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Kunra npencraBssier coGofi nepeeon JieKuMBE H3BecT-
HOro aMmepukaHckoro (uauka-teoperuka JDk. A, Vunepa
B Mexaynaponuofi netHeil mikose QUIHKH HM. DHPUKO
®epmu B Bapenne (Mrasus); B IONOJHEHWH MOMEILEHB
OpHFMHAJILHEIE CTarbl aBTOPAa H LPYrdX KPYMHEIX 3apy-
Gexxublx yuenblx (Mak-Burtn, Xoiing, Musuepa). B ue-
JIOM KHUra COHEpPIKMT H3JloxkeHue psina npoblieM rpasu-
© TalHy, KOCMOJIOTHY M TEOPHH 3JIEMEHTApHBIX YacCTHLL.

OcHoBHOEe BHHMaHMe YIesieTCs TNONbITKe .00benHHEeH-
HOTO ONMUCaHusl TPABUTAUMOHHOTO Y 3JIeKTPOMAarHUTHOrO
nojeff (reoMeTpooMHEaMHKa), BKJIIOYAKOLLErO TOMOJOrHYe-
ckue 006001leHus; o0cy)KAaloTesl TaKKe TaKHe aKTyallbHble
BONPOCH, KaK B3AMMHBLIE TNPEBpallleH¥sl rPaBHTALMU M 3Jje-
MEHTAaPHBIX YacTHL, pOJib HEeHTPHHO W rPaBUTALMOHHBIX
BoJH B ofuleM OaJjiance sHepruy Bo BceesieHHOR.

Krura paccuurana Ha DiHpoKull Kpyr (u3nkos, actpo-
HOMOB ¥ MaTEMaTHKOB, UHTEPECYIOLINXCS COBPEMEHHBIMHY
npo6ieMaMy rpaBUTANMOHHON (PH3HKH U KOCMOJIOTHM,

Pedakyua aureparypor no usuxe



BCTYIIHTEJNbHAS CTATHA

[Mpennaraemble BHUMaHHIO uMTaTeseil Hopble paGoOTHI MO
rpaBUTALMH ¥ CMEXHBIM BONPOCAM MpPHHAJJIEKAT KPYIHO-
MY aMepHKaHCKOMY ¢u3MKy-TeoperHKy Jlxony Apunbasbiy
VYunepy, npodeccopy IlpubcTonckoro  yHuMBepcHTeTa.
Yujep wapecteH B Hayke Mpeskje BCEro Kak COAaBTOD Teo-
puM JelienHst snep, passuroil um cosmectHo ¢ H. bopom B
1939 r. u onnospemenro ¢ 1. Y. ®penkesnem. Emy npunan-
nexaT pacueThl Me30aTOMOB, cTaGHJILHOCTH sifep U paboThl
[0 KBAHTOBOH 3JIGKTPOAMHAMHEKE, BLINOJHEHHBIE COBMECTHO
¢ ero yueHHkoM P. QellHMaHOM, MOJYUMBIIHM B CBOIO Oue-
pelpb cToJib GOJIBIIYI0 H3BECTHOCTD.

B mocnenuune ronn Yusiep obpaTuicst K TeOPHH TAroTe-
HUs Hapsay ¢ dupakoMm, Ménsnepom, Be6epowm, 1. U. Bio-
XVHUEBHIM H JPYTHMH Yy4YeHbIMH, paGoTaBiinmMu B 06JsacTi
KBAaHTOBOH MeXaHHMKH, (DH3HKH $Apa, JEKTPOHHUKH, ONpas-
JIbIBAsl TOJIYIIYTJHBOEe 3MIHPHUECKOe <«MpaBHJIO», 4TO (hu-
3HKY, unonoéno DitHiTefiny, obpamanTcs K rpaBUTALMH BO
BTOPOH TNOJIOBHHE XKHU3HM.

