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Konmeniwst IBUTAONIErOCS MPOCTPAHCTBA-MAaTEPUH, KOTOpas 3aMEHMIa KOHIIEIHIO
CBETOHOCHOT0 3(upa, 006001IaeT PpusndecKkue TEOpUU U 00BSICHIECT BOSHUKHOBEHHE €ro
KBaHTOBBIX CBOMCTB uYepe3 CyHIECTBOBAHUE MOCTOSHHOTO MOTOKA CHJIBI Yepe3 JH00YI0
3aMKHYTYIO TOBEPXHOCTb. JTOT 3aKOH SIBIISICTCSl paclIMpeHueM 3akoHa [aycca s
QJICKTPHUYCCKUX 3apAJ0B Ha HE JJICKTPUUCCKUC ABJICHUA B IIPHUPOJIC. OCHOBaHI/IeM
KOHIIETIIMY TIEPEMEIAIOIIErocss MPOCTpaHCTBa-MaTepun sBisercss uaest Jlekapra 00
HIAEHTHYHOCTH TIPOCTPAHCTBA U MaTEPHH, KOTOPas yTBEPKIaeT, uTo BCE pasHooOpasue,
CYILIECTBYIOIIEE B MPUPOJIE, SBISICTCSA PE3yIbTaTOM OCCKOHEYHOro Habopa JBMKCHUI
OIHOPOJIHON CYOCTaHIIMK, KOTOPYIO JUIS TOYHOCTH 3[€Ch CIIEAyeT O003HA4YUTh Kak
JIBUTAOIIEECS  MPOCTPAHCTBO-MATEpHUsl.  3aKOH  IOCTOSHCTBA  MOTOKA  CHII,
c(OPMYIUPOBAHHBIH B paMKaxX KOHIIEMIIHK IT€PEMENIAIOIErocs MpOCTPaHCTBA-
MaTte€pun, IO3BOJIACT HU3y4YaTb CBA3bL [ABHIKCHHA MPOCTPAHCTBA-MATECpHU C €TI0
IUIOTHOCTBIO, MPUPOLY DJICKTPUYECKOrO 3apsja M €ro AMCKPETHOH CYIIHOCTH 4Yepe3
npeoOpazoBanue Jlopeniia. KoHIENIus ABUTAIOIIETOCS IPOCTPAHCTBA-MATEPUH B
HUTOrc€ IMO3BOJACT MPCAIOIOXUTb, YTO INOTCPpA OSHEPIrUu q)OTOHaMI/I, B pE3YyJbTATC
KOTOPOl OHM TIOJNy4alOT KpPacHOE CMEIIEHHEe M KOCMHYECKOe MHKPOBOIHOBOEC
«PEIUKTOBOCY M3IyUCHHE SBIISIOTCS JIBYMSI CTOPOHAMH EIUHOTO Ipoliecca.

Marepust - 3T0 NPOCTPAHCTBO, a IPOCTPAHCTBO — 3TO Marepus. VX cBoiicTBa yunie
BCEr0 MOTYT OBITh H3Y4YE€Hbl COBMECTHO KaK CBOMCTBa IpoOCTpaHCTBa-mMarepuu. Marepus
JIBUTAETCS, CJE0BaTENIbHO, MPOCTPAHCTBO TAaKXKe JIBUTaeTcsi M, B OOLIEM, MOJydaercs, 4TO
MIPOCTPAHCTBO-MAaTepUsl Kak IleJioe Takke Iepemeriaercsi. B mpupose HET HUYEro BHE
MIPOCTPAHCTBA-MaTEPHUH, IEPEMEIIAIOIIErOCs OTHOCUTEIBLHO caMOro cels. JTo - abcotoTHAs
cyOCTaHLIMS, C Pa3IUYHBIMU O0JIACTAMHU, EPEMELIAIOIIMMUCS LIUKINYECKH, U CO3/arolias BeCh
peanbHBIM Mup. [IpocTpaHcTBO-MaTepusi Kak aOCOJIOTHAsI CyOCTaHIMSA, KpOME KOTOPOil B MUpE
HUYETO HET, MOXKET JABUTATHCS TOJIBKO MUKINYECKH (1, t) = Aexp [1 (kr - wt)]. [IpsmonuneitHOE
NIBUKEHHE — 3TO JIB)KEHUE Ha MepuMeTpe Kpyra OecKOHe4YHOoro paauyca, r —oo. Kaxpgoe
NIBUKEHHE B JCUCTBUTEIBHOCTU MOKET OBITh HPHUHATO KaK NPSIMOJIMHEHHOE TOJBKO Ha
OECKOHEYHO MalbIX HMHTepBajax. BenuuuHa ManoCcTH MHTEPBAJIOB INPU 3TOM 3aBUCHUT OT
3aJlaHHOM TOYHOCTM cu€ra BpeMeHU. Ecinm 3T0 cexkyHga, TO B Ipelenax pacCTOSHUS OT
ct=300000*1=300000 kM MOXHO HE€ 3aMeyaTb OTKJIOHEHHE JBUKEHHUS OT IPSIMOJIMHEHHOCTH,
€CJIM 3TO MHMKPOCEKYHJBl TO, YTO OHO KpPHBOE€ CTAHOBHUTCS YK€ 3aMeTHbIM B mpenenax 300
METpPOB, a YK FTOBOPUTH O MPSIMOJMHEWHOCTH JIBUKEHUS B MHUKPOMHUPE HET HUKAKOTO CMbICHA.
OcymiecTBiieHre MPSIMOJIUHENHHOIO IBIKEHUS B PeajJbHOM, a HE BOOOpakaeMoM MHpe TpeOyeT
OECKOHEYHOTO MOBBIIIEHHBIX 3aTpaT 3HEpruu. Tax A NpSIMOJIMHENHHOTO IBUKEHHS 3JIEKTPOHOB
Heo0Xo0/lMMa Pa3HOCTh MOTEHUHUAJOB, JJIs JIBM)KEHMSI PAKEThl 10 NPSAMOM JIMHUU HeoOXoauma
J0cTaTouHOo OoublIasi peakTuBHas cuia. Jlyd cBera pacnpocTpaHseTcss NpSMOJIMHEWHO, HO MpU
3TOM JBH)XEHHE MPOCTPAHCTBA-MATEpPUU B HEM MPOUCXOJUT BOJHOOOpa3Ho. OTCyrcTBHUE B
peaibHOM MHUpE MPSMOJIMHEHHOTO  JIBIKEHUS  IPOCTPAHCTBA-MaTEpUu  JOKa3blBaeTcCs
MONEPEYHBIM XapaKTePOM 3JIEKTPOMArHUTHBIX BOJIH. Eciau Obl cyliecTBoBano MpsIMOJUHEIHOE
JBUKEHHE IIPOCTPAHCTBAa-MaTepUH, TO B MPUPOJEe ObLIM Obl M MPOJOJIbHBIE JIEKTPOMAarHUTHbIE
BOJIHBI.
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beckoHeuHOE MHOKECTBO JIBXKEHUH Makpo M MHUKpPO oOiacTell mpoCTpaHCTBa-MaTepuu
dbopMUpyeT Xaoc, KOTOpPbI M €CTh Hall peajbHbIH MHUpP. DTO TOJIBKO HaM KaXKeTcs, 4To
OKpYXKarolllee Hac MPOCTPAHCTBO HEMOABMKHO. PAKTHUECKHU IUIAHETH NIEPEMEIIAIOTCS BMECTE
CO CBOMMH M OKpYXarouMMu ux mectamu. [IpocTpaHcTBo Hauiero npeObiBaHUS, OECKOHEYHO
MaJI0 OTHOCUTEIBHO BCEH BceneHHOHM, TOJIBPKO IO3TOMY BO3MOXKHO JyMaTb, 4YTO B HEM
CYLIECTBYET NpsMOJIMHENHOE ABIKeHne. Ham ynoOHO nymaTh, YTO 4acTHIbI, T€Jla U IJIaHEThI
JIBUTAIOTCS] B IPOCTPAHCTBE, TOTJIa KaK MbI 3a0bIBAa€M, YTO YAaCTHUIbl, TE€JIA U IJIAHETHI SIBIISIFOTCS
IIPOCTPAHCTBAMHU, C KOTOPBIMH JIBUTAKOTCS OKPYKAIOIIHE UX IPOCTPAHCTBA.

