem xu3HU (OsuxeHusa) 8 menax
06bekmos, U mo20a docmuaaemca «ycmoliyusebll banaHc» uau obHyseHUe 2padueHmos 8 OaHHOoU

30He cpedebl.

3. Cxembl ONbITOB C 3/1IEKTPUYECTBOM.

Ons onpepeneHnAa MexaHWU3MOB YyNpPaBAEHUA IHEPrnem MArHUTHbIX U SNEKTPUYECKUX MOJEeN,
npeanaraetcsa onpobosaTb BapmMaHTbl M3roTOBAEHUA cxeM COOPKM CO chepnyeckMmm 1 CTEPKHEBLIMM
MarHMTaMmn ¢ nJaHeTapHbIMM HaBMBKaMKM coneHompgoB (cm. Puc. 40). Tae nos. 1 — cTepHeBoOM
NOCTOAHHBIA MArHUT, M03.2 — pPa3/IM4YHOM KOHCTPYKLMWU CONEHOMAbl MeAHOW MPOBOJOKU MNpu
NNaHeTapHOM HaBUBKe, N03. 3 — TOpoUAANbHbIN coneHoua B Tene chepbl NOCTOAHHONO MarHUTa, Nos.
4 — NOCTOAHHbBIN MarHWUT B BMAe cdepbl. Takke NtobONbITHO UCMbITaTb BEPCULO C A06aBNEHNEM BUTKOB
BTOPUYHbBIX KaTylweK B 1 M 2 cxemax ANA UCNbITAaHUA B pexxmme TpaHcbopmaTtopa, a B 3 cxeme — B
peXknme reHepatopa. MNoasneHne nameHeHu byaeT NPOUCXOANTb C HEKOW 3a4EPKKOM BO BPEMEHMU.
LlenecoobpasHo Kaxgoe [nOenctsne npoBOAUTb C  COOTBETCTBYHOWMM  MNO3ULMOHMPOBAHUEM
OTHOCUTENIbHO MepPUANAHOB M Napannenen 3emnu.

Puc. 40 Cxembl KOHCTPYKLMIA N3 MArHUTOB M KaTyLLEK.

4. Martepus, pacTBOPEHHAA B 3/IEKTPOMArHUTHbIX NOAAX.

[aBaliTe nopaccy»gaem 0 B3aMMOAENCTBUAX NOJIEN M YTO Ham 3TO AaET. Hanpumep, MbiC/b, KakK
9N1EKTPOMArHMTHaa BOJIHA MOKWAAET MNOPOAMBLUMI €€ MO3r M pPacrnpoCTpaHseTcs B cpeae
NPOCTPaAHCTBa, €€ MAaTEPUM, KaK BONHA. M 3Ta BO/IHA (MO aHaNOrMM PagMoBOJIH) Y1aBANBAETCA APYIOM
mbicnawen popmon, Apyrum mosrom. 3agagmMmca BOMPOCOM, a pasBe Ha TaKoe B3aumoaencrsme
B/IMAET TO/IbKO CMNOCOBHOCTb MO3ra K MbilwieHnto? Pa3se He ntobasa CTPYKTypa matepun, MMerLLas
cBolo GopMy, CBOE MArHUTHOE MOJe, KaK NamaATb, CNOCOBHaA U3NyyYaTb-NMPUHUMATb onpenenéHHble
CMEKTPbl 3/IEKTPOMArHUTHOM BOJIHbI? HECOMHEHHO, YTO KaxKA bl BUDPOKOHTYP, Kaxkaaa Bubpocmcrema
OT 3/IeMEHTapPHbIX YacTUL, U A0 KOCMMUYECKMX OODBEKTOB, MOCbIASA 3NEKTPOMArHUTHbBIA UMMNYAbC W
nosyyas B OTBET OTPaXKEHHbIM cuUrHan (Kak MHOOPMALMIO) M3BHE NPOCTPAHCTBA, M3MEHAET
(KoppeKTUpyeT) CBOE COCTOSIHUE MO aHANIOrMKN C TEM, KaK ec/in B6bl 3T 06BEKTbI MaTepun (BeLLecTBa,
N3Nly4EHUA) U3MEHUN CBOKD TPAEKTOPUIO B pesynbTaTe MPAMOro CTO/IKHOBEHMA, NYCTb U He TaK
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6yKkBasnbHO. XOoTA 6bl noTomy, 4to ntoboe nNpAmoe CTONKHOBEHME - TOXe ecTb bonee xecTkoe
3N1EeKTPOMarHMTHOE B3aMMo4enCcTBue maTepun.

Toraa npouecc mblwneHUa (CpaBHMBaAHWMA) CBOAUTCA K NpPOLLECCY reHepaumMm n notpebneHms
3NEeKTPOMArHUTHbIX BOJIH CTPYKTYPOM MaTepun Kak KonebatenbHoro KoHTypa (gunons). Kak
HeobxoaMmoe CBOMCTBO (COCTOsSHME) ANA NPOAO/IKEHMA CBOETrO CyLLecTBOBaHUA (coxpaHeHMa popMbl
MaTepumn) U PasBUTUA, OPUEHTALMWN B MPOCTPAHCTBE (NPUCNOCOONEHNA K U3MEHAIOLMMCS YCI0BUAM
cpeabl). 3HAUYUT U 3TO, YTO MbIC/IEHHBIMW BO3MOXKHOCTAMM HadeneHbl abcontoTHO Bce GpopMbI, Kak
MaTepuUM 31EeKTPOMarHMTHOM npupoabl? Bonpoc Auwb B raybuHe CTPYKTYPUPOBaAHWSA, aHanuse
ANCKPETHON MOAYAMPOBAHHOW WHPOpMauuKM, €€ KonupoBaHuK, GUAbTPOBAHMMU, KOAMPOBAHMUM,
CNOCOBHOCTN €€ MHTErpUpPoBaHNA B COBCTBEHHYIO CTPYKTYPY U T. 4. MbiC/b B BUAE B3aMMOAENCTBUA
CUTHaNoB WndpyeTca M 3aNOMUHAETCA B MAarHUTHOM NamMATU BUOPOKOHTYpa ANA AanbHenlwero eé
N3BNE€YEHMA N ONO3HABAHWUA PaaM NOCTOAHHOIO CPaBHEHWUA ¢ MHPOPMaLMEN N3BHE CUCTEMbI C LLeNbtO
pearMpoBaHus Ha BHellHee Bo3geicTeme. [Tpupoda ece20a mpaHcaupyem (Konupyem) ceou yoa4yHele
aKcnepumeHms! Ha _ece opmbl _mamepuu. OTcioga, BCE BOKPYr OT 3/IEMEHTapHbIX 4acTul, Ao
6uonornyeckux Gopm — ecTb XuBaa MaTepus. B Takom cnydae, 8ce npoueccbl 3Hep2emu4ecKoz2o
e83aumodelicmeus 8ubpokoHmMypos awbol (hopmbl _mMamepuu, KAK [M0AH020 UUKAA aHaaAu3d
UHGopmayuu om eé noay4eHus u 00 omeemHo20 UcrnoaHeHUs cobbimus, U ecmeo Haau4ue «0yxa». Nnu
no-Apyromy, BCA mMaTepua MMEeT 3/IeKTPOMArHUTHYI0 CTPYKTYpYy M BCe npouecchbl (ABAeHus) — ecTb
KonebaHua (BMbpaumn) nam mx NpomM3BoAHbIe, NMOTOMY YTO BCE OHM MMEKT AMMOo/bHOe (BUXpeBoe)
CTPOEHME, KaK «aHTEHHbI» B3aMMOAEWUCTBUA C SNEKTPUYECKUMU U MArHUTHbIMU MONSIMU BEIMKOTO
MHOXEeCTBa CMEKTPOB M3NYyYEHUN U3BHE CBOEro OKPY)KeHus. Toraa, 08uMceHUe XU3HU c8o0umcsa K
COXpaHeHU cobcmeeHHbIX KosebaHuli KOHMypos 8 cmpyKkmype eQuHOU cucmemsi.

3HAUYMT, MOIHO UCKYCCMBEHHO €030amb 3 U3Hb U3 /t0bbix Hebuonoau4yeckux (8 mom yucsre,
Heopa2aHU4YecKuUx) mamepuanos nymém nodbopa coomeemcmeayrouux KoaebamesnbHbIX KOHMYpPos 8
e0UHYH CUHXPOHU3UPOBAHHY subpocucmemy. Kotopas u byaeT He3aBMCMMO OT BMeLlaTe/bCTBa
4yeNoBeKa OCYLLECTBAATL CBON QYHKLMOHAN, «MUTAACLY» U B3aMMOAEWNCTBYA C IHeprunen Bnbpocnctem
M3BHE MNPOCTPAHCTBA OKPYKEHWA, aHanM3Mpys BMOJSIHE CAMOCTOATE/NIbHO BCe B3aMMOAEMNCTBUA,
6naroaapn 3a/10KEHHON apXMBHOM MaMATU B MArHUTHbIX NOAAX COBCTBEHHbIX KOHTYPOB, Kak eanHan
camocTosTe/IbHaA afJanTuBHasA cuctema. M 3TO MOMKHO C034aTb Y»Ke CeroaHsa Ha MoAensx aToMOB,
MOJIEKYN U UX COEAANHEHUN,

Jiobon 3apAa, NeBoro MAM MNPaBoOro BPaWEHUA («+» UAM «-») B 3NEKTPOMAarHUTHbIX MOAAX
NPOCTPaHCTBA MOMHO PAacCMaTpMBaTb KakK AMMNOMb, KOTOPbIM, Hanpumep, Npuv B3aMMOAenCTBUM C
APYTMMM 3apsAaamMM N3BHE MOXKET NepPexoanTb B OTHOCUTE/IbHO CTabUbHbIN HENTPaNbHbIN AMNoAb. TO
€CTb, 3Heprus 3apaga, Kak MHTEHCMBHOCTb €ro BpalleHuAa, noaaeprkuBaetca bnarogaps HaAMuuUo
annonsa. nn, aBa BUMXpA OAHOMMEHHbIX 3apafoB 06beauHAITCA B eAUHbIM BUXPEBOW AUMNOAb C

obpa3oBaHMEM BAO/b MOJIOCOB CWU/OBbLIX JIMHWUIA MarHutHoro nonsa. lNpu 3Tom AocTuraertcs
3epKasibHOCTb (cMmmeTpua), oboux nonywapuii No pasHble CTOPOHbI OT rpaHuubl Bnoxa 3a cuér
cmelleHua Ha 1/4 T nepnoaa KonebaHuit ABYX KOHTYPOB. [pOMCXOANT CBOEro poaa CUHXPOHMU3aLUmMA
BMBpaLUMi, rae NOCTOAHHO BO3HMKAlOLWAA aCMMMETPUS, Noa, BO3AeNCTBUEM SHEPTUM U3BHE, MOMOraeT
CTabnnnsnpoBaTb CUHXPOHM3NPOBAHHOE COCTOAHME, KaK CTPEeMJIEHNE NMPUPObI BEPHYTLCA K banaHcy.

3HauuT, €03008 yca08uUd U KAXObIl pa3 YHUYMOMAA U 803poxc0ad Oumosab, KAK Haauyue

2padueHma 8 cpede, Mbl MOIEM 101y4ams 3aekmpuyeckull mok. PasnnyHaa MHTEHCMBHOCTb BUXPEN
(B TOM uMCne M UX MarHMTHaa COCTaBAAOWAA), KaK B03HUKHOBEHUE 2padueHma 8 OKPYyMH(eHuu,
A68/1emcA_yCKO8bIM MeXaHU3MOM 0/1A 0AB/IeHUA KO/bUe8020 3/71EKMPUYECKO20 MOKA 8 30HE
skeamopa dunoada. N punonb HauMHaeT B3aMMOAENCTBOBATb C APYTMMWU AUMNONAMU U3BHE B CBOEM
OKPYXKEHUU, noaaepmnsana cobcTBeHHble KonebaHua (NMTadacb aHeprueit), 06veaMHAACL C APYTUMHM
annonamu B 6onee ycTomMumMBble 3HEpreTMyeckme CTPyKTypbl. Jllobble ke BUXpW, He obpa3oBasLine
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ANNONb U He CNOCOOHbIe COXPAaHWTb 3HEPruto, NOCTeNeHHO 3aTyxaloT. HO OHW TOXKe BOB/EKAT
MaTeputo cpeabl B BO3OyKAeHWe, cnocobcTBya 06pa3oBaHUIO Pa3IMYHbBIX 3/IEKTPOMArHUTHBIX NONEN,
KOTOpble B CYLWHOCTU, KaK PEerynatopbl NOTOKOB 3HEPruu, ABAAIOTCA CPeAoN pPacnpocTpaHeHus
(pacTBOpEHUA) B NPOCTPAHCTBE.

CnupanbHble BUXPY (KaK IMHUM MAarHUTHOTO NOASA) AMMNONEN BAOAb OCU MEXAY NONOCAMU HUYTO
MHOE, KaK aHaNor Hacoca A/1A NMepeKayku SHeprum OT LEeHTPa 3KBAaTOpa K MOAKCaMm, Koraa AMnonb
HenTpaneH. Korga AMNoNb CTaHOBUTCA 3apAMKEHHbIM («+» UM «-»), TO rpaHuUa bnoxa cmewaercs,
N3MEeHSAA HanpaB/ieHMe ABUXKEHUSA 3apAL0B (rpaguenT). Y moada sHepaus Ma2HUMHO20 o8 8 MaKoU
Ccnupaau_mo _pasmumaemcs, mo _cxcumaemcs, hopMupysa 371eKmpomazHUmMHele nosas. U Tam, rae
BpAlEHNe TaKMX B3aMMOLEWNCTBYIOWMX BUXPEN COBMAZAET, TO CKOPOCTb COBMECTHOro MOTOKA
yBE/NIMUYNBAETCA, A AaB/NIEHNE NAJaeT, NPUTATMBAET MaTePULO OKpYKeHUa. U, HaobopoT, rae BpaleHns
NPOTUBOMO/NOMHbI — CO34aETCA TOPMOMKEHME U POCT AABNEHUSA, KAK UHTEHCUBHOCTM MarHUTHOFO NOAIA,
Torga obpasyetca AMNOAb. B OTANMYMM OT NMOCTOAHHLIX MArHUTOB, KOTOPbIE NPOCTO CO3A4aT BOKPYT
cebna BpalleHMe cpegbl. 3HAYMT, MArHUTHblE MOAA ABYX AWMNOJIEN pacTalKMBAlOT APYr Apyra Bcé
WMHTEHCUBHEE (C POCTOM 3/1EKTPUYECTBa), paspbiBasd NPU 3TOM COOCTBEHHbIE CWU/IOBbIE JIMHUMU
B3aMMOLEMNCTBYIOWMX ANNoaen, 3anoMmHaa cobbiTUA M OAHOBPEMEHHO MCNYCKaa MMMYAbCbl
3N1EKTPUYECKOM SHEPTUN A1 BOCCTAHOBAEHUA UX LENOCTHOCTU. Mo CyTH, 3TU NpoLLeccbl U eCcTb CBOEro
POAa «AATYMKM» (CMTHANbI) O MPOM3OLIEALNX COOLITUAX B OKPYXKEHUN U3BHE.

PasBe 3TM npocTble B3auMMogencTsua B BMBpocMCTEMax, MpPU 3amnycKe COOTBETCTBYHOLLMUX
MEXaHU3MOB, He [At0T MOBOZ K MOCTPOEHWUIO aNropuUTMOB YNpPaBAEHUA ANA CO3L4aHUA MOAHOCTbIO
aBTOHOMHOIO MeXaHu4yeckoro poboTta? BbicTpouTb onpeaenéHHbiM 06pasom B3aMMoZeNCTBUA
9N1EKTPUYECKMX WU MArHWUTHbIX NOMEW B 31EKTPOMArHMTHOM Mosie cpeabl M 3anyCTUTb «MASITHUK»
KonebaHnin noboro obveKkTa Kak Bubpocuctembl? YToObl CMHXPOHM3MPOBATL WX C BHELIHUMM
cucTeMaMy AMnoJsiel MPOCTPaAHCTBA M cAenaTb 3TU KonebaHuA HesaTyxaloWMMK Ha AUTEeNbHbIN
nepuod BpemeHn. KaK camopoctatouHyo d¢opmy (CTPYKTYpy) MaTepum  UCKYCCTBEHHOTO
NPOUCXOXKAEHMA, HO CNOCOBHYIO «KUTb», WM COXPaHATb CBOWM KosnebaHMA camocToATenbHo, 6es
BMeLIaTeNbCTBa YENOBEKA. [1pM 3TOM, COXpaHUB GpOPMbI CYLLECTBYHOLLMX CUCTEM OKpYKeHuA. [anee,
YCNOXKHASA CTPYKTYPY, MOXKHO A06UTbCA €€ dyHKUMOHaNa (MM HeECKONbKUX GYHKLMIA) B CNOCOBHOCTU
[006bIBaTb 3HEPIMI0O CAMOCTOATENbHO. A 3HAaUNUT, C030aMb UCKYCCMBEHHOE Cyu/ecmaeo ¢ He3a8UCUMbIM
UHMen1eKmom U ¢ cobcmeeHHbIMU rpoueccamu (an2opummamu) 83aumodelicmeaus Hepauu noael 8
eé subpocucmeme, co ceoell NAMAMbIO U ceolicmeamu, mo ecmb «dywoli». Ana coxpaHeHua ero
COBCTBEHHbIX PUTMOB BUBpaLuii BHYTPM ero GoOpMbl MAaTEPUN C LLENbIO NPOAO/IKEHMA CYLLECTBOBAHMUA
(dbyHKUMOHUpPOBaHMKA).

MOXHO CKa3aTb, YTO ABUKEHUA FANAKTUK OYEHb HAMOMMHAOT BYpPAALLMIA OKeaH C €€ NpUaANBamM
M OTIMBaMM, KOTZa BO/THA HAaKaTbIBaeT (BAO0X) M OTKaTbIBaEeT (BblA0X). EgMHOE 3neKTpoMarHMTHoe none
BceneHHOMW, B KOTOPOM BCA MaTepus pPacTBOPEHa, PaClIMPAETCA BMeCTe C pocTom eé ¢opm,
NPOABUIasaCb 3a CBOM TPaHMLbl B 30HY MeHbLIel MNOTHOCTU MPOCTPAHCTBA, M 3aTEM OTX/IbIHET,
noaobHO BOJIHE, MO Mepe pacxofa SHEPTUM HA NPeoAosIeHUE CONPOTMBAEHMUA (MPOTUBOAENCTBUA)
NPOCTPaHCTBa HOBOM 3axBaYeHHOW cpeabl 06uTaHMA. U TakoM B3rnag BNOAHE pa3ymeH, MOTOMY YTO
BCE BOKpYr ecTb BUbpaumm (konebaHus), KoTopble NPUpPoAa KONUPYET NOBCIOAY BOT YXKe MUANMAPAbI
ner.

5. dneKTpUUEcKana sIHeprua U3 NPOCTPaAHCTBA UK «BevyHaa» 6aTapes.

Ecnv nobble 3N1eKTPOMarHUTHbIE U3/lYYEHUs CAyXKaT «pacTBopuUTenem» ANs Bellectsa, WUau
0CNabnaoT BHYTPEHHME B3aMMOLENCTBUA MEXAY CTPYKTYPaMM B aTOMax, TO 3HA4YUT /I 3TO, YTO BECb
CMEKTP YacTOT BCEX M3BECTHbIX BELLECTB pasMelLéH OT BOAOPOAa (CamMoi BbICOKOYACTOTHOM eé
COCTaBAAOLWEN) A0 aTOMa ypaHa (camol HM3KoyacToTHOM)? OTcloaa 803HUKaem nepuodu4yHocmeb
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ceolicme amomos Kak eoduHol cucmemMbl_poOOCMBEHHbIX 8eULeCM8, COXPAHAUWUX UCXOO0HY a3y
8000pP0OOHO20 rpoucxordeHus — HelimpoH. BonHa cBeTa nNafaa Ha 3/IEKTPOHHYI0 CTPYKTypy aToma
(dopmy maTepun) pacwiennaeTca Ha cnekTp (paa rapmoHuK), GopmuUpya MHAUBUAYANbHYIO CTPYKTYPY,
Kak CeTb WM pPEe30HaAHCHYyl0 MmeMbpaHy. 3HauuT, Ka)KAabldi aTOM XMMWYECKMX 3/1€MEHTOB
B3aMMOAEMNCTBYET TO/IbKO CO CBOMM AMana3’OHOM 3/1eKTPOMArHUTHbIX U3Ny4eHUA. B peasnbHocmu,
CyMb _8CEX HUBbIX MPOUECCO8 COCMOUM 8 U3MEeHEHUU MOOYAAUUU 31eKmPoMazHUMHbIX noael, 6yodb
mo usMmeHeHue hopMbl, Pa3MepPos Uau UHbIX Mapamempos 8eusecmsd.

Monpobyem co3gaTtb pag cxem Ans onpoboBaHUA reHepauumn 31eKTpUYeckux nonen (cm. Puc.
41). N3rotoBm nNogobHble nosychepbl U3 NOCTOAHHBIX MAarHUTOB M BPALLAa UX BOKPYr OAHOM OCU B

Puc. 41 Cxema reHepaumm nonen. Puc. 42 BansHne nonen chep nnaHeT Ha pU3MYeCKMe npoueccol
BOKPYr MOBEPXHOCTU UX ANNONEN.

pa3Hble CTOPOHbI, MOTOM B OAHY CTOPOHY, Mbl chopmupyem bGeryulyto BOJIHY. Mbl Aaske MoxKem
YABOUTb KOJINYECTBO CEFMEHTOB U Yepe3 OAMH BCTaBUTb COIEHOUAbI, BMECTO MOCTOSIHHbIX MarHUTOB,
CO3/aB B HUX beryuime 3neKTpUYECKUe BOJIHbI B Kaxkaon nonycoepe co cmeuieHnem B 1/4T. C
NMomMoLlbio JaTymMka Xo/i1a MOMKHO 3anyCcTUTb TaKoW reHepaTop B paboTy u perynvposaTb ero
napameTpbl BO34ENCTBMEM Yepe3 BHelHee MarHutHoe nosie. BO3MOXKHO, aKTUBMPOBaHHas B
9KBATOPMaNbHOW 30He beryuias BOJIHA 3NEKTPUYECKOro noaa (Mo Kpyry) yCUAUT MarHUTHoe none
coepbl.

MpeactaBum, 4To nonychepbl NAaHET (CUCTEM) CTaHOBATCA HE NPOCTO AUMOJIAMM, a ANOAHbIMU
0b6pa3oBaHMAMM Ha UX NMOBEPXHOCTU, ECTECTBEHHO Ha Pa3HbIX BbicOTax reocdepsbl (cm. Puc. 42). Ecnn
Ha NJIOCKOCTM 3KBATOpPa COCPEeAOTOYEHO BpaLlaloLLEecs 31eKTpUYeckoe nose, To BA0/ib MePUAMAHOB
pacnosaraeTca MarHMTHOe none, Kak B obbiMHOM aunone. CTaHOBUTCA peasibHOM BO3MOXKHOCTb
yepeoBaHUA U3MEHEHUI MOJOCOB (PacnontoCOoBKM) BO B3aMMHO NeprneHAMKYAAPHbIX NA0CKOCTAX
NEeKTPUYECKUX WU MArHUTHbIX MOJiel nog BAMSHWEM BHELHWX BO3AEWCTBUIM BO BPeEMSA BpalLEeHUA
obbeKTa BOKpYr cBoel ocu 1 no opbute. Cozdaémca spawiarowieecs, bezyuiee, 801H080e Ma2HUMHoeE
f1os1e o rnogepxHocmu cghepsbl, Komopoe noddepiusaem spawieHue obvekma (naaHemei).

O6paTm BHMMaHWE, YTO B TaKUX CUCTEMAx, €C/IM Ha HUX CBEPXY pPaccbinaTtb MarHUTHbIN
NMOPOLLUOK, TO Ha NOBEPXHOCTU BAO/Ib CUNOBbLIX TMHUN MEPUANAHOB BbICTPANBAIOTCA BO3BbILIEHUA C
OCTPbIMM BepLIMHamMMU. U 3TO B TOYHOCTM NOXOXKe Ha ropoobpasoBaHmne Ha 3emne: AHApl, Ypanbckue
ropbl U T. A. To ecTb, He 8Y/IKAHbI U MOOBUM(KU M1/10CMO8 KOPbl 0KA3bI8A0M 8AUSHUE HA hOPMUPOBAHUE
2pA0bl_OCMPOKOHEYHbIX B8epUWUH, 20e He Habarwdaemcs HU 00HO20 8Y/IKAHA, d _e83aumodelicmsue
3/71eKmpuYeckux (3apa0os8) U _Ma2HUMHbIX _nosaell 8 _Kope u_ammocgepe rnaaHemsl 8 _meyeHue
0/1UuMmenbHo20 B8PEMEHU, KAK POCM MHO204UCAEHHbIX KPpUcmassaos. BHe BCAKMX COMHEHWI, npu
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CUHXPOHM3aUUN (pe3oHaHce) BO3AENCTBUI M3 BHelwHel cpeabl Kocmoca (ConHue, cossesgus).
Mpoueccbl aKTUBHOCTM ropoobpasoBaHWUs BMOJHE MOryT 3aBUCETb OT pacnpeaeneHus 3apsaoB B
nonycdepax AMNoAA NAAHETbl MO PasHble CTOPOHbI 3KBAaTOPUAIbHOM 30HbI MNAHETbI U NOPOXKAATHCS
NEKTPUYECKMMU M MArHUTHbIMW MONAMM CaMOM 3eMN, CUHXPOHWU3UPOBAHHLIMM C BHELIHUM
BO34ENCTBUEM.

Puc. 43 batapeAa ¢ marHuTom.

Nnn pgpyron npumep c akkymynatopom (cm. Puc. 43). B aneKTpuyeckon cxeme notpebutens
aKKyMynaTopHas 6aTtapesn Npu BbIPaBHUBAHWN PA3HOCTU NMOTEHLMANOB MEXKAY KNEMMAMU «+» U «-»
TYT K€ BOCCTaHaB/IMBaET ANNOJb. Ha 3TO 1 yxoauT eé aHeprua 3apsaa U batapeto BHOBb M BHOBb HYXKHO
3apAaxatb. Nonpobyem U3MeEHUTb KOHCTPYKUMIO U f06aBMM Bpaluatowminca (MOXKHO C MOTOPOM UAN
6e3, Ha OCU MeXKAY KTeMMaMM) NOCTOAHHbIM MarHUT (MM KaTyLWKY C NIaHeTapHOM HaBMBKoM). Bpawan
MarHuT, Mbl MOCTOSIHHO M3MeHAeM «06nako» 3apAf0B BOKPYr KAEMM Ha MNPOTUBOMO/OMXKHbIE,
packaunmBaem KonebartenbHyt cuctemy. MOCTOAHHO M3MEHsiIeM PACcNONOCOBKY AMnonen (co3aaém ux)
B MPOCTPAHCTBE BOKPYr 6aTapeun. 3ameTum, YTo Tenepb Ha NPOL,EeCC BOCCTAHOBAEHWUA AUNONA 3apas,
b6aTapeu TpaTUTCcA He3HauuTenbHO. M 6amapes bydem pabomames 20pa300 doabuie. [TocmoaHHaA e
no03apsAdka _eé bydem ocyuecmsnsamsca 3d cYEm 806/7e4YeHus 3apa008 8 3/71eKMpPUYECKY0 cXemy
nompebumensa _u3zeHe cpedbl OKPYHEHUS 800s1b M08epXHOCMU MPo800HUKO8. MOMHO YCTaHOBUTb

AVOAbl ANA CO34aHMA NPAMOTo TOKa MMTaHWA No 04HOMY NPOBOAY, MOAKNOYMB 3a3eMieHne. Hennoxo
6yneT paboTaTb M BEPCUA C NOAK/IOYEHMEM 3aPAL0B Yepes3 aHTeHHY (paspAaHUK) U3 aTmocdepbl.

6. Mbl, nnaHeTapHaA cuctema v Bpems.

MoeT nokasaTbcA abcypaom, HO noyemy b6bl HE NMPEANO/IOKUTb, YTO 3BE3AHbIE MNAAHETHbIE
cMcTeMbl 06pasyloTca M NoAAaTCA KNacCMPUKaLLMM TOYHO MO TEM XKe 3aKOHaM, YTO M aTOMbI BelllecTBa
B Tabnnue MeHaeneesa [. U.? Tae Ka)kgas M3 HUX MMEET CBOW CMEKTP U3NYYEeHUMN? A ranakTukm
CYLLECTBYIOT NO NPUHUMMNAM GOPMMUPOBAHUS CTPYKTYP MONEKY, KNETOK U T. 4.7 NoToMy 4TO Karkaas
M3 HUX MMEeT CBOW UMKAbl M PUTMbl CYLWLECTBOBAHMA COOCTBEHHbIX Buxpei? [MpeactaBum, 4TO
KOCMMYECKas Nblib, KOMETbI, acTepoMAbl, ra3oBble 06Pa30BaAHNSA UAM UHbIE KOCMUYECKME OODBEKTDI
MOTYT UrpaTb Ans, Hanpumep, CONHEYHOM CUCTEMbI, TAKYIO e BaXKHYI0 PO/b, KAaK HEUTPOHbI, GOTOHBbI,
NPOTOHbI, 3/IEKTPOHbI U T. . B XKM3HEAeATe/IbHOCTM aTOMa, ero CMHTe3a Uaun pacnajga, npeobpasoBaHua
B aTOMbI APYrUX BELWECTB AN UX U30TOMbI U T. 4. [JaBHO 3aMeYeHO, YTO NoABAEHNE KOMET Bbi3biBaeT
aKTUBHOCTb CO/HLLA, OHW YYaCTBYIOT B SHEPreTUYecKom banaHce KOCMUYECKNX CUCTEM U3 MJTaHETaPHbIX
Ten n nomoratoT GopMnpPoBaTb UHAUBUAYAIbHYIO OPMEHTALMIO B MPOCTPAHCTBE OTHOCUTE/IbHO LLEHTpPA
raNlakTUKMU.
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Ecnu KpaTKo, TO BpalleHNEeM MIaHeT, UX HanpaBAeHUEM U XapaKTEPUCTUKAMWN ABUXKEHMUA, KaK U
nx nsnydyeHmamm, ConHue (LeHTpanbHbIA 3NEKTPOMArHUTHbIN U31yYaTesb) yNpaBaaeT ANCTaHLMOHHO
yepes CMNOBbIE IMHUM MeranaaHeTHOro MarHMTHoro nondA. To ecTb, 3/IeKTPOMArHUTHbIE U3/yYeHuA
ConHua nepegatoT MHGOPMaLMIO MeXAYy NNaHEeTaMWM U 3Be340M 4Yepe3 MaTepuio MPOCTPAHCTBA
(BO3bOYKaan €€ coNHeYHbIM BETPOM).

A BO3MOKHO nu, 4yTo CoMHUE Ha CaMOM Aene He TPATUT CTO/IbKO SHEPrun Aas CBOen CUCTEMbI,
Kak Mbl aymaem? [lpeAcTaBMM, 4YTO OHO JiMWb BO3OYXKAAET 3/N1EKTPOMArHUTHbIA WMMMYAbC B
HanpaB/AE€HUWN TOM AN MHOWN NNIaHEeTbl B BUAE BO3MYLLEHWUS COIHEYHOM KOPOHbI, HO HUKAKOW Naasmbl
CONIHEYHOTO BETpPa B CPeAy OKPYMKEHUA MNAaHeTbl He BOpacbiBaeTca. A npoucxoauT ciaeaylollee:
3/IEKTPOMArHUTHbIN MMMYAbC, 0Opa3ya 3NEKTPUUYECKYID M MarHUTHYHO COCTaB/AloWMe, BO3OyKaaeT
cpeny OKPY)KEHWs MEXNNAHeTHOro MnpoCTpaHCTBa. MarHutHas coctasaawowan dopmupyet
HanpaB/ieHME M CeKTOP BO3MYLLEHUA cpeabl NYTEM B3aMMOAENCTBUA C CUIOBLIMU IMHUAMM NAAHET U
3apAfoB B Hel. A 3neKTpUYecKMn MMMynbCc obpasyeT camMy MaTeputo CONHeYHoro BeTpa (M
MEXKM/NAHETHOM naa3mbl) BO B3aMMOAENCTBMM C MHOMKECTBOM 3JIEMEHTAPHbIX AWMOJIEN cpeapl
OKPYKEHUA KOHKPETHbIX MAAHEeT, B CTOPOHY KOTOPbIX W Oblna HanpassieHa uHpopmauua B BuaE
3/IEKTPOMArHMTHOrO MMNy/abca 3Hepruu. To ecTb, nnasma obpasyeTcad HenocpeacTBEHHO U3
3/IEMEHTAPHbIX YacTUL, BOKPYT naHeT. CBETW/IO B ;AHHOM C/ly4ae SKOHOMMWT CBO SHEPTUIO N 06BEM
BellecTBa, npoaseBaeT cobBCTBEHHOE CyLW,ecTBOBaHME WU AWUCTAHUMOHHO, MFHOBEHHO ynpasnset
3apoXKaeHnem (CMHTe30M) ToM UM MHOM MaTepumn (B BMAE BOCNPOU3BOACTBA CONHEYHOrO BeTpa) AnA
onepaTMBHOro BO3AENCTBMA Ha MNAaHeTy B AaHHOWN eé cpeae M B 4aHHOM eé mecTe NPOoCTpaHCTBa. B
cocmase _co/sHe4YHo20 eempa _npucymcmeyem rnooasasroujee 60a6UWUHCMB0 MPOMOHO8, KOMopbie
AB/AIOMCA __OCHOBHbLIMU _HOCUMEAAMU _UHGOPMAUUU U KOH8epmepamu _3/1eKmMpPOoMa2HUMHbIX
u3ny4eHull, KaK UCMOYHUKO8 MOMOKA 3Hepauu pocma 37eMeHMApPHbIX CMPYKMyp mamepuu, K
npeobpaxceHuo 3emau nod ynpasneHuem CoaHuya. B mom yucnae pocma sewiecms camoll naaHemei.
YN 8000podHaA NaAa3mMa npaKmuyecku MoMeHmMasabHO CUHMe3upyemcs U3 cpedbl OKpyxceHuUa moli uau
UHOU naaHemsol, KK aHepaus, Heobxo0umasa 048 NUMAHUA eé Ma2HUMHO020 U 371eKmpu4yecko2o nosaed.
Mpouecc 3TOT CBA3aH C CMHXPOHM3AUMEN INEKTPOMATHUTHbLIX MOMEN CPeAbl OKPYXKEeHUA naaHeT —
agpecaTtoB W3Ny4eHUM cBeTWuIa. 3HaAuuT, BCAKas ¢opma MmaTepum MPOCTPAHCTBA MOCTOAHHO
MOMNOJIHAETCA U3NYYEHUAMM Kak 3BE3A, Tak M NaaHeTt. 3BE3abl NOOYKAQIOT NAaHEeTbl K POCTy U K
BbIHYXAEHHON 3aBUCMMOCTM OT COBCTBEHHOM aKTUBHOCTU U3/Ty4YEHUN.

BO3MOKHO, HEe TONbKO 3BE3Abl M MJIAHETbI UMEIT CMOCODOHOCTb CUMHTE3a MEXKMNIAHETHOM

BOAOPOAHOW Naa3Mbl B cpefe COBCTBEHHOrO OKPYMKEHUA MNYTEM M3/ly4EeHWUA 3SEKTPOMArHUTHbIX
MMMYNbCOB 3HEPIMU, HO U KOMETbI, U acTepounabl. He B 3TOM /1M KpoeTcA 3arafika UX AJUTENbHOTO
CYLLECTBOBAHMA, HECMOTPA Ha 0BW/IbHYIO NOTEPIO NEPCOHANIbHON MaTepUM NPU ABUMKEHUN NO CBOMM
opbutam (xBocTbl)? MNOTHOCTb BOAOPOAHOM Ma3Mbl B MPOCTPAHCTBE He BO3pacTaeT BECKOHEYHO,
NMOTOMY 4YTO €€ BOCMPOU3BOAMUTCA POBHO CTOJ/IbKO, KAKOBA IHEPTUA 3/IEKTPOMArHUTHBIX U3TYYEHUI UX
MCTOYHMKOB, WMAN CKONbKO eé byaeT nornoweHo agpecatamu. M HWYEro NMWHEro npocTo Tak,
6ecLenbHo, B NpMpoae He BO3HMKAeT. Hanpumep, BCMblWeYHaa akTUBHOCTb M3 SKBAaTOPMasIbHOM 30HbI
CoNHUaA, KaK HaKayKa 3apAXKEeHHbIX YaCcTUL, COTHEYHbIM BETPOM, CAYXKUT PUTMUYHOMY NoTpebieHunto u
HaKOMNEHWUIO MNJAHETAMM 3SHEPTMM, a 3HAYUT POCTYy MX O6BLEMOB. lMPUMEPOM MONKET CAYXKUTb
¢doTocmHTE3. To ecTb, MPUCYTCTBYET MEXAHW3M, KOTOPbIN NO3BOAAET Nt060MY ANNOIO (C MarHUTHBIMM
CBOWMCTBaMM) YCTOMYMBO M CTabWNbHO CyLLEeCTBOBaTb, €C/AIM Yy HEro ecTb 3/1eMEHT, CMOCOOHbIN
npeobpas3oBbiBaTb M3/ly4EHUA B TOKM MUTAHUA U3 Cpeabl OKPYKeHuAa. M 3TO OTHOCUTCA KO BCEM
3N1eMEeHTapPHbIM YacTMLam, aTOMaMm, UX coeamHeHuam u T. 4. Monpocty, ceeT ConHua BO36yXAaaeT
BOJIHbI B Cpefe MPOCTPAHCTBA. DNEKTPOMArHUTHAA BOMIHA — 3TO ABa pparmeHTa B O4HOM LLE/IOM:
MarHMTHbIM NONAM HeobxoaMMa NOANUTKA 3NEKTPUYECKOTO NOA, @ INEKTPUYECKUM nonam Tpebyetca
ynpaBaeHWe UX UMKAAMU C MOMOLLbIO MArHWTHbIX pPUTMOB. BHelwHe noxoXe Ha aHanor
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ABOMCTBEHHOCTU CTPYKTYpbl HUTel [OHK. CeKpeT }KMBOro npouecca HaxoauTca B MHGOPMALUMOHHOM
CUrHane BHELWHEero Mons cpeabl, Koraa 31eKTPOMarHMTHaa BOJIHA (CBET) NOCTOAHHO BO306HOBAAET
ceba (6eXnT) B ABUKEHUM C MOMOLLBIO MHAYKUMOHHOTO BO34ENCTBUA HA 3NEMEHTApPHble AMNOAN
cpeapbl pacTeKaHusa B NPOCTpaHCTBe. Mnu, obpasHO roBops, TBOPEHUE MPOUCXOLUT HEMNPEPbIBHO B
CBOMX LUMKNAX onpeaenéHHON NocneaoBaTeIbHOCTH.

Torpa, BO3MOXKHO I NoABAEHWE BUONOTMYECKMX CYLLECTB U3 CTPYKTYP 3/1EMEHTAPHOM KMUBOW
MaTepUM «nog 3aKkas» Ha 06bEKTaxX OKONONNAHETHOrO NPOCTPAHCTBA? Koraa y»Ke CTaHOBATCA MOHATHbI
TEXHONOTMM AOCTABKU PECYPCOB ANA CTPOUTENBCTBA KOCMMUYECKUX CTAHUMUI M AaXKe CNYTHUKOB NAaHeT
Ha Ux opbutax? B TOM Yncie 1 TEXHONOTMMU MATEPUANN3ALUN PA3IUYHDBIX CTPYKTYP M3 3N1eMEHTAPHbIX
YyacTuy, BelecTBa B reochepax naaHeT NyTéM BO3AENCTBMA HA HUX NIEKTPOMArHUTHBIMK NonAMM, 6e3
TPAHCNOPTUPOBKM TyAa HeobxogMmoro matepuana? MNoyemy 6bl M HeT. Begb, NpMpoaa MUANMOHAMU
NeT 3KCNNyaTUpyeT pas/IniHble CBOMCTBA 3N1EKTPMUYECTBA U MarHeTM3ma. YKe cerofHa mMbl CocobHbI
BO30Y»K4aTb NPOLLECChl CUHTE3a UM pacnaZa MHOFOUYMUC/IEHHbIX AUNObHbIX CTPYKTYpP, 061yyan ntobble
GOpPMbI KUBON N HEKNBON MaTepumn. 3HaUUT, Hawa GU3MKa BMOJIHE AOMYCKAET CO34aHME HEe TOIbKO
MEracoopy»KeHnn, Ho U BUonornyecknx opraHMamoB B NtOO6OM MecTe naaHeTbl MAM KOCMOCa W3
MaTePUM OKPYKeHMA B BaaronpuaTHoOM gna storo cpege. Hanpumep, npy ocBoeHmn BeHepbl.

Be3sycnoBHO, He ObiBaeT TO/bKO MPOLLECCOB «MPOLBETAHMA» B WUCTOPUM KaKoM-1nbo
UMBUAN3ALNKN UM 06beKTa. PAAOM cO «B3NETOM» BCErAa NPUCYTCTBYET «NageHue» U 3TN HensbexHble
Kayenum - ectb CyTb A0bbix cuctem. o03TOMy BMONHE BO3MOXHO, KOrga nyTém obayvyeHusa B
MHPOPMALMOHHOM nose ByayT NPUMEHATLCA TEXHONOTMMM NOJIHOM pereHepauumn 60nbHbIX OpPraHoB
UAWN [aXKe UeIMKOM Tefla YenoBeKa. B Tom uucne, n TeXHONOrMKU NepUoamMYecKoro U NOCTOAHHOTO
obHoBNeHUA BomaTepmana N0HOM CNOKHOCTU B GYHKLUMOHANBHOW CTPYKTYpPE KMU3HEHHOW GOpMbl.
Toraa onepatMBHOE BMELLATENBbCTBO MPWU JIEYEHUAX MHOXecTBa 6one3Hen ymAaET B Npowioe, Kak
aHaxpoHuM3m. Hanpumep, Mbl e nonydyaem ¢pusnoTtepaneBTUHEcKUn adpdeKT npu 061y4eHnax Yyacten
TeNa B MarHMUTHbIX NOAAX NPU NeYeHUM pa3nunyHbix 3aboneBaHunit. A 35ecb, NPOUCXOAUT aHANOTUYHAA
npoueaypa, TONbKO B 33a4aHHbIX MOJ KOHKPETHble 3a4ayu AOHOPCKMX MOALYIMPOBAHHbLIX MONAX
MHOKeCTBa CNEKTPOB U3/TlyYeHU OAHOBPEMEHHO.

7. byaywee 3emnu, nnaHeT U LUBUAU3ALUMN.

Obpauancb K Kocmuyeckomy npownomy CO/IHEYHOM CUCTEMbBI M Ha OCHOBAHWU AOCTYMHbIX
OaHHbIX, A AyMalo, YTO B TeYyeHue cneayrolmnx opueHTUpoBodHO 250-270 mnH. net Hawa 3emss,
MeOsIeHHO repeMewdsacs K nepugepuu u HeaHa4umesnosHO npubasus 8 0b6vémax, 3alimém opbumy,
61u3Ky0 K Mapcy. BO3MOXKHO, Ha Hel gae YacTUYHO coxpaHuTcs buocdepa. Hawa coceaka BeHepa
NPaKTUYECKN NONHOCTbIO FOTOBA K poOTaLMWM CO CBOEM OpbUTbI U CYLLECTBEHHO CMECTUTCA B 30HY
«KomdopTa» K opbuTte 3emMnn, Aa Tak, YTO HA HEN 3apPOAUTCA MHAA, CAMOCTOATENbHAA LMBUAM3ALMUA
6uonormyeckon popmbl *Kn3HU. Monpobyem packpbITb 3TO YTBEPKAEHWNE NoapobHee.

B HacToAwee Bpemsa, HaiMyMe Ha BeHepe 6bln0i Ype3mepHOW aKTUBHOCTWU BY/IKAHOB B BUAE
CEPHUCTbIX FA30B W MNJOTHbIX 06/1aKOB CEPHOM KUCAOTbl, @ 3HAYWUT, CyL,EecTBOBaHME M pPOCT
MHTEHCMBHOCTU MOJIHUIA, NO3BOAIOT YTBEPKAATb, YTO HAa OFPOMHYIO CKOPOCTb 0bpaLleHns atmocdepbl
N 3apoXKAeHMe B Hel BUXPEW yparaHHOM cuibl, BCE Hosbluee BAMAHME OKasbliBalOT Bpallatowmecs
3NEeKTPUYECKME MOJIA B IKBATOPMA/IbHOM 30HE. M 3TO HECMOTPA Ha HETOPOMJ/IMBOE U MPOTUBOMNO/IOXKHOE
NoO HaNpPaBNEHUIO OTHOCUTENIbHO «COocCedein» BpalleHMe camoW nnaHeTbl. B gaHHOM chnyuyae,
NPOUCXOAUT pPacCeMBaHME OFPOMHON KMHETUYECKOW 3HEeprun Buxpen (Tenso) BHyTpu atmocdepbl,
oT4ero BAs0e BpalweHue chepbl BOKPYr CBOEN OCU C MMHMMAZIbHbIM MOMEHTOM MHEPLUUM CTaHOBUTCA
BCE 6onee HecTabunbHbiM. M 04EBMAHO, YTO Yepe3 HECKONIbKO TbiCAYENeTU NNaHeTa HaYyHET
BPALLATbCA BOKPYT APYrOM OCK NPOCTPAHCTBA yXe C 601blMM MOMEHTOM MHEPLMKU. B Takom cnydae,
NPou3onMAET nNepeBOPOT MNAHETbl (3aMeHa MOACOB) M HanpasB/ieHMe eé BpalweHuA M3MeHUTCA
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(addekT AkaHmbeKoBa B. A.). B noaTBepKAeHUE TAKOro pa3BUTUA COBbITUIA MOXKHO OTHECTU Hanuuyme
Ha BeHepe cTOAYMX BOJIH, KOTOpble HaBOAAT Ha MbIC/Ib O CYWECTBOBAHMW 30H C 3dpdeKTamu
OTPULATENbHON MarHUTHOM BOCNPUMMYMBOCTM, YTO AOMNYyCKAaeT ob6pa3oBaHWEe Ha NaHeTe nonew
BEKTOPHOro noteHuMana. Koraa HanpaxXeHHOCTb 3/IEKTPUYECKOTrO NOAA U MHAYKUMA MarHUTHOrO Nons
TOX/AEeCTBEHHO 06palLatoTCca B HOJb, HO NPW 3TOM OHU OMMUCHIBAOT MHTEHCUBHbIE BUXPU BO3MYLLEHUA
3NEeKTPOMarHUTHOro Noss B cpeae NPOCTPaHCTBa. YTo ABNAETCA NPUYMHON BO3ZHMKHOBEHMA ABNEHMUA
MOHM3aLUMM YacTu1L, BELLECTBA CPeabl OKPYKEHUA, OTYEro BO3pacTaeT eé NPoBOAMMOCTb M MNOABAAIOTCA
TOKM 3apAAO0B C YBE/IMYEHMEM NMNOTHOCTM aTMOCdepbl, KaK NepemeLLeHMA NOTOKOB aHepruun. K Tomy
e, Haanyme 3TUX NPOLECCOB B HAcToALLee BPEMA NOAKPENAAETCA OTCYTCTBMEM MArHMTHOIO NoAA y
naaHeTbl. TONbKO MOTOM, NO NPOLIECTBMN OMUCAHHbLIX Bbie COObITUA U NO UCTEYEHUU HEKOTOPOro
NPOMEKYTKa BPEMEHM, HAYHET PacTU MarHUTHOE Noje CepAeyYHMKa NNaHeTbl, e€é «KenesHoro» aapa.
A no mepe yganeHus ot ConHua, BeHepa cTaHeT NOCTENEHHO OX/aXKAaTbCA NOJ MNAOTHOW neneHom
cBoel aTmocdepbl ¢ coaepaHnem 97% yrnekucnoro raza. Cama nnaHeTa, coctas eé atmocdepsbl byayT
MEHATBLCA M BCE HoNee HAaNOMMHATDL HaLLy 3EMHYIO.

Hdanee noHATHO, YTo MepKypuii nepemecTutca Ha opbuty 6amnsKyto K BeHepe. YTo uHTEepecHo,
mecto MepKypua byaeT npeaHasHa4YeHO COBEPLUEHHO HOBOW, HapoAMBLUENCS OT NpoTybepaHueB
ConHua KPOXOTHOM OrHEHHOM niaHeTe. To ecTb, NPON30ONAET CBOEro poAa pPoTaumaA NAaHET CUCTEMbI B
pe3ynbTaTe WX POCTa M HenpepbIBHOMW B3aMMHOW CUMHXPOHM3aumu. A yBepeH, 4yTo HenTyH uepes
npumepHo 100 MAH. neT BbIMAET 3a cdepy BAUAHMA Hallel 3Be3abl M B OyAyLLEM OPraHU3yeT CBOHO
NAaHeTapHY CUCTEMY, HaYaNlOM KOTOPOM CTaHYT COOCTBEHHbIE CNYTHUKKU. MPOoNaET COBCEM HEMHOTO
BPEMEHM MO KOCMUYECKMM MepKaM, U OH NPEeBPaTUTCA B 3Be34y, XOTA Hbl NOTOMY, YTO ero atmocdepa
OYeHb MOXOXa MO COCTaBY Ha COMHe4YHyt. A Mapc, MMHOBaB MNOAC acTepouaoB, 3HAYUTENbHO
NnoApacTéT B pasmepax n ob6peTET MHOXKECTBO cBOMX «MecsLeB». OH ycTpemuTtca K opbute KOnutepa.

Taknm obpasom, Ham 60/bLLe HYXKHO 0bpalllaTb BHUMAHUA Ha NaaHeTy BeHepa, Kak npeemHuuy
Halwel’ 3eMIn 1 HOBbIN AOM A/1A BCETO XMBOT0 B 6MKaNLLIEM MO KOCMUYECKMM MepPKam byayliem.

Al yb6exkaéH, uto B cBOE Bpema Ha Mapce BoBCIo ByLLieBano TaKoe e pasHoobpasune KU3HU, Kak
n Ha 3emne ceroaHs. M Ta MMHYBLLAA LMBUAM3ALMA Ye0BeYeCTBa NO Mepe yaaneHusa TorgalHero eé
«4oMa» CO CBOeN npouwoii, 6onee 6am3Kkoi K ConHuLy, opbuTbl, BEpOATHEE BCErO, CMOF/Aa HalTK
pelleHne K OCBOEHUIO HOBbIX TEPPUTOPUI, HO yXKe Ha 3emne. He 6e3 Tparegmin cnagos mn aerpagaumm
B YpPOBHE CBOEero passutMA. M mMbl C Bamu, OYEBUAHO, ABAAEMCA MOTOMKAMW WCYE3HYBLUEWN
UMBUAN3ALMN APEBHUX MapcMaH. Ham He HyXXHO ocBamBaTb Mapc, Kak byayuiee xuavwe pna
NPOAO/IKEHMA PA3BMUTUA, MOTOMY YTO 3TO BecnonesHasn TpaTa PecypcoB. YKe cerogHA NOHATHO, YTO Ha
ero Tepputopumn byayT HangeHbl apTedakTbl, NoATBEpPXKAAlOWME MOK YBEPEHHOCTb B 3TOM
YyTBEPKAEHUU. U TOMYy B [0KA3aTeNbCTBO YXKe COCTOSBLUMECA MHOFOYUC/EHHbIE APEBHUE HAXOAKM
nosctoay Ha 3emne ¢ M3obpaxkeHnamM ckadaHApPOB, 1eTaTe IbHbIX annapaToB, COBPEMEHHOTO OPYKMA,
MMWKpPOCXeM M T. 4. N gaxe MHOroBeKoBas APEBHAA UCTOPUA C YTEPAHHbIMU 3HAHUAMU, BEIUKUMU
OTKPbITUAMM U N306PETEHMAMM NPOLLIOrO, KOTOPbIe C TAaKOM NPO30P/MBOCTbIO HAMOMMHAKOT HaLM
TenepewHne JOCTUNKEHUA NepesoBbIX TEXHONOMMI. i HUCKONbKO HE COMHEBAIOCh, YTO Y HALUMX CTO/b
APEBHUX NPeaKoB OblNM U MHble BO3MOXHOCTU K CMAaCeHUIO B Npeaenax Co3Be3amin Halwen ranakTukm
(Hanpumep, OpuOH). YbM 3HAKM cerogHA Mbl BOCMPUMHMMAEM, KaK HeoMnoO3HaHHble TBOPEHWUA
MHoNNAHETAH. M y)Ke HaluM NOTOMKM C HECKPbIBAEMbIM MHTEPECOM CTaHYT CBUAETENSAMM 3TUX HOBbIX
OTKPbITUA Ha npocTtopax Kocmoca. M a Bcé 6Gonblue ybexaarcb, YTO YUKAUYHOCMbL PUMMOS
KonebamesbHbIX MPouecco8 He 3asucum om pazmepos 06beKkmos, 8caKue cucmembl pa3suearomcs
10 0OHUM U MmeM e npasuaam e3aumodelicmeaus.

[ymato, 4TO He HYXXHO CerofHALWHEN MOMOAENKN NPUKNEenBaTb ceba K acdanbTy UAM NOPTUTL
My3eMHble 3KCMOHAaTbI, BblParkas CBOW NPOTECTbl HECOTNACHbIX C 3arpsA3HeHMeM Npupoapl. HM4YToO He B
CUNAX U3MEHUTb MHOTOBEKOBbIE LMK/Ibl KOCMUYECKUX CTPYKTYP, KpOMe paspyLueHua nx ¢opmbl. Ho mbl
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MOMKEeM NPoAAUTb Nepunos cob6CTBEHHOrO NPOLUBETAHMA NPOCTbIMU U BNOJHE MOCU/IbHbIMU ANA BCEX
Hac genamu. lMNonpobyiTe, He BbibpacbiBaTb M He 3aKanbiBaTb MOBCIOAY Hepas/siaraembie OTXOoAbl
nNpPou3BOACTBA W COBCTBEHHOM KM3HepeaTeNbHOCTU. [lonpobyiTe MaKCMMaNbHO pPasaensatb W
nepepabaTtbiBaTb NOBTOPHO BCE, YTO BO3MOMKHO YXKe CerogHs, a BCE, YTO HEBO3MOXHO — 3aBTpa, HO
CUCTEMHO BK/1aAblBasA B 3TO CpeACcTBa, HECMOTPA HM Ha YTO, OT 6ONbLIMX NPABUTENLCTB M 40 CaMOro
MafieHbKOro 4YenoBeKka - Besge. MonpobyiTe BAOXKUTBCA B HayKy M CO34aTb HOBblE TEXHOJIOMMM
KaTanusa - pacnaga ntobbix NPOAYKTOB LMBUAN3ALMM HA UCXOAHbIE aTOMbl U MOJIEKY/bl BELLECTB MX
obpasyoumx, BO3MOXKHO, paspyliaa cnabble M 3N1eKTPOMArHUTHbIE CBSI3M B WX CTPYKTypax Wau
pPacTBOPAS MX B 3N1EKTPOMArHUTHbIX MOJIAX Pa3/IMYHbIX CNEKTPOB. TeM caMbiM Bbl BEPHETE 06paTHO,
MoKa eLeé »KMBON Npupoae, NnepBo3aaHHble UCTOYHUKM 3HepruK. lMNpouecchl pacnaaa, Kak U CUHTEe3a,
He GeCKOoHe4Hbl, Bcemy ecTb BpemsA. Ho Mbl NoKa elé mMoXKem Mno3BoanTb cebe cokpalaTb Mau
NPoOANATb YCNOBUA 3N1€MEHTAPHOrO CyLLecTBOBaHMA ceba camumx Ha 3emne. Ho 3To TonbKO NoKa.

BpemeHn Ha HoBble TEXHOIOrMWN COBCEM HEMHOTO. [103TOMY HaZl0 NOHMMATb, YTO HE KOJIMYECTBO
NOAeN Ha 3emMie YHUUTOXMUT UmBUAn3aunio. NoBepbTe, HacTaHET CPOK M byaeT 6opbba 3a Kaxgoro
BbIXKMBLUETO Ye/I0BEKa LEHOM OrpOMHbIX YCUAMWA. A Aymato, YTO NPULIAO BPemMs C034aTb eAuHYHo
MEXAYHAPOAHYH OpraHM3auumio Mo NOUCKY U peanms3aumm BO3MOXKHOCTEN NepeceneHus Ha apyrue
NnAaHeTbl rafakTMku. [nAa 3Toro notpebyetcA pasBUTUE HAyKM U TEXHONIOTMI MpPOU3BOACTBA
COBEPLIEHHO APYroro ypoBHsA. 9TO TO, YTO cerogHaA KaxeTtca GaHTacTMYecKM HecObiTouHbIM. Ho yiKe He
BceM. M 310 340p0BO. Bpema 6ecneyHocTM 3aKOHUYMAOCh. M 3TO HaZo NoHATb. He ynoBaiiTe To/IbKO Ha
BceBblwHero. Mbl camMmu, U TONbKO Mbl, MOXEM NOMOYb cebe B CyLLeCTBOBAaHUN U Pa3BUTUM Hallel
UMBUAN3AUMKN. MUANMOHBI NET HALLM NOTOMKM BOPOAUCH, BbIXKMBaAAM U nobexaanu. Mogowno Hawe
BpeMms, f Ha4eHCb, YTO MMEHHO celYvac 3apoAnTCA BOHA YCUAMI BO crnaceHue B byayuiem.

8. IMnonb 1 3NeKTPOMarH1MTHble U3IlyuyeHus.

Mbl y3Ke MOHUMAEM, €CM CUCTEMA CUJIOBBIX JIMHUIM 3aMKHYTas, HaNnpMMep, B aTOMe, TO B Hel
TEYET MNOCTOAHHbIN TOK, Kak MOCTOsSIHHAaA 4yepeda cobbiTuit. Ecnn e pa3oMKHyTas, TO MNOTEYET
NEPEMEHHbIN TOK WU Pa30opBaHHbIE CWU/IOBbIE JIMHUW HAYHYT CUbHO WM3/y4aTb. Toraa BO3HWMKAOT
npoLecchbl 3apoXAeHUA BOJIH MHOPAKPACHOro Anana3oHa. TyT e «OTKANKHYTCA» coceaHne BUA0BbIE
3N1eMeHTbl M CuUI0Bble NAMHUKM OyayT 3amblKaTbcA. TO €CTb, CW/IOBble JIMHWUM NPUTATUBAIOT
3/IEKTPOMArHUTHbIE BOJIHbI, PACNPOCTPaHAEMbIE POACTBEHHbIMMU UCTOYHUKAMU. 3aMblKaHUE KOHLOB
(BoccTaHOBNEHME pPa3pbIiBOB) MpeKpaliaeT W3/yvyeHMe, a 3/71emMeHTbl (aunonu) u3BHe 6yayT
nepeKkavymBaTb UCMYCKAEMYIO SHEPTUIO /11 CBOMX HYXK /. 3HAUYUT, COYETAHNE 3aMKHYTbIX U Pa3OMKHYTbIX
CUNOBbIX IMHUIN 06pa3yeT CTPYKTYpPYy KonebaTenibHOro KOHTypa. Kak pa3BMBatoLLytOCS, ABOACTBEHHYIO
CUCTEMY, TAe 3aMKHYTble IMHUN 0OPa3yloT MArHUTHbIN AMMO/b, @ PAa3OMKHYTblE — 3/IEKTPUYECKUI
ANNONb, KOTOPbIN cnocobeH M3nyyaTb U NPUHMMATL MHPOPMALUIO B BUAE SHEPTUN U3BHE.

Torpga, MaeaHUMHbLIGU Qunosns — amo_cmpykmypa_namamu_3apada_(suxps), a anekmpuyeckull
0unosab —3mo e20 8HeWHAA 0607104Ka 0418 0buwjeHuUA ¢ BHewHel cpedoli. Unu, cnnosas AMHUA COCTOUT
M3 MHOIMX 3aPAA0B, Kak NOIMMEpPHasA LLeMb 3IEKTPUYECKUX Annonen (Npuémo-nepesatolinx aHTEHH).
BbIXOo4MT, YTO coYeTaHMe NOCTOAHHbIX U NepPeMeHHbIX Nosiel B O4HON «LLeN0CTHOCTUY cnocobeTeyeT
POCTY M pa3BUTUIO. A CMNOBbIE IMHUWN NONEN, B CBOEI OCHOBE 3/IEKTPOMArHUTHOM NPUPOAbI, MOTyT
NpeBpaLLaTbca, U3MEHAA CBOE COCTOAHME, B NNAa3MEHHble CTPYKTYPbl, ra30006pasHble, }KUOKNE, AaXKe
TBEpAblE, KaK OroHb, BO34yX, BoAa, 3eMna. Ecnn BU3yanmM3mMpoBaTh, TO 3/IEKTPOMArHUTHasA BOIHA B
CBOEM ABUXKEHUU CTPYKTYpUpyeTca (MogobHO pocTy KpucTania) U3 KoHevyHoro ¢parmeHTa (3a nepuog,
KonebaHuna mnsnyyatensa). Bo3byxkaaeT B cpege «MarHUTHble MOCTUKW», KOTOPbIE 3aTeM pacxoanaTca
ANA  HOBbIX BO3MOMHOCTEM  CrpynnMpoBaTbCA MO  BO3AENCTBMEM  Cneaytouwleid  BOJHbI.
JNeKTPOMArHUTHasA BOJIHA 3apPOXKAAETCA KaK NPoAO0/iIbHO-NOoMNepeyHan, rae BAO/Ib OCU ABUMKEHUA —
3NEeKTPUYeCcKMe CBOWMCTBA, a NONEePEK — MarHUTHbIe BO3AENCTBUSA, KaK caepkuBatowmi pakrop. Mpu
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3TOM, 3/IeKTPMYECKaA CoCTaBaAoWwan nona GopMmmnpyet camy CUA0BYIO JIMHUIO, @ MarHUTHAA — BBOAUT
BO BpaLLEeHME INeKTPUYECKMEe 3apaabl, BbICTPAnBaA 06BEMHYO GOPMY CTPYKTYpPbl NOAA BOAHbLI. Uan,
BAONb CUNOBOM /SIMHUM Nepefaértca MHPOpMaAUMA MonepevyHoro nepemarHuumsaHuA. Cospaétca
apdeKT KonebaTenbHOro npolecca B ABOMCTBEHHOMW MOAENM NEKTPOMArHUTHOM BO/HbI (KaK M BCcex
bopm MaTepun), Koraa Mexay COCTaBAAOLWLMMMU SNEKTPUYECTBA U MArHETU3MA CYLLECTBYET PA3HOCTb
B YETBEPTb UX NEPMOAA PaA3BUTHUA.

3HaAUUT, Mbl MOXEM, WMCMNONb3yA Pa3/IMYHble CBOMCTBA MONEN He TONbKO CO34aBaTb, HO WM
pa3pywaTtb Atobble dopmbl maTepuun. Hanpumep, BNoAHe AOCTYMHbIM CTaHOBMTCA pa3paboTka
3NEeKTPOMArHUTHOrO KaTa/JIM3HOTO OpPYXKWA, KOTOpoe CcnocobHO BbIBOAUTL M3 CTpoA Atobble
06/1y4EHHbIE MEeXaHM3Mbl MPOCTbIM U3MEHEHWEM MOALYNAUMM YACTOTHLIX MMMY/IbCOB MCTOYHMKA
nopaxeHusa. MNpocTo HaCTPOMB NOBOPOTOM PYYKM MU3MEHEHME NOAA HA NtoOON maTepuan, Hanpumep,
aNlOMUHUIA, NAACTUK, TPOTUA, NOPOX, MeAb U T. A. MpUHUMN AOCTyNeH ANA NOHMMaHMA Nboro
notpebutena — 3TO NOTepPA PaACYETHbIX MPOYHOCTHLIX XAaPAKTEPUCTMK, CBOMCTB WM KAyecTBa
MaTepUaNoB NYTEM MOMEHTANIbHOrO ocnabneHna BHYTPUMONEKYNAPHbIX, MEXKAaTOMHbIX Cnabblix
3N1EeKTPOMArHUTHbIX B3aMMOZAEWUCTBUIN Npu 06ay4eHMM 3a4aHHbIM MMMY/IbCOM 3N1EKTPOMArHUTHOIO
NnonA B CTOPOHY Lenn. ITO MOXKeET BbITb CAMONET, TaHK, aBTOMOOUNb, NeTAWas pakeTa, CHapag U T. 4.,
KOTOpble yTPaTAT CBOW M3HAYa/IbHble XapPaKTEPUCTMKKN 1 ByayT pa3pyLllaTbCa B BO3AyXe MW Ha 3emne,
nMbo He CMOryT CAETOHMPOBATb MAM NepefaTb-NPUHATL CUrHan, M T. A. [poueccbl noTepu
M3HaAYaNbHbIX NOTPEOUTENbCKMX CBOMCTB MEXaHM3MOB, MWKPOCXEM, ABTOMATUKMU, ISNEKTPUKM
CTQHOBATCA HeobpaTMMbIMU. BepHYyTb B MCXOA4HOE COCTOAHME O6Ny4yEéHHbIM MmaTepuan 6e3
TEXHO/IOTMYECKOM LLeNOYKM paspyLweHna, yTUAN3aLMN UK NePenNaBKM HEBO3MOXKHO. M 3TO KacaeTtca
BO34ENCTBMA He TONbKO Ha eAMHUYHble OOBEKTbl, HO U MAcCOBO, PACMONOXEHHble Ha OFPOMHbIX
naowaaAx, He3aBMCMMO OT UX OTAaneHuA. bonee Toro, Takme NakeTUPOBAHHbIE, MOAY/IMPOBAHHbIE,
pasHonpoduabHbIe, 3NEeKTPOMArHUTHbIE MNOA PA3/IMYHbIX CNEKTPOB U3/y4EeHUA MOXKHO MCNONb30BaTb
KaK 3aWMTHble OT OOBEMHOrO NOpPaXKeHUA MECTHOCTU, OOBEKTOB UM KUBOW CUNbl 63 HaHeceHUs
Bpena cobCTBEHHbIM pecypcam 1 HE3aBUCUMO OT AJ/INTE/IbHOCTM BO3AENCTBUSA.

Hazo NOMHUTb, YTO LLeNI0CTHaA CTPYKTYpa (Teno) Bceraa pacwiennsetca (pactsopsaeTca) B cpeae
obutaHus, ecnm nossnaetca nlobunme nonesHol sHeprun. M HaobopoT, npn aepuunte aHeprum B
cpege nNpoucxoguTt cuHTes, dopmupyeTca cuctema. Mam, Korga MHOTo 3Heprum - cuctema
PaCKpbIBAaETCA U KaXKaan eé yacTb HeENOCPeACTBEHHO BNUTLIBAET 3Ty 3HEPruto (pacnaa), a Korga mano
— CMCTEMaA 3aKpbIBAeTCA, 06BbEANHAACH B CTPYKTYPY ANA COXPAaHEHMA SHEepPruu, Toraa KaKabli uieH
3TOM GOpPMbl «MUTAETCA» IKOHOMHO, MOTPEebNAA y)Ke pacnpefenéHHYIO 3Hepru yepes eauHyHo
cuctemy (cmHTes).

Monyyaetca, UTo 8 Hawel cpede 0buMaHUA Kaxcyueeca Ha Hauw 832180 6aaz20 udém eo sped
UHOUBUOyanbHOCMU, A Kaxcywasca ceoboda uHOusudyasabHOU yu3HU obopayusaemcs pacnadom

uenocmHocmu obujecmesa. U YTO, Ha CaMOMm gene KNBOW npouecc cosepieHCcTsa NPoOonNCcxXxogunT TO/IbKO
B Hal'lpﬂ)KéHHbIX ycnosuax cpeabl. B npupoae HeT TBOpeHUA, eCcnm cpefa HacblweHa B 4OCTaTOYHOM
KOJINYECTBE KU3HEHHO BAXKHOM aHeprmeVl, B HEM HeT I'IOTpeﬁHOCTM. U Torpa cnepyet pasnoxKeHue
MHOUBUNOA Ha €ro CoCtasadarowme, pacnbiiAeTca ero BHyTpeHHAA aKTUBHOCTb. o710 BEPHO BE34€E, TEM
bonee B O6I.Ll,eCTBe. Pa3Be Hawa »KM3Hb He ecTb yl'lpaBﬂﬂeMbllz npouecc noCTtpoeHnAa n coanaaHuA
HOBOIro B3aMeEH YyCTapeBwero U OTMUPAKOLWEro, KaK npouecc TBOpPeEHUA Had pacnagaHnem

(pacTneHumem)? PasBe yenoBeyeckas ¥U3Hb He NPOAJIEBAETCA HOBbIMU MAEAMU U peannsaumen ux?
Y10 1 ecTb CyTb TBOPEHMUA.

1.5. MarHuTHbIe U aneKkTpuyeckue nona. MexaHusmbl nepegaun nHGopmauum u nepemeLLeH1s
¢dopm maTtepum B NpoCcTpaHCTBE.
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1. MO>KHO 1 yNpaBAATb MarHUTHbIMM NOIAIMU C NOMOLLbIO 3BYKOB? YTO TaKoe «TOYKa pocTta»

B KonebatenbHbIX npoueccax?

BepoATHO, Yem BbiLlle CKOPOCTb BPaLLEHMA AMNOAA, TEM Bbille YacToTa U3/IY4EHMIN UM YaCTOTa
BHYTPEHHMX npeobpasoBaHunit sHepruun. OTcloga, BpaleHMe — 3TO HeobxoammocTb notpebneHua
3Heprum u3 cpegbl obuTaHuA (gnA pasBMTMA BUXPSA), Bpawascb obwapuBaTb, M3y4aTb BCE
NPOCTPAHCTBO CBOMM BPALLAIOLLMMCA U3Ty4eHMEM SIEKTPUYECKOro Nona. A Tak Kak ntoboe BpalueHne
packnagbiBaeTcA Ha KosnebaTeNbHbIM MPOLECC, TO MNPOUCXOAAT MNOCTOAHHbIE NpeBpaLLeHUA
3/IEKTPUYECKON SHEPTUM B MArHUTHYIO M 0OpaTHO MO aHa/iornMM C NOTEHUMANIbHON U KUHETUYECKOMN.
Ecnn noTeHuManbHas aHeprua paBHa HY/t0, TO KNHETUYECKAA B TO e Bpems paBHa CBOeMy MaKCUMMyMY
M HaobopoT. Mpn 3TOM MAKCMMYM MOTEHLMAIbHON 3HEPIUM OTCTAET OT MAKCMMYMa KUHETUYECKOM
sHeprun Ha 1/4T (Ha 90°). Ecnu npepactaBuTb nepuog KonebaHua B BUAE Kpyra, TO YCIOBHO MO
FTOPM30HTA/IbHOM OCK MOTEHLMANIbHAA IHEPIUA UMEET 2 MaKCMMyMa M NO BEPTUKAAN KMHETUYECKasd
3Heprva ToXe MMeeT 2 MaKCMMabHbIX 3HAaYEHUS, @ B NPOMENKYTKAX MeXay HUMMK ByayT npomcxoanTb
npoueccbl nx npeobpasoBaHmin. Hanpumep, ecam «lM» — makcumanbHo, a «K» paBHO Hy/lO, TO 3TO
3HAUYUT, 4YTO CKOPOCTb npeBpalleHuns «l» 3HepruM B CTPYKTYPY M3Ay4YeHUs wumnynbca (mam
3NEeKTPUYECKOrO BEKTOPA B MArHUTHbLIN BEKTOP BOJIHbI YMPaB/ieHMA) - eCTb MPOLEecC MarHUTHOro
ynpaBAeHWA, KaK CAEPKUBAHUA M POCTa NPU pacnage u CMHTese.

Bce popMbl }KU3HU MMELOT CBOM Nepmnos Npoao KUTENbHOCTHM (None KonebaHuii) U CBOK YacToTy
ONA KOHKPETHbIX YCNOBMA cpegbl, roe npoucxogaT ¢as3oBble NpeBpalieHua. Yepes nornoweHus,
OTPaXeHUA, MNpPeNOMNEHUNs, pPaACCNOEHUs, Pas3[enAacb Ha  POACTBEHHble  Tpynnbl, rae
3NEeKTPOMarHUTHble BOJIHbI BbICTPAMBAOT CUIOBblE IMHUM B3aumoaencTeuii. Moadbupas pasnnyHble
napameTpbl BUXPEer MOXHO Mno/syyaTb Tpebyemble pes3y/bTUPYHOWME TapMOHUYHbBIX KosnebaHui.
dopmbl matepun (Tena) moryT O6biTb B BUAE 3aMKHYTbIX TPAEKTOPUIM 3NEKTPOMArHUTHbIX BOJIH, KakK
YNJOTHEHHbIX nonen (3a CYET MOTOKOB BHYTPEHHEN 3Hepruu). Toraa, nwobasa HayanbHaA To4ykKa
NnosiB/NIEHUs BOJIHbI (KO1ebaHuMA), KaK «TOYKa pPoCcTa», yKe MMeeT B cebe namaATb BOCNPOU3BOACTBA,
NOCTOSIHHO MOAAEPXKMBAEMYIO BHELLHEN 3HEPruel cpedbl PacnpocTpaHeHus, Kak «cema». MCTOYHUK
MOXKET NpepBaTbCA U He CO34aBaTb 3/IEKTPOMArHUTHbIX U3NYYEHUN, @ OHa byaeT BeYyHO 6ayKaaTh B
KOCMoce, nepeaaBas BCHO MCXOAHYO MHPOPMALMIO U3 «TOUYKM POCTa» BHOBb M BHOBb, @ SHEPTUIO ANA
ABUXKEHUA NoTpebniasa 13 cpeabl OKPYKEHUA, N31yYaA N NPUHUMAA e€. To ecTb, 3INeKTPOMarHMTHas
BOJIHA 3apOrKAAETCA KaK NPOAO/IbHO-NoNepeyYHan U CTPyKTypupyeTca nogobHo pocTy KpucTanna ms
KOHe4yHoro ¢pparmeHTa KonebaHua nsnyyatena (nepmoa), Korga BAOAb OCU ABUNKYTCA 3/1IEKTPUYECKUNE
CBOWMCTBA, a NOMNEPEK — MarHUTHble B3aMMOAEWCTBUA, KaK caepkuBatowmi ¢daktop. Mpu atom
aNeKTpuyeckne nonsa GopmMMpyoT HanpasBaeHWe AEACTBUA U NepenatoT MHGoOPMaLMIO NONepeyHoro
nepemarHM4ymBaHms, a MarHUTHble NOAS — BBOASAT BO BpaLLEHWE 3/EKTPUYECKNE 3apsaapbl, co3aaBan
06BbEMHYI0 POpMY CTPYKTYPbI MNOAA BOJIHbI.

[lpodonbHas 80aHA _8ce20d N00nuMmMsi8aemcs 374eKmpu4ecmeom Om CUsa08biX AUHUU U
pacnpocmpaHsaemcs 80016 HUx 6e3 3amyxaHus. lNMonepeyHasa e BoMHa — 3T0 Aedopmauma mexay
cocegHMMM NPOAONbHBIMU CUOBLIMU IMHUAMMK (BOMHA caBura). MoTomy 4To, omadeanbHaA Ccuao08as
AUHUA COCMOUM U3 MHOXEeCmMaa 0unosbHbIX 31eMeHmos (noaumepHas yens), Komopsle 06veduUHEeHb!
KOBA/IEHMHbLIMU _C8A3AMU__(CUnbHbIE 371ekmpuyeckue s3aumodelicmeus), a CBA3b MeXAy 3TUMMU
JIMHUAIMM OCYLLLECTBIAETCA HAMNpPaB/IEHHbIM U3lyYEHMEM KaXKAoro us aunonewn (cm. Puc. 44).

AKTMBHOCTb 110601 GOPMbI KM3HU 3aBUCUT OT €€ CNOCOOHOCTM U3BJIEKATb IHEPTUIO U3 cpeapbl

06UMTaHMA. Bce aneKTpuMUecKM 3apsaKeHHble Tena (3apagbl) BpaLLatoTCA BOKPYr MArHUTHbIX CUI0BbIX
NMHUA. U B KaXKAOW 3/N1EKTPOMArHUTHOM BOJIHE BEKTOP HaNpPAXEHHOCTU MArHUTHOro nons
nepneHauKyNApeH BEKTOPY HaNpPAKEHHOCTU 3/1IEKTPUYECKOTO NOAA, @ TMNOTEHY3a MeXAy HUMU eCTb
BEKTOP HanpaB/ieHUA 3/1eKTPOMarHMTHOro nond. Toraa, abeie cunosble AUHUU NpumAzugarom K cebe
3/1eKMPOMA2HUMHbIE 80/1HbI N GOPMUPYIOT U3 HUX HOBbIE CTPYKTYPHbIE IMHUM, KaK Npeobpa3oBaHuUA
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SHeprum cpeabl B dopmbl maTepuun. Hanpumep, 4Tobbl cO34aTbh AAUTENbHbIA BpaLLAOWMNCA Nyy
3NEeKTPOMArHUTHOM BOJIHbI, MOMHO CABMHYTb [ABE€ JIMHEMHO MONAPU30BaHHble BOAHbI Ha 90°.
MonyyaeTcA OBOMCTBEHHAA CTPYKTYpPa, NOXOXasA Ha CKpydeHHyt HUTb OHK, Korga ¢asa Hynesoro
3HAYEHUA 3N1eKTPUYECKON dHEeprum KonebaHus OAHOM BOJIHbI BCerga nonagaeT Ha MaKcMManbHoe
3HayeHWe gpyroi. B pesynbTate ogHa BOJIHA BCeraa NOAAEPXKMBAET SHEPrMEN BTOPYHO B e€4MHOM
CTPYKTYpe. MOXHO CKa3aTb, YTO «CUNOBbIE» IMHUM NEPenAtOT SHEPTUIO B BUAE NPOLOJbHOIO BUXPA
(cm. Puc. 45). Pa3Be 3TO He NOXOXKe Ha «KMBOTBOPALLMIA KPeCT», KOoraa B 04HY OCb, Kak 4/4 nepuoaa,

Puc. 44 Cnnosble AMHMKU NONA. Puc. 45 CTpyKTypa BOMIHbI 3/IEKTPOMArHUTHOIO U3/1y4eHuA.

BbICTPAMBAlOTCA ABa «POACTBEHHbIX» BUXPSA, 00pasya eauHyto Gopmy ABOWCTBEHHOM CTPYKTYPbI
BEYHOW U3HWU C YETKMM yKa3aHMEM JIMHUKM FOpM30oHTa B 1/4T nepuoaa BBEpXy, Kak CTpeMeHune K
ABUXKEHWNIO U Pa3BUTMIO? W HaKNOHHOW AnHUKM B TouKke 1/2T nepuopga ocu, CTporo nocepeauHe,
YyKasaHMeM B ABE€ CTOPOHbl — BHM3 W BBEPX, KaK HAaNOMMHAHWE O HAAEXKAE, KaK KOHEYHOCTU BCEro
cywero, obHyNIeHNM N BO3POXKAEHUM BHOBL?

3HAUYMT N 3TO, YTO CPeAa BOKPYr HAC U eCTb HEKOTOPAs MNNOTHOCTb KCUIOBBIX» IMHUWA SHEPTrUn
BUXpPEN pasnnyHbiXx Gopm mMaTepum NPOCTpaHCTBa? M yem NAOTHEE MYyYKU KCUIOBBIX» NUHWUI, TEM
nnotHee n GopmMbl MaTepun, 06pPa30BaAHHbIE MMM KaK 3N1€KTPOMArHUTHbIMU NOAAMMU? 3HAUUT, 8CE 8
Mupe ecmb 3/1eKmpPOMAa2HUMHbIE M0/1A PA3aAUYHOU MA0MHOCMU U3/1y4EHUA 8 Heu3MeHHOM UX
g3aumodelicmeuu U cmpemaeHuu K PAasHOBECHOMY COCMOAHUKD 3Hepauu U3 HepasHOBECHLIX,
Hecummempu4Hbix cucmem. Kak NOCTOAHHbIN €€ nepeToK B NPOCTPaHCTBe (BoAa-nap-nén) us oaHoM
dopMmbl B ApPYryto, Kak U3 ogHoro cobbitna B Apyroe. Hanpumep, nyy ¢boHapsa, Bbl BKAUYUAN €0 U
BbIK/OYMAM, UK CBET OT 6eperoBoro MasKa, Korga MCTOYHMK Morac, a BO/IHAa CBETa (31eKTPOMArHMTHas
BOJIHA) NPOAO/IKAET CBOE ABUKeHMe. MNogo6HO BCNbIWKAM AANEKUX 3BE3A, KOTOPbIE Mbl MPUHMMAEM
yepe3s mMuaavoHbl net. Nanm Hawe ConHue co BCEMM MNAHETAMM CUCTEMbI B ABUMKEHUWM MO
ranaktuyeckon opbuTte, 3N1EKTPOHbI B aTOMe MAM MPOCTO beryuwimii 4enoBek, UM KU3Hb LLeIoro
MOKOJIEHUA B CEMbE U T. A.

Y70 Ke obLiero mexay BceMM 3TUMKU COBbITUAMM? BCE NPOCTO, €C/IM NOCMOTPETL Ha 3TO M3ZaNW.
Hanpumep, Boob6pasuTb, 4YTO MPOCTPAHCTBO (Cpefda OKPYKEHUA) — €eCTb OKeaH PasiInyYHbIX
3/IEKTPOMArHUTHbIX NOJIE, B KOTOPOM pPacTBOPEHbI BCSKME (GOPMbl CTPYKTYPHO M3MeHAtoLelnca
NOABUKHOM MaTepuM B BUAE 3/IEMEHTAPHbIX 4YacTuL, BeulecTBa. Kaxkgas M3 KOTOpbIX MO CyTu
npeacTaBnafeT M3 ceba ManeHbKUM BUXPb B BUAE AMNOAA M MNOTOMY aKTMBHO MO3UUMOHMPYETCA B
NPOCTPaAHCTBE APYr OTHOCUTENbHO ApYra, CTPEMACb K PaBHOBECHOMY COCTOSIHUIO HEeKoero 6anaHca B
cB060AHOM, @ 3HAYNT HEBO3OYKAEHHOM COOCTBEHHOM OKpY)KeHuU. Torga, paccmaTtpmMBaemble HaMU
ABNEHUA, KaK Jlyd CBeTa, [ABMXKEHWEe MNJaHeTapHOW CUCTEMbl WAW 4YesoBeKa M T. 4., byayum
YNNOTHEHUAMMU INEKTPOMArHUTHbBIX NONEN B3aMMOAEWNCTBYIOT CO Cpefoi KaK KOMOUHMPOBAHHbIM
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3NEeKTPOMArHUTHbIM MONEM, TAe WUCTOYHMKOM 3HEPrMu PasBuTMA B OMpeaeNEHHOM HanpaBAeHUU
OBUXKEHMUA CNAYKUT «TOYKA POCTa» LLeJIOCTHON GOopMbl MaTepum.