§ 1. leomeTpoanHamuxka Yuaepa

Yunep BmecTe ¢ Musuepom, Bpunem u apyrumu co-
TPYAHMKAMH Pa3BHBAET KOHLENIHIO COBMECTHOI'O OMHCAHHS
FPaBHTAIHK M 3JIGKTPOMArHETH3MAa, HA3BAHHYK T'€OMETPO-
JuHaMuKo#. [IpeAnpuHsTH MONBITKH KBAHTOBAHHSI FE€OMET-
POIHMHAMHKH U BKJIIOUEHHS B Hee HEHTPHHO. XOTs ele He
MOXKeT HATH peud O 3aKOHUYEHHON - TEOPHH, NpeTeHaylollei
Ha OGbe/MHEHHOe onHcaHWe (U3HUECKOH peaJbHOCTH Ha
Gase reoMeTpuW, yxKe MOJyueH psii MHTEPECHBIX pe3yJibTa-
TOB, CBSI3aHHBIX C TOMOJOrHYECKHMH OGOOUICHHSMH, YueTOM
Pony HeldTpuHO Bo BeesnleHHOH M runoTe3oil «reoHoBy. Ilon
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5JIKTPOMATHHUTHBIM «T€OHOM» MOHHMaeTcsl OrPOMHAasi KOH-
UeHTpaldsl 5JIeKTPOMATHHTHOIO H3JyueHHs, Jarwoliasi cToJb
CHJIbHOe HCKPHBJIEHHe NPOCTpaHCTBa, uTo nomobHoe obpa-
30BaHHe OKa3biBaeTcsl MeTacTabUJIbHBIM H CNOCOOHBIM cylile-
CTBOBAThH JOJNr0€ BpeMsi MPH OTHOCHTEJILHO MaJloH yTeuke
sHepruu. B nanprefimeM ObliIH HaGpocanbl KOHTYPHl TEOPHH
HEeHTPUHHBIX M [PAaBUTALMOHHBIX reoHoB. [locnenuue npen-
cTaBJisiioT co60ft OrpoOMHEIE CTYCTKH IPaBHTAIMOHHBEIX BOJIH,
ONSITh-TAKH BHI3BIBAIOUINX CHJBHOE HCKPHBJIEHHe MPOCTPaH-
CTBA ¥ NO3TOMY MeTacTaGHJbHO yAepKHUBaeMHX, HAIrJISIHO
roBopsi, B 3(P({eKTHBHOH NOTEHIHAJBHOH fMe, CO3AAHHOI
STHMH 3Ke BOJIHAMU.

B KBaHTOBOil reOMeTPOJHHAMEKe CYIECTBEHHYIO pOJb
HUrpaloT KBAHTOBble (QJNYKTyallUH MeTpukH. PJIyKTyalun
cjiaboro rpaBHTALMOHHOIO MOJISI PACCMAaTPHBAJIMCh Npexnue
Kak JUisl cjlyuasi BAKYYMHBIX QuyKTyanH#t (Haurm paGoThl),
Tak ¥ HefaBHOo B paGorax JI. V. biuoxunuesa mns ciyuas
aykTyanui, BH3BAaHHBIX B CBOIO Ouepefb (JIYKTyanUsMH
oGbiunoit Matepuu [4, 6]. Yusep, onHako, feiaeT Clefyommi
1iar, 3aMeuasi, 4TO HA PacCTOSIHUSX MOPsIAKA L%(Iix/c3)"'“~
~ 1073 cm QayKTyanHH MeTPHKH HJHM TPaBHTALMOHHBIX MO-
TeHnpasoB OyayT CTOJIb BeJHKH, YTO OHH CMOLYT CylllecT-
BeHHO H3MEHATb Jlaxe TONOJOrHUeCKHH xapakTep Ipo-
cTpaHcTBa. B HeM MoryT o6pa3oBhIBATECS TONOJOrHYeCKHe
PyukH (WJH pyKaBa), HarJisiiHO HMeHyeMble «4yepBSIUbHMH
(MM KPOTOBBIMH) HOPaMH», AbIPKH, Pa3jiHyHbie MHOTOCBSI3-
Hule 00J1acTH. VHJlep MBITAeTCs COMOCTABHThL PyuKaM H HX
ropJIOBUHAM peaJibHble (pH3HUeCKHe OGBEKTH, HanpHUMep
5JIeKTPHUYeCKHe 3apsiibl, XOTSl HACTOHUMBO MpeAynpexyaer,
YTO ['eOHbl, PYUKH, FOPJIOBHHBI U APyTHe OOBEKTH «300map-
Ka» KJIaCCHUeCKOH reoMeTPONHHAMHMKH He HMEIOT HHKAKOro
HernocpeiICTBEHHOI0 OTHOLIeHHs! K 3JleMeHTaPHBIM yacTHIlaM
HJIH O0BeKTaM peaJibHOH KocMoJjioruu. JInmib naaesuedmnas
KBAHTOBAas TeOPHs CMOXKeT MPHBECTH K BO3MOJKHOCTH COIMO-
CTaBJIeHHs] C 3JleMeHTaPHbIMH YacTHIIAMH.