[lepemenienne MpOCTpPAHCTBA-MAaTEPUH, KOTOPOE HE  COACPKUT  CTAMOHAPHBIX
LIUKJINYECKUX JBUKEHUU B BUJIE YACTUL, TEJI U IUIAHET, JUIs HAC HE 3aMETHO. Takoe COCTOSIHUE
[IPOCTPAHCTBA-MaTEPUH Ha3bIBaeTCs (PU3HMUECKUM BaKyyMOM, KOTOPOE HaM INpPEACTaBISAETCS Kak
nycroe npoctpancTBo. C Ipyroi CTOpOHBI, 3aMeTHasi HOBEPXHOCTh MOCTOSIHHOTO HUKINYECKOTO
JBUKEHUS IPOCTPAHCTBA-MAaTEPUH, KOTOPOH 00J1aat0T YaCTUIIbl, T€Ja M IUIAHETHI, HE SIBIISIETCS
UX rpaHuled. J[Buraromieecss npoCTpaHCTBO-MATEpUsl MPOCTUPAETCS JANbIIE WX ITOBEPXHOCTH,
oOpazyss Tak Ha3piBaeMble Toyis. Takum oOpasom, wuaes Jlekapta 00 UIACHTUYHOCTH
IIPOCTPAHCTBA U MATEPUM HAXOJWUT OTPAKEHUE B IOHATHUH MEPEMEILAIOIIETOCS MPOCTPAHCTBO-
Marepus. [Ipy aHanm3e moBeneHUs MyCTOM AbIpbl B MPOCTpaHCTBe-maTepuu JlexkapT caenan
BBIBOJI, YTO €€ CTEHKHU JOJIKHBI OBITh 3aKPbIThl HEMEUIEHHO, TaK KaK B MPUPOJIE HET HUKAKON
abcomtoTHOM mycToThl [1]. 3aech 3TOT (axT SABIASETCS OCHOBAHUEM Uil HU3YYEHHS] MPUUUH
JBUKEHHUSI IPOCTPAHCTBO-MAaTepus. B M3ydeHNH CyllleCTBOBAHMS PEaJIbHOTO MUPA, IOJy4EHHOIO
U3 3TON CyOCTaHIMM, TOKA3aHbl TAKXKE CJIEIYIOIINE TJIaBHbIE IPUHLIUIIBI: TPUHLIUI (PU3NYECKOM
MPPALMOHAIIBHOCTA TOYEK JIBUTAIOIIETOCA IPOCTPAHCTBA-MATEPUN; IPUHLHUI HIACHTUYHOCTH
9TUX TOYEK; MPHUHIUI 3KBUBAJICHTHOCTU Jl€KapTOBCKOM JAEUCTBUTEIBHOW ITyCTOTHI U JIBUKECHHUS
MIPOCTPAHCTBA-MATEPUH; NIPUHIMUI OJHOPOJHOIO W HWHBAPUAHTHOIO BPEMEHU JUISI BCETO
JBHKYILETOCS ITPOCTPAHCTBO-MaTEPHSI.

[IpoctpancTBO-MaTepus, KOTOpOE MEpeMelaeTcsl LUKINYeckH, o0nanaeTr Maccoit
JBYDKEHUS, BO3HHUKAIOIMIEH W3-32 €ro IHMKIUYEeCKOTO YCKOpeHHS Kak Kod(pduuueHT
MPONIOPIIMOHATIEHOCTH MKy CHIIOW M YCKOPEHHEM W MOMEHTOM HMITYJIbCa, OTPAYKAIOIIAM TOT
(dakT, 9TO OHO MJBWXKETCA TO oOpOuTe omnpenaenéHHoro paamyca. B pesynprate oOMeHa
UMIYJIbCAaMH, IMKJIbl JBIKCHHS IPOCTPAHCTBA-MATEPUH CTAHOBITCS TOMOTEHHBIMH H
o0JasaluMI MOMEHTaMH UMITyJbca, paBHbIMU NocTossHHOM Ilmanka. Ilpunnun ¢usnueckoit
MPPAIMOHAIILHOCTH MPOCTPAHCTBAa-MAaTepUH O0pa3oBaH M3 MPHHIUIA HEONPEACIEHHOCTH
['eiizenbepra [4] u cocTouT W3 TOro (Qaxra, 4TO HEBO3MOXKHO OIPENEIUTh MPOCTPAaHCTBO-
MaTtepuio B (hopMe Habopa TOUYEK pallMOHAILHOCTU. DTO MOXKET ObITh C/I€JIaHO TOJbKO B (hopMme
MHTEpBaJIa 3aBUCSIIECTO OT UMITYJIbCA P, BBI3BIBAIOIIETO €r0 POTAIIMOHHOE JIBM)KCHUE!

(x, _i)LXL(xo +i)

X X

I'me h - mocrostnnas Ilnanka;

Px - IPOEKIIMS UMITYJIbCA, BBI3BIBAIOIIETO TOUKHU B POTALIMOHHOE JABWKEHUE;

X0 — MaTeMaTUYEeCKOE 0)KHJIaHUE

X - UPPAlMOHAIIbHBIE TOUKH.

OTo nenaer NMpUHIMUI Heompenen€HHOCTH ['eif3eHOepra MPUHIMIIOM ONPEEIEHHOCTH
UppalMOHAIIbHBIX TOYEK IPOCTPAHCTBO-MATEPHSL.

B MmaremaTtuke, uMppanuoHaIbHOE YHCIO — 3TO JII000€ pealbHOE YHCI0, KOTOpOEe He
MOJKET OBbITh BBIPQKEHO KaK OTHOLIEHHE p/q, TJE P U q - LeNble YUCIA, C  OTJIUYHBIM OT HYJIS.
[ToaToMy 3TO He panMOHaIbHOE YKCI0. MoKeT ObITh JOKa3aHO, YTO UppalMOHAJIbHbIE YHCIIA -
TOYHO T€ pPEaJbHBbIE YHUCIA, KOTOPblE HE MOIYT OBbITh IpPEJCTaBICHbI KaK 3aBEPIICHHUE HIIU
MOBTOpPEHHUE AECATUYHBIX uncen [3]. Ecau reomerpuyecku palloHaNbHbIE TOYKU — 3TO TOUKH,