TaK uTO e TaKoe eCTb «TOYKA POCTa», KakMe MexaHM3Mbl eé noaaepxunBatoT? Hanpumep, cBerT,
KaK 3/1eKTPOMArHUTHbIN MMNYAbC, BKAoUMACA M norac? Cpepa Bo3byamnacb KBaHTOM 3HEPrUU U
MHPopMaumnm n obpasosanacb BoHA B €€ NPOCTPAHCTBE, KOTOPAA HECET B cebe MHOXKeCTBO CNEKTPOB
4aCcTOT 3/1IEKTPOMArHUTHbIX MONeN. BO3HMKAIOT B3aMMOAENCTBUA C UCTOYHMKAMMU U3BHE, KOTOpble
MOKHO BbIPasuTb YCUNEHNEM (CMHXPOHM3AUMEN) BUAOBOM (POACTBEHHOM) BONHOMN cpeabl, MMbo eé
3aTyxaHWeMm, MOrnoWeHMemM, OoTpaxKeHnem, uHTepdepeHuMern M T. A., BCE 3aBUCUT OT COCTaBa
napameTpoB: €€ NAOTHOCTeN, TemnepaTtyp, rPagVeHToB, 3apAfZoB M T. 4. JlonycTMm, 4TO BOJIHA
ycuannacb U nepemeLlaeTca No HanpaBAEHWIO MMNy/AbCa CBeTa. MICTOYHWMK BbIKAKOYWAKM, @ BOJIHA
npoaoaKaeT asukeHue. MNovemy? MMOTOMy, YTO MONHbLIN Nepuos KonebaHuUA 3N1EKTPOMArHUTHOrO
MMNYNbCa, KaK BCA MHPopmauusa o HEM, 06pa3oBaB KosiebaTebHbIA KOHTYP, MOPOXKAAET COBCTBEHHbIE
3N1EKTPUYECKME N MarHUTHbIe NoAA. M 3TOT nepBbI BUTOK KonebaHuA, Kak nepBblit BO36yaAnTenb cpeabl
(oT wmmnynbca cBeTa) CTAHOBUTCA «TOYKOM POCTa» BOJIHbI, @ 3HAYNT W  WHAMBUAYANBHOTO
3N1EeKTPOMarHMTHOro NOAA CO CBOEeM 3Heprmen n nHdopmaumen (cm. Puc. 46). OHa MOXKeT U3MEHATLCA
B 3aBMCMMOCTM OT U3MEHEHWI CUTHANA, HO OHA BCEerga NPOAO/IKAET KNUTb, BO3OYKAATb Cpesy CBOEro
pacnpocTpaHeHMA, NOAy4Yana U3 HEeEé 3HepPru NUTaHMa gnsa ceoux nonen. Motomy uTo_obpaszyemcsa
omKpbimell  KosnebamesnbHbIU — KOHMYpP €O C8O0UMU __ MOAAMU,  KOMOpbIl  Ha4yuHaem
83aumodelicmgosames co cpedoli Kak dunoasb. Umnynbc, BO3AENCTBYA Ha MaTepPUIO NMPOCTPAHCTBA,
BbIHY»KAaeT eé H6anaHCcMpoBaTb BOKPYF CBOEr0 MOJIOKEHMA M BO3BPALLATLCA B UCXOAHOE COCTOAHUE
6narofgapa BAVAHWUIO BHELWHMX Nonen. «Toyka pocTa» — 3To GopnocT BO/IHbI. Bnepén asuKketca He
cpeaa, a uHbopmaumsa. Kak oTTucK GparmeHToB cobbITUS B MAarHUTHbIX NOAX AUMOAbHbIX BUXPEN

Puc. 46 CTpyKTypa «TOYKM POCTa» BOJIHbI. Puc. 47 NosnumoHnpoBaHme ANNONEN B NPOCTPAHCTBE.

MmaTepuu cpefbl, OT OAHOrO K APYromy, BAO/Ib 06PA3YHOWMXCA CUNOBbLIX JIMHUA MArHUTHbIX Nonewn
NPOCTPaAHCTBa pacnpocTpaHeHna. «OTTUCK», KOTOPbIN LeanMKoM GOpMUPYeTCA M3 3HEpPruuM W
3N1EeKTPOMArHUTHbIX MONEeN cpeapl Kak «obpa3» HayaNbHOro UMMy abca. K Tomy e, Npu coBnageHun
HanpaBaeHui KonebaHMi NPOUCXOAUT YBEMYEHNE CKOPOCTEN PacnpoCTPaHEHNA CBETA.

3HaunT, NoKa ecTb cpena, MHpopmaumsa o6 nmnynbce (parmeHTe cobbITUA), KaK O €ro «TOUKe
pocTa», byAeT npoao/rKaTb NnepemMelLaTbca B Hell Bcerga. Ho He cam MCTOYHMK KaK CTPYKTypa eaAnHoM
dopmbl. ABCONIOTHO TO e cCamoe pPacnpoCTpaHAeTcA M Ha nbble cobblTUA, rAe WCTOYHUKOM
KosiebaHM MOXKHO paccmaTpmsaTh Nt0byro BUGpocuctemy.

Torpa, Kakum e obpa3om nepemeLtaeTca B NPOCTPAHCTBE HE TOIbKO MHOOPMaLMA, HO U cam
«reHepaTop eé cobbITi»? O4eBUAHO, €CIM MarHeTU3M B BUXPEBbIX 06pa3oBaHUAX (popmax maTepum)
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cpeabl OKPYXKeHMA (KaK MarHMTHbIN AMNO/b) eCTb CTPYKTYpPa NamATU UX 3apAao0B, TO 3/1IeKTPUYECTBO
(KaK anNeKTpUYEecKUit AMNosb) — 3TO UX 060N0YKA AN «OBOLLEHMA» C BHELHEN Cpefon OKPYMKEeHMUs.
JNeKTpuYecKasa CoCTaBNAOLLANA BbICTPAaMBaAET CUI0BbIE IMHUKN, @ MAarHUTHasA — 3acTaBAAeT BpalLaTbCs
3apaabl, bopmumpya 06BEMHYIO GopMy CTPYKTYPbl 3NEKTPOMArHUTHOTO MOAA UCTOYHMKA. Yem Bbile
4acToTa BpalLeHMAa BUXps, Tem bonblue 3apas, a PAa3HOCTb 3apAA0B, KAk Pa3HOCTb MHTEHCUBHOCTU UX
BMbOpaLmin, 1 ecTb UX rpagmeHT. CnefoBaTenbHO, ANNOAb CNOCObEeH NepemMeLLaTbca B cpeae MeHsAa He
TO/IbKO 4acTOTy BpalLEHUA BOKPYr CBOEN OCU, HO U U3MeHAs COOCTBEHHOE MNO3ULMOHMPOBAHUE
OTHOCUTENIbHO APYrnX 3apafoB BOBHE MPOCTPAHCTBA, OTTA/IKMBAACb WAM MNPUTATMBAACL K HUM.
Bo3sHuKatowme npu 3ToM 3PPeKTbl CHATUA UAN PACUIMPEHUA MNO3BOAAIOT UCTOYHUKY KonebaHui
cBOOOAHO aAanNTUPOBATLCA B U3MEHSAIOLLMXCA YCIOBUAX OKPYKeHUA (cm. Puc. 47). /lloboli 06bekm Kak
eduHas opma_nepedsuzaemcs 671a0200aps _MOMy, YmMO €20 CMpPYKMypHble Ounoau _nocmosHHO
g3aumodelicmsyrom mexcdy coboli U _aHan02u4HbIMU _OUNoaAaAMU _Mamepuu _npocmpaHcmea Ha
NPUHYUUNAxX 3nekmpuyecmsa U mazHemusma. MNpun sTom Bce nepemelLeHna NPoucxoaaT CTPoro nog
KOHTPOJIEM MAarHUTHOrO NnoJia, MHGOPMaLIMKU B €ro NamsATH, KaK LIMKIMYHOCTM COObITUM KonebaTesbHbIX
npoueccos. KoHeYHO, 34ecb ecTb MecTo U Aas NPUOOPETEHUA HOBbIX 3HAHUMA B U3MEHSAIOLIMNXCA
YCNOBUSAX cpedbl, KOTOpble TakkKe GUKCUPYIOTCA MAarHUTHbIM Nosiem 06bekTa. Ho 3To He 3HaYuT, YTo OH
MOMET CyllecTBOBaTb «Be4yHO». [o3ToMy y pasHbix GOPM CKNaAblBalOTCA M pasHble CTeneHu
CTPYKTYPHOro pacnaza B 3aBMCMMOCTU OT HaCbIWEHHOCTU 3Hepruen cpeapl okpyxKeHua. Hanpumep,
KMPMMY B 0ObIYHbIX YC/IOBMAX pacnagaeTca A0 CTeneHn necka.

3HaunT, AN CBOEro Cyl,.ecTBOBaHWA BCEM TeNaM HeobxoAMMO NUTaHWME 3Hepruen, Kotopasn
NPOSBAAETCA B COBEPLUEHHO HEMbIC/IMMbIX PAa3HOBUMAHOCTAX BMAOBOro notpebneHus. Takux, Kak
BOAOPOC/AN, MACO, BOAA, NJIa3Ma, 3/IEKTPUYECTBO, ras, 3/IEKTPOMarHUTHble nosa u T. 4. Takos
YHUBEPCANbHbIM LUK MOCTOAHHOIO BOCNPOM3BOACTBA POPM MATEPUMN B TOYHOM UX KOMUU COOLITUN, B
TpaHCcHOPMUPYHOLLEMCH MPOCTPAHCTBE 3/IEKTPOMATrHUTHbIX NOEN UX OKPYXKeHUs. To ecTb, Npupoda u

BCE Mbl — €CTb NMOPOMKAEHMNE SHEPTUN CPEAbl OKPYKEHUA, €€ INEKTPOMArHUTHBIX NoJel, B KOTopble, B
utore, BCE Cyllee M BO3BpalLLAETCA B BMAE 3/IEMEHTapPHbIX 4acTul, BMOPOCUCTEM, BUXPEN
3NEeKTPOMArHUTHbIX MMMY/IbCOB CaMbIX Pa3/IMYHbIX CMEKTPOB 4YacToT. B 3TOT 6ecKpallHMI OKeaH
3Heprum (Nnonen B3aMMoaencTBus), Kak npapoanTens Bcero. Pacnagaertcs M BO3POXKAAETCA BHOBb U
BHOBb, Bceraa. [loTomy, 4To B3aMMOAENCTBUA MaTepum MPOCTPAHCTBA — 3TO KonebaHuaA, Bubpaunm
«CWU/JIOBbBIX» JIMHUIA MHOTOYUCNEHHbIX OOBEAMHUBLUMXCSA 3/MEKTPOMArHUTHbLIX MOJIer, Kak aHanor
H6EeCKOHEYHOW «HEMPOHHOM CeTU» MEXKAY 3apsAaamm, No KOTOPOM nepenaérca nHpopmauma. A sHeprus
A1 MaTepuanm3aLmnm BeLLecTBa BO3HNKaAET N3 6ecumcieHHbIX M pa3sHO0bpasHbIX ero CTPYKTyp B CAaMOM
cpee oKkpy»eHua. MOXKHO CKasaTb, YTO «MbIC/aAb» meopum opmy mamepuu. Kak B Halleh peun —
JIOTMKe 3BYKOBOW NOC/Ie40BaTEeIbHOCTU, KOTOPasA OCYLLECTBAAET MOAYNALNMU SNEKTPOMArHUTHbIX BOJTH
B BUAe popm BelecTBa B COOTBETCTBMM C MbIC/IbIO M C/TIOBOM.

Crtano 6bITb, M 2pasumayueli, KaK Ma2HUMHbIM 83aumodelicmsuem, MOXKHO yNnpaBasaTb 3BYKOBOM
BOJIHOM C NOMOLLbIO IBEHWNA pPe30HaHCa KonebaHui pa3nnyHbIX cucteM. Hanpumep, 4em xonoaHewn
TeN0 UK cpesa, TeM CKOPOCTb 3BYKa B HEM Bbllle. YANUBUTENbHO, HO BCAKAA 3N1€KTPOMArHMTHaA BOHA
(nnn cBeT) conpoBoXKpaeTca Bnepean MAyLLEN 3BYKOBOM BOJIHOM, KaK €€ NopoAeHWem, KoTopas
baKTNYeCcKM 3agepKunBaeTca (KOHTAKTUPYET) KaxKAbIM aTOMOM (31eMeHTAapHOM YacTULEeNn) BelecTBa
BHYTPM €€ CTPYKTypbl. M 3TO Tak. Mbl paHee yNnoMWHaIN, YTO paspyLleHUe CUIOBbIX NHUIA 06O
CTPYKTYpbl MaTepum nobyxaaer eé€ aunonm (aTtombl) K aKTUBHOCTM WM BblAENEHWUIO Tensa
MHOpPaAKpaACcHbIX AManasoHOB A1 3anycKka MPOLECCOB BOCCTAHOB/IEHMA pPa3pbiBOB (HapyLUeHWN)
coegmHeHnamu yrnepoaa. Mpu Takmx «c6oax» B OpraHM30BaHHOM CTPYKType aTOMOB BELLECTBA TOXKe
BO3HMKAOT «3/IEKTPOMArHUTHbIE 3BYKM» MAM WYMbl. M 4yem Bbllle TemnepaTtypa, Tem OGonblie
«LIYMOBbIX 0b6LLeHM». To ecTb, B3aMMOAENCTBUA 3TEKTPOMArHUTHbIX BOIH 06pa3ytoT Wymbl B cpese
OKpYKeHuA (NPoCTPaHCTBE) Npu ero Bo3by»kaeHnu (ummu).
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2. 3BYK KaK «ros10c» 3/1eKTPOMarHUTHbIX BOJH.

My4oK cBeTa ABNAETCA U3MEHAIOWMMCA (MOABUMKHbBIM) 3/1EKTPOMArHUTHbIM noaem. Mo-nHomy,
€ro BOJ/IHa CONPOBOXAAETCA CBOEro poga cobCTBEHHbIMU MUKPO-U3NYYEHUAMM, BbIPAXKAOLWMMM 3TO
CBOMM LWYMOBbIM GOHOM. MMEHHO 3N1eKTpUYecKoe CoCTaBaAtoWee 3TOro NosA NUTAeT aTOMbl BELLEeCTB
sHeprven, HeobxoAMMOM ANA WX CYW,ECTBOBAHWA, HAaNpUMep, KaK AB/MIeHWME MNOrNOLEeHUA cBeTa
BELLECTBOM. BepoATHO, 415 aTOMOB «LUIYM» CBETOBOM BO/IHbI NOA06EH LYMY A0XKAA.

BHyTpu ntobbix BUXpen Bceraa TeYET TOK. B 3aMKHYTOM KOHType — MOCTOAHHbIA CO CBOMM
WHAMBUAYANbHBIM KLYMOMY», @ MO PA30OMKHYTOMY KOHTYpYy TEYET TOK MepeMeHHbIN, KaK UCTOYHUK
nsanyyeHuma. O6bIYHO, 3aMKHYTbI KOHTYpP (BMXpA) — 3TO MArHWTHbIA AUNONb, @ PA3OMKHYTbIA —
3NEKTPUYECKMIA ANNONb. A «LUYM» — 3TO, KaK NPMU3HAK PaboTbl UICTOYHMKOB U31y4eHUIA. Mbl 3Haem, YTo
KPYroBOM 3/1eKTPUYECKUI TOK BCErAa Bbi3bIBAET OCEBON MAarHUTHbIN MOMEHT, TO €CTb, OCb MarHUTHOrO
NnonA ABNAETCA OCbo BpaLLEeHMA ero Toka (cm. Puc. 48).

Puc. 48 Ocb MarHMTHOro NosA M BpaweHna Toka. Puc. 49 CeeT npoxoauT yepes KpucTanan.

BosHY MOMHO NpeAcTaBuUTb, KaK 3CTadeTHyro nepefady BO3OYXKAEHUA BAONb LEMOYKM
OAHOPOAHbIX (BMAOBbIX) YacTUL, B CpeAe pPacnpoOCTPaHEHWs, KOTOopble AO0CTaTOYHO 64M3KO
Pacrno/ioXKeHbl U CBA3aHbI MeXay cobol B3aMMOAENCTBUAMM, NO3BONAOWMMN NEPeSaBaTb SHEPTUIO
onpeaenéHHon BeNNYMHbI BO3AENCTBMA OT OAHOM YacTUubl K APYroh B eAUHOM puUTMe. 3Ha4yum,
«WymM» sce20a_cornymcmayem 3/1eKmpoMa2HUMHbLIM _U3ay4YeHUsaM. NoHumas, 4To ntobble cobbiTmA
MMEIOT CBOE «MMA», KaK 3BYKOBOE COMPOBOXKAEHNE, U Ntobasa nHaa MHPopmaLmsa B CONOCTABIEHUM C
HMUM OCO3HAETCA M ONpPeaensaeTcsa Kak «3BYK», OTPaXKEHHbIN B NamATK Ntobon dopmbl maTepum, To eé
060CTPEHHOCTb pacno3HaBaHMA (BOCNPUATUA) BO3PACTaeT MHOFOKPATHO. 38YK — 3mo KosnebaHus
8036YHOEHHbIX 3/1eKMpPoMacHUMHbIX nosel ynpyeol cpedbl npocmpaHcmsd. Cpeabl OKPYMKeHUs,
KOTOpasa MO CyTU ABAAETCA KOMOWHAuMelW MHOMKecTBa YNNOTHEHMN MArHWUTHbIX CUOBbIX JINHUIA
pa3nnyHbIX GopM MaTepum, MO KOTOPbIM Mepenaétcs 3Heprua KosebaHuit (Bo3byKaeHu) ux
CTPYKTYPHbIX AMMNONEN O NONy4eHHON MHPOPMaLUM U3 BHELLHEN cpeabl. 38yK 8ce20a cornpogoxcdaem
KonebaHusa nbbix 3/1eKMPOMA2HUMHbIX Nosel KAk e20 «20710c». Mbl yxKe roBopuaM, 4YTO, KOraa B
3N1EeKTPOMArHMTHOM cpesie NPOCTPAHCTBA ABUMKETCA N060M MCTOYHUK 31EKTPOMArHUTHBIX KonebaHni
(cBeT, guMnonb, BUXPb, YacTMLA BeLLECTBA), TO €ro BOJIHbl HEMPEMEHHO KOHTAaKTUPYKT CO BCEMM
dopmamm e€ NAEHTUYHOM MaTePUM B 30HE CBOErO NOJIA SIHEPreTUYECKOM AOCTYNHOCTM, HapyLLas npwu
3TOM CW/I0BbIE IMHUM NONEW APYT ApYra. B To e Bpemsa, Koraa Mbl FOBOPUM O «KMBOM» CUCTEME, TO
3TO 3HAYMT OHA 3aNUTaHa IHEPrMen ABUKEHNA 3aPAL0B NN SNEKTPUYECKMM TOKOM, LIUPKYINPYHOLLMM
MO 3aMKHYTbIM JIMHUAM KOHKpPeTHON dopmbl Tena. HapyweHua (pa3pbiBbl) 3TUX IMHUN UCTOYAIOT U3
HWX 3/1eKTPOMArHUTHbIE UMMY/IbCbl TOM YACTOTbI (PUTMA), KOTOpasA ecTb BHYTPU cucTeMbl. CTPYKTYpHble
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€4MHULbl TaKOM CUCTEMbl OTC/IEXMBAIOT M 3aMOMUHAIOT 3NEKTPOMArHUTHOE OKPY)KEHME BHELLHEWN
cpeapl C  €ro  M3MeHeHuAMM, bnarogapa obwemy MPOUCXOKLEHUIO U YHUBEPCAJSIbHLIM
XapaKTepMCTUKaAM B3aMMOAENCTBUS.

Hanpumep, aneKkTpomarHuTHas BO/JIHA CBeTa, MPOXoAA 4yepe3 Kpuctann (nonagasa B Hero),
OCTaBNAET B HEM cfef, Bbl3blBaA 3/1EKTPOMArHUTHble KonebaHus. Bo3HMKAeT 3ByKOBaa BOJIHA Kak
MHbOPMALMA O MOABAEHUN BOJIHbI OT MCTOYHWKA 3Heprun. CocefHWe aTOMbl NOACTPAMBAIOT CBOE
NOJIOXKEHNE OTHOCUTE/IbHO IMHUIA MAarHUTHOTO MO/ BO/IHbI M 3TO UCKPUBAAET TPAEKTOPUIO MYTU CBETA.
B pesynbtaTe aToMbl KpUCTania HAauYMHAKOT CamMM M31y4aTb, MOTOMY YTO MX BOJIHbI MHTEpdepUupyroT
mexay cobol, NopoXKAAT BUXPU NONEN, BTATMBAA M 3aKPYy4YMBasA BOJIHY NAAAOLWLEro Ha KpUCTann
CBEeTa BHYTPb €ro, Kak 3Hepruto NUTaHma cobCTBEHHbIX aTOMOB BeLLLEeCTBa. TyT e B TO/LWM KpUCTanna
BO3HMKAET 3/IeKTPMYECKOEe MNOJie U BHYTPEHHee 3By4aHMEe ero CTPYKTypbl meHaeTca, dopmupyeTcs
HoBOoe MHOPMaLMOHHOE none. Pa8HO KaK BYK8bl (CuMB0s1bl 38YKO8) 8bICMPAUBAOM CMbIC/A MeKCcMda,
MAaK _U_amoMbl_KOHCMpPYUpyom cmpykmypy eeujecmea (Kpucmasnaa), hopmupys KaHaa rnepeda4yu
80/IHbI, _UAU__}e, KaxObll _amom seuwecmsa _umeem UHOUBUOYAabHbIU 38YK KAK _4acmomy
cobcmeeHHbIx KonebaHul. He noTpebnéHHasa (M3NULWHAA) 4YacTb CBETOBOW 3HEPruM BOJIHbI MPOXOANT
CKBO3b BELWLECTBO, TMOJIHOCTbIO CMOAY/IMPOBaHHAnA 3BYKOBOW BOJIHOM, o06pa3oBaHHOM OT
B3aMMOelcTBUi B ToJLLE BewlecTBa. Korga BoJsiHa BbIMAET U3 KpUCTanna, To oHa byaeT HecTn B cebe
BCIO MHGOPMALMIO O BHYTPEHHEM ero cTpoeHum (cm. Puc. 49).

Ha camom pgene BellecTBa ABAAIOTCA HEMNJOXMMMW Pe30HATOPaMM 3BYKa, C MOMOLLbIO KOTOPbIX
MOYHO BbI3blBaTb 3/IEKTPOMArHUTHble KonebaHuAa, Hanpumep, dopm matepun B pe3oHaHce. Nau
ynpaBAaTb NOCPEACTBOM 3BYKa MHOXKECTBOM ABNEHWUM, CBA3AHHbIX C 3/IEKTPUYECKMMM U MArHUTHbIMU
noNAMM, AUNONAMM, BUXPEBbIMM 06pa3oBaHMAMK U T. 4. TaK, HANpPUMep, TaKOW pAg, AEUCTBUN, KaK
3BYK (X10N0OK) — BUAMMOCTb (cBeT) — owyLeHuns (Tenno). 3HaunT, kaxcdaa gopma mamepuu (06vekm)
umeem cgoli_eduHbll _38yKosol pad (Habop) subpayul aHAA02UYHO UHOUBUOYAALHOMY CIEKMPY
KonebaHul kaudoz2o sewecmed. Torga 3NEeKTPOMArHWUTHbIE BOJIHbI  BMOJIHE  MOFYT CTaTb
paspywutenamm ¢opmbl (pacnag), a 3ByKoBble - BOCCTaHOBUTENAMM (CUHTE3). Koraa ¢ MomoLLbto OrHA
(nnasmbl) MOXKHO YyNpPaBAATb 3/IEKTPOMArHUTHBIMM BOIHAMU, @ Yepe3 3BYK — ABNEHUAMMU rpaBUTaLmm
(MarHeTM3mom) c MOMOLLbIO TOFO *Ke pe30oHaHca C BHYTPeHHeN BUbpaLmel CTPYKTyp maTepum obbekTa.

B wuTOre, Bnopy yTBEpPKAATb, UTO 38YKOBAA B60/JHA PABHO3HAYHA B80/AHE UHPOPMAUUU O
2padueHmax _3apsados (memnepamyp) 8 cpede MO HAMNPABAEHUIO NepemeLLeHUs BAONb CUNOBbIX
JIMHUI, KaK NOPOKAEHME 31EKTPOMArHMTHOM BOJIHbI, KOTOPas BCErAa CAEPKMBAETCA KaXKAbIM aTOMOM
Ha eé nyTM BHYTPWU BewecTBa. TO eCcTb, MP000sbHAA 38YKOBAA B0/IHA - eCMmb COCmasaarouas
npo00sabHOU 3/1eKMPOMA2HUMHOU 80/1Hbl, KOMOPAs OmM NOCMOSHHO20 KOHMAKMA C 4acmuuyamu
gewecmea oKpy#eHUsa u30aém uHOUsUOYasabHbIU «WyM» (38YK), KOMOPbIl MOXem onepexams eé e
cKopocmu _pacnpocmpaHeHus. CNoXHO NOBEPUTb, HO B UTOre 3BYK, KaK «ro/10C CBETa» MOKET ObiTb
BbllLEe €ro CKOPOCTW, ABNAACL MPOM3BOAHOM OT YHKUMW 3/1EKTPOMArHUTHOro nond. Pasymeertcs,
nobaa HeoAHOPOAHOCTb NAOTHOCTU (AedeKT) B BELLECTBE TOXKE ABAAETCA MCTOYHMKOM 3BYKa. 34eCb
3BYKOBasA BOJIHA €CTb pe3y/1bTaT Ten/J10BOro U3y4eHmna aTOMOB M MOJIEKY/ PA3/IMYHOIO CNEeKTPa YacToT
M HanpaB/ieHWN, KOTopble NOTPEBNAOT SHEPIUIO INEKTPUYECKOTO NONSA 3NEKTPOMArHUTHOM BOJIHbI
(cBeTa). B pe3ynbTtaTte, HapyLIAeTCcs LLeNIOCTHOCTb CUI0BbIX IMHUIN CAMOWM BOJIHbI (KOHLLbI TAKMX IMHUIA
BCErga M3/iy4atoT) U BblAeNAeTca TEN/I0Ban SHeprus.

Be3ycnoBHO, BCS MHPOPMAUUA M3BHE BOCMPUHUMAETCA YE€/I0BEKOM Yepes 3/IEKTPOMArHUTHOE
nsnydyeHue (Kak m noboit opmoin matepun) orpaHMYEHHOTo Anana3oHa 4acToT. Mbl oLlyLaem TONbKO
YacTb peanbHOro MWpa, KOTOpPaAa YNaBAMBAETCA HAWWMMWM  YyBCTBEHHbIMW  OpraHamu C
XapPaKTepPUCTUKAMM HaLero CO3HaHWA, OTBEYALWMMM MNOTPebHOCTM Hawen namatn, npu eé
COXPAHEHUN 1 Pa3BUTUMK. TO ecTb, Nt0OOM peanbHbIi 06BbEKT BOCNIPUHMMAETCA ABONCTBEHHO, B BUAE
obpasa Ha yganeHunm u aetanbHoOM ero nNpopaboTKM BHYTpU ceba, Koraa dopma maTepumn CAyKUT
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OCHOBOW YyBCTBUTE/IbHOCTU U M3OMpaTENbHOCTU. BO3HMKLIAA «MbIC/Ib» OT KOHTakKTa C 0b6bekTom
HENpPemMeHHO CpPaBHWBAETCA C MNOJIYYeHHON paHee W COXPaHEHHOW B COOCTBEHHOM NamATH
nHbopmaumerr o Hém. B npupoae Bcé HaxoauUTCA B cucTeMe MPUYMHHO-CNEeACTBEHHOW CBA3U M
obnagaet cBOMM GYHKLMOHAIbHbIM Ha3Ha4YeHMEM B €AMHOM 3/1eKTPOMArHMTHOM MoJie NPOCTPAHCTBA.
Ha Bcex ypoBHAX 3apOXKAEHWA, POCTa WU Pas3BUTMA 3BOMOLUMM POPM KU3HWU CyLLECTBYET CBOM
CUHXPOHHbIN PUTM PEryInpyemoro CMHTe3a 1 pacnaaa, TBOPeHUA 1 pacTBOpPeHMA - BCE NPOCTPaHCTBO
NMPOHM3AHO XM3HbIO OT 3/1IEMEHTapPHbIX YacTul, A0 u3nydyeHuit. Hanpumep, Boaopoa ecTb UCTOYHUK
yncto aHeprun. MoneKkyna aentepua — 3TO MHAMBMAYaNbHAA CTPYKTypa C NamATblO HEUTPOHa,
KOTOPbI ynpaBaseT pecypcaMun 3Heprum Bogopoaa, ero B3anmoaencrsmem ¢ nsnydeHmamm. M, ecnu
3/IEKTPUYECKNI TOK B CTPYKTYpPE /1060 MaTepmMmM COCTOUT U3 SHEPTUN ABUKEHUS MHOXKECTBA 3apsaa0B
(annonei), Kak MHOXeCTBA NoOC/NeA0BaTE/IbHO CAeAyoWMX APYr 33 APYrOM 3/1eMEHTapPHbIX BUXPEN,
KoTopble 06begMHEHbl eANHBIMU B3aUMOAENCTBUAMM CUNOBBIX IMHUIN B CUCTEMY NPUEMaA-Nepesaun
MHboOpmauuM wn T. 4., Torga 3TW 3apadbl HepasAeNMMbl U COCTaBAAT OAMH (PYHKUMOHANbHbIN
opraHu3am. 3HauuT, delimepuli A8aA9emMCA_U30MONOM, OP2AHU3YIOUWUM «HU3Hb». KaxKabl pa3 npu
nobaBneHun aentepuss B CTPYKTYPY HOBOro AZpa aTtoma XMMWUYECKOrOo 3/IeMEHTa MPoUCXoauT
M3MEHEHME ero CBOMCTB, TaK KaK YyBe/lMYMBaAeTcA AJIMHa paboyeirt BOAHbI WAM  AANbHOCTb
B3aumogeiictaus (cm. puc. 50). To ecTb, *KMBOK CBET NPOCTPaHCTBa NpeobpasyeTtca B GpOPMbl *KUBOTO
BeLLEeCTBa C MarHUTHbIMM CBOMCTBAMU, B CTPYKTYpbl BMONOrMYecKoM Npupoabl. 3HaUuUT, ceolicmea ecex
Husbix cyuecms (1106020 06vekma) Haxo0amcsa 8 nepuoduyecKoli 3a8UCUMOCMU OM CMPYKMYpPHOU
0p2aHU3AYUU_POPMbI_Namamu_(Ma2HUMHO20 1075). 3a BPeMs CBOEW MKU3HWU KarKaoe CyLLecTBO
M3ny4YaeT B NPOCTPAHCTBO NOAA NAaHeTbl becyncneHHoe MHOXKECTBO CBOMX Konuin, 6aarogaps

Puc. 50 Cxema o6pa3oBaHua Gopm maTepumn cpeapl U3 CUHXPOHU3ALUM ABUKEHMA 3aPAL0B U NOSEN.

0bpaTMmocTM CBOEN AMMOAbHOMN CTPYKTYpbl - ObITb MPUHMMAIOWEN U Nepeaatollen cucrtemon. B
KOCMOCE BOJIHbl BUOPOCUCTEM TaNlaKTUK «KOJIbILWYT» BCE 3BE3AHOE MPOCTPAHCTBO BMECTE CO BCEMMU
KOCMUYECKMMU 06BEKTAMM B HUX, Bbi3blBAsi UX OTBETHYH PEAKUMIO B ABUKEHUU U CUHXPOHU3IUPYIOT
eé. CUHXPOHM3MNPYHOLMM YCTPOMUCTBOM B NPUPOAE ABAAETCA NONAAPHOCTb MarHUTHOIo nNondA. BeposTHo,
HacTyn/jeHne HOBOM 3MNOXM, B HalleM €& NMOHMMAHWUK, 3aKN0YaAeTCA He TONIbKO B CMeHe MONAPHOCTH
BHELUHEro nons, HoO U OPUEHTUPOBAHHOCTM HA CO3BE3AMA B NMYTU CNef0BaHMA, HanpMmep, NaaHeTbl No
cBoel opbuTe, B TOM Ynce Ha 3BE3Abl, FaNaKTUKN U AaXKe OTHOCUTENIbHO COOCTBEHHOM OCU BPaLLEHUS.

3. Hocrpoel-me d)Oprl matepun € 3ag4dHHbIMU CBOMCTBaMU B ANEKTPOMArHUTHbIX NOAAX.
TexHONOrnA BOCCTaHOBNEHUA ﬂOBpe)KAéHHbIX XUBbIX K/1ETOK.

185



BONbLWMHCTBO KNETOK TeNa YesioBeKka NOAHOCTbIO 06HOBAsAETCA 6e3 noTepn GYHKUMOHAIbHOCTU
N HapyLleHMa noBeAeHUA NPaKTUYECKN 3a O4MH roa. To ecTb, TeN0 CTapeeT OT UCXOAHOIO COCTOAHMUS,
HO PacTéT M NOCToAHHO obHoBAAeTcA. Toraa, peasbHO M NPOA/IUTL KU3Hb Ye/IOBEKA HA KaKoM-To
3HAUYMTEIbHbIN NPOMEKYTOK BPEMEHU?

MpencTaBUMm, YTO CyLLecTBYeT NpPUbop, KOTOPbIM CNOCOBEH 3NEKTPOMArHUTHBIMM MMMY/IbCaMU
MaKCMMaNbHO KaYeCTBEHHO CKaHMPOBaTb MHbOPMaUMLO (BMAEOD, 3BYK, YbTpaduMoneT, nasep U T. A4.) C
Kaxkaom 13 254 TMnoB KNeTOK Ye/I0BEYECKOTro OpraHM3ma B KOHKPETHbIN Nepuos BpeMeHU, Hanpumep,
B 18 net, Korga Teno eweé 340poBoe U CUAbHOE (KaK 3anucb apxusa). /Inbo c ero 6aukaliwero
3[10pOBOr0 POACTBEHHMKA. B ganbHeillwem no HeobXxoAMMOCTW, BCHO MONYYEHHYIO MHPOpPMaLUIO
npubop B onpeaenéHHbIX yCA0BUAX TPAHCANPYET (06/1y4aeT) Ha 3TO }Ke, HO YKe NoXKuaoe nnmn 6onbHoe
TeNI0 Ye/loBEKA B TEYEHME KAKOro-TO MPOMeXKyTKa BpeMeHW. He ncknroyeHa BO3MOXKHOCTb MOJIHOIO
NorpyeHusa B 3anNporpammupoBaHHOe, MHANBUAYANIbHOE, NCKYCCTBEHHOE 3/1EKTPOMArHUTHOE none.
OueBngHO, 4YTO BCe OOHOBAAIOLWMECA €CTECTBEHHBIM 06Pa3oM «MON0AbIE» KNETKKU, B TAKOM C/yyae,
6yayT «obyyaTbcA» (3ameLLaTbCa) yxKe Ucxoaa M3 HoBoM MHPOPMaLMKM B apXMBax NAMATU MArHUTHbIX
nonet knetok [AHK, ynpasndaembix npubopom. Kaxpgaa KneTka co CBOMM QYHKLUMOHANAOM -
HenocpeacTBeHHO OT boJsiee paHHel (340p0BOM) BUAOBOW BUOpaUMK, Yepe3 AOCTUNKEHME C HUMMU
CMHXPOHM3aUuKM (pe3oHaHca). A He OT cTapol - noBpeXxAaEHHOM BpemeHem MHpopmaumm AHK wms
6MBNMOTEKM NaMATU NpeablayLien, APAXA0N KNeTKM B TOYHOW eé Konunu. U Yenoseyeckuli op2aHu3m
nocmerneHHo 6ydem uU371e4usambCs, 8038PAULAACH K U3HAYA/AbHLIM _«PO008bIM» _Mapamempam
cucmemol. be3 scakux mabaemoK U _onepamusHbiX emeulamenscms. Yepesz pad makux _rnpouedyp
Yyes108eK _0y4um He MmosbKo MomMos100esulee_meso, HO U B8HO8b 0bpemém Hoesoe socrpusmue
gHewHel cpedbl, USMeHUMCcA e20 CO3HaHUe. TOYHO maKue xce Npeobpa3o8aHUA MOXCHO MPou3800UMb
C_8bIPAWUBAHUEM «MOYEK Pocma», Harnpumep, Co8epuieHHO HOB8biX MO0s100bix 3y608, 80/710C uau
0p2aHOo8 U3 cobcmeeHHbIX Knemok, 6e3 ux nepecadKku - npamMo 8 UcxoOHoM mesae 6016H020 (KaK

KQUCI'T)G/'I/'IOSZ.

Puc. 51 Cxema 3anmcu 1 TpaHCAALMU KOAUPOBAHHOWM MHOOPMALMKM Ha OBBEKT KOPPEKLUM.

HeT HW4Yero yaAMBUTENbHOrO B TOM, YTO 3anWUCb BUAOBOM MHPOPMALUM U €ro TPAHCAALMIO HA
«OOBEKT KOPPEKLMU» MOXKHO MNPOU3BOAUTL YXKE CErOAHA Ha OObIYHbIX KayeCTBEHHbIX ObITOBbIX
HoCUTENAX U Yem Bo/sblle MCTOYHMKOB 06/1y4EHUS PA3/IMYHBIX CMEKTPOB, Tem nyywe (cm. Puc. 51).
[NnaBHOe B 3TOM fgefie — He AOXOAUTb A0 KPAaMHOCTEN W He HaBpPeauTb rybutesbHbIMKU ANA KNEeTOK
naToreHHbIMM nosAaMKU. OYeHb Ba)KHO, YTOObI BO BCEX CUrHa/Max NPUCYTCTBOBAA MOJIHbIA MEPUOL
KonebaHUM BCex CTPYKTYPHbIX CUCTEM €4MHOro OpPraHM3ma Nnpu BO3MOXKHO MAKCMMaZbHON TULLIMHE
3aMUCU M MaKCMMaNbHOM OTCYTCTBMU «IUYMOB» M3BHe. [lOBTOpbl He MCKaxalT npouecc, a
NPOAO/IKUTENBHOCTL MpoLeAyp NPUBOAMUT K yAydleHUo pesynbtaToB. OyeHb 3ddeKTUBEH MeTos
NPAMOro TPaHCIMPOBAHMNA MMMYIbCOB YEPE3 «3TA/IOH» Ha «KOOBEKT», KOrAa MHOPMaALMA HaNPsAMYO
TPaHCAUPYETCA (3NEKTPOMArHUTHBIMM MONSIMM) B PEaNbHOM pPEeXMMe BPEMEHW C 340POBOroO
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opraHuama Ha 6onbHOM, Aarke 6e3 POACTBEHHbIX cBA3ei. HeBepoAaTHO, HO MexaHu3M paboTaeT ¢
NCNO/Nb30BaHMEM PACTEHWUI, PAacTBOPOB U T. A. be3gpedHocms u omcymcmeaue noboYHeix 3ghdhekmos
desngrom smy MemoOUKY He3aMeHUMOU rpu u3nevyeHuu U npoduaakmuke rnpexodespemeHH020
cmapeHua 106020 opeaHusma. [axe, ecnn 3¢ eKT CKaHMPOBAHUA NpoussBenéH He Ha Bce 100%, a
YaCTUYHO - pe3ynbTaT byAeT NONOKUTENbHBIM, HO HE MOHbIM.

Bcé peno B Tom, YTO MHOrOBEKOBAaA CMeHa MOKO/MIEHMI poAa Nto4en Ha 3emane U cama CMeHa
4yeNoBEYECKMX PaC, TOXKe NOoABEpPXKeHbl onpeaenéHHbIM pUTMam. Hanpumep, 3apoKaeHue HOBOro
BMAA Ye/I0BEKA NPOMCXOANT NPUMEPHO Yepes 26 TbiC. 1eT — 3TO OANH 304AMaKaNbHbIV rod, AN OAWH
BMTOK CNUPANbHOM TpaekTopum CONHEYHOWN CUCTEMbI B SKBAaTOPMAIbHOM NAOCKOCTU Halen ranakTUKn
MAeyHbIX NyTb NpU ABUKEHUU NO eé opbuTe. TONIbKO Nepuoabl PUTMOB OOHOBNAEHUA OT KAETKM A0
4yenoBEeYECKON pacbl 3HAYMTENbHO pasHATCA. Ho, BCE HOBOe BCerga COBEpLUEHHEW NpeablayLiero,
bbicTpee NyTb pa3BUTUA (YacToTa BMOpAUMI) B M3IMEHAOWMXCA YCNOBUAX MAAHETbI, KOTOPaA TOXe
3BOJIIOLMOHNPYET BMeECTe CO cBoel buocuctemon, Kak M notpebHocTb B H6onee coBeplieHHOM
yenoseke. [NoBeaeHYECKME B3aMMOOTHOLLIEHMA, KaK U CaM YPOBEHb BCAKOTO Pa3BUTUA, NPOUCTEKAIOT
OT PYHKLMOHANBbHOrO NpegHasHa4YeHUA ToM UAnM MHOW popMbl maTepuun. [Ina YenoBeKa, Hanpumep,
noboe TeopeTUyecKkoe MO3HAHWE BO3HMKaeT B npouecce obyyeHWss HA OCHOBE OMbiTa MPOLbIX
nokoneHui. EctecTBeHHO, 4TO TOrAa Teopua ans Hac obpeTaeT LEeHHOCTb TO/IbKO NOC/Ie MPaKTUYECKOro
BOMJIOLEHUNSA B }KM3HM, MOTOMY YTO YE/I0BEK NOCTOAHHO MOJIy4aeT OnbIT B3aMMOLENCTBUA C NPUPOAON.
TOYHO TaKue e «noBeAeHYECKNEe» HOPMbl PACNPOCTPaHEHbI MU Ha aTOMbI, U Ha MOJIEKY/Ibl, U Ha KNEeTKU
— Ha BC&, YTO HAaXoAMUTCA BOKPYT.

Bce anemeHTbl MaTepunM MMEKT 3HEPreTUYecKyr (AYyXOBHYH) CylHOCTb. Bcem wu3BecTHO
nspeyeHune: «bor ectb He pasym, HO MPMYMHA CYLLECTBOBAHMA pa3yma; He [yX, HO NPUYUHA
CyliecTBOBaHMA [lyxa; He CBET, HO NPUYMHA CYLLECTBOBAHMUA CBETA — BCE 3TO BMecTe 1 ecTb bor». U aTo
COBEpPLEHHO BEPHO, €C/IM MOHMMATb, YTO BCE 3TO U eCTb eAMHOEe NoJie XMBOro 31eKTPOMArHMTHOro
NPOCTPAHCTBA. MMMEHHO «KMBOro», MOTOMY YTO OHO MOABWMKHO, NU3MEHYMBO M NAOAOTBOPHO. Jlloam
3a4acTyl0 CaMW OrpaHW4YMBAOT COBCTBEHHOE MMPOBO33PEHME, 3arofAa MPUHMMAA Te UAU WHble
AONYWEHUs 3a UCTUMHY. oTomy 4TOo BCe BMOBPOCUCTEMBI, OT MUKPOMMPA AO CaMbIX OFPOMHbIX
CTPYKTYPHbIX POPM MAKpPOMMpPA, HUKOrAa He OblBalOT B COCTOAHWUWU YCTOMYMBOIO PaBHOBECUA, HO
BCErga v Besae CTPemATCA K HeMy Npu NtoObIX BHELWHMX YCNOBUAX. B 3TOM M ecTb CyTb NOCTOAHHOM
NnoTpebHOCTN B ABUMKEHWUW, MOABUMKHOCTM NtOObIX BUMOPOKOHTYpOB, gunoner u suxpen. U ator
KPYroBor LMK B3aMMOALENCTBMI BelLecTBa 0bpaTUM M 3aMKHYT, KaK ero coctosHuA: TBéppoe—
Xuakoe—razoobpasHoe—niasma (OroHb)—3n1eKTpoMarHutTHoe none. Mpu 3sToM pUTMbI MX BUBpaLmit
obbeaAnHAET BCEro Aga npouecca npeBpalleHua BellecTBa — Npsamoin (cuHTes dopm) M 0bpaTHbIN
(pacnapg, pacTBopeHMe) 40 UCXOAHbIX CTPYKTYP «HYNEBbIX» BUXPE MaTepumn NpoCcTpaHCTBa.

B ntobom cnyyae, mbl_C_8amMu _uccrnedyem OKpyxcarouwuli mup ¢ edUHCMEeHHOU uenbo —
Ucrnoanb308ams €20 803MOMCHOCMU U _pacuupumb c80€ 8aufgHUEe. PaBHO TaKoM e noaxon K
OKPYKEHUI0 abCcoNOTHO Y BCeX GOPM MaTepun - NO3HaBaTb M UCMONb30BaTb 3HAHUA AN OCBOEHUA BCE
6onblMx TeppuTopuMi NOAOOGHBIMW, BUAOBLIMW CTPYKTYPHbIMU MPOABAEHUAMW MaTepun. B
MHOroobpasHOM eMHCTBE NPOLBETAHWUA }KU3HU U €CTb CYyTb €€ BOSHUKHOBEHMA.

BeliecTBO B3aMMOZAENCTBYET C NONAMM, HECYLLMMM CUTHANbHYO MHbOpMaLmto. Toraa, B OCHoBe
BCEX COObITUI U ABNEHWUI BOKPYN Hac NEXUT YacToTa BUOpaLnit ¢ eé Nnepnoaom 1 AJAMHON BOJHbDI
(cekyHoa w caHTMMeTp), a amnautyga (pasmax) — ecTb NPOM3BOAHAA OT COOTBETCTBYHOLLErO
COOTHOLWEHMA A/MHbI BOJIHbI U BpeMeHU eé KonebaHui, Hanpumep, OT PE30HAHCHOro COCTOSAHMUA
BELL,EeCTBA M CUrHana nona. 3HaumT, MHPOPMALMOHHBLIA CMbICA BO3AEWCTBMA (B3aMmonencrema)
3a/10KeH B MOAYNALMUM 3EKTPOMArHUTHOTO CUTHANA KaK U3MEHEHUM BCeX ero napameTpos. imeHHO
nosToMy BHelwHAA dopma BelecTBa (3BoOUMA pocTa) byaeT pasHUTbLCA APYr OT Apyra B CTPOrown
3aBUCMMOCTM NapameTpoB KonebaHuit ot BpemeHu. O4eBMAHO, YTO M CUTrHaAbl MHOPMALUK
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pa3NIMYHbIX KoNebaHWi pa3naratoTca Ha OTAeNbHble FTAPMOHUKU. Pumm subpayuli (mevyeHue spemeHu)
coscemM He NoCMOSAHEH, a Mpouyecc #U3HU He ocmaHosums, OH Hascez20d. BeposmHo, 30ecb 3d
e0UHUYHbIU 3MasnoH CPasHEeHUS MOMHO MPUHAMb 4Yacmomy KonebaHul HaumeHbwel 4Yacmuybl
mamepuu — eé «Hys1e8020» 8UXPSA. YBEPEH, BCKOpe OHa byaeTt onpeaeneHa.

CnocobHocTb paclwennatb (pas3gensatb) CUrHaAbl MHPOPMALMKM NO3BOAAET CTPYKTYPHbIM
anemeHTam eguHon dopmbl  BewecTBa (CMCTEMbI) TFAapMOHMYHO  BOCAPUHUMATL UX WU
PYKOBOACTBOBATbCA MMM B CBOEM PasBUTMU TaK Ke, KaK B paHHeEM nepuoae WHANBUAYAbHOWM
3BOJIIOLMMN, KOTAA OHW CAMOCTOATE/IbHO BOCMPUHMUMAIN CUTHANbI U3BHE, Byayun oTaenbHOM popmoit
BHE A@aHHOM CUCTEMbI. 9TO M €CTb YC/I0BUE PALMOHAIbHOrO Pa3BUTUA CNOXKHbIX CTPYKTYP CMMBMO3a,
COCTOAILLMX M3 MHOMKECTBa WMHAMBUAYA/bHbIX aAanTUPOBaAHHbLIX K U3HWU B KOHKPETHOMW cuUcCTeme
anemeHToB. Cama _chopma o0bvbekma, 8He COMHeHul, Aendemcsa _mMepol 3HepP20UHpOPMAYUOHHO20
s83aumodelicmaus ¢ BHeWHel snekmpomazHUmMHol cpedoli, 20e eé pasmepbl CousMepUMbl C O0AUHAMU
80/1H_3/1eKMPOMA2HUMHbIX U3ay4eHull 8 cpede okpyxceHus. Ho, 4tobbl coxpaHATb camoro ceba u
nepuoamMyeckm BoCNpon3BoANTb CBOK Konuto, opma matepum A0JXKHA 061a4aTh «reHeTUYECKON»
namaTblo. B KoTopolt nporpamma (nsaH) eé NocTpoeHMa NOCTOAHHO OBHOBAIAETCA, KaK 3Ta/IoOH, U HU
0HO HOBOE M3MEHEeHMe (aencTBMe) He HAaYHETCA, MOKa He 3aBeplunTca npeabigyuiee. Kaxkaoe HoBoe
AencTBne npoucxoauT Mo NamaATM MPeablaylwero nyTém CPaBHEHUA M3MEHAOWMUXCA NapameTpoB
BHELHEeN cpeapbl C 3TAa/JIOHOM B apXxMBe MaMATW. ITaNOH KaK Obl MOCTOSSHHO COBEPLUEHCTBYETCA U
nepuoaMyeckn BoccTaHaB/IMBAET camoro cebs no ob6pasy n Nnogobuio Yepes ceputo CMEHALNX Apyr
Apyra NOKONEHUIN ero CTPYKTYPHbIX 3N1€MEHTOB.

To ecTb, Bce NpM3HaKK, CBOMCTBA U MHAMBUAYANbHOCTb B NpoLiecce pa3BuTus 1toboro opraHnMama
CO034al0TCA  B3aMMOJEWUCTBUAMM  «reHoTuna»  (HacneaCTBEHHOW  OCHOBbI  pasBUTMA) €
3/IEKTPOMArHUTHbIMK NONAMM (YCNOBUMAMU Pa3BUTUA) Cpeabl OKPyXKeHua. 3goswouus scex ¢opm
mamepuu___onpedensemcsd 8 _0OCHose _ cgoell  MoASpHOCMbI  MA2HUMHO20  (31eKMpoHHAs
HacbiuleHHocmb) 8HewHe2o e8o30elicmeus. WHaye roBopAa, Bce COObITMA B MNPOCTPAHCTBE
npegonpeneneHbl PUTMOM KONebaHUIM, KOTOPbIN NMOPOXKAAETCA Ha/MYMEeM ABYX Hayan: MarHUTHoe-
3NEeKTPUYECKOE, }KEHCKOE-MYKCKOe. MK, Kak 3/1eKTPUYECKUI AMMO/b SKBATOPA M MAarHUTHbIA AUMNOb
NONAPHOM OCKM, HanpaB/EHHble NepneHANKYNAAPHO APYr K APYry Tak, KaK OPMEHTMPOBAHbI BEKTOPa
3/IEKTPUYECKOTO U MarHUTHOro nosen. Torga B CTPOEHUU Kaxkaon Gopmbl maTepum Habnwogaercs
coyeTaHue 3TUX 060UX UCTOYHMKOB U3/TYy4EHNIM NOA0O6HO 0ObIYHOM 3N1EKTPOMArHUTHOM BOJIHE. B Takom
c/yyae, NPUHLUMMN MOCTPOEHUA BELLECTBA U U3Jly4eHUs B eAnHOW GOpMe MaTepum roBOpuUT O eé
3/IEKTPOMArHMTHOM  MPOUCXOXKAEHUWN, YTO ONAronpuATCTBYET MX SHEPronHGOPMaALMOHHOMY
B3aMmogencTemio. BHewHne 060/104kM Popm (06BEKTOB) B3aMMOAENCTBYIOT B 06LWen cpeae
OKPYXKEHUS, MHAYUMPYIOT TOKU KaKAabl CBOEM 4YacToTbl Apyr B Apyra. Toraa oHM Kak, K npumepy,
opraHuambl n0Ael noapepraotTcd MHOOPMALMOHHOMY BO3AEMCTBMIO OT APYrUX /ML, Kak M OT
[EepeBbEB, BOAbI, BO34yXa M T. A., @ Yepe3 COBOKYMHOCTb UX 3/IEKTPOMArHUTHbIX MOJIel — U OT BCEW
nnaHetbl, ConHua, 3B€34, KOCMOCA U T. 4.

Mony4yaeTcsa, YTO 8CE 83AUMOCBA3AHO 8 €0UHOM 3/1eKMPOMA2HUMHOM 10/1€e MPocmpaHcmaa, Ymo
HenpemeHHO mpebyem eO0uHO20 1/1aHA _CMPOoeHUa 8cex hopMm mamepuu, 4Ymobbl cymemb UM
CUHXPOHU3UP0B8amMbCs, 83aumodelicmays 8 HEM Ha e0UHbIX HA4Yaaax 31eKmpuyecmsa U Ma2Hemu3ma,
8 OCHOBE KOMOopbIX Aexcum 0urnosb - 0g8olicmeeHHocmb, obecre4yusaroulaa 803HUKHOBeHUEe pumma —
HUB020 KosriebamesibHO20 npouyecca.

M 31O BEPHO, MOTOMY, YTO HaZIMUNE ONpPeaenEHHOMN YAacTOTbl KoNebaHUM - ecTb eAUHbIN CTaHAAPT
N3MepeHuna, Nnpuemnemoln gna scex popm matepum. A cnocobHOCTb M31y4aTb U NPUHMMATbL — €CTb
YHUBEPCANbHbIN MHCTPYMEHT CO3MAaHMA Pa3HbiXx GOPM MaTepUM B TOYHOM 3epPKasIbHOM MUCMOSHEHUN
MHPOPMALMOHHBIX NONEN BHELWHEN cpeabl (KaK B UX oTparkeHnu). Kaxaana Takaa ¢opma He 4YTo MHOe,
KaK 3/1eKTpuYeckaa pe3oHaHCHas cuctema (MHPOpMAUMOHHOE coaeprkaHue), cnocobHas
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obpabatbiBaTb MHPOPMAUMIO M3 3/IEKTPOMArHUTHOrO MNoAnA cBoeir cpedbl 0b6MTaHMA. B KoTopoi
CYLLECTBYET 3/1€KTPONPOBOAHAA NAa3mMa UM «ras» B BUAE 3/1eKTPOHOB M MOHOB, BELLLECTBO KOTOPOro
13 cBOBOAHOI0 COCTOAHMA MOMKET NEPEXOAUTb B CTPYKTYPHbIe GOPMbI M3N1y4eHUI (ANN0AN), KaK MeHee
nAoTHble. Y nod sozdelicmeueM MA2HUMHbIX roael npespawiamse rnaa3my no3manHO 8 COCMosHuUe
2034, MOMOM HUOKOCMU U nomom meépdo20 mesad. Tak B eANHOM MarHMTHOM MoJie NPOCTPAHCTBA
KocMoca 0b6pa3sytoTca 3N1eMeHTapHble YacTULbl, U3 KOTOPbIX GOpMMPYeTca HEUTPOH. A MoseKyna
AenTepua — 3TO OPUTMHA/IbHAs CTPYKTYpa C NamATbHO HENTPOHAa, KOTOPbIN ynpaBAseT pecypcamu
3HepruM BoAopoaa, ero B3aumoaencTBMemM C U3Ily4eHMAMM, HanpuMep, B NAaHeTax, KoTopble ganee
nepenayT B a3y 3Be3abl M3-32 PAAMOAKTMBHDLIX NPOLLECCOB pacnaja eé BHeWHUX cnoés. BepoaTHo,
nogo6bHbIM 06pa3om 1 3apOXKAAOTCA HOBbIE 3/1IEMEHTbI Bew,ecTsa. Hanpumep, aneMeHTapHbIA BUXPb
NPU CNOXEHUM ABYX KOrepeHTHbIX KonebaHui BTArMBaeT (yBnekaeT) B CBOW cpeny (30HYy BAMAHMA)
3Hepruio (BewecTBo) U3BHE OKPYXKeHUA. B pesynbTaTte CMHXpOHM3aLMK BUOpaLMi B MAarHUTHOM none
cpeabl BblaenseTca naasma, Kak BHYTPEeHHAA 3Heprua oT pacnaja 3axBayeHHoOro o6véma Bel,ecTsa, U
dbopmumpyeTca TOT WMAM MHOW PUTM YXKe HOBOro KosebaTenbHOro npouecca B BuMAE HOBOWM
3/IEMEHTAPHOM YacTuULbl.

Kaxkpgas ¢dopma Tena norsiowaer B OCHOBHOM Te M3/ly4eHUs (MHTEHCUBHEE), KOoTopble cama
cnocobHa m3ny4yaTb. YeTbipe nonynepuoga KonebatenbHoro npouecca (aunons) obpasyioT oauH
nepuoj pocTa U pasBUTUA, KOTOPbIA onpeaenéH BpaleHUEM PACTYLLEro 31EMEHTA B CKPeLLEeHHbIX
NoNAX NPOCTPaAHCTBA. ABCONOTHO BCE «XKUBbIE» 3/IEMEHTbI O4E€Hb XOPOLLO pearupytoT Ha
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Puc. 52 N36upaTtenbHOCTb B3aUMOAENCTBUA GopmM MaTepum ¢ NONAMKU U3BHe /Inekmpocam.Py/.

3/IEKTPOMArHUTHble M3y4eHUs, KaKk coepy wux obuTaHua u oblweHua mexay cobon. Bces
nocnenoBaTe/IbHOCTb NULLLEBOM LEenoyku (paaa) Takux ¢opm (BelLecTsa UaM opraHM3ma) 3aBUCUT OT
TOYHOM NOCNeAOBATENbHOCTU MOCTPOEHUA ChekTpa obuwero AnA HUX 3HeproMHGOPMaLMOHHOrO
MCTOYHMKA n3nyyeHua, Hanpumep, ConHua. A pocT 1 pa3BUTHE XKU3HWM B3aMMOCBA3aHbI C NpeaebHOM
AJIMHOW BOJMIHbI B CTPYKTYpE CMEKTPA 3TOr0 M3/ly4eHWUA, Ha KOTOPbIA, BHE COMHEHWI, OKa3blBalOT
perynvpylowee BAUAHME CBOEN MOAYAALMEN U COCeAHMe 3BE3Abl, U LEHTP rafiakTUKKU, U NAAHETbI.
3HauuT, BMAOBOE OT/INYME, €€ M3MEHEHMe, onpeaenseTca n3bupaTeslbHOCTbIO B3aMMOLENCTBUA C
MHOFOYUCEHHBIMW BHELWHUMMU 3NEKTPOMArHUTHBIMUM MONAMMU B 3aBUCMMOCTM OT PaANOAKTUBHOCTU
ynoTpebnaemblix «KnBbiIMU» dopMamn onpeaenéHHbIX M30TOMOB, TO €CTb Kaxaaa ¢opma matepuu,
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Hanpumep, pacTeHWE KOHTAKTUPYeT C onpeaenéHHbIMM rapmMoHMKamuM U3 oblero curHana
B3aMMOAENCTBMA eAMHOr0 3NEKTPOMArHUMTHOro nons (cm. Puc. 52).

4. KakoBa e Npu4mnHa BpaleHua naaHeT? U B 4éM CyTb KTEXHOIOTMU» UX pocTa?

O6beanHeHVe B O4HOM LeNIOM ABYX OAMHAKOBbIX «NepnoaoBy» (Yacten) BOSIHbI, CABUHYTbIX NO
¢daze Ha 90°, 3a4a€T Hayano KonebaTeNIbHOMY MPOLLECCY PACKAYMBAHUA M HaKaYKM SHEPTUU U3BHE,
KOTOpble B UTOre CO34at0T BpaLleHue.

Hanpumep, aKTUBHOe 3apoxAaeHwe B deppomarHutHom agpe 3emnu (npu onpenenéHHbIX
TemnepaTypax) MHOXKecTBa o0b6nacTeit ¢ OAHOCTOPOHHENW HAMarHWYEeHHOCTblO, CO343ET 3hdekT
HaKauku (3abpoc onpeenéHHbIX LOMEHOB B A4P0) C BO34ENCTBUEM NEPEMEHHOIO MarHUTHOTO NoAA
cpeapl (3Heprumn mM3BHe). A NOCTOAHHOE MArHUTHOE NOJIE OKPYXKEHWA MPOCTPaAHCTBA pacnpeaenset
HaMarHuM4yeHHble AOMeHbl NO 06e CTOPOHbI (BIeBO-BNPaBO) OT 3KBATOpa (K mostocam) agunona agpa
(Kak rpaHuubl Bnoxa). To ecTb, NONAPU3YET X, YTOObI OHWM B3aUMOZENCTBOBA/IM C MPOTUBOMNO/IONKHbBIMM
NnoatoCamu, peryiapHoO BO34EMCTBYIOLLErO Ha HUX BHELWHEro MAarHUTHOMO NOS NPOCTPAHCTBa, 06pasya
(nocne packaunBaHMA) MOMEHT BpaLLEHUA Ha Nieve paanyca aapa. BosmorKHO, 4To nepemeHHoe nose
30eCb M3MEHSeT KO/MYeCTBO [AOMEHOB, OPWMEHTMPOBAHHbLIX K MOCTOAHHOMY MO/, HaKayMBas
KONMYeCTBO OAHOHAMNPaB/AEHHbIX MarHUTHbIX 4OMEHOB.

Torpa, «xHEBeCOMoOe» COCTOAHME BpaLLLEHUA BO3MOXKHO NpU OAHOBPEMEHHOM BO3AENCTBUM HA
TENO ABYX MArHUTHbIX NMOMIEN, CKpeLeHHbIX no4 yrnom 90° apyr K apyry. O4HO none — nepemMeHHoe, a
Apyroe — MOCTOAHHOe. [lepeMeHHOe nojie YBEAUMYMBAET YWUCNO HAMArHUYEHHbIX 3/1EMEHTOB
(KonmyecTBO CTPYKTYP NAamMATU) M HAKAYMBAET UX B CTPYKTYPHON Popme BpaLLeHUs, a NOCTOAHHOE —
nonapusyeT WX, pacnpegenas no nontcam. Teno BpalWeHMA CTaHOBMTCA 3adUMKCMPOBAHHbIM B
NPOCTPAHCTBE NOCTOAHHO M YCTOMYMBO OTHOCUTE/IbHO MCTOYHMKOB BHELWHEro noas, 6e3 BcAKMX onop.

Puc. 53 Cxema MarHUTHbIX nonew 3emnu. Puc. 54 PacnpegeneHune 3apa408 B NpOBOAHUKE.

Obuiee MarHUTHOE nosne Halewl NiaHeTbl — 3TO MarHUTHOE nosie camoi 3emnu (none AkopaA) nNarc
MarHMTHOE Mone KOJ/bLEeBOro TOKa B 3KBAaTOPMA/IbHOW NAOCKOCTU, €€ marHuTocdepbl (mone cratopa).
3HaAYUT 1N 3TO, YTO 3eM/IA — INEKTPUYECKMI ABUraTENb U FTeHepaTop NOCTOSHHOIO TOKa (cm. Puc. 53)?

dneKTpoOMarHuTHoe none obbeanHAET BCe Tela B OA4HY CUCTEMY MO MPU3HAKY UX POACTBEHHOIO
NPOUCXOXKAEHUA (COXpaHEHUE KOrepeHTHOCTK). Mbl yKe 3HaeMm, 4To tobas 31eKTPOMArHUTHAA BOJIHA,
B3aMMOZENCTBYA C BeL,eCcTBOM, GOpMUPYeT 3BYKOBYHD BOJIHY (KaK «ronoc CBeTa»), MPOXOAALLYHO
CKBO3b BellecTBo. lpucyTcTBME maTepuu BelwlecTBa B MeXXMNNaHeTHOM MPOCTPaHCTBe, Hanpumep,
CONHEeYHOM CUCTEMDI, CTPYKTYpUPYET eANHOe MarHMTHOe MnoJsie KOCMoca € pacnpeaeneHnem 4acTtoT
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BAO/1b NJIOCKOCTU IKAUNTUKM (7°15" K GPOHTY M3NyyeHUA 3Be34bl B IKBaTOpManbHOM 30He £30°). A Tak
KaK CBET — 3TO TOXKEe 3/IEKTPOMArHUTHOE N3/Ty4eHUe, TO ero pacceaHme - eCTb pPas3/oKeHne LeaoCTHOCTH
3TOro U3/ly4eHUA NO CNEKTPY, 33 CHET KOTOPOro B 06LEM M KBOCCTaHAB/IMBAKOTCA» aTOMbl XMMUYECKUX
3/1eMEHTOB BeLLeCTBa.

He yauBUTENbHO, YTO MIHOBEHHbIE PA3PYLIEHUA CUNOBbIX IMHUA MArHUTHOFO MOAA NAAHETbI
BbI3bIBAlOT HE TO/NIbKO MOABNEHME BCMbIWEK, HO M 3BYKa B AMana3oHe OT «MHdpa» A0 «runep».
O6bEMHbIe pa3pAabl CONPOBOXKAAOTCA YNAbTPAPMONETOBbIMU WU3/YYEHUAMM, KOTOPble CO34al0T B
noHocdepe (e€ 3neKTPMYECKOM MOo/e) NIaBMHbI NOTOKA 3/IEKTPOHOB, COOCTBEHHbIE MOAA KOTOPbIX
HEM3MEHHO BO3PACTAOT M BCE MOLLHEE MPOTUBOCTOAT 30HA/IbHOMY MO0 aTMocdepbl. Mpu HEKOTOPOM
KPUTUYECKOM 0OBbEME 3NEKTPOHOB B Cpeae 3aMycKatoTcA NpoLeccbl 06pa3oBaHMA BeWw,ecTBa MaTepum,
Hanpumep, KOCMUYeCcKon nblav, 60A1MA0B U T. 4., KOTOPble HENPEMEHHO OCeAatoT Ha NOBEPXHOCTb
3eMnn, MHOTAQ, B BUAE KAMEHHOTO A0XAA. [IOTOMY YTO 3TM NpoLeccbl NPUBOAAT K BOSHUKHOBEHWUIO
MWKPOBUXPEN, KOTOpble CTPEMMUTENbHO PA3pPacTaloTCA A0 TOPHAZO, 3aXBaTbiBasA Mblb TYYHEIOT, U
YCTPEMIAKOTCA K OTPULLATENIbHO 3apAMEHHOM Kope nJaHeTbl. 3ByKOBas M BO34YLIHAA BOJIHbI TaKUX
TOPHAA0 pa3pyLlatoT BCE Ha CBOEM NyTU. 3Ha4Yum, 601Udbl He MOALKO NPUAEMAM K HOM U3 KOCMOCQ,
HO U _0bpa3yrwmca 8 UOHOCepe MaaHemMsl _MOWHbLIM _3Hep2emuYeckum 8036yxcdeHuem.
dneKTpuyeckan uUckpa B atmocdepe (yrnepos) Bbi3biBaeT «KaMHW», nagatowime ¢ Heba — 3To U ecTb
NPUHUMN 06pa3soBaHMA KOCMWUYECKOW MblM (OCHOBA TEXHONOMMM MONYYEHUA WCKYCCTBEHHbIX
anma3oB). Hanpumep, WCKYCCTBEHHO MOAOrPeBas 3/EKTPOMArHUTHbIMU U3NYYEHUAMU MOHOCHEpY,
MOMHO aKTMBMPOBATb 06pa3oBaHne 6011a08B B 11060 NOKANbHOM 30HE MNOPAXKEHUA «KUBOWM CUAbIY.
BnonHe BepoATHO, 4TO U JlyHa obpasoBanacb M3 MblIM 3eMIN U OCKONKOB KOCMMYECKMX Tes, OHa

PacTET, KaK U cama nJjiaHeTa.

5. lto6as BoNHA — 3TO UISMEHEHUEe COCTOAHUA Cpeabl.

BonHoBoe konebaHume — ecTb NnpeobpasoBaHme B CaMol cpese 04HOro BUAA SHEPTUN B APYFOM U
06paTHO. Bo/IHbI — 3TO pacnpoCTpaHEeHUEe BO3MYLLEHWA, KOTOPOE COCTOMT U3 rpebHer W BhaguH,
YANOTHEHUI U PaspPAXKEHWUN, NO CYTU — U3 PA3HOMMEHHbIX obnacTei. Mone BONHOBOIO U3Ny4yeHUA
NPUCYTCTBYET BCIOAY KaK MepeTeKatowan akTMBHOCTb Cpeabl, a, r4e HeT pasaparkutenei, Tam none
HaxoAuTCA B OTHOCUTENbHO MHEPTHOM (HEMTPANbHOM) SHEPTreTUYECKOM COCTOAHUM. 3HAYUT, M 3apas,
BO3HMKAeT TO/MIbKO B BO3OYKAEHHOM cpeae, M CKOPOCTb PACMpPOCTPAHEHMA CBETa eCTb CKOPOCTb
pacnpocTpaHeHUsa BO3MyLLEeHUIM nona. Toraa, v Bce YacTuLbl BELLECTBA TOXKE MOXHO OnNpenennTb, Kak
ANHaMUWYHOE JIOKa/lbHOEe COCTOAHME NoAA.

Ho He Hago 3abbiBaTb, YTO ABUMKEHME BONH B Cpefe npeacrtaBnser cobolt He TONbKO
BO3MYLLEHWNE, HO M COMPOBOXKAAETCA ABOMUCTBEHHOCTLIO BO/IH Ae bponna. K npumepy, marHMTHoe none
MOKET C0343BaTbCA NPU ABUMKEHUMN 3aPAL0OB UM MAarHUTHbIMWU MOMEHTAMM BPALLAIOLLMXCA YacTUL,
Yem 6onblie 3apsag YacTvu, TEM Bblle NAOTHOCTb MX CU/IOBbIX JIMHUW, KOTOpble B3aMMOLENCTBYA
Mexay coboi, co3natoT pasnyHble CTPYKTYpbl U dopmbl maTepuun. To ecTb, ntobble aBuMKyLLmeca
3apAabl ABNAKTCA WMCTOYHMKAMWU 3/1EKTPOMArHUTHbIX nonen. Ho He cyliecTByeT 3/1eKTPUYECKUX
3apAagoB 6e3 uactuy. W MmeHHO 3apAagbl onpefenAlT WMHTEHCUBHOCTb  3/1€6KTPOMArHUTHbIX
B3aMMOZENCTBUIN N NepeaatoTca OT O4HOrOo Tea K APpYyroMy, HO B3aMMOAENCTBYIOT OHU MeXKay cobol
TONIbKO 4epe3 3/eKTpuyeckne nonda. JiobonbITHO, HO 80 8Cex nNpo8OOHUKAX B8eCb 3apsAod

pacnpedensemca HA Ux nepugepuu, Mo e20 MOHKOMY C/1010 nogepxHocmu (cm. Puc. 54).

Kaxkabli 3apsag, B TOM 4YMC/Ie U B INEKTPOCTaTUKe, ABAAETCA BUXPEBbIM AWMNONEM, rAae
nepeTekaHue 3apaga K NPOTUBOMNOJIOKHOMY NOAIOCY HEMPEMEHHO NPOUCXOANT Yepes rpaHuLy baoxa.
B ctatMyeckom 3apsage (4actvue, aunone) AOMWMHMPOBAHWE CMMHA OAHOrO 3apAga Hag, APYrym
BbI3blBAaE€T BUXPEBOE NOJE aHANOMMYHOIO HanpPaBAeHMA BpaLeHMA. Taknue BUXPU, UCNOJIb3yA CBOMCTBA
3NEeKTPUYEeCTBa U MarHeTU3Ma, He TO/IbKO B3aMMOAEMNCTBYIOT MeXay coboi, HO U, NO3ULMOHUPYIOT
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CBOI OPMEHTALUIO U ABUMKEHWUE B NMPOCTPAHCTBE, NPUTATMBAIOT UKW OTTA/IKMBAKOT Apyrue 3apsaapl. To
€CTb, 3apA0bl - 3Mo_suxpesble _06Pa308aAHUA 3/1eKMPUYECKUX U _MA2HUMHbIX roael, Komopble 8
COBOKYNMHOCMU_A8aAtomcs_0unosaamu, obpasyoWmMmmca U3 pPasIMYHON MNAOTHOCTU BO3MYLLEHUIA —
BMXPEWN 3/N1EeKTPOMArHUTHbIX Noseii coOBCTBEHHOM Cpebl OKPYXKEHUA, KOTopble NpU onpeaenéHHbIX
CNEKTPax U3y4eHUN BbICTPAMBaAOT CTabU/IbHbIE COCTOSIHMA CTPYKTYP B BUAE 3/1eMEHTAPHbIX YacTul,
3HauMT, KaXKAOEe 3/IeKTPOMArHUTHoOe MNoje B pes3y/ibTaTe CBOEro BO3MYLLEHMSA MOXeT obpasoBaTb
COBEPLUEHHO pa3Hble MO pUTMaM KosiebaTesNbHble KOHTYypbl, WCMONb3yA 3HEPrU0 OLHOT0 MU
HECKO/IbKUX 3/IEKTPOMArHUTHbIX NOMEN B NPOCTPAHCTBE OKPYXeHUA. B pesynbtate B3anmoaemncremns
TAaKMX pPas3/IMYHbIX MO MapameTpam KOHTYpoB (CMCTEM), C UX HEU3MEHHbIMW CBOMCTBAMMU
KOTTAJIKMBAHUAY WUAN «NPUBAUKEHMA», MPOUCXOAUT MOCTPOEHUE 60Nee CNOXKHbIX CTPYKTYp U3
3N1eMeHTapPHbIX YacTUL, B BUAE 3/IEKTPOHOB, MPOTOHOB, aTOMOB, MONIEKY U T. A. Mpy 3TOM, B3aumMHoe
CUN0BOE BO3AENCTBUE UX APYT Ha Apyra Tem 60/blie, YeM MEHbLLE MEKAY HUMU paccTosiHME. BansaHua
9NEKTPUYECKMX U NEPrneHAMKYNAPHbIX MM MarHUTHbIX MONEeN 3apAaaoB, B3aMMHbIMU PeakuMaMU
OTTaNKUBAHMA UM NPUBAUNKEHUA APYr Ha Apyra, NPUBOAAT K «BEYHbIMY» ABUMKEHUAM BpalleHuA
BOKPYr CBOMX OCEi MX HOCUTENEN U CO34aHMUI0 HOBbIX, 6ONEe CNOMKHbIX CTPYKTYP MaTepun. dHeprus
Ana 3toro 6epétcA U3 INEeKTPOMArHUTHbLIX MOJIEM CamMOW cpedbl OKPYXKEHUs MPOCTPaHCTBa,
MHTEHCUBHOCTb BpallleHUA 3apaZ0B B KOTOPOM (NIOTHOCTL) onpeaenatoT NPoLEecchl ABEHUA CUHTE3]
nnn pacnaga. Tak o6pasyloTcs HOBble CTPYKTYpbl M GOPMbl MaTeEPUU, KOTrAa SHEPrus MOKeT
nepexoauTb U3 04HOM B APYryto, 06beANHATLCA MK pacnagaTbcs Nogob6HO pocTy 06bEMOB Tena.
BeckoHeuyHO 60/blLOE KOIMYECTBO BUXPEN AUNONEN B OKPYKEHUMN CO34aET 3pdeKT ynnoTHeHMA
cpeapbl, KOTOPbIA MHOrFOKpaTHO BoO3pacTaeT B pe3ynbTaTe 6ecymcneHHblX BO3OYXKAEHUN B HeW
3NEeKTPOMArHUTHbIX NOJIEl Pa3INUHbIX cnekTpoB. Cpeaa NnpupacTtaeT UHepUWen Ten, a 3HauuT

Puc. 55 [IsuxkeHune 3apaga B cpese. Puc. 56 AHanor B3auMmoaencTsma npocTpaHcTs. /qrizal.ru/

3Heprvemn, B TOM Ymcie BHOBb 06pa30BaHHbIX 3apAA0B YacTUL, U Tesl, CTAHOBUTCA YNPYron, cnocobHoM
MHTEHCUBHEE MOr/OWATb U PACNPOCTPAHATb BOJHbI Pa3/IMYHbIX MMMNYAbCOB. M3HayanbHO MaTepua
yBENYMBANACh NO HapacTatoLLeit. Yem cTaplie CTaHOBWUIACb 30HA NPOCTPAHCTBA, TeM OHa bbina bonee
ynpyras v NaoTHaA, UMena B CBOEW CTPYKType GOpMbl MaTepUn He TONbKO BCAKOW MAOTHOCTU, HO U
pPa3mMepoB, CKOPOCTEN U T. 4., MOTOMY YTO OHAa BCErga CTPEeMUTCA K YCPeAHEHUI0 SHEePrun Ha Bcel
TEPPUTOPUM NPOCTPAHCTBA.

O6bpasoBaBlumecsa B pe3y/nbTaTe KOHTAKTOB pPa3/IMYHbIX MPOCTPAHCTB 3PPeKTbl CkKaTua U
pacwmpeHuns, NopoLnUIM MHOXKECTBO rPaANEHTOB, KOTOPbIE U CO3aM NepBble BUXPU. BUuxpu, KoTopblie
YNJOTHAZINCb U B3aUMOZENCTBOBAIN MeXK Ay cObOoM, ncTopras AUMNoau v 3apsasbl Kak KonebatenbHble
KOHTYpPbl, KOTOpble CO BPpEMEHEM MPEBPALLANNCE B CTPYKTYPbl YacTUL, BelecTBa. M3nydyeHnsa Takux
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dopm co3gaBanm BONIHbI U 31EKTPOMArHUTHbIE NOA B CBOEM NPOCTPAHCTBE, BbICTPpanBasA MaTePUIO BO
BCEM eé MHOoroobpasuun. imnynbc MHpopmauum (MarHUTHOro nNons), Bo3by:Kaas 3NEeKTPOMarHUTHoe
nose cpeAabl, N0/y4an B HEM Pe30HAHCHbIM OTKAMK BUAOBbIX KOiebaHUI YacTuL, 3apoXKaas B HUX CBOKO
TOYHYIO KOMUIO (3Heprua cpedbl), KaK «TOYKYy pocTa» (NONHbIM nepuoa BOJIHbI), KOTOpas cama
HauMHanNa BO3OYyXKAaTb NPOCTPAHCTBO BCE Aasiblue W Aajiblie MO HanpaB/eHUI0 BEKTOpa ABUMKEHMUA
BONHbI. MaTepua cpeapbl nocne cobbiTMA, NPUHMMANA NPEXKHEE COCTOAHME, roTOBaA K o4yepenHoun
BOMIHE BO36YyKaeHuA (cm. Puc. 55). To ecmb, npu 0suxeHUU 3apsA0a 803MyuieHUe 105 803HUKAEM 8
mom_mecme, Kyoda nepemecmusics 3apad U O0OHOBPEeMEHHO Uc4e3zdem 8 MOM mecme, OomKyoa
nepemecmuscs, 0bpasya 8 nMPoCMpPaHCMBe MOKU (3/1eKMpU4ecKo20) CMeweHUs, Komopble Umerom
obpamHoe HanpassaeHUe 31eKmpuYyecko20 NomokKa. TOKU cMmeuweHus co30arm Ma2HUMHOE nosie.

OueBMAHO, YTO pa3nnyHble GOpPMbl MaTepUn - ecTb pasnyHblie Gopmbl 3HEpPrMn U o0bos1oUKa
(HenpemeHHO cBfizaHa ¢ QYHKUMOHANOM Tena). Hanpumep, NpU aHHUTUAALMM YaCTUL, MaTepusa He
YHUYTOXKAETCA, a NpeBpalaeTca B 3/1EKTPOMarHMTHoe u3nyyeHue. Kak Hem npocmpaHcmea 6e3
mamepuu, mak_Uu_Hem mamepuu 6e3 OsuxceHUs. B cpepe npocTpaHCTBA MarHMTHoe none
npeacTas/AT NOTOKM (Ntobble), rae pasHOCTb AaBneHui (3apaaos) obpasyeT aneKTpuyeckoe nosne, a
Pa3HOCTb MJIOTHOCTEM NPOCTPAHCTBA (CMMOBBLIX JIMHUA MArHUTHOIO MOJA) CO343aET rpaBUTaLUIO
(oTTankmBaHme). B npuHuune, nwobas 3n1eMeHTapHan 4YacTuua — 3TO Pas/iMyHble BO3OYXKAEHHbIE
COCTOAHMA 3NEKTPOMArHUTHbIX MOJIel cpedbl OKPY)KaloWero npoCTPaHCTBA. ITO MOXOXKe Ha
pa3pacTaHue rpnbHuubl. ObpasyeTca eanHOE 31EKTPOMArHUTHOE MoJie, Koraa, Konebnscb, BO/HbI B
camoW cpege nepeKkayMBaloT IHEPrui O4HOro BMAA B APYron M 06PaTHO. 3HAUYMUT, YacTULUbI TaKXKe
HeoTAeNMMbl OT BOJIHOBOM cpeabl NoMen, KaK 3apadbl HEOTAENMMbI OT YacTul,. M HocuTenammn nobbix
4acTuL, NN TeN ABNSIOTCA SINEKTPUYECKME, MarHUTHbIE UM SNEKTPOMArHMUTHbIE NOAA C UX BONTHOBbIMMU
cBolicTBaMu. To20a 0oaxcHbl bbimb U Yacmuuybl, €80UCMBA KOMOPbIX 10380/4510M UM Mpoxodums
CK803b Moy cpedsl nonell, He 3a0epHuUBaach 8 UX «0bbamMuAx» Had0s20?

Jloboit 0OBEKT OKpYXKatoT BO3OYKAEHUS cpedbl, KaK «TymMaH» Mnaasmbl, CBOOOAHbLIX YacTul,
(3apsmoB) M HeT YETKOM rpaHn Mexay BelLeCTBOM M MOMEM, a eCTb COCTOAHME B BUAE NepexonHoun
«XO/IOAHOM» MNAa3mbl. BlaumogencTeme mexkay naasmon U UsnydyeHuAamM (Nonsmu), Kak u meskay
BELLECTBOM U U3NYYEHUAMM, HA YPOBHE KOHTAKTA M/IOTHbIX 3/IEKTPOMArHUTHbIX nosel (¢ 6onblion
SHepruen) - ecTb OAHO M TO Xe B3auMmogelicteue. bonblive dopmbl maTepum He MOryT

HEenocpeacTBEHHO «CBA3bIBATLCA» C MeHee NAOTHbIMKU (rasonogobHbiMKu) nonsmu. Ho oHu
B3aMMOZEMNCTBYIOT C KUAKUMM U TBEPAbIMU GOPMaMM, KaK YNJIOTHEHUSAMMU TEX Ke BO3MYLLEHMUI
3N1EKTPOMArHUTHbIX MOJiel, HO Yyepes3 ra3oobpasHyo nNnasmy cpegbl OKpPYy:KeHuA. 3Hayum, awbyro,
Hanpumep, MNPUHAMYK paouoB0sHY, KAK _3/EKMPOMA2HUMHYI, MOXYCHO _npeobpa3osams 8
2/1eKMPUYECKYIO IHEep2uto. Y 3mo makx.

Ecan 3apsaabl aneKkTpuyecTsa He MOTYT CylLecTBoBaTb 6e3 4yacTuu, matepum (B TOM umucie u
BO3HMKAOLWMX M3 B3aMMOAEWUCTBMA Pas/INUHbIX 3NEKTPOMArHUTHbIX BOJIH), TO NPW KOHTaKTax WX
COBCTBEHHbIX 3/IEKTPUYECKMX W  MarHMTHbIX MONEN C BHELWHMMU MONSMU MNPOCTPAHCTBA OHMU
npuobpeTatoT CNMH. Tem cambiM YCKOPASCb UK NOYYan 3apALbl NPaBOro UM NeBOro BpaLLeHUaA («+»
NN «-»), KOTOPbIE NPU NEPEMELLEHNAX NOL BHELLHMM BO34eNCTBMEM Cpeabl, DOPMUPYIOT PasiMyHble
CNOXHblE CTPYKTypbl, NM60 HAobOpPOT CTAaHOBATCA OAMHOYHbIMWU 3apAAaMMU  (31E€MEHTAPHbIMM
yactuuamm). Kotopblie B ABUMKEHUW MU MOKOE CO34at0T CU0BbIE IMHUN INEKTPUYECKOM U MarHUTHOM
MHOYKUMW BOKPYr ceba camux, 0b6beauHAACb B Pas/IMUHble 3/1IeKTPUYECKUE, MarHUTHble WAn
3N1E€KTPOMArHMTHbIE NOMA BCAKOWM MNIOTHOCTU U KOHUIypaL MM B NPOCTPAHCTBE OKpY»KeHuA. MoaobHo
€4MHOM CeTW, KaK HeMpOoHHan ceTb MU rpubHMLA, KoTopasa obbeanHAeT B e4MHOM MPOCTPAHCTBE
BceneHHOM BCe CTPYKTypbl M GOpPMbl MaTepumM B 06WMIA OpraHuM3m, KOTOpPbIA MNOCTOAHHO
YBE/IMUMBAETCA, MHOMKWUTCA W pacliMpseTcs Besae, rae NOSABAAETCA KBAHT 3/IEKTPUYECKOTo MM
MarHMTHOrO MNOTOKa. YTO-TO OYeHb MOXOXEee Ha eAuHYH CeTb 3SHepPromHeopMaLMOHHOro
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B3aMMOAENCTBMA MaTEPUU MEXKAY PasHbIMU MPOCTPAHCTBAMM KaK BHYTPU CUCTEMbI, TaK U MO
NOBEPXHOCTU CBOMX 060/104EK CHApYKM (CM. Puc. 56). BeposaTHO, KOprycKyiapHO-801HO8AS Meopus
dvanusma 0e-bpoling 8 makux cucmemax He pabomaem.