I[lo cnpasensmBOoMy MHEHHIO YHJepa, NO-BHAHMOMY,
YKPEMuBLIeMYCsl mocJe AHCKYCCHH HA I'PaBUTALHOHHON KOH-
tepennun B Pyaliomone — INapuxke (1959 r.), nanbosblueit
TPYJAHOCTBIO TOH WJIM WHOH IeOMeTPH30BAHHOH TPAKTOBKH
3JIEMeHTAPHBIX UaCTHIl SBJISleTCsl BKJIIOUeHHe HEHTPHHO,
SJIEKTPOHOB, NMPOTOHOB M JAPYruX (PepMHOHOB CO CIHHOM
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!/, B Teopuio. B caMoM fesie, B OCHOBe PHMAaHOBOH reoMer-
pHH JIeXHT CHMMeTPHYHHI TeH3op 2-ro panwra g,, (Hr-
paiMil poJsb KOMIOHEHT [PAaBUTALMOHHOIO NOTeHnHaJja,
WM, B KOHIle KOHIOB, BOJIHOBO!l (DYHKIHMH I'pPaBHTAlMGHHO-
ro noJss). Ilocsie BEIIesIEHHST TPOLOJABHOIO rPaBHTAIHOHHOTO
foJis OCTaBLIASICSl NONepeyHasl yacTh, Mo KpakHel Mepe AJis
ciiyuasi caaboro nosisi, 6yZer COOTBETCTBOBAThH IpaBHTALH-
OHHBIM BOJIHAM (rpPaBHTOHAM), CHOCOOHBIM H3Jy4aTbhCsl H
VHOCHTE 3Hepruio. B pajibHefilleM noAOGHBle TI'PAaBHTOHBf
MOTyT Jla)ke, COIJIaCHO Halllefl THNOTe3e, NOAAepIKHBaeMOH
YusepoM, npeBpalaThC B 3JEKTPOHBI — MO3HTPOHEBI, Hel-
TPHHO — aHTHHEHTPHHO K APYrue naphl 3JeMEeHTaPHHX yac-
TH1. O0paTHO, 3TH Napbl JEKTPOHOB, HEUTPHUHO MOTYT Hpe-
BpaIaThCsl B rpaBHTOHBL. Hamiu pacueTH nogoGHBIX NPO-
neccop Obuim mpopoJixkensr M. [luitpom [9] mna cayuas
¢otoros u bpusem u Vusnepom [I0] nis ciyuass avuurs-
JIALHH HeHTPHHO — aHTHHeH#TPUHO (cM. TakXke § 6 ru. IV
nacrosmeldl kHury). OnHAKO MocJeHHe o PAHMYHANCE JHLIb
noJiyueHneM (opMyJbt o6liero BHaa, He BHIYHCISA KO3 GhH-
uHeHtoB. Tounas ¢Qopmysa Obuwia nonyuieHa HeLaBHO
0. C. BnanumupoBeiM [4] 1iis catyuasi aHHHTHISIOUE e-—e;,
T. €. aHAJIOTHYHBIX CIUHOPHBIX YACTHILL,

I i sint6 ( 14 2p? . 2p*sin‘b ]

4 (4n)* 16k, i kg—p’ cos®d (kg — p’ cos? 0’

B HepessiTUBHCTCKOM mnpeflesie noJyuaeTcsi NpexHHit pe-
3yJbTaT
2{c e \2
C~tol =) —
& (v)(mc2) ’

TR rp==wm[c? (B OObIYHBIX 06O3HAUEHHUSIX).

Takum o6pasom, nomepeunoe rpaBuTanHOHHOe mOJie B
SHAUMTEJILHOH Mepe 3KBHBAJIEHTHO OGHLIYHOMY BeleCTBY.
Bmecre ¢ TeM u3 TeHsopubix (GYyHKIME GO30HHOrO MOJIs Hé~y
TIOCPE/ICTBeHHO HeJsib3sl MepeliTH K COHHOpaM. 310 06cTos-
TEJILCTBO nonuepKuBaeTcs: YuyuepoM B NauHOi KHure (Bbe-
Aenue, ri. I1). Crenopatesbro, nocsenusis cepbe3Hasi NOMbIT-
Ka reOMeTpu3auuy Beefi (PU3HKM B JIHIe reoMeTpPOHHAMUKH
BIpelb N0 fajibHeHIMX pafMKAJBLHHIX H3MeHeHHi, KOTO-
Pere mpenBaputesnbHo 06cyxparoTes YHunepoMm, He MOXeT
TNpeTeHi0BaTh Ha OKOHYATEeNLHEIH yCIiex.
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B 1esiomM Yuiep naeT LIHPOKYIO KAPTHHY KOCMOJIOTHUE-
CKHX H 3JIeMEeHTAaPHBIX NPOIeCCOB, pacCMATPHBaeMbIX € HO-
BOil TOukH 3penusi. ABTOp cuyuraer cebsi mpoioMKaTeseM
Tpaguuuy Pumana, Knuddopna, JiiHmreiiHa B cMEICTe reo-
Merpusauny ¢u3ukd. OnpasanBas 3ameuanue Jlays o
NMPEeNMYyIIeCTBEHHOM HHTepece 4YeJoBeuecTBa K MpobneMam
NPOCTPAHCTBA — BPeMeHH, YHJep APHBOAMT fa)e Psii Bbl-
ckasbiBapuil  apepunx (Koudyuwil, Ynawuwmanw). Has
Jlyyliero moHuMaunusi paGoT Yusepa gajuM caMoe KpaTKoe
pesioMe COBPeMEHHOH CHTyaldd B TEOpDHH TpaBHTALHH,
oTcHJlast 3a mnoapobHocTsiMu K cOopHuKy «Hoseiiune
npo6iembl rpaBuTaunu» [3] u Halleli BCTyMUTeNBHOH crarhe
K HeMy, BMecTe ¢ TeM IOMNOJIHSA 3Ty CTaThlo, B YACTHOCTH,
martepuanamu 1-# CoBeTckolf rpaBHTALIHOHHOH KOH(epeH-
nu {4] 1 Yxkropoackoit koHgepeHuHu 1961 r. mo TeopeTuue-
ckoit ¢usuke [5].