4159



KsanToBas Marus, Tom 8, Boim. 4, ctp. 4158-4167, 2011

KOTOpbIE€ HE MMEIOT HU JJIMHBI U HU LIUPHUHBI, TO UPPALUOHAIbHbIE TOUKU — 3TO OECKOHEYHO
MaJlble MHTEPBAJbl, KOTOPBIE IIPU JEIECHUU HA YaCTH HE TEPSAIOT HU JUIMHBI U HU IIHPUHBEL. B
¢uszuke HEoOXOIMMO paccMaTpUBaTh MCKIIIOUUTENIBHO HPPALMOHAIBHBIE TOUYKH, TaK Kak
HMPPALMOHAJIBHASL TOYKA ITPOCTPAHCTBA-MATEPUH - 3TO MHTEPBAN, pa3Mep KOTOPOIO 3aBUCHUT OT
JNEUCTBYIOLIEr0 Ha HEro UMIYibca. YTOObl yMEHBIINUTH 3TOT UHTEPBAI HEOOXOAUMO YBEIUYUTH
BO3JICHCTBYIOIIMA MOMEHT umnyibca. [IpuHuun ¢usnueckoil MppanroHaIbHOCTU YKa3bIBAeT
TaKKe, 4YTO IEepeMElIAoNIeecs IPOCTPAHCTBO-MATEPHUsl JUCKPETHO M OJHOBPEMEHHO
HenpepblBHO.  Pusnyeckas MPPALMOHAIBHOCTh TOYEK JABUIAIOLIErOCs MPOCTPAHCTBA-MATEPHUH
YKa3bIBa€T Ha TO, YTO HEBO3MOKHO BBIJICJIUTh MX KaK 000COOJIEHHbIE OOBEKTHI U YKa3aTh UX
pa3Mepbl U UMITYJbChl OJAHOBpeMeHHO. OJHAaKO 3TH TOYKM HAXOAST CBOE ONUCAHHE B BUJIE
SKBHUBAJIEHTHBIX OTHOIIEHUN OJHOMMEHHBIX BEJIIMYMH, JArOIIMX Oe3pa3MepHble Apodu Oosblie
HYyJI1, HO MEHblIE eAuHUbl. [IprMepbl TakuX OTHOCHUTENBHBIX BEJIUMYHMH: BEpPOSTHOCTH
OoOHapy)XeHHMsI MUKpPOYACTHUILl, KBaJpaT OTHOLIEHHS CKOPOCTH JIBUXKEHUS K CKOPOCTH CBETa,
otHourenue ¢’/ch i T.1. Ecin, HanmpuMep, BHIMIEIPHBEISHHOE HEPABEHCTBO Pa3IeIHTh Ha Xg, TO
IIOJIy4MM BBIpaKEHHE, KOTOPOE MOKHO HOPMUPOBATh HAa UHTEpBa u3MeHeHus 0-1

TakuM 00pa3oM, NPOCTPAHCTBO-MATEpUsi COCTOUT M3 HPPALUOHAIBHBIX TOYEK, W,
CJIEJOBATENIbHO, HEOOXOJMMO TOBOPUTH O (OpME U pacHpeleieHUH 3THUX TOYEK, 4YTOObI
BOCIIPOM3BECTH HENPEPHIBHOE U JUCKPETHOE NPOCTPAHCTBO-Marepuio. OYeBUIHO, UYTO B
MPUPOJIE HET «KUPIHUYEH», KOTOPHIMU BO3MOYKHO BBUIOKHUTH aOCOJIIOTHO IJIOTHOE TPEXMEPHOE
npoctpaHcTBo. [naBHas (opma HppalMOHaIbHBIX TOYEK MPOCTPAHCTBA-MAaTEPUHU SBIISETCS
chepuyeckoil, KoTopas SIBISIETCS ONTUMAIbHON OTHOCHUTENBbHO Jpyrux (opm. OgHako Takas
(dbopmMa uppalMOHAIBHBIX TOYEK MPUBOIUT K (aKTy, YTO MEXAY HUMH OCTa€Tcsl HEyCTpaHuMas
nycrota. OueBugHO, 4Yro 93Ta JlekapToBckas BUpTyalbHass IYCTOTa  3allOJIHSETCS
MPOCTPAHCTBOM-MATEpUEH CO CKOpPOCTBIO cBeTa. I[loaTomy st e€ oOHapy:KeHHUsT HEOOXOIUMBbI
CUTHAJIBl CO CKOPOCTBIO OOJIbIIE YEM CKOPOCTh CBETa. Tak Kak B peallbHOM MHUpPE CKOPOCTHU
J000r0 JABMXKEHMSI HE IPEBBIIIAIOT CKOPOCTH CBETa, KOTOpas SBJIAETCS HEOOXOAMMOM JUis
OoOHapy)XeHMsI MYCTOTHI, 3aMOJIHSIEMON HPOCTPAHCTBOM-MAaTepuell CO CKOpPOCTbIO CBETa, TO
BUPTYaJIbHbIE ABIPKU B HEM HE CTAHOBATCS 3aMETHBIMM B dKCIIEPUMEHTaX Kak 00beKThl. OHaKO,
IIPY UX 3aII0JIHEHHUH, JBHKEHUE MTPOCTPAHCTBA-MATEPUU IIPEACTABIISIETCS KaK KBAHT JBHKCHHSL.
JbIppl B MPOCTPAaHCTBE-MAaTepuu OOHApPYXKUBAIOT Cce0s YCUJICHHUEM €ro  JABUKECHHSL.
WppanmonanbHas To4YKa NMPOCTPAHCTBO-MaTepUs 3amloJHsAomas U oOpa3yollas BUPTYyaJIbHYIO
nycroty Jlekapra CTaHOBUTCS TOYKOW u3mydeHus [roiirenca. Takum oOpa3zom, mycToTa B
MepeMEeIIAIONIEMCSl TIPOCTPAHCTBE-MAaTepUU CYIIECTBYET M B TO K€ caMOe€ BpeMsl Kak Obl
orcyrcTByeT. [Ipym 3TOM CylecTBOBaHME HE YCTPAaHMMOW B IPOCTPAHCTBE-MATEPUH ITyCTOTHI
SBJIIETCA MCTOYHUKOM BEYHOTO e€ro JBkeHHs. OHO HE TOJIBKO CIYXHUT IPOBOJHUKOM
JJIEKTPOMAarHUTHBIX BOJIH, HO M CaMO JIBUTAeTCs, TaK KaK JEHCTBUTENIbHAs IIyCTOTa B
MIPOCTPAHCTBE-MAaTEPUH HE MOXKET ObITh CTATUYECKOM, €CIIM OHA B OJJHOM MECTE 3aXJIOIbIBACTCS,
TO B JPYroM MeECT€ BO3HHMKaeT. Tak Kak B pealbHOM MHUpPE CYIIECTBYET OECKOHEYHOE YMCIIO
HMCTOYHUKOB AJIEKTPOMArHUTHBIX BOJIH, TO JIBWXKEHHE KaKJI0M HppalloHaIbHOW TOUKH OyneT
MMETh XapakTep BEPOSITHOCTH. DPU3NUYECKHI BAKYyM IPEIACTABIAECT XAaOTUYECKOE JIBHIKCHHE
MPPALMOHAIBHBIX TOYEK IPOCTPAHCTBA-MATEPUH M €r0 AbIp, B PE3yJIbTare KOTOPOrO OH
CTPEMUTCS K YHOPSAJOYEHHOCTU. BOJHBI, H3JIyuyeHHbIE HUpPPALMOHAIBHBIMU TOYKaMU IpU
3ar0JIHEHUH JACHUCTBUTEIHHOM MyCTOTHI, U3BECTHBI KaK “KOCMHYECKOE MUKPOBOJHOBOE (DOHOBOE
u3nydeHue”. B KoHUenuuu nepeMeniarnerocs npocTpaHcTBa-MaTepuu, CyIIECTBOBAHUE ITOM
paguanuy IMOATBEPXKAACT XAOTUYECKOE LMKIMYECKOE JBMIKEHHE HPPAUOHAIBHBIX TOYEK,
3aMOJIHAIOIINX JEHUCTBUTEIBHYIO IIyCTOTY.