Al yTBEpXKAato, ecn eCcTb BOJIHA NoAsA (M31y4eHne), To eCTb U ero pesynbTaT - BO3MYyLLEHWe Noan
cpeabl NPOCTPAHCTBA, B KOTOPOM HECOMHEHHO NPUCYTCTBYIOT YacTULbl, CTPYKTYPa KOTOPbIX COCTOUT 13
MHOXeCTBa e€ BUXPEBbIX YN/IOTHEHUM, KaK eaMHas KapTMHA KOHTAaKTa MCTOYHUKOB BUOpaUMiA. 3HauuT,
Nobas KopnycKkyna obpasyetca npu nHTepdepeHUnmn AByx nnum 6onee nosemn, Kak nx obuian o60104Ka,
OT KO/IMYEeCTBa KOTOPbIX 3aBUCUT MJIOTHOCTb 3/1EKTPOMArHUTHOrO NOAA OKPYXXeHua. Yncno yactuu B
BO3OYXKAEHHOM cpefe BCeraa HenoCTOSHHO, MOTOMY YTO OA4HO BO3HMKAET M3 APYroro, Kak pesyabraT
KOHTAKTa pa3sHbIX BUXPEN. A MOmomy cHUMar, Ymo 8 Npupode He cyuiecmsyem 80/H08020 Oyaau3ma
de-bpolina. Ecmb _80/1HbI _Pa3HbIX aA0mHocmel 8 00HOM MPpOoCMpPpaHCMee, KAaK 80/1Hbl _pa3Hol
KAaccuguKauuu, K KOmopbiM MOXHO OMHeCcmuU U _4acmuubl KaK _pe3ysabmam ux e3aumodelicmeus.
MoTomy YTO 3Hepaus, 3aKA4YEHHAA 8 6ol hopme Mmamepuu — ecmob 3Hepaus e€ cCmpyKmypHbIx
suxpeli, KaK 3Hepaus 83aumooelicmeus ¢ 31eKMpPoMa2HUMHOU cpedoll OKpyHEHUS.

6. MIHAYKLUMOHHDI BUXpPEeBOM aBuUratesb Topa.

Bokpyr yactuy, cobCTBEHHOE MArHUTHOE MNOJIE MOXET BO3pacTaTb MPY B3aMMOAENCTBUM C
NOABMXXHbIMU 3apsafaMn U3BHe cpeabl. KaxKabli BUXPb, 3apoXKaanck M 0bpasya AMNoNb, HauMHaeT
pacTM M pa3BMBaTbCA, CO34aBasA pPas3nyHble GOPMbl U CTPYKTYpbl matepun. Mbl ¢ 8amu U _Haule
OKpyXeHue - ecmb cmeneHb pazseumus suxpel. Hanpumep, 06pa3oBaBLUMIACA BUXPb NOAyYaeT 3apAaa,
BO3HWKAET AMNO/b, KOTOPbIM B3aMMOAENCTBYET C OKPYKEHNEM M MULLET NoA06HbIe cebe CTPYKTYpbl Uan
Y4acTULbl, C KOTOPbIMM MOMKHO COENHATLCA MO NapameTpam Yepes UHCTPYMEHTbI SN1eKTPUYecTsa U

Puc. 57 «BuxpenpoBoabi» mexay obbekTamu. Puc. 58 Cxema BuxpeBoro aAsuratena topa.

MmarHeTMama. To ecTb, Kaxabl 4MNONb, Kak BUBPOKOHTYp, nwet cebe napy, ¢ KOTOPON MOXKHO BOWTU
B pe3oHaHc. MNonpobyiiTe coeAMHUTb MHOXECTBO MarHUTOB B OAUH CTEPKEHD, Y HErO BCE paBHO byaeT
OAVH KMIOC» U OAMH KMUHYC». ITO ByAEeT TaKOM *Ke MarHUT, CO CBOMMM MOJIKOCaMM, HO COCTOALLNMI M3
MHOKeCTBa eANHUYHbIX, ANCKPETHbLIX MAarHUTOB.

TaK e n BMXpM, nocae cBoero obpasoBaHMA HAXOAAT CBOM Napbl U GOPMUPYIOT NPU BHELLHEM
BO34,ENCTBUN €4UHbIN AIMHHBIN BUXPb (MU CTPYKTYPY), TOXKE COCTOALLMIA U3 MHOXKECTBA AUCKPETHbIX,
e4MHUYHbIX, KONbLEBbIX BUXpen. MoToMy YTO, NOABMBLUMICA B Cpene NpU BHELWHEM BO3AENCTBUM
Ma/IeHbKUI eAUHUYHDBIN «BUXPEK» YyNNOTHAETCA 6aaroaapa BHYTPEHHEMY Pa3pAKEHUIO U AaB/IEHUIO
cpeapbl CHapyXu, CAunaeTca C Apyrum, NofobHbIM POACTBEHHbIM BUXpem WM 06pasyeT Aunonb —
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WCTOYHUK 3N1EKTPOMArHUTHOro nons. KoTopbli, CTaNKMBAACb C UHbIMW AUNONAMU UAN U3NYYEHUAMM
yBE/NYMBAET - YMEHbLLAET CBOW 3apA4, B 3aBUCMMOCTM OT NapamMeTpoB KonebaHui, BbiCTpanBan CBOE
dopmoobpazoBaHMe MaTepun B CPeAe OKPYMKEHMA. 3HAUUT, KaxKabli AMNoAb (Y4acTuua) NOCTOAHHO
npuobpeTaeT - TepsAeT KBAHT 3HEPrUM 3/1eKTpMYecTBa M MarHeTM3ama, BCE Yallle CoeauHAACb B
MHOXEeCTBEHHbIe HUTeobpasHble, 3anyTaHHble, «TpybuaTtble» BMXpEBbIE CTPYKTYpbI
3NEeKTPOMArHUTHbIX BOJIH CaMbIX Pa3HbIX NpUuyanmnsbix popm. KoTopble yBENMUYMBAOTCA U U3NYYaALOT -
NPUHMMAIOT UMMNYNbCbl HABCTPEYY APYr APYrY, HAXOAAT APYr Apyra U B3aMMOENCTBYIOT, CO34aBan BCE
HOBbI€ M HOBblE BUXPEBbIE K MOCTUKM» KOHTAKTOB MexXay coboin. To ecmeb, 8CE 8 MUpe om poxOeHUA u
00 camo20 pacnada NOCMOAHHO KHAAAXUBAEM » C8A3U, MPUHUMAEM YC/108UA U pa3susaemcs. 3HauuT,
noaobHbIe CeTU BUMXPEBbLIX TPYOUYATbIX «COCYAUCTbIX CUCTEM» SNEKTPOMATrHUTHBIX BOJIH COBEPLUEHHO
pa3Ho0bpa3HbIX CNEKTPOB YacTOT U pa3mepoB MOryT bbiTb Be3ae B npocTpaHcTBe. C NOCTOAHHOMN U
MOHATHOM CBA3bIO — OT BUXPA K BMXPHO (BAONb OCU «COCYAOB») BHYTPU «CUNOBbIX NUHWIN» Monemn
3NEeKTPOMarHUTHOM ceTu npocTpaHcTea (cm. Puc. 57).

Bo3moOrKHO, B byayllem MOXKHO byaeT paccmaTpuBaTb Crocobbl TOYHOM nepesayn CUrHasioB
(3apagoB) M TpaHCNOPTUPOBAHUA pPa3/IMYHbIX GOPM OOBEKTOB M B MWKPO, U B MAKpOMUPE Ha
KOCMMYECKME PACCTOAHUSA C OKOJI0 CBETOBbIMM CKOPOCTAMM Yepes BE3AECYLLNE CETU KCUNOBbIX IMHNNY
3N1eKTPOMArHUTHbIX MOJel, rae HeT CONPOTUBNEHUN HU CKaTui, HWU casury. OyeBMAHO, YTO BCE
NPOCTPAHCTBO OMNYyTaHO NOAO6HbIMM AUHAMUYHBIMU KBUXPENPOBOOHbLIMUY» CETAMU B3aUMOAENCTBUA
MarHUTHbIX MNONEN pPas/INYHbIX YacTuL, W OOBEKTOB, KOTOPbIE, K COXANEHWUID, He BUAHbI
HEBOOPYMKEHHbIM /71a30M, HO WX BO3MOXHO ONPeAennUTb B PEHTreHOBCKUX Ay4vax. Buxpu
B3aMMOAEMNCTBMA KaK Obl BbITATMBAOT CBOM «X0OOTbI» B HAaNpaB/AeHUU APYr Apyra U COeAUHSIOTCA B
O[IHY ANMHHYI0, 06pa30BaBLUYIOCA «TPyby», KOTOpasa, TEMEPb Y¥Ke, COCTOUT U3 ISNEKTPUYECKUX U
MarHUTHbIX NONEN, B BUAE CUNOBbIX TNHUIA UHAYKUUM U HanNpsXKEHHOCTU. M BNoaHe npasaonoaobHo,
YTO BHYTPW HEE ABUXKETCA 3NEKTPOMArHMTHanA BOJIHA, KaK, Hanpumep, B ONTOBO/IOKHE, Tyaa U 06paTHO,
YTO W COCTaBASET 3aMKHYTbIM LIMKA nepuoaa konebaHma. Kak B3aumoaencrTeuns asyx Gopm matepum B
BMAE M M3Ny4yeHMa, U Npuéma - nepegadm uHbopmaumm. MmeHHo 3pecb cosgatotca 3ddeKTb
CBEPXMPOBOAMMOCTM, KOrga eAMHUYHbIE TOPbl eAMHUYHbIX BUXPEN eauMHOro Nnonaoro nNpoBOAHMKA
Pa3roHAKT MaTepPUIo NPU NOHUKEHHOM TeMnepaType ABAEHUN UMNN03MK 6e3 BCAKMX CONPOTUBAEHUN.
Takana eduHaA cemb «8UXPEnpPosooos» Mexdy 8cemu 4YacmuuamMu 8 MUKpomupe U 0bbekmamu 8
MaKpomMmupe noseonsdem 6e3 uckKameHuli Habawdame, HAnpumep, 8 KOCMOCE 3d MUsAUapObl
ceemosbix__nem _nwboe sasaeHue, _ucnyckarujee awbol _cnekmp usay4yeHul. [Mpu  3Tom,
«BUXPENPOBOAbI» N0HOIN YACTOTbI M MOLLLHOCTU NPOXOAAT CKBO3b APYr APYra, NepensieTatTcs, Kak u
PaANOBO/HbI, HO COBEPLLUEHHO He NPEnATCTBYOT B3aMMHOMY CYLLLEeCTBOBAHUIO B € AMHOM NPOCTPaHCTBE
6e3 UCKaXKeHWi, a HaobopOT, CNOCOBCTBYIOT CO3A4aHMNI0 BCE HOBbIX FPAANEHTOB, KAK MHCTPYMEHTOB AN1A
nogAeprkaHma cocTosHUA BanaHca sHepPrum mexay CUMMeTpUen n acuMMmeTpure.

MpencraBbTe, YTO Nt0b6as matepua cnocobHa BOCNPUHMMATb 3/1IEKTPOMArHUTHbIE CUTHasbI,
nocTynawmlime yepes Takme TpybyaTble BUXPEBblE CETU CUAOBbIX JIMHUN CUCTEMAMM, MOAOOHbIMM
¢doTopeuentopam  rnasa  (Konboukn,  TpybouyKM),  KOTOpble  BOCMPUHMMAOT  CBETOBbIE
3NEeKTPOMArHUTHblE BOJIHbI U TPAHCHOPMUPYIOT MX B 3puUTENbHbIN 06pa3 yepes BMOpaunn nonew.
OueBMAHO, YTO TOraa cxembl NPpUéma M 0b6paboTkn uHpopmaumm (KonebaHuit) MoryTt 6bITb CamMbiMmU
pa3HbIMK, HO OHKM ecTb y Bcex popmM maTepum OT Mana A0 BesiMKa B B6ecuymciieHHOM KOJINYecTBe,
Hanpumep, No aHaNOrMMK «A3blKa TaHLUEB» B OBLLEHNN NYEN.

YamBuTEeNbHO, HO Ntobble cyllecTBa C POACTBEHHbIM FEHOTUMMOM CNOCOBOHbI B3aMMOAENCTBOBATb
APYr C APYrom, UCNONb3yA 3/IEKTPOMArHUTHbIE MU3/YYEeHUs, Ha OFPOMHbIX PaccToaHMAX. Hanpumep,
6113Heubl, B pasnyke obwatoTcA Ha MeHTaNbHOM YPOBHE, M3/1y4aa BOJIHbI CBOMMW KaMepTOHaMM,
HaCTPaMBalOTCA, CUHXPOHM3IUPYIOTCA, PE3OHUPYIOT CBOMMW MNOASIMM M MNOJY4alOT B3aMMHO
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MHbOPMaLMIO, KOTOPanA BbiPaXKaeTcs UMM Kak pagoCcTb, oropyeHme, 6ecnoKoncTeo, cTpax U T. A. Korga
MO3r pearmpyeT Ha NnoaobHble «co0buweHUA» cybbeKTUBHO, PE30HAHCHbIMM BCM/IECKAMM YacToT.

3HaunT NM 3TO, YTO BCE BO BceneHHOM 3anonHeHO NONAMU B BUAE BUXPEBLIX, BOJIHOBbLIX
obpa3oBaHuii cpeabl, MX BECKOHEYHOrO MHOXKECTBa W Pas3IMYKUIA, YTO MO CYTU U CO34AET FMraHTCKUN
06BEM 3HEpPrMM B NPOCTPAHCTBE, €€ UCKNHUYUTENbHYIO NOABMMKHOCTb, TEKYYECTb M YNpPYyrocTb, Kak
pe3ynbTaT B3aMMOAENCTBMA 3/IEKTPMUYECTBA U MArHETM3Ma?

B Takom cnyyae, nonpobyem Mcnoib3oBaTh 3Ty CUCTEMY «OBLLEHMA» MaTePUK, Hanpumep, ans
TPAHCNOPTUPOBAHUA NEeKapCTBa B MUKPOMMPE OpraHM3ma YesloBeKa, WU NepemMeLleHuns
KOCMMWYECKOro Kopabna B MaKpomupe Hallel ranakTuku. PasBe He 3amaHuMBO c030amb
mopoudanbHblli anekmpomacHUMHbIU suxpesoli 0sueamerss, Komopbil He mpebyem 8 WMAMHOM
pexcume _pabomesl _Kako2o-nubo 3anaca _mornauea _soobuwie? [lomomy 4mo _KOHCMPpYyKUus
ommanKusdemcs _0m _BHeWHe20 npocmpaHcmed, e3aumodelicmeys ¢ _HUM _Yepe3 fAeneHus
Maz2Hemu3ma U snekmpu4yecmaa. YnpasnaeTca annapaT U3SMeHeHWeM HanpasaeHua U ocnabneHnem
NMOTOKa MMMY/IbCOB 3/IEKTPOMArHMTHOro nons. Mpouecc 3anyckaeTtcs oT 6OPTOBOMN 3/IEKTPOYCTaHOBKM
N, NPU OOCTUNKEHUN ABNEHUNA PE30HAHCHOTrO OTK/AMKA WUCTOYHUKOB M3BHE, NEPexoauT B PEXUM
OTKPbITOM BUXPEBOM CUCTEMbI, WU OTKIOYAETCA OT MUTAHUA. DHeprua HayMHaeT nocTynatb M3
3NEeKTPOMArHUTHbIX MO/t MNPOCTPAHCTBA OKpYy)KeHusa. O6pasyeTcid UCKYCCTBEHHbIM  BUXPb
3NEeKTPOMArHUTHOrO MoAA, KOTOPbIA CTabuansmpyetTca MarHUTHbIM NONEM MHOMECTBa OTAENbHbIX
KONbLIEBbIX KaTyLIEeK, Pacrno/IoXKEeHHbIX BAONb 06WEeNn ocum B BUAE YCEYEHHOro MOMOr0 KOHyca.
«OnepaTtop» ynpasnseT 06pa3oBaBLUMMCA B Cpeae OKPYKEeHMA NOTOKOM M1a3Mbl Yepes KOHCTPYKLMIO
eMHOro Topa, reHepupysa B HEM IBJIEHUS PE30HAHCHOTO BCMJIECKA YacTOT BUXPEN MEXKAY MHOXKEeCTBOM
€ro eZINHNYHbIX TOPOB U BHELIHUM 3/1€KTPOMArHUTHbIM noJsiem. B daHHom ycmpolicmee 0QUHOYHbIEe
BUXPU CMPYKMYPHbIX Mopos pabomarom KaK pa32oHHble 6710KU, YCKOPAA MOMOK, KOmopebili 8 umoze
c030aém obwuli mopoudanabHsili 8uxps msau _dsuzamens (cm. Puc. 58). B atom mexaHuM3me Bce
HaBMBKU KaTylUeK A0/KHbl BbiTb «MNAaHETAPHbIMUY» Ha KO/bLEBbIX MarHUTHbIX cepAedyHuKax. [na
Pa3NIMYHbIX 33434 3aMedNIeHns ABUMKEHUA, YNpaBJeHUs UAM OCTAaHOBKM NeTaTeNlbHOro annaparta c
NPUMEHEHWEM 3TOrO0 «U34ENNA» UCMONb3YyTCA 3bdEeKTbl CMEeHbl MOICOB BUXPEN U BpaLLeHUS
«AMCKOB» KPalHMX TOPOB BOKPYT OCU KOHCTPYKLMKU. TO ecTb, ABUraTe b ABASETCA «BUXPENPOBOAOMY,
yepes KOTOPbIA Pas3roHAITCS YNIOTHEHHbIE 3apsAabl BHELIHEN cpeabl, KOTOPbIe NpeaBapuTesibHO, A0
06bpa3oBaHMA BUXPS, MO3ULMOHUPYIOTCA KOFEPEHTHO B 30HE B/IUAHMA 3/1EKTPOMarHUTHOro nosa
YCTaHOBKM NOA, IeACTBMEM MarHMTHOTO NOJIA KaTylUeK TOpoB. M, yBnekaemble BA0/b IMHUI UHAYKLMU
TOpa, NepemMelLLaloT KOHCTPYKLIUIO B3aA, UK Bnepén, B 3aBUCUMOCTU OT HanpaB/ieHMA ero noss, Koraa
NOTOK 0bpa3oBaBLUECcs Naa3Mbl Cpeabl HanpaB/ieH BHYTPb UM Hapy»Ky KOHyca Kopnyca ABuraTens.

Takas __ ycmaHosKa _ crnocobHa _ repemewlameca  KaK __8Hympu _ 1t06bix  3aMKHYmMbIX
«8UXPEernpPoso008» € 02POMHbLIMU CKOPOCMAMU, MAK U 8 /toboli omKpbimoli cpede OKpYyHeHUS, yie

rnomeodsneHHee, MOMoMy Ymo 3mu cpedbl UMerm Co8epUWeHHO PAa3Hble nA0MHOCMU CUa08biX AUHUL
nosel. Yem sbiwe naomHocme, mem 8biuie CKOPOCMeb.

Taknm cnocobom MmoxKHO becnpenaTCTBEHHO KypcupoBaTb 6e3 0cobbix 3aTpaT (3anacos) sHeprum
mexay nobbimm obbekTamMmn (NaHeTaMmn) B KOCMOCEe Ha /itobble PaccTOAHUA C FMNEPCKOPOCTAMM
(6nmnskumn K ceetoBomn). Korga Kopabam-poboTbl KOHTAKTUPYHOT C MaTepuer NPOoCTPAHCTBA TOIbKO
yepes niasmy. [11a 3TOro BCEro TO HY*KHO NPOIOXKMUTb 3apaHee MapLpyT No peanbHO 0OHaPYKEHHbIM

«BUXPENPOBOAAMY, KaK TOHHENSAM, KOTOPbIE NOABUMKHbI, HO BCeraa cTabuibHbl B MPOCTPAHCTBE Kak No
HanpaB/AEHUIO, TaK M NO BHYTPEHHEN CUNE KTATU» BUXPA MArHUTHbIX Nosiei. To e camoe NpuMeHUMOo
M K MMKPOMMPY SN1EMEHTAPHbIX YaCTUL, aTOMOB U MosiekyA. MoaobHasa «ceTb AOCTaBKM» HE3aMEHMMA
NPY NeYEHNAX PA3NNYHbBIX BUPYCHbIX U BaKTepmnanbHbIx 3abonesaHni.

7. TexHonOrMN NpUMeEHeHUA MHGOPMaLUK, KCHATON» C 06BEKTOB, B MeauLUHe.
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Tenepb, Umea onpeaenéHHblie 3HaHUA 06 3NEKTPOMArHMUTHbLIX MOJAX, Mbl MOXEM YTBEPKAATb,
yto, Koz20a snwboli  «Habarwdamensby y4yacmeyem 8 s060M HAYYHOM 3IKCriepumeHme, OH
o0ba3amenbHbIM_06pa30M_8030elicmeyem HA _OKpyXaroujue e2o seuwecmed U noas_usayyeHusmu
ceoeli _buonoauveckoli «subpocucmemsi». Yepe3 o0bbiYHbIlU 832190 HA 06bekm ucciaedosaHul,
006bIYHYH NPOU3HEeCEHHYIO hpa3y uau daxce Abyr 3apodusuwyCA MblC/1b. ITO MOTYT ObITb OMbITbI €
ABNEHUAMMU UHTepdepeHLMN BONH, KBAHTOBOM 3aMyTaHHOCTbIO UK UHbIE, KOrga He Moxem bbimb U
pe4yu o yucmome npogedeHus 3KcnepumeHmos. NoTomMy, pe3ybTaTbl HEKOTOPbIX U3 HUX B3ATbl NOA,
COMHeHMe. MIMNynbCbl BUXPEBbIX 3/1EKTPOMArHUTHbIX BOJIH, MOCbIIAEMble Yepe3 CUCTEMbI a3 U
dbopmmpyemble roI0BHbIM MO3roM, BO36Y»KAalOT NPOCTPAHCTBO, OKa3blBalOT BHELLHEE BO3AENCTBME Ha
BMXPEBblE KonebaTeibHble CUCTEMbI Pa3/IMUYHbIX GOPM MaTEPUU OKPYIKEHMUA MUKPOMUPA, USMEHAIOT
NX CBOMCTBA U CTPYKTYpPY, CO34at0T HOBblE COEANHEHUA U BELLLECTBA, YCKOPAIOT - 3aMeANA0T NPOoLecchl
B cpeae BANSHUEM CBOEM 3Heprum u tHdopmaumm, MarHeETU3MOM U SNEKTPUYECTBOM.

To, Ymo ce200HA MPUHUMAIOmM 30 _MOPCUOHHbIE 018, MAKO8bIMU He A6adtomcs. ITO ecTb
Pa3/IMYHOM YaCTOTbl MAKETUPOBAHHbIE, B BUAE AMUCKPETHbIX 3HEProMHGOPMaLMOHHbIX MMMNYNbCOB,
BMXPEBbIE, MOAY/IMPOBAHHbIE, MHOTOCNOMHble 06pa30BaHMNA 3NEKTPOMArHUTHbIX MOJIel UCTOYHUKOB
(BubpocucTem) cpeabl, MarHUTHbIE NONA KOTOPbIX HecnpenATCTBEHHO CNOCOOHbI NPOHMKaTb Ha Ntobble
paccToAHMA («BUXPENnpoBoAbl» OAUH B Apyrom) (cm. Puc. 59). Bce oHM 06pasytoT BOJIHbI,

,/f o
»

Vo 5

Puc. 59 ®opmbl 31eKTPOMarHUTHbIX Nonen cpeabl. Puc. 60 Popmbl maTepunm 1 06/1aka MOHOB BOKPYT.

B3aMMO/ENCTBYIOLME C BELLECTBAMM U MONAAMU OKPYXKAIOLWIEro MPOCTPaHCTBA, C OECKOHEeYHOoM
NPOTAKEHHOCTbIO N aBTOHOMHOCTbIO MOAAEPKAHUA KONebaHUN CBOUX CTPYKTYPHbIX BUXPEN 3a CYET
SHEepruM M3BHE, KaK MarHetMsama, TaK W 3N1eKTpuyectsa. Torga BHe COMHEHWN, «Habawdamens»
cnocobeH mpaHcauposams UMIYsbCbl _80/H O0aM(e MbICAEHHO nNpedcmasafsa _peuweHue 3a0a4yu u
Heso/1bHO 6/1UAA _HA Ucxo0, ece20d u ee3de. Pesynbmam 3asucum aAuwb om naomHocmu _noqael
npocmpaHcmea. O4eBMAHO, YTO TaKOWN «HaboaaTenb» (MCTOYHUK) BbIAAET CTPOro MHAMBUAYAIbHbBIN
CNEKTP U3NYYEHUN (CMEKTP CTPYKTYPHbIX BELWLECTB ero ¢popMbl), MO KOTOPOMY €r0 MOXKHO HaxoAUTb B
NPOCTpaHCTBE (MOKa «XKMB») M ONpeaensiTb €ro MeCTOHaxoXaeHue, GYHKLMOHAN, COCTOsHUE,
napameTpbl U T. 4. MoToMy YTO ero noJsie BCeraa octasnseT «paHTOMbI» (cneabl, OTTUCKU) cBoel popmbl
MaTEPUM HE TO/NIbKO B MPOCTPAHCTBE, HO W Ha ¢oTorpaduax, Kak WUHANBUAYANbHbIA CMNEKTP
KOAMpPOBaHMA. ITO, BEPOATHO, OTHOCUTCA M K Bellam, K KOTOPbIM OH npuKkacanca. U, ecau
«baHTOMHas» nHbopMaUMA A0/KHA COXPaHATLCA Ha doTorpadusax U Bellax, TO BO3SMOMKHO CHATUE
3TOM MHPOpMaLMN N NepeHoC eé Ha Apyrne OObEeKTbl C LEe/blo KOPPEeKUMn HOBbIX dopm maTepum
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(apyrux nopgen) nnn BO3AEUCTBUA Ha UCTOYHMK 3TOro Ke daHToma 6onee paHHel MHPopmMaumen
CNEeKTpa ero CcobCTBEHHbIX W3Ny4YeHUH B Lenax, Hanpumep, omonoxeHua. CBoero poaa
MHAMBUAYANbHbIN 9NEKTPOMArHUTHbIN KOA, BHELWHEN LMKANYHOW FapMOHUKM U31y4eHui o cebe (npwm
B3aMmogencTamm). Torga, MOXKHO CMEN0 rOBOPUTb O KOAMPYEMbIX KaXKAblM UCTOYHMKOM BUBpoCcUCcTEM
BOJIHOBbIX W3/ly4EHUAX ISNEKTPOMArHUTHbIX MNOAen, 0OpasylLWmMX NO CYyTU CTPYKTYPbl BUXPEBbIX
MHOrOCNEeKTPanbHbIX KonebaTesbHbIX MNpPOLECCoB. ITUM MNONA CNocobHbl NPOHMKATb Be3ae
(be3bapbepHO), co3gasas noscioay B cpeae (b6narogaps CNMMHOBLIM CBOMCTBAM) «PENIMKALMOHHbIEY
KapTUHKM CTPYKTYPHbIX POPM CBOMX SUCKPETHBIX U3y4eHUI (bopm maTepum), Kak GaHTOMbI.

8. MonyueHue 3n1eKTPUYECKOro TOKA U3 3/1IeKTPOMArHUTHbIX Noseit cpeabl OKPYXKeHUs.

Bce auvnonu, npyu nonagaHuu nof BAMAHWE BHELWHEro MarHWTHOroO MOJA, BbICTPaMBaloTCA
CBOMMM OCAMM BAO/1b €0 CUNOBbIX IMHWUIM U NIOTHOCTb TaKOFO NO/A BO3pacTaeT. A UX BUXPEBbIe CNIUHbI
o06pasytoT 3ddEKT OTTaNKMBAHUA UAW NPUTAXKEHMA (HanpasneHue). Takum o6pasom, NpPoucxoauT
BceobOllasa CBA3b B3aMMOAENCTBMA OOBEKTOB B cpede OKpY)KeHudA, Ho, obpasylouieecs npu 3Tom
eAMHOe MarHMTHoe none obliei ceTn, NOAYMHEHO CU/IOBbIM JIMHUAM AOMUHUPYIOLLEro 06beKTa,
Hanpumep, ConHUa B nNANaHeTapHOW cucteme. Torga, BCce AUMNOAM NPU BpPaLLeHUMM co34akoT
NPeLecCcMoHHble KonebaHna CBOMX OCelt U NMOPOXAAT MarHUTHble BOJIHbI, KOTOpble, NepenaBasch
yepes cocegHMe ANNONM, OKa3blBalOT BO3AENCTBME HAa 0ObEKTbI cpeabl OKpyKeHus. Mpeueccma ocen
ANNONEN TaKKe reHepupyeT MoAyNALMUN STUX BOJIH, NMEPEHOCUT U 3HEpruto, n nHpopmaumto. Beakme
BpalleHMAa U ABUXKEHMA Aunonen B cpege C nepecedyeHMemM BHELWHUX CUAOBbIX JIMHWUI Ntobbix
06BEKTOB, CO34AET INEKTPUYECKMI TOK W 3NEKTPUYECKMEe MOoAA, Hanpumep, B NPOBOAHMKAX WK
pacTBopax.

3HaunT M 3TO, YTO Ntobble NPOCTPAHCTBA - €CTb BUXpEeBble 06pa30BaHMA 3N1EKTPOMArHUTHbIX
nonen eé CTPyKTypbl, a 3apsaabl onpeaenstoT KOANMYECTBO HOCUTENEN SHEPrnn 3/1eKTPOMArHUTHOro
B3aMMoAencTBMA? 3apsag, MOMKHO NPeAcTaBUTb BE/IMUMHOM SHEPTUU INEKTPUUYECKOro Nos, KOToOpoi
3aat0TCA CBOMCTBA pPa3HbiXx GOPM MaTepPUU, I4e OH NPUCYTCTBYET. A B3aMMOAEeNCTBYA C NOABUKHbIMU
obbeKkTamu cpeapl, 06pasyeT NOTEHUMANAbHYIO MarHUTHYO cocTaBastowyto aunonda. To ecTb, Besge,
roe ecTb maTepusa, obpasyeTca 06/1aKko MOHOB Pa3HOM NJIOTHOCTU M COCTaBa, M OHO BCEraa NoABUMKHO.
[pu smom ece _hopMbl_Mamepuu C80UMU CMUHAMU OKA3bI8AIOM HeKomopoe «0assieHue» o0py2 Ha
dpyaa, cmpemsacb CHAMb HANpAaMeHUs 8o3myuleHuli cpedsl (epadueHmsl). B pe3ysabmame 3mozo
B03HUKOem fsneHue 2pasumauuu (nepenad nzaomHocmell), Komopoe ece20d crnocobcmeyem
B03HUKHOBEHUO MOMeHmMa ummyasca y yacmuy (cm. Puc. 60).

MepemelleHne 3apAgo0B B MNPOCTPAHCTBE BCerga Bbi3blBAaeT B3aMMOAENCTBMA MNOAO0OHblE
CMNOBOMY BO3AENCTBUIO MPU NEpeMeELLEHUN 0OBEMOB MaTepumn (3Heprum), Kak nepenag NAOTHOCTEN
(rpagmeHT), a 3HAYMT, KAk rpaBuMTaUUs — AABAEHUE UKW UMMNY/bC, MOPOXKAAIOLWNI BpaLleHMe macc.
[aBanTe pacCMOTPUM CXE€Mbl KOHCTPYKUUM FeHepaTopOoB 3N1EKTPUYECKOW SHEPTUU U3 ABYX BEpCUi
KOMMOHOBKMW: MarHUTbI-KOHZLEHCaTopbI-N/1aHeTapHaA KaTylka ctatopa (cm. Puc. 61) 1 marHuTbl-
naaHeTapHas KaTyllKa poTopa-NiaaHeTapHasa KaTylKa ctatopa (cm. Puc. 62).

MNacTUKOBbLIA WAU KepamMUYECKUA WM30NATOP «POTOPa», B KOTOPOM MOC/OMHO pPasMeLleHbl
KKOHZEHCAaTopbI» TakKMmM 06pa3om, UYTO KaxKabli C/loM M30aupoBaH. C/on cocToAT M3 AUCKOB C
MaTepuanamm, Kak meab - AUCTUANMPOBAHHAA Boda - UMHK. Mexay KaKAblM AMCKOM HaxoamuTca
N30MpYyloLLEee NPOCTPAHCTBO CyXoro Bo3ayxa (bymara). Ocb poTopa M3roToBaeHa U3 HECKONbKUX (5-7
LUT.), COBANHEHHbIX BOEAMHO HEOAMMOBbIX MarHMTOB UMIMHAPUYECKON GOPMbI.

«CTtaTtop» - 3TO KaTyllKa U3 MeAHOM MPOBOJIOKU C NJIaHEeTapHOMW MHOTOCAOMHOMN TPEXPAAHOM
HaBMBKOM, KOHLIbI KOTOPOW BbiBeAEHbl Ha «MnoTpebutena». 3anyck NpousBoAUTCA AaT4MKOM XoAna,
KOTOPbIM HY*HO NOBOANTb HaJ, « POTOPOMY, /11 HAKauKM 3apsaaamMmn KoHaeHcaTopoB. Kaxabii paspss,
KOTOPbIX, paCKauynmBaeT sHeprnen, obpasosasLIMNCA NapannenbHbii KonebaTenbHbih KOHTYP. CuioBble
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Puc. 61 Cxema N2l reHepaTOpa nepemeHHOro 31eKTpUYeCcKoro Toka.

@D "Q}"HC‘H-I'(M;HM;
nAaheTePHew
HaBuBKe (CutFe)
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HaguBiLu (G

@ — koAb UECRBbI €
HiiCguMOBbie

Puc. 62 Cxema N92 reHepaTopa 3N1eKTPUYECKMX TOKOB BbICOKOM YacTOThI.

NMHUM (MarHUTHOrO NoNs), KOTOPOro BCE CUAbHee ByayT «pPacKpyumBaTb» 3/IEKTPUYECcKoe noJsie B
KaTyLLKe «cTaTopa». BO3HMKAET 31eKTpUYecKkuit Tok. s 3anycka MOKHO BOCNO/1b30BaTbCA APYrMMM
cXemamu.

BTopan KOHCTPYKUMA MMeeT HeKoTopble nameHeHua. PaboTa 3Toro reHepaTopa 3ddeKTUBHEN
nNpyv napannenbHOM PacCno/IOKEHUM K paguaHTam 3emnu (eé cuioBbiX NMHWUIA). 34ecb, BMECTO
MarHMTOB «pPOTOpPa» PacCMoJIOXKEH CTEP)KeHb (MarHUTHbIA WM KeNesHbl) KaTylWKM C TPONHOM
NnNaHeTapHOM HaBMBKOM MeAHOW NPOBO/IOKM, KOHLbl KOTOPOM NOAK/OYEHBI K aKKyMynATOpY Yyepes

KOHAEHCaTop, NPOTUBOMO/TIOXKHO NO/IIOCAM MarHMTOB. Bce KonbLueBble gUCKK POTOpPa N3roTossieHbl N3
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HEeO4MMOBbIX MAarHMTOB, COeAMHEHbl OAMH K OAHOMY M M30/MPOBaHbl OT CTAaTOpa U CTEPXKHEBOW
KaTyLKKW ocK poTopa. KaTywka «cratopa» BbINOAHEHA U3 MeAHOW NPOBOJIOKM B TPU CNOSA, TPEXPALHOM
NnAaHeTapHOM HAaBMBKOW, KOHLbI KOTOPOM BbiBeAEeHbl Ha noTpebutens. B oboux cxemax HaBMBKA B
«CTaTopax» MOKeT bbiTb NapHON. A NONyYeHUA TOKA HEOOXOAMMO «pacKayaTb» MaArHUTHoe none
«poTopa» - caenatb ero beryweit BOAHOM BHYTPWU MOAA CTaTopa, TOr4a B €€ KaTyllKe BO3HWKHET
aNeKTpuYeckoe none, Kotopoe byae Bo3pacTaTb NO Mepe NOAKAOYEHMA BCE HOBbIX NOTpebuTenen.
MpaBaa, npouecc AET C NOHUKEHMEM TEMNEPATYPbI.

[anee npuBeaeHbl CXeMbl reHepaTOPOB 3/IEKTPMYECKOTO TOKA C MPUMEHEHMEM MOCTOAHHbIX
MarHMTOB B KOMOWHAUMAX C KO/MbLEBOM KaTylKon n neHTamu MéEbuyca. Obe KOHCTpyKLMKU Mpwn
YCTAHOBKE Ha Bpallatollytoca nnatdopmy, Aarke npu HebonbloM cKopocTu, 06pasytoT YNIOTHEHUSA
MarHUTHbIX Nosel, Korga gocturaetca adpdeKT CKPpyYMBaHMA CUNOBbIX IMHUIN Mexay cobon. OTcioaa,
MOWHOCMb 3mux u3denuli pe3ko 8o3pacmaem 3a C4EM HAKAYKU 3apA0amMuU U3 31eKmpPoMa2HUMHo20
nosas_camoll cpedsbl npocmpaHcmaa. B nepsoi cxeme (cm. Puc. 63) Kopnyc Topa KaTylWKW HabpaH 13
CErMEHTOB KO/bLLEBbIX MAarHUTOB, Pa3fAeIEéHHbIX M30N1ATOPaMK. BHYyTpm o6pa3oBaBLUErocs KONbLLEBOro
OTBEPCTMA CMOHTMPOBAHA KaTyllKa C MJIaHETapHOM TPEXpAAHOM HaBMBKOW M3 meau. 3anyck
npousBoOAMTCA AaTyMKoM Xoss1a. Bo BTopoli cxeme (cm. Puc. 64) Ha Kpyrablii cTep>KeEHb MOCTOAHHOTO
MarHMTa HaHU3aHbl TPU Konbua neHTbl MEébuyca ¢ TPOMHbIMM 060POTaMM 3TUX JIEHT, 06 CTOPOHDI
KOTOPbIX TOKONPOBOAALME U U30IMPOBAHbI APYT OT Apyra. O4eHb MHTEPECHbLI, MO aHA/I0rMK, BEPCUU C

3

KodblheBou MATHuG

Puc. 63. Cxema KonbLLEBOro reHepartopa. Puc. 64 Cxema reHepaTtopa ¢ neHTamu Mébuyca.

TPEYro/sibHOM U NATUYroNbHON GOPMON B ceueHusx Konel, (BMecTo neHTbl MEébuyca,) U3 M301ATOPOB.
Kaxaan 13 Konel, TOXKe C TPOMHbIM 060pOTOM, Kak U NpeablayLas Bepcus, N3roToBAEHa C IEHTaMK,
NPUKPENNEHHBIMU K WX TPAHAM M3 pasHbIX METANNoB (Aarke yrnepoaa), KoTopble HemnpemeHHO

N30/IMPOBaHbI ApYr OT Apyra.

9. BsaumopgeiictBue MHGOpMaLMm1 1 BelecTBa B NPOCTPAHCTBE.

PaccmoTpMm  MexaHM3Mbl  MOMEHTa/IbHOWM nepedayn U CcYMTbIBaHMA  MHOOpPMaLUK
B3aMMOAEMNCTBYIOWMX BMOpOCMCTEM NOBHMMATENbHEW. Bce 3HaloT, uyTOo AN0boe Teno no
KPUBO/IMHEMHON TPaeKTOpUU nNepemelaeTcd ¢ 6OoNbMM YCKOPEHWEM, YeM MO NpPSAMOK, U C
CYLLECTBEHHOM NPU 3TOM 3KOHOMMUEN SHEPTUN. 3HAUMT, KPUBOJIMHENHbIE PYyKaBa BPALLAIOLWMXCA TN
rasa WamM >KMAKOCTM CNocobHbl ropasgo bbicTpee NepeHOCUTb HE TONbKO BELLECTBO, Kak dopmy
MaTepuu, HO U CONYTCTBYIOLME €My MOAA, KaK CneacTBue KonebaHun «NPUEMHMKA - MCTOYHUKA»
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nepefayun nHGopmaummn uUx Ten, Hanpumep, 3N1EeKTPOH, KOTOPbIN BpaLLaeTcA BOKPYr Agpa aTtoma co
CKOPOCTAMM CBETa B CBOEM «chepuyeckom» Buxpe (cm. Puc. 65). Koraa agpo noctosHHO BUbpuUpyer,
OHO CMELLLAeTCA B NPOTMBOMNO/IOXKHbIE CTOPOHbI OT 3/IEKTPOHOB NpPU MX BpalLeHuAX. B4ob6aBokK, YacToTbl
BMOpAUNIN CBEPXBLICOKME, @ OCb LLEeHTPAsIbHOrO BUXPA (AA4pa) nepneHAMKYNApPHA CBOEN MNOCKOCTU
SKAUNTUKM W HeNpepbiBHO npeueccupyeT. Toraa MNOMOXKEHUA 31EKTPOHOB B CBOWMX MOCAOMHbIX
chepnyecknx Kopmaopax BubpaLmii HeyCTOMYMBLI, @ UX IHEPTreTUYECKME OPOUTbI MMEIOT pPa3inyHble
AnameTpbl. Yem 6onblie y sapa aTomMa 31€KTPOHOB, TeM 60/blle NAOTHOCTb CKaTuA, Tem Bosblue
CUIOBbIX JIMHUI BCTPEYHOro HanpasneHus (Kak HuTel [OHK), KoTopble TOXe CKpy4YeHbl, KakK NHUK
BUXPS.

YunTbiBad, 4TO BCE B3aMMOLEMCTBYET Ha YPOBHE 3HeprMn m uMHPopmMauumn, TO B KaxKaown
BMOpOCUCTEME YI/I0OBblE CKOPOCTU BPALLEHUA BCEX CTPYKTYPHbIX BUXPEW CUHXPOHU3UPOBAHDI
(KorepeHTHbI) B onpeaenéHHbix napameTpax. Bo3mMoxKHoO, 4To, ecin NponopLMOHANbHO YBENNYNBATD
MHTEHCMBHOCTb BUXPEWN B N0ObIX CUCTEMAX, TO BO3HUKHET «Pe30HAHCHbIN» 3pdeKT B BUAE «30/10TOr0
ceyeHma» uam «dyncen ®PuboHauyum»? Torga, CKOPOCTb nepegayun MHoopmauumm byaeT Bbiwe, Yyem
3HepPrumn, Kak TpaHcaauma npoekumm (otpaxkeHmsa) ¢opmbl eé nona. O4eBnaHO, YTO AN BOCNPUATMA
peanbHOCTU 3TOrO BMOJIHE A0CTATOYHO - BOCMPMHMMaTbL 0b6pa3 BMecTo Tena.

MN3BeCTHO, 4TO BCe N0 MAaTepPUaNbHbIX 06Pa30BaHNI B NPOCTPAHCTBE B3aMMOLENCTBYIOT MEXAY
coboi 06beANHAACH NN OTTANIKMBAACH, TO €CTb UX BUXPU HEU3OEXKHO KOHTAKTUPYIOT HA OrPOMHbIX
ckopocTax. Toraa, Yepes «pyKkaBa» coceaHux Buxpen nHpopmaums (0bpas) momeHTanbHO Nnepesaérca
OT OAHOro BMXPA K APYroMy, KaK OTAE/bHbIA «NUKCeNb» 06LlLeld KapTUHbl cobbiTUA B cpeae.
«Pe3oHuMpya» € MmaTepuen OKPYKEHUA, CUrHaA WHPOpMaAUMKM CNocobeH Munauapabl  net
nyTelwecTBOBaTb B MPOCTPAHCTBE, MOKA He OCTAaHeTCA POACTBEHHbIX BUAOBbLIX CUCTEM UM NpPOLECC He
3aTyxHeT cam ocoboi. OgHako, He BcAKas MHPopmauus (4actota KosebaHuii, ob6pa3 obbeKTa)
yCBaMBAETCA MeXAy «coceaaMmm», U He BCAKaA WMHPOpMAUMA NPUBOAUT K 3SHEpreTMyeckomy
B3aMMOAENCTBUIO MeXay GOpMamMm MaTepumn.

MN3BECTHO, YTO WM3MEHEHWE COCTOAHWA OAHOrO 3/eMeHTa CTPYKTYpbl BUOPOKOHTYpa MOMKeT
NPUBECTU K U3MEHEHUIO KolebaHW BCelt cuctembl. M Torga o4eBMAHO, YTO BOKPYT eCTb, B TOM YKCAe,
N OTpaKEHWe BalLEero BO3AENCTBMA HA Cpeay, KaK NMpOTMBOAEWNCTBME Ha BaWW ABUXKeHUA. Jlloboe
ABUXKeHMe — 3T0 AB/ieHMe (cobbiTMe) B HACTOALLEM, KOTOPOE OKa3blBAET BAMAHME HA MaTeputo cpeapl
M Ha nocneayrowme cobbitna. CobbiTMA BO BpeMeHM Kak bbl «HaberatoT Ha Hac», NOCTOAHHO
YOEPKMBaA HaAC B HAllem HacToAleM, a BCE OCTasbHOe oTbpacbiBaeTcA B NPOLIJIOE Ha BENYUHY
yOaneHua oT Hac, KOTopoe CTaHOBUTCA 0b6pa3om B Hawel namaTtu. To ecTb, B peasbHOCTU KaXK40ro
«Habnogatens» ABNEHMA NPOLUIOrO He CYLLEeCTBYeT, a B HACTOALWEM OCTalTCA TO/NIbKO pe3y/bTaThbl
B3aMMOAEMNCTBUIN CO Cpeaon M UX KOMUKM, Kpome Tex ¢GOopm, C KOTOPbIMM Bbl KOHTaKTUpyeTe
HenocpeacTBEHHO. XOTA M NOC/Ae NPeKpaleHUs B3aMMOLENCTBUN, cpeda MO-MpPeXHeMY KaKoe-To
BPEMA NPOAONKAET MNPOTUBOLENCTBOBATL JIOKA/IbHOMY BO3MYLLEHMIO, MOAYy4asa SHEPruo oT
NCTOYHUKOB KoNebaHu M3 rnybuHbl NpocTpaHcTBa (M3BHe) (cm. Puc. 66). Hanpumep, npw BpaleHnn
BMXPSA OT ero pykaBoBs 06pa3ytoTca LeHTpobekHble BO34ENCTBUA Ha OKPYIKEHME, KOTOPbIE BbITECHAIOT,
Hanpumep, «ra3» u3 UeHTpa K nepndepun. Toraa, BHyTPU BUXPA BAOIb OCU 0bpasyeTca paspekeHue,
a BO34ENCTBME W3BHE NO MHEPLMM elé He WM3MEHWIOCb, HO 30HA KOHTaKTa «BUXPb-Cpena»
ynnoTHaeTca. beccnopHo, ycuane NnpoTMBOAENCTBUA HA KOHTYP BUXPSA C BHELLHEN CTOPOHbI BO3PaCTaeT,
NOTOMYy 4YTO MO MHepuun BCE Gonblie n 6osblle BO3pacTatoT LeHTpPobeXKHble BO3AENCTBUA Braybb
AaNbHEro OKPYKEeHUs NPOCTPAHCTBA, OHO CXKMMAETCA BCE CUNbHEE U CUNbHee. To ecmb, BHYymMpU 8UXpA
803HUKAEM paspereHue, CHApy#u HayuHaem ycunusameCA UeHmpocmpemumessHoe dasseHue
CHHAMUusA, 8UXPb yHuUMaemca 8001b OCU, YI/IOMHAEMCA, d YeM MeHbwe duamemp, mem 8blule y2a108asa
CKOPOCMb 8pPAUWIEHUA UAU _UMMY/A6C MOMeHMa epauieHusa (3Hepeus). Tak euxpb ycunusaemcs, u
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3axeamesleaem oo c80€ 8augHUE 8CE 601bWYH Yacmb cpedbl OKpYyHeHUA. 3HauuT, B npupoae ntobas
dopma BHELHEN apXUTEKTYPbl OO HEKTOB MaTeEPUM OTPAXKAET CTPYKTYPHYIO SHEPTUIO UX BUXPEN.
CKarkeMm, y YesioBeKa, NOMeLLEHHOTO B POKYC COBCTBEHHbIX OTPAXKEHHbIX MMMNYNbCOB U3yYEeHUN
(c Nnomowplo cnNUpanbHOro 3epkana), NOABAAKTCA BUAEHUA. BeposaTHo, peub MAET 06 apxuse
npou3soweawnx B NPOLIIOM ABAEHUN B AAaHHOM MeCTe NPOoCTpPaHCTBa. MHbopmaLma U3 NpocTpaHCcTBa

Puc. 65 Cxema cTpoeHus Buxpen atoma.  Puc. 66 [IuHamMmMKa BAMAHUA BUXPA HA MaTepUIo cpesbl.

bOKyCcMpyeTca M CUHXPOHU3UPYETCA, KaK 3epKasibHble OTOOpParKeHUs COObITUI B MArHUTHbIX NOAX
KosiebaTeNlbHbIX KOHTYPOB AMMONEN MAaTEPUM Cpeabl OKPYKEeHUA. BO3HMKAeT pe3oHaHC mexay

T —YCTPOCTRO ¢ POPHYTbiMU 3OPkaad My .
@~f:’(i7[~)cé‘ié'ﬂh e BhINSL/bru 3XC PkGNG My

Puc. 67 YctponcTea ¢ 3epkanamm gnsa c4UTbiBaHMA MHPOPMALMN C OKPYKaIOLLLErO MPOCTPaHCTBA.

BMOpaLNAMM NPUEMHMKA — MO3ra YesI0BeKa U U3y4aTeNAMU — UCTOYHUKAaMK MHbOpMaLmn cpesbl. B
pe3ynbTaTe Yero, «PacnakoBbIBAKOTCA» 3a/0XKEHHbIE B U3/TyYEHUAX NOIel NPOCTPAHCTBA MOAYNALMUU
MHPOpMauunKM, M paHee npousoweawne cobbiTUA TPAHCAUPYIOTCA BOKPYr B BMAE WMMY/IbCOB
Pa3INYHbIX INEKTPUUYECKMX NOSEN KOHTYPOB BUbBpocuctem. Mosr yesnoBekKa, Haxoascb B GOKyce 3TuX
N3ly4eHU, NO3BONSAET CYMTLIBATb 3TN BUOPALMM NPOTUBOLENCTBYIOWMX NOEN OKPYXKeHUA. BoT TyT
Ye/NIOBEK M MOXET BOWTU B COCTOAAHME «TPaHCa» M «BUAETb» BCE COBbITMA NPOLLIOro B CBOEM
BOOOpPAXKEHUM, KaK LWaMaH. 3epKana B aHHOM C/ly4ae MHOFOKPaTHO YCUIMBAOT BMONo/ie YenoBeKa.
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[a, pa, utobbl npeayragatb byayuiee, HY»KHO NPOaHAAN3NPOBaTb COOLITUA NPOLWINOro, CBA3AHHbIE C
Tem cobbITem, KOTOpoe Bac UHTepecyeT.

Moao6Hoe yCTPOMCTBO MOMKHO M3rOoTOBUTb MOJIMPOBKOMN M HaHECEHNEM NOKPbLITUI K3 cepebpa no
TUMNY TEXHONOTMM HaHEeCEeHUA OTpaKkalowel MNOoBepPXHOCTU Ha 0b6blyHble ¢apbl aBTO MAM - C
MCNONb30BaHUEM aNtOMUHMEBOM Nyapbl. [peacTaBbTe KPMBYIO NOBEPXHOCTb OTParkatens ¢apbl B ABa
poOCTa YenoBeKa M ero ro/sioBy Ha YpoBHE €€ SIMHUM «IKAUNTUKM». JIUCT meTanna (nnactmka c
NOKPbITUEM) CBEPHYT B IMHUIO NO TEXHONOTUM «30/10TOTO CEYEHUA», KOTOPAsA CNPOELMPOBaHa Ha No.
YenoBeK O0MKEH HAXOAUTLCA B LLEHTPE OCU MOCTPOEHMA 3TON KPMBOM MAM TaM MOXKHO YCTAaHOBUTb
napy naHopamHbIX BUAeoKamep. Torga CurHanbl M3HYTPU Hapy»Ky Hago BbIBECTM Yepe3 NnpoBoaa
(onTOBONOKHO), HEe Nepecekan UX IMHUWN C 3epKafamMn U NOAKNAYUTb K MOHUTOpPam (cm. Puc. 67). U
MOHO CMOTpPeTb uUcTopuyeckne «duabmbl». CUrHanbl Ha MOHUTOPAX NOABATCA Yepe3 HeKoTopoe
Bpemsi, BO3MOMHO, KOAMPOBaHHble, KoTopble noTpebytoT pacwuepoBkn. Ecam nopobHyto
KOHCTPYKLMIO YCTAHOBUTb HA NOABUKHYIO Naatdopmy M 6bICcTpo BpaLLaTb, TO 3GPEKTUBHOCTb CbEMaA
MHbOPMAUMM [ONMKHA BO3pacTU. ECTb BApMAHT - YCTAHOBWTb 3€pKa/ibHble MOTONOK W MOA, KakK
TOPLEBbIE KPbILWKK AN NOBbILEHUS }KECTKOCTU. TaKune ycTpoiicTBa NogobHbl 3epkasiam Kosbipesa H.A.
(cm. Puc. 67). YctaHOBKa TpaHcaupyeT oTobparkeHua WHPopmaumm o ABAEHUAX NPOLAOro,
npousoLleaLWwmnx B 3TON 30He cpeabl, HENOCPEACTBEHHO B MO3T Ye/10BEKA, PACMOJIOKEHHbIM B LLEHTpe
no BbicoTe 3epKan (GOKyc), Kak KOMUKU Ha ABYXMEPHYIO NAOCKOCTb. 3epKana MOryT ObiTb BOrHYTbIMU,
BbINYKAbIMW WMAXM NO TUNYy neHTbl Mé6uyca, HO c 06a3aTeNbHbIMM XOPOLIO MNOAMPOBAHHbIMMU
OTPaXKAOLWMMM MOKPLITUAMM.

10. Buxpu 3N1eKTPOMArHMTHbIX Noaei u neBuTauma.
Ecan Buxpu co3gatoT BHYTpM cebA ycnoBua ana nesutaumu, To nodemy 6bl Mx He co3pgaTb
NCKYCCTBEHHO? Bce nona B npMpoae B3aMmMO3aBUCMMbl MPU PA3INYHBIX YCN0BUAX. A eCv NonbITaTbCA

Puc. 68 Cxembl pasnnyHbIx KaTywek. CeyeHne nposogos 1:10, HaBMBKa BCTpeYHO-NapannenbHas.

nx 06begMHUTb U 3aCTaBUTb paboTaTb B €4MHOM MOLLLHOM BUXPE NONEeN - SNEKTPUYECKMUX, MAarHUTHbIX,
3/IEKTPOMArHUTHbIX, CMMHOBBLIX U T. 4.7 Hanpumep, coegMHUTb B O4HOM KOHCTPYKUMM TpAHCHOpMaTop
Tecnbl, KaTywKky bonotosa, neHTy MEbUyca 1 BbICOKOYACTOTHbLIN BUBPOKOHTYP (cm. Puc. 68, 69).

B cbOpHOM yCTPOMCTBE MOHO NMPMMEHWUTb pPasHble CXeMbl NOAKAOYEeHMA. Hanpumep, ecam
06moTkM (W1, W2) coeamHeHbl 3Be3401 U NOAKNOYEHbI K TEHEPATOPY BbICOKOWM YacTOTbl — NOABATCA
cMepun. Mnn, BO3MOXKHO 3aMeHUTb CepAeYHMK TOopa Ha HEeOoAMMOBbLIA MarHuUT. Mnu, KaTywKu
M3roToBUTb B OAMH PAA, NNAHETapHON TPOMHOM HAaBUBKOM U COeaUHUTL C eHTo Mébuyca, KoTopyto
HaBUTb MOBEpPX KATyLWKW C 3aKPYTKOM B HECKONbKO ob6opoToB. Mnu, B Lenb BMeCTO reHepaTopa
COEAMHUTb 3NEeMEHTApPHbIA KonebaTeNbHbI KOHTYp, KakK YCUAUTENb, U Aanee - Ha rpaduToBbIi
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CTep)KeHb YCTaHOBUTb aHTEHHY (chepy), @ HU3 CTepPKHA 3a3eManTb. [NonpobyiTe BCIO KOHCTPYKLMIO
(cm. Puc. 69) nomecTuTb B KOPMYC M CMOHTMPOBATbL Ha Bpallatowytoca naatdopmy - ansa adpdeKkTta

Puc. 69 Cxema Ha KaTtywke Tecnbl. Puc. 70 Nepeaaya MHPopmaLMK B Cpese NO KBUXPENPOBOSAMY.

notepw Beca. BepHo 00HO - c030a8as 8UXpPU oaell 8 3aMKHYMbIX MPOCMPAHCMEAx, 8bl HernpemeHHo
cozdaéme 3hhekm negumayuu. Passe He UHTEPECHO M3TOTOBUTb M UCMbITaTb NOA06HbIE KOHCTPYKL MM
pagu Bbibopa ONTUMaNbHOM Moaenu NAaTGopmbl ANS NeBUTaLUN?

11. Buxpu 3NeKTpOMarHMUTHbIX nonei U uHpopmauma.

YTOo KacaeTca caMol CTPYKTypbl BUXpeBbiX 06pa3oBaHM, TO OHM MHOFOC/NIOMHbI, NOA06OHO
chepam 3N1eKTPOHOB B CBOMX BANIEHTHbIX 060/104Kax aTOMOB, rA4e BPaLLEHMA 3/IEKTPOHOB HENPEMEHHO
06pasyloT cBOU BMXPEBbIE MOTOKKU, MPUTOM BUXPWU MOTYT ObiTb COBEPLUEHHO Pa3HbIX HAaNpPaBAEHUI B
cBOMX nepuogax Tabauubl CUCTEMbI XMMUYECKMX 371emeHToB. To ecTb, B BubpocucTtemax eé
CTPYKTYPHble COCTaBAAIOWME MOTYT CO34aBaTb BUXPWU, B COBCTBEHHbIX OpPO6UTanbHbIX Cchepax
BpaLLLEHMA, COBEPLUEHHO Pa3IMYHOIO HanpasneHus. Koraa ogHa opbutanb, Hanpumep, 3/1EKTPOHA B
aToMe - 1IeBOrO BPALLEHUA, a C/IeAyIoLLan y APYrMX 9/1eKTPOHOB — NPaBoro 1 T. 4. B utore popmumpyetca
CYMMapPHO HeNTPanbHbIA, HyNEBOM MOMEHT BPALLEHUA UK, HAOBOPOT, «+» UM «-», HA YTO OKa3blBaeT
BNMAHWE BHeLWHee Bo3aelcTeme cpeabl. IMEeHHO MHOTOC/IOMHOCTb BPALLEHWNA CTPYKTYPHbIX Aunonen
(CNMHOBbBIX MOMEHTOB 3/IEKTPOHOB) NO UX HEYCTOMYMBLIM OTHOCUTE/IbHO APYr Apyra opbuTtanam B
CBOMX CTPOro WHAMBMAYaAAbHbIX chepax, ABASETCA OCHOBOW CTabwunbHOCTUM GopmM MaTepuM, Kak
06beKTOB UX 06pasyrowmx. KOHEYHO, CyLLeCcTBYIOT 3/IEKTPOMArHUTHbIE MOAA, KOTOPble COCTOAT M3
«MWKCA» HECKOJIbKMX MYNbTUNONEN, KaK MarHUTHble, aeKTpuyeckne, MHPOPMaLMOHHbIE, CIMHOBbIE
M MHOeCTBa HeBeZOMbIX eLé Ham. Toraa, o4eBMAHO, YTO MHPOPMaLMA B cpene byaeT oTpaxKaTbea
(nepepaBaTbCA) NOYTU MTHOBEHHO MO IMHUAM CONMPUKOCHOBEHWUA BUXPEM, UX SHEPTUM, KaK OT 3epKan,
nepeoTparkanacb APYr OT Apyra coBepLieHHO 6e3 BCAKMX COBCTBEHHbIX 3aTPaT, MHOFOKPAaTHO YCKOPAACH
N pacnpoCTpaHAACb MOBCIOAY B NMPOCTPAHCTBO. Yepes Ppusnuyeckyto cpeay, UCNONb3ya €€ sHepruto
B3aMMOLENCTBUA. 3HAUNT, UHPOPMAUUA ecmb He M0a€e U He IHEeP2Us, IMO 3epKasabHOe OMmpaiceHue
KOHMAaKmMo8 om nosael OKpy#eHUa u cobcmeeHHOo20 oA 8 8UXPAX MNOCMOAHHO20 83AUMHO20
npomuegodelicmeus 3Hepauu 8HeWHUX 06bekmoeg cpedbl. EE MOXKHO cunTbIBaTb (CHMMATL) brarogaps
TOMY, YTO OHa HaxoauTcsA, oTdopmaTUpoBaHa M cobpaHa Ha CBOUX HOCUTENAX — B CTPYKTYPHOM
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maTtepum cuctem. Kak «eguHUUbl U HONUKUY» B KOMMbIOTEPHbIX MPOrpaMmmax MW, Kak MUKCenu B
MoHMuTOpax. Cama no cebe Takana eauMHMYHAA MHOPMALMA B HUX HUYTOXKHA (AUCKPETHa) Uan BoBCe
OTCYTCTBYET, HO B COBOKYMHOCTU OTPAXKeHUA (NPOEKLMN) Ha cpesy OKPYKEHUA — 3TO yKe MHpopmauma
0 ABNeHuun (cobbiTun), aencTeMn maTepun. Toraa, Takme 3aKpyYeHHble CUI0BbIE IMHUN MArHUTHbIX
noneu aunonen (MCTOYHMKOB) UMEIOT CNOCOBHOCTb PACNPOCTPAHATLCA B NpOCTpaHcTBe 6e3bapbepHo,
BO34eNcTBOBaTb cBoel MHPopmaumen (nporpammoin) BMXper Ha NPOCTPAHCTBO W, NoAy4vas
PE30HaHCHbIM OTK/INK, BCErAa COXPaHATb COOCTBEHHbIE KONebaHuA.

CnepoBatenbHo, awboe cyuyecmao cnocobHO 0Ka3618aMb 8/1UAHUE HA UHGOPMAYUOHHbIE 105
Pa3HbIX 06bEKMO8, 8Ma0Mb 00 USMEHEHUS, «epeycmaHo8KU» NMPo2pamm Ha BHeUWHUe 8o3delicmeaus,
U_8036y#0ame 8 B8UXPAX UX 3/1eKMPOMA2HUMHbIX nosel 3Hepeemuyeckue npomugodelcmeaus
(scnnecKu), Komopele rnepecmpausardm He MosabKO CMPYKMypy U 3Hepa2uto, HO U _gopmy OaHHOU
mamepuu.

N3meHeHUe om npouwis020 _mu2a cobbimusa 00 HACMOAWe20 Mu2d _U_ecmb UHpopmayus,
ompaxéHHasa (3ane4yamaEHHAA) 8 UCKAXEHHOM COCMOAHUU rosel 83aumodelicmsusa. UHpopmaumsa —
3TO U3MeHeHua unm «agepopmaummn» B pyKaBax NtobbIX BUXPEBbIX NONEN, KaK NPOTUBOAENCTBME UX
3HepreTUYecKMX CTPYKTYP B 30HE KOHTaKTa (CobbiTMA) B cpeae MHOMKECTBA BUXPEl NPOCTPaHCTBa, Kak
oTnevyaTkM (peakumMm) B CBOMX ISHEPreTUYECKUX YPOBHAX. Hanpumep, KaK AObIPOYKU Ha
neppopaunMoHHbIX NeHTax TeneTannoB. ITO KonuM cobbiTUiA, 3adUKCUPOBAHHbLIX M3MEHEHUAMM
pa3IMYHbIX NapaMeTPOoB Nonei BUOPOKOHTYPOB Ha CBOMX OpOUTax B CTPYKTYypax cBOMX GOpm maTepum
npocTpaHcTBa. Kaxpaoe TaKoe M3MeHeHue nepenaérca uyepes Apyr Apyra BHEWHMMM CUI0BbIMU
NIMHUAMM MONIeld maTepuu cpeabl BO BCE CTOPOHbI. [pn NpOTUBOAENCTBUN BUXPEN MexKay coboi
NPOCTPAHCTBO YNIOTHAETCA, KPUBbIE WX KOHTAKTOB MPUTATMBAACb - OTTa/NKMBaACb APYyr OT Apyra
06pasyloT «BUXPENPOBOAbBI» U3 MHOXECTBA CUIOBbIX JIMHUN MArHUTHbIX Nosiel, MHopmauusa no
KOTOpbIM nepeaaérca 6e3 nckarkeHui no Bcert BeceneHHol. MepesanucbiBasach (OTpaXKkanacb) OoT Noas K
NoNo B3aMMoOAeNCTBYyOWMX GOPM BO BCEM MHOroobpasmu CMEKTPOB M3NYYEHWUH, WUHPOPMaLUSA
TPAHCAUPYETCA B Cpeny OKPYKEHUS, KaK eé BO3OYyKAeHNe, OTKIOHEHNE CUIOBbIX IMHUIA, TPaAUEHTOB
3apagos, Kak Bupyc (cm. Puc. 70). MHbopmauma nepenaérca Kak BHYTPU OOBEKTA, Tak U Mexay
obbeKkTamu.

MN3BecTHO, 4TOo Ntoboe BpalleHMe YNNOTHAET CBOK CTPYKTYPY, U TAMXKE ble YacTULbl BAOb KPUBbIX
JMHUI  PYKaBOB BUXPeEN MepemellaoTca K UeHTpy (ocu) 6bicTpee NErkvx, Hanpumep, npu
PaCcKpy4MBaHWKM CTaKaHa C Yaem. BeposATHO, MoA, BAMAHWEM BpaLLEHMA MArHUTHOro nonsa 3emnam,
3aMyCcKaloTCA ABNEHUA 3N1EKTPUYecTsa U marHetusma. Motomy 4To, obpasyemas U3 YaMHOK Ha AHe
CTaKaHa ¢urypa npaBUAbHOIO NATUYTrONbHUKA (M3MEHSAIOLLEroca BO BPEMEHM), CKOpee BCero, ABNSETcA
npoekymen (oTpaxKeHMeM) BANSHUA KpUcTanna agpa naaHeTbl. 3HAYUT, BEPHO, YTO 3/IEKTPOMArHUTHble
NoNsa MMEIOT B CBOEN CTPYKTYPE MHOMKECTBO MOJIEM C Pas3/IMYHbIMW CBOMCTBAMMU: I/NEKTPUYECKUE,
MarHuUTHble, BUXPEBbIE, Iy4EBbIE, TOPOUAANbHbIE U T. . He UCKNIOYEHOD, YTO HEKOTOPbIE U3 HUX BeayT
cebs Kak nnasma (nn1ama orHs), BUAUMBIA CBET MK 06134a0T MHBIMW BO3MOMXKHOCTAMM.

[eno B TOM, 4YTO @homoepaguu awdel uau UHbIX 06beKmMos umMerm nocMoSHHO
U3MEHAIWYCA 8 NpocmpaHcmee 83aUMOCBA3b CO C80UMU _UCMOYHUKAMU u3ay4eHul. Kak wux
BMA0BbIE NPOEKLMN Ha BUXPEBble 0O6pa3oBaHMA CTPYKTYPHbIX Gopm BelecTBa GOTOMATEPMANOB NN
3NEeKTPOMArHUTHble NONSA MUKCENEeNn MOHUTOPOB. YAUBWUTENbHO, HO OHW MPOAONXKAKT HAXoAUTb
PE30HAHCHbIM OTKAMK ApYyr Apyra WU B3aMMOAEWCTBOBATb A0 TEX NOP, NMOKA WUCTOYHWUK U3/TyY4eHUM
CYLLECTBYET Kak BMOpOCUCTEMA KOHKPETHOro «MMEeHM» agpecaTa B NpocTpaHcTBe. Hanpumep, Kak
ropasgo 6onblwana B3aMMOCBA3b MeXay AByMA 651M3HeLaMK, Kak BUAOBbIMM  MCTOYHMKAMMU
«KOTepPEeHTHbIX» U31y4YeHUn B eanHoM cpeae. N3ob6parkeHnsa Ha doTorpadusax He MeHAKTCA, HO OHM
Nno-npexHemy OTKIMKAKTCA Ha «BMA0BbIE 3aNPOChI» CBOMX UCTOYHUKOB KONebaHUM, Kak 06beKTbl X
npoekumn (To e ¢ MmoHuMTOopamu). HoBaa «uHbOpMaLMA» O COOLITUAX U3 OKPYKEHWUS UCTOYHMKA
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NMOCTOAHHO MPOAO/IXKAET HAXOAMUTb PE30HAHCHbIN OTBET B CTPYKTYPAX BUXPEBbLIX AMNO/EN BELLECTBA HA
nx potorpadumax (MOHUTOPAx) BO BCEX CMEKTPAX INEKTPOMArHUTHbIX NOJIeN U HAacNamMBaeTCa Ha HUX
HenpepbIBHO. [103MomMy HAO U306pPAHEHUAMU MOMHO OUymMUMb HeKyH M710MHOCMb MA2HUMHbIX
nonel. Ecau ¢opma mamepuu UCMOYHUKA paspyuwidemcs, mo 3ma ceA3b _npepbisaemcs. Takyro
NHPopmauunto, 6e3 COMHEHWUI, MOMKHO CUYMTbIBAaTb C OObIYHbIX CHUMKOB. WM He TONbKO, HO W
NMOBCEMECTHO - C N0JIel MaTepUMN 06 bEKTOB NPOCTPAHCTBA 3a NEPMOA UX MHOTOMUANMAPAHON UCTOPUK
CyLLECTBOBAHMS.

Mo cyTm, 3TO M eCcTb MexaHuM3M nepegaym WMHOGOPMAUMM Yepe3 CTPYKTYPHble BUXPU
BMOPOKOHTYPOB cUCTEM, KaK GOpPM MaATepuu B Cpene OKPYXKEeHWs, OT OAHOro B3aMMOLENCTBMA K
Apyromy. Onsa Takmux «obLWeHnin» B NpUpoae nperpajg He CyLecTByeT, Tak Kak MHGopmauma B utore
nepenaérca yepes MUKPOCTPYKTYPY MaTpULLbl CAMOM MaTepUM NPOCTPAHCTBA — €€ «FPaBUTALLMOHHbIE»
CETU KHYNEBbIX» BUXpen. MOXeT AaKe NMOKa3aTbCA, YTO BCE BOKPYF KaXKAOro «Habawopatena» - ectb
Wb  WMHPOPMALMA, KaK €ero npownoe, KOTOpoe MpOAO/IKAeT CcyuiecTBoBaTb 6narogaps
B3aMMOAENCTBUIO APYr C APYrOM e€é HocuTesnen — BUXPEBbIX nonen npoctpaHcTea. OaHako, atbbie
opMbl Mamepuu U UHPOPMAYUA Hepa30enumbl, KOK 31eKMpPU4ecmso U MazHemu3m, KaK Mamepus
u 3apAad. Kaxoblli 06vekm Hecém 6 cebe 8Cto UHGOPMAYUK HE MOsbKO 0 cebe, CBOEM MPouCXoxdeHuU
U passumuu, HO U 8CHO UHAOPMAUUK O MeX, C KeEM OH 83aumo0elicmeosasn Ha MpomsaxeHuu 8ce2o
CyUecmeo8aHus, 8 Mom Yucse U 06 OKpyHarouwem e2o NpocmpaHcmase.

BbIx04AWT, BEPHO, YTO BECb MUP BOKPYT HAC HacbIWeH MHOpMaLLMel O Hac BCEX, HALLEN UCTOPUM,
KU3HEeAeATeNIbHOCTH, B3aMMOAENCTBUN cOo cpenoi. OHa 3aduKcUMpoBaHa B MaTepUM MPOCTPAHCTBA
HaBcerga, NoKa 3TO NPOCTPAHCTBO cyliecTByeT. OHa HeEMpepbiBHA, BE34ECYLLA U MOYTU MFHOBEHHA B
CBOEeW TpaHcAAuumM no BceneHHom.

To20a, 803MOMCHO /U, YMO UHGOPMAUUA U _ecmb _mpemba opma mamepuu co CB8OUMU,
npUCyuWUMU _mosbKo el, ceolicmeamu? A a00u U B8CE BOKPY2 — 3MO PAa3yMHble 3Hepemuyeckue
UHOPMAYUOHHbIE «MOOesu», MOCMOAHHO U 210601b6H0 U3MEHAUWUECA U pa38uUsarouUecs 8 caoux
83aumodelticmeuax mexcdy coboli. Korga npocTpaHCTBO BMECTE C NPUPOLON B HEN — eCTb NOABUXKHbBIN,
6e36perKHbIN OKeaH 3HEePIrMn SNEKTPOMArHUTHbIX Nonen. U Hem sHepauu b6e3 uHopMayuu, KaK Hem
uHgopmayuu be3 sHepauu eé nopoxdaroweld. Ham AaHO AnLE3peTb M OWyLaTb MWb YacTb 3TOr0O
OrpoMHOro alicbepra senimuusa Mpupoapl.

fl yBepEeH, YTO 3NEKTPOMArHMUTHbIE NOAA PA3/IMYHbIX CNEKTPOB U3/y4YeHUI, KaK BUbBpauum cpesbl
OKpY)XeHusi, npu NobbiXx B3aMMOZENCTBMAX Bcex Gopm maTepum U ecTb cpedcmea nepeda4u
UHpopmayuu. N mbl 3Haem, 4TO BCE WCTOYHWKM BMOpauui (amMnonu) penatoT 3TO He TONbKO
6e36apbepHO, HO 1 6e3 3aTpaT CO6CTBEHHOM 3HepPrun. NMoTomy 4YTO NOCPEAHMKOM B3aMMOOTHOLLEHW
MEXAY HUMM CNYXKMT CaMa 3HepreTuyeckaa cpena MpPOCTPaHCTBAa, B KOTOPOM M 06pasytoTcs 3Tu
ABneHuA. Jltobaa cpefa HEMOCTOAHHA, NOABUMKHA U PA3HOM NJIOTHOCTU, U NONS B HEW BO3HMKAKOT OT
ynpyrnx konebaHuit BUXpein, Kak aunoneit. 3HauuT, 3apag onpegenser CBOWCTBa BMOpauwii, OH
NocblIaeT MMMNY/bC SHEPTUN U NPUHMMAET OTBET M3BHE, YTO B/IMAET HAa CKOPOCTb B3aMMOAENCTBUA
Buxpen (o6bekToB). Toraa, BeMYMHA NOTEHLUMaNa 3apafda 3aBUCUT OT MHTEHCMBHOCTM BpaLLEeHUA,
CKOPOCTU ABUMKEHUA BUXPA — €r0 HOCUTENA, @ MJI0MHOCMb 3apPA008 YKA3bi8aem HA UHMeHCUBHOCMb
g3aumodelicmeusa c 8HewHel 3Hepauel NpocmpaHcmMea. IHeprumn Tem 6onblue, Yem Bbllle NNOTHOCTb
3apAgo0B, U TEM CNOXKHEE CTPYKTYpPbl MATEPWUW, KOrAa BO3HUKAKOT WM3UWKK SHEPTUU ANA CUHTE3a
BELWECTBa, ero AeneHns u pocta. Korga sHeprua onpegenéHHon ¢Gopmbl M MAOTHOCTU KaK Obl

nepeTekaeT B NPOCTPaAHCTBE.

N ecnn ecTb rpagueHT noJsiei, Kak HanpsaxXEHHOCTb, TO BbIMO/HAETCA onpenenéHHan paborta
MEXKIY YacTMLuamK, TelaMn B Cpeae MPOCTPAHCTBA, TO €CTb MNOABAAIOTCA YC/NOBUSA HanMuma BUXPS.
3HauYMT, Mbl C BaMM MOCTOSSHHO HAaXOAMMCA B MOASX HAMPAMEHHOCTM, pacxoays MAM npuobpeTas
3Hepruio ussHe. Mbl U eCcTb rPaaMEHT, KaK pe3ynbTaT U3MeHeHUA 3apaaoB B 06béme Gpopmbl Hallero

206



Tena. [lo Tex nop, NoOKa NOAYMHEHbl eAUHbIM PUTMAM, FAPMOHUK 0bLWEen cnuctemol. Yem MmeHbLUe
NNOTHOCTb, H6onbwe 06BEM, TeM MeHble BeC M HAobOpPOT. DHeprusa — 3TO ABUXKEHME 3apA[0B,
6narofapa Ux rpagueHTy, U UMEHHO TOK 3apAf0B coBepluaeT paboTy.

12. dneKTpomarHMTHOE none u rpasutaumua. TexHonora HeBUAUMOCTHU.

Mo cyTM Teopua TArOTeHMA Ten — 3TO Teopus BECOB WAW MNAOTHOCTU Ten U CTeneHu
3KPaHUPOBAHHOCTM, 4YTO-TO BPOAE ABJIEHUA BbITAJIKWBAHUA cpedbl OKPYy)KeHusa. Bce Tena B
NPOCTPAHCTBE AEUCTBYIOT APYr Ha ApYyra Kak B3aMMHble BHELIHWE BO34eNCTBUA, KOTOpble UMK BCEMMU
3KPaHMPYIOTCA, NOTNOLLAKOTCA UAN OTPAXKAKOTCA, KaK NONAMM MX 3apAA0B. 34eCb BpaLLatoLEeeca Teno
(none) aBnsaetca 6onee apHeKTUBHLIM IKPAHOM, YEM TE/IO B COCTOAHUM NOKOoA. [oTomy, 4TO BO Bpems
BpalLLEeHMA ero CTPYKTypbl, B BUAE 3apaaoBs, OyayT B3aMMOAencTBOBaTb C 60/bLIMM KONMYECTBOM
N3NlY4EeHUIM TaKUX Ke CTPYKTYP Tena KOHTaKTa. Toraa, BAUAHMA OTTa/IKMBAHUA U UHepuma Ten byayT
Bbile. Hanpumep, Kak OTK/AOHeHWe cBeTa BOAM3M 6oNblUMX BpaLLAOLWMXCA OOBLEKTOB, Korga
YUYUTBIBAIOTCA MHUMbIE N UCTUHHbIE MOIOXKEHMA UCTOYHUKOB CBETA B KOCMOCE.

Nobaa popma matepum BUOBPUPYET, a, 3HAYMT M3/Iy4aeT BO3LAENCTBUA HA OKPYXKEHUe yepes
4acToTy CBOMX KoniebaHwuii, 0bpasyeT rpafmMeHTbl PasiMyHbIX Nepnoaos B cpese. KoTopble co34atoT B
HeWn ABUXKEHUA (BUXPU), BOSMYLLLEHUSA, U MATEPUA OKPYKEHMA NepenaéT aTn Bo30yKaeHMA fanblue B
NPOCTPAHCTBO C 3a4aHHOW YacToTOM (BHOBb M3/1y4YaeT MX). ITU MMMYyAbCbl cpenbl (ABUXKEHUA eé
MaTepun) B BMAE Pa3IMYHbIX CMEKTPOB BOJIH YNaBAMBAlOT Apyrue Tena, KoTopble pearnpyroT
onpeaenéHHbIM obpa3om, NPOTUBOAENCTBYIOT Cpeae, CHMTbIBAA MHOOPMALMIO, MYTUPYIOT, OTParKatoT
OT ceba BO3AENCTBUA U3/yYEeHUI 0OpaTHO M B pe3ynbTaTe pacnagarTca camu UAW coeamHAlTCA
BOEAMHO U T. 4. Bo36yKaAeHNEe MOXKHO paccMaTpmMBaTh B BUAE MMMYNbCOB 3/1€KTPOMArHUTHOM BOJIHbI,
KaK MOTOK KBAHTOB M3/ly4€HUI, KOTOPbIE BCE TeNa He TO/IbKO NepeaatoT, HO U NPpUHUMaLOT, Bcerga. Ho
Karkaaa dopma matepumn pearmpyeT TO/IbKO Ha TO M3/y4eHWe, KOTOpOoe MCMYyCKaeT, Kak BMA0BOE
(poacTBEHHOE) MO HA/IMUYMIO MHCTPYMEHTOB OOHAPYKEHUA U BOCNPUATUA.

3HaAuMT, 3/IEKTPOMArHUTHoe noJsie — ectb 06/1acTb AENCTBMA rpagueHTa 3apaaos nboit popmbl
MaTepuun, Kak eé CBOWCTBO B3aMMOZAEWMCTBOBATb APYr C Apyrom. M yem Bbile NAOTHOCTb cpeabl
(4acTuy), Tem BbiCTpee U Yalle NPOUCXOAAT KOHTaKTbI. MPKW 3TOM, CTa/IKMBAACh APYT C A4PYTOM, 0O bEKTbI
nepeaarT MOMEHTbI ABUMKeHuA (MHepummn). OTcloaa, CTPYKTypHO 6onee nnoTHaa (menkasa) ¢opma
MaTeEpPUKN JIETKO NepemMeLlaeTcs B MeHee MJIOTHOW (KpynHon) matepun cpeapl. Ho, meHee nsioTHas
CTPYKTYpa, n"Mbo paBHaA cpeae, He cnocobHa K BbICTPOMY NepeMeLL,eHNI0 CKBO3b Heé. B aTom cnyyae
nepenaérca Anb MHPopmaums, Kak cobbiTve. Hanpumep, nonpobyinte 6bICTPO AOTAHYTbLCS A0 AHA
BeApa, 3aMno/IHEHHOro 3epHOM, Bbl JIETKO CAenaeTe 3T0. A Tenepb TO e, HO CKBO3b MOJIHOE Beapo
A610K — He nonyyuTca. To ecTb, Yem MefibYye YacTuLbl B MPOCTPAHCTBE, TEM NJIOTHOCTb SHEPTUN B HEl
Bbllle, MOTOMY YTO 3aMO/IHAETCA YacTMLAMM 6oNbWN 06BEM. 3HAUNT, nepemeusamecsa c80b600HO 8
cpede crnocobHbl MOALKO Me mesad, KOmopble pasmMmepamu MeHblWe cCmpyKmypHol mamepuu camoli
cpedol, _nomomy 4mo Ha __6oabWUx CKOPOCMAX _Koau4ecmso e3aumodelicmeull ¢ HUMU
(conpomusneHue) pe3ko s8o3pacmaem U _menao Hazpesaemcs. Tem 6onee 3TO BaXKHO, Korga
OAHOBPEMEHHO B OZHUX U TEX e cpenax NPMUCYTCTBYIOT YaCTULbl Pa3/IMYHON NNOTHOCTU, Pa3INYHbIe
no pasmepam W CBOKNCTBaM. BepoATHO, NOSTOMY CaMONETbl NETAlOT TOJIbKO CO CBEPX3BYKOBOM
CKOPOCTbIO M He CNOCOGHbI NepemeLLaTbCa Ha CKopocTsax ceeTa? MorkeT, 061aKo cTabuabHON Nnasmbl
BOKpYr ¢ro3ensarka CTaHeT pelleHnem 3agaun? MogobHO npocsioike Nys3bipbKOB BO34yXa, KoTopas
obpasyeTcsa Ha NOBEPXHOCTM NOABOAHbBIX KPbI/IbEB Ha ObICTPOXOAHbIX PEYHbIX CyAaX.