§ 2. Teopus iinwTeitna

OyHIaMeHTOM [OHUMAHHSI TPABHTALMH HBIHEe SBJSIeTCH
siHIUTefiHOBCKASI TeopHsl, MOJYy4YeHHAsl B paMKax o61ueil Teo-
PHH OTHOCHTEJBHOCTH M 3HAYHTeJbHO of0o6llalnasi Hbio-
TOHOBCKYIO Teopuio !). Bo-nepBbix, N0 aHAJIOTHH C 3JIeKTpo-
JUHAMHKOH HJIM Me30JHHAMHKOH MOKHO ObLIO MOCTPOUTH
«rpaBHAMHAMUKY», 060011asi cTaTHYeCKOe ypaBHeHde, OIH-
chiBaWOIllee MOPOXKJeHHe TOJsl pacnpefesieHHeM Macc C
JUIOTHOCTBIO p, Oepsi cnpaBa B KaueCTBe HCTOUHHKA BeCb
TEeH30] T,zB IJIOTHOCTH  3HEPrUH-HMIYJIbCA-HATSIXKEeHUi,
BKJIIOUAIOLIMX p KaK OAHY M3 16 KOMIOHeHT; f03TOMy H B
JIeBOH 4acTH CJefyeT BBeCTH OOOOIIeHHBII MOTeHIHas B
BHJIe CHMMETPHYHOIO TeH30pa A,

JleficTBUTEJIBHO, IPABUTALMOHHOE MOJe MOPOXKIaeTcs He
TOJIbKO MaTepHell ¢ MaccOf MOKOsl, HO W, Hanpumep, HOTO-
HAMH 4 HEATPHHO, a TaKiKe 34 C4eT KHHeTHUeCKOIl SHepruH.
ﬁ“ax KaK IpaBHTAlMOHHOE MOJleé MOXKeT MOpOKAAThCS ca-
JMHM IpaBHTALMOHHBIM IIOJIeM, HAmpHMep rPaBHTALMOHHH-
{MM BOJIHAMH, TO HOBble YpaBHeHHs OYynyT. HeJIHHEHHbIMH.

1) Kunmucrep [11] o6cyknaer papuant Heanueiinoit Teopuy, co-
-Xpansoweff abcosoTHOE BpeMsi H BMeCTe ¢ TeM YAOBJIETBOpsioulefi
NPUHUMNY SKBHBAJIEHTHOCTH.
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(HesnueiinocTh TeCHO CBSI3aHA ¢ NOPHHLHMIIOM SKBHBAJIEHT-
HocTH.) [lonoGHbie 06oOIIeHHs] MOLHUMAIOT T€H30pHOe rpa-
BHTAOHHOe NoJle 1o 60rarcTBy CBOHCTB [0 VPOBHH BEK-
TOPHOI'O 3JIeKTPOMAarHUTHOIO, NCEeBAOCKaJIsIPHOIO MEe3OHHOr0
H Apyrux noJieli. KBaHToBaHMe 5TOro noJsl npubejeT K rpa-
BUTOHAM €O CUHHOM 2, aHAJOTHYHbIM (QOTOHAM U T. M.

OgHako rnaBHas cnenuduKka >HHIITeHHOBCKOH TeOpHH
3akJauaercs B TOM, 4YTO <«HOpPMaJibHasl» TpaBHAHHAMHKA
HEeNMPUIrOfiHa, TAK KaK N0 Psily OCHOBAHHH IpaBHTallHOHHOE
noJjle OKa3biBA€TCsl PE3KO OTJIMYAIOUIMMCSI OT APYrHX IoJef,
Ovayud tecHedlIMM o6pasoM CBSI3AHHHM C reoMeTpHell npo-
crpanctBa-ppeMenn [1]. I'paBuTanuonHble NOTEHUWAJD, HJIN
BOJIHOBble (DYHKIIHH, COBNANAIOT ¢ KOMIOHEHTAMH MeTpHue-
CKOro TeH3opa gﬁgeTP-)Eg%Pa“-). XapakTepusyiouero puma-
HOBY TeOMeTPUIO MCKPHBJEHHOI'O OT TOYKH K TOuKe 4-mpo-
cTpaHCTBa.