CymiecTBOBaHHE JEMCTBUTENBHOM IYCTOTBI MEXAY HPPAlMOHAIBHBIMM TOUYKAMHU
(koTOpble HAOMIOJAIOTCS KaK KBAaHThHI JBMXKEHMS) IO3BOJISET IMPOCTPAHCTBY-MATEPUU OBITh
CKaTbIM, TO €CTh ObITh ynpyruM. ['1e ecTb ABHKEHHE, TaM ecThb cuiibl. [IpocTpaHcTBO-MaTepus
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B (JM3UYECKOM BaKyyMe, TO €CTh B COCTOSSHUU 0€3 €ro CTalMOHAPHOIO LUKJIWYECKOTO ABMKCHUS
XapaKTEPU3yeTCsl INIOTHOCTBIO MOTOKA CHIIbL. MIHTErpasl 3TOM CHIIbI O 3aMKHYTOM ITIOBEPXHOCTH
cdepsl paBeH MPOU3BEACHUIO CKOPOCTH CBETa M mocTosiHHOM [lnanka, ch.

”Fn (P)do =ch

o

I'me h - mocrostnnas Ilnanka,
C - CKOPOCTh CBETa B BaKyyMe.

OTO U ecTb 3aKOH IIOCTOSIHCTBA II0TOKAa, MPOHHU3BIBAIOIIETO JIOOYI0 3aMKHYTYIO
MIOBEPXHOCTb, B COOTBETCTBUU C KOTOPHIM HPPALMOHAIbHBIE TOYKH IE€PEMEIIAIOIIErocs
[IPOCTPAHCTBA-MaTEpPUH BIMSIOT ApYyr Ha Apyra. [IpuHnun ¢usnueckod HpparuoHAIBLHOCTU
TOYEK MPOCTPAaHCTBA-MATEPUU ONPEAECISAET, UTO BCE €ro TOUKU HaXOASTCS M0J] BIUSIHUEM BCETO
JIBUTAIOIIETOCS] IPOCTPAHCTBO-MATEPHS, Jieflasi UX HEPa3pbIBHBIMU. DTOT NOTOK CHJI HEOOXOAUM
JUIS 3aKPBITUS] CTEHOK BO3HUKAIOIIUX ITYCTOT B IPOCTPAHCTBE-MaTEPUH.

3aMeTUM TaKKe, YTO MOTOK CHUJIbI HE 3aBUCHUT OT IUIOLIAIU TOBEPXHOCTH B3ATOT0 00BEMA
[IPOCTPAHCTBA-MaTEPUH U IO3TOMY JUBEPIEHIIMS €T0 MOJIsl CUJl paBHA OECKOHEYHOCTH:

h

ff F,(Pydo —
divF(P) =lim*———— = lim ﬁ =0
V V—0

OTO O3HAuyaeT, YTO Ha IMOBEPXHOCTh JHOOOro 0O0bEMaA MPOCTpPaHCTBA-MATEPUU JEHCTBYET
cujla, OOYCIIOBJIEHHAsl JIaBJICHUEM BHEIIHEro JUIsl HEro IpPOCTPaHCTBA-MATEPUH, KOTOpas B
UppalMOHAIbHON TOYKE CTAaHOBUTCA OeckoHe4YHO Oousiblioi. MppauuoHanbHblE TOYKH
[IPOCTPAHCTBA-MaTEPUM CLEIJIEHbl 3TOM OECKOHEYHO OOJIbIIOW CHUJIOW JI0 COCTOSIHUSL HX
HEpa3pbIBHOCTH.

[ToToK cun nmepemeniaroerocst HPOCTPAHCTBO-MATEPUsI HA KaXKJOW UppallMOHAIBHON TOUKE,
paBHbIii ch — 3T0 anamor arMocdepHoro mnaBieHUs JUIsl (QU3MYECKOTO Bakyyma. Toraa
a0COTIOTHBIN IOTOK CUJI paBeH

[[F.(Pydo = ch+ad

o

3nech AD OTKIIOHEHHE OT IMOCTOSHCTBA TMOTOKA, BBHI3BIBAIOIIETO JABMKEHUE TPOCTPAHCTBA-
MaTepuu. [ sneKkTprueckoil 006JacTh - 3TO TMOTOK OT JJIEKTPHUUECKOTO 3apsna qidz / €y, IS
IPaBUTAIIMOHHOTO TIOJIS TATOTEHUS, 3TOT MOTOK paBeH YMM, T1ie M. B M. - Macchl YacTHII.

Taxum 00pa3om, J1I0600€ MECTHOE OTKIIOHEHHE BEIIMYUHBI TIOTOKA CHJI OT CPEJHETO 3HAUYCHUS
ch BBI3BIBACT NBMKCHUE MPOCTPAHCTBA-MATEPHH, B PE3YNIbTaTe KOTOPOTO BOCCTAHABIIMBACTCS
MIOCTOSTHCTBO MOTOKa. Kpome ecTecTBEHHBIX IMOJICH MPUTIKEHHS CYIIECTBOBAHHE ATOTO TOTOKA
cu1 noareepkaaercs s¢pdexkrom Kazumupa, B hopmyse KOTOPOro MpUCYTCTBYET IPOU3BEACHUE
ch M1 B KOTOPOM CHJIa TIPUTSDKEHHUS BO3HUKAET B PE3YJIbTaTe AKPAHUPOBAHUS ITOTO IOTOKA
Temamu [5].

CkopocTh mepenaun BIUSHUS OT OJHON MPPAalMOHAIBHON TOYKH IMPOCTPAHCTBO-MATEpPHUs K

IpYroil - TMOCTOSIHHAsE M paBHAa CKOPOCTH cBeTa. VppanmoHalbHBIE TOYKA HE TOJIKAIOT JPYT
Apyra, a YBIEKAIOT, MOCKOJBKY TpPU ABIKEHUH (DOPMHPYIOT NEHCTBHTENBHYIO ITYCTOTY B
MIPOCTPAHCTBE-MATEPHH, KOTOPAsi CO CKOPOCTBIO CBETA 3aMOJHIIOTCS JPYTrUMH TOUYKaMHU.
Takum 00pa3om, HEOOXOIMMO BBIJICTUTH CIEAYIONIYI0O OCOOEHHOCTH JI00OTO MpOIecca: ¢ OTHOM
CTOPOHBI TIPOCTPAHCTBO-MATEPHs JBHTACTCS CO CKOPOCTBIO V, a C JPYrOod CTOPOHBI €ro
OCBOOOJMBIIICECS] MECTO 3aHMMAET JPYroe MPOCTPAHCTBO-MATEPHUS CO CKOPOCTBIO CBETa C.
CrnenoBatenbHO, 00muii 3pPexT FTOro Imporecca OyaeT ONpeneasaThCS OTHOIICHHEM V/C.
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[IycToTa B IBUraromemcss NpoCTpaHCTBE-MAaTEPUU HE MOXKET CYIIECTBOBATh B PEAIBHOM
BHJIE ITOTOMY, YTO BCE€ IIPOLIECCHI B PEATBHOM MHPE IPOUCXOAAT C MEHBIIEH CKOPOCTBIO, YEM
CKOPOCTb 3allOJHEHUS JIEeHCTBUTEIBHON MYCTOTHI, C(HOPMUPOBAHHONW B HEM M 3amOJIHAEMas UM
CO CKOPOCTBIO CBETA.