CnedosamesnbHO, U3MeHEHUA MA0MHOCMU _cpedbl (e€ 2epadueHmeol) nonpocmy Konupyrom
UCMOYHUK 8ubpayul (cueHasa) 8 mamepuu MpocmpaHCMed, pacinpoCmMpaHasa e20 ¢ onpedenéHHou
cKopocmbro. MaTepus, B BUAE 3/1€MEHTAPHbIX YaCTUL, BELLLECTBA, MOCTOAHHO M BO BCEX HAMpPaB/ieHMAX
C034aETCA B cpese Npy BO34EMCTBMM HA YACTULLbl €€ CTPYKTYPbl MMMYAbCaMM U3TY4E€HUI CO CKOPOCTbIO
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cBeTa. Hanpumep, umnyanbcamum CTPYKTYp YenioBeKa, Kak BUbpocmucTem, Npu ero AsumKeHnn, nogobHo
NUKCENAM HA O6BEMHOM MOHUTOPE NPOCTPAHCTBA. Korga Kaxablii MUr B cpee BO3SHUKAET NOABUMKHAA
dbopma maTepuu, co BCEMM €€ 3anpOorpaMMMpPOBAHHLIMU U MPUOBPETEHHBIMU U3MEHEHUAMU BO
BPEMEHMU, KaK BELLECTBA M UX KOMUU - OTPAMKEHMA KUCTOYHMKA», KOTOPbIE HEMPEPbIBHO, ANHAMUYHO U
ANCKPETHO BbICTPAMBAIOTCA B NPOCTPAHCTBE U MOCTOAHHO TPAHC/AMPYIOTCA BOKPYr KaK MHPopmauma.
Mpwn 3TOM, NCYE3HOBEHME «UCTOYHUKA» U3/TYYEHUI COBEPLUEHHO HE 3HAYUT UCYEe3HOBEHWME MOTOKA
MHbOPMaLMK, KOTOPaa cnocobHa PacnpPOCTPAHATLCA B OKPY)KEHME KBEYHO», NO Mepe yaaneHus eé ot
mecTa cobbitmaA. Mpu 3TOM 3pUTeNbHO GUKCMpyeTca TobKo GpOoHTanbHaA Haberatowan 30Ha BOJHbI
TPaHCAALMM CUTHANA, NOTOMY YTO CaMM NPOLLECCHI MPOTEKAIOT CTPEMUTENbHO A1 133 YyenoBeka. Cama
Xe B0o3bOyXaéHHaa Bubpaumamum cpesa OyaeT Bcerga nNblTaTbCA BEPHYTbCA K MPEXHEMY
3HeproMHPopMaLMOHHOMY COCTOAHMIO.

3HaAUMT, Mbl MOXEM CO34aTb TEXHONOTMW, MPU KOTOPbIX NH0OOIM 3aA4aHHbIN 0OBEKT UAM PAOH
NPOCTPAHCTBA MOXHO CAeNaTb HEBUAMMbIM, @ MOTOM BUAVUMbBIM, BO BCEX ANAMNA30HAX U3NYYEHUN U
ANA YenoBekKa, U ANA TeXHUKK. NMputom B 1to6OM MecTe NPOCTPAHCTBA, B TOM YMC/IE U B KOCMOce. Takke
3Ta TEXHOJIOTUSA, NPU NPUMEHEHUM NO3HAHUI 06 nHTepdepeHLMn nonen, MoxKeT BbiTb MCNONb30BaAHA
M ANA NOCTPOEHUSA NIOKANIbHbIX KYEPHbBIX AbIP» B CPEAE OKPYKEHUS.

[ns 3TOro B NpocTpaHCcTBe Haao BO3OyAUTb MeXaHW3Mbl KNPOTUBOBO/IH» (CTOAYMX BONH) ANA
3anycKa ABNEHUA «HYNeBbIX» KonebaHwin. Hanpumep, Bce MMNYAbCbl U3NYYEHWUIN, UCMYCKaemble B
OKPYKEeHMEe MNpPOCTpaHCTBa OT Ntoboro obbeKkta, nepedopmaTtMpoBaTb Ha OnNpenenéHHOM rpaHuue
yAaneHua oT Hero, NyTém BO30YXKAeHUA 3PPEKTa NEePeKNOYEHNA BCEX MOJIIOCOB €ro CTPYKTYPHbIX
annonein (addekt OxkaHnbekosa B. A.) Ha NPOTUBOMNO/OXKHbIE U CTabuUNM3MpoBaTb ero. Mponsonaér
OAHOMOMEHTHbIN CABUT B MPOTMBO®A3Yy BO BCEX CNEKTPax KONebaHUM MarHUTHbIX Noel B 3a43aHHOM

Puc. 71 HeBMAMMOCTb «HyneBbIX» KonebaHuii. Puc. 72 ObpasosaHue matepun ns eé cpeasbl. /vk.com/

npocTpaHcTee Ha 180° (nonynepuoa). YTo NO3BOAIUT BCEM HOCUTENAM M306parKeHUN MaTepun cpeapl
(ncToYHMKam apxnBoB cobbITHIA) B AAHHOW 30HE CKOMMNEHCMPOBATb UHTEHCUBHOCTb CBOMX NONEPEYHbIX
KonebaHni, 06HYNTb UX, U HE TPAHC/IMPOBATb Aasiee B NPOCTPAHCTBO. OH6bEKT cTaHOBUTCA abCONOTHO
HEBMAMMbBIM [A1A BHEWHMX «Habaogatenen» 3a «nNepuMeTpom» BO3AENCTBUA. BO3MOMKHO
BbIOOPOYHOE BAMAHME HA CTPOrO 33[aHHble YAcTOTbl KosebaHWi, Npu KOTOPbIX BCE OCTa/ibHble
BMOpaLunmn 06beKTa (ero 4epTbl) OCTAaHYTCA AOCTYNHbIMUK ANA 0603peHua. Mpu aTom, cama dopma 1 ero
n3obparkeHune, B npegenax o6bEMOB 30HbI A0 aKTUBHbIX Npoueccos, byayT BbirnAaeTb 0bObl4HbIM
obpasom, Kak 1 Ao BmellaTenbcTBa BO3byRaeHUA. ToT »Ke addeKT AoCTUraeTcs B C/ly4ae CO 3BYKOM
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(cm. Puc. 71). TexHONOruns e akTUBALLMM B NMPOCTPAHCTBE KYEPHbIX AblP» CIOXKHEE U CAULIKOM OMacHa
naToreHHbIMM nonamu. NMostTomy onucbiBaTb eé 3aecb HeuenecoobpasHo.

Bcem M3BECTHO, YTO TaKME 3N1EMEHTAPHbIE YacTULbl, KaK MPOTOH M 3/1EKTPOH, BECbMa CTabubHbI
BO BPEMEHU. 3HAYUT, OHW OTAAIT U NPUHMMAIOT OANHAKOBbIE (BUA0BbIE) SHEPTOMHPOPMALMOHHbIE
4acTOTbl B3aMMOAENCTBMA MeXAY 06beKTamm, TO eCTb YTO NPULLNO, TO U YLUNO B €4UHULY BPEMEHM.
3TO KacaeTca M MX 3apAfO0B, U UX MOMEHTOB BpalleHMA. B cayyae yTpaTbl KAaKOM-TO BENMYMHDI,
BEPOATHO, MPOUCXOAWUT nepexos K Honee nNpocTbiMm CTPyKTypam M obpaTHOe — TOXKe BEpHO C
ycnoxkHeHnem popm matepum. Kak cobbitma ¢ notepen uam npuobpeteHnem sHeprmum. M3BecTHo m To,
YTO NpW BO3AENCTBMM BO3OYKAEHUIM Cpefa XapaKTepusyeTcA NOTEHLMANbHOW 3Hepruen, u nocne
NPoOU3oLWeAWmnX B HEeM CMELLEHMN, KaK pe3ynbTaT - BO3BPALLAETCA K CBOEMY NepBOHa4a/bHOMY
COCTOSIHMIO B CUAY CBOEM ynpyroctu. Ho oHa 061afaeT M aKTUBHOM YacTbto — 3Hepruein BMbpauni, Kak
CNeAcTBME HENOCPEACTBEHHOMO NepemeLLeHnA B Hel eé Gopm maTepuu.

3HaUMT, KaXKAan 3NeMeHTapHaA YacTULa (06beKT) OKa3biBaA BAUAHUE HA Cpeny OKPY)KeHuA (eé
MaTepPUI0) CBOMMM BUXPSAMM, B3aMMOLEWCTBYET C HEW, B TOM YMUCAE, CBOMMMU MHCTPYMEHTaMM
MarHeTM3ma W 3/IeKTpuYecTBa. Hanpumep, UCTOYHUK M3nydyeHusa (BMbpauuii) - aTo maTepusa B Buae
3N1eMEHTAPHOM YacTULbl, Kak BUXPb (AMNOAb), U OT ero Tena MoBCAY B OKPYKEHWE MCMYyCKatoTcA
curHanbl. JonycTMm, 4To paHee B NPOCTPAHCTBE CUIHA/A AaHHOrO CneKTpa KonebaHui He bbino. Mocne
€ro 3apoXAeHMA NPOUCXOAMUT CaMblii NEPBbLIV BbIBPOC SHEPTUM BUXPA AMNONA B CPeay, KaK NepBbli
noaynepuos Bo/iHbl B BUAE €€ «ynJoTHEeHUA». Bo BTOPOM nonynepmoae BO3HUKAET «paspsaKeHue»
BHYTPb UCTOYHMKA - MEXAY OTAANAOLMMCA NEPBbIM PYKAaBOM M TeNOM YacTuubl. Mpu nepsom obopoTe
(nepuog), Korga MOAHLIA UMKA CUFHaNa TOJIbKO 3aBEPLUMAICA, BO3HMKAET C/AeAylolwas BOJIHA
«YNAOTHEHUA» CPebl U3HYTPU HAPY»Ky, KOTOPAA OTTA/ZIKMBAET NpeAblAyLMA KCUTHAN» OT UCTOYHMKA U
Cama OTTAJIKMBAETCA OT Mnocaeaylowmx BUTKOB KonebaHui. MoTomy 4TO, Kaxablid pas obpasyeTtca
rpafAMeHT NAOTHOCTEMN, KOrA4a YN/IOTHEHME MATePUM YacTULbl BO3AENCTBYET Ha YNAOTHEHME MATepumn
cpeabl M 3TOT CUTHAAN NepepaéTcs Aasblue B NPOCTPaHCTBO. M Tak NpoaonKaeTca BHOBb M BHOBb, NOKaA
WCTOYHMK CUTHANOB OYHKUMOHMPYET KaK camocTosTenbHas ¢dopma maTepun. TOYHO TaK MOMKHO
roBOPWUTb O 3apsAfaXx U UX FPagMUeHTax.

MpPOCTPaHCTBO KpaWHe HACbILWEHO 3HEPrMen, B OCHOBE KOTOPOWM CyLLEeCTBYIOT FpPafMeEHTbI
NAOTHOCTEN BMXPEBbLIX 0OPaA30BaHUI OrPOMHOIO PasHOOOPasns CTPYKTYP MaTepuUm pPas/inyHoOm
APXUTEKTYPbl — CMUPANbHbIX, TOPOUAANbHbIX, KOHYCHbIX, TMNepboanYecKUx, KOMOMHUPOBAHHbIX U T. 4,
Bce OHM, BbICTPAMBASACb OTHOCUTE/NIbHO APYF APYra B CBOMX AMNONbHbIX 06pa3oBaHMAX NO CBOMCTBAM
3NEeKTPUYECTBA MU MarHeTM3Ma B Pas/inyHble 06BEKTLI, B3AaMMOLENCTBYIOT C SHEPTMEN BUXPEN MaTepumn
cpeapl, N0y4ana UMMNYAbC U3BHE, YCUNMBaAA COBCTBEHHbIE ABUKEHUA (NPeobpa3oBaHMA) B YCOXKHEHUN
CTPYKTYp 1 dopMm BelecTBa. Mbl 3HaeM, YTO B MUKPOMMUPE BUOPALIMK NPU U3NTYYEHUAX SNEMEHTAPHbIX
4acTuL, ropaszo Bbille, YeM B MaKpoMupe (4acToTa BpalleHuit). Koraa BCeCTOPOHHUE BO34ENCTBUA
BUXPEN C 3axBaTOM MaTepun cpeabl NPU B3aUMHOM OTTa/IKWBaHUM OOBEKTOB AEWUCTBYIOT Ha
HeCpPaBHUMO [ANEKUX U Pa3HbIX BEIMYMHAX PACCTOAHUM Apyr OoT Apyra. Hanpumep, B makpomupe
0ODbEeKTbl CONMMKAIOTCA WM CTA/NIKMBAKOTCA HA PACCTOAHMAX, CPAaBHUMbIX C AMAaMeTPOM Haubonee
«TeHeBOro» obbekTa Bo3gencTama. Korga B conoctaBAaeMOM MUKPOMUPE — 3TU PacCTOAHMA ropasao
6onblie (OTHOCUTENbHO), @ BO3AEWUCTBUA HE3HAUUTENbHbI, OAHAKO 6onee 3aMeTHbl, KaK BAUAHUA
3N1EKTPOMArHUTHbIX NOMEN ABMKYLLMXCA 3apsaLoB MaTepuun. Tem 6osee, YTo Ha BAU3KMX PACCTOAHUAX
MWKPOBUXPU KOTCKAKMBAIOT» APYr OT APYra U TONbKO NpU CAABANBAHUN U3BHE (MM MarHeTUM3Mom)
06pasyoT eAnHbIE CTPYKTYPbI.

3HAuYMT N 3TO, YTO B3aMMOLENCTBUA KBCErO CO BCEM» B MPOCTPAHCTBE BceneHHomn npoucxoaut
yepe3 ynnoTHeHUA matepumn? Jliobbix e€é ¢opm? BO3IMOXKHO, B MEpPBOHAYA/IbHOW «MyCTOM» cpeae
MEXaHW3M PacnpoCTpaHeHMA Nosiei H6bla1 NPOCT — OTTA/IKMBAHWE NpeablayLLei U nocieayoLwen BOH
KonebaHui apyr ot apyra. Ho Beab, B MMKpOMMPE NpU pasMepax YacTul, NopsaaKa «4ecATb B MUHYC
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TPUHAALUATOM - NATHAALATON CTENEeHM» CBEPXBbICOKOYACTOTHbIE KONebaHUA HYKNOHOB NpeBpalLaoTca
B CM/IOWHbIE MOCNONHble chepuyeckme MNOBEPXHOCTN, OOPaA30BAHHbIE MHOXECTBOM BUXPEN.
OueBMOHO, YTO BHYTPWU TAKUX CMeEpPYEN - YNJIOTHEHUM maTepuu (saep) BO3HWMKAET pasperkeHue, a
BO34ENCTBMA BHELWHUX OOBEKTOB OTTANKMBAHUA elé 6osblie YNAOTHAKT (CHMMAKOT) 3TU BUXPWU
atomoB (sapa). To ecTb, 06pa3ytoTCA YCTOMUYMBBIE AUMOAN HE TONbKO AAep, HO U aTOMOB CO BCEMM
BbITEKAIOLWMMM B3aMMOAENCTBUAMM 3/1EKTPMYECTBA M MArHeTM3Ma, KoTopble BMecTe C B3aUMHbIM
«OTTa/IKNBAHMEM» BOBJIEHEHHOW B BUXPEBOW MPOLLECC MAaTeEpPUU cpebl He NO3BOAKT CANTLCA STUM
CTPYKTYpam B «TOYKY». ITO y}Ke He NPOCTO BpaLLatowmecs no CBOMM opbrUTam 31eKTPOHbI CO CBOMMM
NPUTAMKEHUAMW B 30HE IKIUNTUKMU, KaK B 0OLLENPUHATON N1aHETapPHOM cxeme CTPOEHUSA aToma’?

3HauuT, amom - 3mo edUHAS CMPYKMYypHAsa ¢opma ¢ 83aumodelicmayrowumu mexcoy coboli
CchepuyecKUMU npocmpaHcmeamu, KaK MH020C10UH020 chepudecKko2o KOHOeHcamopa, o C80UMU
ceolicmeamu 3neKmpu4yecmsa U mazHemusma, ceoeli nocaoliHol npeyeccueti U MHOXECMB8OM UHbIX,
8bIMEKAULUX U3 3M020 ymeepxc0eHus, aeaeHuUl. Torga HENOHATHbIE BONPOCHI NPU «MN/IAHETAPHOMN»
MOZEeNM aTOMa HAaX04AT CBOM OTBETDI.

13. dneKTpoOMarHMUTHblE NONA, NPOCTPAHCTBO U BELLECTBO.

Mouyemy 6bl HE NPeanONOXKMUTb, YTO NMPOCTPAHCTBO COCTOMUT HE TONbKO M3 3/1EKTPOMArHUTHbIX
nosiei n BeLecTBa B Pas/INUHbIX UX GOPMax, HO U UMEET B HUX PA3/IMYHYIO CTPYKTYpY? Hanpumep,
BELWECTBO — 3TO KPUCTA//IMYECKAA CTPYKTypa, B Yy3/l1ax KOTOPOM pPacnonaraloTcA aTtoMmbl, a
3N1EeKTPOMArHMTHOE NoJsie — 3TO ToXe NofobHas ceTeBas CTPYKTYPa, TO/IbKO B y31ax €€ pasmeLleHbl
pa3/INyHble 3N1EMEHTAPHbIE YaCTULbl CO CBOMMM XapaKTePUCTUKAMM 3apAa0B, CMUHOB U T. 4. U 3Tn
NoaA OT/INYAIOTCA NO NJIOTHOCTU, YNPYroCT, MPOHULAEMOCTU U APYITMM CBOMCTBAM B 3aBUCMMOCTU OT
TOr0, KaKue CryCTKM 3Heprum (matepumn) B BUAE 3N1€KTPOHOB, HEUTPOHOB, NPOTOHOB U T. 4. HAXOAATCA
B eé y3nax. Kasanocb 6bl, O4eHb NOXOXKe Ha «rPaBUTALMOHHbIE» (MPOCTPAHCTBEHHbIE) CETU Ccpeabl
OKpY»KeHus.

Ho 3To nonAa AWMHAMUYHOW 3HEpruu, rae B 3aBUCMMOCTM OT 3apsAfAoOB B Yy3/1ax 3TUX CETEN
NPOUCXOAAT W3MEHEHWs MNOTHOCTEM B cpede, Koraa 6onee TOHKME CETU  OKPYXKeHuA
B3aMMOAENCTBYIOT C 6onee rpybbiMM M UX B MPOCTPAHCTBE HEUCUYUCIMMOE MHOXKecCTBO. Koraa
KONMYECTBO 3/IEMEHTAPHbIX YacTul, B Yy3/Jax CeTM MNOoANsA, PaBHO KaK WM aTOMOB BellecTBa B
KPUCTAaNIMYECKUX PeLLETKax, Npu onpenenéHHblX YCAOBMAX MOCTOAHHO HAXOAATCA B ABUMKEHUW,
N3MEHAIOT CBOKO CTPYKTYPY, dopMy, NepexoanT Apyr B Apyra, 06pasytoT 6oee CNOXKHbIe CUCTEMbI, U3
KOTOpbIX GOPMUPYIOTCA ApPYrMe aToMbl, MOJIEKY/bl, COeANHEHUA, Tena u T. A. Bcé 3asucut ot
NAIOTHOCTEN MX 3apAJ0B WM YCA0BUIM cpeabl. TakMm nNyTém 06pasytoTcs CBET, paAnoBOHA U Ntobas
dopma matepum (cm. Puc. 72).

Bcakas cpeda COCTOMT M3 MHOMECTBA «MPOCTPAHCTBEHHbIX» CEeTel, B Yy3/l1aX KOTOPbIX
pacnofiaraloTca BMAOBbLIE YAaCTUUbI B PA3/IMYHOM MOPAAKE, C PA3/IMYHON MNOTHOCTBIO 3apsAaAoB, WX
KOZIMYECTBOM U MO3ULMOHUPOBAHMEM OTHOCUTENIbHO APYT APYra, B 3aBUCMMOCTU OT BHELLHUX YCNOBUM
npocTpaHcTBa. OnNATb BCE 3aBUCUT OT B3aMMOAENCTBUIA UX 3apAL0B, SHEPTUM, CMUHOB U T. A. U 3TO
BEPHO He TO/IbKO 15 OAHOPOAHbIX CPes, KOTOPbIX B PeasIbHOCTU He CYLLEeCTBYET, HO U AN1A CMELUAHHbIX,
Korga ntobaa e€ dopma MOXKET pacnagatbCA Ha Apyrne uam HaobopoT — cuHTesuposatb Honee
KpynHble 06beKTbl. MoxorKe, Hanpumep, Ha 3BE34bl MM NIAHETLI B Fa/IaKTUKE, HA UX B3aUMOLENCTBUA
mexay coboli c o6pa3oBaHNEM NOABUMKHOM CTPYKTYPbl SHEPTUN.

3HauuT, A1060e mesio 8 NPOCMPAHCMBE — ecmb hopMa 31EKMPOMASHUMHO20 017, K020d 8Cé
cocmoum u3 3apA008 u ux 83aumodeticmaul. be3 3apanos HeT Buxpei n HaobopoT, a 6e3 Buxpewn HeT
3N1eMEeHTapPHbIX YaCTUL, KaK CTYCTKOB YMNOTHEHUIM MaTepuu NpocTpaHCcTBa. U, 3HauuT, He BypeT m
B3aMMOAENCTBUIN MeXAYy HUMU, KaK He CTaHeT CTPYKTyp n ¢opm Bewectsa v nond. Bubpayuu npu
g3aumodelicmeuax U 8036yHOeHUAX, Xa0MUYHOCMb 8CE20 —3MO U eCMb OCHOBA X U3HU. BbIxXoanT, 4TO
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NpPOCMpPAHCMBO — ecmb 8eU,eCMe0, PACMBOPEHHOE 8 3AEKMPOMA2HUMHbIX 105X. MOTOMY, «10aa» U
«M1POCMPAHCMEA» — MOHAMUSA UOEHMUYHbIE.

Bce Tena B3auMoZenCTBYIOT MeXay COboM, BbICTpanBaa NOKpbITUE OnNpesenéHHbIX 30H CBOEro
OKPY)KeHUA (3aBMCUT OT 3apsaga) CBOMMM MMMyAbcamu (nonsmu). PacnpocTpaHas Mx oT obbeKTa K
0ObEKTY HABCTPEYY APYr APYry CO CKOPOCTAMM CBETA, KaK MHOTOYUCNEHHBIMU «MPOCTPAHCTBEHHbIMMNY
CEeTAMM PaA3/IMYHbLIX NJOTHOCTEM C 3HEpPreTUYeCKUMMU y31aMu 3apAA0B, CNIETEHHLIMU U3 BCAKUX
M3NyYaloWwmMx W nornowarlmx KonebaHuit. KoTopble Bceraa B3aMMOAEWCTBYIOT C  APYrMMM
«FPaBUTALMOHHBIMM» CETAMM C MHbIMW CBOMCTBAMM M MNJIOTHOCTAMM 3SHEPrUW, MOrNOWAs WM
paspywas Apyr gpyra. To ecTb, BCe Tena «napat» B NPOCTPAHCTBE, OTTa/IKMBAACb APYr OT Apyra
PYKaBamu CBOMX BUXPEN BOBAEYEHHON MATEPUM CPeAbl OKPYXKEHUA, AN CLENAAITCA APYr C APYrom,
06pasya CTPYKTypbl U GOPMbI NOA, BO3AENCTBUEM 3/1IEKTPOMATHUTHbLIX NONEN.

14. dneKTpUUecTBo.

A 4TO0, ecnm nonpoboBaTb YCMAMBATL INEKTPUYECKYHD 3SHEPrvo No MNPUHLMNY YCUIEHMUA
MexaHunyeckoin? Ero Kpytawero momeHTa? Yto-To Bpoge NaaHeTapHOro sNeKTPUYEeCKoro peaykTopa
(cm. Puc. 73) ¢ nomoLbio KOTOPOrO MOXKHO BO34E€MCTBOBATb HA 3N1EKTPOMArHMTHOEe none cpepgpl
OoKpyKeHusa. Koraa c BHYTpeHHeN OOMOTKM CHMMAKOTCA Masible Hanps)KeHus, a ¢ nepudepun —
OrpOMHble Harpy3Kku. KOHCTPYKLMIO MOXKHO COBPaTb HE TONIbKO M3 3aMKHYTbIX KOJIbLEBbIX KaTyLUEK, HO

Puc. 73 NpeobpasoBatesib 3N1€KTpMUYecTBa.

N B BUAE MATPELLKMN U3 chepmyecknx obMOTOK Mo TuNy «oAHa B Apyroin». Mpu 3TOM BCe KaTyLUKK
N3roTaB/IMBAOTCA C MPUMEHEHMEM NNAHETAPHON HAaBMBKM NPOBOAA, C XKeNe3HbIMU UM MArHUTHbIMMK
cepAeyYHUKamm (Kpyrosble, chepruyecKkmne nam coctaBHble coepbl). B JaHHOM ciyyae faxke oaNHAPHbIN
cheprnyecKknii KMAYMK» pasMmepoM C TEHHUCHbI cnocobeH ocBelaTb NanaTky Man 4oOMUK 6e3 BCAKOM
6aTapewn. B cepeamHe TaKo KOHCTPYKLMM 06A3aTE/IbHO A0MKEH NPUCYTCTBOBATbL rpaduT (rpadeH) nnm
aHaNIoOrMYHbIN MaTepuan. B Takom npeobpasosaTtenie BbIAAETCA NEPEMEHHbBIN TOK, HO MOXHO CO34aTb
M O HOHaNpPaB/EHHbIN Yepe3 OAUH NPOBOA,

Mpeanaraetca onpoboBaTb TaKKe MHOTOMNOAPHBIMA KoiebaTeNbHbI KOHTYP KaK CKpeLLeHHble
KaTyWKM TOpPOB (B BMAE 3BEHbEB Lienu), cobpaHHble B pasHble 3aMKHyTble GOpPMbl, B TOM YuC/e C
NPUMEHEHNEM KOHAEHCAaTOPOB U PAa3pPALHUKOB.

15. ConHeyHana cuctema.

A y4TO, ecnn Tenno atmocdepbl ConHUA — 3TO BCEro AMlWb peakuma Gopm maTepum Ha eé
nsnydyeHuAa? M Ha camom gene nof NOKPOBOM €€ «OFHEHHOW TOJIWM» CKPbIBAKOTCA He rasoBble, a
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BnonHe cebe TBEpAble 06pPa30BaHNA B COBEPLIEHHO MHbIX AMAna3oHax BMOpauuii, NAOTHOCTEN u
TemnepaTtyp, 4em Mbl cebe npegcTaBnaem?

A aymato, 4TOo B AEUCTBUTE/NIbHOCTU BMOJIHE MOXHO CO34aTb BELW,ECTBa, KOTOpble B CBOWX
CNeKTpax U3Ny4eHni coBcem He byayT B3aMMoaeincTBoBaTb (MHEPTHOCTb) C MHPPAKPACHBIMU U UHBIMU
ANanasoHaMn U3Ny4YeHUn, BNOKMPYS MUX MOFNOLWEHMA Ha paccTosHMU. OHU CTAHYT OTpaXKaTb MX, He
nogBeprascb HarpeBy HM KOMM 06pa3som, BbITA/SIKMBasA YyxKepoaHble nons 3a chepy BO3AeNCTBUA
CBOEro COH6CTBEHHOIO 3/IEKTPOMArHUTHOIrO M3ydeHua. Kak B MOAsAX HyneBoro noTteHumana. Yto-to
NOX0XKee Ha He8ecomMocmb 00HUX 8uxpeli 8 OKPYHeHUU Opyaux.

Hawe ConHue A0BONBHO MeA/IEHHO BPaLLAeTca BOKPYr OCK, MOTOMY BEPOATHO, OOLLMI MOMEHT
MMMY/1bCa NNAHETAPHOMN CUCTEMDbI 3aK/HOYEH B ABUMKEHMAX NO opbutam KOnuTtepa n CatypHa, KoTopble
«noATaNKMBalT» bonee Menkue nnaHeTbl. Begb B HUX 3akntodeHbl 99,5% uHepuuu, KonuyecTtsa
BpalLleHMa OT O06bEMOB BCex MiaHeT. 3HA4YMT AU 3TO, YTO BCE WX BUXPU B CBOUX KosebaHuMAx
CUHXPOHM3MpYIOTCA B 1/4T nepuoaa opbuTanbHbIX ABUNKEHUA Apyr Apyra? B3amMMHO BbiHYyXKAas
«coceaen» Kaxabli pa3 pa3mellaTbCa B TOM 4YacTM CBOWUX TPAEKTOPUN, rae B 6o/blIen cTenexw,
MOCTOAHHO M YCTOMYMBO, COXPAHAETCA ABOUYHOCTb CMMPAbHbIX IMHUIA UX OPOUT OTHOCUTENBHO APYr
Apyra. Kak ToT e napag nnaHet. Koraa KMHeTUu4eckas aHeprua og4HoM naaHeTbl NOMOTraeT Apyroi B eé
dase MaKCMManbHOM MOTEeHUManbHOW 3Heprun. M Tak cHoBa M cHoBa. OcTaérca paccymTaThb
B3aMMOCBSA3b NJIAaHET U UX OPOUT B 3ITOM CMMBMO3E CUCTEMHOMN CUHXPOHM3ALUMK UX KoNebaHUi BOKpYT
ConHua B UX CTPOro NepruoanNYHOCTM U 04epEaHOCTH.

CnegyeT OTMETUTb, YTO MMEHHO B pe3y/bTaTe LMKAMYHON CMEHbl MOOCOB MPU ABUMKEHUM
NAaHeTbl MO ranakTUYeckon opbuTe perynsapHO M BMNONHE 3aKOHOMEPHO MPOUCXOAAT MPOLLECCHI
HapallMBaHMA M TasHMUA Nbda Ha oboux «wankax». Takum obpa3om n obpasyroTcs okeaHbl. Ecaun He
YUYMTbIBATb XMMMUYECKME CBA3M BOAblI C APYrMMKM BeliecTBamu. Korga AUCK «IKAUNTUKUY  (KaK
membpaHa) 11060 cUcTembl: NIAaHETAPHOM, ranakTUYECKOM, BCENIEHCKOWN, UTPaeT OrPOMHYI0 POJib B
nepegaye pPe3OHUPYHOLLMX YNPaABAAOWMX 3SNEKTPOMArHUTHbIX CUrHanoB (cBeTa) - npu  ero
nepeceyeHmn. Kak mexaHU3m yckopeHua beryuiein BoaHbl MHPOPMaLMN MarHUTHOro nons. Passe He
Ha/nMynMe BOAOPOAA W BOJIHbI CBETa BOKPYr M/aHEeT 3amnycKaloT Tam MpoLeccbl co34aHua U pocTa

BELLECTBA OT 3/1IeMEHTaPHbIX YacTUL, 40 CaMUX NAAHET?

Koraa c pacuienneHmem crnektpoB mnsnydyeHusa CosHua, eé BHelWHee MarHUTHOE noJie co3daér
pasgeneHne 3N1eKTPUYECKUX 3apAa0B M1a3mbl MPOCTPAHCTBA OKPYMKEHUs (M1aHEeT), YTo NpMBOAMUT K
06pa30BaHMIO INEKTPUYECKMX HANPAXKEHUN U nonen (rpafmneHToB) M NOABAAKOTCA dNEKTpUYEecKue
NCTOYHUKM NuTaHuA (ToK). MoTomy yTo CosHUEe 0bpasyeT Pe30HAHCHYIO MaHETAPHYIO CUCTEMY U TYT
e npeBpallaeTcs B KOCMUYECKUM reHepaTop CBOOOAHbIX 3N1EKTPOMArHUTHbIX BOAH (nonew) c
peanunsaumneit pasanMyHbIX MOHOB U 3/1EKTPOHOB A/1A 3aPOXKAEHNA aTOMOB XMMUYECKUX 3/IEMEHTOB Y
Tex agpecaToB WM3Ny4eHUW (MNaHeT), B CTOPOHY KOTOPbIX OblIM HanpaBaeHbl BCMbIWKN KOPOHbI
(conHeuHoro Betpa). O4eBMAHO, YTO B OrPAHUYEHHOM MArHUTHLIMW CUNOBbIMU NUHUAMKU ConHua
NnaaHeTapHOM CUCTEME BO3HMKAIOT CTOAUYME BOJIHbI, B Y3/1aX KOTOPbIX 06pa3ytoTcsa ¢opMbl BeLLLECTBA Ha
6ase MOHOB BOAOPOAAa W BHELWIHEro 3/M1EKTPOMAarHUTHOro noAsA, NPU BO3HUMKHOBEHUWU ABJIEHUM
pe30HaHca Kak 0OCHOBbI MHGOPMALIMOHHOTO BO3AENCTBMA MarHMUTHbIX NOMEN YacTUL, BELLLeCTBA B CAaMOM
MaTepumn NPOCTPAHCTBA OKPYKEHUA.

Omcroda Hanpawusaemcs 861800, Ymo amomapHsie seca 8 [lepuoduyecKoli cucmeme MOMHO
UcyuCaame om «00UHOYHO20 HY1e8020» BUXPA, KaK 1/2 seca npomoHa, —3mo u ecme « HoromoHuli».
A «KopoHuli», Kok coeduHeHue 08yxX «00UHOYHbIX Hys1egbix» suxpeli co cmeweHuem 8 1/4T nepuoda, —
ecmos CMpyKmypa op2aHu3ayuu NpomoHd, C0o0meemcmeeHHO OH UMeem 8ec MPoOMmMoHd. I nvib NnoTom
B Tabaunue ctout «Boaopoa», aTOM KOTOPOro COCTOUT M3 MPOTOHA C MPUCOEANHEHHBIM K Hemy
3/IEKTPOHOM, KOTOPbIM TaKM¥e CO34aH «HYNeBbIMU» BUXPAMMU, HO WMHOW MHTEHCUBHOCTU, MHOWM
BE/IMYUHBI 3apAaa, apXUTEKTYPbl CaMMX NMOJIEN AUMNONA U UHBbIM PACMNo/IOXKeHMEM rpaHuLbl baoxa.
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16. UameHeHMe CBOUCTB BELLLECTBA HA PacCTOAHUMN.

MpeacraBum, YTO [ABe  MOAY/AMPOBAHHbIE 3NEKTPOMArHWUTHble BOJIHbI  (PaAMOBO/HbI)
onpeAenéHHOM YacToTbl MCMNYCKAlOTCA B CTOPOHY OAHOro «o0b6beKTa» (Uenu) c pasHbiX ToYek
(ctepeoaddekT). Tak, 4TOobObI ABNAEHWE UHTEpPepeHUUM 3TUX nonen (MANM HECKONbKMX MapHbIX
OAHOBPEMEHHO) MPUBOAMAM K BO3HWKHOBEHWIO B ONpeAenéHHOM 30He MPOCTPAHCTBA pPe3Koro
BCNAECKa 3Heprum (pesoHaHca). KoTopblii OKasbiBaeT BAUAHME Ha CNabble U 31eKTPOMarHUTHbIE CBA3M
B CTPYKTYpPax BELWECTB 3TUX GOPMbl, U3MeHAA UX PU3MYECcKMe CBOMCTBA U 3adaHHble napameTpbl. s
pelleHns cambiX HEBEPOATHbIX 3a4a4 B BO34yXe, Ha 3em/e, B BOAE, KOCMOCE U T. A.

MopobHaa MHTepdepeHUUs cnabblx U3NYYEHWUI, BEPOSTHO, MOXET ObiTb NMPUMEHeHa U Ans
co3aaHua addekta nesuTaunm nnathopm, 1 pasorpesa onpeaesiEHHbIX 061acTelt NPOCTPAHCTBA Ha
PacCTOAHMU, U ANA BBEAEHUA KPUCTANNMYECKUX CTPYKTYP Pa3/IMYHbIX MaTepuanoB B HeCcTabuibHoe
(BO3bOYKAEHHOE) COCTOAHME C NOCTPOEHNEM 334aHHON GOPMbI APXUTEKTYPbI NHOOBIX MarHUTHbIX NONEN
nog, PacyETHble XapaKTepUCTUKM (3agaum). N aTo TpebyeT NoATBEPKAEHUA SKCMNEPUMEHTaMMU.

17. «HeBugumblii» Kocmoc.

Ha camom gene B KOCMOCE slyd4am BOJIHOBbIX BUOpaUMit HET «MNOCTOAHHOM BO3MOMKHOCTUY»
OTpaXKaTbCA B NPOCTPAHCTBE Ha CTbIKaX rPaHUL, Pa3/IMYHbIX MO CBOMCTBAM cpes,. [ToToMy YTO OrpOMHbIe
06BEMbI 30H OKPYKEHUA «KMOHOXPOMHbI», FTAe HET YCNOBWI ANA OTPAXKEHUA UKW NpPeoMIeHuA
N3Ny4eHU cBeTa (3N1eKTPOMarHUTHbIX BO/H). He noTomy v BCE, YTO Mbl BUAMM B KOCMOCE — 3TO
OTYET/IMBbIE N BbICOKOKOHTPACTHblE M3006paXKeHUA? 3HAYUT M 3TO, YTO B NPOCTPAHCTBE CYLLECTBYHOT
BMOpOCUCTEMBI, U3/y4EHUA BOAH (MoNei) KOTOpbIX NPOXOAAT CKBO3b /Il0DYI0 maTeputo cpeapl
OKpY»KeHus 6e3 oTparkeHma? Torga 3To M eCTb UCKAKYUTENbHbIA MEXaHU3M HEBUAUMOCTU OO BEKTOB.

dopmbl  MAKM  NpeaMeTbl, KOTOpble W31y4aloT BOJHbl, HE KOHTaKTMpylouue (He
B3aMMOJENCTBYIOLWME) C MaTepMen NPOCTPAHCTBA (KaK  3/1EKTPOMArHUTHbIE), CTAHOBATCS
HEBUAUMbBIMU. 3HAYUT, NPUHLUMNbLI OTTA/IKMBAHMA OAHWX NONEN OT APYrnX CO34al0T UAeanbHble
YCNOBUA ANA ABNIEHUA NOJIHOM HEBUAMMOCTU NtOObIX 0OBEKTOB OKPYHKEHUSA.
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B3aumooelicmeue 3nekmpuyeckux 3apAa008 HA YPOBHE 3/1eMeHMAPHbIX
yacmuy, Kak Ma2HemusM, U ecmb [07€e, KOmopoe Mbl Ha3bleaem
2pasuMayUOHHbIM.

CTPYKTYPA MATHUTHOIO NOAA.

B3aMmMHO nepneHauKyNsapHble NepeceyeHns CUNO0BbIX IMHUI ABYX Pa3/IMYHbBIX BPALLAKOLLMXCA
MArHUTHbIX NONEN COo3[al0T B MNPOCTPAHCTBE eAMHYI0 YNPYryt 3/1eKTPOMArHUTHYK BOJIHY CO
cmelleHMem KonebaHuit B 1/4T, uTo onpedensaeT UCTOYHUK SHEPrMM B PACKpbITO BUBpocUcTeme
3aKPYYEHHOro BUXPA U3BHE OKPYKeHMA (cm. Puc. 1). Koraa 3apsaabl cpesbl, Kak 06/1aKko MOHOB BOKPYT
nontocos, 0bpasytoT rpaAveHT NAOTHOCTEN B MPOCTPAHCTBE, BCE CU/bHEE M ObiCTpee yBean4yMBas
MHTEHCMBHOCTb BpaLLLeHMA Takoro nona. O6pasyoTca MOLHbIE 31EKTPUYECKME U MarHUTHbIE NONA, U3
KOTOPbIX MOXHO U3B/IEKaTb 3N1EKTPMUUYECTBO UAM CO34aBaTh YCA0BUA ANA NEBUTALUMN.

3HaunT N 3TO, 4TO, NMPUOA8AAs _MOMEHM 8pauieHUsa bbIM MA2HUMAM Mbl_ycuausaem Uux
Maz2HuUmHoe nose? O6paTMMCA eLé pas K KOHCTPYKLMM MarHUTHOro reHepatopa k. Cépna, rae npu

HaNIOXKEHUM MArHUTHbIX MONEeN POJNIMKOB M AMCKA 0b6pasyeTca CUHycOMAaNbHAs BOJIHA, KaK B
3aMKHYTOM KOHType MarHWTHOro XpaHutensa 3. JInackanHuHa. BpalweHue poanKoB BOKPYr KO/bLa
CTaTopa COBepPLIAETCA MOTOKOM MarHUTHbIX BOJIH 0O6Lei cucTeMbl BO B3aMMOAEWCTBUM C MOSEM
NPOCTPaHCTBa. MOTOMY YTO CNUH MarHUTa BO36YyKAaeT BHELHEee 3N1eKTPOMArHMTHoe none.

Puc. 1 NMepeceyeHmne Buxpei Puc. 2 AcummeTpua CUN0BbIX IMHUIA MAarHUTHOrO MOAA.
MarHUTHbIX NONEN.

Hanpumep, nepectaBnaa MarHuTbl, pacnuamMean U Ao6aBnsa KyCOYKM pasHOM reomeTpuu, no-
pPasHOMY COeaMHAs UX MeXay COO6O0M, Mbl U3MEHAEM apXUTEKTYpYy CWUAOBbIX JIMHWUI eaAuHOro
MarHMTHOrO NonA HoBOM GOpPMbl KOHCTpyKuMu. Co3gaBaa noaobue «wato3a», Kak HanpasneHua
Pa3BUTUA BO3AENCTBMA HA MATEPUIO Cpeabl OKpyXKeHUA. MoTomy YTo TaKMM 06pa3om BbICTpanBaeTCA
BMbpocuctema 06WEro acMMMETPUYHOro MarHuta. lpUKpennas OAWMH MarHUT K Opyromy, Mbl
YCUMBAEM HYXHYHO Ham 4acTb CTPYKTYypbl, CTeHKa bnoxa B Helt nepemewaetca. Takoro addekTa
MOYHO A0CTMYb Pa3/IMYHbIMU MarHUTaMu, Hanpumep, KYyCOYKOM HEOAMMOBOIO NPU BO3AENCTBUN Ha
depputoBbin (cM. Puc.2). To ecTb, Ma2HUMHbIE 11048 (CmpyKkmypsl) MOMHO hopMuposams
uckyccmeeHHo. Koraa oAHW Nontoca MOXKHO 0CNabnATb 3a CYET yCUAeHMA APYruX, Hanpumep, ecam
NPUHYAUTENbHO COEANHUTD OAHOMMEHHbIE NONKOCA ABYX MAarHUTOB A5 CO34aHUA Y3KOro U ropassgo
6onee MOLLHOTO M3/ly4eHUss NOAA C NOANWUTKON 3SHEprMm wusBHe cuctembl (cm. Puc. 3). Unam
MCNoNb30BaTb KOMOUHMPOBAHHbIE CUCTEMbI 3aMKHYTbIX M PACKPbITbIX BUOPOCUCTEM M3 MHOXKECTBa
MarHMTOB Ana co3gaHuAa GOpM PasNMYHOM apXUTEKTYPbl B3aMMOAENCTBMA C BHELWHMM MOJEM
npoctpaHcTea (cm. Puc. 4). Fae npuMeHseTca He TONIbKO GeppuUTOBbIA U HEOAUMOBBIA MarHUTbI, HO U
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NAACTUYHbIA MarHUT No3.9. TOYHO TaKKue e MaHMMNYASLUNUM BO3MOXKHbI M NPU NCNONb30BaHUN BCAKOTO
poAa KaTyleK UHAYKTUBHOCTH.

Toraa, nNpu noaBeAeHUM K TaKMM KOHCTPYKUMAM APYrMX MarHutoB OyayT HenpemeHHOo
BO3HMKaTb B3aMMOAENCTBMA WX MNONKOCOB MeXay Cobol C BbIBpPOCOM 3Hepruu, cBA3aHHble C
NepeKkNtoYeHMeM MNONOCOB HAa MarHuMTe ¢ 6onblen 3Hepruert U pPasBopPOTOM MEHbLIEero MarHuTa.
CnepoBaTtenbHO, BO3HMKAET NepeMeHHbIN 31IeKTPUYECKMUIA TOK, KaK MOLLHbI BCMIECK SHEPTUM.

Puc. 3 Jly4 cunoBbiX ANHUM Puc. 4 KombrHMpoBaHME 3aMKHYTbIX M PACKPbLITbIX BUBpOCMCTEM
OOHOVMEHHbIX NONHOCOB. B egMHON popMe MarHUTHOro NonA.

BepoATHO, aHanoruyHble ABAEHUA NPOUCXOAAT U B MUKPOMMPE, KOrAa NPOTOHbLI B BUAE CTPYKTYP
MarHUTHbIX BUXpPen aTomMa B3auMO4eNCTBYHOT C APYTMMM 3apASaMMN SNeMeEHTapHbIX YacTuu, u obpasytoT
TaKUE XKe CNOXKHbIE KLWA03bI», KaK U MArHUTbl CaMbIX Pa3HbIX PAa3MepoB, FEOMETPUN U CUJbl. B Takom
CNyyae CTPYKTYpPbl aTOMOB, MOJIEKYJ, K/IETOK U T. 4. QOPMUPYIOT aCUMMETPUYHbIE MArHUTHbIE NOASA, 3,
3HAUYMT, MEHAIOT CBOIO TPAEKTOPUIO ABUNKEHMUA, NAPAMETPbI BPALLEHMA, YAaCTOTY U3NYYEHUA U T. 4. B
33aBMCMMOCTM OT BO3AeNcTBMA 0O6Pa30BaBLUMXCA HOBbIX CUIOBbIX JIMHUI MAarHUTHOrO NoAnsA eguHom
BUBpoOCUCTEMDI.

To ecTb, NPOLECCOM MOXHO HAy4yuUTbCA YNpPaBAATb NYTEM BAMAHMA HA JIMHUM ITUX MNONEN,
N3MEHAA UX HanpaB/ieHWe NepenoitoCOBKON UM NONOXKEHNEM CTeHKU Bnoxa B gunonax. MomHute,
4yTo Ntobble «nonA» BCerga BPaWATCA. A 3HAYMT, MOXKHO BbICTPAMBATb «PYKOTBOPHbLIE» LLEMOYKM
pa3Hbix Gopm MHOXKecTBa 0b6bekToB, 06pasysa cBoero poaa LeneBoe HanpasaeHue sozdelicmeus
(wnro3e61) makol cucmemol Ha BHEWHee mes0, OKa3blBaa BAUAHNE HA MAarHUTHbIE IMHUWN ero Nonewn.

Torpa, pna nonyvyeHma berywen BonHbl Nos3. 8 B anckax . Cépna (cm. Puc. 5) mbl moxxem
ncnonb3oBaTb COOPKY cermeHToB No3. 2 B 06bIMHOM MNOpPAAKE COEAUHEHWMA WX MOJIOCOB WU C
pa3BopOTOM. CHapY»KM KONbLO ANUCKA CTAHYTO MeAHbIM KONbLOM Nno3. 1. Mexay ¢beppuToBOi BTYIKOM
no3. 7 n cbopHbIM KOJIbLLOM MAarHMTOB NO3. 2 YCTAaHOB/IEHa BTY/IKa M3 ¢Topnonmmepa nos. 4. Ans
NU30NMPOBAHMA CErMEHTOB NO3. 2 APYr OT Apyra NpUMeHeHbl NPoKAagKku nos. 3. Camu poaunkm nos. 5
MOJHO M3roTOBUTb M3 MeAM C CMJIOWHbIMKU MAapPHbIMWU ese3HbIMU BCTaBKamMu BAOSb ocu. Uau
yepenoBaHMEM HEYETHbIX MaKeToB NNACTUHYATBLIX MArHUTOB C MNpucoeanHeHnem OLHOUMEHHbIX
NoNtoCoB NO3. 6, Pa3BEPHYTbIX OTHOCUTENLHO ApYr Apyra Ha 90° 1 CTAHYTbIX BMecTe B 04HOM MeAHOM
unnanHgpe. NMoaobHbie KOHCTPYKLMM CO3Aa0T apXMTEKTYPY B3aMMHO NepneHANKYAAPHbIX MArHUTHbIX
nonen B obwer Bubpocucteme ¢ ycuneHnem BO3AEMCTBUA U3BHE MPOCTPAHCTBA Yepe3 PacKpbITbie
KOHTYpa CU/I0BbIX IMHUI U 06pa3oBaHMe BUXPEBbIX NOTOKOB 3Heprun. Korga nosasnseTca yctonunsas

KO/IbLLeBAA CMHYCOWAANbHAA BONHA MArHUTHbIX CU0BbLIX IMHWUIA BOKPYT KOMbLL@ YCTAHOBKK, KOTOpasn
yB/IeKaeT BO BPaLLEHNE POIMKM B CBOEM NOTOKE HECKOHYAEMOM SHEPTUM 3aPAL0B CPeabl OKPYIKEHUA.
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Puc. 5 Cxembl aucka Cépia ¢ CMN0BbIMU TIMHUSAMM NOEN NPU PA3HbIX NOJIOXKEHUAX NO/IHOCOB MarHUTOB.

N nopobHble YCTAaHOBKM BMOJHE BO3MOMKHO WCMONb30BaTb ANA BbIPabOTKM 3N1EKTpMYecTBa Wau
CO34aHMA NEeBUTUPYHOLLMX NAATPOPM.

Ho Beab CyLLEeCTBYIOT M UHble cnocobbl 8030elicmeus 3/1eKMpPoMa2HUMHbLIMU_U3/1YYEeHUAMU Ha
06bekmobl__cpedbl _OKpyxceHus. Hanpumep, OTMeEYEHHbI B Mpeablaylmx rnaBaX, MexaHW3m
ANCTAHUMOHHOTO  pas’pylleHMA  3N1EKTPOMArHUTHbIX U CnabbiXx  B3aMMOAEWCTBUMIA  Mexay
3/IEMEHTaPHbIMM YacTULLAMM aTOMOB Nt060ro BelwecTsa. M Kak BapuaHT — 3TO BO3Oy»KaeHWe B /1060l

30He NPOCTPAHCTBA ABNEHMA MHTepdepeHUMM OAHOBPEMEHHO HECKO/NIbKMMMU BbICOKOYACTOTHbIMM
pPaAnOCUTHANAMM HU3KOFO HanpsxKeHuA. Korga rpagueHT HanpsarkeHua BHYTPUM 30Hbl MOpaKeHwus
MIHOBEHHO BO3PACTaeT A0 HECKO/NIbKUX AECATKOB U AaxKe COTEH KMNOBO/bT, KaK, HANpMMep, B ONbiTax
XK. XaTYnMHCOHa.

Korga obnyyeHue «uUenM» HECKONIbKUMM KOFepeHTHbIMM MAapaMM MCTOYHMKOB PA3NUYHbIX
BbICOKOYACTOTHbIX CMEKTPOB 3/1E€KTPOMArHMUTHbIX BOJIH  3anycKaeT npoueccbl Pe30HaHCHOro
«y3HABAHUA» B 3/1IEMEHTAPHbIX AMMNOAAX MATEPUN CPeabl OKPYKeHMA. YTO Bbi3bIBAET MHOMOKPATHbLIN
BCM/IECK 3/IEKTPUYECKUX MOJIe TOHKOW MaTepun «HYNEBbIX» BUXPEN B CTPYKTYypax «KopoHunes» yepes
MarHeTu3m, Kak uWHbopmauumio. Bblbop 4acToT 3aBMCUT OT MaTepuana «uenem» WAM COCTaBa
NPOCTPAHCTBA OKPY)KeHUs. [puM 3TOM cam «MNOpPaXKEHHbIN» MaTepuan BHEWHe He O0CO6eHHOo
BMAoOM3MeHaeTcA. Ho HeCcTabuibHOCTb NO3MUMIA €ro aTOMOB B CBOMX KPUCTA/IIMYECKUX PELLETKAX, KaK
n ocnabneHune cnabbix M 3INEKTPOMArHUTHbIX B3aMMOAENCTBUIM B HUX, HapyLLAeT UCXOAHble CBOMCTBA U
NPOYHOCTb MaTepManos. B pesynbtate aTomMbl O4HUX BELLECTB MOTYT CBOOOAHO NepemeLLaTbCca Mexay
aTOMaMu Apyrux, YTO B NpUpoAe Beller, Ka3anocb bbl, B NpUHLMNE HEBO3MOXKHO. Toraa, Hanpumep,
ZApeBecrHa «Ha XO/I0AHYI0» NPOBANMBAETCA B METAN/, KaK, BNPOYeM, U N106aA AaKe K1BAA OpraHuka.
MomeHTaNbHbLIN U OAHOBPEMEHHbIA BCNAECK MMIaHTCKOM MJIOTHOCTU CUAOBbIX IMHUA NONA SHEPrum
3apAA0B TOHKOW MaTepuu B OrpaHUYEHHOM MPOCTPAHCTBE MepeHacbilwaeT NoTpebHOCTN «ueneBbix
Nno/b30BaTeNen» U OHU Pa3pbIBAOT CTPYKTYPHbIE CBA3W YCTOABLUMXCA YaCTOT COBCTBEHHbIX BUbBpauui,
NbITaACb «OTCOEAMHUTLCA» OT KONNEKTUBHOTO CMMOMO3a M BEPHYTbCA K MPEXHEN «OAMHOKOM»
npecbIilWeHHON n3HW. ObnyyeHMe HacTpamBaeTCA MMEHHO NoA 3TW 4acTOTbl WMHAWBWUAYANbHOrO
BELLEeCTBA, @ OHU NpMpPoaoM AybAMPYIOTCA MHOTOKPATHO B PA3/IMYHbIX cnekTpax. Moatomy TpebyeTca
HECKO/MIbKO Pa3HbIX MAPHbIX UCTOYHMKOB ONA KPUTUYHOTO BO3OYKAEHWA COCTOAHMA BMBpoOcUCTEM
MMEHHO BblIbpaHHbIX MaTepranos.
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[aBaiiTe pacCMOTPUM OAMH M3 CNOCOOOB M3BEYEHUS Mena080U 3HepauU HENOCPEACTBEHHO U3
cpeapl OKpyKeHua. Hanpumep, yepes TenoBon reHepatop. NpeacraBum ABa MeTaNIMYECKUX AUCKA C
penynbcuHa B. Laybeprepa, Bpalwjatowmecs B NPOTUBOMONOXKHbIX HanpaB/ieHUAX C MUHUMA/bHbIM
3a30pOM MeXKAY HUMU, Ha CONPAraeMblX NOBEPXHOCTAX KOTOPbIX N3rOTOBAEHbI BbICTYMbl, MOXOXWE Ha
Menkue «Tépkm» (cm. Puc. 6). Torma, c 6onblwon [onen BepPOATHOCTU, MOXMKHO A0buTbeA
ANCNEPTMPOBaAHUA  YacTUL, cpedbl OKPYXEHWs B pesynbTaTe ocnabneHns MeXKaTOMHbIX U
MEXKMONEKYNAPHBbIX cBA3el. C BblAE/NIEHMEM NPU 3TOM 3SHEpPruu 3apsagoB. ITU 3apagbl MOXKHO
pas3genatb, 06pasya rpaAmMeHTbl HAMPAXKEHUN, U U3B/IEKATb TEM/I0 UM S/IEKTPUYECKUI TOK. Takue
9KCNEPUMEHTbI MOXKHO NPOBOAUTL HE TOJIbKO B rasax, HO U B KMAKOCTAX Pa3sHOM BA3KOCTU, Hanpumep,
C 0bpa3oBaHMEM KaBUTaLMW (CXNIOMbIBAHWUSA) My3blpbKOB C PE3KMMM Mepenagamu TemnepaTtypbl U
AaBneHus. PakTMUYECKM B 3TOM CyHae NPOUCXOAMUT U3TYYEHUE SHEPTUN BUXPEM 31eMEHTAPHbIX YacCTuL,
M3 aTOMOB MNPU M3MEHEHUM WX CTPYKTYpbl W, KaK CNeACTBME, BCNIECK 3HAUYUTENbHbIX BENUYUH
HanNpPsAXEHHOCTU 3apAa0B. Yem Bbile NAOTHOCTb, TeM Bbllle 3ddeKT.

Puc. 6 Cxema aucneprupyroLleit MallmHbl. Puc. 7 dnekTporeHepatop Ha NOCTOAHHbIX MarHUTax.

Kasanocb 6bl, NpolLe BCero n3sieyb 31eKTPUYECKUI TOK U3 MOCTOAHHbIX MarHUTOB. Ho Ans 3Toro
HY}KHO cobpaTb, Hanpumep, «HAcoC», NepeKaunBaloLWLMii MOTOK MarHUTHbIX BOIH 3apsAA0B MaTepuu
NPOCTPaHCTBa Yepes NoAKoBOObHpPa3Hble MarHUTbl BPALLAIOLWLEroca AMCKa POoTopa B 3/1EKTPUYECKYIO
Lenb cTaTopa. KoTopbii cCOBpaH U3 TaKMX e «NOAKOB» B 3aMKHYTOE KO/bL,O TaK, YTO IMHUU MarHUTHbIX
noJiei cTaTopa M poTopa OKasbiBalOTCA BCeraa nepneHanKynsapHbl gpyr apyry (cm. Puc. 7). Mpu atom
Ha KaXKAablM «por» NoAKOBbl MarHUTa cTaTopa CMOHTMPOBAHA KaTyLlUKa CO/leHOMAa C OAHUM BbIBOAOM
MeAHOro npoBoAa. TakuX «MnapHbIX AMCKOB» MOXeT 6blTb Ha OAHOM Bafy HeCcKonbko. Ecam
YKOMMNEKTOBaTb 3TO YCTPOWMCTBO B OCU C BOAAHbIM KOJIECOM MU BEHTUAATOPOM, TO MONYYUTCA
«0AaPMOBOW» reHepaTop 3/1eKTPUYECKOTro TOKa. Kak BapuaHT, MOXHO 3aMEeHUTb MOCTOAHHbIE MarHUTbI
B KOHCTPYKLMM CTaTOpPa Ha 3/1eKTPOMArH1Tbl C CEPAEYHNUKOM, HO 3PPEKTUBHOCTb CHM3UTCA. Obpallaem
BHMMaHMe Ha COOPKYy MarHUMTOB, KOTOpble Be3de COoeAMHEeHbl APYr C APYroM «NPUHYAUTENbHO»
OAHOVMMEHHbIMM NONOCaMM M BPALLAIOTCA C MMHMMAbHbIMK 3a30pamM B Napax.

YOUBUTENbHO, HO B 3TOW YCTAHOBKE KO/bLLO COOPHbIX MarHUTOB, ABUMKYLLEECA C YCKOPEHMEM
BHYTPWM 3aMKHYTOrO AMCKAa APYrMX MarHUMTOB, B3aMMOAEWNCTBYET C HMMM, 06pasys cuIoBble IMHUK
eguHOro Bpaljatoueroca nonsa. M Buxpb potopa, bnarogapsa 6onblielt MHTEHCUBHOCTU, «OTOBMpaeT»
3apAabl MaTeEPUN OKPYKEHUA, BOB/IEYEHHbIE BO BpalleHWe nonem ctatopa. Takum obpasom ycunumsaet
He TONbKO COBCTBEHHOE, HO M BO3HMKalollee obliee CUHYCOMAANbHOE KPYroBoe MarHWTHoe none
oblelt CTPYKTypbl AUMNOAA (CTOAYYI0 3aMKHYTYO BOAHY). OAQHAKo «NOAKOBbI» MarHMTOB craTopa
NMOCTOAHHO BOCMONHAIOT «yTpaTy», BcacbiBas 3apsadbl M3 OKPY)KEHMA BHOBb M BHOBb, CO34aBas B
BMOpPOCUCTEME BPALLAIOLLErOCA «KoJieca» pPoTopa M HEMOABUMKHOIO AMCKa CTaTopa YCTOMYMBLIN
rpaAMeHT HanPAXXEHHOCTU NPOCTPAHCTBA OKPYKeHUA (3apanoB.). NpeanaraeTca TakKe UCMbITaTb TaKoM

217



reHepatop c egMHon (06LLe) KaTyLKOM KaXaoro crtatopa, nepenneTéHHon Mmexay 0AHOUMEHHbIMMU
nontcamu nocnenoBaTesibHO (BOCbMEPKOM), KaK MapHbiIM MNpPOBOAOM, TaKk M NpPoOBOAOM C
«MNAaHeTapHOM» HaBMBKOWN.

Mbl y»Ke 3Haem, YTO BMXPU Pa3HOMMEHHbIX 3apsA0B, B3aMMOAENCTBYA mexay coboii, Bceraa
ABUMKYTCA HaABCTpeYy, BbICTPAMBasA CKpy4yeHHble, Kak HUTKU [HK, NnOTOKM CMNOBbIX NNHUI eaAnHOro
MarHMTHOTO MOASA; NPOKNAAbIBAIOT «CBA3b» APYr C APYrOM, KaK CTPYKTYPHbIMU eAnHULAMM obLiero
ANNons BMbpocucTeMbl B NPOCTpPaHCTBE. Tak, HanpMmep, Kak 3N1eKTPUYECKUA TOK BAOb NPOBOAHMKA
COCTOWT U3 ABYX HUTEM BCTPEYHOro HanpaBieHUs NPOTUBOMNO/IOXKHbIX 3apAa0B (cm. Puc. 8).

Puc. 8 Tok 3apanoB BoONb NPOBOAHMKA.  Puc. 9 Bsaumogencreme 3apsaoB ¢ maTepment cpeabl.

Koraa mbl roBopum 06 31eKTPOMarHMTHOM BOJIHE (M31yYEeHUM), TO UMEEM B BUAY 3/TIEKTPUYECKYIO
M MarHUTHYIO COCTaBAAIOLWME BUXPEN PaBHON WMHTEHCMBHOCTM BO B3aMMHO NepneHAMKYNAPHbIX
NAOCKOCTAX (KaK npoekuuu) co cmeuwleHnem B 1/4T nepuopa konebaHuin. B peanbHoCTM e obe
BCTPEYHbIE BO/IHbI — €CTb U31yYeHUs BUBPaLMIA INEKTPUYECKUX 3aPAA0B «+» U «-» C COBCTBEHHLIMM
nonepeyYHbIMM NepeceKaloWmMmmCca HanpasaeHMAMM BUBpaLuuii marHuTHoro nons (cm. Puc. 9). Motomy
4yTO OAHa Bcerga MAET OT 06beKTa, a Apyraa — K 06bEKTY B3aMMOAENCTBUA, TaK KaK mMexay HUMU
CYLLLECTBYET rpagueHT 3apaaoB cpebl OKpyXKeHua. Cnmpann o6oMx COCTaBAAOWMX ABUKYTCA BAO/b
HanpaB/ieHMA ero pacnpocTpaHeHna ¢ 06pa3soBaHNEM SHEPTETUYECKUX TOHHENEN KHYNEBbIX» BUXPEN
«NPOCTPaHCTBEHHOM» CETU, BbICTPaMBasA NMPU B3aMMHbIX BCTPEYHbIX KOHTAKTaX MHOXECTBO CUI0BbIX
JIMHUI BO3HUKAOLWEro MarHeTU3mMa. 3HauuT, CUNOBbIEe IMHUN MArHUTHOTO NOASA - €CTb CKPYyYeHHble B
eAQMHYI0 CNUpanb BUXPSA NapHble BOJIHbI BUOPaLMIA BCTPEYHbIX 3apAaA0B PasHOro HanpasieHuA
BpaweHna? Koraa MmarHWTHaa CcoCTaBAAOWaAn BOAHbI Noboro 3apsga - ecTb  pesynbrar
B3aMMOAENCTBUA BUXPEBOrO 3/IEKTPUYECKOrO MOAA WUCTOMHMKA C 3apsafaMu maTepuu cpeapl B
HanpaBAeHMU, NeprneHAMKYNAPHOM BEKTOPY PacrnpoCcTpaHeHns. Bubpaunm Takoro MarHMTHOro nosa
KaK bbl «pacTasKMBaOT» BO BCE CTOPOHbI BCE, YTO MELIAET NPOABUKEHUIO NIEKTPUYECKOTO 3apsaaa,
6yaTOo «paclmpalT» NabupuHT obpasoBaBLLEroca «TOHHeNA» ana 6osee cB060AHOrO NPOABUKEHMUA
nocneapyowmx BoaH (cm. Puc. 9). Torga yacmoma 80sHbI MA2HUMHO20 1018 cogrnadaem ¢ Yacmomod
M0/18_3/1€KMpPUYECKO20, KAK pe3yabmam e20 3epKasbHO20 OmpaiceHuUs (ommucKka) 8 mamepuu
oKpyxeHusa. To ecTb, 8ctody, 20e rnpucymcmesyrom 2padueHms! 8 MpocmpaHcmee, 803HUKam

cusoseble  auHuuUu M@2HUMHbIX __noneli (9 obpazosaHuem dHepecemu4YecKux «MOoHHesnel»

pacnpocMpaHeHus 31eKmpu4ecmsd.

Ctano 6biTb, MNOSABAEHWE TPagUeHTa, KaK B3aumoaelnctsme nwboro 3apaga (MCTOYHMKA
3NEeKTPUYECKOro nona) C 3apagamyv  MaTepum CamMoro MPOCTPAHCTBA, 3anyCKaeT npouecchbl
BO3HMKHOBEHMA MArHUTHOM WMHAYKLMW OT 4acTuUbl K 4YacTULE, OT BUXPA K BUXPIO UX AMMONEN,
BbICTPANBaA 3/IeKTPOMArHUTHYO BOIHY (NoJie) B cpese pacnpoCTPaHeHUs U3nyvyeHma. 3Ha4YMT, MOTOKM
3apAfoB «+» W «-», HanpaB/EHHble APYr K APYry, MOXHO CMe/sI0 OnpeaenuTb, Kak MOCTOsIHHbIe

INNEKTPUYECKMNE TOKN, HO TOJZIbKO A0 MOMEHTA UX BCTPEYHOIO «KKOHTAKTa», KOraa TOK No onpeaeneHunto
CTaHOBUTCA nepemMeHHbIM C HeMead/1eHHbIM NoABEHNEM CUTOBbIX JIMHUA MarHUTHOro nons EAMHOVI
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cucTeMbl HoBoro aunonsa. Kak ceolicmeo, pesynbomam e83aumodelicmeus ux 31eKmpu4veckux noned.
CnepoBaTtenbHO, Kak TO/NIbKO BCTPEYHbIE NPSAMbIE TOKU (BOJIHbI) COEAMHAIOTCA, OHWU TYT XKe HauyMHaT
CNUPasbHO 3aKPY4YMBATLCA B KHUTU», KOTOPbIE CTAHOBATCA CM/IOBbIMU JIMHUAMM MArHUTHOrO MoAA
obpasoBaBLweroca aunona. Torga cpasy BOKPYr HMX BO3HWKAKOT Apyrne CUI0Bble JIMHUU BHOBb M
BHOBb, MOKa He 0bpa3yeTca HoBaA GopMa AN He UCYE3HET FPaANEHT HaNPAXKEHHOCTU B MPOCTPAHCTBE.
[arke, ecnm 31O ABa WUAM HECKONbKO aunonen (3apaaoB) M Kak 6bl Aaneko gpyr oT Apyra OHW He
pacnonaranucb. [oTomMy 4YTO CBA3b MexAy OObeKTaMM MOMKET MNPEepBaTbCs TOJILKO C MNoTepew
(HepocTaToOYHOM) 3HEpPrMM 3apAaaoB ANA MOCTPOEHUA CUNOBbIX IMHUI MarHMTHoro nons. Mpu aTom
CO3A4aHHbIM 0bOWNIM ANNOAb, KaK BUXPb, YKpenaseT u obbeAnHAET CTPYKTYpYy eauHoro obbekTa,
3axBaTbiBas NoJ BO3POCLUYH MHTEHCUBHOCTb BpalleHuns (BansHMe) BCE Bosbllee NPOCTPAHCTBO C eé
maTtepuen, c obpasoBaHMEM HOBbIX popM.

CnpaBea/MBOCTU paam, Hafo OTMETUTb, YTO M NPU ABUMKEHUWN NPSAMbIX TOKOB BUXPEBblE NOAA
WHAYKLUMW BO3HWKAIOT COBEPLUEHHO MO TEM Ke MPUYMHaAM, Korga Bcioay paboTaeT ogMH U TOT Ke
MHCTPYMEHT PE30HAHCHOro OTK/IMKA, KaXKAblA pas 3anyckaa yepeny KosebaHWi anekTpuyectsa U
MarHeTusma B BubpocucTemax AMNosen maTepuu camoro npoctpaHcTBa. Korga oaHa Bubpauums
NnopoXKaaeT Apyryto.

3HauUT, 7eKmpuYecKuli MoK, KAK U3/y4YeHUe, C _MOMEHMA CB80€e20 3aPOMOeHUSs mym Xe
3anycKkaem mMa2Hemu3m, KaGK MexaHu3m (MHCTPYMEHT) «pacTanKMBaHMA» (B CTOPOHbI) MaTepun cpeabl
W MOUCKA HanpasaeHUs HaumMeHbWe20 conpomussaeHus (CornacoBaHua), KoK nymu pacrnpocmpaHeHus
80/1HbI 3apAda — neKmpuyecmsd. be3 maeHemu3ma 3apA0 He pacnpocmpaHaemcs, OH CMmamu4eH.
Tem He meHee, awboli dunone («KopoHuli»), KAk npodykm e3aumodelicmsull, yx3e npu rnossaeHuu
npuobpemaem ceolicmea MazHeMuU3Md, KaK UCMOYHUK 3eKMpPOMa2HUMHOU 80/1HbI.

OuyeBMAHO, YTO BeNMYMHA 3apsafa B CTabuabHbIX (YCTOMYMBBLIX) AUNOAAX pacnpenenserca no
pasHble CTOPOHbI rpaHuuUbl Baoxa paBHOMEpPHO. 3HAYUT /M 3TO, YTO KOAMYECTBO 3apPsAAO0B cpeapl
OKPYKEHUSA, KOTOPbIE KaK BUXPW PasHbiX HaMNpaB/eHWI BpalleHUA CKanJMBaloOTCA Y MX MOJHOCOB,
pPaBHO3HA4YHO? U ecnun 3TO TaK, TO Be/IMKA BEPOATHOCTb BO3SHWMKHOBEHMUA CTOAYMX BOJIH B npeaenax
dopm Takmx gunonen. Korga, aHeprus, Hanpumep, B HEUTPaNbHbIX AMMNOAAX (4acTULAX) MeXKay
no/sitocamu He nepenaéTca, Bbi3biBaa B NJAOCKOCTU «3KBATOPa» COCTOSAHME «HY/IeBOro» NoTeHuuana.
3HAYMT 1N 3TO, YTO I/IEKTPUYECKUIM TOK B IAHHOM C/lydae MeXKAy 30HaMU NPOTUBONMOJIOMNKHbIX 3apAA0B
coBeplUeHHOo oTcyTcTByeT? Ho, cneayeT nvilb CMECTUTbCS MO PasHbiM MPUYMHAM rpaHuue bnoxa
(cocToaHMe acMmmeTpun), Kak cpasy *Ke BO3HWKAEeT ABUXKEHWEe 3apafloB, KOTOpPOe AAéT MPUTOK
SHeprum. HemeasneHHO BbLICTPAMBAKOTCA HOBbIE CU/IOBblIE /NIMHUW W 3aMyCKaloTCA MEXaHM3Mbl
B3aMMOAEMNCTBMA C APYTMMU ANNONAMMU C MOCTPOEHMEM apXMUTEKTYPbI COBEPLUEHHO HOBbIX OOEKTOB.

3HaYUT, Mg2Hemu3M - _ecmb__HeombvemsaiemMdasa __4acmb _ 3/1eKmpOoMa2HUMHO20 MoAf, KaK
pe3yabmam e83aumodelicmeus pasau4Hbix 3apa008 8 cpede oKpyiceHuUs. Kak, Hanpumep, KonebaHus

COoNHEYHOW cUCTeMbl OTHOCUTE/NIbHO MIOCKOCTU FaNnakTUKKU, KOrda NpoucxXoamuT U3MEHEHUE MOJCOB
LenblX NAaHeT C B3aMMHbIM BbIOPOCOM 3/1eKTpUYecKon sHepruu. [lake B eAMHOM AuUMoJie, Koraa
BOJIHbl KOJIEOaHUIM MPOTMBOMONOXKHbLIX MOIKOCOB MPOXOAAT Yepe3 «IKBATOP», OHWU B3aMMHO
KOMMEHCUPYIOT MHTEHCMBHOCTb BUXPEM 3apaAZoB APYr Apyra. A B pa3HbIX AMMNONSX eLlé U CYLLLECTBEHHO
CHUKAIOT (racAT), aTu Bo3aencTema. Toraa o4eBMaHO, YTO, €C/IM MarHUTHbIE NOKOCa AUNOJIA MEHAOTCA
MEeCTamM, TO U TOKM 3apsAa0B U3MEHAIT CBOM Xo4, Ha NPOTUBOMOJIOXKHOE HanpasneHue. To ecTb, 8
«KamyuwKe UHOYyKmusHocmu» KonebamesnbHo20 KOHmMypa 06020 0unosis, npu npoxoxoeHuu yepes
bos1ee cusbHOe Ma2HUMHOE 10/1¢e cpedbl, MEHAOMCA M0A0CA HO MY Xe opueHmayuro, Ymo U 808HE.
Ho npwu cHATUK BO3OYXAEHUA, UCXOZHOE NOJIOKEeHWe Bo3BpallaeTca. Toraa u pasHocTb NOTEHLMaN0B
3372€T TOK B TOM HanpaB/eHUn, Yyen 3apas AByx 1 bonee aunonein BsanmoaencrTeua bonbuie. nu,
yen BUXPb MHTEHCUBHEWN BOB/IEKAET MaTEpPUIO Cpebl B NOJIE CBOETrO BAUAHMUA.
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Bo3bMéMm 3a OCHOBY MPUHLMN 0ObIYHOM 31E€KTPOPOPHON MaLLUMHbI, HO C OAHUM BpPaLLAOLMMCS
ANCKOM 13 pToponacTa, Ha nepudepmnn KOToporo ¢ obenx CTOPOH 3aKpensieHbl NAACTUHbI U3 Meaun U
UMHKa. MNacTMHbI paBHOMEPHO M30AMPOBaAHbI OT KOHTAKTOB Apyr ¢ apyrom (cm. Puc. 10). Mo kpaam
ANCKA AMameTpanbHO M CTALMOHAPHO YCTAHOBNEHbI ABe KaTywWwKu c M-06pasHbiMKU cepaevyHUKaMK.
KOHCTPYKTMBHO Ha KaXAOW M3 HUX U3rOTOBAEHbI NO ABE BCTPEYHble 0OMOTKM M3 MeaHOro NpoBoAa,
OZHW KOHUblI KOTOPbIX Yepes3 NoABUMKHbIE KOHTaKTbl BbIBEAEHbI Ha pPa3Hble MOBEPXHOCTU AMCKOB, a
Apyrve coeguHeHbl NApPHO Yyepe3 OO6KMAAKM KOHAEHCAaTOPa, HUKHAA CTOPOHA KOTOPOro 3a3emieHa.
Mpyu 3TOM BEPXHAA NOBEPXHOCTb AMCKA C HAaKAaAKaMM U3 Mean CONMPUKACAeTCA C KOHTAaKTaMM BEPXHUX
KaTylleK U coegmHeHa Yyepes chepy aTmochepHOro paspagHnKa ¢ BHEWHENW aHTeHHon. Knemmbl ana
CbEMa HaANPSAMKEHUA YCTaHOB/MEHbl Ha 3aszemadawwem nposoge. CylecTByeT BapuaHT NPUMEHEeHMUs
BMECTO CEPAEYHMKOB KaTyLleK NoAKOBOOOPA3HbIX MarHUTOB C YCTAHOBKOM KaTyLIEK Ha KaXabli «por»
OTAEeNbHO HaZ M NoA NOBEPXHOCTAMM Kpyra NOABUMKHOIo AncKa. OcTanbHOE MOHTUMPYETCA aHa/I0rMYHO.
KOHEYHO, B KOHCTPYKLUMU MOXKHO NPUMEHUTb ropa3ao H6o/bliee KONNMYecTBo CONeHoMA0B, YTo byaeT
adpdeKTMBHEN.

Puc. 10 Cxema goncKoBOro reHepatopa.

B nopobHbIX cXxemax coeaMHEHUI BO3HWMKAKOT BCTPEYHbIE MOTOKM BUXPEBLIX TOKOB Pa3HOrMo
HanpaB/ieHMA BPaALLEHWUs, KOTOPbIE YCUIMBAIOTCA MarHMTHbIM NMOJIEM KaTyweK 6a1arogapa NOCTOAHHO
NOCTynaloWmnM W3BHE 3apsaam AWnosen maTepuu MPOCTPaHcTBa. BO3MOXKHO, B onpeaenéHHbIN
MOMEHT BHELHee nNWTaHMe MPMBOAA BPALLEHWA AMCKA MOXKHO OTKAYMTb WM 3anuTaTbCA OT
BHYTPEHHEro UCTOYHMKA. B Ntobom aunosie BUBPOCUCTEMDBI YCUNEHWNE SNEKTPUYECKOTO NOAS NO Mepe
MOCTYNJIEHMA 3aPAA0B M3BHE NPOUCXOAMT MO MPUHLMMY «BCACbIBAHUA» BUXPEN MPOTUBOMOIOMKHOIO
HanpaBAEHMA BPALLEHMSA U - «BbITANIKMBAHMA» U3 CUCTEMbI, €C/IM HanpaBieHMe BPaLLeHMA OAMHAKOBO.

Mpy“ BO3HWKHOBEHMUM MArHUTHOrO NOAA, B3aUMOAEWUCTBME MEXKAY COBON CUNOBLIX NIMHUI B
Ntobom aunosie NPOUCXoLUT B 3aBUCMMOCTU OT HAZIMYMA ALOMUHUPOBAHMSA TOTO UAN MHOTO 3apsaaa Uau
HEeMTPaNIbHOCTM CUCTEMbI, KOTAA «PACKPbITUEY IMHUIA NPU ACUMMETPUN MPOUCXOAUT Tam, rae bonblue
9HEepPrum, Kak «y3HaBaHWeE» - PE30HAHCHbIA KOHTAKT BUAOBbLIX BUOpauuin. U, ecnm B peanbHOCTU B
cTeHKe bnoxa (B Tom uncne y 3emnu) cywectsyet sGpPeKT CTOAYMX BOJIH, KOrAa B 30HE «3KBaTOpa»
KOMMNEHCUPYHOTCA MHTEHCUBHOCTM KOoiebaHMI NPOTMBOMO/MIOXKHbLIX 3apsAf4oB, Korga Mo cyTu
«OTCYTCTBYET» MarHeTU3M, TO TOrZa COXPAHAIOTCA 3apsAabl, YAEePKMBAEMbIE BUXPAMMU IN1EKTPUYECTBA
MeXKAay NoNCamMM Mo pasHble CTOPOHbI rPaHuubl gunonsa. To ecTb, 3apsaabl 34eCb HE CMELLMBALOTCS,
NOTOMY YTO OHW HelimpasbHbI. Bce ocTanbHble 3apaabl, NPU «BCacbiBaHUNY» B BUBpOCUCTEMY Yepes 3Ty
30HY M3BHE, TYT e pPa3fensatTca K CBOMM Noatocam, 06pasys cUioBble IMHUU MArHUTHOTO nons (cm.
Puc. 11). 3HauMT, MarHeTM3m — ecTb YacCTb aPXUTEKTYPbI B3aUMOLENCTBYHOLLMX SNEKTPUYECKMX NOJen
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3apAfoB CO BCEMU BO3MOXHOCTAMM M WMHCTPYMEHTamMM WX npupogbl. Korda cunoByko IMHWUIO
MarHUTHOrO MNONS, KaK eAuHbIM ChNuMpanbHbii  BUXPb, 06pasyloT ABe BCTPEYHble BOJIHbI
NPOTUBOMO/OXKHbIX 3apAA0B MONOCOB ANNOAA. KaK M NpM NOCTPOEHUM HOBOro 06LWwero AMnona us asyx
(n 6onee) cucrtem (maxke HepaBHO3HAYHbIX), KOr4a BO3HMKaeT HOBaA rpaHuua bnaoxa (cm. Puc. 12).

Puc. 11 «BcacbiBaHne» 3apanos B 4MNOAb U3BHE. Puc. 12 O6beagmHeHne AByX AUNONEN B OAMH.

BnonHe BO3MOXKHO, YTO KOr4a K NPOTOHaM B A4pax NPUCOEAMHAOTCA HEMTPOHbI (HEUTPaAbHble
3apAapbl) MAn ntobble aTOMbl 3aXBaTbIBAKOT M3BHE 3NEKTPOHbI (OTPULATENbHBIE 3apAAbl), TO MeHAETCA
NONIOXKEHNE U «rpaHuUbl Bnoxa» Takux aunonei. Torga BO3HMKAET aCMMMETPUSA BUMOPOCUCTEMDI,
KOTOpas BbI3blBAET U3IMEHEHMA BO B3aMMOAENCTBUM C 3apsAaAamMm cpesbl OKpy»KeHua (cm. Puc. 2-4). To
€CTb, U3MEHAIOTCA CBOMCTBA 3/IEMEHTOB W/IM UX COCTOAHMA, @ 3HAYUT, NpomcxoamT GopMUpPoBaHUE
Apyroro BewectBa. B Tom uucne npu B3aMMOAEWNCTBMAX HECKOIbKMX ATOMOB, MONEKYN UK
3N1eMeHTAPHbIX YacTu,

3HauuT, Ma2Hemu3M - ecmb c8olicmeo 3neKkmpu4yecmea 83aumodelicmeosams ¢ Opy2umu
no/AMU_Ha _yposHe 8udossix dopm mamepuu. Kak pe3ynbTaT NoABAEHUA CWUIOBbIX IMHUW Yepe3
obbeanHeHne KonebaHUii BCTPEYHbIX BOH MPOTUBOMNOIOXHbIX BUXPeN 3apAaaos. Korga obpasyetcs
[BYX3axoZHan (MM MHoronapHas) cnupanb co cmelleHMem BUTKoB B 1/4T nepuoaa konebaHuit. Mpu
3TOM OCb MONIOCOB BCErAa NeprneHAMKYAAPHA NNOCKOCTM BPALLEHUA BUXPA 3/EKTPUYECKOrO MoAA B
30He rpaHuLbl pa3gena, UHTEHCMBHOCTb KOTOPOro 3aBUCUT OT BE/IMYMHbLI 3apAZa CaMOro AUMOAA U
3apAa0B BOBHE, OKA3aBLUMXCA B 30HE €ro BAUAHUA.