B ciyyae cnaboro nosis U He3HAUHTEJbHOrO HCKpUB-
JIeHHUS

gqﬁzeaaa3+ha3 (ea:_ly —_ 1, —1, +—l)

OrpannuyuBasicb HH3MIHMH (BTOPBIM) TNPOH3BORHBIMH, HO
oTOpackiBasi orpaHuyeHHe JIHHEHHOCTbIO, B KOHLlE KOHLIOB
noJjiyuaeM 3HaMeHHTHe ypaBHeHHs JHHLITeliHa

1 8xCG
Ra3_§ga3R+Aga3 - _L

c2 TaS'

rie Ag,s— KOCMOJIOTHYECKHI uWJjleH, 3SMIHPHYeCKH KpaiiHe
MaJeii, HO JJs OTOpPACHIBAHMS KOTOPOrC HeoOGXOMHMb
JOMOJIHMTEJIbHbIe  TeOPeTHUeCKHe HJM  HabJiofaTesbHble
naunble. (PaxkT ero BBeleHHs DUHILNTelHOM JIJIi KOCMOJIO-
rMH H 3aTeM OTOpachiBaHHs MNOCJe YCTAHOBJIEHHs QpuaMa-
HOBCKOH TeOpHH HecTallHOHAapHOH BceneHnoil, cam no ceGe
Jio0oNbITeH C TOYKH 3pEHHsl HCTOPHH, HO He SIBJisieTcs pe-
apiuy apryMesHToM; KpoMe Toro, (PHIMAHOBCKHe pe-
LWIEHUA H T. A. IPHMEHHMB! KaK B OTCyTCTBHe, TdK H NMPH Ha-
auunn Ag,s) 3aecb R —ckansp, a R.; — Tensop Puuupy,
nocTpoeHHbie #3 KpucTtodpdeseii [y, U HMX NPOH3BOIHBIX.

Kpucrogdenu ABIAIOTCA aHAJOTaMH HANPSKEHHOCTH MOJIS,
H B CBOIO ouepellb INOCTPOeHb! H3 MepBblIX HPOH3IBOJAHBIX OT
8.3 U0 KOOpIHHATAM.
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W3 ypasuenuil DiHIITeHHA (4allle BCero paccMaTpyuBae-
Mbix ¢ A=0) BbITeKaeT MHOXECTBO CJIeJCTBHI, H3 KOTOPBIX
HauGoJiblllee 3HaueHHe npuoGpeso pemenue [IBaprunmibia,
jalonlee TMOTEHIHAJBI NOJS CEepHUeCKu-CHMMeTpHuHOH Mac-
ctl ¥ oGobumamoiiee 3akoH HbioTona. Otciofa BBITEKAlOT
TPU TpeJCcKasaHusl, MOATBePXJeHHbIX aCTPOHOMHUECKHMH H
s3eMHbIMH HaOmopneHusiMH: 1) capur mepurenuss Mepkypus
(43” B crosieTue), 2) OTKJOHEHHe Jlyya CBeTa OT 3Be3[H B
nose Cosnua (17,75) M 3) KpacHOe CMellleHHe CHeKTpaJib-
HBIX JIHHHE B TOJle TAroTeHusi, HauboJiee yOeIHTEJBHO
noaTeepxienHoe B 1960 r. B onbitax ¢ f-jgyuamu (Ilayug
u Pe6ka; Kpsuumoy). 4) KpoMme TOro, B NpHMeHeHHH KO
Bcell H3BecTHOH uyacTH BcesileHHOH TeOpHsI NPUBOAWT K He-
crapMoHapHol pacummpsiollield BceedlenHoift Ppuamana Kak
nanGosiee npasponopobuoit kaptuue!). HeonHokpaTHO nos-
YePKHBAJIOCh HENMPHUSITHOe OLUyIleHHe H3-3a HeOOoJBUIOro
gyucaa (341) noaTBepik[eHHH TeOpHH, O3HAualouedl CTOJb
paiHKaJbHBIA TepeBOPOT B INpelCTaBJeHHSIX O MpPocTpaH-
CTBe-BPeMeHH U TATOTeHHH.