3aMeTuM, UYTO MOTOK CHJIbI TAKXKE KaK cama CHJIa MOTYT MEHATh 3HaK C IJII0CAa HA MUHYC,
TaK Kak UMEIOT HarmpasiieHue. B ¢pusnke cymecTByeT nmpaBuio, COrIacCHO KOTOPOro (pusnveckue
BEJINYMHBI, pa3jlaraéMbple B TPEXMEPHOM IIPOCTPAHCTBE IO TPEM JIMHEWHO HE3aBUCUMBIM
BEKTOpam, cpa3y OepyTcs B KBajJpare, T.e. NPEICTABISIOTCS KBajapaTtoMm moxayisa. llpu stom
HEKOTOpble (PM3NYECKUE 3aJjaul PEIIaloTCs HEMOCPEICTBEHHO C KOPHSAMHU KBaJpaTHBIMU, T.€. C
MOJIYJISIMH, a JUIs PELIeHUs JPYyrux 3a7ad MaTEeMaTH4YeCKHe JACUCTBUS IPOU3BOIATCS C
KBagparaMu wmoaysd. IlepBeIM NpHUMEPOM TaKOro JBOMCTBEHHOTO OTHOIIEHHs CIIy’Kar
(U3HUeCKHe BENMUMHBI: MMIYIGC MV W KHHETHYeCKas dHeprus mv>/2. JIpyruM IpuMepoM
MOXXET CIY’KUTb KBaJpaT MOAYJS BOJHOBOM (YHKIMM WM OTHOLIEHHE KBaJpaToOB CKOPOCTEH
(vic)?
C yuérom BcCero 3TOro 3akOH IOCTOSHCTBA IOTOKA CHJI CIIEAYyeT HalKcaTh TaKKe KaK 3aKOH
ITIOCTOSTHCTBA ITOTOKA KBA/IPATOB CHUJIL.

j j FX(P)do = (ch)?

o

3HayeHHe TaKOW 3anucy OyAeT IOHATHA JaJiee.

KBapaT OTHOLICHHS CKOPOCTEit (V/c)*, O4eHb YacTo BCTPEYAsCh B COBPEMEHHOI (H3HKe,
(akTUYeCKH XapaKTepu3yeT IUIOTHOCTh IIYCTOTHI B IpOCTpaHCTBe-MaTepuu. Yem Oosblie
CKOPOCTH ABM)KEHHUS, TEM OOJIbIIIe MYCTOThI HEOOXOIUMO JIJIsl TOrO, YTOOBI CO3/1aTh YCIOBHS AJIs
YCKOPEHHH.

B pesynbrate cymiecTBOBaHMSA IOTOKAa CHJ, NEPEMEILAIOUIEEcs IPOCTPAaHCTBO-MaTepus
MMeEEeT CBOMCTBO MEPEXOJUTh OT HEIJIOTHON YNAKOBKH B yCJIOBHE OOJbIIEH MIIOTHOCTU. Takum
o0pa3oMm, B C)XaToOM HPOCTPAHCTBE-MaTepUu, IEUCTBUTEIbHAS IIyCTOTa BBITECHEHA, U OHO
CTaHOBUTCS MEHEe MOOUIIBHBIM, a B TOM MeECTe, I/ie €€ 0oblle, ero ABmkeHue ycuieHo. Camas
II0THas cepuueckasi yrnakoBKa MpecTaBisieT chepuyeckoe oOpazoBaHUE, B KOTOPOM KOHIIbI
[IPOCTPAHCTBO-MATEpUsl 3aMBIKAIOTCS € (OPMUPOBAHUEM IMKIMYECKOro BikeHus. Ecnu
TEeTparoHajibHas  yINaKOBKAa HUPPALMOHAIBHBIX TOUYEK IPOCTPAHCTBA-MATEPUH  CO3JAET
TPEXMEpHBIN peajbHbIi MUpP, TO IeKCaroHajbHas MX YIAKOBKa CBs3aHa C BOBHUKHOBEHHEM B
3TOM MUPE POTALIUOHHBIX POPMUPOBAHUH.

S
<>
(O

TerparonanpHas yrakoBKa ['excaronanpHas yrakoBKa
JIByxmepHBbIe siueiiku bpase
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N3obpazum uacam3upoBaHHYIO KapTUHY (parMeHTa IBHUTAIOIIEroCs IMPOCTPAHCTBA-
MaTepuu Ha IMOBEPXHOCTH 3aMKHYTOH cdepbhl B OJWH U3 MOMEHTOB €r0 JBIKEHUS B BHUJC
IapOBOM YIAKOBKH, TJI¢ IIap — 3TO MHTEpBal. Ha pucyHKe MOKa3aHO Kak TeTparoHajbHas
yIakoBKa TPAaHC(HOPMHUPYETCS B TEKCArOHAIBHYIO YMakoBKy. [Ipu 3TOM KBaapar mepexoauT B
poMO0. 3aMeTUM TaKKe, YTO KaXIbId IIap B TETParoHaJbHOW YMAaKOBKE — 3TO, B CYIIHOCTH,
BpalaTeabHas TeKCaroHaJlbHas yIaKoBKa.

Takke Kak TOTOK CHJIBI, KBapaT TMOTOKA CHJIbI 4Yepe3 3aMKHYTYIO TIOBEPXHOCTb
MOCTOSTHEH W pPaBeH c’h’. OmpenenuM TUIOTHOCTh KBajpaTra CHJIBl Ha BCEH 3aMKHYTOM
cth?

>

0

Jlanee onpenenum MOTOK KBaapaTa CUIIbI, KOTOPBIA MPUXOIATCS HEMOCPEICTBEHHO HA
MIPOCTPAHCTBO-MATEPUIO UPPAITUOHAIBHBIX TOYEK Ha MOBEPXHOCTHU B3STOM CPEephl, yMHOKUB
HaWJIEHHYIO TJIOTHOCThH HA IIJIOIIA b BCEX MIAPOB S, 00pa3yomux €€ MOBEPXHOCTh, MOJTYIUM:
c*h*S oy S
——=ch .
47TR§ 47TR§
UToOBI HAWNTH MMOTOK CHJIBI BXOJSIINKI B IMyCTOTY MEXKAY UPPAIIMOHATBHBIMA TOYKAMUA OTHHUMEM
HaWJIEHHBIN MMOTOK CUJIBI HA CAMH MpPpaAlMOHAIBHBIC TOUYKH OT BCEro KBajpara MoTOKa CHJI 4epe3
BCIO TIOBEPXHOCTD B35TOH CHEPHI, MOTYIUM:

n0BepXHOCTH chepbl paamycoM Ry: F>47R; =

F?4nR;S =

F?167°R) — F*47R;S = ¢*h* —c*h’ iz P .
47R; 4nR,
nozactaBnss S = 47R* , momydnMm:
4 2
F*167°R) — F*16n°R;R* =c*h?| 1- ”R2
47R;
[Iponenaem npeobpazoBaHue, Kak B JIEBOW, TaK U B IPABOM YaCTH PaBEHCTBA
R2
F*167°R;(R; —R*) =ch? I_F
0
YMHOXUM U Pa3IeIINM JIEBYIO YaCTh Ha Ro’, MIOJIy4YHM:
R2 _R2 R2
F’l16n°Ry ———=c’h’|1-—
RO RO
Brruncnum kopeHb KBaJipaTHBII
R2 2
F477:R§ 1——2 =ch l—R—Z, rae R<Ry
RO RO

UTo paBHOCUIIBHO YMHOKEHHUIO (POPMYIIbI 3aKOHA O MOCTOSIHCTBE IMOTOKA CHUJI CJI€Ba U CIIpaBa Ha
2
MHOXXHUTENE |1 — — . Onnaxko, Teneps sICHO ueM sBISIOTCs R 1 Ry,
0
Ry — paguyc Bceil cepbl BMECTE ¢ MyCTOTAMH MEXAY UPPAllMOHATBHBIMUA TOUKAMU;
R — panuyc cheprl 0e3 mycToT, MOBEPXHOCTh KOTOPOIl 00pazyeTcsi TOIbKO MUppalMOHaIbHBIMU
toukamu. Torma 2m(Ro>= R?) — 310 mmomame chepbl MPUXOISIICHCS HA IYCTOTH MEXKITY
TOYKaMHU.