B ntobom gunone (06bekTe) B NPOMeEXkKYyTKE MeXAy NOMCaMU Kak vyepes BHYTPEHHee, TakK U
yepe3 Hapy)KHOe NPOCTPAHCTBA CTPYKTYpbl NepefaéTcA WMHTEHCUMBHOCTb BpaLLEHMA ero 3apsanaos
NPOTUBOMO/NOMHbIX CMMHOB 4Yepe3 MX BuMXpU. K 06OMM HanpaBieHUAM KOTOPbIX YCTPEeMAITCS
BMAOBbIE 3apAabl Cpeabl OKPYKEHWUSA, BbICTPAMBAACL B KOHEYHOM UTOre BO BCTPEYHbIE CMMpPAsibHble
HUTM BOJIHOBbIX BMOPALMIA, KaK MHOTOYMUCIEHHbIE CWU/IOBbIE JIMHUM MarHeTMsmMa AOMUHUPYIOLWErO
obuwero gunons. U atv npasumaa paboTaloT BCOAY, AaAXKeE MEXKAY MHOMKECTBOM PasHbiXx GOpM 06BHEKTOB,
OT OZHOrO K Apyromy. OfHaKO Ha4Yano HanpaBAEHUA CUNOBbIX IMHUA BOBHE GOPMbI NPUHATO CYUTATb
oT CeBepHoro nosntoca K KOxkHomy. XoTA B pea/ibHOCTU OHM COBEPLUEHHO PAaBHO3HAYHbI B C/ly4ae, Koraa
ANNONb HelTpaneH. Ho Npu nameHeHWN NOMOCOB, Kak Nepexose BpaleHua obuein Bubpocucremol B
TY UAW UHYIO CTOPOHY, HanpaB/ieHWE CUIOBbIX IMHUIN TaKKe MeHAETCA.
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YANBUTENbHO, HO CKOMJIEHUA 3aPAL0B CPeAbl OKPYKEHMA BOKPYT Noatocos annons (cm. Puc. 11),
ABNAACb UCXOAHbIM MaTepunanom Ana o6pasoBaHMA CUNOBbIX IMHWUI, CNON3AIOT C BEPLUMH nonycoep,
yBNEKaeMble BUXPEBbIM 3/IEKTPUYECKMM NONEM, K FPpaHMLLE pasgena: oTpuuaTesbHble - CO CTOPOHbI
IOXHOr0 MOAyLWaApUA, a NONOXMMUTENbHblE - HAa0bOPOT, CO CTOPOHbI CEBEPHOro. YCMAMBAA TaKUM
06pa3oM WMHTEHCMBHOCTb 3TOFO BMXPA B KaxaoW nonycdepe cBomx nontocoB. Kak cobBCTBEHHbIX
3NEKTPUYECKMX MOJel pa3HOro BpaLeHua (ecim CMOTPETb OT BEPLUMH), KOTOPbIE TyT }Ke 3aXBaTblBatOT
M BCACbIBAlOT 3apsAAbl MPOTMBOMONOXKHOIO C HUMW CMKMHA K LEHTPYy cBomx Buxpen. Korga oHuy,
AOCTUIHYB MAarHMTHOM OCY NOYLIAPUIA, MTHOBEHHO M3MEHAIOT CBOE BpaLLeHNe Ha NPOTUBOMOJIONKHOE.
N, KaK BUXPU yrKe OA4HOrO Hanpas/ieHMA ¢ 06WMM Noem BpaLLEHNA, MOMEHTA/IbHO BbICTPENNBAIOTCA
(BbITanKMBatlOTCA) BAONb OCKM CBOMX MOJIKOCOB HapyKy. M oTbpolleHHble (OTopBaHHble) OT 06beKTa,
BPaAlLLAACb YCTPEMAAKTCA K NPOTUBOMOJIOXKHOMY MOAOCY Aunonsa (BCTPEYHO), cnaetasacb B
MHOTOYUCNEHHbIE CNUpPa/bHble KHUTU» CUNOBbIX TMHUN MAarHUTHOrO NOAA, YCUAMBAIOT ero. Bcé ato u
€CTb pe3ynbTaT B3aMMOAENCTBUA INEKTPUYECKMX 3apALOB MATEPUU B Cpefe OKPYMKEHUA, KoTopble
HEMMUHYEMO NPUBOAAT K BO3HUKHOBEHMIO NOMIEM MAarHETU3MA Pa3IMYHOMN NNOTHOCTM M BecyncneHHoro
MHOXEeCTBa CNEKTPOB €ro U3y4eHus.

3HauuT, rpaBMTaLMA cama no cebe «npmsemsieHa» K 06bekTam B3anmoaencrema (obsosiakmsaer
nx), «npuaasneHa» K MnoBepxHOCTAM (opmM 3apsaaoB, MOTOMY 4YTO OHA «KBaHTOBaHa». Karkaan
anemMeHTapHana 4Yactuua (Kak «KopoHWi»), BKNagblBaeT CBOE MWKPOCKOMUYECKoe B3anmmoaencrame
BMOpaunin 3apaaoB B obpa3oBaHMe 06LLErO MAarHUTHOrO No/A O6bEKTOB U B KOHEYHOM UTOre BCEro
npocTpaHcTBa. MoToMy NNOTHOCTb CMNOBbIX IMHUI MHOXECTBA CMEKTPOB U3YyYEeHUI Noaen «NamaTu
N MHPOPMaLMN» B Cpese OKPYHKEeHMA Heo4HOpPoAHa U Bceraa popmMupyeT apxUTeKTypy BCeX 06 BEKTOB
B COOTBETCTBUM C X GYHKLMOHANOM B3aMMOAENCTBUIN. KOrga anemeHTapHble YacTuubl, Kak CTPYKTYPbI
B KaXaom o0b6bekte nwoboit dopmbl, ABNAKOTCA TOM BHYTPEHHEM Cpefol, KoTopas CBA3biBaeT
(coepmnseT), ckpennaeT BCce COCTaBAAOWME 31€MEHTbI B CTPOFOM COOTBETCTBUM C NPeAHa3HAYeHMEM.

To _ecme, «2pasumauua» — ecmb pe3ysabmam 683aumMo0elicmeus 31eKMPUYECKUX 8UXPEBbIX
noaeli 3aps008 3neMeHMAPHbIX Yacmuy,_mamepuu npocmpaHcmed. Y 80CpuHUMAaem Mol 8Ce 3mu
MPOUECChbl, KAK BAUSHUE «MA2HUMHbIX» nosel, KOmopbiX 8 CYyWHOCMU, KAK U _eO0UHUYHbIX UX
Hocumenel 8 npupode, He cyujecmseyem.

3HaunUT NK 3TO, YTO ABa NPOTUBOMOJONKHBIX 3apada AMnona (MAM Aunonemn) Bcerga 3anyckaroT
peaKkLunio NocTpoeHMa 6eCKOHEeYHOro NOTOKa M31y4YeHMn B3aMMHO NepneHAMKYAAPHbIX CTPYKTYPHbIX
nonew (aneKTpu4ecTBa M MarHeTmama) 3apsaaos Bcé 60s1ee TOHKOM MaTepum NPOCTPAHCTBA B CTOPOHY
KMUKPOMMpPa» 1 BCE Bonee KPynHOM — B CTOPOHY «Makpomupa»? Kak yepeay GopmupoBaHMii OHOM
BO/IHbI Nnop, Bo3gencTeauem gpyron (cm. Puc. 13)? U ecnm 310 TaK, TO NOCTPOEHME CUJIOBLIX JIMHUM
MarHUTHOro Moss NPy B3auMOAEeNCTBUAX NPOTUBOMNO/OXKHbIX 3apAL0B NObYyKAaeT mMaTeputo cpeabl
OKpY»KeHus K beckoHeyHoMy obpa3oBaHWMIO AMNONEN pa3HOro 3Haka M ¢opmbl. Koraa, Hanpumep,
MarHuUTHas CTpesiKa, PacnoioXeHHas PALOM C KMarHUTHbIM XpaHUTENEMY», pearMpyeT OTKIOHEHMEM B
CTOpPOHY (cm. Puc. 14).

MepemelleHne B cpesie HECKO/IbKMX BOIH Bbi3blBAeT KONebaHUA YacTUL, MaTEPUN OKPYKEHUS,
Hanpumep, Kak HanoXeHue Apyr Ha Apyra 6e3 UCKaXKeHU, Uan NPUHLMNA Cynepnosmumm BoaH. Mol
3Haem, 4YTo, ecn ABe B3aMMOAeNCTByoWMe BOAHbI 061a4al0T HEM3MEHHOM PasHOCTbio a3, TO OHM
ABNAIOTCA KOT€PEHTHbIMU U NPU UX C/IOKEHUN NOABASAETCA UHTepdepeHuma. B Tom yncne un npwu
HaN0XEeHMM ABYX BCTPEUYHbIX BO/IH OAMHAKOBOW MHTEHCUBHOCTU (M 4YacTOTbl) 3apAA0B OAHOIO AUMNONS,
Korza Bno/siHe 06pasyoTca CTosYMe BOJHbI.

OueBMAHO, B 3aMKHYTOM BOJIHE «MAarHUTHOrO XpaHUTENA» OTCYTCTBYET BCAKOE nepemelyeHune
3Hepruu, Korga BUOGPUPYIOT U3NyYEeHUs ABYX BCTPEYHbIX BONH NPOTUBOMO/IOMKHbIX 3apAL0B eANHOro
annons. NoaobHble KonebaHWA MoryT ANUTbCA AJUTENbHOE BpemsA, NOTOMY 4YTO BbICTPaAMBaAtOTCA
CUNOBblIE NIMHUM MArHUTHOFO NOJAA, KOTrAa «NepemblyKka» Kpenko NPMMArHWM4YMBaeTCs K MnogKose

222



cepaeyvyHMKa KaTyleK, obpasya KpyroBoe marHutHoe none (cm. Puc. 14). KoTopoe nopoxaaet
CNUpPanbHY COCTaBAAIOLLYIO 3aMKHYTOTO 3/IEKTPMYECKOrO NoA (TOponaanbHOro), Koraa pasgeneHue

Puc. 13 beckoHe4YHan Yepea Nosien aNeKTpuUYecTsa U marHetnama. Puc. 14 Bsanmogencreme nonei.

3apAg0B MPOUCXOAUT HA ABE CMMMETPUYHbIE 30HbI NMPOCTPAHCTBA: CBEPXY-CHM3Y WM CMpaBa-CieBa
Ko/bLa No nMHum bnoxa (cm. puc. 15). B aaHHOM cnydae paboTa no nepeHocy 3apAA0B OT NOOCOB He
npousBoauTCcA (MX HeT), HO 3apAabl MaTepuun cpeabl NPUTATMBAKOTCA K 30HAM BHYTPU U CHapyKu
«KONbLL@», CO34aBaA HyNEeBOW rPagMeHT HANPAXEHHOCTM B cpeae. M 3To MOXKET CNYKWUTb 3aLmnTon
Nobbix O6BEKTOB B NPOCTPAHCTBE OKPY)KEHMUA, MOKPbITbIX MNOAOOHBIMU KMUKPOXPAHUTENAMM»
MArHUTHOM 3Heprumn (Kpacka, NNEHKA, NAACTUHbI), OT ABNEHUM OTPAXKEHMA U3NYYEHWUN PA3/IUYHbIX
CMEKTPOB M3BHE. A 3TO 3HAYUT, YTO BCE 3T 0OBEKTbI CTAHOBATCA abBCONOTHO HEBUAMUMbBIMU HE TO/IbKO
BM3Ya/IbHO, HO M B JItO6OM 3/1EKTPOMArHUTHOM MOAE, U3/ly4aeMOM t0ObIM MCTOYHMKOM, Hanpumep,
pafapom. BeposTHo, Nnofo6HOe ABNEHNE BO3SMOXKHO, KOTAa 3apsAabl YacTUL, U3BHE M BOBHE KO/bLA, KaK
rPaAMEHT Pa3NNYHbIX Cpes: MeTann u Bo3ayx (ras), B3aMmoLencTsyoT mexay coboi. Koraa

Puc. 15 PasgeneHue 3apAn0B HA CUMMETPUYHbIE 30HbI BOKPYF « MarHUTHOTO XpaHUTENA».

MaTepua U3BHE OTAAET SIHEPTrUI0 CBOMX 3apAL0B B pe3oHaHce «addeKTa y3HaBaHUA» BUBpocucTemMam
CTPYKTYpPbl MarHWMTHOrO MOASA KO/bLA «XpaHuTens» (obpasoBaHWe CWUIOBbLIX NMHUIA). MosTomy B
«XpaHuTene» sHeprua He ocnabeBaeT, a 3aMKHYTble B KOMbLO Ko/sebaHWA BCTPEYHbIX 3apanos
CTAHOBATCA BbIHYKAEHHbIMW U HE3aTYXaloLWMMMU.
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BO3MOXHO, YTO CMNOBbIE NUHUM MA2HUMHO20 105 06pa3oBaHbl BCTPEYHbIM KOrepPeHTHbIMM
BOJIHAMW 3apAA0B NO/IOCOB COOCTBEHHOIrO AMMNOAA C MOCTPOEHMEM CTOAYUX BOSIH B UX dopmax. A
3/71eKmpu4ecKue noss — eCTb, B TOM YMCNE, Pe3yNbTaT BOSHUKHOBEHUA OANHOYHbIX BOIH 3apAA0B «+»
WK «-», KOTOPble HeA0/roBeYHbI U, B UTOre, 0bpasytoT KonebaHua, ob6beguHALME NapPbl TAKUX BOH
(KorepeHTHbIX, B TOM YMcne cMHdasHbix) B 04HOM HanpaB/ieHUN NepeMeLL,eHNA B NPOCTPAHCTBE, HO CO
cmeleHrem B 1/4 T neproaa KonebaHuii, Npu U3NyYEeHUAX Pa3NNYHbIX YacTUL, cpeabl.

Toraa, cmnoBble IMHUM MarHeTuama B NtOObIX AMNONAX, faKe BHOBb 0OPA3YHOLLIMXCA, HU YTO
MHOE, KaK CTOfYMe BOJIHbl BCTPEYHbIX MPOTUBOMO/OXHbLIX, CUMH(DA3HbIX, KOT€PEHTHbIX W3/y4eHWUN
(konebaHuit) popmbl? A Npu B3aMMOAENCTBUM ABYX M Bonee Aunonen Ha ctaanum GopmmupoBaHuA
eoMHOro Ob6BbEKTA, UCXOA, BCTPEYHbIX 3/EKTPUYECKMX 3apAg0B OT MOJIOCOB APYr K Apyry B cpege
OKPY}KEHUs NPOUCXoAMT B BUAE NAPHbIX CNMPaNbHbIX CTPYKTYP BOMH (CO cmelueHnem KonebaHui B
1/4T nepuopa BMAOBbLIX BOJIH) MOMYTHOrO HanpasaeHus. Mpu 3TOM MCTOYHUKAMM MOTYT CAYXKUTb
COBEPLEHHO Pas/INYHble YacTULbl MAaTEPUM NMPOCTPAHCTBA, HO OHWU eLlE He ABAAKTCA CUI0BbIMMU
JIMHUAMM MArHUTHOrO NOAA HYU OAHOMO U3 B3aMMOAENCTBYOWMX gmunonein. OHU CTaHYT TaKOBbIMU ANA
HOBOro eAuHoro aunons (o6bekTa), Korga obpasyloTcs BCTpeYHbIe NoJs, co3garoume becumcieHHoe
KONMYECTBO CMNAETEHUM CNUPaAsbHbIX CTOAYMX BOAH B 3aBUCMMOCTM OT WMHTEHCMBHOCTM obuiero
BMXPEBOIO 3/IEKTPUYECKOTO NoAA.

3HaunUT, 3Hep2uUs B8 KO/bUe «XPaHUmMena» 3aKpbimd, KAK 8 3amMKHymol eubpocucmeme. B
KOTopoW Bceraa byayT «konebatbca» cTosume BoIHbI CNapeHHbIX BUXPEN, KOMX OFPOMHOE KOIMYEeCTBO,
KaK CTPYKTYPHbIX KOHTYPOB. M KaK TONbKO MJlaHKa 3aMKa Pa3opBETCA, BCA IHEPrus TyT Ke BblpBeETCS
HapyKy B BUAE 3/1EKTPUYECKOro TOKa UM Tenna. KoHeYHo, cpena BOKPYr MeHAeTca, No3ToMy 3apsbl
M3BHE BXOOAT B METasl/l, OTPAXKAOTCA OT HEro M Aarke NpPoneTarT CKBO3b, OCTaB/AAA YaCTb CBOEM
MarHMTHOM COCTaB/AOLWEN (MHepUUK) BHYTPU BeLLecTBa Kosbla (Kak pesyibTaT B3aMMOAENCTBUA C
3apagamu). YTo HenpepbIBHO NOANUTLIBAET MarHEeTU3M CUCTEMbI, MOTOMY YTO BOKPYT M BHYTPM KO/bLLA
«XPaHUTeNs» NOCTOAHHO MPOUCXOAAT MPOLLECCbl pa3feneHMa 3apAf0B Ha 30Hbl, ¢ obpaszoBaHUeM
rycToM nnasmbl Pas/iMyHbIX MOHOB. [pU 3TOM 3/1IEKTPUYECKUI TOK CHapyKM (KaK ero afiekTpuyeckoe
nose) He BO3HWKAET, a obpasyeTca cTaTUYECKoe NoJjie, KOTOPOoe MepLaeT Ha MecTe.

Mcxoaa M3 MHOMXKECTBA OMbITOB C MOATBEPXKAEHMAMWU CYLLECTBOBAHMA Pa3/IMYHbIX YacTUL, U
aHTMYACTUL, KaK OTPaAXKEHWUI NX B CPeae OKPYKEHMA, HAaNPALLMBAETCA BbIBOA, YTO HUKAKMX, Hanpumep,
AHTMHEWUTPOHOB, aHTUNPOTOHOB U T. 4. B A€NCTBUTENbHOCTM B MPUPOAE He cylecTByeT. B peanbHOCTH
e - 3TO pe3y/bTaT B3auMOAENCTBMS BUXPEM pasHbIX YacTul, (annoneit) c TOHKON maTepuen cpeabl.
Korpa, noboii obbekT (bopma), KakK WUCTOYHWUK WU3JIYYEHUS 3S/IEKTPOMArHUTHOM BOJHbI (rMons) B
NPOCTPAHCTBE, KOHTAKTMPYET (KakK OTTUCK) C maTepuen cpedbl, TPAHCAMPYET B Hel (pacnpeanensert)
CBOW CTPYKTYPHbIE 3/1€MEHTbI, KaK 3epKa/ibHOE OTPaXKeHue coaeprKaHuma (CTpOeHMA) KaxKaoro curHana
cobcTBEHHOM MHPOPMALLUK - B apXMBAX MAarHUTHOM NamATU MaTEPUMN OKPYKeHUA. KaK BUXPb, KOTOPbI
B OTBET BbI3blBAET NPOTUBOMOJIOXKHbIN cebe BUXPb. ITO U €CTb KGHMUN00bI», KOMOopbIE He A8AKMCA
camu_no _cebe UCMOYHUKaMU KonebaHul, KaK hopmbl, 0 AUWb Pe3yanbmamom 803Myu,eHUsA cpedbl
odunonem (o6bekTom). KoTopas cO BpemeHemM 3HepreTMYeckuM BO3BpPALLAETCA B CBOE WCXOAHOe
COCTOAHME A0 BO3OYKAEHWA. 3HAUMT, 8Ce_aHMUYACMUUbI, KOK 3epKasbHble 0mpaxeHus cpedsl
OKpYy#eHUs _Ha__B8HeuwHee _go30elicmeue He _Mo2ym Cyu,ecmeosame 07umesibHO, OHU _8ce
HecmabusbHbl.

Toraa, noyemy e aunonb («KopoHui») ABnaetca Hambonee cTabuabHbIM OOBEKTOM B
npoctpaHcTee? O4eBMAHO, YTO Nt0ObIE 3apAAbl AMMNOAA, 3aXBaYEHHbIE MM B 30HE CBOEro «3KBaTopa»
13 MaTepuu cpesbl COGCTBEHHOM MHTEHCMBHOCTbLIO BPALLEHWA, BCACbIBAOTCA BUXPEM B LEEHTP «cdepbi»
N CMELLAIOTCA KaXKAabll BAOIb OCM K CBOMM NPOTUBOMNO/OXKHbBIM Mositocam. Mpu 3Tom Bce OHM, Nonas
M3BHE BHYTPb AMMNOAA, PaCWENNATCA A0 Y3HABAEMbIX «POACTBEHHbIX» YACTOT W3YYEHUN,
CBOWMCTBEHHbIX CTPYKTYPHbIM KOHTYPaM KOHKPETHOro AMMNOAA, U NOMN0LWATCA UMK ANA NPOAO/IKEHMA
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KU3HEeAeATeNbHOCTU. «M3NULWHME» Ke 3apsaabl, K3MEHUB BpalLeHWe, «BbICTPeNnBatoTcA» 0bpaTHO
(BoBHE) Yepes ocu nonycdep 0AHOIO C HUMM HANpPaABAEHMA CMIMHA CO BCEM apXMBOM MHOOPMALUK O
BHYTPEHHEN CTPYKType BCEero 06beKTa, yXKe KaK «BUA0BbIE» 3TOr0 KOHKPETHOro AMNO/A, C NOMHbLIM
HabopOM «KOHTAKTHbIX» cBegeHuin o cebe (cm. Puc. 16). YacTb KOTOpbIX pacnpasBnseT CBOM
«lwynanbua» gasa NnocTPOEHUA HUTEN CUNOBbLIX INHUIK A0 CAefyloWMX 3apAL0B OKPYXKEHUA, U TaK
Aanblue - oT ogHoro K apyromy (cm. Puc. 17). Apyrue ke, 6anKHME pa3HONONIOCHbIE 3apAabl, Kak
CTpemAwWMecs gpyr K ApYry BOAHbI CIUPANbHbIX BUXPEN, COEAUHAACH 3aMbIKAtOTCA BO BCTPEYHbIE Napbl
CKPYYEHHbIX HUTEW CWNOBbIX /NIMHUI BOKpYr cdepbl cobcTBeHHOro aunons ¢ GopmupoBaHMEM
(ycuneHnem) ero marHMTHOro nons.

Puc. 16 ®opmupoBaHue cUIOBbIX IMHWUIK annonsa. Puc. 17 Obpa3oBaHue HOBbIX AMMONEN B cpeae.

3HaunUT, BUXPU 3apAL0B PA3HOro BpaLLeHMA, BXOAALWME B ANMOAb U3BHE Yepe3 30HY rpaHuLbl
Bnoxa, TyT e pa3genAlTcA M HanpasBAAKTCA K CBOMM nontocam 6e3 3agepykKu: 3apagbl «+» - B
ctopoHy CeBepHOro nostca, a «-» - B CTOpPOHY HOXHoro. OHM oOTTOpratoTcA OLHOMMEHHbBIMMU
NoAyLWapuaAMM NOJIOCOB, @, 3HAYUT, HE MOTYT CMELIMBATLCA MexXAy cobol (Kak Bogopasaen). Takum
06pasom npomncxoauT BeYHbIN KpyroobopoT 3apAaf0B B cpese U B CTPYKType Kaxkaoro obbvekTa. Toraa,
MOKHO YTBEPXAATb, YTO MOCMOAHHO 803HUKAWUE 8 Moaywapusax 00HO20 OurosaA 8UxXpu 3apAado8
OKPYXeHusA ece20a ommaskuearomca Opy2 om Opyaa 8 30He «3K8amopa», He 0a8aA CXA0MNHYMbCA
08YM PA3HOUMEHHbIM 10aHCam 0unosa 8 moyky. Ho npumsaxceHue e2o noarcos 80016 ocu 20pa300
gblwe, YeM ommasikugaHue 0OHOUMEHHbIX CYMMApPHbIX suxpell cpedsl 8 e20 «noaywapuax». [loamomy
gce _0urnoau_cne2Kka «npunarocHymel» 8 ocu (caaBneHbl B NOAKOCAX), KaK, Hanpumep, NAAHETbI,
3BE34Hble CMUCTEMbI, FANAKTUKN, MOJEKY/bl, aTOMbl U T. 4. [lpn 3TOM, cunoesie AUHUU B80B8HE, KaK
06pa3oBaHHble BCTPEYHbIMU, BUAOBbIMU, KOFEPEHTHLIMM KONEBaHNAMM NPOTUBOMONIONKHbIX 3apALO0B,
[OCTAaTOYHO [/710MHO CKPeNaArm U 3aWuWam Cc80UM MA2HUMHbLIM NosiemM eduHbll Qurosb.
Mo3BonAA emy MMeTb BO3MOXHOCTb BCE HOnblIe B3aMMOAENCTBOBATb C MaTepuen U3BHe, CO34aBas
BCEé 6onee 3HaUUTE/IbHbIE NO 06BbEMAM M SHEPTUUN AUNOAUN, NPUCOEANHAACL K HAM UAN NPUCOEANHASA
apyrunx (cm. Puc. 17).

BbIXO4AuWT, UTO pa3mepbl AUNonewn (3NeKTPOH, AAPO, aTOM, MOJIEKY/A U T. A.), KaK Gopm maTepuu,
3aBUCAT OT WMHTEHCUMBHOCTU WX 3N1EKTPUYECKUX BUXPEWN, KOTOpaA B MNpoLecce pPasBUTUA MONKET
BO3pacTaTb MK OCTaBaTbCA NpexHen. CnegoBaTenibHO, B COCTaB, HANpUMep, A4Pa UAXN aTOMA MOXKET
6bITb «MNPUHATO» NUWb CTPOro OnNpeAenéHHOe KOJIMYECTBO CTPYKTYPHbIX BUXPEWN 3/1eMeHTapHbIX
yactuu,. Kak 3apagoBs, cnocobHbix NoaaepKMBaTb CTabUAbHYIO LLeNOCTHOCTb €4MHOr0 AMNONA CBOMMM
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CUNOBbIMU  IMHUAMKU (NONAMKM) B3aMMOAENCTBMA MNONIOCOB M CYLLECTBYIOWMX B OKPYMKEHUMU
NPOTUBOMO/NOMHbBIX MO 3HaKam 3apAf0B TOHKOM MaTepuu NpocTpaHcTBa. [losTomy, Kaxpgan
3NeMeHTapHanA YacTuua MMeeT CTPOoro GUKCUMPOBAHHBIA KBAHT 3HEPrMu, CNKH, YacToTy KonebaHuin un
Apyrve napameTpbl.

3HaAunUT 1 BCE 3TO, YTO M BHYTPU AAEP, aTOMOB, 3/1I€MEHTAPHbIX YAaCTULL, U T. A. TaKXKe CyL,ecTBYOT
NPOYHbIE CBA3N MEXKAY CUNOBbIMU NTMHUAMM MArHUTHbIX NOJIEN OTAENbHbIX CTPYKTYPHbIX AMMONelr npu
obpasoBaHMM HOBOro 0b6LLLErO 06beKTa? To ecTb, BUXPU BCTPEUYHbIX 3apsA0B MOMKOCOB PasHbIX YacTuy,
«CBA3bIBALOT» UX B eANHYIO BUBpocucTemy? M 3To TakK ecTb.

MpepcTaBum, 4To Nt0HON BPALLAIOLLMINCA AUNONb, HANPUMEP, ATOM — €CTb «BEYHbI» BUXPEBOW
Asuratesib. YTobbl UCNO/Ib30BaTh €0 SHEPTUIO AR PA3/IMYHBIX Lie/Iel BCEro-TO HY»KHO 3aCTaBUTb ero
NoNApM30BaTbCA CTPOrO0 CUHXPOHHO B oOnpeaenéHHOM O0ObEéMe cpeabl OKpyxeHuA. Torga
dopmMupyemca UCKyccmeeHHbll suxps mpebyemoli HaM UHMEeHCUBHOCMU U _HANpassaeHus, 3Hepauto
KOMOopo20 MOXCHO KOHMPOAUPO8AMb U UCM0/163080Mb 8 COOCMBEHHbIX HYH#OAX.

MOXHO C OrPOMHOM [0/ieit BEPOATHOCTU YTBEPXKAATb, UTO MpU 8pAUEHUU UCKYCCMBEHHO20
8uxpA (Kak U NPMPOAHOro) C APYrMMM CTPYKTYPHbIMU BUXPAMM BHYTPM 3TOrO AUNOAA (HaXKe Koraa oHu
rpynnoBbie M pPoOAOBble), 06pa3yemcs cmos4Yas 60/HA, KAK 3aGMKHYmMas Kpy2084s CUHYcoudd,
nepneHOUKYAapHAA ocu_spauwieHus eceli popmbi. To eCTb, BO3HMKAET HANPAXKEHHOCTb BUXPEBOro
3NEeKTPUYECKOro NonsA B BUAE NOTOKA KOJbLEeBOW BO/IHbI KosiebaHui ¢ rpebHamu u BnagmHamu. Korga
NepneHaANKYNAPHO MM B Ka)KAoM BnaauHe MNOSBAAKOTCA NONA KonebaHW MarHUTHbIX BOJIH, KaK
pe3ynbTaT B3aMMOAENCTBUA C BUXPAMM MaTepuM MPOCTPAHCTBA OAHOr0 Hanpas/eHMA BpaLLeHUs.
KoTopble YyCKOPAOT MHTEHCMBHOCTb KPYroBOpoTa MaTepumn cpedbl BAOb CUHYCOUAbI CTOSUYEN BOJIHbI
CHapyKM BMXpSA 0ObeKTa, BTATMBaA 0ObEKTbl M3BHE K LEeHTpy. Mpu 3TOM, YCTOMYMBOCTb CTPYKTYpbI
BO3pacTaeT (cTabunbHOCTb) U B UTOre NPOLLECCHI NPUBOAAT K JIEBUTALMMU (3aBUCAHUIO), OTTA/IKUBAHMIO
OT BCEro BOKPYr 4O MOMEHTA MapuTeTa 3HEpPruM BHYTPU M BOBHE CO34aHHOro BMXpA. MoaobHbie
SIBIEHMA Mbl YK€ paccmaTpuBanu B auckax K. Cépna, B. LLaybeprepa n pasnnyHbIx reHepaTopax
TOKa. [loxorKe, YTo MpU COOTBETCTBYHOLWMX BO3AENCTBMAX M3BHE, WUCKYCCTBEHHbIN BUXPb crnocobeH
BbICTpanBaTb 06bEMHbIE Bpallatowmecs «MnaToHOBbI GUrypbI», KAk BUXPU Pa3INYHON reoMeTpum B
NPOCTPAHCTBE, B 3aBMCMMOCTUN OT B3aMMOAENCTBUA YNPaBAAEMbIX IPaANEHTOB 3apAa0B.

Monpobyem nNpeanoXutb pPasanyHble KOHCTPYKLUMM TEHEepaTopoB TOKAa C MexaHM3MamMu
MCKYCCTBEHHOTO 3aMnycKa Buxpen. Hanpumep, Koraa BpallaeTcs Ko1ieco BHYTPM gpyroro Koneca. Toraa,
KONbLEBOM CcTaTop (MOXEeT OAHOBPEMEHHO BpPalATbCA B MNPOTMBOMOJIOXKHYK CTOPOHY POTOpPY)
M3roTOB/IEH U3 NMOCTOSIHHbIX NOAKOBOOOPA3HbIX HEOAMMOBBIX MarHMTOB (CErMeHTbl MarHMTOB MOYKHO
M30/MpoBaTb APYr OT Apyra), a PoTop — 3TO KO/bLeBaA KaTylwKa BOAHOBOro npoéwuna (3uraar,
Tpaneuus, CUHycoMAa) C 3aMKHYTbIM cepAe4YHUKOM (MarHuT uam ctanb). Mpm 3ToM NOAKOBbI MarHMToOB
cTaTopa 4yepes pas nepeBépHyTbl (cobpaHbl Ha CTbIKax C OAMHAKOBbLIMM MOJIKOCAMMU) U CKPEMNJeHbI

CTAXKOMW B Kosbuo (cm. Puc. 18). XoTta, pekomeHayeTcs onpoboBaTb M BEpPCUO C MPOCTbIM
yepenoBaHUEM, KaK «CeBep-tor», Uan BepX ANCKa —«CceBep», a HU3- «tor». Mexay Tem cxema HaBUBKU
NPOBOAOB HA KaTyWKy poTOopa MPWUHATA NAaHETapHOW B TPWU 3axo4a C BbIBOAOM HA KOHTAKTbI
TOKOCBHEMHbIX Konew, Bana. [pn aTom 3a30pbl MeXAy BPaLLAOWMMUCA 3IeMeHTaMKn poTopa 1 cTaTopa
[O/IKHbl ObITb  CUMMETPUYHBIMU U MUHUMAJIbHBIMKW, @ BOJIHbI 3Mr3aroB (CMHycomabl) poTopa
BbICTABNAIOTCA TaK, YTOObI OHU BU3yaNbHO PaA3AENANNUCHb NONOAAM TMHUEN OKPYXKHOCTU BHYTPEHHErO
KO/bLLE@ MarHUTOB cTaTopa. Mpu BpaleHnn poTopa (Mam ntoboro AncKa reHepaTopa) C yCKOPEHUEM B
KaTyLlKe 0bpasyeTca 3NeKTPUYECKUIN TOK.

CMOHTMpOBaB NoAo6Hble KOHCTPYKUMM Ha Konéca aBTomobuna uam Benocunena, MOMKHO
obecneynTb 3NEKTPUYECKMM TOKOM 3/1EKTPONPUBOA STUX TPAHCNOPTHbIX cpeacTs. Koraa B Kavectse
«CTapTépa» AN HAYa/bHOrO Pa3roHa MEXaHM3MOB MOMKHO MPUMEHUTb OObIYHbIN AKKYMYAATop,
KOTOPbIW NOC/Ie Nnepexoaa Ha NMTaHWe OT reHepaTopa NepPeKoYaeTCA B peXXMM noasapagKku. MNpu stom
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moboli _aepecam bydem 0su2ambcs, UCMNOAb3YyA 3apA0bl, nocmynaruue 8 2eHepamop U3
371eKMmpoMa2HUMHbIX noaeli npocmpaHcmad, 6e3 Kako2o 6bi mo HU 6bl10 MOCMOAHHO20 NUMAHUA
(monausea) ussHe. Ons 6onblLEro NPUTOKa 3apsaAoB npeanaraetca cobpatb nogobue KoxKyxa ctaTopa,

NOAKNIOYMB €ro Yepes paspALHUK K BHELWHEN aHTeHHe, a Yepe3 KOHAEHCATOP — «HA 3eMIO» Yepes
KOoNéca nnu wnend.

Puc. 18 l'eHepaTop TOKa Ha NOCTOSHHbIX MarHUTax C KOJIbLEBOM CUHYCOUAA/IbHOM KaTyLLKOW.

BTopoii BapnaHT NoaobHOro yCcTpoicTBa TOXKE MOXKHO MPUMEHUTb Ha JIIOOOM TPaHCMOPTHOM
cpeacTtse, BN/IOTb A0 camonéTa. CTaTop M3roTOBNAEH B BUAE KO/bLA M3 NOAKOBOOGPA3HbIX MarHMTOB
(«poramm» BOBHYTPb), KOTOPbIE TaK¥Ke MOryT 6bITb N30/IMPOBaHbI APYr OT Apyra Uau cobpaHbl No

Puc. 19 FeHepaTop TOKa Ha NOCTOSAAHHbIX MarHMTax Cc NJaHEeTaPHOW HaBMBKOM KaTyLUKM.

PasfINYHbIM CXemam conpsaxeHua nontocoB. OT aToro byaeT 3aBuceTb Auwb 3GEEKTUBHOCTb

reHepaTopa. KaTyLlwKy e poTopa MOXHO caenaTb eANHOM Unn cobpaHHOM U3 MHOXKECTBA OTAE/NbHbIX

OAMHAKOBbIX MHAYKTOPOB, COEAMHEHHbIX B NapannenbHyto uenb (cm. puc. 19). FTnaBHoe, 4TObbI OCb €€

cepaeyvyHuKa, KOTOPbIN Ny4lle U3roTOBUTb U3 XKene3a UAM NOCTOAHHbIX MAarHUTOB, HAXO4MNACb B IMHUN
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OKPY}KHOCTM BHYTPEHHEro AMamMeTpa KoJibLa cTaTopa. A cama KaTylwkKa bblna HamoTaHa cnocobom
naaHeTapHOM TPEX3aX04HOM HAaBMBKM, N MOXKET BbITb pa3fe/ieHa NoNapHO Ha HECKOJIbKO OA4MHAKOBbIX
M30/IMPOBaHHbIX KaTyLleK, COeAMHEHHbIX B €ANHYIO Lenb NnapanienbHo. 3a30pbl MeXay AeTansmu
cTaTopa M poTopa B 06A3aTeNibHOM MOpsAAKe BbICTABAAKTCA MWHUMAJIbHbIE M CUMMMETPUYHbIE.
HanpaxeHne CHMMAeTCA C KaTyWKM U NoAaéTca Ha 3/eKTpoaBuraTenb npueoga notpebutens. Bece
OCTaNbHble NOXKeNaHNA CO0PKN aHANOMMYHbI ONMUCAHWUIO NPeablAyLero yCcTponcTaa.

MoaobHble MexaHM3Mbl MOMKHO MPUMEHATb ANA CO34aHMA 6onee MOLUHbIX YCTPOWCTB, KakK
MosIHOUEeHHbIU 00UHOYHbIU 6710K 8 _MHO20cmyrneHYamoix cbopHbIX 2eHepamopax mokd. WUnn, Kak
«COHABMY», KOrAa Ha OAHOW OCU YependyloTCs HECKO/bKO BpPalLAOWMXCA POTOPOB B OJAHOM
Hanpas/ieHUN, a B MPOMEXKYTKaX MeXKAy HUMMU CMOHTMPOBAHbI MarHWUTHblE CUCTEMbI CTaTOPOB,
Bpallatowmecs B MPOTMBOMNONOXKHOM HanpaBAeHUU. YTO KpaTHO YyBE/NNYMBAET BO3MOMKHOCTMU
arperaTos.

KaKoBa e B peasibHOCTM CTPYKTypa nons, nosctogy 0603Ha4aeMoro Hamu, Kak «K MarHUTHOro»?
OTMeTUM TpU TMNa KnaccuduKaumMmnm MarHUTHbIX nonein. MNepsblt — A1s TOKa 3apAga O4HOro 3HaKa, Kak
00UHAPHO20 UAU ApHO20 B8UXPA 00HO20 HAMPAB/EHUA PACMPOCMPAHEHUS 8 sude crnupanu Wnv
cnupanen co cmelleHrem B 1/4T nepuoga BMAOBbLIX (KOrepeHTHbIX) BOAH KonebaHwuit 3apsaaos. B
OCHOBHOM NOAO6HbIE NpoLUEcCchl MPUCYTCTBYIOT B Cpelle OKPYXeHUA (MM BOKPYr NpPOBOAHMKOB
3NEKTPUYECKOro MPAMOro TOKa) MpW HaAuuMuM rpagueHTa obpaTHbIX 3apagoB. Takue nona Bcerga
nepneHANKYNAPHbl NJIOCKOCTM PACNpPOCTPAHEHUA UX INEKTPUYECKUX BMOpaUMiA C TOM e YacToToM
KonebaHnin. OHM «COMYTCTBYIOT» CUIOBbIM NIMHMUAM HaMNPSXKEHHOCTU 3/1IEKTPUYECKUX MoNel B BUAe
cnupanen BOKPYr TPaeKTOpUM MPOABUNKEHWUS 3apPAA0B M CYLLECTBYIOT KaK B MUKPOMWPE, Tak M B
MaKpPOOOBEKTAX, KaK Pe3ybTUPYHOLWAA BeIMYMHA MX B3aumogencTtemna (cm. Puc. 20). 31o moryT 6biTb
nontoca AMNONA 3NEMEHTapHOM YacTulpbl, NH0BOro MHOro 06BbEKTA, Aayke MOCTOSAHHOrO marHuta. U
Takoe MarHMTHOe NoJie PacnpPOCTPaHAETCA Kak BHYTPU 06beKTa, Tak U BoBHe. OHO «b6e3bapbepHoy,

NMOKa COXpPaHAETCA rpadueHT 3apAa0B B Cpeae OKPYXKEHUA.

Puc. 20 Cnupanm marHUTHbIX IMHWUI 3apALO0B.

Ho cywecTBytloT 1 MapHble 0OUHAPHbIE UAU MNAPHbLIE MHO203aX00HbIE CUPAaU _B8CMPEYHbLIX
3apA008, KOTOpble B AUMNOAE, KaK U B Cpeae PacnpoCTPaHEHUA B0/HbI _PA3HOUMEHHbLIX 3apAados,
ABUMKYTCA BCTPEYHO, CNJIETAACh B €4MHYI0 ABONHYIO cnupanb (noaobHo HuTam AHK) co cmelweHmem B
1/4T nepuofa KOrepeHTHbIX KosiebaHWi CBOWMX KOHTypoB. Toraa obpasyetcs cuioBaa AMHUA
MarHMTHOro nosA eauHoro (Mnm Hosoro) aunond. Korga, TyT »Ke npu KOHTaKTe obpaTHbIX TOKOB
dopmupyemca nepemeHHbIlU MoK 8cmpeyHbix 3apA008 camoll cmpyKmypbl «00UHAPHOU» cusnoeol
AUHUU, KOK «K8AHM» Ma2HUMHO20 Nos8 0aHHOU subpocucmemsi. oaBnaeTca pesynbTUpytowan
Be/IMYMHA KonebaHmin cToavel BOHbI OT MCTOYHMKA A0 UCTOYHMKA «NOMOCOBY» camol Gopmbl 06beKTa
(cm. Puc. 21). Bo3sHuMKalolee MarHMTHoe nose CTabuibHO, 6e36apbepHO M 3aBUCUT OT BE/IMYUHDI
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(MHTEHCMBHOCTM) WX B3aMMOAEUCTBYHOWMX 3apAnoB. ITO MOryT ObiTb nontoca (KorepeHTHble
NPOTMBOMO/IOXKHbIE 3apAAbl) UAK Nobble B3aMmoaencTByolWmMe 06beKTbl, OHO Hanbonee WNMPOKO
pacnpocTpaHeHo.

A Tenepb nNpeAacTaBbTe MOMEHT, KOrAa MOMOK eOQUHUYHbIX 3apA0o8 ucxodum 8 00HOM
HaNpaseaeHUU U _00H020 HanpassaeHUsA spaujeHus. W 3TO TOXKe 3NeKTPUYeCcKUn TOK B cpeae
NPOCTPaHCTBa, MBO BOKPYr NPOBOAHMKA, TaK KaK MPUCYTCTBYET FPaAveHT MeXKay ABYMA, NycTb U
OAHOUMEHHbIMU 3apPAAaAMMU.

X
X
%o

.

-.,‘_‘" v gzl

W

Puc. 21 CTpyKTypa CUN0BbIX IMHUIA MAarHUTHOTO NOAS AUMNONA.

Tenepb NPeAnosioXUM, YTO 3NEKTPUYECKME BOJIHbI 3apsaoB 06pasoBanv CUIOBYHD JIMHUIO
MeXay noncaMmn Aunons BoBHe ero ¢popmbl. Torga KakoBa eé cCTpykTypa? Ecam 3To BCTpeuyHble
3apAabl, TO UX INEKTPUYECKME U MarHUTHbIe cocTasAaatolme (co cmeleHmem B 1/4T neproaa) AOMKHbI
BbIFNAAETb KaK Ha «Puc. 22». Korga obe 3/1eKTpoOMarHUTHbIe BOIHbI 06pasyoT 06bEMHYIO CTPYKTYPY
CUNOBOM IMHUN, KOTOPanA B PeasibHOCTM CYLLECTBYET KaK pe3yabTaT B3aMMOAEeNCTBUe ABYX 3apAA0B, UX

Puc. 22 ObbémHan CTpyKTypa CUA0BOM NMHUM ANNONA.

BUXPEN, ABYX cucTeM. BAoNb KOTOPOW M BbICTPAMBAOTCA BO BCEX M3BECTHbIX OMbITaX C MarHUTaMu
«Kene3Hble OMUAKMY». B TO e BPeMA «apXMTEKTYpa» KaskAOoW U3 BOJH 3TUX 3/1EKTPUYECKUX 3apAa0B
BK/IlOYAET B ce6A MHOXKECTBO APYIUX CTPYKTYPHbIX €AMHULL, KaK B3aMMHO NepneHAMKyNspHbIX 6onee
MEeNKUX BOH SNEKTPUYECKMX M MArHUTHBIX COCTABAAOWMX. M 3TO BEPHO HE TO/IbKO B MEHbLUYIO, HO U
B 6O/IbLLYIO CTOPOHY MacWTabMpoBaHMA C HaNPaBAEHUAMM NEePEMELLEHUA B TY UM UHYIO CTOPOHY B
3aBMCMMOCTU OT BE/IMYMH UX TPALMEHTOB. ITO U eCTb OCHOBHOU NMPUHYUN NMaaHemapHol HasusKu
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KamyuweK UHOYKMUBHOCMU 8 KosnebamesbHbiX cucmemax, NpeaNoXKeHHbIM B npeablaywmx rnasax,
Korga Bubpaumnmn sNeKTpuyecTsa U MarHeTMama nepekpbIBaoT Apyr Apyra BO BPalLaloWMXCA B3aMMHO
nepneHauKyNAPHbIX NJIOCKOCTAX.

A 4TO, ec/i1 BpalLalOLLAACA CMNOBAA MHUA MArHUTHOIO NoJsA (B HEKOTOPLIX YC/IOBUAX) MMeeT
TaKyo CTPYKTYPY BCTPEYHbIX MPOTUBOMO/IOKHbBIX 3apAA0B, HANPUMEp, ABYX AUNONEN, UTO ABUKEHUE B
Hel BMXpeKn BbiCTpamBaeT obuiee (egMHOe) monepevyHoe MM MarHUTHoe none (cm. Puc.23)? Kak
«KBAHMOBAHHYK» HUMb «becKoOHeYHo20» 0unoas om o00Ho20 obbvekma e3aumodelicmsusd 00
dpy2020. B 06omx HanpasneHusx. [Ae MarHUTHOE NoJie ABNAETCA HE TO/IbKO GaKTOPOM, CKPeNnAsoWmm
HOBYIO BMOPOCUCTEMY, HO U CAEPKMUBAKOLWIMM 3/EKTPUYECKOE MOMEe B3aMMOAEWNCTBUA 3apsafoB B
nepneHANKYNAPHbIX MNIOCKOCTAX €ro PacnpocTpaHeHus.

Puc. 23 «KBaHTOBaHHaAsA» HUTb CUIOBOMN INHUM MarHeTMama mexagy asyma gunonamu.

Torga, BO3MOMHa /M CUTyauus, Korga 3apadsbl He nepemewaromcsa 018 06pa3o8aHus
2/1eKMpPU4YECK020 MOKA HUK020a? OHU MPOCTO MIMHOBEHHO BbICTPAMBAOTCA MO HaNpPaBAEHWUIO OCU
rpafiIueHToB — NONAPU3YIOTCA, 06pasysa «TOHHENN» BONHOBOA0B, NOA0H6HO ONTOBONIOKHY (CM. Puc. 24).
Yepes KoTOpble cOBeplIeHHO 6e3bapbepHO NpoxXoAuT (TPaHCAMPYeTCcA) BOMHA MarHUTHOro MoJA
MCTOYHMKA M3yYeHUs NpU ero Bo3byKAEHUUN U3BHE Cpesbl, Kak ero MHpopmaumsa (apxme M NamsaTb).
Mpn 3TOM BO3HWMKAET BHELHWIA MOTOK CNUPasibHOW BOJIHbI 3N1EKTpMYecTBa (nepneHAMKYNApPHbI
«TOHHENAMY»), KOTOPbIM 06beAuHAET BCE 3TO MHOXECTBO OAMHOYHbIX W3/YYEeHWUW, Hanpumep, B
3NEeKTPUYECKMUI TOK NOBEPX NPOBOAHMKA UM B rasax.

Puc. 24 «TOHHEeIN» MarHUTHbIX BOJIH M MOTOK 3/1€KTPUYECTBA B NPOBOAHMKE.

Toraa MOXKHO NPeANO/IOXKUTb, YTO NPU B3aMMOAENCTBUM NHOOLIX ANNOJEN BO3HUKAET rpaaneHT
3apAnoB, KOTOpbiM nopoxaaeT 3ddeKT nonspusauumnm matepumn cpeabl mexay HumM, bnarogapa
KOTOpPOMY B 060MX HanpaBAEHUAX TPAHCIMPYETCA CyMmMapHan (eaAnHasn) BoNHa BUBpaLmii ux cuctem. B
KOTOPOW OOHOBPEMEHHO (M NEepneHAUKYNAPHO APYr APYry) NPUCYTCTBYIOT KaK 31eKTpUYecKas, Tak
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MarHMTHas CoCTaBAAOLWME UCTOYHMKOB. MpKn 3TOM «BOPOTa» NONAPU3ALLIMM OTKPLIBAKOTCA B NpoLecce
npoxoxaeHua (Bo3byXKaeHUn) U3NydyeHuin Yepes cpeay (MpoBOAHMK) ¢ 060MX CTOPOH BCTPEYHO, MO
Mepe MpOoABUXKEHUA NONeW. 3HAUYUT, BMOJSIHE BO3MOKHO, UYTO B OKPYKEHUM MPOTUBOMNONOMKHbIX
Avnonein noa BO3AENCTBMEM COOTBETCTBYIOLWMX MMMNYAbCOB MArHUTHbIX W3NYYEHWN ApYyr Apyra,
BO3HWKHET onpeaenéHHOe KO/IMYeCTBO 3apAA0B M3 MaTepuu camoi cpegbl obliero AMNoAa uam
BHELUHEro NPOCTPAHCTBA.

CnepoBatenbHO, MA2HUMHOE 10/€e NPU CO34aHUM BHELIHUX YCI0BUI BO3OYKAEHUA cr1ocobHO
2eHepuposams onpedenéHHyr 8eaAU4UHY KOauYecmaa 3apsA008 U3 mamepuu OKpYyMHeHUs, Kak OTBeT
Ha MPUPOCT 3Heprumn Bo3bYKAeHWA. To ecTb, 3apAdbl, HaNpMMep, Ha O4HOM AMMone — AoHope
ncyesatoT (OTTopratoTcA) Ha BENYMHY IHEPTUM BO3DYKAEHUA (M3N1y4EeHUs) B HAaNpaBAeHUM AUNona -
ajpecata, rae M BO3HWMKAKOT B MPOCTPAHCTBE MMEHHO B TOM XXe Ko/auyecTBe 3apafos. pu sTom
MCTOYHMK 3TOW 3HEPIUMM TYT KE BOCMONHAET «MNOTEeplo» M3 cpeabl NPOCTpaHcTBa. Takon addeKT
obpasyeTtca 6narogapa Hannumo o06bEMA (Gopmbl) U CNUHA (MHTEHCMBHOCTM BpaLlLeHus) y atboro
annona. Ho 3TO He 3HauyuT, 4YTO C TeYEeHMeM BPEMEHM W3HaYa/IbHbI TPAUEHT Mexay
B3aMMOAENCTBYIOWMMU AUNONAMU coXpaHuTca. OH obssatenbHO OyaeT CTpemMuTbcAa K GanaHcy
9HEepruun, oKasbiBas BIMAHME HA €€ KOJIMYECTBO M COCTOAHWE CaMOI MaTepPUK, U3MEHAN TEM CaMbIM
camy cpesy OKpYKeHUs.

EcAan BO/MIHA MArHUTHOM COCTaBAAKOWEN 3NEKTPOMArHUTHOTO WM3/YYEHUA MNepneHauKyNapHa
SN1EKTPUYECKOM BOJIHE B Cpeae pPacrnpoCTPaHEHWA, TO BbICTPAMBAETCA TPAEKTOPUA ABUNKEHMUA
KonebaHui B BuAe cnupanu. Korga oaHa BOMHA ABUMKETCA MO NPAMOM, @ BTOpasa — NepneHAUKYAAPHO
en. N ato BepHO, NOTOMY 4TO KonebaHua BMGpocucTeMbl Nt0BOro 3apAga PAcnpOCTPAHAOTCA B
NPOCTPaHCTBE Nt06Oro CoCTosHMA BellecTBa B Buge cnupann. O4HaAKO B CMeLIaHHbIX cpefax Takue
YTBEPXKAEHUA He BCeraa COOTBETCTBYIOT AEeMCTBUTENbHOCTU. [OTOMYy YTO nog BO3AENCTBUMEM Cpeabl
N3BHE BOJIHbI, «AedopMUpyrOTCA» KoNebaHNA MAarHUTHOM U SNEKTPUYECKOM COCTaBAAIOLWMX, KOTOpPble
B KaKMe-TO MOMEHTbI MOTyT ObITb MOA Pa3HbIMU yrnamu conpsxkeHua. Hago NOMHUTb, YTO BO BCeX
BMbpocUcTEMax AMMONEN, MPU U3NYYEHUU KonebaTeNbHbIX MPOLECCOB MX 3apAgoB, NPOUCXOAAT
nocmosHHble npeobpa3osaHuUa 3HepP2UU 3neKkmpuvyecmsa 8 MazHemu3m U Haobopom. Koraa Kaxkaoe
nosHoe KonebaHWe O0AHOrO Nepuoaa COCTOUT U3 YETbIPEX OCHOBHbIX $a3 AMHAMUKKU NepemMelLeHunA
NMOTOKA 3Heprnn. To ecTb, TOKAECTBEHHO KONEBaHUAM MeXaHMYECKOro MasTHMKA MauM CBOB6OAHbIM
KonebaHUsAM B KOHTYpe 3/1eKTPUYECKOM uenu. Koraa KpaHee MoJIOXKEeHWEe MaATHUKA aHa/lorMyHo

COCTOAHMIO KOHTYpPa C MAKCMMAJIbHbIM 3apALOM KOHAEHCAaTopa, a PaBHOBECME MAATHUKA — TO Ke
camoe, Kora KOHAEeHcaTop paspsasKeH. MHaye roBops, KaTylKa MHAYKTUBHOCTU — 3TO IPy3 NPYKUHHOTO
MaATHWKA, @ KOHAEHCATOp — 3TO MPYXMHA. 3HAYUT, SIHEepPrua rpysa MasTHUKa M ecTb (B CpaBHEHUM)
3Heprma MarHMTHOTrO NoOAA 3NEKTPUYECKOrO TOKaA.

Ho 6 asnekmpomazHumHol 8osnHe Konebawomcsa He 4vacmuubl, d rnoasd (3neKTpuyeckne u
MarHuTHble). Korga MHTEHCMBHOCTb BOJIHbI - €CTb «CPeaHAs 3a nepuos KonebaHma NAoTHOCTb NOTOKa
SHepruM, nNpPOMOPLMOHANbHAA KBagpaTy amMnauTyabl BOAHbI». KoTopaa B CBOW o4vepegb
NPOMNopLMOHanbHa KBagpaTy YacToTbl. 3HAYUT, UHMEHCUBHOCMb 10600 31eKMPOMA2HUMHOU 80/1HbI
NPAMO NPONOPYUOHAAb6HA Yemeépmoli cmeneHu Yacmombl KonebaHul.

M3meHAaloweeca MarHMTHOe none Mexay MNoACcaMu  AMMoNA  NOPOXKAAeT BUXpeBoe
3NEeKTPUYECKOE MO0JIe, KOTOPOE, KaK MOABUXKHOE 3/1eKTPUYECKOE MNOJse, CO34aET MarHMTHoe nosne.
CnepoBaTenbHo, A10600 0unoas — ecmob UCMOYHUK 371eKmpoma2HUmHol 8os1Hsbl (cm. Puc. 25). Torga,
KaK e ABUXKEeTCA TOK, Hanpumep, B NPOBOAHMKE BO BHELLIHEM 3/IEKTPOMArHUTHOM none?

Yem Bbilwe YacToTa KonebaTeNlbHOro KOHTypPa UCTOYHUKA, TeM Bonee TOHKaA maTepus (eé Buxpu)
BOBJ/IEKAIOTCA B NpoOLEcCbl B3aumoaenctama, 6onee npocTon NCXO4HOM CTPYKTYpbI (M Bonee menkon).
Bbicokol yacToTbl (10® + 108) Bubpauun 06pasytoT oveHb 6oNbLIME FPAAMEHTbI B CPEe OKPYKeHUs
(npoBOAHWMKE) M CO3[atOT BCTPEYHDbIE MOTOKM 3/IEKTPOMArHUTHBIX U3NYYEHUI BO3MYLLEHHbIX NONEN,
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CNOCObHbIX HECTM BOHOBbIE GPOHTbI OFPOMHON MOLLHOCTW HAapaCTaloLWEN SIHEPTMN MaTePUM CaMOW
CTPYKTYpbl NPOCTpPaHCTBa. B noaresep)kgeHne tomy pabotbl ABpameHko C. B., KOTOpbI NOBTOPUA
onbiTbl Tecnbl H. no nepegaye sHeprum 60NbWON MOLLHOCTU Ha PacCToAHME NO OAHOMY MPOBOAY
(Bunka ABpameHKo). Fae BoNbGPaMoBbIii TOHKUIA NPOBOAHMK BbICTYNaA NMWb KyKasaTesnem

Puc. 25 MNMpoBOAHMK BO BHELWHEM none. Puc. 26 Bsanmogencreme BUXpA KCO BCEM» B ABUKEHUN.

HanpasaeHnsa» cnaboit MOLWHOCTY, BAOJIb KOTOPOro NEPEMELLANINCL BUXPU KTOHKOM» MaTEPUN CamMOomn
cpeapbl NPOCTPAHCTBA, KOTOPbIE U BblIN BO3OYXKAEHbI OFPOMHOM YacTOTOM BMOpPaLUIA CTOYHMKA TOKa.
[1p0800 He Moz 2pembCs, TOMOMY YMo 8 HEM 1o cymu U He bbla0 moka. OH Auwb 8030elicmeosasn Ha
MOHKUEe 8UXPU OKPYXHEHUS, NOAAPU3YA U HANPAsaas UX BCmpevyHo Opy2 K Opy2y BOKpY2 C80e20 ceYeHUs
(cm. Puc. 24).

Bo3aMoKHO, 4TO, pacwennsa (pa3genas) cBeToBble M3Ny4eHUs B OObEME 3HAYMUTENbHOrO
npocTpaHcTBa chepbl (06beKTa) Nt0OOro ANNONA, Mbl MOAYYUM KCKAYOK» YBENMYEHUS MArHUTHOrO
nona. Kak nocTpoeHne CTPYKTypbl MHOMECTBA CUNOBbIX JIMHUIA, B3aMMOAENCTBYIOLLNX MeXay coboi
6ecuncaeHHbIX NepemeLllarLmxca U pacnpeaeniéHHblx Ha nepudepmnn 060104KkM chepbl, PasIUUHbIX
3apagoB. Kak 3¢ddeKkT noaAsneHUA noKpoBa (3aluUTbl) MarHeTMama MHOMKECTBOM BUXpEN
B3aMMO/JENCTBYIOLMX TMOJIEN 3SNeKTpuyectsa OOBEKTOB Aunosient (4actuy) camoil  maTepuu
NPOCTPaHCTBA. BO36Y)KAEHHbIX B PE30HAHC MYTEM pPasAnYHbIX WHTepdepeHUM BOAH B obLiEM
«MnopbiBe» NOCTPOEHUA e4UHOro AUNONA.

3HauuT, Ma2aHemu3mM 3aeucum om e3aumodelicmaus Nnod8UICHbIX OUMOsbHbIX suxpeli B 06béme
NPOCTPAHCTB, 06pasylowmx obwue KOHCTPYKUMM OOBEKTOB pPas3/MYHOM  apxXuTeKTypbl. [Mpwu
HensbexHOM ycuieHun 3¢deKkTa MarHeTusma eauMHUYHbBIX 3/IEKTPUYECKUX TMOJIEN, CO34aHHbIX
AVHAMUUYHbIMUK CTPYKTYPaMU 3apAa0B MHOXKECTBA 601ee MeIKUX 3N1eMEHTOB, UX COCTaBAAIOLIMNX, KaK
aunonen.

Toraa, BepoOATHO, Pa3pyWaAACb Kaxaaa BMOpOCMCTEMA 3NEKTPOMATHUTHOTO  U3/TyYEeHUA,
HEe3aBMCMMO OT CBOEeW 4acToTbl BMOpaunii, obpasyeT MHOMKECTBO BUXPEM, KOTopble CO34al0T
COOCTBEHHbIE AMNOM TAaKUM 06pa30oM, Y4TO UX 3apALbl NPOAOIKAOT B3aMMOAENCTBOBATL. BbicTpanBas
pa3Hoobpa3ne BCEBO3MOXKHbIX MPOCTPAHCTBEHHbIX GUIYp Pas/IMYHON apXUTEKTYPbI MarHUTHbIX NONEN,
no-npexHemy B3aMmoAenCcTBYA C NONAMM MaTepumn cpesbl OKpyKeHua. YTo B OCHOBe cBOen NpnsoauT
K LOMWHUPOBaHUIO 06BEKTOB chepmyecknx Gopm C NOBEPXHOCTHLIM pacnpeneneHMemM 3apaaoB, Kak
BMbpocucTeM HOBOrOo 0ObBEKTa CMHTEe33, CO CBOMMM MOMOCAMK, CUNOBBIMU  JIMHUAMU WU
cbopmumpoBaBWMMCA BUXpeM B npocTpaHcTBe. Kak sHepreTMyeckom matpuubl ANA 3anofiHeHuA
BelLecTBOM B €€ npegenax, B €€ ycaoBMAX AAA 3TOro co3gaHHbix. Korga yepes MUAAMOHBI neT
nogobHasa cuctema OyaeT BMoOJIHE CNOCOB6Ha «NOPOAUTLY HE TOJIbKO MAAHEeTbl, HO W 3BE3Abl.
BO3MOXHO, YTO Te Xe mexaHM3Mbl PaboTatoT Npu MOCTPOEHUM NOObIX 3BE3AHbLIX (NAaHETApPHbIX)
CUCTEM WM TaNaKTUK. A He TO/IbKO, KOoraa BCE 3TO WM3HaA4a/lbHO BO3HWKAO B MUKPOMUPE MNpwU
06pa3oBaHMM BUXPEW 3/1eMEHTAPHbIX YacTuL,. He oTcloaa v NoABAAIOTCA 3BE3Abl, KaK «MaeA» U3BHe
NPOCTPAHCTBA, KOrga co3penu onpeaenéxHble Ana aToro ycnosma? Korga MowHoe Ma2HUmMHoe nose
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paccesHHbix no nepudepun (obonouke) 3apa008 co30aém 02pPOMHYK cmpyKmypy obuie2o
MQa2HUMHO20 M0/1A.

Al «3Hato», KaK 0bpasytoTcA 38€3abI?! BceMy BUHOM pacluienieHne 31eKTPOMArHUTHbIX BOJH HA
MHOeCTBO NOABWMKHbIX BUXpeW. NOTOMy UYTO ABNEHWE pacceAHUs CBOHOAHbIX 3apAA0B B KaXKAOM
OTAE/IbHO B3ATOM NPOCTPAHCTBE C 06pa3oBaHMeM MO0 chepuyeckon KOHCTPYKLUMM KKOHAEHCATOPa»
paboTaeT U B MUKPO, U B MaKpOMMpeE, CO34aBas MHOXKECTBO HE3aBMCUMbIX, HO B3aUMOLENCTBYHOLLUX
MmeXKay coboi npocTpaHcTe BO BceneHHol. Co cBOMMM YacToTaMm BUBPOCUCTEM, ANUNONAMM, BUXPAMM,
C MHAMBUAYANbHBIMW YCNOBUAMM 06Pa30BaHUA BELLECTBA M3 MaTepPUM COBCTBEHHOIO OKPYXKEHMA. ITH
nepudepuitHble NONA 3apAL0B BbICTPAMBAOT 0OLLYI0 cUCTEMY, KaK POHT, OTAenAlwWwnin eé ot
BHELUHEeN cpeapbl, OTANYAOLWENCA KaK NO NJAOTHOCTU HAaNPAXKEHHOCTU NONEN, TaK U No ¢pase pasBUTUA
CUCTEMbI B LLE/IOM.

3HaUMT N BCE 3TO, YTO 3AEeKMpuYeckuli MoK, e2o rnose, cnocobHO BO3HUKAMb KAK CNUPAAbHOE
guxpesoe 06pa308aHUe CHAPYHU M0BEPXHOCMU MPOBOOHUKA UaU 8004b Ay4ad Masa0U Yacmomel, Kak
«HanpaBieHMA», HaNnpUMmep, NPU ABUNKEHMM TOKa NO OAHOMY NPOBOAY, KOr4a 3aMepUTb ero Haanuune
amnepmMeTpoM He NpeaCcTaBAseTcss BO3MOXKHbIM? M 3TO TaK, NOTOMY YTO CUI0BbIE IMHUN MAarHUTHOTO
MoAs BbICTPAUBAOTCA B KHUTU», KaK «TOHHE/IN» BOJIHOBOAO0B, OPraHM3ys He TOJIbKO NEPETOK IHeprumn
rpagMeHTa 3apsfoB, HO M BOBJEKaAa B npouecc BCE 6osbliee MX KOMMYECTBO M3 MPOCTPAHCTBA
PacnpoCcTpPaHeHUA B 3aBUCMMOCTU OT MHTEHCMBHOCTM BUXPEN BOKPYr NPOBOAHMKA (TOHHens), Korga
NPOBOAHMK CAYKUT NNLWb «HANPaBAAIOLWEN» ANA NepeMeLLeHnA ToKa (nonsa).

Torpa, awboe OdsuxceHue 371eKMpPuUYecKko2o 3apAdd 80 BHEWHEeM MQA2HUMHOM _nose
npocmpaHcmea ecmes mokK. TOK KBAHTA 3/1IEKTPUYECKOrO 3apAfa UAN MOK K8AHMA 3/1eKmpuyecmad.
KoTopblii npu cBOEM ABUXKEHUN 06pa3yeT COOCTBEHHOE MarHUTHOE NoJe, Kak 3G PeKT 3NEKTPUYECKOTo
nosA, CO34aHHOrO BOJIHOM M3Ny4yeHUA BUOPOCUCTEMbBI 3I/IEKTPUYECKOro 3apaga, He3aBUCMMO OT
HanpaB/feHMA BpalWeHUs ero BuxpA. To ecTb, NpPW AOBUKEHUM 3apAga (3apaaoB) BO3HMKAET
9N1EKTPUYECKMI TOK (NpWM B3aMMOAENCTBMM C MArHUTHbIMKM NONAMW  APYrUX 3apAf0B  M3BHE
NPOCTPaAHCTBA), KOTOPbIA HEMPEMEHHO TMOPOMKAAET 3/EKTPOMArHUTHYIO BOJIHY, €€ MA2HUMHYIO
COCMasAAUYI, KAK COBOKYMHOCMb «K8AHMOB8» MA2HUMHO20 M08 KA 0020 e0UHUYHO20 3apAaa,
KaK e0uHoU Ma2HUMHOU 80/1HbI 3/1eKMPUHECKO20 MOKQ.

CnepoBaTteibHO, COBEPLUEHHO HEBAXKHO: ABUKETCA /1M 3aps OT O4HOIr0 06BEKTA K APYroMy UK
BpawaeTca ¢ obpasoBaHMEM HOBOro AMMNOAA, B NPOBOAHWKE WKW B MaTepuu MPOCTPAHCTBA Mpu
BO3HMKHOBEHMM TPaAMEHTa 3apsAfO0B, - BCE 3TU ABNEHUA NMPOUCXOAAT TaK WM MHAYe BO BHELUHEM
MarHMTHom noJse (nog, Bo3AenCcTBMEM BHELUHUX N1IEKTPOMArHUTHbIX nonei). Koraa nx pasopsBaHHbie
(BO3OYKAEHHbBIE) CMNOBbIE NMHUM KaXKAbIA pa3 NoOC/Ae OYepesHOro B3aMMOAEMNCTBUA C YACTOTOM,
COOTBETCTBYIOWEN AAHHOMY M3Ny4yeHUIO 3apAna (06bekTa), BOCCTAHABNMBAOTCA B Kaxaon ¢ase
KonebaHWA BOJIHbI 3apAAa 3/NEKTPUYECTBA B NEPMEHAMKYAAPHON el MJIOCKOCTU PacnpocTpaHeHMUA

(BpaweHunna). Obpasys 8 pesynbmame 06pa3, Konuk KoaebaHuli 807HbI_31eKmpu4YecKko20 rnoss 8
neprneHOUKynapHoU el naockocmu. B n3aBeCTHOM cTeneHn, MazHemu3m — ecms MmeHb 31eKkmpuyecmsa
8 MPOoCMpaHcmMee PacnpocmMpaHeHus, Kak pe3yabmam gzaumodelicmaus ¢ e2o mamepued.

Cama «uaea» 3apoxaeHua ntoboro AMnona B cpese OKPYKEeHWs ecTb N0 BO3HMKHOBEHMA
MarHUTHOro nonA 3apaga (3apsaaoB) ero BUGpocMcTEMbI, NPU B3aMMOZLENCTBMUN C 3N1IEKTPOMArHUTHbLIM
NosIeEM BOBHE MPOCTPAHCTBA PaCMnpOCTPaHEHMA 3/1eKTpMYeckoro nons. Kak MHTEHCMBHOCTb BUXPSA

obpa3sytoulerica HoOBOM CTPYKTYPbl MaTepun Belectsa. Korga ns maccbl « HbloTOHMEB» BbICTPaMBalOTCS
MHOrouYmncieHHble «KopoHWU» M panee snemeHTapHble 4YacTuubl. MHoroe onpeaenser MMEHHO
MHTEHCMBHOCTb BpaLLEHUA BUXPA, €€ CnocobHOCTb BCE GO/bLUETO BAMAHUA HAa MaTEpPUIO CaMoro
npocTpaHcTBa. MoaobHble BUXPM NOABNAKOTCA NOBCOAY B N060IN cpese u Bceraa, NoTOMy YTO «BCE
B3aMMOZEMNCTBYET CO BCEM» B MOCTOAHHOM ABUXeHWUN (cm. Puc 26). 3HauuT, 8 10bom npocmpaHcmee
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BceneHHol ecmb mazHUMHbIE M08, MOMOMY YMO cyujecmesyem mamepus cmpyKkmypbl camoli cpedsi.
MpUTOM COBEPLIEHHO PA3/IMYHOMN YACTOTbl U3NYYEHMA N KBUAOBOM» KNnacCupuKaumu.

Toraa, BEpHO K, 4TO 06paTHOE HEBO3MOMKHO, KOrga B ABUNKYLLEMCA KeAMHUYHOMY» 3apage npu
BO34EMNCTBUN MAarHUTHOIO NOAA MaTeEPUU U3BHE Cpesbl BO3HMKAET SNeKTPUYECKMI TOK? [ToToMy uTo, B
AAHHOM Cnyyae, NepBMYHO INEKTPUYECTBO, KOTOPOE U eCTb INEKTPUYECKMI 3apad, BUXPb KOTOPOro
MOXKET BbITb NLLb YCUNEH UM NOFOWEH APYrMM BUXPEM? M 3TO yiKe He TO e camoe, Kak nepexos
OAHOW 3HEepPrun KonebaHui B Apyryto. [NOCKONbKY M 3NEKTPUUYECKUI TOK, U MarHeTU3m BO3HUKAOT Npu
Ha/IMYNK TpaaneHTa 3apAnoB, Kak MHOXECTBa MNOABWMMKHbLIX 3/IEMEHTOB B CTPYKTYpax OObBEKTa,
Hanpumep, B MPOBOAHMKE, KaK 3PPeKT B3aMMOAENCTBMA CUCTEMbI 4Yepe3 4YacToTy Bubpaumin c
BHELWHMM MarHMUTHbIM NOJeM NPOCTPAHCTBA.

3HaunT NN 3TO, YTO NPOLLECC BO3HWMKHOBEHWA MarHeTMama BHYTPU «eAMHWYHOro» AMnona
aHaNOrMYEH 3aPOXKAEHUIO MAarHUTHbBIX NONEN MEXKAY HECKOIbKMMM 06 bEeKTaMU NPU B3aUMOLENCTBUAX
3NEKTPUYECKMX 3aPALOB C B3aMMHbIM MO3ULMOHMPOBAHMEM BUXPEN B cpeae OKpYKeHMA?

OuyeBMAHO, YTO AMMNO/Ib TOXE 0Opa3yeTcA B pe3y/ibTaTe «COrNacoBaHHbIX» AENCTBUN MeKay
coboit Buxpei «HbIOTOHMEB», KaK U COBMECTHO C BUXpAMU «KOPOHMEB», B NEpBYlO oyepedb C UX
3/IEKTPUYECKUMU 3apsiAamMmn, B TOM YNC/E, KaK IIEKTPOMArHUTHbIM nsnydyeHnem. OaHaKo, ogHo Aeno,
Korga Annosn yxe chopmMmnpoBaINChb, U COBCEM MHOE, KOTAa NPOLLECCHI TO/IbKO Pa3BOPayYMBaloOTCA, Kak
(ycnoBHo) nepexoa w3 «HbloToHMA» B «KopoHui». Torga npu NepBOM Ke MOJIHOM nepuoae
KonebaHM «OAMHOYHOrO HY/NIEBOro» BUXPS BO BHELIHEM MNo/e, BO3HUKAIOT COOCTBEHHbIE CUIOBbIE
JIMHUN MarHUTHOro NoAA BAO/Mb OCUM BUXPA C obpasoBaHMem nontocoB. Korga 3apagbl U3BHE
«BCACbIBAOTCA» BHYTPb BUXPEBOrO 3/1IEKTPMUUYECKOTO MNOAA B «9KBATOPUANbHOM» 30HE U pas3aenarTca
Kakablh K CBOMM MPOTUBOMOJIONKHbIM MoOCaM (MO Hanpas/ieHUo BpalleHusa). Ha Bbixoge u3
KOTOPbIX, U3MEHUBLLNE CBOWN CMMH 3apsaabl YCTPEMAAIOTCA HE TOJIbKO K APYTrMM 3apsAaamM BOBHE, HO U
BCTPEYHO ApPYyr K Apyry BAo/b ¢opmbl chepbl 0b6pasyollerocs cobCTBEHHOro AMMNONA, CMNAETaschb
CNUPaIAMU B HUTU DECKOHEYHOTO KOIMYECTBA CUMNOBbIX JIMHUA MarHUTHOTO MOJIA, MPY HENMPEMEHHOM
NO3NLUMOHUPOBAHMMN B MPOCTPAHCTBE OTHOCUTE/IbHO YMPaBAAIOLWEro BHeWHero Bo3gencTeuaA. Tak
BO3HMKAIOT COBCTBEHHbIE CMN0BbIE IMHUN MarHUTHOrO NoAa Atoboro AMnons, a, 3Ha4yuT, U caM AUNOJb,
KaK O0ObEeKT, cnocobHbIM K pa3sBuTuto. Aas 3asepuwieHus Uukaa 00cmamovyHo 8ce20 00HO [10/1IHOe
kKonebaHue (6 00uH Nepuod) 3apa0a anekmpu4yecmsd.

3HauYuUT, Ma2HUMHOE 110/1€ cyuecmsyem, ecsau 8 MpocmpaHcmaee npucymcemeyem xoms 66l 00uUH
0urnosb, KaK €ro UCTOYHMK CO CBOEN apXUTEKTYPOM CUNOBbIX NIMHUNA. Kak TO/NbKO, B pe3y/sbTaTe
BMOpaLMA N3BHE, Pa3pyLLAOTCA €ro CUI0BbIE JIMHUM, TO CPA3y K MECTaM «Pa3pbiBOB» NPUTATUBAIOTCA
3apAdbl OKPYKEHUA N CTPEMATCA BOCCTAHOBUTbL CTPYKTYPY. 3anycKaeTca 1aBUHOO6Pa3HbIN MeXxaHM3M
paspyweHns CUAOBbLIX JIMHUIM Apyrux AUNoaen MaTepum cpefbl pPacnpocTpaHeHus 3apsga u
BO3HMKHOBEHMA MHOMECTBa BMAOBbIX 3apsgoB. KoTopbie TyT e BCTynalT B MNPOLECCHI
B3aMMOAencTBMNA C 06pa3oBaHNEM HOBbIX AUMONEN.

B ntobom aunone sneKkTpuYeckuit TOK ero BuxpA (BO BHELWHEM MarHMTHOM Mose cpeabl
OKPY)KEeHUs) aKTUBMPYET COBCTBEHHbIA MarHeTmsm, KOTOpbI, B3aMMOAENCTBYA C BHELWHMM MNONEM,
cnocobeH ycmameaTb ero. Y1o 0o4HO3HAYHO NPUBOAUT K BO3PACTaHMIO TOKA B CaMOM AMNoAe, NOTOMY
YTO TaKoe BO34EeNCTBME B3AaMMHO M NOCTOAHHO. Mpouecc MOXKeT CTPEMUTLCA NPUOBPECTN cocToAHKE
PaBHOBECHOr0. BO3MOKHO /11 B TAKOM C/ly4ae roBOPUTb O TOM, YTO B AUMNONAX HEMPEMEHHO 0bpa3syeTca
MHOrOC/IOMHOCTb IMHUIA MarHeTusma? To ecTb, Ma2aHUMHOEe nose passauv4aemcs no UHmeHcusHocmu
KonebaHuli om ueHmpa K nepugepuu u 8ogHe ounoss (06beKkTa). U 3To AeNCTBUTENIbHO TaK, MOTOMY
YTO 3aBMCUT OT BO3AENCTBMA BHelHel cpeabl. ChepgoBaTeibHO, BNOAHE OYEBUMAHO, YTO BpalleHue
BUXpPEN Aunonen oT UeHTpa K nepudepum NPOUCXOAUT C Pa3IMYHbIMKU  CKopocTaAMM. U 3TO
YTBEPKAEHNE PACNPOCTPAHAETCA Ha BCe 0ObeKTbl, Nt0ObIX GOpM BellecTBa. 3HAYUT, U BEAUYUHA
UHMeHCcUsHoCMU (HanpaXEHHOCTU) MA2HUMHO20 Nosa 8ce20a Hocum koaebamenbHbIl xapakmep.
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MoTomy 4YTO B AMNONAX «BHYTPEHHEEe» MarHMTHoe nosne (camoe MOLWHOE) W BHelHee (AanbHero
B3aMMoAelncTBmMA) 06ycnaBAnBatoT pa3Hble TOKM 3apAa0B.

Bcé B 3TOM MUpe Tak UM MHaye B3aMMOLENCTBYET C 3/IeKTPOMArHUTHbIMU MNOAAMKU. A 3HAYWT,
pac4yémHele ceolicmea nwbbix sewecms W CoeguHEHUN, «3aZyMaHHblie» (Mcnonb3yemble) pns
AOCTUMKEHMA TOFO MAM MHOFO pe3ynbTaTa, MOXHO U3MeHUMb HernocpedcmeeHHbiM 8o30elicmsuem
M3ly4eHMA MOAYNMPOBAHHbLIX, MNAKETUPOBAHHbLIX, 3JEKMPOMA2HUMHbIX 807H (onpenenéHHoro
yepeZoBaHUA YaCTOT), Hecyujux cnocobHocmb BbIBOPOYHOTO pa3pyweHus (BNNAHUA) MEXAMOMHbIX U
MEeHMOAEKYAAPHbIX C853ell KOHKPETHOrO MaTepMana C LLeNblo CHUXKEHNA (HapyLLUeHUs) ero 3aaHHbIX
(3an0KeHHbIX) XapPaKTEPUCTUK AONS BbINOJAHEHUA onpeaenéHHbiX 3agad (GyHKuMi) npoekta. Tak
Ha3blBaEMOE «KAMA/AU3HOE» OpyXHue, Komopoe crnocobHo 8bi6opo4HO 8030elicmeosams AUUWb HA
cmpo2o 0603Ha4YeHHble seujecmaa U mamepuansl. Korga amomHsie 6ombbl U cHapAdb! pasau4yHo20
go3delicmeusa _nonpocmy He 830p8ymcs, CaMOoAEémbl _NepecmaHym aemams, MAHKU U _NyuKU -
cmpenams, c8A3b _Hapyuwiumca v T. A. N Bcé 3to — 6narogaps BO34ENCTBUIO 3N1EKTPOMArHUTHbLIM
n3nydyeHnem Ha nobble pacctoaHus, besbapbepHo 1 6e3 Kakoro 6bl To HM 6bin10 yulepba ana nobbix
6MON0rMYECcKMX CYLECTB U pacTeHuin B Ntobol cpeae cyllecTBoBaHUA. PasBe 3To He ecTb uaeasibHasn
«3alLmMTa» OT NOCAraTeNIbCTB Ha BCe BpemeHa? BbiBoA 04MH — COXpaHANTE MexaHM3Mbl, paboTatoume
6e3 31eKTPOHMKN 1 aBTOMATUKK, NOTOMY YTO MPU COOTBETCTBYHOLLEM NOAABNAEHUN 3/IEKTPOCTaHLUN,
aTOMHbIX YCTAaHOBOK, /Il0ObIX UCTOYHMKOB MUTAHUA NOAOOHLIMU U3NYYEHUAMM SEKTPOMArHUTHBIX
nonewn - BC&, YTo TpaHCAMpPYeTCca B «uMdpe» TOYHO BbINAET M3 cTpoA. Hago HayuynTbca «U3BNEKaTb»
3HEepPruIo N «3anyckaTb» NPOLLECChbl, HEOOXOAMMbIE AN1A CYLLECTBOBAHWUA CUCTEM KU3HeobecnevyeHmna 13
NPUPOAHbIX ABNEHWUIM, KOTOPbIX BE/IMKOE MHOECTBO.

Kak Bbl AymaeTe, noyemy o6LenpuUHATO MHEHWE, YTO B CTPYKTYpax obpa3oBaHMA NiaHeT bonee
TAMENbIE BELECTBa «OMNyCKalTCA» K LEHTPY U, HanpoTtus, 6onee «NErkne» - GOPMUPYIOT BHELLHIO
«KOpy» MOBEPXHOCTU? Pa3Be He BpalleHMe BUXpPeh CO3LaET rpaauveHTbl 3apAg0B M Bbi3biBaeT
3NEeKTPUYECKOE MoJie B TaKOW CUCTEME, 3aMyCKaa NOTOKM 3apsAA0B U BOSHUKHOBEHME NOJIOCOB? 3HaunUT
/1 3TO, YTO MAarHeTU3Mm, KaK pe3y/bTaT B3aMMOAENCTBUA BUXPA 3/IEKTPUYECKOTO Mo/ BUBPOCUCTEMDI
C BHEWHMMM CUNOBLIMW JIMHUAMM MaATEPUM CaMOro MNPOCTPAHCTBA, AKTUBU3IMPYET MEXaHM3MbI
aHepreTnyeckoro pocta (ycunenua)? Torga, UMeHHO pacrnpedeneHue Yacmuy euxpsa 6osee 06BEMHbIX,
HO MeHee M/aA0MHbIX pasmew,aemcs HA _nepugepuu, co3gaBas TaKMM 06pasom «3a4yaTKu» (TOYKM
poCTa), Hanpumep, /IMHWUIA TOPHbIX XPebTOB BAO/b «MepuAMaHOB» 06pPa30BaBLUMXCA AMNONEN
niaHeTapHbIX 0bObEKTOB. 3aTo bosee meskue, a, 3Ha4yum, b6osaee naomHbie Maccbl _seujecmesd
KOHUeHmpupyromcs 8 ueHmpe cgepbi. N 3T0 BEPHO HE TO/IbKO OTHOCUTE/IbHO MJ/1aHEeTapHbIX CTPYKTYP,
HO M aTOMOB, U fAep BELLECTBa, Korga, Hanpumep, pasmepbl NPOTOHOB B pa3bl MEHbLLE Pa3mepoB
3NEeKTPOHOB W ropasgo Bbie WX NO MNOTHOCTU. UYTO HenpemMeHHO 8e0ém K B03HUKHOBEHUH
M00BUMHOCMU PA3HbLIX 0 KPYNHOCMU C/10€8 seuwecmesa opy2 omHocumenosHo dpyad. Takue aBneHus
npe)ae BCero YNAOTHAIOT OOBEKT BUXPA U HENPEMEHHO Mpusodsm K _pocmy memrnepamypsl
g83aumodelicmayroujux Macc U 0asas6HelWum npoyueccam rnoasaeHuUs 1a8sl Mopoo 8 UeHMpPanbHoU 30He
naaHemel.