YToHueHHble CpeficTBA AePHOH (PUIMKM B Buae (e30T1-
pLauHBIX 1-Jydell MéccOayspa, HCIOJNIb30OBAHHE 3JleMeHTap-
HBIX YaCTHI, NMPUMeHEeHHe MOJIEKYJSIPHBIX U aTOMHBIX CTaH-
HApTOB uaCTOThl («aTOMHbIX uacoB») [16], pacumpenue
ACTPOHOMHYECKHX H pPAaJH0ACTPOHOMMUECKHX HabJII0eHuH,
npefcTosiiee pa3BuTHe HEHTPHHHOI ACTPOHOMHE BMecTe C
3aMeuaTesIbHOH BO3MOXHOCTBIO HCIOJIb30BAHHS CIYTHHWKOB
W pakeT JIMIIb B MOCJeHHE oAbl CO3JaJIH HOBYIO CHTya-
nuo. Ha ouepenn CTOHT OTKPhITHe MNONPABOK, OGSI3aHHBIX
spamenuto ten (Tuppunr — Jlenze, Hiudd) (cm. [17]), or-
KpPbITHe HecTalMOHAPHBIX TPAaBHTALMOHHBIX TNOJeH, rpaBu-
TAMOHHBIX BOJIH M H3MepeHHe HX cKopocTd [14, 18], oTkpL-
THE BO3MOJKHOH 3KpaHUpOBKH [19], cijiefcTBuHll KBaHTOBaH-
HOH ¥ pasyuuHbIX 0000LIEHHBIX TeopHH.

3a ucTekiine roiw ObWIO Npojesano GOJbIIOe YHCIIO
TeoPeTHYeCKHUX HCCJle/IOBAHHH, CPeflH KOTOPbIX HaHGoJiblllee
3HayeHHe npuobpenun 1) noJiyueHune ypaBHeHHH [IBHIKEHHS

') OcuoBbl ofilei TeopUH OTHOCHTEJILHOCTH M €€ NPUJIOKEHUA CM,
B MoHOrpadusix, NPOUMTHPOBAHHBIX B Hauieli BCTYNHTEJBHOH CTaThe
k c6opHuky [3]. Cm. Ttaxkxe momorpaduu Cumra [12], Iletposa [13] u
BeGepa [14]. Kpuruueckuii 0630op HOBebuleii JnTeparypul AaH TakKe
B Haweii cratve [15],
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teal U3 ypaBHeHu#H moas!) (Dimmreiin — [opman — Hu-
¢enpn c coTpyauukamu, B. A. ®ok ¢ H. M. [leTposoit u
JPYTHMH COTPyIHHKaMM), 2) aHaju3 anrebpanyeckon
CTPYKTYPH yPaBHeHHH DWHIITe[iHA M OTKPbITHe TPexX THIIOBL
pewtesnit  (A. 3. Ilerpos, nasee Ilupaum, Kynar, Xaasa-
et B Op. [3, 4, 13]).

Muoro pa6or Owljio nocbsilileHo mnpolGsemMe 3Hepruy,
BOJIHAM, 3aTeM KOCMOJIOTHH, €JHHOH TE€OPHH MOJsl, KBAHTO-
BAHMIO IOJISl U CBSI3H FPABUTAIHM C 3JeMEeHTaPHBIMH 4aCTH-
paMH. B nesoM (HM3WKA HbIHE BCTyNaeT B TpeTHi (mocie
HroroToHa ¥ JiiHIITeliHA) NepHOJ HCCJIeIOBAHHS IpaBUTALIHY,
KOTOPLIH KOPOTKO MOXKHO HA3BaThb «aTOMHO-KOCMHYECKHMY.

B camoe nocsiefHee BpeMsi B 3THX HANPaBJEHHSAX MOJy-
yeHbl HHTepecHble pe3ysbTaThl. B uacTHOCTH, npoGJsema
SHepreH TPaBUTAIMOHHOrO I0JS1 HPOABHHYJACH BIepen
GJyiarofaps HefaBHeMy HcciiefoBaHH Ménsepa [20], koro-
pOe JIOJIXKHO COfeHcTBOBATb H AHAJHM3y I'PAaBHUTALIUOHHBIX
BosiH. MieTcst «koMmeke» 17, yIOBJIeTBOPSIIOLME CJefyIo-
uM yediopusiM: 1) Komnaekce nosiken 6biTh athGpUHHONA TeH-
30pHOI TJIOTHOCTBIO, 3aBHcseil ajreGpanueckn oT g* u
uxX 1-x u 2-x npousBoiHbiX. 2) IoJikeH BBLINOJIHATLCSA 3a-
KOH coxpaHenusi Tpp== (dTlfldxk) = 0. 3) [aa 3aMKHyTO
€HCTeMbl, KOrfia 4-IpoCcTPAHCTBO [I0CKO HA GeCKOHeuHOCTH,
rie aCHMOTOTHYECKH JONMYCTHMBbI NPSIMOYTOJIbHBIE KOOPIH-
HATHI, BeJHUHHB

P, = % f T4(d%x) (x* = const)