O603HauUM 700 OT OOILEro MOTOKa CHJI, MPUXOJALIYIOCS Ha BUPTYaJbHYIO IYCTOTY Kak
KBajIpar 3apsaia

q:




KsanToBas Marus, Tom 8, Boim. 4, ctp. 4158-4167, 2011

", c/Ie1aB MpeoOpa3oBaHue, MOTYIHM:

2

Baytpu aroma Bojopona o Mozenu bopa Bennuuna % paBHA CKOPOCTH JBM)KEHHUSI 3JICKTPOHA

110 NepBOI 0pOUTE, OTCI0IAa MOIYYEHHOE BBIPAXKEHHE MOXKHO 3alUCaTh Tak:

R2
v=c 1——2.
0

Ecnu BBectn BMecTo o0o3HadeHus: R nmpuBbsIyHOE 0003HAYEHUE JIMHBI /, B PeoOpa3oBaTh ITO
BBIpaKEHUE, TO TOJTyduM Gopmyity ipeoOpazoBanus Jlopenna:

TakuM 00pazoM, B KOHIEMIMU JBUTAIOIIETOCS MPOCTPAHCTBA-MAaTEPUH IMPUMEHSIOTCS T€ K€
camble (DOPMYJIbI TEOPHI OTHOCUTEIBHOCTH, HO TOJIBKO B IPYTOM KOHTEKCTE.

CkopocTh JBMKEHMSI MPOCTpaHCTBa-MaTepuu OyAeT paBHOM CKOPOCTH CBETa B TOM
cllydae, €CJIM OTHOLIEHHUE IUIOIAAy MYCTOThI K IUIONIaJM BCEW 3aMKHYTOM MOBEPXHOCTH OyneT
pPaBHO €UHUIIE, T.€. Oy/eT aOCOIIOTHAS MyCTOTA!

R} -R’ _
R;

JlBurasicb 1o 3aMKHYTOM OpOuTE B MeCTax CYLIECTBOBAHHS BUPTYAJIbHOW ITYCTOTBHI,
[IPOCTPAHCTBO-MATEepHUs, TOIJIOIAsi HMITYJIbChl (OTOHOB, JOCTUTaeT CKOPOCTU CBETa H
[IPE0JI0JIEBAaET MOTOK CHIIbI, Jajiee M3JIyYHMB CBOIO SHEPTUI0 B BUJIE KBAHTOB KoJIeOaHUs, OHO
YMEHBIIAET CKOPOCTh CBOETO JBUKEHUS U BO3BPALACTCS B IIPEKHEE COCTOSHHUE.

Crnenyer 3aMeTUTb, YTO MOTOK CHJIbI JEHCTBYET Ha BCE TOYKU MPOCTPAHCTBA-MATEPHH,

II09TOMY OJHOpPOJHAs WX YIIAKOBKA HE BBI3bIBACT JBMIKEHHE OJHUX TOYEK OTHOCUTEIBHO
Opyrux. /IBHKeHHe HacTynmaeT Mpu HapyUIEHWH OJHOPOJHOCTH YHNAKOBKHM, KOTZa IIPOUCXOJMT
JIOKaJIbHOE HAKOTUIEHUE MMYCTOTHI U BCE OJIM3JIekKAIME TOUKU CTPEMSITCS 3aHSTh €€.
TakuM 00pa3oM, ecTb CKOpPOCTh (OPMHUPOBAHUS MYCTOTHI M CKOPOCTb 3aIlOJIHEHHUS ITYCTOTHI.
CkopocTtb (hopMHpOBaHUS IMYCTOTHI COBIAJAET CO CKOPOCTHIO ABMXKEHHUS TPOCTPAHCTBO-MATEPUs
OTHOCUTENIbHO ce0s M paBHa V. CKOpOCTh 3allOJHEHUs IYCTOThl paBHA CKOpPOCTHU CBETa C.
Ckopocth (OpMUPOBAaHUS IYCTOTHl V 3aBUCUT OT IUIOTHOCTH IIYCTOTBI B JIBUXKYILIEMCS
IIPOCTPAHCTBE-MAaTepUU. B 3TOM COCTOMT MNPHHOMI HKBUBAJICHTHOCTH JleKapTOBCKOM
JNEUCTBUTENBHON IMYCTOTHI U JBMXKEHMSI MPOCTpaHCTBO-MaTepus. COrIacHO 3TOMY NPUHIUIY,
JBUKEHHE IMPOCTPAHCTBO-MATEPUs BCErAA CONPOBOXKAAECTCS BO3HUKHOBEHHEM JleKapTOBCKOM
NeUCTBUTENbHOM MycTOThl. BcenenctBue oOpa3oBaHHsl 3TOM IMYCTOTHI MPOCTPAHCTBO-MAaTepus
MMEET BO3MOXHOCTb I€peMecTUThCs LukiInyecku. [IpocTtpaHcTBo-maTepus Ha mnepudepun
dbopMupoBaHUS MYCTOTHI B (DU3WYECKOM BaKyymMe BpallaeTcsi CO CKOPOCThIO CBETa U
YpaBHOBEIIEH MOMEHTOM UMITYJIbCa PaBHBIM MocTOsiHHOM [1nanka h.

1
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['excaronanpHas yrakoBKa

Kaxxnplif MHTEpBaN MHPOCTPAaHCTBA-MATEPUU COJEPKUT BHYTPEHHIOIO IIECTUYTOJIbHYIO
YIaKOBKY JAPYIrUX MHTEPBAJIOB, KOTOpPBIE TAKXKE COJEPKAT B ceOe IIECTUYrOJIbHYIO YINAKOBKY
UHTEPBAIOB U Tak Jajee 10 OECKOHEYHOCTH. B 3TOM COCTOMT CyIIHOCTH (PU3HUECKOM
uppauuoHanbHoCTH. [lafaromias snekTpoMarHuTHas BOJIHA TOJHUMAET MPOCTPAHCTBO-MATEPHUIO
C IIyOUHBI, KOTOPYIO I103BOJISIET €€ UMITYJIBC CO3/IAI0IIMI BpaleHUe CHepudecKO yIIaKOBKH.

Takum 006pazoM, IOCIEACTBHS CYIIECTBOBAHMS 3TOIO MMOTOKA CHJI - KBAHTOBBIE CBOMCTBA
MUKpPOMHpA. ITO CIEIyeT U3 JBUKEHHUS BOJHBI IPOCTPAHCTBO-MATEPUs, KOTOPOE HAUUHAETCS C
ero npeogosieHus. KBaHT paguanuu npeojosaeBaer 3TOT HOTOK CHJI BpaIlleHUEM IIPOCTPaHCTBO-
MaTepust Tak, YToObl 0OpallleHre UMITyJIbca Ha 3aMKHYTOM KOHType L Obpl10 paBHO:

§lAa(Pds = h

Takum oOpa3oM, BOJIHA MPOCTPAHCTBO-MATEPHUs MEPEMEIIACTCS CO CKOPOCTHIO CBeETa.
Ecnu nukinyeckoe IBUKEHHUE MPOCTPAHCTBA-MATEPUU HE CMOTJIO MPEOI0JETh 3TOT MOTOK CHJIBI
ch, To OHO BBITIOJIHAET MECTHBIC XaoTUUYeCKHe NBIKEeHHs. ClieoBaTeIbHO, KPOME TIJIOTHOCTH
CIEAYeT YYEeCTh XaOTHYECKHMU XapaKTep ABUKEHHUS MNpPOCTpaHCTBa-mMarepuu. [IOCKOJBbKY Bce
HaNpaBJIE€HUsSI JIBWKEHUS B XAaOTUYHOW CpEIAe pPaBHOBEPOSATHBI U c2=cx2+cy2+czz, TO

2 2 . 2
c,=c,=c —gc . Kpome Toro, ciemyer ydecthb, 4TO NPU XaOTHYECKOM BIDKEHUM 4YEPE3

V4

€IMHULY IUIOIIAM MPOXOJIUT JIMIIL Y4 yacTh Touek JBurarouiuxcs BOam3u. C ydyérom 3TOro
pa3oKeHus Mo CTEeNneHsIM cBOOO Il Mostydaercs Gopmya.