N, ecnn Bpawatowmecs rasbl B Tpybke XK. PaHKka pasaenatoT 3apsasbl Ha NOTOKM XONO4HOMO U
ropsyero BUXpen B 0CM MX BOSHUKHOBEHMA, TO NOYEMY W B OCU NAAHET HE MOXKET ObITb TOrO XKe CaMoro
ABJIEHUNS C U306MNYyIOLLLEN BOKPYT MOHM3MPOBAHHOM Naa3moin? C Tol NWb pa3HULER, YTO 8UXPU UOHO8
8CACHLIBAIOMCA 8 30HE «3Keamopa» Ournoss raaHemsl, d X0s100Hble MOMOKU_8blbpacbiearomca K
nontocam. Korga ecé mennao suxpel npomusononodHbiX 3apados _oboux noaywapuli HanpasaeHo
800/1b_UX OCU 8CMPEYHO Opy2 K Opyay, 8 ueHmp ceepsbl. [Oe obpazyemca npupoOHbIl «KOMén» u
naagumcsa _6cé 8 nomokKax suxpell 3apados 3nemeHmMapHsix Yacmuy. NoTomy BMOSHE BO3MOMKHbI
BHYTPM cdep nnaHeT CKPbITble MOAO0CTM, TYHHEAW MyCTOT OrpoOMHOM 0CeBOM (paamanbHomn)
NPOTAXXEHHOCTM. OYeBMAHO, NO HUM U BbITEKAET Marma Ha NOBEPXHOCTb. B TO e Bpema CcTaHOBATCA
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COBEPLIEHHO IOTMYHbIMU OO6BACHEHMA HAIMUUA NeAAHbIX «LANOK» Ha NoJiocax. A NOCKONbKY 3apaabl
«+» CTPEMATCA K «-» U HA0bOoPOT, TO Ha KOXKHOM nontoce AONXKHO BbITb ropa3ao xonogHen (6onblumin
NPUTOK OTPULATENbHbIX 3aPAL0B), COOTBETCTBEHHO TamM 0bpa3yeTca 6bonblie rpoTos, Yem Ha CeBepHOM
nontoce.

N Hayano ecemy smomy UuKay AeneHUll — ecmb 8uxpesoe 371eKmpu4yeckoe nose 80 8HEWHeM
none _cpedol _oKpyxceHus. pe BCE onpeaensaetr ero MHTEHCMBHOCTb, KOTOpas 3aBUCUT OT
B3aMMOOTHOLLEHWNI C NONSAMM BOBHE. BO3MOXKHA M UMEHHO TaKasa AMHaMUKa 0b6pa3oBaHMA NIaHeT U3
BUXPEM, CO34aHHbIX B3aUMOAEeNCTBUAMM BELLLECTBA 33 MUANAPAbl NeT pa3BuTusa BceneHHoi? Mouemy
6bl M HeT? OyeHb Aake BO3MOXKHO. Toraa CTaHOBUTCA OYEBUAHbLIM, YTO, Yem bbicmpee spaujaemcs
06beKkm, mem cusnbHee pa3oz2pemo e20 AP0 U, Mmem UHMEHCUBHee Npoucxodam BHympeHHue
Mo0BUMKU 8 2eocghepe.

3HaunT, ecnn ntobas nnaHeta (CNYTHUMK) MMeeT BpalweHue cobCTBeHHOM cdepbl BOKPYr CBOEW
OCM, TO OHa He «OCTbl/1a», B HEN OAHO3HAYHO NPOMUCXOAAT NPOLLECChl HAarPeBa M OXNaXKAeHUA BeLlecTsa
eé Tena. A, 3HaUYUT, NPUCYTCTBYET INEKTPUYECKAA COCTABAAIOWAA NOAA U B HEM €CTb MarHeTU3M, Kak
pe3y/bTaT B3aMMOLENCTBMA BUOPOCUCTEMDBI C NONSIMU MATEPUM U3BHE OKPYXKeHusA. [lpocmpaHcmeso
8HYyMpU _cchepbl _8036yHIaem npocmpaHCmMeo B808He U __npuobpemaem 3apA0 3Hepauu 0:s
cobcmeeHH020 8uxpsA epauieHUsA. MarHeTM3m Tem Bbille, YEM BblLEe NHTEHCMBHOCTb BPALLLEHMA BUXPA
aneKkTpuyeckoro nons (3apagos) naaHeTsbl (aunons). Ho HX B Koem pase He BpaleHMA camoro Tena
06beKTa. ITa COCTaBAAOLLAA NMLWb ONOCPeA0BaHHANA BE/IMYMHA OLEHKM COCTOAHUA CUCTEMDbI.

Mo3TOMy, MOYKHO CME/I0 YTBEPKAATb, YTO HeM HUKAKoU 27106a716HOU « QOUHAMO-MAWUHbI» 8 8ude
€€ 0CHOB8bl, KAK _«PacraasneHHO20 Xene3Ho20 A0pa» naaHemsi. KaK 0Kas3anocb, MNPUYMHbI
BO3HMKHOBEHMA 3N1EKTPUYECTBA M MArHeTM3ma, Kak U MPUYMHbI Harpesa M OCTbIBAaHWA NAAHETbI
KPOKOTCA COBepweHHO B Apyrom. Kak UM omcymcmeue «peasnbHo20 Ma2Hemu3ma», KaK
camMocmoamesnbHo20 A8/AeHUA, KOmopo20 He cyuwiecmgyem sHe 83aumodelicmeuli 3nekmpuvyecmsa,
CO34,aHHOr0 MHOXECTBOM BUXpPeEN 3apAf0B, KaK B COBOKYMHOCTU - 3/IEKTPOMArHUTHbIX noaewn. Motomy
YTO OTAE/NIbHO EAWHMYHOTO 3/NEKTPUYECKOro nona o6beKkTa, MOJHOCTbIO WM30/MPOBAHHOIO OT
nofobHbIX, B npupoge Boobue He 6biBaeT. OHM BCcerga B3aMMOAENCTBYHOT C 0bBpa3oBaHMEM
3NEeKTPOMArHUTHbIX U3/ly4eHnl (nosei) pasnYHbIX YacTOT U MUHTEHCUBHOCTM.

BeposTHO, Ha «ceroaHs» Hawa ConHeYyHas cMCTeMa HAXO4MTCA B HOXKHOM MOAYLWApUK CBOEro
ranakTMyeckoro Kpyra. [otomy 4to OTpuuaTesNbHbIX 3apAfoB Oonble, TO ecTb, B NMPOCTPAHCTBE
AOMUHUMPYET UMK CcuMHTe3a BelectBa. Popmbl pacTyT, yBeAMUMBAsACb B OObEMaX, CTaHOBATCA
«pbixnee», Bcé 6bonee npnbaAnKanacb K COCTOAHWUIO pacnaZa Ha UCXOLHYH TOHKYH «NPOTOMaTepuio»
«HbtoToHMEB» U «KopoHues». Mo Bcen BUAMMOCTU, 8 Imom Mupe abconomHo ece Haulu delicmaus
MeCcHO C8A3aHbI C NpasUAbHOCMbIO MOHUMAHUA U 80Crpuamus _fAeaeHUl, npoucxo0aujux ¢ Hamu u
80Kpy2 Hac. OT 3TOro BO MHOrOM 3aBUCUT, rae Bbl 06MUTaeTe — B CBOUX UNIHO3UAX NN B PeasibHOM MUPE.
Kak M NpuHATME BamMM BEPHbIX pelleHUA B HEMUHYEMbIX B3aMMOAEMNCTBUAX C OKPYKaloWwMm Bac
NPOCTPAHCTBOM BO BCEM. A B UTOre - U Balla *KU3Hb, byaeT nn oHa 6e3gapHOi uaun cyacTamsomn. Bcé
308UCUM _OM B84C, 8AWUX HABbLIKO8, 3HAHUU, MenaHus co3udame U _MOHUMamMb 8awu_uenu u
npeodHa3Ha4yeHue.

MarH1MTHOe noJsie B HallemM ero NOHMMaHUK ecTb pe3ynbTaT (3pdeKT) B3anmoaencTema 3apanos,
Mb0 Bce 3apaabl — 3TO ABUNKYLLMECA B CPEeLE OKPYXKeHusa popMbl BUXpelt matepun. MpeactaBbTe, UTO
M3Ha4vanbHoO B TPybOKe K. PaHKa B BUXpe NepBUYHON Kamepbl, Koel B YCN0BUAX, HANPUMeEp, NAaHETbI
CNYXKUT 3KBATOPMA/IbHAA 30HA, PAcCKpPy4YMBAETCA He ras, a njasma atmocdepsbl. Kyaa nog sansHuem
WHTEHCMBHOCTU NPOTUBOMOJIONKHbIX BUXPEr MONyWapuin «CnonsatoT» PasHOMMEHHbIe 3apaabl M3
OKPYKEHWUI CBOMX MOJIOCOB, 0becneynBasn NOCTOAHHbIMA NPUTOK MOHU3NPOBAHHbIX YacTuL,. KoTopbii
«BCACbIBAETCA» BUXPEBbIM 3NEKTPUYECKMM nonem Wu3BHe cdepbl BHYTPb GOPMbI, Hanpasasa
NPOTMBOMNONOXHbIE 3apAAbl BAONb OCU MOAYLIAPUKA CTPOro K cBOMM nontocam. Koraa 3apsgpl co
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3HAKOM «+», MPUTAHYTbIE K CEBEPHOMY MONYLIAPUIO, HE MOTYT ycTpeMaaTbca K HKOxHOMy nontocy,
aHaNOrMYHO, KaK U 3apsaapbl CO 3HAaKOM «-» - K CeBepHOMY. [TOTOMY 3KBaTOp U ABNAETCA CBOEro pojaa
BOZOPA34Ee/I0M C ONpeAeNEHHbIM 3aTyXaHMEM Ha BEIMYUHY YAANEHUA OT HEFO, KOTAa KaXAbli AUNoNb
3apAaa NO3NLUMOHUPYETCA CBOMMM MOIKOCAMU OTHOCUTENBHO APYT APYra.

To ecTb, BUXPb NONOKMUTENbHbIX 3aPAL0B PACKPYUMBAETCA B HanpaBaeHnn CeBepHOro Notoca, a
oTpuuaTenbHbix — KOXKHOFO, AOCTUTHYB KOTOPbIX OHW YCUAMBAIOT CBOK WMHTEHCMBHOCTb CXMMAACH
BAO/Ib OCU BCE CUbHEE N CU/IbHEE MO Mepe BCTPEYHOro NepemeLLLeHns OT NOMOCOB K LLEHTPY chepbl.
Kak cepeauHe rpaHuubl bnoxa obuiero annons, Kak GoKycy NnaHeTbl, rae NPOUCXoAnT «0bHyneHne»
BCTPEYHbIX «PABHOLEHHbIX» MO BE/IMYMHE CTONKHOBEHUM (BO3L4ENCTBUIN) MOLLHENLWINX BHYTPEHHMUX
BMXPEM 3apAL0OB HE TONbKO CaMMX MOOCOB, HO M 06PA30BABLUMXCA BOKPYTr HUX MPOTUBOMONOMKHbIX
3apAnoB. TyT )Ke BCe BOBJIEYEHHbIE U3BHE 3apALbl MEHAT HaNpaB/NEeHUA CBOMX CMMHOB, 06pasys
ANNONN OLHOTO BPALLEHMA C MOAOCAMWU CBOUX MONYLIAPWUI, BLOb OCEN KOTOPbIX MOMEHTANbHO
BO3HMKAIOT BHYTPEHHME «NaAeTu» obpaTHbIX CMepyel, BbicTpennBatowme (BbiTaNKMBaloLMe) BHOBb
obpasoBasluMeca 0A4HOPOAHbIE 3apAabl YEPE3 BEPLUMHbI CBOMX MOJIKOCOB BOBHE ¢popmbl (cm. Puc. 27).

Puc. 27. dopmupoBaHue BUXpel BHELLHUX 3apAA0B B AUNone.

Pa3Be He MOX0M ONMCaHHbIE Bbille ABJEHMA Ha NpoLecchl, npoucxoadaiwme B Tpybke XK. PaHka?
Korpa momoku suxpel 3apAdoe OunonAa 8 00HYy CmopoHy (Yepe3 roarca Hapyxcy) akmusupyrom
MOHUMeHUe memnepamypel, a 8 Opyayto (8cmpeyHo K A0py) — eé nosviweHue. Bcé bonee pasroHAachb
K LeHTpy dopmbl, 0b6a NPOTUBOMNOIOKHbLIX NMOTOKA BUXPElM 3apAL0B WM3BHE MPOCTPAHCTBA PasHbIX
nonywapuii chepbl, BCTPEYAACb B TOYKe OCU rpaHunLLbl baoxa, 06pasytoT BHYTpM cebs pykaBa 0bpaTHbIX
cMepyen, N3MeHAA HanpaBaeHWA CMMHOB 3TUX 3apAA0B. B ntore, «BbICTpeNnBaa» B OKPYyKeHne yepes
MarHuUTHble MOJIoCa AUMNOAA 3apAAbl OLHOTO C HMMM 3HaKa. TakMm 06pa3om oxiaxcdas snedAaHble
«WanKku» noaywapui u Hazpesasa A0PO, HanpumMmep, NaaHeTbl. 3TN NPOLLECCbl HE TO/IbKO YCUIMBAOT
MarHMTHOe MoJie KOHKPEeTHOro Aunona Aoboro HanpaBAeHWA BPALLEHMA, HO W YBE/NMYUBAIOT
MHTEHCUBHOCTb €70 BUXPEBOIO 31EKTPUYECKOIO NOAA.

Toraa, MOXHO MPeAnONONKUTb, UTO MOCMOAHHbLIMU UCMOYHUKAMU mernaa (pa3orpesa) A0pa
naaHemsl _8CE e A8AAMCA _MOMOKU suxpeli npomusonosiodHbIX 3apA008 _mMamepuu camoz20
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npoCMpPAHCMea, KOTopble Tak NN MHAYe «BOBAEYEHbI» BO B3anmogeicTeme ¢ o6bekTom. M KoTopsbie
HensberKHO CTa/IKMBAACh B LLEHTPE 3KBATOPaA, MHOTOKPATHO YCUAMBAIOT HAarpeB N1a3mMbl 40 3HAYEHUN,
KOTOpble OAHO3HAYHO 3aBMCAT OT MOMEHTA BPALLEHMA BHELIHEro BUXPEBOrO 3/1EKTPUYECKOro nona
(cm. Puc. 28). BeposTHO, OTCloZa M BO3HMKAIOT HA BCEX MJIaHETaX, CNYyTHMKaX U acTeponaax, Kak 1 Ha
BCEX 3BE34aX, MCTOYHUKM «CyMacllelimx» KOCMUYecKux Temnepatyp. Mputom, cama niaHeTa He
0b6s3aTeNbHO BpallaeTca 6bicTpo. [NaBHoe, 4yTObbl Bblna AOCTAaTOYHOW WMHTEHCUBHOCTb BMXPEBOro
3N1EeKTPUYECKOro MNosA B 30HE 3KBATOpa, KOTOpaAa 3aBUCUT OT B3aMMOAENCTBUA C YacTULAMKU cpeabl
OKpYy»KeHus. Toraa, COBEpLIEHHO M3/IMWIHE YTBEPXKAEHWE, YTO OCHOBHYIO POJib B BY/IKAHUYECKOM
aKTUBHOCTM MNANAHET U UX CNYTHUKOB MUrpaeT MmeHHo 6amsoctb K ConHuy. ITo 3abnyxaeHue.
Onpegensowmm ABAAIOTCA B3aUMOAENCTBUA OOBEKTOB OKPYMKEHUA, WX AMHAMUKa, Be/IMYMHA
3apAno0B, 4acToTbl KonebaHul, faxke HanpaBieHUs WX OBUMXKEHUM M T. 4. To ecTb, ABAEHWUSA,
aHa/NIorMYHble TEM, KOTOpble MMelT mecTo B TpybKke M. PaHka, paboTatoT Besge BO BceneHHoW,
C034aBafA MarHUTHblE CWU/IOBble JIMHUM MPU B3aUMOLENCTBUAX INEKTPUYECKUX 3apAaaoB. KoTopsble,
ABUTanCb CHapyXKn 0ObeKTa, Aake OTPbIBAsiCb OT HEro Ha PaccTofHWe A0 paguyca CoOH6CTBEHHOro
BO34elCcTBUA, 06pasyloT BCTpPeYHble ABOMHbIE CNUPanM AUHWUM MarHeTMsma noJtoCcoB, 3aluumulas
NNaHeTy 1 co3AaBas BHYTPEHHUE apXUBbl MHGOPMaL MK, KaK NaMATU BUBPOCUCTEMbI AUNONSA.

Puc. 28 UCTOYHMKM 06pa30BaHUA «TeMNaa» U «X0N04a» B HeApax NAaHeTbl.

CnepoBaTtenibHO, 3HEPrvA B3aMMOAENCTBUA 3apsALoB ¢ GOPMMPOBAHMEM MOKOCOB B AMNONAX,
MOPOXKAAET YCNOBUA HE TO/IbKO A5 YCKOPEHUA (3amenieHuns) ux BpaLleHns, Ho u obpasoBaHus agpa,
KaK MN1a3mbl BbICOKOW TemnepaTypbl, HaNnpMmep, B Hegpax naaHeT, U3 ra3os reava U sogopoaa. U Tyt
COBCEM He $aKT, YTO AP0 AO/KHO COCTOATb TO/IbKO U3 Kene3a U HUKens.

MopobHoe pasBUTME MNOYYAOT NPOLLECCbl He TOJIbKO B MOHWM3MPOBAHHbIX Cpefax, HO U B
UOKOCTAX, U B TBEPAbIX TENAX, TO €CTb HE3aBUCMMO OT COCTOSIHUSA BeLLecTBa. Ho B pasHoOM cTeneHu
MHTEHCUBHOCTM BUXpei. Koraa B cBA3KE C OFPOMHbBIMM NIOTHOCTAMM U Nepenasamm AaBNeHUA BHYTPU
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chepbl ANNONA, MOTYT MHOTOKPaTHO BO3pacTaTb KaK rpaAueHTbl 3apsafoB, Tak U CKOPOCTU BUXPEW.
Kakum e obpasom NpouCXoAsT BCe 3TU SHEPreTUYecKMe nepexodbl B MaKpPO M MUKPOMUPaXx?
CywiecTByeT M 34eCb Kakoe-nMbo oTanYme BO B3aMMoaencTBmAx?

Ncnonb3ya pabotbl B. Laybeprepa u, yunTbiBan reosiormyeckoe CTpoeHue, Hanpumep, Halen
3emnu, NonbITaemMcA PacKpPbITb MEXaHM3Mbl MOCTPOEHMA NOTOKOB MOHNU3UPOBAHHOM NAA3Mbl U3HYTPM
aTon popmbl BMBpOCcUcTeMbl. OYEBMAHO, YTO 3apAabl, BTAHYTble BHYTPb cdepbl B 3KBATOPMANbHOM
30He noj, BO34eNCTBMEM MOJIKOCOB AUMNO/A 0O6beKTa, He CNOCOOHbI MOMEHTA/IbHO AOCTUYb LEHTPa
OWCKa 3KBaTopa. To €eCTb, BUXPU 3/IEKTPUYECKUX MNOJIE MNPOTUBOMNOJIONKHbIX 3apsiaoB B 0060MX
BHYTPEHHMX MOJIOCTAX MOAywapuii 06pasytoT NOTOKM BPALWEHUM OT BHELIHEN JIMHUU OKPYXKHOCTU
9KBATOpPa K OCAM CBOMX MOIKOCOB (MPUTANKEHME 3apAa0B «+» K CeBEpHOMY NOJOCY, a «-» - K FOXKHOMY)
(cm. Puc. 28). MprobpeTan BCE 60NbLIYIO MHTEHCUBHOCTb, OHW CXKMMAKOTCA, YCTPEMAS CBOM «XOO0TbI»
APYr K Apyry, K UEHTpy «BoAopasgena» rpaHuubl bnoxa, rae wux 60aHbl _KosnebaHul 83aUMHO
KoMMeHcupyomcs, 06pa3ys cmos4yro 80/HY, KOmopas He 0aém 803MOMHOCMU MPOMUBONOAO0HCHbLIM
3apadam_«nepebpamsca» yepe3 skeamop. N oHKM, «coyaapasacb» Ha 3TOW nperpage Apyr B Apyra,
N3MEHAIOT HanpaB/eHNe BPaLLEHUA He TONIbKO BCEX CBOMX 3apAA0B, HO M 3aNyCKalOT KTyrme »KryTbi»
06paTHbIX CMepYen U3HYTPU KaXKA0ro BUXPA B CBOEM MOYLLIAPUM BAOAb OCEN COBCTBEHHbIX MNO/HOCOB.
KoTopble He TONbKO C YCKOPeHUeM 8bimaaKu8am 808HE 3apA0bl _ywe 00HO020 C Moacamu
HaNpasaeHUs 8PAULEHUS 8 KAXOOM NOAYUWApUU, HO U ycuausarm mazHUmMHoe nose 0urnosas, 3annetas
BCE HOBbIE CMU/I0BbIE IMHMUM BOKPYT NAAHETbI.

CoBepLUeHHO 04eBMAHO, YTO 34eCb NO CYyTU cpabomanu 08e 8CMpPEYHO HAMpPaAsaeHHble mpybKu
M. PaHKa u K noarocam ycmpemuscs, 06pa308aHHbII UOHHOU naa3moll X0an00HbIlU MOMOK, a K UeHmpy
chepbl — 20psAYuli. BeposiTHee BCero, 3TO M eCTb OCHOBHOW MeXaHW3mM 06pa3oBaHMA MOCTOAHHbIX
NIeASHbIX «LIAMNOK» Ha MOJOCax U PackaNéHHOro sAapa B LEHTpe naaHeT. YTo pakTnyeckn asnsaetcs
OCHOBOW A/51 MOABAEHMA WU HaANMYMA MArHUTHOrO nons Ha nwboi nnaHeTe, B 3aBUCMMOCTM OT
WHTEHCUBHOCTU BpPALLEHUA BUXPA €€ 3JIEKTPUYECKOro nonsd. M coseplueHHO HeT nosoga A/A
OTPULQHUA BO3MOXKHOCTU TPAHCAMPOBAHMA [AHHOTO YAAYHOTO «IKCMEPUMEHTa» npupoabl Ha
APXUTEKTYPY CTPOEHUA 3/1I@MEHTAPHbIX YacTUL, aTOMOB, MONEKyN U T. 4. Korga ecTb AnWb Hannuume
BAMAHUA PA3/IMYHbIX BHELWHUX GAKTOPOB Ha KOHKPETHble 3apanbl. AeneHue secomMa 3amMaH4ueoe 8
B803MOMCHOCMU _UCKYCCMBEHHO20 €030aHUA__M000bOHbIX CMPYKMYpP €O __8CEMU__8bIMEKAOUUMU
noca1edcmeusMu MocmpoeHUs CAOXCHbLIX cucmem 83aumodelicmaus.

Mbl 3Haem, 4To /IIOOOMY AUMNOIO, KaK aKKYMYASTOPY SHEPrUM, HyXKHa NOCTOSHHaA NoAnuTKa
3apagamun. O4eBUAHO, HaANYME MArHUTHOTO MOJIA, ero «MOLLb» 3aBUCUT B MEepBYyH0 ovyepedb OT
BE/IMYMNHbI BUXPEBOTO 3/IEKTPMUUYECKOro Nons ntoboin BU6POCTPYKTYpPbI ANMNOAS, B TOM YMCAE U NAAHET.
OHO MOXKeT 6bITb HUYTOXKHO MasibiM U TOrga naaHeTa TepsaeT aTmocdepy M 3almUTy, UAKM AOCTAaTOYHO
MOLLHbIM, YTODObI 3aP0OAMIACH }KU3Hb B APXUTEKTYpPE ero HocuTens.

Bbl HMKOrga He OOHApPYKWUTE «MArHEeTOH», KaK 4acTuuy MmarHetuama. COOTBETCTBEHHO,
MarHMTHOTO MOJIA, KaK TAaKOBOrO B «4YMCTOM BUAE» (OTAENbHO OT 3/IEKTPUYECTBA) B PeasibHOCTU He
cyliecTByeT. 3Ta YCNOBHOCTb NPUHATA YE/IOBEKOM A1 MOHUMAHMUA U MAaHUMNYANPOBAHUA ABNEHUAMM
B3aMMOZENCTBUA NONEN, UCMYCKAaEMbIX 31EKTPUYECKMMM 3apAgammu, mexay coboit. MpasuabHo 6bin0
6bl onpesennTb «MarHeTU3M», KaK OAHY M3 XapaKTEePUCTUK 3SNEKTPUYECKOro MOJAA, HeBaXKHO,
MOCTOAHHOIO UM NEPEMEHHOIO TOKa.

YANBUTENBHO, HO CTabUNbHBLIN TPeHA, POCTa AABNEHMA MOHM3MPOBAHHOM MAa3Mbl BHYTPU
NAaHeTbl NEPUOANYECKN NPEBPALLAETCA B PA3/IMYHbIE rasbl M COeAMHEHMA BELLECTBA U B BUAE ropaYei
Marmbl BbIbpacbiBaeTcA HapPYKy Yepes ecTecTBeHHble KaanaHbl AaB/NEeHUA BY/IKAHOB U rem3epoB Ha
NOBEPXHOCTU 3eMNIM 1 B OKeaHax. Bo3aencTBya Ha maTepuKoBble NanTbl U penbed AHa, 3aCTaBNAA UX
NOAHUMATLCA U OMYCKaTbCA B 3aBUCMMOCTM OT BAUAHUIN M3BHE nnaHeTbl (JlyHa, ConHue u T. 4.). B 10
e BpemA Ha nostocax B aTmocdepy BbIOpacbiBaeTCsA He TOIbKO MOHHAA Ma3ma, HO M MHOXEeCTBO
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3/1eMEeHTaPHbIX YacTUL, B TOM YMC/e, B BUAE HEMTPOHOB M aTOMOB BOA0POAA, KOTOPbIE COeAMHAACDH C
APYTMMU 3N1eMEeHTaMU Cpeabl OKPYXKeHUs, 0bpasytoT Boay (Né4 Ha nontocax), Cyxon Néa UAU UHble
4acTUUbl U COEANHEHMA B 3aBUCMMOCTU OT YCIOBUI Ha ApYyrnx «obbeKkTax» Kocmoca. BepoATHO, Ha
ConHue — 370 reqnii 1 BOAOPOL B BUAE PA3INYHbIX M30TOMNOB. Bcem M3BECTHO, YTO Halla 3eMna HeCcET
B cebe oTpuuaTenbHyl0 COCTaBAAlOWYO 3apaaa. BepoaTHo, B cuny atoro Ha «HOXKHOM» nontoce
6onble, 4yem Ha «CeBepHOM», 3aNacoB Nibga M cHera. Ho Tam HaxoAUTCA U Lenbli MaTePUK, YTO BMOHE
3aKOHOMEPHO M, NOXOXKe, OH Tam byaeT Bcerga, gake, €Cn BCe OCTa/ibHble «MAATO» CABUHYTCA CO
cBOMX mecT. AHmapkmuda bydem 8bicmpoeHa 3apAadamu _8eu,ecmea 8HO8b U 8HOBb, HA _MOM e
mecme, Ha «lOxKHOM» nontoce.

Ecnum paccykpatb KNaccMyeckun, TO Mbl NPUBLIKAN FTOBOPUTb, YTO MarHUTHOE Nosae AencTByeT Ha
ABUKYLLMECA 3apaabl U Tena, obnaaatolme MarHMTHbIM MOMEHTOM. Ho Beb 3TO M eCTb N0 CBOE cyTH
pe3ynbTaT B3aMMOAENCTBMA NOABUMKHbIX 3apAL0B, KaxKAbl M3 KOTOPbIX U 06pasyeT COBCTBEHHble
MarHuTHble U3ny4yeHua (BMOpaLMm) TOM e YacToTbl MOSIel, YTO M CamMM 3apAaabl, Kak gunoan. M umeHHo
OHU 061a4at0T 3G GEKTOM KOTTAIKUBAHMAY UK KNIPUTSXKEHMAY» APYT K APYrY B t06bIX BUBpocMcTEMAX:
BHYTPEHHMX AN BHELWHMX. Begb Mbl HUKOTrAa He onpeaenm, CyLLLeCTBYET UM OTCYTCTBYET MarHUTHOe
B3aMMOAENCTBME MeXAy OOBbEeKTamM, NMOKA OHW He OKaXKyTCA B 30HE BAMAHMA APYr Ha Apyra
«UHTEHCMBHOCTM BPALLEHUA» UX BUXPEBbIX IN1EKTPUYECKMX nonel. U aTo Tak. [la, B ngeane mbl MOXeM
npeasuaeTb, npeanonaratb CobbITUA ANMWb ONUPAsCcb Ha COOGCTBEHHbIM ONbIT NOAOOHbLIX
B3aMMOAEeNCTBMI, BCero Anlb. Ho, 3apoxdascs, Ma2HUMHOE nos1e 8 COCMOSHUU OKA3bI8aMb 8/USHUE
Ha Opyaue 3apadbl Mamepuu NpPocmpaHcmea 8 cpede c80e20 PacnpocmpaHeHus, 83aumodelicmeys ¢
HUmMU. U «cyuectsoBaTb» Nogo0bHbIM 06pa3om 6eCKoOHeYHO A0NrO.

Torpa, ABNAeTCA /NN BEPHbIM YTBEPXKAEHME, UYTO Ma2HUMHble 8ubpayuu 8mopu4Hbl o
OMHOWEHUI K UX UCMOYHUKaM 83aumodelicmeuli — 31eKmpu4yeckum 80a1HAM, HE3aBUCMMO OT TOrO,
KaKOBbl 3apsifpbl: MUHYC, NIOC UAN HEWUTPaNbHbIN? BarkHO, 4TOObl OHM 06N1a4aNN 3NEKTPUYECKUM
nosnem, a, 3Ha4YnT, UMeIn COBCTBEHHbIN CMMHOBbLI MOMEHT, 1MHO NnepemeL,anncb Apyr OTHOCUTENbHO
Apyra. UMeHHO TaK BO3HMKAIOT CU/I0BbIE IMHUM MarHUTHbIX NOJIeN B3aMMOAENCTBYIOLLMX 3apAA0B, KakK
B AMMNONAX, TAK U B OKPYXKAIOLLEM NPOCTPAHCTBE MEKAY HUMMU.

Takum o06pas3om, 3HAYUT KM BCE 3TO, UYTO BCE 3TM 3HAHMA: O MOAKOCAX B AWMONAX, KaK U O
MeXaHM3MaxX BO3HMKHOBEHMA Tensa U Xonoga, - MoryT ObiTb MAEHTUYHbI HE TO/IbKO B MaKpomupe
(cnyTHMKax, nnaHeTax, 3BE34ax, ra/lakTUKax), PaBHO, Kak U1 B MUKPOMMUPE (3N1eMeHTapHbIX YacTuLaXx,
aTOMaXx, MOJIEKYNax), HO U B KMUBbIX KNETKaX, KMBbIX CyLLECTBAX OT NPOCTENLWMX (BMPYCbl, BaKTepuu,
MMUKPOObI, amMEébbl) M A0 CambiX CNOXKHbIX BUOMOTMYECKUX CYLECTB? TaKuX, KakK MJIEKOMUTAIOLWIME,
NTUUbI, Pbibbl, AepeBba? KaK «TpaHCAMPOBAHMEY CUCTEMbI Ha BCE KMBOE? Pa3Be 3TW ABNEHUA HE eCTb
peanbHocTb? Korga nosiyyan nuTaHMe U3BHE B BUAE SHEPruu ANa nogaepaHua cobCcTBEeHHOro BUXps
aNeKTpUYecKoro nons 6Guonornyeckor (Ha ypoBHE KAeToK) BubBpocuctembl (buonons), ntobbie
cyuiectsa, Kak popMbl 3TUX CUCTEM B TEYEHME BCErO CYLLECTBOBAHMS, B3aMMOAENCTBYIOT C MONAMMU He
TONbKO COBCTBEHHbIX (BHYTPEHHWUX) CTPYKTYP, HO M C MaTepuanbHOM cpenol BoBHe? U pesynbTaTom
3TUX «ABUMKEHUN» Pa3BUTUA ABNseTcA obpa3oBaHMeE U ycuaeHue (MM yracaHue) 3apoXKAEHHOro B
ycnoBusax bnaronpuATHOM cpeabl (MPU3BaHHOM €10) «TOUYKM pocTa» (TOro »Ke AMnona) Ton UAn MHOW
dopmbl BUBpOcUCTEMBI. YBEPSAIO BaC, HAYEM HE OT/IMYAIOLLENCA MO CYyTU OT BCEX OCTa/IbHbIX. A, 3HAYUT,
061a4aloWeNn TEMU XKe MHCTPYMEHTaMM M BO3MOMKHOCTAMM, YTO WU 3/N1€MEHTAPHbIE YacTuubl, W
nnaHeTbl, W KAeTkKn. CnocobHbiMKM BblpabaTbiBaTb TeENJO0O M Xxonoa B cobcTBeHHON dopme
BMbpocuctembl egmHoro (obuiero) gunons.

Toraa, He 3TO M TeNao M ecTb «Ayla» B Tesle KaXKA0ro cyliectsa? HeBepoATHO, HO OCK BCeX
Annonen Ha nnaHeTe MOryT MO3MUMOHMPOBATLCA B MPOCTPAHCTBE COBEPLUEHHO MPOWU3BOJIbHO, 6e3
0CcobbIx NocneacTBUn Ana cCOBCTBEHHbIX CUCTEM KU3HELEATENbHOCTU, MOTOMY YTO OHM a4aNTUPOBAHbI
K 3emne, eé nonsm. Ho He B Kocmoce nam apyrux 3aB€3gHbIX CUCTEMaX.
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[aBaliTe BEpHEMCA K 3/1IeKTpUYeckomy nonto. BcnomHute, ntoboit npocteiwinii KonebaTenbHbIi
KOHTYpP NponycKaeT Yyepes ceba nepeMeHHbI 3/IEKTPUYECKUI TOK, KOTOPbIM MO CYTU CBOEM COCTOMUT U3
ABYX TOKOB PaBHbIX NO BeNNYMHE 3apAA0B NPOTMBOMNOIOKHOIO HanpasaeHUa BpaLweHua. NpuTom HU
OAMH UMKA KoNebaHUM He HauMHaeTCcA, MOKa He 3aBepLUInTCA npeablaywmii. Tenepb NOHATHO, YTO TOK
OAHOro 3apAja B OAHOM HamnpaB/iieHUM — 3TO NOCTOAHHbIN 3NEKTPUYECKUIN TOK, KOTOPbIN 0bpasyeT
nofie NOCTOAHHbIX 3apAAoB. A nosfe 3HaKONEpPeMeHHbIX 3apAfoB o0bpasyeT nepemeHHbln
3NEKTPUYECKMA TOK, KOTOPbIA BO3HMKAET MNpPM pPasHbiX HANPaBAEHUAX OBUXKEHUA NepemMeHHbIX
3apagos. MNpeactaBum, 4TO B3aMMOAENCTBYIOT BA 3HAKONEPEMEHHbIX 3apAga, Hanpumep, B egUHOM
aunone. M3BecTHO, 4YTo B /OGO LENM BO3HMKAET «rPagMeHT», KOTOPbIA U SABASETCA MPUYMHOM
06pa3oBaHMA 31EKTPMYECKOro ToKa. JTloboi 3apag, ABUranachb K NPOTUBONONOXKHOMY NOAKOCY, CO3AAET
MOCTOAHHbIWN TOK, KaK 1 B 1tobom npoBogHMKe. Ho iuwb 00 mex nop, MoKa smu moKu He ecmpemsamcs
U_UX 80/1HbI_mym Xe He 0bpa3yiom 080lHy (napHyw) cnupans co cmeweHuem 8 1/4T nepuoda
KonebaHul cobcmeeHHbIX (Ko2zepeHmHbIx) 3apA008, 8bICMPAUBAA SHEeP2emu4ecKU He3amyxaroulyro
gubpocucmemy. KoTopasa Tenepb nNpesBpalLaeTca B UCTOYHUK NEepeMeHHOro noss, notomy 4to ABa
BCTPEYHbIX BUXPS 3apAL0B M3/y4aloT B Cpeay BOJIHbI, CTPYKTYPHO COCTOALLME M3 TOKOB PasHOro
Hanpas/ieHMA BpaLeHMA. TO eCTb, BO3HMKAET NepeMEHHbI TOK MeXA4y ABYMSA NPOTUBOMOJIOKHbLIMM
3apAfaMu, TaK Kak TOKM pasHbIX HaNpaBJEHWUI CYLLECTBYIOT BAO/1b, HANpUMep, NPOBOAHMKA.

3HaAuMT, BUXPEBOE 3/EKTpUYeckoe none Aboro A[MNONA  NOPONKAAET MNOCTOAHHbIE
3N1EKTPUYECKME TOKM 3apAL0B MEXKAY NOMOCAaMM, KOTOPble B3aMMOAENCTBYA MexXay coboi, o6pasytoT
TOKW nepemMeHHble, KaK CTPYKTYpbl CWNOBbIX JIMHWUWA, HANpaBAeHWA Pa3BUTUA KOTOPbIX CTPOro
nepneHgUKyAApHbI UICXOAHOMY MO0 3neKTpuyecTBa. CnefoBaTesibHO, NapHble cNMpanun KonebaHuim
BCTPEYHbIX 3apAL0B MJIOCOB AMMNOAA BbICTPAMBAIOT BOBHE M BHYTPU CBOEW POPMbl CUIOBbIE IMHUK
MarHuTHOro nosns. Kak pesynbTaT B3aMMOAEeNCTBUA 3apAL0B B OCHOBHOM M3BHE OKPYXKEHMUA, KOTopble
6bl1M  BOB/IEYEHDbI, CTPYKTYPUPOBAHbI M HAAeNeHbl COOTBETCTBYHOLWEN WHPOPMALMEN WMMEHHO
6narogapa B3aMMOLENCTBUIO C BUXPEBbBIM 3/IEKTPUYECKUM MOJIEM Tena Annona. Ho Mbl TakKe 3Haem,
4YTO M NpAMble TOKM 3apafoB 006pas3yloT MarHWUTHble MNepneHauKynapHble KonebaHua B cpepge
pacnpocTpaHeHMA, KOTOpble ABNAKOTCA CNeACTBUEM UX B3aMMOLENCTBMA C MaTepmen NPOCTPaHCTBA
OKpyKeHus (cm. Puc. 29). CnegoBaTenibHO, MOXKHO YTBEPKAATb, YTO 11060 NepeMeHHbIN TOK COCTOUT

Puc. 29 MocTpoeHne CUNOBbIX IMHUN MAarHUTHOTO NoAA BUBPOCUCTEMBI.

M3 OnpeaenéHHbIX Y4acTKOB BOJIH MX WMCTOYHWUKOB (O0N€N), KOTOpble MOXKHO OnpenenvTb, Kak
MHOKECTBEHHbIE COCTaBAAOLWME (CyMMy) UX 0BLWMX Nepuoaos BuMbpaumin. Toraa m camy CUIOBYIO
JIMHUIO BO3OYXKAEHHOIO B NPOCTPAHCTBE MArHUTHOrO MoAf, Kak «3pdeKT» B3aMmMoaencTBMA nose
3N1EeKTPUYECKMX 3aPAA0B, MOXKHO ONpPeae/InTb, Kak COCTOSALLYH U3 KKBAaHTOBY» MarHUTHOIO BO34eNCTBUA
[ABUNKYLLMXCA 3apAA0B B NPOCTPAHCTBE, UAM «KBAHMO8 MA2HUMHO20 [1014». 3Ha4nT AN 3TO, 4TO,
nobble «nepemeHHbIe» NoJA COCTOAT U3 KKBAHTOB MNOCTOAHHbIX NOEN»?
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Pasge CosiHUE, Hanpumep, NbITasACb CUHXPOHWU3UMPOBATb CBOM MJAHETAPHYID CUCTEMY, He
nocblnaeT B CTOPOHY MNJIaHET - agpecaToB 3apAdbl M3BHE WX MPOCTpaHcTBa? PassBe 3TO He ecTb
«CTPOUTE/bHbIN» MaTepuan Ana nsMmeHeHMA (KOPPEKLUMM) BUXPEBBIX 3NIEKTPUYECKUX Nosel NaaHeT? B
TOM YmMcCne, ANA yCUAeHUs MarHeTu3ma, reoIormMYeckoi akTUBHOCTU BY/IKAHOB, HABOAHEHUI U T. 4.

Ha Bcex nnaHeTax ocobas rpo3oBas akTUBHOCTb MNPOABAAETCA UMEHHO B 3KBAaTOPMa/ibHbIX 30HAX.
Pa3Be 3TO He sABNAETCA eweé OAHMM MOATBEPMKAEHMEM BEPHOCTU YTBEPKAEHWUA, YTO MMEHHO Cloaa
«CTeKalTca» 3apagbl ¢ noaychep AMnonen nnaHeT, CKOHUEHTPUPOBAHHbIE M3BHE MPOCTPAHCTBA
B3aMMOAENCTBUA Ha MX noatocax? B Tom uymcne akTuBMpoBaHHble ConHuem. MMeHHO OT 3KBaTopa
NPOUCXOAAT NOTNOWEHNA N BbIOPOCHI U3TyYEHWN I INEKTPUYECKUX MONEN 3apAL0B (3/1EKTPOMArHUTHbIX
BOJIH) HE TO/IbKO A5 reHepauum NPoLEeccoB YCUNEHNA TPAANEHTOB Ha NOKOCAX, HO U ANA NONyYEeHUA
MHOOPMALMM M3BHE OKpYKeHMA. IMeHHO 3TK 3apaabl HapawMBalOT MHTEHCUBHOCTb M YNpaBAAloT
BMXPEBbIM 3/1EKTPUYECKMM NOSEM e4MHOFO ANMNOAA NAAHETHI.

3HaunT, Ha noJsocax MNPW AOCTAaTOYHOM MIOTHOCTU HM3KOTEMMNEPaTypHOM WOHHOW NNasmbl
OrPOMHOE 3HayeHWe MOXKET MMETb BHELWHAA COCTaBAAloWana obuwero 3/1eKTPOMArHUMTHOro nonaA
3apAA0B MaTepuM camoro NPOCTPaHCTBA OKpyxeHus. Koraa epadueHmeol 3aps008 808HE hopMbi
0unosasA _cyuecmeeHHoO 8aUAKM HA U3MEHEHUA memMnepamypsl 8HeWHel nosepxHocmu nagHems,
UUKAUYHO peaynupys eé cocmosHue, 8 moM yYucae U _sewecms eé obpasyrouwux. Korpa
NONOXKUTENbHbIE U OTpULATE/NIbHbIE 3apAAbl 3/IEMEHTAPHbIX YacTUL, (MPOTOHbI, 31IEKTPOHbI) BHYTPU
marHutocdepbl Annona nnaHeTbl GOPMUPYIOT B COBCTBEHHbIX BUXPAX CTPYKTYPHbIX nonycdep nogobue
PaAMALMOHHBIX MNOACOB, FeHepupya MOLLHble WU31ydYeHUA. TakuMe WOHU3UMpYyloWMe BbIOPOCHI B
OrPOMHbIX AmMana3oHax cnekTpa BubOpauuin (06ay4yeHUN) aNemeHTapHbIX YacTUL, HernpemeHHOo
npoucXoaAaT C BblAENEHMEM MOLLHOM TenaoBol 3Heprmn. B Tom uucne, pasHoOOOpasHbIX
3/IEKTPOMATrHUTHbIX U3/IY4EHUIN, TAKMX KaK PaNOU3/Ty4EHUA N CUHXPOTPOHHbIE U3/YYEHUA, KOTOPbIE
aKTUBHO BAIMAIOT HA COCTOAHME 3NEKTPUYECKOro MoAsA MNAaHeTbl, KOTOpOe onpeaensaer He TOJNbKO
BpalleHMe eé MarHMTHOro nons, Ho M KonebaHuA nnasmbl BO BCel MOHOChepe, 3NeKTpuYeckune
MOJIHMM B €€ aTMOocdepe, KaKk U 3aporKaeHNe NONAPHbIX CUAHUI Nog Bo3aeicTteuem ConHeYyHoro BeTpa
nT. 4.

Torpa, AeNCTBUTENBHO NN CYLLECTBYIOT MJIaHETbl MU CNYTHUKM COBEPLUEHHO «XONO0AHbIE», 6e3
TEnJ0BOM 3HEPrun B LeHTpe chepbl COOCTBEHHOTO AMNonA? BepoaTHo, Aa. HO TONbKO, ecamn y 3Tux Ten
COBEPLEHHO OTCYTCTBYET BpalLleHWe, 4YTO 3aTpyAHUTENbHO, Korga ntobon O6BEKT B OKPYXKEHWUM
NPOCTPAHCTBA TaK UM MHAYe BPALLAETCA BOKPYT, €C/IN He COOCTBEHHOM OCU, TO LLEHTPOB APYIMX CUCTEM
(nnaHeT, ranakTmk u T. 4.). ChepoBaTenbHO, KaXKAbIM AMNONb UMEET BUXPEBOE 3N1EKTPUYECKOe nose
pa3HOM MHTEHCUBHOCTMU, YTO HEM3BEXKHO NPUBOAMUT K HAZIMYMIO PABHOLEHHbIX MarHUTHbIX 3G deKToB OT
B3aMMOAEMNCTBMA C 3apsAAamMM BOBHE NMPOCTPAHCTBA. 3HAUYUT, TONbKO paspylleHne aunonsa Ha 6onee
MENKNE ero CTPYKTYPbl MOXKET YHUUTOXKMUTb, HANPUMEP, NNAHETY, KaK 1 Atobon gpyron gunonb, 1Mb6o
3axBaT ero B cocTtaB 60/siee MoWHOro 06beKTa. ITO BEPHO AaxKe AN CaMbiX Masibix BUBpocuctem B
dopme aunons. MoTomy 4TO MaTepmA CyLLEeCcTBYeT Be3ae BO BcesieHHOM, OHa B3aMMOAENCTBYET MeXKAY
coboM 1 3anyckaeT mexaHM3mbl 06pa3oBaHMA INEKTPUYECKMX NONEN BCEraa.

BeposTHO, CyLLecTBYIOT TaKMe 30Hbl, r4e BO3HWMKAIOT YCNOBMA, KOrga nnaHeTbl (annonwu)
abCcoNtOTHO He BPALLLAKOTCA U HE MMEIOT BUXPEBOIO 3NEKTPUYECKOro nons. Takme 06beKTbl «XON04HbI»
N He coAeprKaT MEXaHM3MOB A1 Ha/IMUMA COBCTBEHHOrO TeN/1a, HO OHM KaKoe-To BPeMA CYLLECTBYIOT,
KaK eANHbIN AMNO/b, MOKA He HAcTyNAT NPOLLEeCChbl ero pacnaga noj Bo3aelcTBMEM U3BHE.

B Takom cniyyae, pacnpocTpaHATCA /1M ONMCaHHbIE Bbille NPOLECChl Ha *KMBble OpraHn3mbl? Mbl
y)Ke 3Haem, 4yto ntoboe cywecTBo Ha 3emne CUMMETPUYHO (OTHOCUTENbHO) No dpopme. 3HauUT, ero
NO3BOHOYHUK AIBNAETCA CBOEro poAa «/IMHUEN 3KBaTopa», TOM YyBCTBUTE/IbHOM 30HOM Tena, KoTopasn
yepes NoABUXKHbIE OTBETB/IEHWUS, HANPUMEP, Y MIEKOMUTAIOLWMNX, COEANHEHA CO BCEMM KUIHEHHO
Ba*KHbIMM OpraHaMm 1 He TO/IbKO CHabKaeT ux aHepruei, Ho 1 cBA3biBaeT C MHGOPMaALMEN OKPYKEHUA.
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[10380HOYHUK, KOK Op2aH, 4Yepe3 Komopsblli 8ecb opeaHusm obuwiaemcs ¢ sHeuwHeli cpedoli Yepes
cobcmeeHHble _cmpyKmypbl __cucmemsbl.  CKUMaACb B «KalaudmK», Mbl corpeBaemca W
BOCCTaHaBAMBaeMcs ropasao bbicTpen, NoToMy 4To 06pasyem NPAMON aHaNOT 3KBAaTOPMANIbHOMN 30HbI
dopmbl opraHmama. C ero afieKTpMYECKMM BUXpPEM COHBCTBEHHOTO BMOMNONA N MAarHUTHbIMU SIBAEHUAMMU
B LLEHTPA/NIbHOM YaCTU W3MEHEHHOM aAPXUTEKTYPbl YXKe 3aMKHYTOrOo KOHTypa AMMOAA, KOTOpbIi
B3aMMOAEMNCTBYET CO Cpenon OKPY)KeHWs Hanpamyto, 6e3 «nocpeaHWKOB» B Buae aTmocdepbl U
3eM/I1, Korga Mbl XOAMM WM CUAMM, KaK pacKkpbiTas Bubpocuctema (cm. Puc. 30). To ke camoe
NPOUCXOAUT Y KMUBOTHbIX U HACEKOMbIX. PacTeHuMA 3aKpbiBalOT CBOW NIEMECTKU, KOTAa XON0AHO, YTObbI
COXpPaHUTb Tenno. B Takom cnyyae, HQW cnuHHOU Mo32 - ecmb AUHUSA «3K8amopa» Op2aHU3MA, KaK
«AUHUA _obweHus» (obmeHa uHgopmayuel) u «numaHus» 3Hepauel 3apsA008, KAK /AUHUSA
«cuMmmempuu.

Puc. 30 3aMKHYTbI M pacKpbITbI KOHTYPbl BUBPOCUCTEMBI YE/TIOBEKA.

MN3BeCTHO, 4TO NOAAPHOCTb Ha COMHLE M NAAHEeTax C Pas/IYHOM NEepUoaNYHOCTbIO (He Bceraa
copasmepHo) meHAeTcsa. U 3To He aABnAeTcs cobbiTMem KatacTpopumyeckoro macwraba. ConHeyHan
CUCTEMA, KaK M NNaHeTbl B HelW, BPALLAETCA MO CBOEW TPAEKTOPMM BOKPYr LLEHTPA MacC Hawewn
ranakTMKM Mo CNupanu, To NOAHMMAACb, TO OMYCKAACb Bbie (HWXKE) ranakTUYEeCKOM MAOCKOCTH,
MoMagan TO B 30HY «-» HOXHOTO €€ No/ywapua, To B 30HY «+» ceBepHOoro. Mbl 3Haem, YTO BpalleHue
NAAHeT B3aMMOCBA3AHO C BpPaALLEHMEM MX BUXPEBbIX Nonen. Korga ykpynHeHuwe ux Gopmbl, Kak
0bbekToB, BCE bonee nputArnmBaeT K cebe CNyTHUKU M3BHE, YCUAMBAsT UHTEHCUBHOCTb BAMAHUSA
COOGCTBEHHbIX BMXpelr 3apAL0B CUCTEMbl Ha BHELLHIOW cpeay NPOCTPaAHCTBA. MMeHHO noatomy
yBenmMyeHne marHuTochep naaHeT — ra3oBbIX MTMraHToOB, MOXeT 6bITb NOATBEPKAEHMEM NPOTEKAIOLLMX
B HUX NpoLeccoB, 61M3KMX K COCTOAHUIO Mepexoa OT NiaHeTbl K 3Be3e.

B ConHeyHoM cucteme opbuTbl NPaKTUYECKM BCEX MAAHET HAaXoA4ATca B OA4HOM NAOCKOCTU. A
Op6UTbI BPaLLEHMA ManblX Tea, B TOM yucae MAyToHa, AOCTaTOYHO HAKNOHEHbl K 0bLleln ana Bcex
NIOCKOCTU 3KAUMNTUKU. BepoAaTHee BCero, 3To CBA3AHO C CUJIbHbIM BO34ENCTBMEM BHELWHEW Cpeapbl,
Korga manble Tena (Ha nepudepunmn) onmCbIBaOT UUMKANYHBIE CMELLEHWUA NIUMCOB OPOUT, OTKIOHAACH
C O4HOrO0 NONYLIAPUA LEHTPA Macc cuctembl B Apyroe. O4eBnaHo, 4To 1 a3kBaTop CoNHLA HEe NONTHOCTbIO
COBMAAaeT C MJIOCKOCTbIO ABUMKEHWA NJaHeT, MOTOMY 4YTO BeCb MMMY/bC KONMYECTBa ABUMKEHUA
(BpalLeHMe cucTemMbl) 3aKNHOUEH B OPOUTAIbHOM ABUMKEHUW NAAHET — rMraHToB. Co/HLE AOCTaTOYHO
MeaJ/IeHHO BpawaeTca. Toraa, MOXHO YyTBEpPXKAaTb, YTO MMEHHO «cunoi Kapuonuca» onpegenaetca
HanpaBfeHVe BPAWEHUA BUXpPeN (UMKNOHOB M aHTUUMKNOHOB) B nonywapusax 3emau. Korpa
BO34YyWHblIe MNOTOKM B aTmocdepe NPAMONMHENHO YCTPEMAKTCA B HanpasnaeHun obnacten
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NOHUXEHHOro AaBNeHUA, 3Ta UHepuusa obpasyeT BUXpEBble CNMpabHble ABUMKEHMA 3TUX MOTOKOB,
MOCKO/IbKY NAaHeTa BpalLaeTca BMECTe C OKO/I03EMHOM Cpeoii.

Tenepb Mbl MoXKem cebe NpeacTaBUTb CNPaBeA/IMBYIO A1A Bcex GOPM AMUMONEN CXEMY OCHOBHbIX
NMOTOKOB ABUMKEHUA 3apsAZ0B KaK BO BHYTPEHHEW, Tak U B HapYy)KHOW cpege npocTpaHcTBa Noboro
obbekTa (cm. puc 31). A yBepeH, YTO MMEHHO TaK MPOUCXOAAT MpoLeccbl 06pa3oBaHMA X0104a Ha
0boux nontocax Nto6bIX AUNONEN, KaK U TeNa - B LeHTpe ux chep. YTo € ycnexom TpaHC/IMpyeTca Ha
pas/IMYHble NNAHETbI U KOCMUYECKME 06BEKTbI. PasHMLA LWL B BEIMYMHAX TEMNEPaTyp, NJAOTHOCTEN
3apagoB U T. A., YTO OMPeAesiéHHO 3aBUCUMT OT O06BbEMOB CaMMX OBBEKTOB U MHTEHCUBHOCTU WX
BpalLeHMA, TOYHEE BPALLEHUA UX BUXPEBbLIX 3N1EKTPUUYECKUX Nonein. KoHEYHO, HUKTO He OTpuLaeT U
APYTMX BO3AENCTBUIA U3BHE, KOTOPbIE OAHO3HAYHO AB/AKTCA BTOPOCTENEHHbIMU.

I ~ \ —
e e .
NN

Puc. 31 lBurkeHne 3apan0B U3BHE NPOCTPAHCTBA B AMUMOE.

Tenepb Mbl B NOJIHON Mepe MMeeM NpeacTaBAeHWe He TOJIbKO O npoueccax popmmpoBaHuUA
AMNonen, HoO U 0 NOTOKaX ABUMKEHWUN 3aPAA0B B HUX. KaK 1 0 MexaHU3Max yCUNEeHUA MarHUTHOrO Nons
yepes B3aMMOAENCTBMA MAaTEPUM U3BHE C BUXPEBBLIM 3NEKTPUUECKMM Nosem obbeKkTa. Kak ewé oaHo
NnoATBEPXKAEHME TOFO, YTO NMOBCIOAY B MPOCTPAHCTBE OKPYKEHMA PabOTatOT Te Ke CaMble ABAEHUA, YTO
n B TpybKax M. PaHKa, pacnosioKeHHbIX BCTPEYHO B ABYX MPOTMBOMONIOXKHbIX chepax ntoboit popmbl
annons (B Tom yncie «KopoHua»). 3TO U eCTb UCTOYHUK BOSHUKHOBEHUA KHEOBBACHUMOW» KOraa-To
SHeprun, KoTopasa B eAUHCTBE C GOPMMUPOBAHMEM CUNOBBIX IMHUIA MAarHUTHbIX NOAen BUbBpocuctem,
CO34a€T YCNOBUA ANA B3aMMOLENCTBUA SNE€MEHTAPHbIX YacTuL, aTOMOB, MOJIEKYN ¢ 0bpa3oBaHMeEM
H6eCcKoHeYHbIX CTPYKTYp MaTepuu. Korga MHTEHCMBHOCTb  BpaLWEHWA Buxpelh cnocobHa
TPaHCPOPMMPOBATLCA HE TONLKO B MOJIE, HO U B COeAMHEHUA BELLECTBA, CO34aBasA YCNOBUA ANA UX
CUHTE3a MM pacnaga. Korga coBeplwleHHO OAMHOYHbIE BMXPW BbICTPAMBAOT MapHble CNMPaau Co
cmeuleHem ¢ 1/4T nepuopa KonebaHuii, 0b6pasys MCTOUYHWK He3aTyxalowux Bubpauuii BO
B3aMMOAeNcTBUM ¢ NoAo6HON maTepuelr BOBHE MPOCTPAHCTBA. BepoaTHo, 6narogapa Bcem 3TuUm
npoueccam v 3apoannacb BceneHHas c eé BbiCLIEN MaTepPUEN — KU3HbIO.

B3avmHOe BAMAHME KOCMMYECKUX Ten HarnAagHo OTPa*KeHOo, Hanpumep, Ha «ypoa/iMBOM»
NOBEPXHOCTU penbeda AHA OKeaHOB, KaK BO34EMCTBUIM Ha 3emato acTeponaos, NMB6O CTONKHOBEHUM
KOCMMUYECKMX 0OBbEKTOB ApeBHOCTU. [MoToMy 4TO 3BoAOUMA TNyOUH mopei, obpasyeT «cpeanHHO-
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OKeaHn4yeckne» xpebTbl, a AHO PACKONOTO HA HECKONbKO MAUT. A 4TO, €CN 3TN «NOABOAHbIE FOPbI»
€CTb pe3ybTaT NorpyKeHuns («NoaHbIpUBaAHUA») OAHOMN M3 HUX NOA APYTYIO, @ HE 30HbI «Bbixoaa bonee
MATKMX NOpPoA, HapyxKy»? YTo, ecnm Bce 3TU ABNEHUA NPOMUCXOLAT MO MPUUYUHE YCKOPEHUA WU
3amen/ieHMA BpalLleHMA NAaHeTbl? Ha KOTopble OKa3blBAlOT BAWAHME BHELIHME BO3AEWCTBMA MPWU
ABUXKEHUN 3eMIM MO FraflakTUYECKOW opbuTte, HanpuMep, Kak CTONKHOBEHUA C KOMUYECKMMU TeNamm
UNAN NPUTAXKEHUA MONEN Apyrux 3BE3AHbIX cucTem. PasBe 37O He peanbHocTb? Korga BONHOBbIE
BO34ENCTBMA BUXPEN 3apALOB MepesarnTca vyepes KOopy 3emMIM Ha e€ MaHTUIO, «CNnoAn3aa» BAONb
NOBEPXHOCTU nonywapui chepbl B 3KBAaTOPUANbHYIO 30HY. A TOpHble XpebTbl, He TONbKO Ha AHe
OKeaHoB, HO M Ha cyuwe, B OO/NbLWMHCTBE CBOEM - €CTb Pe3y/nbTaT «HATAKEHUA WU COABIMBAHUA»
nmtochepHbIX NanT. U coBcem He 06A3aTeNIbHO AarKe MeXKAy Pa3HbIMM Y4aCTKAMM 3€MHOM KOpbI, HO U
B NpeAenax pasmepoB OAHON NAUTbI. U TyT CTAHOBATCA BNOJIHE MOHATHbIMU MEXaHW3Mbl 06pa3oBaHUA
TbICAYENIETHUX OCTPOKOHEYHbIX BEPLUMH U3BECTHbIX HAM FTOPHbIX MacCUBOB.

BcnomHuTe, BCE, 4uTO Ho1ee KpynHoe, 6osiee NOpUCTOE - BCM/IbIBAET HABEPX, K Nepudepun, a BCE
b6onee menkoe, NNIOTHOE U, 3HAUYUT, bonee TAXKENOe — ocesaeT BHM3. M 3TO Tak, XxoTa Bbl NOTOMY, YTO
Ha NOBEPXHOCTb MJIAHETbI «MYCOP BbIHOCUT C BOZOWMY.

Ho, Bce nnaHeTbl BpaLAOTCA BOKPYr CBOWMX OCEN [AOCTAaTOYHO B C/IOXKHbIX TPAEKTOPMAX
CNUPANbHOro ABUXKEHUA. [IOTOMY YTO MX YCKOPEHME 3aBUCUT HE TONIbKO OT BHELLHErO BO34,eMCTBUA, HO
M PacCTOAHUA A0 Hero BOBHe. TorAaa, NpuM OAMHAKOBOM CKOPOCTM 0OOPOTOB HAa OO4HOM paauyce
LeHTPobeKHble B3aMMOAENCTBMA Pa3HbIX TEN BHYTPU NNAHETbI HE U3MEHAIOTCA. TO ecTb, NPoUCXoauT
yBe/NMYeHWe BecCa Tena, eciM paccmMaTpuBaTb €ro BpalleHWe B cUcTemMe BOKpyr eé ocu. Passe,
Hanpumep, NPy CenapupoBaHUM MONOKA HE MMeeT MEecTO pasfefieHMe ero cocTaBa, Koraa bonee
TAXKENan BOAA FOHUTCA BO BHeElIHWEe 4YacTu (nepudepuio) cenapaTtopa, a 6osee NErkKMe CAMBKMU
cobupatotca B6113m cepegmHbl (OCM BpalleHus).

3HauunT, Kasanocb bbl, He60bLAA pa3HMLLA B BECAX ABYX T€N NPU BpaLLEHMN ByAeT CyL,ecTBEHHO
Pa3HUTbLCA, NOTOMY YTO LieHTpobexkHoe BO3AelCTBME NPONOPLMOHANbHO KBagpaTy CKopocTu. Toraa,
AencTBuTenoHo, 6onee TAXENble Tena CTPYKTYpPbl MNAHETbl CMON3aloT K nepudepum paauyca
BpaWeHna. B Hawem cnyyae — K NMOBEPXHOCTU NNaHETbl, eé Kope. He noTomy i oKeaHbl U MopA
Haxo4ATCA Ha noBepxHocTn 3eman? Kak cBoboaHas BOAa, MO PasHbIM MPUYMHAM «YAANEHHAA» U3
CTPYKTYPbl BELLECTBA BHYTPW NAaHeT. BepoATHO, 34eCb MHOroe 3aBUCUT U OT MHTEHCUBHOCTU BUXPEN
cammx 06bEKTOB.

CnepoBaTenbHO, Hesab3sA 8 0AHOU mepe ymeepidams, Ymo 8 ueHmpe 3emau (naaHem)
Hax00AMmca _mosabko bosee r710mHsle CMpyKmMypsl 8eu,ecmed 8 C80UX COCMOAHUAX 8 CPA8HEeHUU C
nepugepueli. Bcé onpenenserca BHEWHUMU GAKTOPAMM, KOTOPbIE CYLLECTBEHHO B/IMAIOT HA MOTOKM
3apAa0B BHYTPU AUMNOAEN BUBPOCUCTEM NAAHET, KaK U 0ObIX KOCMUYECKMX 06bEKTOB. Te e camble

ABNEHMA TPAHCAMPYIOTCA U HA AMMNONN SN1EMEHTAPHbIX YAacTUL, aTOMOB M T. 4. HO BCE 3TO coBepLUEHHO
He 3HA4YMT, YTO AAPO NJAHETAPHbIX OOBEKTOB MMEET «CAOUCTYIO» CTPYKTYpPY C onpenenéHHom
TemMnepaTypon 1 NAOTHOCTbIO. B peanbHOCTU NOBCHOAY NPOMUCXOAAT CMELLEHUA pa3HOPOAHbIX cpe, C
obpasoBaHMeM NONOCTEN Pa3INYHbIX NJIOTHOCTEN BeLLECTBa U T. A1, BnoJiHe BO3MOKHO CyLLLeCTBOBaHME
B LLEHTPa/IbHbIX YaCcTAX pPa3/IM4YHbIX NAAHEeT resins U BoAopoAaa, KaK Hacnegue cpedbl U3HayabHOM
«NpoTOMaTEPUU» NPN 06Pa30BaAHMUMN STUX KOCMUYECKUX TeJl, HO B UHbIX COCTOAHUAX BeLLECTBa, B TOM
yumcne n Ha 3emae. Hannume e 4ONOAHUTENBbHbBIX MarHUTHbIX NOAOCOB, Kpome KOxKHoro n CesepHoro,
BMOJIHE MOKET bbITb pe3y/ibTaTOM CTO/IKHOBEHWI C »Ke/le3HbIMM acTeponaamm Uam NI1aHeTaMmm U3BHE,
KOTOpble HaBCerga CTa/in YacTbto, HANPUMEP, CTPYKTYPbI 3emun.

BO3MOXHO N1, UTO KOHMUHEHMbI «17108aom» 8 C/10AX «800bi», MOMOMY YMO OHU «se24ye», d
MOPCKoe OHO «8blaA0XeHO» bosee naomHbeiMu nopodamu? NMoTomy YTO coBeplieHHOo abcypaHo aaxe
npeacTaBuUTb, YTO BCA MOBEPXHOCTb MaTePUKOB — 3TO pe3ynbTaT BY/JIKaHUYECKOM aeAaTenbHOCTU. Pa3Be
He O4YeBUAHO, YTO JlaB/ieHUe, CO3/[,aBaemMoe MnpoLeccamm U3HYTpU Aunons nobol BMBpocucTemsl,
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6yAb TO NNAHETA UM aTOM, OKa3bIBaEeT TO e CaMoe BO34ENCTBME U Ha BHELLHIOK cpeay Yepes CBOH
dopmy, B JaHHOM cnyyae chepbl? YTo BbiparkaeTcs BbIOBpocammn U3NULWIHEN SHEPTUM HA NOBEPXHOCTb,
Hanpumep, 3emMnu, B BUAE U3BEPKEHWUIN BYJIKAHOB UM Te3epoB, 3eMIETPACEHUI UAN LyHaMW. To xe
CamMoe M B aTOMax — B BUAE Pa3/INYHbIX U3NYYEHUN UM USMEHEHWUIN CBOMCTB BeLLecTBa. A BHELIHAA
cpefia COEP)KMBAET 3TM paspyluatoliMe BO3LENCTBUA, BCE MHTEHCMBHEE CXMMas BUXpeBble NOAA
3apAa08, BbipaBHMBAA 06pa3oBaBLLMECA FPAAUEHTbI.

MMeHHO No3TOMY A YBEPEH, UYTO «apXUTEKTYpa» CTPOEHMA OKEaHUYECKOro AHa U MaTePUKOB He
O4YeHb CWUJIbHO Pa3HMUTCA, MOCKO/IbKY MOPCKOEe AHO MOAHMMAETCA M OMyCKaeTCA, 3axBaTbiBaa WMAM
obHaxana cywy munanapabl net. fl ygepeH, 4to Mtochepa BMecTe C OKeaHaMM He MPOCTO «KypcupyeT»
NO NOBEPXHOCTM PACM/IABNEHHOM Marmbl — 3TO He TaK. [TOTOMY UTO 8 MECMAX PACMONOIEHUSA 0AHCO8
8HYMpeHHUe C/10U__OMHOCUMENbHO CYUeCMBEeHHO OXAaXOeHbl 8 paduasabHOM HAnpasaeHuu,
MPAKMUYECKU O0mM Camo20 Kpasa A0pa, MO ecmb HA MbICA4YU _Kunomempos 82aybb _naaHemel. ae
06pa3oBaHbl 06bEMHbIE U MHOFOUYUC/IEHHbIE KaBEPHbI C MHOXXECTBOM CTA/JIaKTUTOB WM CTANAarMMUTOB,
CHApPYXW KOTOpbIX ByllyeT OrHeHHbIM CNaaB Nopog, BewecTsa. BnosiHe BO3MOXKHO, YTO TOALWA TaKUX
NycTOT M Newep CONoCTaBMMa C TO/ILLMHOM KOPbl 3eMHOM NOBEPXHOCTU. M NoA0OHbIX NONOCTEN MOXKET
O6bITb MHOECTBO, B 3aBMCMMOCTM OT KO/JIMYECTBa MOIKOCOB CUCTEMbI, 0OpPa30oBaHHbIX AaxKe
HaMarHWYeHHbIMM NOPOAAMM NOJ BO3LENCTBMEM YNaBLWIMX HA MOBEPXHOCTb acCTepoMAoB WU
MECTOPOXKAEHUM MONE3HbIX UCKONaeMblX. MMEHHO MO3TOMY CTPYKTYypa BHYTPEHHUX C/N0EB MJIaHET
WHOMBUAYAIbHA W 3aBUCUT OT MX COCTaBa, HO MPOLLECChI B HUX MPOTEKAIOLLNE, CXOXKM.

N coBepLluieHHO He 06A3aTeNbHO BEPUTD B TO, YTO 3BE3Abl (MNAHETHI, AaYKe KOMETbI) CO BPEMEHEM
TEPAIT (MCYepnbIBAOT) CBOM MCTOYHMK TEMIA U yracatoT, MepPecTatoT M3/1y4aTb CBOO 3HEpPruto. 370, K
CYaCTblo, COBEpPLUEHHO He TakK. ConHUe 83aumodelicmayem ¢ 3apa0amu camoli cpedsl MPoCcCmMpaHcmead,
gceuesno _«ompaxasace» 8 Hel. A 3TO 3HAYWUT, YTO 3Be3ha PaCLIMPSET 30HYy CBOEro BAMAHWUA Ha
OKPY)XEHWe, MUCMNoNb3yeT e€ MmaTeputo, BOB/JIeKas €€ B MNPOLEeCCbl MOCTPOEHUA APXUTEKTYPbI
COBGCTBEHHOM CTPYKTYpPbl BUOPOCUCTEMbI, KaK MCTOYHUK SHEPTrMM CaMOro pasHoOobpasHOro cnektpa
yacTtoT. Pa3Be BCE 3TO He o4yeBMAHO, Koraa ConHue 61aronpuAaTHO GYHKLNMOHUPYET MUAAMAPAbI IET U
NPOAO/IKAET aKTUBHO BO34ENCTBOBATb Ha cpeay? Imu_MEeXaHU3Mbl _O0YeHb MOXOXU HA cumbuos
MHOXecmea cucmem.

3axeam 3aps008 U3BHE OKPYyMHeHUS, npeobpa3osaHue UuUx 8 ycusaeHue HAnpamwéHHocmu
(uHMeHcusHocMuU) cobCMBEHHO20 BUXPEBO20 3AEKMPUYECKO20 M08 U, KAK A02U4YHbIl pe3yabmam
e83aumodelicmeus _eduHo20 0unoas ¢ _mamepueli camoz2o npocmpaHcmed, 0bpa3osaHue U _pocm
2padueHma Ma2HUMHO20 1075 (CUNOBbIX TNHUIM). 3HAYUT, 3TO U €CTb NaBHbIM N «BEYHbIN» UCTOYHUK
nogo06HOM 3HEPTUN B KOCMUYECKMX 0O6BbEKTAX C MOMEHTA UX 3aPOXKAEHMA U3 BUXPEN INEKTPUYECKMX
nonet Bo BceneHHoOM? A yracatoT aHanornuyHble OObBEKTbl TONbKO OT pa3spyweHus, nnbo no
3aBepLlUIeHMn «naemn» (roTOBHOCTb Cpeabl) UX MOABNEHMA, KaK OKOHYAHNE KU3HEHHOTO LIMKNA CUCTEMBI.

TONbKO MO3TOMY MOXKHO YTBEPXKAATb, YTO B AApax NAaHET, U Tem bonee 3BE34, NPUCYTCTBYHOT
N30TOMbl KOYEHb TAXKENBIX» 3/IEMEHTOB, CYLLLECTBOBaHNE KOTOPbIX HEBO3MOKHO NPeACTaBUTb B HaLLEM
KNacCMYeCcKoM NoHMMaHuu «lepuoanyeckor cuctembl». M 3TO BNosIHE MOTYT ObiTb NPOU3BOAHbLIE
BOAOPOAA U renunsa, Koraa npu onpeaenéHHbiX yC0BUSAX aTOMbl BOAOPO4a MTHOBEHHO NpeBpaLlaloTca
B HEMTPOHbI, 06pa3ys BellecTBa C Maccamm, COMOCTaBUMbIMWN Pa3Be TOJIbKO C «4EPHbIMWU AblpaMmn».
Torpa a0bas naaHema, a, 3Ha4YUT, U 110600 Ounosb, A675emcs c80e20 PoOd 2eHepPamMopPoOM 8UXPEBbLIX
anekmpuyeckux _nosaeli (mokos), Komopeolili_3anyckaemca _u_pabomaem 6s1a200apsa_2padueHmam
memnepamyp 8Hympu ceoe20 A0pa U _HA oakcax. A, cnefoBaTeslbHO, - U rpaAueHTam 3apsaos,
KOTOpble MO3BOIAIOT NOAAEPKMBATL 3TOT NpoLlecc 6aarogapa 3ppeKTy marHeTMsama, Kak pesynbraTy
B3aMMOAEeNCTBUA AUNOJA C 3/1EMEHTAPHbIMM YacTULAMN MaTepUn NPOCTPaHCTBa M3BHe. MoCTOAHHO
npuTarneaa K cebe cesobogHble 3apaabl (MOHbI) U pacnpeaensan Ux, yCUAMBaAsS U NUTad TeM CambiMm
cobcTBEHHbIE NMPOLECcChl (MexaHU3mbl) CIMAHUA M pacnaga matepuun BHYTpu ceoent popmbl. Koraa
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BO3EMNCTBUA B3aMMHbIX OTTa/IKUBAHUN U NPUTANKEHWUIN PA3IMYHbIX NONOXKUTENbHbIX U OTPULLATE/IbHbIX
3apAfoB B BUXPAX NPOTUBOMOJIONKHbLIX MONYLIAPUA YPaBHUBAOTCA B 30HE MIOCKOCTU 3KBaTopa
(rpaHMubl Bnoxa), BbicTpamMBas OT HEro BOBHE BAOJIb OCU MOJIKOCOB TyrMe <KryTbl» BHYTPEHHUX
cMepyeint obpaTHOro BpPALLEHWMS C «MEpPenostoCOBKOM» BCEX 0OpasylolWMX WMX 3apsaoB B CBOMX
nonycpepax. Yto 3HauUTENbHO ycuausaem 8enUYUHY MA2HUMHO20 1048 U _noddepxcusaem
cmabunbHOCMb _e20 cocmosAHuUs. Ecnu HapyXHble BUXpUM 060OMX MONyWwapui NNaHET CcTpemAaTca
COXPaHUTb ECTEeCTBEHHbIN «BOAOPA3AEN» 3KBAaTOPWUA/IbHOM 30HbI, TO WX BHYTPEHHUE «pPYyKaBa»
cMepyer NOCTOAHHO MbITAOTCA KOOHYNUTL» ero.

Echn oTbpocuTb YCNIOBHOCTM, TO MO CYTM Ha Hallel NnaHeTe Oom «nosacd 00 noawca»
npucymcmeyem eo0uHbll 8uxpb MpomueononoxHbIX 3apa008 0boux nosaycghep 00HO20 HANPABAEHUSA
8PAWEHUA C_caMUM 0b6bEKMOM U _8CmpeYHblli_emy cMmep4, 0b6pa3oBaBLUMNCA BHYTPU HEro BAO/b
MarHuMTHon ocu. Ho, ¢asbl B KaXA0M M3 HUX Ha rpaHULE «BOAOPA3AeNa» AMamMeTpasbHbIX 3apAaoB
(skBaTOpE) cMewweHbl Ha 1/4T nepuoaa ANnA noaaepXKaHua HesaTyxatowmx KonebaHuii (cm. Puc. 32). B
TAKOM C/ly4yae, 3apAgam «Mac» U «KMUHYC» MO pasHble CTOPOHbI rpaHuubl Baoxa aunona B oboux
BMXPAX HUYTO HE MeLLaeT «MPUTATMBATbLCA» APYT K Apyry. Korga oHW He TO/IbKO «BbICTPENNBAOTCA»

Puc. 32 MexaHn3m BO3HMKHOBEHMA Nt0bbIX dopm maTepuu.

NnoNtoCamM BOBHE MPOCTPAHCTBA, HO M C OrMPOMHbIM YCKOPEHMEM OECKOHEYHbIMM MOTOKamMM, C
HEeKOTOpbIM pa3bpocom OT cepeamHbl B MIOCKOCTM 3KBATOPA, CTANIKMBAOTCA MeXay coboil B LeHTpe
coepbl. M1 obbegmHAOTCA NoA BO3AENCTBMEM BbICOKMX TemnepaTyp M AaBneHusa, obpaszoBaHHOro
BHYTPM ANNOANA Ha GOHE B3aMMOAENCTBUSA C BUXPEBbIMU SNEKTPOMATHUTHBIMM NONAMMN MATEPUM U3BHE
NPOCTPAHCTBA, M OFPOMHOM SHEPTUU B3aUMHbIX COYAaPEHWNN, 3anycKaa 8 No0obHbIX 61020M1PUAMHbIX
YCA08USAX HE_ MOJ/ILKO MPOoUeccsl paduoaKkmusHo20 pacnada s0ep amomos 8eu,ecmesd, Ho U cCuHmesa
HOBbIX 3n1emeHmos (bonee TAMKENbIX). HO 3TO He 3HAYWUT, YTO BCE NpoucxoauT 6e3 OTKNOHEHUN -
MMEHHO TaK, a He MHauye. [pn onpeaenéHHbIX U3MEHEHUAX YCI0BUN BOBHE, BMOJIHE peasibHbl (aaxke
nepBooYepesHble) peakuuu Xos100H020 MepmMoAOdepHO20 CcuHmMe3a, C MOoCNeAyloWnM MHoraa
HEKOHTPO/IMPYEMbIM Nepexogom B ropadvyio ¢asy pasHOBMAHOCTM Tepmoasa. MMeHHO noaobHble
MexaHM3Mbl paboTatoT B BUBpOCUCTEMAX BCEX KOCMUYECKNX OOBEKTOB: M B 3BE3aX, U Ha NNaHeTax, U
Ha acTepoungax. BeposaTHo, Npun AanbHENWEM Pa3BUTMM OMMUCAHHbIX NPOLECCOB BMOJIHE NPOUCXOAAT
nepexoapl K BOAOPOAHbIM, HEUTPOHHbLIM, 3NEKTPOHHbLIM U T. A. Pa3HOBUAHOCTAM B3aMMOAENCTBUM
HOoCMTeNnen 3apsagoB, B 3aBUCMMOCTM OT KOHKPETHbIX yCnoBui cpegbl. [MoaTomy, npu noaobHom
AMHaAMUKe cobbITUIN, 8 HEOPAX NAAHEM f1e2K0 0CyUecmeuMbl KOK peakuyuu 8000poodd c 2eauem, mak u

1106bIx Opy2ux 371eMeHmMo8 seulecmad.
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N Torpa, ouyeHb Aaxke MOXKeT ObiTb, YTO MOTyXwWwKe 3BE34bl CTAHOBATCA MNAaHETaMu, KOTopble
HenpemeHHO 3axBaTbIBAOTCA APYrMMM 3BE3AHBIMU CUCTEMAMK. HO CO BpemeHeM B nNpoLecce peakLmin
pacnaZa BewecTBa C LMKAAMN B MUAINAPAbI NET OHW BHOBb BMOJIHE MOTYT NPEBPATUTLCA B 3BE3AY.
Pa3sBe He yAMBUTENbHO, YTO MHOMECMB0 PA3/1U4HbIX 8uxpel 3aekmpu4veckux nosel cnocobHbl He
Mos1bKo c030a8ame eduHble CMPYKMypbl subpocucmem Ha NPUHLMNAX NEKTPUYECTBA M MArHETU3Ma,
HO M NOCTOAHHO B3aMMOZAENCTBOBATb MeXAy cob0l 1 maTepuein camoro NPOCTPAHCTBA, NOFOLWLANA Uan
pPacTBOPAACbL B HeW, MCMOJIb3yss MHCTPYMEHTbl CMHTE3a M pacnaga Bewectsa? YTo, o4yeBUAHO, U
ABNAETCA OCHOBHbIM MEXAaHM3MOM BO3HMKHOBEHMA 3BE34, NaHET U Bcex Gopm maTepum BO
BceneHHoOW.

Moxoe, 4To BCA Buonornyeckasa cuctema Ha 3emne, Tem bonee yenoseyeckaa LUBUAN3ALMUA,
6blna «npu3BaHa» (Kak «uaen») ynpaBastoWmMM MAarHUTHbIM NOJIEM U3BHE MPOCTPAHCTBA OKPYKEHWUA,
camoit lMpuponoi nnaHeTbl. KoTopas munnnapabl NeT co3gasBana AflA 3TOr0 COOTBETCTBYHOLLME
YCNOBMA 3apPOXKAEHUA, YCKOPAA, KaK KaTannsaTop, HeobxoamMmble XMMUYECKME MPOLLEeCcChl NOBCoAYy.
Korpa tBEpAable 06BbEKTbI C coAeprKaHNEM MHOXKeCTBA CTabubHbIX 31€eMeHTOB Ha 3ape 0b6pa3oBaHUA
ConHeyHOM cncTembl pacnaganucb Ha bonee NpocTbie BELLEeCTBa, HAaNPUMep, Kak BOAOPOA U renni, ¢
€OUHCTBEHHOW «LeNblo» - CO34aHNEM «Ta30BbiX FMraHTOB», COCTAB KOTOPbIX U cerogHAa 6aM30K no
COAEPKAHUIO K MopoaumBLLei ux 3Be3ae. BeposaTHO, NO 3aBepLUEHNN CBOUX KMU3HEHHbIX LMKIOB 3TN
NAIAHeTbl TOXKE NPEBPATATCA B 3BE3AbI.

Torpa BepHO /N, YTO B8ECb Npouecc pa3gumus naaHemMapHol cucmemsl c800UMCcA K pocmy eé
naaHem ¢ _npeobpa3o8aHUEM 8 «2a308biX 2U2aHMOo8», Ymobbl 3axceyb ovepedHoe «ConHuye» 8
onpedenéHHOM UUKAEe «HU3HEHHbIX» 8ubpayuli kaxdol u3 Hux? Kak TOUYHYI COBCTBEHHYI KOMWULO
csetmna? C co3gaHnem cob6CTBEHHbIX NAaHETAPHbIX CUCTEM U NOCAEAYIOWMM OTTOPKEHMEM OT HEro,
KaK 3aBeplueHMeMmM MOJIHOro nepuoga KosnebaHui cuctembl. Ho Bce 3TW ABNEHWUA BO3MOXKHbI NLLb
BHYTPM HEE, OT «NynKa» 38e34bl, MPY HANYNN HEM3MEHHOTO YNPaBAEHNA Pa3BUTUEM CBOEM CUCTEMDI
OT 3aPOMKAEHMA [0 BO3rOPAHMA KaKAOro0 U3 CBOMX «AeTen». BbixoguT, GayKaatowme nnaHeTbl
3B8E3aMM He CTAHOBATCA, a NonaaatoT B nofobue «obnaka OopTa».

BOT Mbl M MOAOWAN K PACCMOTPEHUIO OAHOM M3 CaMbIX MHTEPECHbIX TEM 3TOrO UCCAEeL0BaHUA.
MeHs Bcerga npecnefoBan BONPOC BOSMOXHOCTM U3rOTOB/AIEHMA AOCTaTOYHO MPOCTOrO U AOCTYNHOrO
peakmopa xo0s100H020 MepMoAdEepHO20 cuHmesda. lloyemy 4YenoBevyecTBO BO BCEM MUpe UAET K
peLleHunto 3To Npobaembl OAHMM U TEM Ke MYTEM, KOra ONbIT MOKa3bIBaeT, YTo y NtoboK 3a4a4m ecTb
HECKONbKO BApMaHTOB pelweHun? A cyMTalo, YTO 3TO HEemnpaBW/IbHO WU ONPOMETYMBO. A MOTOMY
npeanarald Ha Balle PacCMOTPEHME COBEPLUEHHO MHOM noaxon K npeamety. Cama KOHCTPYKUMA
peakTopa [40CTaTOYHO MPOCTA M OCHOBAHA Ha 3HAHUAX BO3HUKHOBEHMA Nt0ObIX GOpPM MaTepum Kak
BMXpeN BMBpocucTem, Kak gunoneirt ot «HbioToHMa» K «KopoHuto» (cm. Puc. 33). Mpouecc
CMOHTAHHbIM, KOTOPbIV PA3rOHAETCSA BCE MHTEHCMBHEW U HE 3aBUCUT OT BAUSAHUA YenoBeKa. [loTomy 4To
YyNpPaBAsATb MCKYCCTBEHHbIMM BUXPAMM HAZO yunTbCA. Ho Bbl BCerga MosKeTe npepBaTb X04 COObITUN.