NOCTOSIHHBl BO BPE€MeHH M Mpeo0pasyloTcsl KAK KOBAPHAHT-
HBle KOMIOHEHTB! BEeKTOPa MpPH JIMHeHHBIX [TpeoGpa3oBaHUsX
KOOpDAMHAT (3TO CYLIECTBEHHO JJIsi HHTePNpPeTAMH HHTe-
TPANbHOrO BBIPAXKEHHs! KaK HMNYJIbCAaH 3Hepruw), 4) Th npe-
o6pasyeTcs Kak IJIOTHOCTb 4-BEKTOPa MPH YHCTO npocTpaH-
CTBEHHBIX Npeo0PasoBaHUsIX; TOrAA TOJHAS SHEPrHsi B KO-
HEUHOM o0beMe He GyfieT 3aBHCETH OT MPOCTPAHCTBEHHBIX
KOOPAMHAT. ITO ecTh yCJIOBHe JIOKaJIN3yeMOCTH 3HEepPTHH.
TosbKO CcTapoe BhlpaxkeHHe SiHmTeHHA YAOBJIeTBOPSIJIO
ycioBusiM «1», «2%, «3»; omnako oHo Hapyuiajgo ycloBHe

_ 1) Ilpo6nema ypaBHeHUli NBUIKEHHs B CBSAaY C OGLEAUHEHHLIM OMH-
Canvem rpaBHTAUMOHHOTO ¥ 3JIEKTPOMAarEuTHOro noJefi (reoMerpoanna-
MuKeff) paccMOTpena B HEeAaBHeil paGote Ymnepa [33]
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«4». Komnsexc Méssepa — Munkesnya He yIOBJeTBOPS
VCJIOBHIO «3%», HO SIBJISJICH €[HHCTBEHHBIM B CMbiCJle yrloBJle-
TROpeHHsl YCJIOBHH «1», «2» u «4». [lpeasnaraercs uckaTb
BBIXOJl B COBCEM APYroM HamnpasBJieHHH, KOHCprHpYﬂ KOMII-
JieKc 3HepPruH He M3 KOMIIOHEeHT MeTPHUYeCKOro TeHsopa, a H3
TeTpajJl WM KOMIOHEHT OPTOTOHAJIBHOIO pellepa, CONOCTa-
BJIeHHBIX KaxXoii Touke 4-npoctpanctsa [21, 22]. Kak us-
BECTHO, /1JI51 ONKCAHMS B3AaUMOJEHCTBUS CIHHOPA ¢ rpaBHTa-
LHOHHHM TNoJieM TpebyeTcsi BBeCTH MNOAOGHBIe BeJHYHHLI
(®ok — VBanenko, Beiuin): g;,=h;(a) hla). Torna 16
penepHbIX KOMIIOHEHT ONpelesisitoT MeTpPHKY, HO Mpd 3alaH-
HHIX g;, KOMIIOHeHTH F; (a) onpefeseHbl JHIIb ¢ TOUHOCTHIO
Jlo JiopeH1oBa BpaueHus. O6pa3ys U3 penepHbIX KOMIOHEHT

Jlarpanxuan L, MOXKHO NPHHTH K HCKOMOMY KOMILTIEeKCy sHep-
IHH, YAOBJIETROPSIIOLIEMY BCEM YCJOBHSIM «1» — «4»:

Tk———‘/ g(Tk(Me'rp +tl}_ ’:ll'

THe CyneprnoTeHIHa U npencrasiaser coGof yxKe HC-

THHHY!O TEH30PHYIO MJIOTHOCTH 3-TO PaHra, aHTHCHMMeET-

PHUHYIO N0 JIBYM 3HAUKAM:
1 ( oL B

M= G O G, M @):

L=h(K ()., h* (@), ,—hYa),, - I’ @),)

OJIHAKO [JIS1 MOJIyYeHHs! OJHO3HAYHOrO BHIPAXKEHHs 3Hepruu
HeoOXOIMMO ellle YCTAHOBHTD YCJIOBHSA, (QUKCHPYIOLHE OTHO-
CUTEJIbHYI0 OPHeHTAUHIO TeTpaj B PA3JUYHBIX TOUYKAX MpPO-
-CTPAHCTBA.