2
q 1
9 _ M-
ch 8x+3 P

['ne p — IIOTHOCTH IAPOBOM YIIAKOBKH.

JIEHCTBUTENBHO, PAacCMOTPUM YIIAKOBKY IPOCTPAHCTBA-MAaTEPUM B  IUIOTHEHUIIUHI
I€KCaroHaJIbHBIN CJIOM U B IUIOTHBIM TETPArOHAJIBHBIN CIIOM.
[[moTHOCTh NBYMEPHOW IIAPOBOM YMAKOBKH  OMNPEACNSIETCS KaK OTHOIIEHWE IUIONIAH,
3aHMMAaeMOM KacCaroIMMUCS [IapaMU, IPUXOIAIIEHCS Ha JBYMEPHYIO dJIEMEHTAPHYIO SYEHUKY, K
IUIOINAH 3TON SYEHKU: P=S,ap/S, %0; SmaPZ(Rz)z,
Suwap - MJIOLIAAb, 3aHMMaeMas IapoMm, S - IUIOIIAAb JBYMEpHOH sueiiku bpaes, R - pamuyc
cepUyeCcKUX 1apOB, BHIIOJHSIIOUIUX IUIOTHEHIIIYIO YIIAKOBKY WJIHM MJIOTHYIO KJIaJIKYy.
Pacuer S- momanu nBymepHou siueiiku bpaBs - BBITIONHSETCS MO cieayronmM Gopmysam:
IUIOTHAS KJIaJKa S=a2, a=2R; mioTHelIas ynakoBka S:azsin120, a=2R
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CornachHo pacuery, p=90.69% (TutoTHelmas ynakoBka) u p=78.54% (TuloTHas Kiaaka)
[2]. st mioTHejimeit ynakoBky Haiiaém q>/ch=0,007009; mst mioTHO# knagku q-/ch=0,010642.
MI3BecTHOE 3HAYCHHE MTOCTOSHHOM TOHKOH CTPYKTYphI q/ch=1/137=0,007297 Hax0IUTCH MEXKTY
AQHAJIOTMYHBIMU 3HAYEHHUSMU U1 IUIOTHEHENH U mioTHo ynakoBok 0,007009 < 0,007297 <
0,010642. D10 03HA4aeT, YTO HJIEKTPOH MPEACTABISAET COOOW MBHTraroIieecs MPOCTPaHCTBO-
MAaTEPHUIO, C MPOMEKYTOYHOMN MIIOTHOCTHIO MEXAY INIOTHEUIIEH U TUIOTHOW YIaKOBKaMHU.

Takum 00pa3oM, MyCTOTHI B JIBUTAIOIIEMCS] IIPOCTPAHCTBE €CTh, U B TO JKE€ CaMOE€ BpeMs
WX HET.

[lepemernienne npocTpaHCTBa-MaTEPUH TPOUCXOIUT HE M3-32 B3AUMHOTO TIOITaIKUBAHUS
€ro TOYeK B OJHOPOJHOW cpefe, a u3-3a (HOPMHUPOBAHHS ITYCTHIX 00JacTed, KOTOPHIE OHHU
CTpeMSITCS  3amoJiHUTh.  [loATalKkMBaHWE  MPOCTPAHCTBA-MATEPUHM  MPOUCXOAUT  TOCIE
(GhopMUPOBaHUS W3 HETO YACTHUIl MyTEM M30JUPOBAHMS B MX IEHTPAX MPUTITHBAIONIIUX MTYCTOT.
CrnenoBaTenbHO, JBUKEHHE MPOCTPAHCTBA-MATEPUHU, BKJIIOYAS YACTHUIBI, MTPOUCXOIAUT B
pe3ynbTaTe JeMCTBHS CYLIECTBYIOIIETO MOTOKA CHJI, BO3HUKAIOUINX U3-3a TyCcTOThl. OTCyTCTBHE
mporecca TOJKaHWA B  (U3MYECKOM BaKyyMe TOATBEPXKIACT MEXaHWU3M  H3JIydCHUS
AJICKTPOMArHUTHBIX BOJIH, B KOTOPOM Ha KOHI[AX M3JIy4YalOIIEerO TUTIOJNS JOJKHBI TOSBUTHCS
MIPOTUBOTIOJIOKHBIC 3aPS/Ibl, OTPUIIATEIBHBIN U MOJOKUTEIBHBIH, T.€. B €r0 JIOKAJIbHOW 001acTH
co31aéTcs pa3HOCTb IJIOTHOCTU MIPOCTPAHCTBA-MaTEPUH.

TerparonanpHas 1apoBas yIaKOBKa MPOCTPAHCTBA-MATEPHH  SBISIETCS OCHOBOM
TPEXMEPHOTO MHUpPA, B KOTOPOM BOKPYr KaXJOTO IIapa HAXOMITCS TPU TMapbl IIApPOB,
0o0pasyromuM TpHU TEPICHAUKYISIPHBIX HampaBiieHus. [IpocTpaHCTBO-MaTepusi HEMPEPHIBHO
MEePEXOIUT U3 TETparoHaJIbHOM NIApOBOW YMAaKOBKM B 0o0Jiee IUIOTHYIO TI'€KCaroHaJbHYIO
BpallaTeJIbHYIO0 YIAKOBKY. OJTOT MpoOLiECC B IMPHUPOJAE ypaBHOBELIEH OOpaTHBIM IMEpPEeX0oM
MPOCTPAHCTBA-MATepPUX M3 TUIOTHOM TEKCAarOHAJbHOW YNAKOBKM B MEHEE IUIOTHYIO
TETPAaroHAJIbHYI0 IIAPOBYIO YIAKOBKY, KOTOPBIA TPOUCXOJUT W3-32 BO3OYKICHHS €ro
AJIEKTPOMArHUTHBIMU BOJIHAMU. JIEKTPOMArHUTHBIX BOJH OYE€Hh MHOTO W COBMECTHBIMHU
YCWIMSMHA ~ OHHM  pa3pyllaloT IUIOTHYKO  BpAlIaTebHYI0 T'€KCarOHAJIbHYIO  YIAKOBKY
MPOCTPAHCTBA-MAaTEPUH, MPEBpaIIas €ro B TPEXMEPHYIO TETparoHaJbHYIO yrmakoBky. [Ipu sTom
KaXJas BOJIHA TPATUTh SHEPIrHI0, OICHEHHYID KaK ITOCTOSHHYIO KPAacHOTO CMEIICHHS |
nouuHseTcs Hubble's law [8].

Takum o0Opa3oM, HppanMOHAIBHBIE TOYKH TMPOCTPAHCTBA-MATEPUH HAXOIATCS B
JIOKaJIbHOM BpaIaTeIbHOM W KOJIeOATeTbHOM JBW)XEHUH, YacThb KOTOPBIX HAXOIUTCS B
COCTOSIHUM TE€TPAaroHAJIbHOW YITAKOBKH, a 4acTh B 00Jiee TJIOTHOW T'€KCAaroHaJbHOW YIaKOBKE.
Pacnipenenenne uppanmoHAIbHBIX TOYEK IO CKOPOCTSM JOJDKHO MOTYUHATHCS HOPMAJTbHOMY
3aKOHY, TaK Kak B BO30YKIEHHOW TETparoHaJIbHOW YMaKOBKE IPOCTPAHCTBA-MATEPUU TPHU
BO3HUKHOBEHUU HUPPALMOHAIBHBIX TOYEK JIBUTAIOLIUXCSA CO CKOPOCThIO 00OJiee CKOPOCTH CBETA,
MPOUCXOAUT M3IYYCHHE M3JIUIIKA DHEPTrUU B BUAC SJCKTPOMArHUTHOW BOJIHBI, W JIOKAJIbHAS
o0yacTh nepexoauT B 00Jiee MIIOTHYIO TeKCarOHaIbHYIO YIIAKOBKY. DTOT Mpoliecc 3apUKCUPOBaH
Kak cosmic microwave background (CMB) radiation [7].