NTaK, UEHTpanbHbIA CTepXeHb M3roToBAeH M3 rpaduTa, Ha TOPLAX KOTOPOro 3aKpenseHbl
NNACTUHbBI MAarHUTOB C CKBO3HbIMW OTBEPCTUAMM NO LLEHTPY, KaK «notoca». Ha rpadmToBbIn cTepKeHb
HaMOTaHa KaTyllKa C MAaHEeTapHOM TPEX3axO4HOM HABMBKOM, KOHLbl KOTOPOM COEeAWMHEHbI C
MarHuTamu. Katywwky c rpapmToBbIM CEPAEYHUKOM MOXKHO 3aMEHUTb Ha CTEPXKEHb U3 HEOA4MMOBOIO
MarHuTa, HO CKBO3Hble OTBEPCTUA HaPYXKy HYXKHO NpeaycMoTpeTb. BHewHAA chepa Kopnyca A0/KHA
ObITb Pa3bEMHOIN M3 TO/ICTOrO CTeKna (KBapua) C YeTbipbMA PAaBHOMEPHO PACMONONKEHHbIMW B
NIOCKOCTM NOCepeaMHE MeXKAY NONCAMU TAHTEHLMAIbHbIMU CKBO3HbIMMW HanNpaBAAOLLMMM NOTOKOB
BO34yXa M3BHe BHYTPb. [Ae cTporo B LeHTpe cdepbl YCTAHOBMEH pa3feInTeslbHbI AUCK U3 rpaduTa C
OTBEPCTUEM B cepegmHe. BHyTpeHHMIA Kopnyc caenaH 13 Toro e matepuana, Yto U AUCK, U COCTOUT
N3 ABYX YCEYEHHbIX Nonychep C OTBEPCTUAMM HAa MEHBLUMX AMAaMeETPaX, }KECTKO 3aKpenIEHHbIX C 060umx
CTOPOH Ha pasaenuTenbHOM AMCKe B ero ocu. JlonyckaeTtca cbopka noaycgep sHympeHHe20 Koprnyca
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K cpeQuHHOMY OUCKY peaKkmopa yceYéHHbIMU duamempamu Opy2 K Opyay, 8 eude «necoYHbIX Yacos.
[ns 3anycka peakTopa, UCNONb3YIOTCA KOHLEHTPATOPbl AMAaMETPasbHbIX 3apAA0B, KOTOPbIE MOLLHbIM
MOTOKOM WMCKYCCTBEHHbIX BUXPEW CHUMAIOTCA C MOBEPXHOCTU UX MArHUTHbIX CUCTEM, U HarHeTarTCA
BHYTPb BHewHel cdepbl. MPMBETCTBYETCA MOHTAXK BEPXHEro KoXKyxa Ana cbopa W HanpasaeHua
ANameTpanbHbIX 3apAA0B C BHELHMX NOBEPXHOCTEN nontocos oboux nonychep peakropa BHyTpb. Co
BpemMeHeMm, NMpu AOCTUKEHUM onpesenéHHOW NIOTHOCTM 3apsAaoB 06pas3oBaBLUIErocA BUXPEBOTO
3N1EeKTPUYECKOro Mo/ BOKPYr BHYTPEHHEro Kopnyca peakTopa, BO3HUKAET Nosie MarHUTHOe, KoTopoe
byaeT pacTu. B KaKO-TO MOMEHT, KOTZa 3apadbl CTaHYT MOIHOCTbIO NOCTYNaTb U3 OKPY»KatoLen cpeabl,
BMXPb CTAaHET CAaMO40CTaTOUYHbIM. YCTAHOBKY MCKYCCTBEHHOIO HarHeTaHMA 3apAA0B MOXKHO OTKNHOUNTD.
Bbl 3ameTuTe, KaK OT Agpa peakTopa HapyXy K nonwcam BcE ycTonumsee GopmupyeTca MOTOK
XONOAHOro BO34yXa C 04HOBPEMEHHbBIM POCTOM TEMMEPATYPbI CPeAbI B LLEHTPE BHYTPEHHEro Kopnyca.
O6a sBNeHMA NPOXOAAT C YCTOMYMBBLIM YCUNEHUEM UHTEHCUMBHOCTU CBOMX BUXpEN. MPOoLLEeCcC MOXKHO
npepBaTb, ONYCTUB Ha KOHCTPYKUMIO «KneTky Papagea». MpUTOK 3apAan0B M3BHE pPe3Ko ocnabHeT m
peaKkTop NocTeneHHO OCTaHOBUTCS.

Puc. 33 Cxema peaKkTtopa X0n04HOro TepmosagepHoOro CMHTesa.

KoHeuHo, cylliecTByeT BO3MOXHOCTb 60/siee 3dpPEKTUBHOIO M MOLLHOIO YCTPOWCTBA, eCN ANs
CO3/aHUA KOMbLIEBbIX CMMPaA/IbHbIX MOTOKOB 3apAA0B UCNO/1b30BaTb HEMNOCPEACTBEHHO TOPOUAA/IbHbIE
(chepuyeckure) KaTywKM C 3NEKTPUYECKUM TOKOM. Mnn TpybonpoBoapbl € rasom (MUAKOCTbIO), UK
ONTOBOJIOKHO C 3N1EKTPOMArHUTHbIMK (CBETOBbIMW, Na3epPHbIMKN) UCTOYHUKAMU. BMeCTo M3HavaibHO
NPeaoXeHHOro HazHemaHus 8 peakmop 3apsados (UoHO8) C nomouwibio suxpeli ammocgepHo20
8030yxa (2a3a) onpedenéHHol snaxcHocmu. Ho, 4To nobonbITHO, 8 Npupode 8cé UMeHHO maK U
YCMPOEHO.

Kpome TOro, Hago o06s3aTtenbHO MMETb BBMAY, YTO fH6/71€HUE X0/00HO020 MepMofAdepHo20
CUHMe3d, KOTopoe 3aMycKaeTcA B 3TOM PEeaKToOpe Ha MepBOM 3STane MPU A0CTaTOYHO «HUIKUX»
TemnepaTypax c BblAe/IeHMEM OTPOMHOIO KOJIMYECTBA SHEPTNM, OCHOBAHO CKopee Ha 0OMUHUPOBAHUU
npoueccos pacnada _A0ep amomos _seuwecmsed Ha bosee npocmele 37eMeHmbl, KoTopble B
nocsieyroLeM CNOHTaHHO NepepacTaloT B PEXKUM CMHTE3a Bonee TAXKENbIX 9N1eMeHTOB. BepoATHO, Ha
3TOM [OOMWHMPOBAHME pPa3BUTUA XONOAHOTO TepmMosAa 3akaHumBaeTcA. [oTomy 4YTO npouecc
nepexoamT B COCTOSIHUE FOpsiYero TepMosAepHOro cuHTesa. MOMKHO M OrpaHUYnTb MOLLHOCTb
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YCTAaHOBKM M KOHTPO/IMPOBATL MPOLLECC NO3TanHo? [ymato, 3TO Nerko caenatb, ynpasads NoTOKamu
3apA40B U3BHE.

B Takom cnyyae, Y4TO e MPOUCXOAMT C U3YYEHUAMMU, Hanpumep, ceeTa? CornacuTtecb, Koraa
CNblWWLb TaKME U3PEYEHUS, KaK: «NI0OTHOE MEXK3BE3AHOE BELLECTBO, KOTOPOe BOOOLLE HENPO3PaYHO
Ana ConHeYyHoro cBeTa», TO CKasaTb Heyero coBcem. Pa3se mbl He HabatoAaeM OKpY»KatoWwMii BHELHWIM
MUP TONbKO 6narogapa CBOWCTBAM  OTPAXKEHUA W MNPENOMAEHUs  BUOMMOFO  CrnekTpa
3/IEKTPOMArHUTHbIX BOMH? Pa3Be HalMMW 3pUTE/IbHbIMU OpraHamu MOXKeT ObiTb 3aneyaTnéH cBeer,
OTPaXKEHHbIA OT 3/1eMeHTapHbIX YacTuu, oT «HbloToHUA», oT «KopoHua»? Cpega MerK3Bé3aHoro
BELLECTBA «Henpo3payHa» AaA CBETA He OT TOro, YTO OHA TaKadA yX NAOTHaA — 3TO e O4YeBMAHO.
MoTomy 4TO cpeda KOCMOCa WM €eCTb OKpy)Kalowee MpPoCTPAHCTBO, B KOTOPOM BCe Tena U
B3aMMOAENCTBYIOT, B TOM YMC/E N B HEBUAMMBIX HAM CNEKTPAX U3NYYEHUA.

Tam, rae oTcyTCTBYHOT KOCMUYECKME 0O6beKTbl Ha 3HAYMTENIbHbIX PACCTOAHUAX, AEUCTBUTENBHO,
BO3MOHO CYLLLECTBOBaHWE aHOMAINIA BO B3aMMOLENCTBUAX C KTOHKON» MaTepUeit KOHKPETHOM 30HbI.
Kotopas anpuopu 6onee njioTHaa Mo CBOEN MUKPOCTPYKTYpPE «HYNEeBbIX» BUXpeN. BepoaTHo,
noAobHbIe TMraHTCKME eé cKoneHua Bo BceneHHoOM - ganeKko He peakocTb. [loTomy 4To amu cpedsbi
bosee x0100HbIe, YeM me, Komopbie «k0obumaemsi» ¢ bosee CAOHCHIMU CMPYKMypamu 06 beKkmos, Kak
n camum Gopmbl 3TUX OOBEKTOB, UX BHYTPEHHAA cpeda. M 3To HarnsgHo BMAHO, Korga MoHMMaellb
aTanbl POPMUPOBAHUA HE TONIbKO CTPYKTYP 31EMEHTAPHbIX YaCcTUL, UM aTOMOB, HO U 3BE3HbIX CUCTEM
(cm. Puc. 34). Ncxopa U3 eQuHO20 MexaHU3Ma nocmpoeHusa ounoael, Kak subpocucmem, 80 8CEM.

Puc. 34 3tanbl popmnpoBaHMA 3BE3LHBIX CUCTEM.

CnepyeT N1 13 BCEroO M3/I0KEHHOrO, YTO 11060 06BEKT B NPOCTPAHCTBE, Kak popma MeHbLUEN
NNIOTHOCTU, KaK pe3yibTaT 6ECKOHEYHbIX PeaKkumii pacnaga U CUHTE3a, B TOM YNC/1e KTOHKOM» MaTepumn
CaMoro NPOCTPAHCTBA, MOCTOAHHO M MNEPUOAMYECKM BCTYMAsA BO B3aMMOAENCTBUA C MaTepPUEN cpeabl
OKPYKEHUS, MOrNOLLAET SHEPTUIO MPOCTPAHCTBA? B KOHEYHOM UTOre, PaA3pPaCcTaACh M «MOXKMpPana» BCE
6onblIne TeppUTOPMMN NEPBO3AAaHHON MaTepumn? U 3To BEPHO He TONIbKO A8 MaKpo, HO U MMKPOMMPa.

B Takom cnyyae, ecnv AMnNosb, Hanpumep, 3Be3Abl, NAaHeTbl UAM aTOMa, BbICTPaMBaeTcA M3
nepBMYHON cpeabl cocTaBa «HbIOTOHUA» U «KOPOHUAY, TO BNOAHE BO3MOMKHO, YTO A0pa BCEX 3TUX
$bopM BUOPOCUCTEM COCTOAT U3 3TOM Ke NepPBOPOAHON HAUNIOTHENLLIEN Cpeabl OKPYXHKEHUS, B KOTOPO
BO3HWKAWN YCNOBUA ANA UX 3aPOXKAEHUSA, KaK UX cpedbl gHympeHHel. UMeHHO NO3TOMY OHU U Yepes
MWANMAPAbl NEeT OCMAMCA 0CHOB80U UX CMPYKMYypbl, BOCNOIHAA CBOM NOTPEOHOCTN NyTEM 3axBaTa
3apagoB u3BHe. MImeHHO noatomy a0pa arbbix opm mamepuu bosee naomHsie U 20ps4vue, B
CPaBHEHMMU C OCTa/IbHbIMW YacTAMM CBOUX CUCTEM.

3HAUMT /1M 3TO, YTO U eANHOE MArHUTHOE Noe cpeabl OKPYKEHUA BOKPYr Ntoboin popmbl — ecTb
HeKas CyYMMapHas Be/MYMHA B3aMMOLEMNCTBMA 3apAf0B BCex OOBEKTOB Camoi maTepum
npocTpaHcTea? U, ecam 3to Tak, To Ntoboe MaeHUMHOe nose 8 NPOCMpPaHcMaee A8AAemca 8UXPEBbLIM,
K020a e20 cusosble AUHUU 8ce20a 3aMKHYmMbl om 00H020 Nosaca 0unosa K dpyeomy. MoTomy 4To mx
WUCTOYHMKOM ABNAETCA IN1EKTPUYECKMI TOK. M Ham y¥Ke M3BECTHO, YTO TAKOro CaMOCTOATE/NIbHOTO
MarHMTHOro 3apAfda, Kak «MarHeToH» He ObiBaeT. A cama CTPYKTypa CMAOBOM MArHUTHOM SIMHUK
COCTOUT M3 «CNUPANU» BCTPEYHbIX BUXPEM NPOTUBOMOJIONKHbLIX 3apPAA0B, 4YTO COBEPLUEHHO
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cnpaBeasiMBO U AN BUBPOCUCTEM U3 HECKONIbKUX AAaXKe Pas3/IMyHbIX Mo dopme gunoseit. TO4HO Takme
€ 3aMKHYTble CWJIOBblE J/IMHUM BO3HWUKAKOT MNEPneHAUKYNAPHO HamMpasB/eHU0 [ABUMKEHMUA
3NEeKTPUYECKOro TOKa NO NPOBOAHMKY.

To ecTb, B03HUKHOBEHUE U Haau4ue Ma2HUMHO20 Mosf - eCmb_pe3ysabmam ezaumodelicmsus
3/1eKMpUYeCKUX 3apA008, 0, 3Ha4um, OHO moxce Asaaemcs suxpessim. C ApYroit CTOPOHbI, NOCTOAHHOE
MarHMTHOE Nose 3apoXKAaeTcA BOKPYr NPOBOAHMKA C MOCTOAHHbBIM 3N1EKTPUYECKMM TOKOM. 3HAUYUT N
3TO, YTO OHO B CBOI O4yepenb He CNOCOOHO CO34aBaTb INEKTPUYECKMI TOK? B npoTMBHOM ciyyae,
YCKOpPEHWE 04HOro AMNOAA OTHOCUTENBHO APYroro A0/IKHO 0653aTeIbHO NPUCYTCTBOBATb.

M ecnu aTo TaK, TO NoYEMY BCTPEYHOE ABUMKEHUE NOCTOAHHbIX TOKOB MPOTUBOMO/IOXKHbIX 3apAA0B
BHYTPM CTPYKTYPbl CUI0BOW IMHWUM MArHUTHOTO NO/S HENb3A Ha3BaTb B NOJIHOM Mepe «NepeMeHHbIM
ToKom»? Korga no cyTy OHO TaKOBbIM U ABNAETCA, KaK ABa TOKa B O4HOM LMKAe KonebaHua. Moatomy
Ba*HO NMOMHMUTb, UYTO CUA0BbIE AUHUU 8 OUMO/aASX 8bICMPAUBAOMCA _MOKAMU KHEU3IMEHHbIMU» 80
epemMeHU 80 8CEM.

A BO3MOXHO NM, YTO 3/IEKTPUYECKME BUXPU BAMAIOT HA MATEPUIO MPOCTPAHCTBA HE TONbKO
co3gaHnem BMBpocUCcTEMbl AUNOANA, HO elé M B3aMMOLEMCTBYIOT C 3NEKTPOMArHUTHbIMW NONAMM
OKpyKeHuna? Korga naoTHOCTb CUJIOBbIX IMHUIA 1l060M dopMbl 06bEKTa 3aBUCUT OT MHTEHCUBHOCTU
BpaLLeHMA BUXpei ero 3apsaaos. KoTopble 3anycKatoT Yepeay NpoLeccoB paclenaeHns BHeWHUX BOH
3NEeKTPUYEeCTBa M MarHeTMama Ha BCE HGonblune YacToTbl BUOpaLMA Ana BOCNPUATMA UX elwé bonee
MENKUMU CTPYKTypamm cobcTBEHHOTO Annonsn. Bo BcEm HeobxoaMmom cnekTpe YacToT. Kaxabli pas
3aKpy4mBas cnMpasnb BUXPS 3apAaa Ha KarKaoM CUA0BOM IMHUM NOANSA, KaK U CNMPasib MarHUTHOTO Nons
BOKPYT IMHUW HANPAXKEHHOCTU 3N1EeKTPUYECTBa, - Bceraa. MprnobpeTtan npm 3Tom NoAHY0 MHGOpMaLmio
06 okpyrKatolen cpeae nsBHe. Kak 06beKT B3aumoaencTBus ¢ eé matepumen.

Ecnun e anennnpoBaTb KOCMUYECKMMW MacliTabamu, TO 34eCb MHOroe 3aBUCUT OT 06bEMOB:
yem Bonblue, TEM BIMAHME MAaTEPUN U3BHE OKPYKeHUA cunbHee. Noatomy popma chepbl HEM3MEHHA,
HEeCMOTPS Ha OrPOMHbIe MJIOTHOCTM BeLW,ecTBa BHYTPM 3BE3A U nnaHeT. [ToToMy YTO M3HaYasbHOe
pa3pexeHne BUXpPA B OCM NONKOCOB AMNONSA CAABAMBAETCA M3BHE C BO3PACTaHUEM WMHTEHCMBHOCTU
BpallleHMa 3apAgoB, a, 3HAYMT, pocTa O06beKToB, BCE cunbHee M cunbHee. Obpasysa AOCTAaTOYHO
NAOTHYIO CTPYKTYPY, KOr4a UEHTPOCTPEeMUTE/IbHbleE U LLEHTPOOEeXHble BO3AEUCTBUA MPaKTUYECKMU
BblpaBHMBAOTCA, BbIiCTpamBasa Ty ¢OpMy, KoTopasa onpeaensdeT (BblpakaeT) npepHasHayeHue
(cBolicTBa) KOHKPETHOro 06BbEKTA. Yem sbiuie 06bEMBI, mem b6osblUie ycuausa U3eHe npocmpaHcmsa. U
3TO AeincTBMTeNbHO TaK. Cpesa Kak bbl BbITaIKMBAET TENO HAPYXKY. BepoATHO, BCe NnaHeTbl U 3BE34bl
«AbILAT», NYNbCUPYIOT B CBOUX POPMax Mo MPUUYMHE TOrO, YTO UX HarpeToe B HeApax «BeLLeCcTBO»,
BbIXOAA HAPYKYy OCTbIBAET («BblA0X»), @ 3aTEM Y}Ke OCTbiBLLIEe (XON04HOE) CNOA3aeT BHYTPb («BAOX»).
Kak KOHBEKUMA pa3orpeToit maTepun (ra3os) yepes ecTeCTBEHHbIE MPUPOAHbIE «KKAanaHbI».

3HaunT, ecau_cyuecmsyrom 37eKmpu4yeckue oss _mamepuu OKPpYH(eHUS, Mo 0O0HO3HAYHO
npucymcmeyem u obujee mazHUmMHoe nose. IHaye, ecnv B cpede HaxoAasTcs XoTa bbbl ABa Nt0bbIx
annons (o6bekTa), TO MarHMTHoe none o0b6a3aTeNlbHO BO3HMKAET, KaKk pe3y/bTaT UX B3aMMOLENCTBUA B
npocTpaHcTBe. M OHO MeHAEeTCA C USMEHEHMEM MHTEHCUBHOCTU MX OBOLLEro 3N1EeKTPUYECKOrO NOAA.

CnepoBaTtenbHO, B3aMMOAENCTBYA MeXay COO0M B NPOCTPAHCTBE, e4MHUYHbIE KHYNEBbIE» BUXPU
(«HbtoTOHMM») 06pa3yOT AMNOAN, KAK eauHOe INEKTPOMArHuTHoe nosae. MHbIMM cnoBamu, nobble
BMbpocmMcTembl, co3aatowme obwnii BUXPb HABOAAT W OTAEeNbHble COOCTBEHHblE BUXPEBbIE
3NEeKTPUYECKME MONA, KOTOPbIX MHOMECTBO M pPas3/IMYHON MHTEHCMBHOCTM, M KOTOpble TYyT Xe
dopmupytoT amnonu. KoTopble B3aMMOAENCTBYA MeXay COOOM, KaK MaTeEpPUEN OKPYHKEHMUS,
BbICTPAMBAOTCA B Pa3/IMyHble NOABUXKHblIE GOPMbl CAMOW NPUYYANINBOM apXUTEKTYPbl U 06pasyioT B
KOHeYHomM wuTore obuiee MarHMTHoe none cpegbl obuTaHMA. Kak eauHbI AUHAMWMYHBIA U
NyAbCUPYIOWMIN  «pe3ynbTaT» npouecca B3aMMOLENCTBMA MmaTepum 6Gnarogaps HaAvuuio B
NPOCTPAHCTBE rpagmeHTa 3apanos.
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Mory npu3HaTb, 4YTO HAWU paccy¥oeHus no nogody cmpoeHus odumnosaeli COoBepLIeHHO
00HO3HAYHO 100M8BepPHOaroMca CHUMKAMU cnymHuKa «®epmu» B ramma-gmanasoHe (cm. Puc. 35).
Foe s8okpye ueHmpa Hawel 2aAdKMUKU omyémsauso 8udHbl_0e8e _o0baacmu _Ha2pemoz20 24a3d Mo
HANpPassaeHU0 K _MNOoAKCAM, KAK _8UXpU 3apsAdos. TakKe, KakK W ACHO NpocmMampuearomcs
«Crnosasaroujue» ¢ Noaywapuli K 30He 2a71aKMu4eCcK020 3K8amMopa NomoKu 3aps008 UOHU3UPOB8AHHO20
203a0_unu_suxpu_«nysvipeli Pepmu». MNOHMMAA MHOTOYUCNEHHYIO WHPOPMALMIO OT PasAUYHbIX
nccnepoBaTtesiel, Kak BEPOATHOCTb HA/IMUYME B LLEHTPE raNlakTUKM MACCUBHOM «4EPHOM AbIPbI», MOXKHO
NPeAnoNOXUTb, YTO MUCTOYHUK 3TOW 3Hepruu (cnpaBeanmMBo 06O3HAYEHHbIM HaMK paHee B sApax
NO6bIX AMMONEN, KAK U FAaNaKTUK) UCXOANT OT NPOLLECCOB TEPMOALEPHOIO CUHTE3a, KOTOPbIM B AAaHHOM
dase pasBMTUA KOCMMYECKOM CTPYKTYpbl Mepepoc B €€ MPOTUBOMOJIONKHOCTb — KYEPHYH ObIPYY.
Kotopas B utore (4to mbl 06CYXAanu paHee) «HaCbITUBLIMCLY 3apAL4aMM M3BHE, HENpPemMeHHO
«BbICTPE/IUTY MX B NPOCTPAHCTBO, KaK UCXOAHYIO «MPOTOMAaTEPUIO» U BCE HaYHETCA CHOBa (M CHOBA) C
NOCTPOEHMA MHOXECTBA AMMNONEN U NEPEXOAOM B PEXUM TEPMOALEPHOIO CUHTE3a BELLLECTBA.

Puc. 35 CHUMOK ranakTukm co cnytHmka Pepmu («teach-in, nekumm yuéHoix MIY»).

3HaAYUT NN 3TO, YTO B KOHEYHOM CHETE KYEPHbIE AbIPbI» CYLLECTBYIOT B AMNONAX MNOBCIOAY, KaK B
MMKPO, TaK U B Makpomupe? Koraa v3 agep aTOMOB BELLECTBA B MOMEHT WM3BIEKAETCA HapyKy
KOJl0ccanbHan No o6bEMY aTOMHan aHepruns?

OueBMAHO, YTO GaKTbl CO343aHUA BHELHMX YCNOBUWA O/ BOB/AEYEHUA HOCUTENEen 3apaaos B
annonax B dasy 3anycka PeXMMOB TEPMOAAEPHbIX MPOLLECCOB, AEWCTBUTENIBHO MPUCYTCTBYIOT B
npupoae maccoso. MPUYEM, KaK «XONOAHbIX», TaK U «ropAaYnx». HO 3TO COBEPLUEHHO He 3HAYUT, YTO
CNeAyloWmMm 3TanomM 31eKTPOMArHUTHbIX B3aMMOAEWCTBUMMA B AaHHbIX COObITUAX ABAAeTCA
06pa3oBaHMe 30H «Cx/IoNbIBaHUA» MaTepun. Korga npeKkpallaeTca BCAKOE ABUMKEHME B NPUHLMNE U
BO3HMKaET UCXoAHas NA0THaA cpeaa ToHYalWwen nepBoHaYanbHOM (NepBopoAHOMN) «NpoTOMaTEPUMN Y
«HYNEBbIX» OAMHOYHbIX BUXpeln «HbloTOHMEB» U «KOPOHMEB», NOBCEMECTHO M LMKAUYHO BO BCEM
NpOCTpaHCTBe.

Ho Beab B AMNonAX NPUHUMNBI B3aMMOLENCTBUA BUXPEN CO CPefloM OYEHb CXOXM, HE3AaBUCUMMO
OT uX pa3mepoB, b6yab TO CTaKaH C BOAOW WAM pyKaBa ranakTuku. BcnomHute o durypax
MHOTFOrPaHHMKOB Ha AHe CTakaHa. Pa3se M310Mbl NPAMbIX NWMHUIA PyKaBoB 06O cnvpanbHOM
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raNakTMKM He HanoOMWHAKT BaM MONOBWUHbI Pa3NYHbIX «[1N1aTOHOBbLIX GUIyp», pPacCeAHHbIX B
npoctpaHcTee? (cm. Puc. 36) 3HaAuuT, 3T NpAMble JMHUM W eCTb pe3ynbTaT B3aMMOAENCTBUN
BCTPEYHbIX NMOTOKOB BMXPEN Ha nepudepmn M B OCU BO3HUKLLErO AMMNONA INEKTPUYECKMX 3apsaaoB,
KOTOpble W ABNAIOTCA OCHOBHbIM «MATEPUANOM» A5 NMOCTPOEHUA NOAODOHbIX CTPYKTYP.

Ecnm noaoiTn Knaccuyecku K Hawen nnaHete, To ¢ CeBepHOro marHMtHoro nosatoca (nboro
ANNONSA) NOHbI BewecTBa (3apsaabl) nepeHocaTca Ha KOXKHbIM MarHUTHbIN NONKOC BAONb CU/IOBbLIX IMHWUIA,
06pasys BMXpeBble CNUpasibHble MOTOKU INEKTPUYECKMX MOSIe NepeMeHHOro Toka. [ae, BeposaTHO,
oTpULATENbHbIE YaCTULbI NPEBANNPYIOT, B pe3yAbTaTe Yero Ha Noscax, Hanpumep, reorpadmyeckoro
«CeBepa» obpasyeTca Npornd NoBepxHOCTN 3emMn (OKeaH), a Ha «HKOre» — KOHTUHEHT, KaK «HanbIB»
BelwecTBa. HackoibKo cnpasednmBbl Nog006Hble coObITUA? BbiBOpaunBaHUs «Topa» naaHeTbl? Uam aTo
NPOUCXOAUT C KaxKAbIM Annonem? B Takom cnyyae, A0MKeH ObiTb HapyLIEH ero OCHOBOMO/aratoLwmin
npuHUMN  cummeTpun. Jinbo, nopgobHoe BAMSHME OKasbiBAeTCs TOMbKO Ha MJaHeTapHble
(Kkocmunyeckme) ob6beKThI.

Puc. 36 «[pambie» N3/10MOB Ha pyKaBax cnuMpanbHou ranaktukn. (CypanH B.I. «O6was acTpoHOMUAY)

Torpa BnosiHe peanbHO, YTO U KONMpPOBaHWe Ntobol BUBpocMcTeMbl NO COBCTBEHHOMY 06pa3y U
noaobuio, pasBUTUE U M3MEHEHMA, KaK NpeaHasHayeHuWe, Kak AeNeHue, PasMHOMKEHME U camMo
CYLLECTBOBAHME MOJA BO34ENCTBMEM YNPABAAKOLWMX MNOJEN M3BHE MPOCTPAHCTBA, - BCE 3TO U eCTb
NPOLLECCbl CAMOOYMLLEHMA CTPYKTYPbI, KAK CAMOBOCCTAHOB/IEHME CBOEr0 MHAMBUAYA/IbHOTO CMeKTpa
N3NydeHuin 3agaHHo Gopmbl. U, 3HAUUT, €€ aTOMOB, 3/1eMEHTaPHbIX YaCTUL, MONEKY/, KNETOK U T. A.
B MpoLecce BCero nepmoaa KonebaHuii CUCTEMbI, KaK XM3HM He MPOCTO 04HOro obbekTa, a BCEro
«reHoOMa» CTPOEHUN eauHOro AMnons. He3aBMCMMO OT TOro, KakMe BHellHMe BO34eNCTBUA U3MEHUN
€ro BHYTPEHHWE CTPYKTYPbl, NOTOMY YTO TO/IbKO YCA0BMA OBUTAHUA OOMWHUPYIOT B yNpaBAeHUK
NobbIMK MyTaLMAMM U NbITalOTCA cbepedb GyHKLMOHAN (NpeaHa3HayeHne) obbeKTa Bceraa. B gaHHom
C/ly4ae MOCTOSAHHO NPOUCXOAUT GanaHcMpoBaHME COCTaBa WM KO/MYECTBa TOMO WAW  MHOTO
onpeaenAloWero 3Ha4yeHMAa ANA COXPaHEHWs HeobXOoAMMbIX CBOWCTB, SBAEHMIA, NONYAAUWNA,
maTepuanos 1 T. 4. Cheayet M U3 3TOro, YTO M BCE, HANPUMEP, «KMBbIE» OPraHM3Mbl CNOCOOHbI
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BOCCTaHaBAMBATb MM BO3MELLATb T€ MU MHble HEOOXOAUMbIE XMMUYECKNE INEMEHTbI B npoLecce
XKU3HeaeATeNbHOCTM B cpefe cBoero obutaHuA? [lpeobpasys oOAHM 3n1eMeHTbl B Apyrue
HenocpeAcTBEHHO B cucTeme COBCTBEHHOro opraHuama? Bbl yauMBUTECb, HO MMEHHO TaK B Npupoae
BCE M NPOUCXOAMT.

MoTomy 4YTO cpega HaxoguTcs B MOCTOSSHHOM ABWMXKEHWU. BHewHU dakTop, Hanpumep, Ha
3emne, o06nA3aTeNlbHO COOTBETCTBYET KOHKPETHOMY Mepuoay UMKAMYHOCTM XOA4a CUCTeMbl Mo
raflakTmyeckomy Kpyry. Korga Kaxkabii BATOK cnnMpanu ynpsimo HUM3BepraeT naaHeTy B Nepuoanyeckm
nM3MeHsLWmecs 1 nosTopsatolmecs cobbitua 6e3 manoro pas B 26 000 feT nNpu Kaxaom pesepce
NMoAOCOB MarHUTHoro nons. C COOTBETCTBYIOWMNM AOMUHUPOBAHMEM TOM UAM MHOW COCTaBAAIOLLEN
3apAA0B B OKPYXXEHMW NpOCTpaHCTBA. Takmm obpasom nén, Boaa, OrOHb ABAAIOTCA BEYHbIMU
CNyTHUKaMn popmMmunpoBaHMa ob6MKa 3eman B TOT MM MHOW Nepuog eé CyllecTBoBaHMA, Koraa
buonornyeckan KMsHb 00A3aTeNbHO COOTBETCTBYET YC/OBMAM BOBHE KOHKPETHOW  3MOXM
CYLLECTBOBAHWUA CUCTEMDI.

B Takom csiyyae, 3HAUUT K BCE 3TO, YTO BCErAa NPUCYTCTBYET CTPOro onpeaenéHHas yepeaa
B/INSIHUM 3IEKTPOMArHUTHbIX BO3AENCTBUI HE TO/IbKO Ha 3IMOPUOHbI 3apokaatoLlelica brnonornyeckom
XUM3HU Ha 3emJ/ie, B TOM YMCJIE Ha YKe pa3BuMBaloLmMeca ocobu n aaxke coobuectsa, HO U Ha CTPYKTYpPbI
MX aTOMOB, MONEKY, KNETOK U T. A. KaK K00, A3bIK Mpo2pamMmmMupo8aHUsa U38HE UX cucmem, 8 ceoeli
cmpozoli o4epEIHOCMU CU2HAI08 8 PA3/UYHbIX COYeMAHUAX NpoxoxcdeHus co3se3ouli Ha Hebocsode,
UX UHMeHCcU8HoCcmMu 8/USHUA Ha 06beKkmebl 8 0aHHbIU nepuod cobbimuli 8 cpede oKkpyHeHUA N T. a. U
3TO HECOMHEHHO TaK. M y4éHble OT apxeonornu NOATBEPMKAAIT HE TONbKO UMKAUYHOCTb, HO U
M3MEHEeHMA, NpoucxoaALLmMe B 3TUX LMKNAX B CBOMX Nepmnoaax cobbiTuii.

A, 3HauuT, co38e30us, KaK bbl KOMYy He Xomesiocb 8 3MmMo 8epumb, 0OHO3HAYHO OKA3bl8aom
8/1USHUE HA hopMuposaHuUe 3apoxcoarouie2ocs buoano2u4ecKkozo a100a U HQ e20 passumue, n Aaxke
Ha BCE, UTO €ro OKPYKaeT. A KTBOPEHUAY KMU3HU B CBOMX BO3MOXKHOCTAX U CNOCOOHOCTAX O4HO3HAYHO

Pa3NMyYaloTCsA, KaK W PasNMyYatoTCs CNeKTPbl W3/yYEHUW BHELIHUX 3EKTPOMArHUTHbIX Monen
NPOCTPAHCTBA U UX MHTEHCUMBHOCTb MPU TOM MAU MHOM COBbITUM B PA3INYHBIX 30HAX TPAEKTOPUM
ranaktnyeckoro roga ConHe4yHon cuctemsol. MoBepbTe, 3TN BO3AENCTBMA HE3YCNIOBHO OCTaBAAIOT CBOM
«cneg» B «Koge reHoma» ntoboro AMnona n GUKCUPYOTCA B UX MAaMATU MArHUTHbIX NOJIei HaBceraa,
KaK ynpaBasatoWwmim curHan.

A HecoBepLIEHCTBO acCTPOJIOrMKN, KaK HAyKM B TOW WAW WHOM CTpaHe, 3aBUCUT TOJIbKO OT eé
HocuTenei. Co3ge3duA 0OHO3HAYHO OKA3bl8AKOM 02POMHOE 8AUAHUE HE MO/AbKO HA 0mMOesbHbIX
ardel, Ho U Ha yenavle Hapodsl U yusuau3ayuu. N 3To HyXKHO MccnenoBatb, YTo6bl NPOrHO3MpPOBaTh
Xxon, cobbituii B byaywem. NoToMy 4TO BCE 3TO — eCTb YC/IOBUS U3MEHAIOLWENCA BHELWHEN cpeapbl,
BO34,ENCTBMA KOTOPbIX BO BCEX ABNEHUAX HA 3emsie ABNAKOTCA ONPeAenstoWwmMmn, B TOM YUC/IE U HA
KnMmaT. Toraa, Kaxabl YeNoBeK, 3aBepLUan CBOM BPeHHbIM NyTb, NO CYTU ABNAETCA MU3EPHOM YacTbto
B TbiCAYENETHEN UCTOPUKN ApeBa 0bLuiero reHoma cobCTBeHHOM cembM, cCOBCTBEHHOTO Hapoaa (Hauuu),
a, B UTOTe, U BCEro YeNoBeYvecTBa. Y10 HECOMHEHHO OTOXAECTBAEHO BO BCEX MHbIX 3€MHbIX CTPYKTYpax
3/1eMEeHTapPHbIX YacTu1L, aTOMOB, MOJIEKYN Pa3HOOBPa3HbIX BUA0B PAaCTEHWUI U }KMUBOTHbIX. Kak BuAoBoe
[PeBO, KOTOPOE COXPaHAETCA B CBOEM Pa3BUTMM Bnarofapa «OTBETBAEHUAMY (MyTaLMAM) OT eAUHON
ocobu, npucnocabnmeaetca U NPomMspacTaeT B U3MEHAILLENCA cpefe CTO/IbKO BPEMEHM, CKOJIbKO
BO3MOHO B pe3y/bTaTe B3aMMOLENCTBUI C BHELIHEN CPeaoii OKPYKEHUA, KOTOPOe 3TO APEeBO BCE
WHTEHCUBHEE 3aBOEBbIBAET, IMB6O, HAO6OPOT, AerpaanpyeT 1M ucyesaet. MNpeBpawancb B UCXogHOe
CbIpbé (3Hepruto) aAna Apyrux, bonee ycnewHbix BUA0B UK COOOLLECTB.

Bo BcAKOM cny4vae reHOTUN Nt0H0M 0cobK, KaKk NamATb PA3BUTMA KaKoro Hbl To HY BbiNo BUAA, KaK
N BCAKOM CTPYKTYpbl BUBPOCUCTEMDI, flaXKe KNETKM OpraHM3ma, CoaepKUT B cebe Bcto MHGopmauuto o
poAoBOM reHome. YTo No3BONAET yTBEPKAATb O BblCOYANLLEN BEPOATHOCTU BO3pOXKAEHMA ntoboro
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BMAA NpPM COOTBETCTBYIOLLMX 3anpocax W3BHE MNPOCTPAHCTBA, KaK YC/NOBUWA ANA PEKOHCTPYKLMM
KOHKPETHOM apXMTEKTYpbl 06BEKTOB, C onpeaené&HHbIMU GYHKLUMAMU U CBOMCTBAMMU.

3HaunUT N 3TO, YTO MaTepuan reHoTMNa NPOLLIOrO He McYe3aeT, a OCTAaéTCA He TONbKO B BUAE
MHbOPMALMM B CBOMX AWMMNObHbIX CTPYKTYpax OOBEKTOB, HO M KaK «ocHOBa» (pyHaameHT) ana
nocneAyroLWero HapawmnBaHMA NOCTOAHHbIX M3MEHEHWI POoCTa U Pa3MHOMKEHWUS POoAOoBbIX ocoben,
KOTOPbIN HaBcerga CTaHOBUTCA HEOTbEM/IEMOM YacTbio CMMbBMO3a B cpeae 0butaHuAa? Mo cBoew cyTu
3TO AIB/IEHME OYEHb CXOXKe NO CoAepKaHMo ¢ 06pa3oBaHNMEM MHOTOYMUCNEHHbBIX KOPaNI0BbIX PUPOB.

B Takom cnydae, eciiv aINEeKTPUYECTBO — eCTb UCTOYHUK GOPMUPOBAHMA MArHETU3Ma, KOTOPbIN,
Kak Mbl 3HaeMm, yCTaHaB/AMBaET ONpeAenéHHbIM NopsaAoK B3aMMOAENCTBUA 3apadoB (MX ABUMKEHUA
BAO/Ib CU/IOBbIX IMHUI) BHYTPU U BOBHE CUCTEMbI (YNPaBAAET Kak NamATb 3N1eKTPUYECKOro nons), To
NoboN 3NeKTPUYECKMA [MM0Nb, 3apPOAMBLUMIACA W3HAYaNbHO M3 BUXPA 3apaga, CTPeMuTca K
obpasoBaHMO  QunoaAa __Ma2HUMHo20. Kak namamu _ ynpasaswuje2o  38eHd 8 eduHol
aneKmpoma2HUMHoU cucmeme. W 3To geincTBUTeNbHO TakK. MNpumepom Tomy ABAseTCA NosiBAeHWe
M30TOMOB Pa3/IMYHbIX 3NEMEHTOB, rAe MPOTOH, HapawuBas COOCTBEHHOE MarHUTHoe mnone,
npeBpaLlaeTcs B HEWTPOH, KaK CTPYKTYpy NamsaTU sapa atoma. [NofobHO 3aMKHYTbIM KOHTypam B
coctaBe nobbix BUOpocuctem, Koraa eduHsili anekmpuyeckul Ounons co30aém obwyo dopmy
M@2HUMHO20 110418 (MoMmeHTa), Komopoe npuobpemaem agpghekm danbHodelicmaus. MNpu aTom nobo

ANNO/Ib MOMKET MMETb KaK APKO Bblpa’KeHHble CBOMCTBA 3/1€KTPMUYECTBa, Tak M marHetmsma. Bcé
onpeaenaetca npegHasHayeHnem (PyHKUMOHANoM) 3Tolh dopmbl o6bekTa (cm. Puc. 37).

Puc. 37 yHKUMOHAN Pa3/INYHbBIX SNEKTPOMATHUTHbBIX CTPYKTYP.

Be3ycnoBHO, BCe Mbl, KaK 4acTb 6Buocdepbl, ycunMBaem MarHUMTHoe nose 3emMnau CBOUMMMU
CTPYKTypamu obuwux aunonei. MNpu sTom buonoruyeckme AMNOAW, B OTAMYUM OT MUHEPAsoB,
CNOCO6HbI K NepemeLLeHNio No MOBEPXHOCTU €AMHOro «AMNoAA 3eMan», Kak U rpynnMpoBaHUIO B
onpefenéHHbIX 30Hax, 4YTO NOA BHEWHMM BO34ENCTBMEM CO343ET YCA0BMA ANA  CUHTe3a
(pasmHokeHuA), nnbo pacnaga (rmbenn) uenbix coobLLECTB, BUAOB PaCTEHUA WU KUBOTHbLIX B
onpeaenéHHbIX MecTax Ha NoBepPXHOCTU (B OKeaHe). BO3MOKHO, C Le/blo YCUAEHMA TOro UAN MHOTOo
3apaga, Kak UCTOYHUKA B3aMMOAENCTBMA MArHUTHOrO MoJsA C MaTepuen cpelbl BOBHE OKPYXKEHUS B
MHTepecax BCel CTPYKTypbl nnaHeTbl. Korga 3emsad nodobHuim 06pa3om 30HAALHO U3MeHsem

cobcmeeHHoe 3auUmHoe nose, KaK UHCmpyMeHm 0asabHe20 83aumodelicmaus Yepes cusao8ble AUHUU

06We20 Ma2HUMHO20 10/4. YTo NO3BONAET el CBOEBPEMEHHO PearnpoBaTh Ha BHELHUE U3MEHEHUA
NPY NPOXOXKAEHUN MO ranakTuyeckomy nytn scet ConHeyHom cuctembl. BCé aTo KpaHe Heobxoanumo
A1 COOTBETCTBYIOLLErO NO3ULMOHMPOBAHMA NOBbIX CTPYKTYP NAaHETbl B NpocTpaHcTae (cm. Puc. 37).

3HauuMT M 3TO, YTO NpedHa3HayeHue sceli buocgepsbl 3emau (NNAHKTOH, PACTEHUSA, KUBOTHbIE,
NTULUbl) ceo0uUMCcA, B TOM YUCNE, K _POau _MOoO0BUMCHbLIX MOMOKO8 3apA008 (aunonein), cnocobHbix

MobunbHO CO34aBaTb MacCcoBble nepemelleHna wUan OorpomMmHble CKonaeHnA COOTBETCTBYHOLWMUX
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rpafieHTOB HaNPAXEHHOCTH, Kak B MOPE, TaK M Ha cylle, B pa3HbiX nonywapuax 3emnun. Koraa nnaHeta
cnocobHa ynpasaaTb 3STUMM MUTPALMAMMU, CO34aBas TE€ UKW UHbIE YCNOBUS 3aCyXM, NOXKapoB, NOTOMNOB
Unn poxaen. BepoaTHo, TakKMM 06pa3om OKasbiBas BAUAHME HA MOMEHT COOCTBEHHOMO BPALLLEHMNA BO
B3aMMOAENCTBMM C NONAMM U3BHE, YNPABAAA NJOTHOCTbHO CUOBbIX IMHUIA CBOEFO MAarHUTHOrO NONSA B
TOM UM MHOM 30HE MOBEPXHOCTU, B TOT MU MHOM Nepuos BMbpauuu (Bpems roga), Kak CTpPyKTypbl
CUHXPOHU3NPOBAHHOM C 06LWEN NNAHETAPHOWN M ranakTnyeckor cuctemamu. Cloga MOMKHO OTHECTU U
BY/IKAHWYECKYIO AeATE/IbHOCTb, U BANSAHUE JIyHbl, U CONHEYHbIE MarHUTHbIe Bypn, U MHOTME NOA06HbIe
aBneHua. N ato, oueBUAHO, TakK.

Torga, cmaHo8AMCS Cco8epUWEHHO 3AKOHOMEPHbLIMU HEe MOs/bKO rnepeanémsl U _nepedsumeHus
sceli 3emMHoU HUBHOCMU, HO U UX C€30HHASA MPUBA3aHHOCMb K podosbiMm meppumopuam. N3BecTHo,
YTO CUHMe3 HOBbIX 3/1IEMEHMOo8, KaK U noseneHue Hebbleasbix paHee A8aeHuUl, Mpoucxo0am 8 30Hax
npeobpasosaHuli _Ma2HUMHbLIX _CUA08bIX _AUuHUU. TakKuX, Hanpumep, KaK 3KBATop, MOHOC],
€CTEeCTBEHHbIE UM UCKYCCTBEHHblE aHOMANUN U T. 4. U € 3TUM CNOXKHO He cornacutbca. KoHeuHo, y
NNaHeTbl CYLLECTBYET MHOMECTBO UHbIX MHCTPYMEHTOB — 3TO M OKeaHCKMe TeYeHus,  aTmochepHble
BUXPU, N TeosIornyeckasa akTUBHOCTb U T. A. Ho Kamdoe u3 amux AsneHull ecakull pa3 delicmsyem
CMpo20 8 CBOUX 30HAX 8AUAHUSA U 83aumodelicmeyem KaK 8HymMpuU, MaK U CHapy#u eOuHol cucmemsl
c onpedenéHHol uenbo nod 8HeWHUM yrpasaeHuUem noael npocmpaHcmed.

CnepoBaTenbHO, ec/1U Yes108e4ecmeo HaKoHey-mo 06beo0uHUmMcA U, UCMosab3yA 8ce c80U 3HAHUSA
U_onbsim, cMoxem [MOHAMb 8ce 302a0KU 3/1eKmpomMa2HUMHbIX e83aumoldelicmauli 8 cpede csoeli
nagHems! _0b6UMAHUA U _808HE e€, mo, 8rosaHe MpeoCcKa3yemo, Ymo Mbl _CMOM(eM, He mepss
cobcmeeHHOU ammocgepbl U Ma2HUMHO20 10418, He MOsIbKO nymewecmsosams 80 BceneHHoU, HO U
ynpasaams _mpaekmopueli dsuxceHus Hawel 3emau. M amo ernonHe O00CMUMUMAA _Uesb
yesnoseyeckoll yusuanu3ayuu, Ko20a Ha KOHY — eé cyuiecmeosaHue.

Ho ecTb 1 BTOpas CTOpOHa meaaniv — MOXKHO HUYEro He Aenatb U A0BEPUTLCH eCTECTBEHHOMY
XoAly COObITUIM, MOCTOSHHO BMELUMBAsACb B HEro CBOMMMW HEYK/OXUMW TexHonoruamu. Toraa,
BEpOATHee BCEro, B CPOK OAHOr0 BUTKA CnMpanv npu AsuKeHun COIHEYHOM CUCTEMbI BOKPYr OCM
ranakTUYeCcKOro Kpyra, 4e/0BeYECTBO MCYE3HET U BO3POAUTCA BHOBb Ha 3TOM e nnaHeTe. Ho yxe B
N3MEHMBLLUNXCA YCNOBUAX Cpeabl U C onpeaenéHHon myTtaumen. Ecnv BoBce He MCHE3HET B rPsAayLLINX
KaTaKk/M3amax Kocmoca. Bbibop 3a Hamu, HO Ans 3Toro TpebyeTcA NPOMUTM HEMPOCTOM NMYyTb OCO3HAHMUA,
NOHUMAHWSA U 3HAHUIN. Yero, K COXKaNeHMo, MOXKET He C/Iy4UTbCA HUKOoraa.

MpeactaBbTe, 00UHOYHbIX bayxcdarouwux naaHem 60 BceneHHOU 02pomMHOe MHomecmeso. A,
3H@YUM, MexHos102UU yrnpaeaeHuUs UmMu ecme Ha 4ém ucnbeimeisame. be3 3ampam Kakol 66l mo Hu
bbia10 _2eHepayuu _UCKyccmeeHHoU 3Hepauu. Ha HembICAUMbIX HblHYe CKOpoCmsAX nepemeuieHus
Kocmuyeckux obvekmos. [axce ucnonv3ysa awbeie acmepoudsl CosnHeyHol cucmembl. Imo_mosbKo
Ce200HSA Kaxemcs hpaHmMacmuyeckum 803MOIHOCMb nymewecmsus no Kocmuyeckoll BceneHHol Ha
cobcmeeHHoU _naaHeme (unu _ciymHuKe), Ko20a MOX(HO bydem «npunapKosameca» K _sawobol
nooxoosauleli  0aa 3moz2o 38E30HOU _cucmeme, HANpumep, HA _BHEWHww eé opbumy. U
B80CCMAHOBUMbCA, 8_cAy4Yae Heobxodumocmu, 3Hepauell (0o3anpasumbcs) saeKkmpuyecko2o (uau
M@2HUMHOo20) noasA _368e30bl_(uau awboli _naaHemsi). [lpu xenaHuu 6rnosHe MOMHO nepelimu ¢
BHEWHUX opbum HO 8HYMpeHHUE U «1020Cmumb» HECKO/bKO mbicayenemuli makum crnocobom e
KomMmeopmHbIx_ycnosusx noboli 2anakmuku. Y1 078 3mo20 _8ce20-mo_HYHCHO MOHUMAMb Mpoyeccsl,
rpoucxodaujue 8 «cobcmseeHHom dome», Ha cobcmaeHHol podosoll naaHeme.

BHe BcAKMX cOMHeHUN Buocdepa Heobxoamma nNnaHeTe U BCKAPM/IMBAETCA €0 He TOJ/IbKO ANA
YNAOTHEHMA cOBCTBEHHOM aTmocdepbl, Hanpumep, CoeaMHEHUAMM yriepoaa, KMC/Iopoaa, BoAopoaa,
a30Ta U T. 4. KOTOpble NpeBpallascb B Hel B 3apsfibl YCUIMBAIOT U PEryIMPYIOT BEANYUHY
3/IEKTPUYECKOrO BUXPEBOro noas 3emMauM BO Bcex cnoAx eé cpeabl. Ho v ana cosgaHus
AOMOJIHUTENbHbIX (OMepaTUBHbLIX) NOMOCOB MarHUTHOTO MNOAA NYTEM KOHUEHTpauuu Aunonem
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Pa3/IMYHOTO MJIAHKTOHA B OKEaHax WM KMBOTHbIX, PACTEHWI, NTUL, Ha cywe NYTEM BKIHOYEHUSA
MHOKeCTBa MHCTPYMEHTOB Mog, ynpasBJieHWEM W3BHE KOCMOcA. Takux, Hanpumep, KaK MoKapbl,
HaBOAHEHWA, CMepyu, M3MEHEHWUA COoCTaBa BoAbl WAM aTMmocdepbl, WU3BEPIKEHUSA BY/JKAHOB U
3emneTpAceHna U T. A. U__smu _eo3delicmeus HA _8HYymMpeHHUe CMpyKmypsl 103807410m
Koppekmuposame _obuwiee nosnoxceHue Qunoas _subpocucmemsl 3emau _(opueHmauur 8
npocmpaHcmee) 048 MOKCUMQ/IbHO20  U3B8/EYeHUA  3Hepauu  U38HEe  Uau _ MmpaHcaayuu
coomsemcmeyroujel UHhopMayuu 8o8He npocmpaHcmed. Mbl BCE 6osiee 0CO3HAaéM KpUTUYECKYHD
HeobXx0AMMOCTb KPOMOT/IMBOTO M3YyYEHUA BCEX 3TUX NPOLLECCOB.

YBepeH, 8 amom _u_cocmoum npedHa3Ha4YeHue gsceli buocgepbl naaHemsl, 8 mom 4ucsae u
Yyes08e4ecmea, pPa3suUMUEe MexHO102Uli KOmMopo20 MHO20KPAMHO yeeau4yusaem 3@h@heKkmusHOCmb
g030elicmeus. MoXHO ¢ OCMOPOXHOCMbIO ymeepHdams, Ymo Mbl HyXcHbl 3emsae, KaK eé «demuy.

Tenepb nonpobyem ewg pas B3rMAHYTb HA TO, KaKUM Ke 0bpasom obpasyeTca MarHUTHas
CUNOBas NHUA ANNONA (HECKONbKMX gunoneit)? MpeacTaBUM, YTO KaXKAas 3NeMeHTapHan 4acTuua,
Kak MaTepus cpeabl, KaK 3apag, Npyv BO3HUMKHOBEHWW TpaamMeHTa (HanpsaKEHHOCTM) B cpeae
OKPY’KEeHUsi MPOCTPAHCTBA onpeaenéHHbIM 06pa3som NO3MLMOHUPYETCA HanpasaeHneM cobCTBEHHOM
MarHMTHOM ocK cBoero aunoas. Kaxkabii U3 TakuUx aNeMeHTapHbIX gunonen (aaxke B coctaBe obuiein
6onee C/NOXKHOM CTPYKTYpPbl) MOXKHO pPacCMaTpMBaTb KaK KBAHT 3HEPruu (3/1eKTpuyeckoro nons) B
COCTaBe BCTPEYHbIX MOTOKOB NPOTMBOMO/IOXKHbIX 3apPAA0B B CAaMOM CTPYKType cUaoBoW NMHMKU. Koraa
Kaxabli U3 HUX 0BpasyeT BUXPY CnvMpaneit NOCTOAHHOIO TOKa. M KaK TO/IbKO OHM BCTPEYALOTCA B «30HE
3KBaTOpPa», TO TYT XKe HaYMHAOT HAaKPYYMBaTbCA OAMH Ha APYroi, co3aasas napHble (Nnogo6bHble AHK)
3aBMXpPEHUA OT Mojtoca A0 nosatoca. KoTopble M NpeacTaBnaioT U3 ceba eguHyr KCKPYYEHHYHO»
KOHCTPYKLMIO CUNOBOM IMHUM MAarHUTHOIO Nos.

Tem cambiM, K8GHMbI 3HEpa2uu MpomusonosiOMHbIX 3apsA008, KaK CTPYKTYPHble 31eMEHTbI
BHELIHEro KapKaca CWNO0BbIX JNMHWUA MarHUTHOrO MNOASA, BAO/Nb KOTOPbIX NEPEemMeLlaloTCs BOJHbI
CNUpanbHbIX BUXPEN 3NeKTpuYecTsa, 06pasyom nomoKu 3apsa008, KAK Pe30HAHCHoe «obujeHue» ¢
0unoaaAMU_U38HE OKPYMH(eHUA. ITO MOXKET ObiTb U MHbOPMAUMA, U U3TYYEHUE INEKTPOMArHUTHOM
BOJIHbI YNPaBAEHUA NONA U3BHE NPOCTPAHCTBA.

3HaunT, 080 _NMPOMUBONOAOHHbLIX POO0BbLIX 3apAdd, 8CMyNads 8 Pe3oHAHCHoe 83aumodelicmseue
dpye c _Opy2oM 8 [0oAaX 374eKmpuyeckux suxpeli nod eHewHUM ynpasaeHuem 2padueHma
(npocmpaHcmea), co30arom eduHbili Ounoab 8UbpocUCMeEMbI 31EKMPOMA2HUMHO20 10415, 8 KOMOPOM
B803HUKAem eOuHblli Ma2HUMHbIU MOMEHM, apXumeKkmypd KOmopo20 MOMEem cOCmosamb U3
MHOMecmea Ma2HUMHbIX noael 6ecyucaeHHbiX CMpPYKMYypHbIX COCMABAAWUX, KOK €20 3aMKHYMbIX
KOHMypos. A Mbl 3Haem, YTO B MeCTax pa3pbiBa CU/IOBbIX IMHUA €ro MarHUTHOe B3aumoaelncTeme
ocnabeaeT. A BUXpEBOE 3/IeKTPUYECKOE MOoJIe BAO/Ib OCU 3TON CUNOBON INHUK UcyesaeT. Toraa, BHOBb
Ha KOPOTKOE Bpema B NPOCTPaHCTBE BO3HMKAET ABa NOCTOAHHbIX TOKA BCTPEYHbIX NPOTUBOMOJIOMKHbIX

3apagoB. Kak none HanpaxEeHHOCTH, rpagmenTt. M 3T cnabble aneKTpMYeckMe nona cnocobCcTeytoT
BOCCTAaHOB/NIEHMIO HapYyLUEHMSA, UCNO/Ib3yA CaMy MaTEPUIO Cpelibl OKPYHKEHMUA.

To ecTb, pa3OMKHYTble «JIMHUU» INEKTPUYECKOrO AUMNOAS U 3aMKHYTble CUNOBbIE NIMHUWN €ro
MarHMTHOro nosna obpasyioT obLlyo (ABOMCTBEHHYIO) BUBpOCUCTEMY, KOTOPasA, B AaHHOM caydae,
BblBeJeHa M3 paBHoBecKs (Bo36yKAeHa) 1 roToBa COBEPLUEHCTBOBATLCA, Pa3BMBATLCA, PAacTU. 3HAUUT
NI 3TO, 4YTO npocmoe so3delicmaue Mexcoy 08YyMA MPomMuBOonoa0MHbLIMU 3apA0amMu U _ecmb

maz2Hemu3m? MoToMy YTO 3TU ABa 3apaga NOABUNKHbI, M3/1y4aloT (BpalatoTcs, nepemeatotcs). [eno
B TOM, YTO 8 s1t0Obix Oumnoasax, 3neKmpuyeckKue 3apaobl He mo2ym npeodosaems epaHuuyy broxa. A
CUNOBbIE NMHUN MarHUTHOTO NOoANA (M3 MHOMECTBA «KBAHTOBAHHbIX» MarHUTUKOB) MPOHM3bIBAIOT
«3KBaTop» nosctogy. [MOTOMYy 4UYTO Camblii ManeHbKUA «KBAHT» MArHUTHOrO MOASA, KOTOPbIN
pacrnonaraerca Ha JIMHUKW «BoAopasdena» nonaycpep Gopmbl AUNOAA, BCE TaK Ke UX COeAUHSET,
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NPUTArMBaA APYT K APYry «tor» u «cesep» (cm. Puc. 38). «Cwusaa» ceoumu nonepevyHbIiMmu 8ubpayuamu

KonebaHus suxpeli aneKmpu4ecKux 3aps00s.

BeposTHO, NO3TOMY Cua108ble AUHUU MA2HUMHbIX Nosel cyuecmsyom 8 peasbHoCmu 8 C80EM
odunose. OHX BbICTPAMBAOTCA U3 CTPYKTYPHbIX AMMOMEN MaTepun Camon cpefbl OKPYXKeHWs, U3
BO3HMKalOLWWLEro rpaAneHTa 3apaioB B NpocTpaHcTBe. Koraa namame mMa2HUMHO20 oa8 u Mmymayuu
ounoss, cef3aHHble ¢ noctpoeHnem dopmbl Atoboro Tena (acummempuel), CUHXPOHU3UPOBAHbI
(3aBMCKMMbI) Cc_nepexodom «cuio8bixX AUHUU» U3 pa3pAda HegUuOUMbIX 8 8UOUMYIO apxumeKkmypy
obuwe2o Aunoss. MocKobKY, 06beAMHAACL B CTPYKTYPbl, aTOMbl M MOAEKY/bl No4 BO3AeNCTBUEM
MarHeTMsma U3MeHAT eauHbIN «06nK», 06pasys pasIMYHbIe COCTOAHMA BELLECTBA - OT NJ1a3Mbl 40
TBEPAbIX TEN.

Puc. 38 «KBaHTbI» MarHeTMama aunons. Puc. 39 Mynbcap. (Wikipedia)

Pa3Be He ntoboNbITHO y3HaTb, NoYemy Ha BbicoTe 250-300 Km B «Tepmocdepe» 3eman cpeaa
OKpYrKatoLero NpoCcTPaHCTBa AoCcTMraeT TemnepaTypbl 4o natoc 1600 °C; B «me3ocdepe» Ha BbicoTe 95
Km - ao muHyc 90 °C; B «cTpaTtonay3e» Ha BbicoTe 50 KM — TemnepaTtypa posHo natoc 0,84 °C; B
«Tpononayse» Ha BbicoTe 20 KM — MMHYC 56 °C, a Ha NOBEPXHOCTM 3eMaN — Makcumym natoc 50 °C?
Mouemy B XKepsax ByJIKAHOB TeMnepaTypa marmbl gocturaet natoc 1500 °C, koraa B ueHTpe 3em/m oHa
- natoc 6000 °C, a mexay Humm B nouse — Bcero ao 0 °C?

Moyemy cnouCTbIN NUPOT 3apAL0B NAAHETHOrO ANNONA NOABEPXKEH TaKOMY pasbery Temnepartyp
cobCcTBEHHOM cpeabl BANMAHUA 3NEKTPUYECKOrO BUXPA eauHON BMBpocucTembl? HaBepHAKa, KTO-TO
CKaXKeT, YTo BCE CBA3AHO C MNJIOTHOCTbIO WMOHM3AUMKM OKpyXKeHuAa. Toraa noyemy eé BesMYMHA
BbIpaaeTcA Tak U3MEHUYMBO M CKAYKOO6PaA3HO OT LeHTpa K nepudepunn? B yém 3aecb peasbHblii CMbICA
3alUMTHOM cMcTembl Npupoabi?

Mpeanonoxy, 4To NoaobHbIE CMEeHbI TEMMEePaTyp CBA3AHbI C MEPUOANYECKMMU Yepea0BaAHNAMM
30H BAMAHMA (NO BbICOTE, OTAANIEHUIO) «BHELUHWX» BUXPEW MOTOKOB CBOOOAHbIX 3apAaoB,
BbICTPAMBaeMbIx Ha Nepudepurm NoayLWwapun CUCTEMbI AUNONA, U KBHYTPEHHUX» 0OPATHBIX UM BUXPEN
BbICOKOM 4aCTOTbl BpalLeHMA OT LeHTpa ocu K nontocam (cm. Puc. 38). Koraa Kaxablii 3apag — ecTb
OTAENbHbIA BUXPb B €AMHOM CMep4ye, COCTOsWEM M3 OEeCKOHEeYHOro 4ucia BMAOBbIX Gopm
(snbpocuctem). YBepeH, YTO B 3TOM C/ly4ae MA2HUMHOE rose _umeem C/A0UcCmyr Cmpykmypy om
camozo A90pa nsaaHemeol 00 KpalHel 30HbI 8/1UAHUA BUXPEBO20 3/71eKMpUYecKo20 oasa 3emau.
bnaropapa apdekTy ero HapawmBaHUA NYyTEM NOCTOAHHOrO HAaMArHMYMBAHMA MOMKOCOB OT LLEHTpPa
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BOBHE AMNONA B pe3ynbTaTe B3aMMOAENCTBMA 3apsfloB BHYTPEHHMX cMepyein u cpeabl. Korga
BO3HMKaeT 3pPeKT ycuneHuna nam ocnabneHns ero B Kaxkaom cnoe Gopmbl «chepbi».

3HaunT, B KOTOPbIA pPa3 MOMKHO 3aKNHUYUTb, YTO 3/1IEKTPOMarHUTHoe none nAboro gunona
onpeaenseT He TONIbKO GOpMy COBCTBEHHOM apXUTEKTYpbl 06 beKTa Yepes B3aMMOAENCTBUA C NONAMM
M3BHE, HO M OKa3blBaeT BAMAHME HA COCTOAHME MATepUM B CaMOM cpefe OKPYKeHMA, U3MeHsa eé
(«ynpaBnas» eé 3nNeKTPOMarHUTHbIMU NOAAMMK) Nog cOBCTBEHHbIE YCI0BUA CyLLecTBOBaHMA. To ecTb,
KaxObili 0unosab, KAk 06bekm, 83aumodelicmsys ¢ 10bbiMu 0unonamu UussHe cpedbl 0bumaHus, He
Mo/abKO Mymupyem caMm, rnepecmpausas cobCmeeHHY 8HYMPEeHHI cpedy U CMPYKmMypy, HO U
MeHsAem camy mMamepuro npocmpaHcmea 8osHe cebs. Toraa, BEPHO NU, YTO BCAKUIA BUTOK CNNPau,
onucbiBaeMblit CO/THEYHON CUCTEMOM OTHOCUTE/IbHO JIMHUM Fa/lakTUYECKOro 3KBaTopa Ha GoHe 3BE34
304MaKanbHOro Kpyra (npumepHo 26 000 neT), o3HavyaeT nepesarpysky reHoma YenoBe4YecKom pacbl?
Kak ncyesHoBeHMe CTapoi U BO3POXKAEHNE HOBOM LMBUAM3ALNM?

MoaTomy, Kak 6bl He 6blan ybeauTenbHbl UCCNEAOBaHMA CMEKTPOB ranaKTUK BceneHHoM,
nposeaéHHble M. Cnandepom (1875-1969r. r.), BepoATHee BCEro, BCce U3BECTHblE HAM KOCMUYecKue
mena He pazbe2aromcs 8 pasHble CMOPOHbLI C 02POMHbIMU CKOPOCMAMU Opy2 om 0pyada, a 8paAUaomcs
8 CBOUX CMPYKMYPHbIX BUXPAX PA3HO0bPpa3HOU KoCcMUYecKol apxumeKkmypbl 0py2 omHOCUMesbHO
dpyaa, nepuoduyecKu (UUKAUYHO) 83AUMHO cOaUMASACL UAUu ommaaKueaacs. W 3To KacaeTcs He TOJIbKO
nAaHeT, 3BE34HbIX CUCTEM W TFaNIaKTUK, HO M TYMAHHOCTEM, U Jaxe camol MaTepum NPOCTPaAHCTBA,
KOoTopada TaK WM/AM MHaye BOB/JEYEHA B 3TU TaHUbl BUXpPeN MHOMKecTBa BMOpPOCMCTEM B OKeaHe
3NEeKTPOMArHUTHbIX Nosel 6eCKOHeYHOro Yncaa rpaanmeHToB, Co34aHHbIX B3aMMOAENCTBUEM «BCEro
co Bcem». OgHako, byaeT coBeplIEHHO HEBEPHO YTBEPXKAaTb, YTO B /ItOOOM MPOCTPAHCTBE BCAKaA
MaTepus UCNbITbIBAET TO/IbKO BUXpeBble (BpallaTenbHbie) aABuxeHuA. OTHOAb, OHA, Kak U Bce
BMBpOCUCTEMDBI, MOABEPKEHA OYEHb COXKHbBIM TPAEKTOPUAM B3aUMOAENCTBMA C CPEA0N OKPYIKEHUS.
3TO U CXKaTUA, U paclUMpPeHnn, BUBpaL MmN U BUTKU CNUPaAsIEl, U BCAYECKME NX KOMBUHALUUMK.

BO3MOMKHO, YTO N «pasberaHme» ranakTuK, B TaKOM C/ly4ae, MOXHO NOCTaBMTb NoJ COMHEHME.
MoTomy 4TO B peanbHOM BceneHHOM BO BCEM NPOCNEKMBALTCA CUCTEMHOCTb, B TOM YUC/IE B, Ka3anoCb
Obl, XaOTUYHOM ABUXKEeHUU Ten. KoTopble MOryT yAanaAtTbCA WAWM NPUOANNKATLCA, HO 3TO /IULWWb
noATBepPXKAaeT «TaHUbI» WX BUXPEN B CBOUX UMUKAMYHbIX MNepuodax HECKOHYaeMoro CrneKkTpa
KonebaHuin. Kak Ha ypoBHE TOHKOM MaTepuu cpeabl, TaK 1 B ralakTUYECKMX macluTabax. A NOCTOAHHbIe

«PagMoWyMbl» B KOCMWMYECKOM MPOCTPAHCTBE — U €CTb B3aMMOZAENCTBUMA MHOXECTBA BUAOBbIX
3apAno0B camoit matepun BceneHHoi. Bnpoyem, Kak U «TEMHOWM MaTepumny, KOTOpas He YTO MHOE, KakK
MaTepusa CaAMOro OKPYKeHUA, eé «HyneBble» BUXpU - «HbloTOHUM» U «KOpoHUMY.

3HauuMT, M BCE 3TO, YTO OoMCymcmaue 8CAKOU CUH2YAAPHOCMU 8 UCMOpUU CyU,ecmeo8aHus
BceneHHol _8cé boabwie cmaHo8UMCA peasnabHOCMbo? B TOM uucie, U OCO3HAHWE OTCYTCTBUA B
npupoae ABAEHUN rpaBuTauMmM HbloTOHa Kak TakoBOW B NpuHUMNe? MOTOMy YTO BCE CTAHOBWUTCA HA
CBOM MecTa NPU NMOHUMAHWUW NPUPOOHbLIX 3aMbICa108 8 €8A3aX 1t0boli mamepuu mexdy cobol Kak
guxpesbix 83aumodelicmeusax 3neKkmpu4yecmasa U Ma2HeMu3mMd.

B Takom cny4yae, aurKeHue Nobbix OOGBEKTOB B MPOCTPAHCTBE CBA3AHO C MOABUMKHOCTbLIO
60NbLIMX CKOMNEHUI CaMOW MaTepuu cpeabl OTHOCUTENbHO Apyr apyra. MopobHo, Hanpumep,
N3MEHEHUAM OKEaHUYECKUX TeYEeHUI BMecTe ¢ 06beKTamMM, HAXOAALLMMUKCA B uX cpeae. N 3To BaKHO
NMOHMMATb NPY NepPeMeLLEHNM BHYTPU NOObIX NPOCTPAHCTB, FAe BCeraa NpUcyTCTByeT B3aMMOAeNCTBUE
06BbEMHbIX BUXpelN BMOpocUCTEM MOA BAMAHMEM MoJien U3BHe. [1OTOMY YTO CKOPOCTM JIOKa/bHbIX
NMOTOKOB MaTepuM MPOCTPaAHCTBa ObIBAlOT ropasfo Bblle CKOPOCTENM BHYTPU CaMUX €€ CTPYKTYp,
KOTOpble 3a4acTyt0 HE3aBMUCMMbI OT X0Aa obuiel cuctemol. MoTOMy UTO «HEBUAMMAA MaTepPUA» Kyaa
6onee MHOrouyMcneHHa BUAMMOW, KOTOPYHO OHa WM CO3[QET, KaK «pacrno3HaBaemyr» Hamu. A,
CNefoBaTeNIbHO, HET CMbIC/A MCKaTb KTEMHYHO MATEpPUIO» B BMAE PasHbIX CKOMJIEHUI BeLLEecTBa,
NOTOMY 4TO Nt0Bble «aPXUTEKTYPHbIEY» CTPOEHMUA, COCTOALLME U3 BUXPEN ANNOEN BCE PAaBHO eCTb NLLb
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MaJ1as 4YacTb NPOLLECCOB CUMHTE3a, KOTOPbIE MPOUCXOAAT B OKPYXKEHUM 32 BCE BPEMA CyLLEeCTBOBAHMUA
BceneHHoW. KoTopas HeNpemMeHHO 1 COCTOUT U3 BUXpel e€é TOHKO maTepuu.

A, ecnu 3TO TakK, TO BMOJIHE BEPOATHO CYWECMBOBAHUE «K8AHMA MOAA», 8 MOM Yucae u
3/1eKMpPoMa2HUMHo20. To eCTb, BMOJIHE MOXHO AONYCTUTb Haau4yue 8 awbom npocmpaHcmee
BceneHHoli scenpoHuKarouie2o (bezbapbepHo2o) eduH020 Ma2HUMHOR20 1015, COCTOALLEro U3 CNeKTpa
nosemn ero CTPYKTYPHbIX COCTaBAAOWMX. KaK BHELWHEeE NoJie NamATh OKpYKeHus. NoTomMy YTo 3apsaabl
B3aMMOAENCTBYIOT mMexKay coboi nosctogy. KoHeYyHo, OHO A0/KHO ObiTb OAHOPOAHLIM BO BCEM
06bEéMe OTAENIbHO B3ATOMN cpeabl, HO MOMKeT bbITb U ycUAeHo, nnu ocnabneHo B 30Hax GAUMKHEro
B3aMMOAENCTBUSA MX BUXPEN INEKTPUYECKUX nosieil. Pa3Be 34eCb HE /I0OTMYHbl YTBEPXKAEHMA O
CYLLECTBOBAHUM NOAABAAIOLLErO0 OOMUHUPOBAHUA 8030elicmeus_ommasakKueaHUsA 8 NpocmpaHcmee
Mex0y suxpAMU ecex dunosaeli o06vekmos?

CoBepLUeHHO o4eBUAHO, YTO NPU 06pa3oBaHUKN pPasHbIX TeN B KaKOW-TMB0 30He NPOCTPAHCTBA,
NAOTHOCTb TOHKOW MaTepuMM B [aHHOM OKPYKEHWM Ha Kakoe-TO Bpema (Hanuums rpagueHTa)
NOHWUXKAETCA, B CPAaBHEHUWN C CPpedamu, rae CUHTe3 He npoucxoauTt. To ecTb, KOauYecmeso MoHKoU
mMamepuu 80 BceneHHol pacnpedeneHo HepasHomepHO? Ho oHa BClogy NOABUMKHA U AUHAMMYHO
CTPEMUTCA K OAHOPOAHOCTU, MOCTOAHHO 3anO/HAA «Npobenbl» €O CKOPOCTAMM ropasao Bblle
cBeToBOM. KaKk Bceobbemiollee 3/IEKTPOMarHMTHoOE MnoJie, KOTOPOE NepeTekaeT OT 0O6beKTa K 00BbEKTY
(rpapgmeHTbl), NOAO6HO BOAE, KOTOPasA B PasHbIX YCNOBUAX cpedbl CNOCOOHA NPUHMMATb HECKOIbKO
COCTOAHMUI BeLWecTBa M APYryto NOABUMKHOCTb. [NOHATHO, YTO NPU BONbWNX yaaneHUsx oT 06bEKTOB
NAIOTHOCTb TOHKOM MaTepMKn NPOCTPAHCTBA HaUBbICLIAA, KaK U KOZIMYECTBO IHEPIUKN, «3aKOBAHHOE» B
eé cTpykTypax. KaK, Hanpumep, cpeaa Ha ConHue un cpega B KOCMOCe, Kak 6bl HM CTPAHHO 3TO He
Bbirnageno. NMotomy 4To Ha 3Be3ae NPUCYTCTBYHOT BELLECTBA B aKTMBHbIX Mpoueccax pacnaga u
CMHTE3a, a B OTKPbITOM KOCMOCE — B BUAE TOHKON MaTepun C HepacTpavyeHHOM BHYTPEHHEN SHepPruen
B3aMMOLENCTBMIA 3aMKHYTbIX KOHTYypoB. W panA o06beKkToB, COM3IMEPMMbIX C MN1a3MoMi, 3Ta
HaMNNOTHeNLWan cpeaa BNOAHE Npuemaema aaa nepemMeLleHnii Co CKOpOoCTAMM CBEeTa, MOTOMY YTO B
KaKOM-TO MOMEHT OHa CTAaHOBWUTCA MOABUXHOM, KaK a3, a B KaKOM-TO, KaK }UAKOCTb AN TBEPAbIN
Kpuctann. Kak banaHcuposaHue mexcdy Heguoumol sHepauel u Heaudumoli mamepueli. CornacuTecs,
y TakoW BceneHHOM HUKAKOM « 400N XONOAHOM CMEPTU» BbITb HE MOXKET BOOOLLE.

MN3BecTHO, 4TO B 2020-21 . I. pa3NIM4HbIMK paanoTeneckonamm 6110 3aPpuUKCMPOBAHO B KOCMOCe
HanuMune 3HaunTeNbHOro GpoHa «rpaBUTALMOHHbLIX BOMH» HAaHOrepL.eBoro AnanasoHa. Pa3se 310 He
ABNAETCA HaWNY4YWMM MOATBEPKAEHMEM CylecTBOBaHUA «HblOTOHMEB» W  «KOpoHMEB», Kak
CTPYKTYPHOM OCHOBbI MaTepumM CaMoM cpeabl MpocTpaHcTBa? KoTopble onpeaenatoT UCXOAHYHO
NAIOTHOCTb 3/IEKTPOMArHUTHbIX M BUXPEBbIX 3/IEKTPMYECKUX NONEMN, KaK obuero ¢oHa, npu NoCTPOEHUM
Pas3NIMYHbIX BUOPOCTPYKTYP AMMOJEN 3/1eMEHTAPHbIX YacTuL, KaK 3/IeMEHTOB A4 3anycKa ABNeHUM
CMHTEe3a WAM pacnaja BellecTBa Bo BceneHHoin? Korga MMeHHO fABNeHUA MarHeTnama, Kotopble U eCcTb
pe3ynbTaT B3aMMOAENCTBMA INEKTPUUYECKUX (M INEKTPOMArHUTHbLIX) NONEN OKPYMKEHUA, YCUANBAKOT
nnun ocnabnatot adpPeKTbl B3aMMHOIO OTTa/IKMBAHMA BUXPEN 06bEKTOB, B 3aBUCMMOCTM OT BEINYUHDI
nx 06bEMOB M 3apALOB. DTM B3aMMOLENCTBMA U €CTb NOpoXKAeHus (cnepcteme) GoOpmMMpPOBaHUA
CTPYKTYp BelecTBa W3 TOHKOW MaTepuu cpegbl MNPOCTPAHCTBA — €€ «HYNEeBbIX» BUXPEN,
COCMABAAUWY 3Hep2Uto  31eKMPOMA2HUMHbIX _1oaell _KomopbiX _Mbl __80CIPUHUMAEM _KaK
«2pasUMAYUOHHYK», KakK ¢GOH HaHorepueBblX AMANa3oHOB W3/1y4yeHUWN. [NOTHOCTb WMCTOYHWUKOB
KOTOpbIX OnpenenseTcd B3auMMOAENCTBMEM BUXPEN TOHKOM MaATEpUM  MNPOCTPAHCTBEHHbIX
«rPaBUTALLMOHHBIX» CEeTeN, KOTOopble W ABNAKTCA MX CTPYKTYpoi. U mnx AeNCTBUTENIbHO MOMKHO
onpefennTb, Kak 4acToTbl KonebaHuin OT AeBATM A0 BOCEMHAALATM 3HAKOB NOC/Ae 3anATon M Aaxe
BblLLE.

Torpaa, ntobble NpocTpaHcTBa BO BcesleHHOM MOXKHO cYMTaTb HE3AMKHYTbIMM CUCTEMAMM B CBOE
BHewWwHel popme. To ecTb, BO/IHbI U3/TYYEHWNI BE3AECYLLMX PENUKTOBBIX KHYNEBbIX» BUXPEN HECYT B
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cebe OrpoMHyl0 NOTEHLMANbHYIO 3SHEPIrMi0 CAaMOro MPOCTPAHCTBA, NPU BO3OYKAEHUM KOTOPbIX
BbICTPAMBAOTCA AUMNOAN Pa3/IMYHON CTPYKTYPbl B 3aBMCUMMOCTW OT YCIOBWUIA cpedbl OKPYXKeHus.
fiBneHne noxoxe Ha poXKaeHue rpmba M3 MULLENMA UK NOAB/IEHME NMOMKOPHA U3 3epHa, B CTPYKType
KOTOPbIX BCE paBHO NPUCYTCTBYET UCXOAHAA CPpea, B KOTOPOM OHM Bbln Koraa-To cGopmMMpOoBaHbl, HO
BO B3aMMOZENCTBMU C BELLLECTBOM 06pa3ytoT yrKe HoBble GOpPMbI.

Mo cyTV 31eKmpomMazHUMHbIe 08 8Cex _Cekmpos u3ay4yeHul, co3aaBaemble UCTOYHUKAMMU
MaTepumM NPOCTPAHCTBA, NPOM3BOAAT OOWMIA «HOH KOMMYHUKALMN» pPa3HbiXx OO bEKTOB MaTepPUM, YTO
Mbl_U 80CIPUHUMAEM KAK 2pasumayuio ¢ nepemeHHbIM 80 8cex e€é 30HaX 3HaYeHUeM, KaK Igpdekm
83aumodelicmeus ¢ NoO0BUXCHLIMU Yacmuuamu seuwecmsd. BennunHa oTTankmMBaHuA, AeNCTBYOLLASA
M3BHE Ha KaXAbl TaKon O0OBEKT B NPOCTPaHCTBe, byAeT HaxoAMTbCAa B OTHOCUTE/IbHOM MapuTeTe C
BHYTPEHHMMM LEHTPOOEKHbIMU BUXPAMWU €ro AUMNOASA B CBOEM CTPEMIEHUN K 06pa3oBaHUIO popMbl
coepbl. KOHEYHO, KpOoMe MHbIX GOPM, KOTOPble HAaXOAATCA NOA, BAUAHMEM rPagMeHTa 3apaa0B U3BHE,
KOTOpble W OnNpeaenaArT UX CBOMCTBA. Toraa, MOXHO C YBEPEHHOCTbIO YTBEPXKAATb, YTO Hanbonee
6naronpuaTHble ycnosua (no aHanormm ¢ 3emnén) ana passutua buocdepbl Ha BCEX MAaHeTax
Haxo4ATCA MMEHHO B 3KBATOPMaNbHbIX 30Hax. Kak Hambonee akTMBHbIX 06/1acTAX KOHUEHTpPaLMn
3apagoB ana obpasoBaHMA M NOAAEP!KAHMA BUXPEBOrO 3/1EKTPUYECKOro NoaA 1 ycuneHums obuiero
MarHeTn3ama.

A KaK e bbITb C NPOCTPAHCTBAMM «YEPHbIX Ablp»? CyWecTBYeT M B HUX MaTepusa? BHe BCAKMX
COMHEHWI, eC/IM PACCMATPMBATDL 3TN 0OBEKTbI KAK HE3aMKHYTble MPOCTPAHCTBA, KOTOPble OAHO3HAYHO
B3aMMOAEMNCTBYIOT CO CPenoN OKpPYKeHMUA. B HMX ToXe NPUCYTCTBYIOT M 3/1eMeHTapHbIe YacTuubl, U
3NEeKTPOMArHUTHbIE MOJIA, U MHbIE Tena, C KOTOPbIMM OHM KOHTAKTUPYIOT. HO C 0A4HOM pasHuuen — Tam
NPOUCXOAAT ABNEHUA TONbKO pacnaaa. MpuTom B TaKMX YCNOBUAX, B KOTOPbIX MAaTepUA pasnaraeTca 4o
CaMbIX NMPOCTbIX 3/IEMEHTOB U 3/1eMEHTaPHbIX YacTul,. «4YEépHasa Ablpa» - 3TO CBOEro poAa yTuaM3atop
BO BceneHHoW («caHuTap neca») Ana M3BAEYEHUS UCTOYHUKOB YMUCTOM SHEPIUM U3 BCEro, YTO eCTb
BOKpyr. CoBepLUIEeHHO O4EBMAHO, YTO ObLLEee YMEHbLLEHME KOIMYECTBA TOHKOM MaTepmm NPOCTPaAHCTBA
CBA3aHO B NepBY o4epeab C BO3pacTaloLWMMKM NpoLLeccamm CUHTe3a BellecTBa Bo BceneHHon. To ecTb,
B Oyaywem eé nNOoTHOCTb, Aa*Ke MPU MHOTOYMUC/EHHbIX NpoLeccax pacnaga (KomneHcaummn) nmeer
TEHAEHUMIO K CHUMEHUIO, NYCTb U HEe3HaunTenbHomy. Ho NoCTOAHHaA AMHAaMMKa B3aMMOAOEenCTBUi
BMXpeBbIX 06pa3oBaHMii 06BLEKTOB BCE MaTepun, Kak Aunonen, coxpaHutcsa. bonee toro, apdpeKTbl
«OTTaJIKMBaAHMA» GopM BO3PaACTYT C yBesnYeHMeM ux o6bEmos. ObwmMiA Ke Bec BCelt maTepuun B
Ka*KAOM KOHKPETHOM NpOCTpaHCTBe BO BceneHHOM OCTaHeTcA MpeXHUMM, MOTOMY YTO MeXay WX
«ny3blpAMU» chep OHa He CMeLMBAETCA U He BUAOU3MEHAETCA APYr B Apyra. KOHeYHo, A0 Havana
NPOLEccoB CANAHMA (NOrNOLWEHNSA), €CAN 3TO NPOU30MNAET.

Ha ocHOBaHWKW Bcero nepeyvymc/ieHHOro MOXHO 3aK/H4UYUTb, YTO MIOTHOCTb TOHKOM MaTepuu,
KOTopasa BAMAET Ha B3aMMHOE «OTTa/IKUBaHME» TeN B NPOCTPaAHCTBE (KaK rpaBuTauma), He sBAseTcA
NMOCTOSIHHOM BEJINYMHOM, OHA M3MEHYMBA MO BAMAHMEM SIBEHMW CMHTE3a M pacnaga B Hel Ha
NPUHLMNAX 31EKTpUYecTBa U marHetnama. OgHaKo, BCe «4EPHbIe Ablpbl» MPOCTPAHCTBA HE CNOCOOHDI
3aXBaTUTb BCKO MATEPUIO OKPYKEHMA, NOTOMY YTO el NPoCcTo Herae byaeT cyuectBoBaTb (HAXo04UTbCA).
Bpsaa v npupoaa asonoummn ntobon cuctemMbl 3a10XKeHa M3HAYabHO Ha CaMOYHUYTOXKEHUE Yepes
«MKBUAALMIO» MPOCTPAHCTBA, KaK cpegbl 06MTaHMA. ITU CUCTeMbl HE CMOTYT BblIXKMBATb, OO He
CMOryT MyTUPOBaTb 1 Pa3BMBaTbCA — HeKyaa. Abcypaa Mpupoaa He TepnuT.

Torpga, «4épHble Ablpbl» - eCTb Hebosbwaa Aona obbéma matepum BceneHHoW, KoTopas
npu3BaHa BO3BpallaTb «MUCXOAHLIN» MaTepuan B MPOCTPAHCTBO ANA HOBbIX NpPEeBPALLEHUM, KaK
peunpKkynatTop. Koraa 4to-to no KakKMM-To NPUYMHAM NOANENKNUT NepepaboTke.

B Takom cnyyae, BO3MOXKHa /I camMa MbIC/Ib O TOM, YTO Mbl POXKAEHbI B €4AMHOM, OFPOMHOM
OKeaHe 3HepPrum Pas/INYHbIX B3aMMOLEMNCTBYIOWMX NOMEN, KaK MPOAYKT 3TON 3HEpPruu, ux Buxpen,
yOAuBUTENbHBIM 06pa3omM cnocobHbIx 06beaANHATLCA, YCUANBATLCA M CO34aBaTb GOPMbl HEMbICIMMO
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APXMTEKTYpPbI? POBHO, Kak W paspyllaTbCa, pasfarascb A0 CaMbIX OCHOB eAVHWYHbIX COBCTBEHHbIX
CTPYKTYpP? W, pacTBoOpATbCS BO BHELWIHMX MOASX MPOCTPAHCTBA C €AMHCTBEHHOM Lefblo — BHOBb
BO3POAMNTLCA, KaK BOCTpeboBaHHbIM OObEKTOM cpeabl, N0 MAaMATU CaMOM MaTepPUU OKPYKEHWUS Ha
NPUHLMNAX 3NEKTPMYECTBa U MarHeTMama? Motomy, ntobomy AencTBUIO B NPOCTpaHCTBe BceneHHoM
BCerga Hamaérca npoTUBOAEWNCTBME, KaK, HANpuMMep, 3/NEKTPUYECKON BOJIHE — MarHUMTHaA
(nonepeyHasn), KOTopaa «NPUTOPMAXKMBAET» MIHOBEHHbIN X0, Pa3BUTMA COBbITUIA.

BeposATHO, C€amoAOCTAaTOYHOCTb eauMHOM BUMOPOCUCTEMBI OKPYXKEHMA, OXBaTbiBalOWAna U
COOGCTBEHHbIE CTPYKTYpbl €€ COCTaBAAlOWME, KaK MTOT MHOTOMWAIMAPAHOM LMBUAM3ALUN BCEN
BceneHHOM Ha JAaHHOM 3Tane CTAHOB/IEHMA, ABAAETCA rapaHTOM eé AanbHenwero pa3sutma. Korga
BCAKOE «CXKaTue» yepeayeTtca Hem3beKHbIM «pacluMpPeHMEMY, KaXKa0e YCKOPEeHME — TOPMOXKEHMEM,
Karkaoe poXAeHMe — CMepTbio, KaK U KarKAbli CMHTE3 — pacnagom. M Tak MOXKHO NpoAoKaTb A0
6eCKOHEeYHOCTN OT TOHKOW MaTepPUM U A0 CaMbIX TPOMAAHbIX KOCMUYECKMX 06bEKTOB, MPONCXOAALLUX
UMKIMYHO, C Pa3HOM 4YacTOTOM W NEepUOAMYHOCTBIO CBOMX CMNEKTPOB M3NYYEHUN, KaK MHOXKecCTBa
Bubpocuctem, fIBNEHUM M NPOLECCOB B MPOCTPAHCTBE WX CylLeCTBOBaHMA. PasBe BCE 3TO He
HanomMMHaeT O6WMIA  XKMBOM OPraHM3M C  MNPUCYLLUMM  BCEMY  KUBOMY»  CUCTEMAMMU
un3HeobecneyeHnA? PasBe He No «obpasy M nNosobUO» BCEro Cyuiero co3aaHbl U BbICTPOEHbI BCe
BMBpoOCMCTEMbI  AMNO/bHLIX 0b6pasoBaHMn? Muaanapgamm netr npob, ownbok u myTauumn.
TpaHCAMPOBAHMEM YCMELWHbIX, U3HECTOMKUX pelleHUA U YHUUTOXKeHMeM (nepeBonsoleHuem)
Heyaa4HbIX.

Al yBepeH, 4TO, €CAM B HE3aMKHYTOM CUCTEMEe MPOCTPAHCTBA 3anyCcTUTb MpPOLEcChI
B3aMMOAEMNCTBMIA 3aMKHYTbIX CTPYKTYP, TO OHM PaHO MAM NO3AHO, Yepe3 onpeaenéHHoe Bpems B
3aBMCMMOCTM OT YC/IOBMW Cpeabl OKPY)KEeHUA, CO34aZAyT MHOXKeCTBEHHble M pPa3sHoobpasHbie
ANNONbHbIE CTPYKTYPbl COBEPLUEHHO HEM3BECTHOM apXMTEKTYpbl. KOTOpble OKaXKyTcA, K yAUBAEHUIO,
BMNO/IHE NPUCNOCOBNEHHBIMU U KU3HECNOCOOHbIMM B CBOENM cpese OKpy)KeHus. TOYHO TaK, Kak B
npupoae o6pasytoTcA PacTeHUA U KMUBOTHbIE SHAEMUKN, KaK BO3HUKAIOT COBEPLUEHHO HEU3BECTHbIE
KPUCTaNNbl U COEANHEHUA BELLECTBA HEMbICIMMbIX M, Ka3aiocb b6bl, HEBO3MOXHbIX KOMBUHauu. Ho
3TO TaK U ecTb. N B uccnegoBaHMAX HYXKHO MCXOAUTb U3 BO3MOXKHOCTU CO34aHMA CAMOro HEBEPOSATHOIO
COYETaHMA TOro UM MHOTO COAEP KAHUA.

Toraa, ecnuy Bcero B NPOCTPAHCTBE CYLLECTBYET LLEHTP, BOKPYr KOTOPOro NPOUCXOAAT BUXPU €ro
CTPYKTYPHbIX COCTaBAAIOLWMX, HAaNpUMep, B MNJaHETapHOM cucTeme, rasfiakTMke, aTtome, TO novyemy
HUKaK He onpenenéH ueHTp BceneHHoM? KoTopaa, ucxoga u3 BCeX MCCNenoBaHWM, COCTOUT U3
OrPOMHOrO KO/MYECTBA pPa3/IMYHbIX BEAWYMH NPOCTPAHCTB, KOTOPble PACMOJ/IOXKEHbI B CaMbIX
HEBOOOPA3UMBbIX COMPAMKEHUAX: KaK OAHW B APYrUX WAW PALOM, WU ONATb BHYTPM Caeadylowmx
NPOCTPAHCTB - «MNy3blPen» CoOBEPLIEHHO Pa3HbIX popMm, cocTaBa M pasmepoB. Koraga Bce OHM HaxoaaTcA
BO B3aMMOAENCTBMAX APYT C APYrOM B Cpele OKPYKEHMA YIKe APYroro NPpOoCTPaHCTBA, COBEPLLUEHHO He
CMELUMBAACH M HE COeanHAACL BMecTe. [laxke, ec/iv Kakne-To «chepbl» CAMBAKOTCA, TO C 0683aTeNbHbIM
obpa3oBaHMeEM HOBOro MPOCTPAHCTBA, €C/IM MO Pa3HbIM NPUYMHAM OA4HO noraouwaet gpyroe. U Becb
3TOT «300MapK» BMNoaHe cebe CylecTByeT B e4MHON BceneHHoM, LeHTP KOTOPOM HaM He pasrnageTb
3@ cocegHMMM npocTpaHctBamu. Ho, B nwbom cnyyae, BCE BOKPYr HEro Haxogutca B
«MHOroCTyneH4yaTom» (NNaHeTapHOM) BpaLLEHWM, KOrAa OAHO KPYMKWUTCA BOKPYr ApYyroro M Tak
MHOYECTBO pas, YTO TOYHO rapaHTUpPYeT B3aMMO3aBUCUMOCTb U B3aMMOAENCTBUE «BCEFO CO BCEMMY.
3HaunT M 3TO, YTO AN BceneHHOM NPOCTPAHCTBA ABAAIOTCA TAKMMM Ke 3aMKHYTbIMU CTPYKTypamm
BHYTPM COBCTBEHHOM GOPMbI aPXMTEKTYPbI, KaK, HAaNPUMEP, 3/IEMEHTapHble YacTULbl BHYTPU aTOMa, a
aTOMbl — BHYTPM MONEKYn U T. 4.7 Toraa, Kakosa e popma camoint BceneHHOM, KaK pacKpbITOM
CUCTEMbI YXKe ANA B3aMMOAEWUCTBUA C APYIMMMU, BEPOATHO, NOAOOHbIMM MUpPaMM? M Ha CKONbKO
NopsAAKOB «BAANb» NOA06HbIE MOCTPOEHUA B PeasibHOCTU BO3MOXKHbI?
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BHE COMHEHMI KOMNYECTBEHHbIN POCT B CTOPOHY MaKpPOMMpPa TaKKe Be/INK, KaK U B CTOPOHY
MUKpomupa. MNMpupoaa GECKOHEYHO TPAHCAMPYET CBOW YAauHble 3KCNEPUMEHTbl MyTauuMi Ha BCE
BOKPYF M 3TO OQET HAaM WMHCTPYMEHTbl K MOHUMAHUIO ABAEHUIA BHYTPM M BOBHE HacC, MOPOMN TaK
HeobxogMmble AN COXpaHeHUs umsmamnsaumm. O4HaKo, Henb3a NOCTOAHHO NPUMEHATb OAHU U Te XKe
WwabnoHbl Ha BCe, Kasanocb Obl, aHAa/NOrM4YHble KOHCTPYKUMW. ITO TaK He paboTtaeT. lNosaTomy,
BceneHHble MHbIX NOPAAKOB M C MHbIMU CKOPOCTAMMU, HECOMHEHHO Apyrue. Moyemy 6bl UM He 6bITb,
Hanpumep, NOXOXMMK Ha «HUTK AHK» co cnupanamu BpaweHuna mam Hanogobue neHt Mébuyca c
6eCcKOHEeYHbIM MOTOKOM MPOCTPAHCTB BHYTPU cebsa? BCé 3To cellyac He TaK BaXKHO - 3HaTb Hanepéa
Aanékoe byayuiee. A LeHHbIMM 3HAaHMA CTAHYT TOr4a, Korga Ham BbINAAeT UX UCNONb30BaTb, M3MEHASA
CUTYaLMIO BOKPYT M BHYTPW HAC, NPOABUIAnaCb K HeM3BeAaHHOMY Aanblie n ganblie. [To3HaHue mupa
yepes cpaBHEHWe, MOHUMaHKE, KyAbTypy, oblieHne — 6e3 BCAKUX 0OBMHEHMIN B «HEMPABUABHOCTUY
LaroB B TOM AW MHOM HanpasaeHun. NMoeepbTe, Yem boabuie bydem mHeHuUl no abol npobaeme,
mem 8bluie 8epPOAMHOCMb €€ BEPHO20 peweHUA. NI 3TO eCTb HeoCnopMmasa UCTMHA, BO BCEM.

Mbl ¢ BaMM 4aCTO CMOTPUM Ha 3BE3Abl. [TpeacTaBbTe 3Be34y B HECKOIbKO KU/IOMETPOB, KOTOpan
BPALLAETCA CO CKOPOCTbIO B HECKOJIbKO cOTeH 060poToB B CeKyHAy. MogobHbI BUXPb HACTO/bKO
YNJOTHAET eé BHYTPEHHIOK CTPYKTYPY 3apAL0B, YTO BCE, YTO MOMNagaeT B 30HY €ro BAMAHMA TYT Ke
3aXBaTbIBAETCA M MpeBpaLlaeTca B HEMTPOHbl. Kak MOKasbiBalOT pasnnyHble HabnpeHuA, «macca
TAaKUX «KAPJIMKOB» MOMeT AOCTUraTb HeCKOAbKMX macc ConHua». [ge NAOTHOCTb MaTepuu
YAEPHKNBAETCA HE TO/IbKO BUXPEBbLIM MOJEM, HO U NPOTUBOAENCTBMEM U3BHE NPOCTPAHCTBA €4NHOr0
MarHMTHOrO NoANA TOHKOM MaTepuun. B pesynbTaTe B KOCMOCE BO3HMKAIOT CaMble MOLLHbIE MAarHUTHbIE
ANNOANU C NONIAMM, NPEBbIWAOWMMU B MUIIMOH Pa3 3HAa4YE€HMA MArHUTHbIX Nosiel 06blYHbIX 3B€34. To
€CTb, NOA06HbIN «KAPIMK» NMPEBPALLAETCA B MOLUHbIM MarHUT, pa3pbiBbl (HAPYLLUEHUS) CUNOBbIX IMHWUIM
KOTOPOro M3/1ly4atoT 3HAYUTEIbHbIE UMMNYNbCbl PAAMOBO/H U FaMMa-4acTumL,. B nofo06HbIX HEMTPOHHbIX
3BE€34aX, KaK U B AApPax aTOMOB BELLECTBA, MPOUCXOAAT O4HU U Te Ke B3aMMOAENCTBMA BUXPEBbIX
nosen anemMeHTapHbIX YacTUL, KOTOpble MO3BOAAKT COXPAHATb CTabuabHOM camy dopmy obuiero
aunona obbekKra.

BnonHe BepOATHO, YTO «YEpPHbLIE ObIPbl» 8 MOMEHM C80€20 repeHacblujeHus mamepuel
npespauiaromcsa 8 passau4Hble  8udbl _ Ny/a6Capos, u3sepaarujue  pa3Ho20  0uanasoHd
3/1eKMPOMA2HUMHbIE U3/ay4YeHUs 31eMeHmapHeix Yacmuy (cm. Puc. 39). 3To 1 ecTb OANH U3 NyTew
NoABAEHMA NyNbCapOB BO BceneHHOM, a He TONbKO B pe3y/ibTaTe B3PbIBOB CBEPXHOBbIX 3BE3S,

MoXHO nu yTBEp)KAaTb, YTO Hawa BceneHHada, Kak M MHOTME KOCMW4YECKMEe MPOCTPAHCTBA,

cnocobHa QYHKUMOHMPOBATb C NEPUOAMYECKMMM YACTUYHBIMU MM MOJHBIMKU «nepe3arpyskamm»
pe3ynbTaToB, AOCTUIHYTbIX 3BOJIOUMEN ANA ONTUMM3ALLMN COOCTBEHHOIO COCTOAHUA B3aMMOAENCTBUA
COCTaB/AOIWNX €€ BHYTPEHHUX CTPYKTyp? BepoATHO, Tak OHO M ecTb. [lOCTaTOYHO BCMOMHUTb
CaMOOYMLLEHMNE PA3/IUYHBIX BUONOTMYECKMX CUCTEM BOLOEMOB, KOTOPbIE BblIM KOrAa-TO 3arpA3HeHbI
4eN0BEKOM WMAWN BHeWHUM Bo3gencTenem. Korga Taira, TyHApa, NYCTbIHA M T. 4. OTBOEBbIBAIOT C
rofamu Halle NPOCTPaHCTBO, BO3BPALLAA TEPPUTOPUMN B UCXOAHOE AMKOE COCTOSHME.

KoHeu4Ho, ecnun roBopuTb O rPaBUTALLMOHHOM MOJIE, KaK O KNPOCTPAHCTBEHHOM» CETU EANHUYHbIX
«HYNEBbIX» BUXPEN, KaK €€ CTPYKType, TO HaZ0 NPUHATb U OTCYTCTBUE Y TAKOTO NOAA He TO/IbKO Beca,
TaK Kak «HblOTOHUI» U eCcTb nep8opodHasa mamepua camol cpedsl, HO U abconmHoe UCKaYeHue
KuHemuy4eckoli sHepeuu 83aumodelicmeuli usHympu cucmemsi. Kak «nepBo3gaHHOM» NPOCTPAHCTBE
[10 Hayana MOMEHTa BO34ENCTBMA U3BHE APYrMM «MNy3bIpEM» NPOCTPAHCTBA, BCNEeACTBUE YEro, eamnHasn
9HEepPruna 13 NOTEHLMANbHON NEPEXoamnT B KUHETUYECKYIO, KaK U B 11060M KosiebaTelbHOM KOHTYpE.

To ecTb, 3aKOH COXpPaHEHUA 3HepruM B OTAENbHO B3ATOM 3aMKHYTOM CUCTEME MOXKeT
onpeaenATbCA NOCTOAHHOW BE/IMYMHON, HO MOMKET U U3MEHATbCA, NMPWU YCNoBUWM BO3BYyKAEHMA
aKTMBHOCTU MArHWUTHbIX NOJIE MATEPUN CaMOM CUCTEMbI U3BHE, KaK MOJIei, KOTOpble Mbl NMPUBBIKAN
0603Ha4yaTb «rpaBuUTaLMOHHbIMWY. Torga, «none TArOTEHMA» eCTb He 4YTO WHOe, KaK 3Hepaus
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MQa2HUMHbIX _noael _npocmpaHcmea U _MOMEHMA 08UMCEeHUS, Mpucyue2o 2padueHmy 3apsa0o08
OKpyx#eHus. NHauye, «anekTpuyectso» obnagaer onpenenéHHbIM BECOM, KaK ABUXKEHWE 3apAn0B B
NPOCTPaHCTBE (BUXPb, NOTOK). KakK, Hanpumep, aNeKTPOMarHMTHoe BO3AencTBne ceeTa. A MarHeTnusm
— NMWEH ero, Kak cneacteme (3ddeKT) B3aMMoaeNCcTBMA HOCUTENEM SINEKTPUYECKON SHEPrnn (BOJH,
nonemn). Kak KMHeTMYECKaa U NOTEHUMANbHAA 3HEepPrMM COOTBETCTBEHHO. HO marHeTuMam crnocobeH
BO36YyAUTb HEOTHEM/IEMYHO YaCTb BMAOBOrO MOAA 3/IEKTPOMArHUTHOW BOJIHbI — €r0 3N1eKTPUYecTBO.
Ceoeli uHgpopmauyueli, 3anoxeHHOM B HEM. KaK moaynaumsa KonebaHWit ero BpallaloLllerocs
(BuxpeBoro) marHutHoro nons. Koeda oHa obpawiaemcs 8 3HeP2U 3AeKMpPUYEcKyro (KUHETUYECKYID).

B Takom cny4yae, YTO Ke 3HAUMT B PeanbHOCTM B3aMMHOE OTTAJIKMBAHWUE, Hanpumep, 3emaun ot
BHELLHMX 0OBEKTOB, KOTOPOE Mbl BOCIPUHMMAEM KK1aCCUUYECKNY, KaK rPaBMTaLMOHHOE BO3aeicTBme?

BHe comHeHWI, 3TO ecTb 83aumoldelicmeue 8uxpesbiX 3aAeKMpPuYecKux roael OunosnbHbIX
gubpocucmem, TaKNX ¥e, Kak U Bce NNaHeTbl. B pe3ysbmame Komopoz2o 0bpazyemca Ma2HUmMHoe nose
C BbICTPAMBaHMEM CUIOBbIX IMHMI OT NOAOCOB 0bLLero gMnona. A, 3Ha4MT, Ha4o NOMHUTb, YTO Ntoban
dbopma CTPYKTypbl B egMHON apxuTekType obuwei Bubpocuctembl (BHe BO3OyKaeHuA), ABnaeTcA
3aMKHYTOWM A/19 BHELLHETrO OKPYXeHua (cpeabl BOBHE), HO OTKPbITON CUCTEMOM A5 CPEAbl BHYTPEHHEN.
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MexaHu3mel 3anycka AeneHull HesecomMocmu 8rosiHe UGeHMUYHbI
npoyeccam, npoucxooauwum npu  mMepmMosalepHbIX  peakyusax  uau
83QUMONPEBPAUEHUSX 8ewecmsa 6 3/1eKMmPOMA2HUMHbLIX M0AAX Cpeobl
OKPYHEHUS.

HEBECOMOCTb U TPAHCMYTALUU BELLLECTBA.

CoBeplIEeHHO O04YEBUAHO, YTO /NIEBUTUPOBATb MOXHO BO3AENCTBYA HAa /tobble Tena (uaw,
Hanpumep, 3em/0) 3/IeKTPOMArHUTHbIMU WUAN 3BYKOBbIMM W3/YYEHUAMU aHaANOTMUYHOrO CreKTpa
KonebaHWi UX BOJIH, KakK Ha oTAeNbHble BUBpocuctembl. KomneHcnpya TakMum o6pa3om CHUMNKEHUE
WMHTEHCUBHOCTM NOJIEN U3BHE B NPOCTPAHCTBE MEXAY ABYMA B3aMMOAENCTBYOLWMMM Tenamu (cm. Puc.
1), Kak pe3ynbTaT Pe30HAHCHOro «OTK/AWKa» BUBPOCTPYKTYpP TOW WAW WMHOK cucTembl. Ecaum
paccmaTpuBaTb NPOLLECCHI C TOYKM 3PEHUA KacCMYECKOW HayKu. BcneacTeue yero, BAMAHUE cpeabl B
3TOM 30HE CTAHOBMTCA TAKUM e, KaK U Be3Ze BOKPYr HUX UM OaXKe Bbllle, UM CTPEMUTCA K 3TOMY.
YTo Tak UM MHAYe BbIPaBHMBAET COCTOSAHUE NMPOCTPAHCTBA OKPYHKEHUS A0 COObITUI €€ BO3OYKAeHMS
3TUMM ABYMA 0ObEKTAMM ABUKEHUSA B KOHKPETHOM c/lydae. M NpMBOAUT K KHEBECOMOCTMY, YKe KaK
OTTa/IKUBAHMIO B3aMMOAENCTBYIOLMX TEN APYT OT ApPYra.

Puc. 1 BoipaBHMBaHMeE BANAHUA Ccpeabl. Puc. 2 PacnpegeneHue CTPyKTyp BeLLeCTBa.

3HaunUT N 3TO, YTO NepemelleHne Ntboro Tena B NPOCTPAHCTBE U B3aMMHOE rPaBUTALMOHHOE
Bo3aenctene ¢Gopm OOBEKTOB (B MX 0OLWEM MOHMMAHWUKM) UMEKOT OAHU U Te e MHCTPYMEHTbI
AVHAMUKU Pa3BUTUS COObITUIA?

BmecTe ¢ Tem, 4em 61MKe K 3eMHOM NOBEPXHOCTU, TEM MJIOTHOCTb TOHKOM MaTepuun HUKe (B
KOCMOCe BbllLE), MOTOMY YTO M3 Heé 06pa3oBaHbl YacCTMLbl U Fasbl BELWECTB, NIOTHOCTb CTPYKTYPbI
KOTOPbIX CyLLECTBEHHO HMKe «HbloToHneB» U «KopoHMeB» (CTpOEeHME KOTOPbIX PAaCCMOTPEHO paHee B
rnase «Teopus eguMHOro CTPOEHUA maTepumn»). M KoTopble, cnegoBaTesibHO, 34ech 0bpasytoT 6onee
«PbIX/Ible» NPOCTPAHCTBEHHbIE GOopMbl. Torga M MoLLb NMOTEHLUMANbHON 3HEPTMU B HUX HUXKe. Ho
AaBNeHNe, OKa3blBaeMOe U3BHE NPOCTPAHCTBA B CBOEN CpeHEN COCTaBAAIOLLEN, BCE e HEU3MEHHO.

B Takom cnyyae, npunaras ogHoO M TO Xe ycunue Ha chepy, Hanpumep, 3emnu B eé cTpaTocdepe
Ny 3eMHOI NOBEPXHOCTU B €€ aTMocdepe, NONYyYUM Pas3NNYHOE PaamnaibHOEe CMeLLLeHNE C0EB ra3os.
HaBepxy — Hecyw,ecTBeHHOe, a BHM3y — 3HauuTenbHoe. To eCTb, «MyCTOTbI» Mexay dopmammu
(cTpyKTypamm) BewLecTB «MPOCTPAHCTBEHHOM» CETU, KOTOPbIE, KaK M3BECTHO, YeM BaInKe K 3emne, Tem
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He To/NIbKo 6osiee pasHOO6pPa3HbI, HO U KPyMNHee, CO34A0T YC/I0BUA ANA 0O6pa3oBaHUA CBOEro posa
«MeXPOPMEHHbIX»  MpomeXKyTKoB. KoTopble coaBAMBalOTCA A0  BblpaBHMBAHUA  BE/IMYMH
B3aMMOLEMNCTBMA M3BHE M U3HYTPU CTPYKTyp. MIHaye roBops, BO3HWKAET «HENNOTHOEe» COCTOfHWe
atTmocdepbl B HenocpeacTBeHHOM 6/AM30CTM OT 3eM/IM B CPABHEHUM C  «MENKO3epPHUCTON»
cTpatocdepoil.

MHbIMK cnoBamu, BUXpW noner Gopm 3n1eMeHTapHbIX YacTul, Hanpumep, B ctpatocdepe, B
OCHOBHOM pacno/iaratoTca pasaebHO — OTTa/IKMBALOTCA. B TO Bpems, KaK BbICTpaMBaemMble MU BUXPU
dopm 60siee CNOXKHbIX CTPYKTYP — 0ObeANHAKTCA, UK YNAOTHSIOTCA B CBOEN cpeae obpasoBaHus.
Hanpumep, yem 6onblle HYK/JIOHOB B fApaX, TEM MX MJOTHOCTb Bbiwe. CnegoBaTenbHO, MeHee
YNNOTHEHHOIO NPOCTPAHCTBA MEXAY TaKUMU CTPYKTYpamm (a MMEHHO, KaK B cTpaTocdepe) y 3eMHOM
NOBEPXHOCTU CTAaHOBUTCA MeHblue. Korga passiMyHble KpynHble GOpMbl OCTaBAAKOT MeXay cobol
cBobogHble 30HbI BCE bGonblwero ob6béma, KOTOpble 3anonHAKTCA ApyrMmun obbekTamu, bBonee
Menknumu (cm. Puc. 2).

3HaYNT, HEKOE KONMYECTBO NOTEHLMA/bHOM 3HEeprum «crpatocdepbl» NOCTOAHHO NEPEXOANT B
KMHETUYECKYI0 3Hepruto «atmocdepbl», rae MNJAOTHOCTb 06pasylollerocs BeLWLecTBa Yy 3eMHOM
NMOBEPXHOCTU BCEraa CTPEMMUTCA K POCTy. B TOmM uucne, 3TO BMAHO MO COCTOSIHUIO BELLECTBA:
rasoobpasHoe - xugkoe — TBEpaoe. COOTBETCTBEHHO, MOHO CHU3UTb BAUAHWE BO3AEWNCTBUA
NMPOCTPAHCTBA M3BHE KOCMOCA Ha OTAe/bHOe TeNno, Haxogslleecs Ha 3emne. Paspylas Hag ero
dopmoit (B BEpXHUX croax aTMocdepsbl), CTPYKTYpbl MaTepun cpedbl A0 6onee anemeHTapHbIX Ux
COCTOAHMN. Hanpumep, BO3AENCTBYA 3NEKTPOMArHUTHbIMU U3NYYEHUSMM (NONAMKM) MAKU 3BYKaMM
paAnanbHO BBEPX OT 3eM/IX B Hanpas/ieHMn nonéta (nesutaummn nnaTtdopmbl), OTKYAaA B pesynbTaTe
AaBneHne Ha 06beKT byaeT cTaHOBUTLCA MeHbLe (cm. Puc. 3).

Puc. 3 CHu»KeHne BO3AeNCTBMA U3BHE KOocmoca. Puc. 4 [1a 06beKTa B cpesie OKPYKEHUA.

B TO »Ke BpemA Ha rpaHuLe pa3aena cpes ntoboi COBOKYNHOCTM BELLECTB, KaK NPU NPesIOMIEHNN
cBeTa (BCAKOM 3/1€KTPOMArHUTHOM BOJIHbI MW 3BYKa), BO3HMKAET Ta UAWU nHasa dopma casura ¢asbl
KonebaHun egmHon BMBPOCTPYKTYpbI, BNAOTb A0 180°. Toraa B 3TOM 30He BbICBOHOXKAAETCA YaCTb
sHeprun. Ctano bbiTb, B TAKOM Tesile BO3HWKAET rPaAMeHT YacToT, 3a KOTOPbIM CMOA3aeT (ABUKeTCS)
«NPOCTPAHCTBEHHAA» CETb aTOMOB BellecTBa 3Toil obuwen Gopmbl BO BHELWHEM MArHUTHOM none
NpocTpaHCcTBa. TOTYaC NPOUCXOAMUT CBOEro poaa deopmayus noas cpedbl OKPYHEeHUS, KaK nosas
uHmMepgepeHyuu 80aH PA3/IU4HbLIX YACMOM, 8 MOM Yucse U Nosa Ma2HUmMHo20. B pesynbtate yero

266



npu nobbiIXx B3aMmoaeincTBusax Bubpocuctem mexkay coboit B nobbIX ycnoBuaAx cpedbl Bcerga
BO3HMKaeT 3QPEKT «rpaBUTaLUNY» MEXKAY BCEMU OOBEKTAMMU OKPYIKEHUS.

Hafo NOMHUTb, YTO U CUHTE3, N pacnag — 3TO pe3yabTaTbl BAUAHUA NONEN SNEKTPOMArHeTM3Ma,
MX MarHUTHbIX BUXPEel B pasHbIX YCNOBUAX cpeabl. BCé 3aBUCUT OT MHTEHCUMBHOCTM BUXPS M 06BEMA
camon ¢dopmbl o6bekTa. Kak Tena B IOKanbHOM None NPOCTPaHCTBA, KOTOpoe obpasyeT rpagueHT
3apAfoB (4acToT), KOTOPbIM CO BCEX CTOPOH PAaBHOMEPHO B3aMMOAEMNCTBYET C MaTepuen U3BHe, U
061beKT Kak bbl «3aBucaeT». Ho poBHO A0 Tex Nop, NOKa He NOABUTCA APYroe Teno, KOTOpoe HapyLiaeT
3TOT 6aN1aHC M HAYMHAET B3aMMOAENCTBOBATb C MePBbIM 06BEKTOM M cpeaoi (cm. Puc. 4).

Yto Obl KTO HM rOBOPW/, HO Pa3HOCTb MOTEHLMANOB MEXKAY CPeaon BHYTPEHHEN U cpeaoi
BHewWHen ntoboit dopmbl B MPOCTPAHCTBE OKPYHKEHUS - eCMb AKKYMYAUPYUWAS CmMpyKkmypa eduHol
gubpocucmemeol. [na COXpPAHEHUA 3SHEPrum e€ 3SNeKTPOMArHUTHOro MosA B €ero AuHaMuKe
B3aMMOAENCTBMI, KOTOpble HenpemeHHO 06pas3yloT HenpepbiBHbIM MOTOK BUXpei. Koraa BcaKas
dopma BewecTBa — e€CTb BUAMMOE OTOOparkeHue B3aMMOAENCTBUA €€ CTPYKTYPHbIX AUNONEN, UX
MarHeTU3Ma M 31eKTPUYecTBa B MaTepum okpyeHuA. Kotopble nnbo ycunmeatot, aimbo ocnabnsawT
APYT Apyra, Kak NPOTMBOMO/IOXHbIE NPOLLECCbl CMHTE3a UK pacnaga.

CnepyeT yTOYHWUTb, YTO UMEHHO MMNY/bCHble Pa3pAAbl UCTOYHUKOB 3/1€KTPOMArHUTHbIX BOJIH
I06Oro cneKkTpa 4acToT AEeNCTBYIOT ropa3ao 3¢deKTUBHEE B MPOLIECCAX «HAKAYKU» IHEPTUEN KaKuX
yrogHo ¢opm Bubpocuctem. Korga oHM € ropa3go 6onbluvm pesynbTaToM NPUMBOAAT K POCTY
NPOLECcCOoB KaTaan3a Kak CUHTe3a, TaK M pacnaga He TO/IbKO aTOMOB, HO 1 AAep BellecTsa.

CoBepLUeHHO o4eBMAHO, YTO NPU NOAOOHbIX «boMbapaMpPOoBKax» (BO3AENCTBMAX) MMMYAbCaMU
Pa3NMYHbIX CNeKTpoB o0bayvyeHua (noboro BewecTsa) Apyrnx (MHOPOAHbLIX) mMaTepuanos (MAn mx
CMecelt), He3aBUMCMMO OT MX arperaTHbIX COCTOAHWM, B 06A3aTeNbHOM MNOpAAKEe NPOUCXOAAT
N3MEHEHMA B UX CTPYKTYpPax HE TONIbKO B3aMMOAENCTBYHOLLMX 31€MEHTAPHbIX YacTUL, HO M aTomax. C
HenpemeHHbIM 0bpa3oBaHMeM ApYyrnx (HOBbIX) BELLECTB W C BblAENEHUEM OFPOMHOI0 KOAMYecTBa
(bonbliero, 4em NOTPAYEHO) SHEPTUM BOBHE NMPOCTPAHCTBA. TakoBbl HEN3BEKHbIe ABNEHUA, B KAKOM-
TO CTENEeHU NYCKOBbIE MEXaHM3Mbl, CBA3aHHbIE C Pa3pyLIEHNEM CUIOBbIX IMHUN MAarHUTHbIX NOEeN UX
aunonen. 3To M ecTb, NO CBOEWN CYTW, JIOKAJibHble TEPMOSAEPHbIE pPeakuuu, Kak onepaunmn umx

XonoAHoro pacnaga (Mnm cuHtesa).

3HauUMT, MOMKHO YBEPEHHO T[OBOPWUTb M O npoueccax TPaHCMyTaUuW Aaep TAKENbIX
(HecTabunbHbIX) M30TOMNOB B CTabUNbHbIE TAXE/bIE 3N1eMeHTbl BellecTsa. MogobHble npespalleHns
MMEIT MECTO, HanpuMep, B XMBbIX KNETOUHbIX CTPYKTYpax PacTEHWUIA U }MUBOTHbIX N0/, BO3AENCTBUEM
YCNOBUIA BHelLHel cpeapl. Kak «peHoMeH» X0N0AHOro B1oaormyeckoro Tepmossa.

B pe3ysnbtaTe, MOXHO Hab0AaTh peakumn He TOIbKO NPEeBPaLLEHMA KTAKENbIX» CTabuUAbHbIX
HepaaMOaKTMBHbIX M30TOMOB B «NErKMe», HO 1 obpaTHble npouecchl. Kak, Hanpumep, Mg 24+ 0 6= Ca
OpamNa 23+ 0 =K3uT. a. Unm npespalieHns ogHUX M30TONOB 3/IEMEHTOB BELLECTB B pyrue, Kak,
Hanpumep, nepesog, yrnepoaa C ¥ 8 yrnepog, C 2 unu mapraHua Mg >4 - 8 usoton xenesa Fe >, U Bcé
3TO BO3MOKHO, KaK OKa3asioCb, NPY y4acTumM B TOM umcie baktepuid (BNosHe BEPOATHO 1 BUPYCOB). YTo
MOXeT 6bITb CBA3aHO C CUTyaUMAMW, KOTAa B CPEAE OKPYNKEeHWUA MPOMUCXOAAT U3MEHeHUs,
COMPSAMKEHHbIE C OTCYTCTBMEM HEOBXOAMMbIX MUKPO3/IEMEHTOB BELWEeCTB A/ MNONHOLLEHHOro
GYHKLMOHUPOBAHNA OPraHM3MOB UM PACTEHUI (UX KNETOK).

3HaumnT, Ha 6a3e NPUHLMUMMANLHOW CXeMbl KOHCTPYKLMW PeaKkTopa X0N0AHOro TepMOAAEPHOro
CMHTEe3a, paCCMOTPEHHOMN HaMu paHee B rnase «CTPYKTypa MarHUTHOro noasa» (cm. Puc. 5), BO3MOXHO
CO3/aHMe NPOMbILLIEHHON YCTaHOBKM NPeobpa3oBaHmNA OAHUX XMMUUYECKUX 31eMEHTOB (coeanHeHuni
WAM M30TOMOB), Kak 3apadoB, B Apyrne snemeHTbl (M30Tonbl) Beuwiectsa. MMpUTOM «nog 3aKas»,
CO34aBas M3HayafibHble YCNOBMA MPOTEKaHWA npouecca A/1A 0bpeTeHUs KOHKPETHOro pesynbraTa
(Bewectsa nam conei). M ana 3Toro HET HUKAKON HEOBXOAMMOCTU B MPUMEHEHUMN UM MONYHEHUN
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HecTabuAbHbIX PAANON30TONOB TAXKENbIX 3/1eMeHTOB. Korga Ucxo4HbiM MaTepUanom MOryT CAYKUTb
Ntobble pacTBOpPbI, rasbl, AaXKe B3BECU B BUAE 3apAXKEHHbIX YacTuL, (3apaaos).

CnepoBaTtenbHO, BMOMHE JIOTMYHO YTBEPXAATb, YTO Ha CKOPOCTb pacnaga pPagMOaKTUBHbIX
3/1EMEHTOB, KaK W Ha UX CUHTE3, BNOJIHE MOXKET BAUATL M BUoorMyeckoe nose *uebix Gopm B BUAE
TAaKOro HEOTLEM/IEMOTIO COCTaBAAIOLWLEr0, Kak MarHUTHoe none. Hanpumep, ntoboro «Habawoaatensa»
TOrO MM MHOTO ABNEHUSA, KOrAa OHO AB/IAETCA YaCTblo CTPYKTYPbl AUNOAA CAaMOMi BUBPOCUCTEMbBI €ro
opraHusma. Kotopasa cnocobHa okasbiBaTb 3QGEKT KaK B CTOPOHY CHMXEHWA, TaK U B CTOPOHY
BEPOATHOrO YBE/IMYEHUSA aKTUBHOCTU NPOTEKAIOLLMX NPOLLECCOB.

Puc. 5 PeakTop X0N04HOMo TePMOSAEPHOIO CUHTE3a A5 TPAHCMYTaLMI BeLw,ecTea.

Bonee TOro, 83aumHbie npespauwieHUs XUMUHYecKUx 3/1eMeHMmMo8 [pu coomeemcmayruux
UsMeHeHUAX ycnosull BHewHe20 8030elicmaus npoucxo0am KaK 8 CMopoHYy pocma, MmaK U 8 CMopoHy
yMeHbWeHUA amomapHo20 geca obpasyrouuxca geuecms. He ToNbKO 3a CYET npucoeanHeHna (nnm
OTTOP}KEHUA) K NIO6OMY XMMUYECKOMY 31€MEHTY aTOMa BOA0POAA, 3/1EKTPOHA, MPOTOHa MAM aTOMOB
MHbIX BELLECTB, HO W B/UAHMEM WHTEHCMBHOCTU BUXPEN PA3MYHBIX MArHUTHbIX nonei. Kak
WHCTPYMEHTOB NOA06HOro nepexoga BELWECTBA C HEMPEMEHHbIM BblaefeHnem 3Heprun. Kak
HeoTbeMNEMbIX B3aMMOAENCTBMI B NPOLLECCAaX BHOBb 06pasytoLLerocs (HoBoro) aunons.

3HauYMT, HaKauYMBaA oNpesenéHHbIMU 3apALaMN U3BHE OKPYMKEHUA CTPYKTYpy ntoboro gunons
BELLLeCTBA, MOXKHO NONy4YaTb «NOJ 3aKa3» KaKytlo yroaHO HOBYHO e€ GopMy, Kak 3a4aHHOI0 31eMeHTa
NN ero CoeaNHEHNA C KOHKPETHbIMK CBOMCTBaMU. DOpMy, KOTOpasa HenpemeHHo obpalllaeT MOHbI Uan
N30TOMbl UCXOAHbIX 3/IEMEHTOB, 3aXBaYeHHbIE U3BHE Cpenbl €€ BUXPEBbIM 3/IEKTPUYECKMM NOEM, B
CO3/aHMe HOBbIX CMNOBbIX IMHUM, KaK YCUIEHWE eAMHOr0 MarHMTHoro nons. MyTém BcacbiBaHUA UX
BHYTPb BMXPA 0b6Leir BMOpocMcTEMbI, Yepes paclienneHns u npeobpasoBaHus B gpyrve Gopmbl
3apAgo0B, APYroro BPALEHWs M BblTaZIKMBAaHMEM (BbICTPENMBAHMEM) UX BOBHE Yepe3 MOJCca YKe

N3MEHMBLLUNXCA HOBbIX AMnonen (3apagos).

Mpn 3ToM sfaepHblie npeBpalLeHns NpoucxogAat 6e3 BcAKMX «6ombapanpOoBOK» UX APYrMmu
3/IEMEHTAaPHbIMM YacTULLAMU U B OCHOBe cBoel 6e3 0bpa3oBaHMs PafNOaKTUBHbLIX U3NY4YeHU. A
HaobopPOT, BEpOATHEE BCEr0, YTO YCMAHOBKA, 8CACLIBAsA 8 ceb paduUOaKMUBHbIE U30MOorbl MAXCENbIX
2/71eMeHMOo8 U38He, MpuU UX Haau4YuU 8 cpede OKpyxceHuUs, byoem cmpemumscs K Ux Helimpanu3ayuu ¢
obpaszosaHuem cmabusbHbLIX 371eMeHmos seuecmsd.
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N ecnn 3To TaK, TO B peasbHOCTM MOATBEPXKAAETCA BbICKA3aHHOE paHee YTBEep)KAeHue, 4YTo
sewecms (3nemeHmos) 8 npupode Ppo8HO CMO/AbKO, CKO/bKO Cyujecmsyem CrieKmpos YacmomHbIX
KonebaHull _pa3nuyHeix _subpocucmem. He TONbKO B BMAE MHOroobpasmsi aTOMOB MM MHbIX
CoeaMHEHUN, HO AarKe UX aaep, HYKNOHOB U APYrMX SNeMEHTAPHbIX YacTuL,.

Bo Bcex paHee M3BECTHbIX YCTaHOBKax TPaHCMyTaLUMi BeWecTBa, Hanpumep, Kak B peakTopax
«JHeproHmBa» WMeaHoBa H.U. u BauaeBa A.B., paboTaloT Te Ke MexaHM3Mbl 3/1IeKTpMYecTBa W
MarHeTu3ma, KOTopble onucaHbl B Npeaplaylien rnase « CTpykTypa MarHMTHoro nons». Koraa e cxeme
peakmopa mepmosdepHo20 cuHme3sd (pacnada), Komopas npucyula ecem OunoasaIm 8 ecmecmeeHHol
npupode, U3MeHAWeecs 8UXPesoe 3AeKmpU4YecKoe nosae, 8cacbi8as U38HE 8HYyMpb C80e20 cmep4d
3apA0bI Pa3aAUYHO20 8pAULLEHUSA 8 8ude UOHO8 (U30monos) At bbix sewecms, ycuaueaem Ha nosacax
dunonsa obpasyrowelica Hogoli hopmbl subpocucmemsl cobcmeeHHoe Ma2HUMHoe nose. U3meHas He
MOo/IbKO CNIUH 8pauleHus 3apsa008, HO U UX 0pueHmMauuio U ebicmpenusaem (ebimanxkueaem) ux 80016
ocu 0unosaa eosHe cucmemsl. Ymo 8 ycnosusax sHympeHHel cpedbl eQuHolU cmpyKmypsl co30aém
npeonocbiaKU 048 [MocmpoeHUs Hogbix hopm yxce bosee cmabusnabHbiX 8ubpocucmem amomos
gewecmea uau _ux 3A1eMeHmapHeIX Yacmuuy, Kak u ux adep (cm. Puc. 6). FTae pasHoro poaa 3apagbl
CNYXKaT UCXOAHbIM MaTEPUAIOM A5 NOCTPOEHUS BCE HOBbIX U HOBbIX CUMOBbIX JIMHUIA MA2HUMHO20
nonsa. Komopoe nocmosHHO ycuausasch, 8CE aKmMueHee crumaem hopmy mesaa Ounoss, YCKOPAA mem
CaMbIM _CNUH U _UHMEHCUBHOCMb_8pauieHUsA 8UXPA_3/71eKmpuYecKko20 noaa_camoli subpocucmemsi.

Korpga oHa TakMm 06pa3om BOB/IEKAET M3 Cpeabl OKPYKeHUA BCE BonbLIee KONNYECTBO BCEBO3MOXKHbIX
3apAn0B 4yepe3 3KBATOPMasIbHYKO 30HY AMNOAA, PA3roHAS TeM CamMbiM MpoLEecc C BO3pacTaHWem
TEPPUTOPUM BAUAHUA BOBHE NPOCTPAHCTBA. PasymeeTca, uTo npu ocnabneHnn marHetmusama BepHO U
obpaTtHoe aencrTeo.

Puc. 6 MexaHn3am Bo3HMKHOBeHMA dopm BellecTBa. Puc. 7 TpaHcmyTaumm aTomoB npu B-pacnage.

3HaunT, 3TU ABNEHUA NPOUCXOAAT C 06paTHbIMU Pa30BbIMU NPEBPALLEHUAMM, KaK «Kadyenm» - ot
CMHTEe3a [10 pacnaaa v 06paTHO UM OT 3/IEMEHTaPHbIX YacTUL, 40 COeAMHEHMIN aTOMOB 1 MOJIeKY . KaK
nepesonaoujeHue Hocumesneli 00HUX 3apA008 8 Opyaue u 0bpamHo o0 eausHUeM MA2HUMHO20
8uUxpeso2o nossa camoll subpocucmemsol 0unons 8 cpede 8osdelicmeaus ynpasaeHus (M3BHe).

3HAYMT /1N BCE 3TO, YTO B3aMMHbIE TPAHCMYTaLMN BELLLECTB (XMMNYECKUX 3/1EMEHTOB) NPU HU3KUX
TemnepaTtypax (3Hepruax) 4eiCTBUTENBHO CYLLECTBYIOT B 0ObIMHOM NOBCEAHEBHOM Hallel KUsHu? U
JIXKEeHayKa 3[1eCb COBEPLUEHHO HM Npu YéMm. Koraa 3T npouecchl NpoTeKalT U B BOAHbIX pacTBopax, U
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B OpPraHUYecKux, U B OAUCNEPCHbIX cpefax, Kak WU B pacn/aB/ieHHbIX MeTannax, B rasax M, BMnoJiHe
BEPOATHO, TBEPAbIX Tenax - B UX KONNIOMAHOM COCTOAHUM CUCTEM. M BCE e BCe 3TU «TAMHCTBA
TBOPEHUA» BOMJIOWAIOTCA COBEPLUEHHO M0-Pa3HOMY, HO MO OAHMM W TemM Xe MPUHUMNaAM
B3aMMOAEMNCTBMA MCXOAHbIX 3apAf0B cpedbl OKPYKEHWA B MarHUTHOM MoJie eAUHOW AMMNOJ/IbHOM
cucTembl (KOoTopas, BMOHE BEPOATHO, MOXKET OKa3aTbCA AarKe MHOrOMOMKCHOM CTpyKTypoi). Kak
pe3ynbTaT CMHTE3a UK pacnaga agaep (aTomoB), Kak UCXOAHbIX 3apAA0B, YB/IeKaeMblX BHYTPb pOpMbl
AOMUHUPYIOLWMM B MPOCTPAHCTBE BUXPEBLIM 3/IEKTPUYECKMM MONEM cCUCTeMbl (YCTpoicTBa), B eé
3KBaTOpManbHOM 30He. Mpu aTom, c obpasoBaHmMem 6onee nérkmx nam bonee TAXKENbIX AAEP U3 faXKe
HECKO/IbKUX CTyNeHen Noc/ieAoBaTe/IbHbIX PeaKLnii, NycTb M NPOUCXOAALWMX NapannesibHo (B eAMHOM
BMXPE MarHUMTHOrO no/ssA) B OAHO BPEMA C MHOXECTBOM Pa3/IMYHbIX YacTUL, BELLeCTB cpeabl
OKpyKeHus. Kak cTporo onpegenéHHan Yepena B3aMMoCBA3EN U3 BHELLIHUX U BHYTPEHHUX GaKTOpOB.

OpaHaKo HaZo MOHUMATb, YTO OFPOMHYIO POJ/ib B 3TUX ABNEHUAX UIPAOT KKBAHTbI» U3NYyYeHUM
(vmnynbebl) N0ObIX YAaCTOT 31EKTPOMATrHUTHBIX BOIH. HO B 0CO6EHHOCTU — BbICOKOYACTOTHbIX CTPYKTYP,
Kak, Hanpumep, GOTOHOB, 3/IEKTPOHOB WM UHbIX 3/1EMEHTapPHbIX YacTul. KoTopble cayaT cBoero
poJa KaTa/iM3aTopaMM MPOLECCOB C OrPOMHbIM BblAENIEHMEM 3HEPrMU, C BbIBPOCOM MHOMKECTBa
4yacTul, B TOM YMCNE, NPOTOHOB U HEUTPOHOB.

BCcé 3aBUCUT OT MCXOAHOM cpeabl, KOTOpasa «NOCTaBAAET» 3apalbl B «yCTAaHOBKY» (AMnonb).
MO3HO NMoAy4YaTb Ha BbIXOAE BELLECTBA HE TO/IbKO «MO0J, 3aKa3», HO eLLé 1 onpeaenéHHOe KONMYecTBo
«N0BOYHBIX» NPOAYKTOB. A€ MHOroe 3aBMUCUT U OT PA3/INYHbIX KCTAPTOBbIX» YCNIOBUI B TOM WU MHOM
UMKIMYHOM METOAE M3B/IEYEHUSA PA3HOro MPOMEKYTOYHOro AN GUHANBHOrO BewecTsa. 3TO MoryT
ObITb B3aMMOAENCTBUS OAHO- MM MHOTO3/1IEMEHTHbIX KOMMO3ULUMIA TeX UM MHbIX YepenoBaHWUi
COCTaBOB Pa3/IMYHbIX Cpe, 3apAa0B C UX KaTansaTopamm ABAEHUA.

B Takom cnyyae, noyemy 6bl He NosyyaTb pasHble XMMUYECKME 3/N1eMEHTbl (aToMbl BellecTs)
O6YKBaNbHO Aaxe U3 NpocToi Boabl? MyTém, Hanpmumep, 06ayYeHUaA C MOHU3ALUMEN €€ MONEKY/, Koraa
0bpasyloTcs pa3HOro pojia HOBble CTPYKTYpbl BUbpocuctem. Mpu 3TOM, HE3aBMCUMMO OT criocobos
BO3AENCTBUA MU PACXOXKAEHUA MPUMEHAEMbIX YCTPOMCTB, NPOLECChl B HUX ByAyT NpOTeKaTb OAHU U Te
e — Ha NPUHLMNAX 3N1eKTPMUYECcTBa U MarHetnama. bonee Toro, gocturaetcs yctonumeblii addeKT B
Kakgom ¢akte nogobHoro npeobpas3oBaHMA BeLWECTBa, Korga HecTabunbHblie (pagMoaKkTUBHbIE)
N30TOMbI, Yepe3 ¢a3y «BbICTPENIMBAHUA» U3 AAepP INEeKTPOHOB (B-pacnag) B MarHUTHOM MoJie BUXPA,
nepexoasT B CTabu/ibHble (HEPaANOaKTUBHbIE) COCTOAHMA aTOMOB (cm. Puc. 7).

Hapo yuuTbiBaTb, 4YTO TpaHCMyTauuu (M o06pa3oBaHMA) Pa3/IUYHbLIX 3/IEMEHTOB  MOryT
OCYLLECTB/IATLCA W B pe3y/ibTaTe B3aUMOAENCTBMIA PA3HOro poaa 3apsAA0B C OTPOMHbIM KOJIMYECTBOM
NPOTOHOB M 3/IEKTPOHOB B CaMoli cpesie BO3bYKAEHHOIO OKPYKeHUA. B TOM uncne, C BOSHUKHOBEHUEM
HENTPOHOB.

Toraa o4eBMAHO, YTO CBOOOAHbIE HEMTPOHDI, KAK UCTOYHUKN IHEPTUM, MPUCOEANHAIOTCA K Napam
BMXPEN «MPOTOH - 3/IEKTPOH» aTOMOB, U3MEHAA CBOMCTBA MX BellecTBa. EciM roBopuTb KpaTKko wm
CXeMaTU4YHO, TO 06pa308aHUE HOBbLIX A0ep XUMUYECKUX 371eMeHmMo8 npoucxodum 8 pe3ysbmame
3axeama__HelmpoHo8, Ko20d _npouyecc npomexkaem npu__eHewHem s8o3delicmsuu _a-4acmuy,
(nonoxcumesnsHole _A0pa __amomos8 __2eauf-4) ¢ nocaedyruum aKMUBHbLIM _ 8CACLIBAHUEM
(npodasausaHuem) HelimpoHos 8Hympb A0pa. B daneHelwem, udém peakuyusa B-pacnada smux Adep
(usomonos), yxce uspAa0Ho nepenosHeHHbIX HelimpoHamu (cm. Puc. 8), koeda oHU pacnadaromca Ha
MPOMOHbI U 371eKMpPOHbI (6bicmpeble B-yacmuybl), KOMopble C 02POMHOLU CKOPOCMbIO 8bIMAAKUBAOMCA
(sbicmpenusaromcs) us A0ep 8 30Hy 3AeKMPOHHOU 060104YKU amoma. B umoeze ux 3apsA0 so3pacmaem
(4ucsno0 npomoHo8 pacmém) u oHU npespauiaromcsa 8 A0pa_amomos bosee maxénbix 31emeHmos
«[lepuodu4ecKkoli cucmembl» CO 8BCeMU UBMEHEHUAMU UX ceolicme u napamempos. Ha pucyHKe CUHUM
uBeToM 0603HaYeHa 30Ha PACMNONOKEHNA HEMTPOHOB B AAPE, KPACHbIM — NPOTOHOB, U KENTbIM — 30Ha
3NEeKTPOHOB YCNIOBHOIO aToMa.
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N ecnn 310 TaK, TO Ntobble pacTBOPbI, B KOTOPbIX YaCTULbI BELLECTB 0OBOIAKMBAIOTCA BOAOW, KaK
n nobble KUgKkne cpeabl OPraHUKM, Kak HedpTb, NMOO pacniasbl METANNOB, — BCE OHU ABNAIOTCA
cpenamm, YCKOpPAKLWMMM Npoueccbl NpeobpasoBaHUii XMMUYECKUX 3/1EMEHTOB MNPU OnNpeaeN&HHbIX
BO3AENCTBMAX HA HUX INEKTPOMATHUTHLIMWU MONAMU PA3NYHON UHTEHCMBHOCTU. C obpasoBaHMeM
yCTOMYMBbIX GOPM ANNONbHBIX BUOpOCUCTEM (HanpumMep, HOBbIX aTOMOB) U BbIBPOCOM KO/10CCabHbIX
06BbEMOB 3Heprun. Kotopaa MoXKeT ObiTb MCNO/b30BaHA Kak gnsa notpebneHus Tenna, Tak M ana
BbIPabOTKMN 3N1EKTPO3HEPTUMN.

BepoATHO, yc/108UA p€30HAHCHO20 «OMKAUKAG» (Y3HAaBaHMA), BO3HMKAIOLLME B CAMOW BHYTPEHHEN
cpeage ¢opmbl, B eé ueHTpe cdepbl AUNONA, NPM 3aKauyMBaHUM B HEro 3apsfoB M3BHe (cpeabl
OKpYKeHUs), 06pa3yrom cmoaYue 80sHbI_Mer Oy Mnoarcamu _MA2HUMHo20 noa8. YTo 3anyckaet
npoueccbl M36bITKa aHeprun (NPUTOKa) ANA HayasNa CaMOAOCTATOYHbIX He3aTyxarwmx KonebaHui
BMbpocmncTeMbl. B aTom cnyyae 1 BO3HMKAOT NPOLLECChl OA4HOBPEMEHHO U CUHTE3a, U pacnaja 3apsaaos
B Kaxaom nonywapumn gunona. C BbIBpOCOM M3NULWIKA BeLW,ECcTBa Yepes CBOM MOJOCa BAONAb OCU
MarHMTHOrO Mo/siA BOBHE MpOCTpaHCcTBa. Koraa npoucxoguT pasgeneHve 3apagoB B LEHTpe
9KBAaTOPMANbHOM  30Hbl  BUXPEBOrO  3/IEKTPUYECKOTO MOMA  CUCTeMbl C  NOCAeAYyHLWMUM
«BbICTPENMBAHMEM» (BbIOPOCOM) OTpULATENIbHbLIX 3apAZOB 4Yepe3 CEeBEPHbIN MOC, WU
NOJIOXKUTENbHbIX — Yepes XKHbIN. C ycuneHnem cobCTBEHHOrO MarHMTHOTO NOJIS, KOTOPOE OKa3blBaeT
BNMAHNE HE TO/NIbKO HAa MHTEHCMBHOCTb BPaLLEHUA CaMOro AUNONSA, KaK yBE/IMYEHNE 30Hbl BAUAHMA B

NPOCTPAHCTBE OKPYXKEHNA, HO N Ha B3aMMO,CI|el‘;1CTBMH €ro c 4YaCtmuamm U3BHE.

£
e, ®
Puc. 8 MexaHu3m B-pacnaga M3oTona atoma. Puc. 9 3emna n coepmnyecknin KoHgeHcaTop.

CnepoBaTenbHO, MOXHO YTBEP)KAATb, YTO Ha CMHTE3 W pacnaj BelWecTB B MNOAO0OHbIX
KOHCTPYKUMAX N0bbIX aAunonen (BMOBPOCUCTEM), CYLLECTBEHHOE B/IUAHME OKa3blBAlOT BHELIHWE
dakTopbl. B TOM uncne, BHelwHee Ma2HUMHOE Mosae cpedbl OKPYXKEHUA, KOTopoe ynpasasem
(perynupyet) nomokamu _3apA008 U _UX KOoau4ecmseom hopM, KAK UCXOOHbIX CMPYKMyp YycuneHus
8UXPEB8020 3/1eKMPUYECKO20 N0/ npu 06pa3zosaHuu 110600 Hosol hopmbl sBeuecmea.

BbIxogMT, K MNpuMMepy, 4YTO B M3BECTHbIX 3KCMNEpPMMEHTax TpPaHCMyTauMil BellecTBa C
3NEKTPUYECKMMM B3pbiBaMWU GONbIM Pa3IMYHbBIX MeTasZIoB B BOAE, BO3HMKalLiee wapoobpasHoe
AndodysHoe cBeveHue Nnasmbl CBA3aHO, CKOPEE BCETO, C Pa3pbiBOM CM/IOBbIX IMHUI HapOoXdatowerocs
MOLLHOTO MarHUTHoro nond. Koraa sHeprua TOHKOM MaTepUM M3BHE CUCTEMbI YCTPEMAEeTCs K

NCTOYHWUKY U3NTy4EHUA. ITO N eCTb MeXaHN3M 06pa3oBaHMA «LAPOBOI MOTHUN Y,
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Mouemy ke Torga B cohepe, Kak dopme, Hanpumep, Hawen MAaAHETbl, AOCTATOYHO YETKO
3apUKCMpPOBaAHa 3KBATOPMANbHAA 30HA, KaK U OCb NOAOCOB eé amnonAa? MNpakTMYeckM No aHanormm
chepunyeckoro MmarHuta. OKasbiBaeTCA, CYLWECTBEHHYID pPoOJib MeCTa pPacnoNoXeHUA 3KBaTopa
onpeaenseTr BUXPEBOE 3NEKTPUYECKOE Mose AUNoabHOM BUMOBpPOCMCTEMBI, OT KOTOPOro M
BbICTPAMBAETCA NO3ULNA €€ MAarHUTHOM OCU. A OpueHTaumsa Nogo6HbIX GOPM B NPOCTPAHCTBE 3aBUCUT
y>Ke OT BHELUHEro Bo34encTBMA ApYrnx 06BbEKTOB, HaNnpMmep, AZOMUHMpPYoWwen poan ConHua B Hawem
cucTeme, Korga niaHeTbl BPALLAOTCA NPAaKTUYECKU B MJIOCKOCTU €€ SKANMNTUKM.

Torpa, cama cTpatocdepa 3emnun, Hanpumep, NOAO0OHA KNaccMYecKomy CTPOEHUID aTOMOB CO
CBOMMMW KCNMYTHUKAMMU» CTPYKTYp e€ TOHKOW maTepuun. C Apyron CTOpOHbl, OHa NOXOXa Ha 0bknaaky
chepuryeckoro KoHaeHcaTopa ¢ 3apsgamu B Hen (cm. Puc. 9). Koraa rpaButaums, Kak MarHeTusm B
TaKoW mozenun ot acTpodumsnKkn, paboTaeT NO ONUCAHHbIM paHee MOAENAM 3axBaTa 3apAL0B MU3BHE
CUCTEMbI AUMNONA BUXPEBBLIM 3N1EKTPUYECKUM nonem. C ycuneHnem (CoxpaHeHUem) CTPYKTYpbl Camoli
dopmbl 06BEKTa BCE BO3PACTAOWMM MAarHETU3MOM Yepes yBe/IMYEHME ero CUIOBbIX IMHUWA MeXay
noatocamum.

Mpn 3TOM nontoca CTAHOBATCA MNOABMMHbIMM (HECTALMOHAPHBLIMK), KaK 30Hbl CYMMapHOro
ycuneHma (M3MeHeHUs) BCEX KKBAHTOBY» MHOTOYMUC/IEHHbIX CTPYKTYPHbIX U BHELWHUX «MarHUTUKOB»
BpaLLaOWMXCA NoBCogy aunonen scex Gopm maTepum, Kak BHYTPU CUCTEMbI, TaK U BOBHe cpeapl
OKpY)XeHUA. DaKTUYECKM Ke WX MEeCTO PaACMOJIOKEHUA B UTOre onpeaenaetca LOMUHUPYHOLWUM
COCTOAHMEM BHELUHero Bo34enCcTBUA NPOCTPaHCTBA.

To ecTb, CMNOBbIE IMHUM AMNONA, B AAHHOM Cay4ae, KCTATMBAOTY», YAEPHKMUBAIOT OT paspyLleHns
camy popmy obbekTa. Hanpumep, 3emnto, Kak A4PO C 3apAgomMm «+» (reocdepy) n cTpatocoepy ¢
3apALOM «-», KaK 30HY «3/1eKTpoHocdepbl», eCcaM cOonocTaBaATb MO aHanormm ¢ atomamu. Ho
«BOA0PA3AENOM» MEKAY HUMU CYKUT OMEHHAA rpaHnua AMHumn bnoxa, Kak 1 B ntobom aunone. To
e CamMoe MOYKHO KOHCTPYKTUBHO NPUMEHNTb U K CONHEYHOMN cucteme C e€ nnaHeTamu, u B obuem K
ranakTuke, N 1. 4.

3HAYMT M BCE 3TO, YTO BUXPU MarHeTnama ntobon Bubpocncrembl 06 beKTa NPU B3aUMOLENCTBUM
C NONIAMM U3BHE MPOCTPAHCTBA (OTTAa/IKMBAHMM) B CBOEM OCHOBE M €CTb TO B3aMMOLENCTBUE, KOTOPOE
Mbl CErogHA NPUHUMaEeM eLLé Kak rpasutaumio? Ckatue, caaBamMBaHWe U3BHE NO BHELIHEN rpaHuue
B3ammogenctema ¢Gopmbl CO Cpeson U NPOTUBOAENCTBME BHYTPEHHEN cpeabl CUCTeMbl AMMoNA
CTAHOBATCA PaBHOLEHHbIMM, KaK 30Hbl NapuTeTa 3TUX YyCMAuMn. Hanpumep, Kak BHELWHWE TpaHuULbl
obbéMma atoma, KneTtku, ctpatochepbl 3emnan unm rennocdepsl ConHua u T. 4. 3emns, eé a4po,
Hanpumep, NpuTarMeaeT K cebe oTpuuaTenbHble 3apaabl Kanenb A0XAA. Torga eé noBepxHOCTb B
TAKMX MeCTax 30HA/IbHO Ha KaKoe-TO Bpema ToXKe npuobpeTaeT TOT Ke 3apAaa. To ecTb, BCe 3Tu
3NEeKTPOMarHMUTHblE B3aMMOAENCTBUA O4YEHb NOABUKHbBI U MeCTaMUn HeCTabuabHbI.

Takve moaenu CTaHOBATCA BO3MOXKHbIMM Baarogapa pas/IMiyHbIM He TONbKO NJOTHOCTAM, HO U
cBolicTBam «cdep B chepax» No NpUHUMNY MATPELWKKU. [Ae eCcTb rpaHuLbl Nnepexoaa OAHMX 30H
NPOCTPaHCTBEHHbIX 06pa3oBaHuMii B apyrue. Korga B Kaxkaom coepe B oTAENbHOCTM U B 0bLwen dopme
eaMHON «COOPHOM» CTPYKTYPbI «LIapa» NPUCYTCTBYIOT pa3Hble OCM HaMArHMYEeHHOCTU UX MArHUTHbIX
nosnemn co CBOMMU UHAMBUAYANbHbIE ABYMA NONKOCAMMU.

3HauuT M 370, YTO B NO6OM chepryeckom ob6beKTe (ANMNONE) ero LLEHTP — 3TO «+», @ BHELWHAA
060104Ka — 3TO «-», KAK 30HbI PACMOJIOXKEHMA INEKTPUYECKMX 3apsaaoB? Kak, Hanpumep, CeBepHOro u
HOXKHOro MarHMUTHbIX NOAOCOB 3eMn BAOAb ero ocn? Nnu 3To 3aBUCUT BCE }Ke TOJIbKO OT BHELUHErO
coctosHMA (ynpaBneHusa) cpeabl? Bo3moXKHO, MOSTOMY CKOPOCTb CBOBOAHOrO NafeHMA Ha PasHbIX
NNaHeTax OTIMYAETCA, KaK OT/INYAIOTCA U UX MAarHUTHbIE NOAA.

Crano 6biTb, B KaKAbli MOMEHT B3aMMOAENCTBUA C NPOCTPAHCTBOM M3BHe B Nt0bon «cdepen
OMNoNA, Kak, Hanpumep, B CTPYKType aTtoMa WAW NJAHeTbl, 1poucxodam OUHAMU4YHbIe 0bMeHb!
3apAdamu mexcoy eé cI0AMU Pa3au4YHOU UHMEHCUBHOCMU 8PAUWEHUA HA MPUHYUNAX 3/1eKmpuyecmesa
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U MmazHemu3ma. YTo 3a4aET OpMEHTALMIO UX NOJIKOCOB, KaK eaUHON BUOPOCUCTEMbI, B AAaHHbIN MOMEHT
BpemeHu. MoTomy 4To ObMeH 3apsaamu NPOUCXOAUT He TO/IbKO B 3aBUCMMOCTU OT WX 3HEpruu
COB6CTBEHHOrO MOMEHTA MMMY/IbCa, HO U HAaMPaBAEHMA UX BPALLEHMA B KOHKPETHOM 30HE aKTUBHOCTW.
KoTopoe ¥ onpeaensetr paguanbHble Peakuun «NPUTANKEHUA» UAU  «OTTANIKMBAHUA» MEXKIY
3apagamMu, Kak dopmamm BellecTBa. Kotopble Ha onpenenéHHol BbicoTe (B CBOEN 3HEpPreTMyYecKom
060/104Ke chepbl) OT LEeHTPA KOHKPETHOM CUCTEMBI, ABNAIOTCA BECbMa CTabuabHbIMKM BeIMYMHAMU. Kak
«rpaBuTaLMA» Ha NAaHeTax nan B atomax. O 4ém noApo6bHO onncaHo B rnase «CTpyKTypa MarHUTHOTO
nona».

3HAYMT NM 3TO, YTO MarHWTHble BO3AENCTBUSA MEXKAYy BCEMWU TejlaMM, Kak B MPOCTPaHCTBe
OKPY)KEHUsi, TaK M BHYTPU CTPYKTYPHbIX BMOpOCUCTEM AUMNOJMIEN, €CTb Yepena 3SKCKNHO3MBHbIX,
CKOPOTEYHbIX (NepexogHbix) ABNeHUN? [UCKPETHO AeNCTByOWMEe NNWb TONbKO B AAHHbIA MOMEHT
BPEMEHM M Ha KOHKpPeTHble ¢OpMbl, KOTOpble MOCTOSSHHO Nepemellancb M3 OAHOM  30Hbl
3HepreTMYecKoro BAWSHUA B APYryl0, MEHAOTCA NOJA peakuuamu ycioBui usBHe. M onpeaensaioT
NOABUXHOCTb CaMOM eanHOM GOPMbI, Kak BHYTPW, TaK U BOBHe €€ cucTembl. Mpu 3TOM CymmapHble
B3amMmodencTens obLimnx, 6os1ee KpymnHbiX, CTPYKTYPUPOBAHHbIX BUOPOCKMCTEM NPOCTPAHCTBA CO34al0T
HEKYH0 CTabUNbHYIO KapTUHY BIMAHUA MarHeTnama, KOTOpbIi Mbl U BOCMPUHUMAEM KaK «rpaBUTaLUIO».
N, komopeili 8030elicmeyem He mosbKO 0m MOACA K N0AKCY, YKPennaa nHausuayanasHyo ¢opmy
noboro 06beKTa, HO U paduaabHO - om 060a04YKU K 0607104YKe 3apa008 8HYyMpeHHel cmpyKmypeol
Kax0o2o Ounond. To ecTb, U3BHE cCpedbl - BOBHYTPb, KaK OTTaJIKWBAaHME MArHUTHbIX BUXpel
MHOro4YnCNEHHbIX GOpM B NPOCTpPaHCTBE. MM 0bpaTHO - C NPOTUBONONOXKHbIM AencTBnem. Koraa
CUNOBbIE MHUWN CMOHTAHHO BO3MYLLEHHbIX MAarHUTHbIX NOMEN Pa3HbIX OOBEKTOB MOrYT OKa3aTbCA B
NPOCTPAHCTBE B3aMMHO MNepneHaAUKYNApHbIMK. M Torga Bpaw,ancb, OHW ycunuBatoT obotogHoe
NPUTAXKEHWE APYT K APYrY, OT LLEHTPA K LeHTPY CBOUX AMUMONEN.

Puc. 10 Cunosble MHUKM Bpalatowerocs nons.  Puc. 11 U3nyyeHune sHeprum ConHua (Buknneaus).

CnepoBaTtenbHo, 8 popmax 10bbix dunonaeli, sBcmpeyHble MOMOKU MPOMUBONOA0HCHbIX 3aPA008
om ueHmpa K nepugepuu u 0bpamHo, 06pa3yrom MHOMecmeeHHble paduasabHble Cua08ble AUHUU
MQa2HUMHO20 nosaA. Kak pe3ynbtaT B3aMMOAENCTBUA 3apAfoB MO TUNY «0BKNafoK chepunyeckoro
KOHAeHcaTopa». Takum obpasom, Be3ae B NoA0OHbIX CTPYKTypax CyLLecTBYeT ABa BCErAa B3aMMHO
nepneHaMKYAAPHbIX NOAA MarHETU3Ma — C PagMaibHbIM HanpPaBNEHNEM CUIOBbIX IMHWUIA (OT LLeHTpa
WKW K LEHTPY) M «CNMpanbHbIM», MO KacaTesbHOM K chepe aunons (oT nontoca K nontocy). Koraa
nepBoe 3aBUCUT OT rpaameHTa mexay obknaakamm CBOero poga «KoHAeHcaTopa» AMMNONA, KOTOPbIN
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0bycnoBaeH KONMYECTBOM 3/1EKTPUYECTBA B LEeHTPe CUCTEMbI U B Cpeae OKpy»KeHuA. A BTopoe - oT
COCTOAHMA BUXPEBOTrO 3/1EKTPUYECKOrO NOAA, KOTopoe «notpebnseTr» 3apaabl M3BHE, OTBeYaA 3a
ycuneHue CUNOBbIX IMHUI mexay nontcamu. BepoaTHO, NOTOMY M BO3MOXHbI «4yBCTBUTE/IbHbIE»
KOHTaKTbl C BHELUHUM «yNPaBAAOLWMM» BO3AENCTBMEM OKPYKEHMUA.

Crano 6biTb, ANA UCKAOYEHUA MPOHUKHOBEHMA BOBHYTPb GOpPMbl NHO6Oro AUMNOAA BCAKOrO
BO34EMCTBMA MarHeTMama WM3BHE MNPOCTPAHCTBA OKPYXKEHUA MOXKHO BOCMO/Ib30BATbCA CM/IOWHbIM
chepmyeckum (MM B BUAE TAapenKM) MarHUTHbIM (beppoMarHUTHbIM) 3KpaHom? MoTomy YTo Toraa
BOKPYr Takoro obbekTa obpasyeTcs Bpallaroleecs «KKOMOMHUPOBAHHOE» MarHMTHoe none. Koraa ero
3KpaHupyoLlme (oTparkatowmMe) CBOMCTBA MOBbLIWAKTCA W BO3HMKAET COCTOAHME aKTUYECKOM
HEeBEeCOMOCTM Bcen BUOBpOCUCTEMBI, KaK CBOEro poaa 3PPeKT «BbITaNKMBAHMA» U3 Cpedbl OKPYKEHUSA
B MPOTUBOMNOJ/IONKHYIO CTOPOHY OT 0b6bekTa B3aumogenctsma. OBbIMHO KOHLUbI «Pa3opBaHHbIX»
(HapywWweHHbIX) paavanbHbIX CUAOBbIX JIMHUI MArHeTU3ma, nNpu BO3OYXKAEHUM WX U3BHE CUCTEMDI
APYrMm noaem, HenpepbIBHO U3/1y4atOT SHEPTUIO HANPAKEHHOCTU NOABUMKHOIO 31EKTPUYECKOrO NoNA
ncTo4YHmKa (cm. Puc. 10). MHTEHCMBHOCTb KOTOPOrO BO MHOTOM 3aBUCUT OT 06pasyloLLLerocs rpagueHTa
MeXAY 30HaMM NONAPHbIX 3aPALOB B LEHTPe U Ha nepudepum annons.

Mopo6bHble npoueccbl, N0 BCeM BEPOATHOCTM, UAEHTUYHbI TEM, YTO aKTMBHO MPOMUCXOAAT Ha
Hawem ConHue. M mbl HabAtogaem U3pbiratoLme «31eKTPUYECTBOY TOPLLbI 3TUX NOABUMKHBIX KUTOIOK»
Ha MHOTOYNCNEHHbIX CHUMKAX CBETM/IA, KOTOPOE U3y4aeT SHEPTUIO0 CBOEr0 3/1IEKTPOMArHMTHOro Nons
B MPOCTPAHCTBO COBCTBEHHOM rennocdepsbl, Kak NpoTybepaHLubl, yaepKMBaemble MarHUTHbIM NOAEM
eé Bubpocucremsl (cm. Puc. 11).

BepoATHO, MMEHHO NO3TOMY ABWMKEHME MNOKOCOB HA NOObIX NAAHETapHbIX CUCTEMAX, KaK U
3BE34aX, MPOUCXOAUT NOA BAUAHMEM POCTA aKTUBHOCTWU BHELWHMX BO3AeWcTBMIM. Korga cmewaetca
NONOXKEHWEe He TO/IbKO MJIOCKOCTM BUXPEBOrO 3/IEKTPUYECKOTO MOAA, HO M CaMOM OCU MArHUTHbIX
nontocos. B MOMEHT BO3HWMKHOBEHWA CMOHTAHHONO POCTa U 0ObEeAMHEHWUS PaANANIbHbIX CUNOBbIX
JNIMHUIM MarHeTuama obuiero 3apaga AMNoNA B eANHYI0 «KOHKYPUPYHOLWLYIO» HOBYHO MarHUTHYHO OCb,
TOYHO B KOHKPETHOM 30HE aKTMBHOCTM Bpalatowenca cepbl. C «paclenseHMem» CTapon Ao
COCTOAHMA 06bIYHbIX 3HAaYeHN nona. Y nogobHbie npoueccbl NPoncxoaAT B npupose GakTU4eckm Bo
BCEX [AMNOAbHbIX 06PA30BAHUAX PA3INYHOM MHTEHCUMBHOCTM U3NYYEHUA C OAHOBPEMEHHbIM
yCUNIEHMEM MNOTHOCTU CWUAOBbIX NMHUW. YTO HenpemeHHO BNEYET 3a CoOOM OTTaNKMBAHWE WU
NpUTAXKEHUe oT 06EKTOB BOBHE, KaK NONET B HEBECOMOCTU. Mbl MPOCTO HE UMEEM BO3MOXKHOCTU B
NOBCEAHEBHOM M3HW BM3yanbHO HabAAATb BCE 3TU U3NYYEHUA ABNEHUNA B3aMMOAENCTBUA
3NEeKTPUYeCTBa M MarHeTM3ma B MPOCTPAHCTBE OKPY)KEHMA. B cuay OrpaHMYeHHOCTM Halmx
H61onormyecknx opraHoB BOCMNPUATUA.

OpHako, cywectsyeT eweé oguMH GakTop, urpatowmi ceoto posab B GopmmpoBaHum GeHomeHa
HEBECOMOCTM BCEBO3MOXHbIX OOBEKTOB B NPOCTpaHCTBe. [leno B TOM, YTO MArHUTHOe Mone,
BO3HMKaloWee Mexay nontocamm noboro gmMnona, Kak pesynbTaT B3aMMOLENCTBUA INEKTPUYECKMX
3apAA0B, He TO/IbKO NOPOXKAAET CTOAYME BOJIHbI BAOb MAarHUTHOW OCU BHYTPKU camor dopmbl cdepbl,
(MexaHu3Mbl BO34eMCTBUA KOTOPbIX BblIM pacCMOTPeHbI paHee B 0603Ha4YeHHOM Bbiwe cTaTbe). Ho n
«BbICTPENMBAET» Yepe3 MNONCa BOBHE MNYyYKM BUXpPEM OAHOMMEHHbIX 3apAg0B HEeBEpOATHOM
NNIOTHOCTKN, KOTOPbIe ABNAIOTCA BAXKHOM MPUUYMHOWN NPUAAHMA MOMEHTA MHEPLMM BpaLLEHMA CamMOM
dopme. ITO NOXOXKe, HANPUMeEpP, Ha PACKPyYMBaHME t0/1bl, KOFAA Bbl HAZAAB/MBAETE HA PY4YKYy BUHTA
0CeBOro WTOKa. MIMeHHO nosTomy, Hanpumep, Hawa nnaHeta uam ConHue, CKOPOCTb BpaLLeHUA
KOTOPbIX Mana, He UCMYCKAOT BUAMMbIX U3NYyYEeHUN BAONb MAarHUTHON OCK. B oTanumne oT nynbcapos,
KBA3apoOB WAM MarHMTapoB, 4YacToTa M3Ay4YEeHWM W CKOPOCTU BpaLLEHMA KOTOPbIX Ype3BblYalHO
MOLLHbIE.

B uenom moxHo c¢ 6onblioON Aonen BepPOATHOCTU CMPOrHO3MPOBaTb, YTO C onpenenéHHomn
LUMKANYHOCTbIO, Hanpumep, Kaxkable npubamsmutenbHo 26 000 net KaMmaT 3eManm MeHseTcs.
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PasymeeTcs, meHAeTcA M eé buocnctema, BO3MOXKHO, He BCA. BmecTe coO CMeHOM 3HAaKa MarHUTHOro
nona ConHeYHOM cucTeMbl NpuU eé «konebaHmAx» Yepes IKBATOP B XOA4e ABUKEHUN NO ralaKTUYECKOMY
304MaKanbHOMYy Kpyry. Kak oguH BWTOK CnvpanyM NO TaKOW TPaeKTOpPUM OTHOCUTENbHO JIMHWUK
raflakTM4YecKoro skeatopa. To ecTb, npumepHo, no 13 000 neT Ha «/1eAHUKOBbLIN» U KOTHEHHbIN»
nepuogbl nnaHetbl. O4eBMAHO, YTO ceryac, B apy Bogoned, HacTynaetT MMEHHO 3Noxa NOXON0AaHuUA,
CO CBOEMN «OCEHbIO U 3MMOI», KOrAa o4YepesHON «KNOTON» NOATOTOBUT NAAHETY K COXPaHEHUIO SHEPTUM
noa, NefsaHblM NaHUMPEM. 3HAYWUT, 3/EKTPOHOB (aKTMBHOM 3HEpruu) B MPOCTPAHCTBE HaWew
NNaHeTapHOM CUCTEMbI, C MEPEXoA0M B Apyroe noJjylwapue rafakTuku, byaer CTaHOBUTLCA BCE
MEHbLLE U MeHbLLE.

3HaunT M 3T0, YTO B rNyBMHax ConHua BCE TaK e byayT NpoAoNKaATLCA pPeakLmm TpaHCMyTaLUi
BewecTBa? Moanep’kmean NOCTOAHHbI OOMEH MaTepUK, Kak ABUKEHUE U3HYTPU K Nnepudepum BAONb
paZmManbHbIX CUNOBbIX IMHUIN YCUAMAMM OFPOMHbIX FPafMeEHTOB 3apAaoB, obpa3sya npoTybepaHupbl Ha
MHOrvMe TbicAauM KunomeTpos? Korga Hapoxpawowueca HOBble paguvanbHble CUNO0BbIE NMHUK
MarHeTMsma BMeCTe C M3Ny4eHUMAMM 4Yepe3 MOJCa KaXKAOro AMNONA He TOMbKO Bcerga byayr
CTPEMUTBLCA YNPABAATb YXKe YCTaHOBUBLIMMMUCA B3aMMHbIMM CBA3AMM, HO M CO343BaTb HOBble, C
MHOroOYMCcAeHHbIMM obbeKkTamu BoBHe. CnepoBaTesibHO, Halwa 3Be3ga CNocobHa MOCTOAHHO
BOCCTaHaB/AMBATb CBOM pacxon 6anaHca aHeprmm 3a CHET MHOTOYMCIEHHbIX 3apPAL0B MaTepun camoro
npocTpaHcTBa. Mcnonb3ya AnAa sToro B3aMmMonpeBpaLLeHnsa O4HMX BELLECTB B Apyrve B onpeaenéHHbIxX
YCNOBUAX Cpeabl OKPYKEHUA.

C yBaxkeHuem,
Haunos Hadpunb Hannosuy,

FOPHbIM UHXXEeHep-MmexaHUK, nsobpeTtaTtens, uccneoBaTenb.
nailov_n_n@mail.ru
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