DneKTpOMarHuTHas BOJHA y4aCTBYET B TPYMIIOBOM BO3JICHCTBUH BCEX BOJIH HA IUIOTHBIC

YIAKOBKH U TEPSET CBOKO DHEPTUI0 MAJIBIMU MOPIHUSMH Ha BCEM YYAaCTKE CBOETO JBUKCHUS.
[Toreps sneprum BomHo# Redshift qomkna ObITE cOM3MEpUMa ¢ SHEPTUEH BOTHOW W30TPOITHOTO
cosmic microwave background (CMB) radiation.
Makcumym CMB mnpuxomutrcs Ha dyactory 160,4 Ty (MHKpOBOJTHOBOE U3IIyd€HHE), UYTO
COOTBETCTBYET JUTMHE BOJHHI 1,9 MM, TO n BennmunHa Redshift B onTuyeckomM nuamnasone momkHa
B cpefHeM mMetTh Topsinok z=160%10° / 3*10'*100%=0,53%. DtoT >(deKT SKBUBANCHTEH
KpacHOMY cMelleHuio oT 3ddexra Jlormiepa npu IBUKEHUU UCTOYHUKA CO CKOpOCThio 1590
KM/C.

KBaHTOBBIN MEXaHN3M KPACHOTO CMEIICHHSI MOKET ObITh OOBSICHEH TeM, 4TO (POTOH Kak
BOJIHA BO30Yy)XJaeT Ha CBOEM IIyTHM TeKCaroHajbHbIE IIAapoBble ymakoBku. Kaxkmas Takas
YIAaKOBKa, KaK BUJIUM Ha PUCYHKE, COCTOUT U3 IIECTH BHEIIHMX TETPArOHAIBHBIX YIIAKOBOK,
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KOTOpBIE B CBOIO OYEpelb TAaKXKe COCTOST M3 HIECTH YHNAKOBOK W T.n. Yucio 6 31ech TECHO
CBSI3aHO C IIeJI0W YacThio uncia m. [Ipu yxome sHepruu Ha MoIepKaHue TPEXMEPHOTO MHpa OT
1/6, 1/36, 1/216, ...1/6n yacreit ynakoBkH, (POTOH MEHSIET CBOIO CTPYKTYpY Ha 0OoJiee KPYIHYIO
VIIaKOBKY. 3a BpeMsl M3MEHEHHUs CBOEH CTPYKTYpHl ()OTOH MPOXOIHUT JOCTATOYHO OOJIBIIOE
paccrostaue. JIpurasch nanipiie, STOT (OTOH BHOBH OTHAAET CBOIO SHEPTHIO HA IEpecTpanBaHUE
BpaIlaTeIbHBIX TEeKCArOHAIBHBIX IUIOTHEHIIMX YIAKOBOK B TETParoHaJIbHBIC YIAKOBKH,
oOpasyromux TpéxMepHbIi Mup. TakuM 00pa3zoM, yeM OOJIbIIIe KOHIIEHTPAIHS B MPOCTPAHCTBE-
MaTepUH BpalaTeIbHBIX IeKCarOHABHBIX YITAKOBOK M YeM OOJIbIIE PACCTOSHUE POXOIUT, TEM
Oosbmie GOTOH OTHAET PHEPrUM Ha WX TEPECTPOUKY B TETParoHAIbHBIE YIIAKOBKH W OOJIbIIE
MOJTy4aeT KPAacHOTO CMEUICHHs. BpamarenbHble TeKcaroHaJbHBIE YHAKOBKH IPOCTPAHCTBA-
MaTepU CKOHIIEHTPUPOBAHBI BOKPYI BHAMMBIX BpalIaTeIbHBIX 00pa30BaHMiA, MOITOMY (OTOH
MoJTy4aeT OOJIbIIIe KPaCHOTO CMENICHUsI MMEHHO B 9THX MecTax. Jlamee BBICOKOIHEPTEeTHYECKHE
B pacmpelelieHMM  MakcBelia  TeTparoHajJbHBIE  YIIAKOBKH  MPOCTPAaHCTBA-MaTEePHH
MIPEOI0JICBAIOT CYIIECTBYIOIIUN MTOTOK CHII, TOBCEMECTHO MEPEXOAAT B INIOTHEHIITYIO YITAKOBKY
Y W3JIyYaroT TpH 3TOM cosmic microwave background (CMB) radiation.

B 3akmioueHne  HeoOXoauMMoO emé pa3 3aMeTHTh, YTO MPOCTPAHCTBO-MAaTEPHUs
MEepEeMENIAeTCd BMECTE C YacTHUIAMHU, KOTOpbIE€ OHO co31aér. [lo 3TOi mpuyMHE OKHUAAEMBIN
BETEp MPOCTPAHCTBA-MaTEPHH CYIIECTBYET U OIPENENIIeT U3BECTHBIE HAM CBOWCTBA BEIECTBA.
KpoMe TOro KOHIENIHs [BUTAIONIETOCS IPOCTPAHCTBAa-MAaTePUH B HTOTE MO3BOJISET
MIPEIOJI0KHTD, YTO TIOTEPs SHEPTHH (POTOHAMHU, B PE3yIbTaTe KOTOPOU OHH IOJTyYarOT KPacHOE
CMEIIEHHE M KOCMHYECKOE MHKPOBOJIHOBOE «PEIMKTOBOE» W3JIyUYEHHE SIBISIOTCS ABYMS
CTOpOHAMH eIWHOTO Tmpomecca. @DOTOHBI  pa3pylIalOT JIBYXMEpPHBIE TeKCaroHaJIbHEIE
BpamaTeNbHbIe  YMAKOBKM  JBUTAIOMIETOCS  NPOCTPAHCTBa-MAaTepHuH B TPEXMEpPHBIC
TeTparoHaJIbHBIC YIAKOBKU. TpEXMEpHBIE YIIAKOBKH B CBOIO OYepe/b BO3BpAIIAIOTCS B Ooliee
IUIOTHBIE TeKCaroHaJbHBIC YIAKOBKU, H3JIydas MPH 3TOM MHUKPOBOJHBEL. TakuM oOpazom,
YCTAQHABJIMBAETCS PABHOBECHE MEXIY JBYXMEPHBIMH BpaIlaTEIbHBIMA OOpa3OBaHUSAMH -
aTOMaMH, TUTAHETaMH, 3BE3THBIMU CUCTEMaMHU, TATAKTUKAMHU U BCEOOIUM TPEXMEPHBIM MUPOM.
DTO paBHOBECHE MEXIY Xa0COM U YHMOPSIOYEHHOCTHhIO peasbHOro mMupa. OCHOBHYIO pOJIb B
YCTQHOBJIEHUH STOTO PAaBHOBECHS UTPacT OECKOHEYHOE MHOXKECTBO 3JEKTPOMArHUTHBIX BOJH U
CYIIECTBOBaHME MOCTOSTHCTBA IMIOTOKA CHII Ye€pe3 3aMKHYTYIO TOBEPXHOCTb.

Takum 00pa3oM, 3aKOH TOCTOSIHCTBA IMOTOKAa CHJI 4Yepe3 3aMKHYTYIO IOBEPXHOCTb
MOKA3bIBACT, YTO KOHIICMIHUS TePEMEIIAIOIIerocss MPOCTPAHCTBA-MATEPUN MOXKET CTaTh
OCHOBHBIM METOJIOM UCKITFOUUTEIILHBIX HCCIIEIOBAHUH B (PH3HKE.
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