CJI0XKHOCTb ypaBHeHHIl IPAaBHAHHAMHKH M JkeJaTelb-
HOCTb BblJIeJIeHHs] Pa3JIHuHBIX ACHNEKTOB, O0SI3aHHbIX, HANPH-
Mep, HaJsuuuio 10 KOMIOHEHT, WJH HeJHHEeHHOCTH, HJIH OT-
CYTCTBHIO AHTHIPABHTAIMH B OOBIMHBIX YCJOBHSIX M T. 1.,
“TpeCyeT pasBHTHs NpPHOJMKEHHBIX TPAKTOBOK. Beuiy ua-
MJISIAHOCTH TIPefCTaBJisieT UHTepec TpOBelleHHe AHAJIOTMH
MeXIy rpaBUIHHAMHKOH H 3JIeKTPOAHHAMHKOH, KOTOpasi
HEeOJHOKPATHO MOJuepKHBaeTcss YusepoM ©u Owja B Che-
waabHoi ¢opme passuta Ménsepom [24], M. JyOuHHHBIM,
a takxe Qopeapaom [25]. B subeiinoM mpuOHIKEHHH MOXK-
Ho BeectH BMecte ¢ FO. B. Pymepom [26] anasiorn ckassp-
HOro H BEKTOPHOrO MNOTEHLHAJOB, TEH30p HanpsKeHHOCTH
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[MoJIs ¥ paccMOTPeTh FPABUTALMOHHBIE BOJIHBI, a TAKKe P
npyrux a¢¢ekToB. Jlo cux rnop neuspecTeH BBHAY CBOEH Ma-
JOCTH KBAa3WUMAarHUTHBLIH I'pPaBUTALMOHHBLIH 3((eKT.

§ 3. KoMnencupyiouiue noJjs

Hapsiay ¢ «HOpMaJsibHOH» rpaBHAWHAMHKOH, TPAaKTY!O-
uiedl rpaBUTALUIO KaK MOTPyKeHHOe B 4-MPOCTPAHCTBO noJie,
u 3 HIITel HOBCKO{i reOMeTPU30BAHHOH TPAKTOBKOH, HelaBHO
CTaJla BHIPHCOBLIBATLCH TPeTbsl TOYKA 3pEeHHs], MOACKA3aH-
Hasi Teopued sJeMeHTApHBIX yacTHi M cOsauKaipoumast rpa-
BUTALIUOHHOE H Mpoune NoJisg HAa 0a3e 3aKOHOB COXPAaHeHHS.
C TOUkd 3peHUs] uepPapXuu B3aUMoAeHCTBHH rpaBUTALHA
OTHOCUTCSl K YJbTpacsaleiM U CTOUT focse cnabuix (¢dep-
MHEBCKHX), CPelHuX (3JeKTPOMArHUTHHIX) W CWJIbHBIX (6a-
PUOH-MOHHBIX) B3auMmojfiefictBuil. OcnabyeHnio B3anMoO
JieficTBHH COOTBETCTBYeT MOHUIKeHUe CUMMEeTPHH, yMeHbllie
HUe 4{cJia UHBAPHAHTOB W COOTBETCTBEHHO 3TOMY, B IYX
TeopeMmsl HeTep, yMenbllieHUe 4ucjia 3aKOHOB COXPAHEHH
JIMIIb NS CHJbHBIX B3aUMOJICHCTBUE COXPAaHSIETCST H30-
CMUH, CTPAHHOCTE U GapUOHHOe YHCJIO, JISA CcJIa0bIX — He
COXpausieTcsi YeTHocTb W T. A. [lo3TOoMy puManoBa reomer-
pusi o6uieit TeOpuH OTHOCHTEJBHOCTH, COOTBETCTBYIOLLAs]
OTCYTCTBHIO KaKOH-JIHO0 OAHOPONHOCTH 4-npocTpakcTsa, OT-
BeyaeT rmnpejleJlbHO CJIaOOMYy, rpaBUTAalMOHHOMY B3aHMO-
HeilcTBUIO. B 3TOM CMHIC/le PUMaHOBA reoMeTpusi U obiiasi
TeopHUsl OTHOCHUTEJILHOCTH He BKJIOYAeTCs] B PAMKH 3PJaHreH-
CKoil nporpammel @. Kieitna, kak orMetun Kapran [27].

MoXHO MbITATbCS HCKATh HAJIMYHE HeKOTOPOH OHOpPOL-
HOCTH jiJIs1 FPABUTALIUN U CYLIECTBOBaHHe rpymnmnsl, oGobiia-
owed rpynny Jlopenua. (Ecaun 6u 3To uMesio Mecro s
pPeaJsyIbHOro rpaBUTALUOHHOTO [I0JIsl, TO eCTeCTBEHHO ObLJIo
66l nonycTuTh HajMYue elile Goslee cabbiX B3aUMOEHCTBHE,
CBSI3@HHKHIX C OTCYTCTBUEM OAHOPOAHOCTH.) [IJisl ee OTHICKA-
HUSI MPeAinoJiokuM, 4TO napamerps npeoGpasosasuii Jlo-
penna ABJSIOTCS He KOHCTAHTAMM, a (YHKUHSMH KOOpH-
HAT, HHaYe TOBOPs], nepeiiieM K JIOKaJbHOH rpynmne. MoxHo
vcxonutb 1160 K3 GeCKOHEeYH® MaJbiX MOBOPOTOB B Kaca-
TeJlbHoM npocTpakcTee [28], nuGo cpasy U3 KoHeuHBIX npe-
o6pasosaunil [29, 30]. Torna B ypaBHeHUSIX MOJISI MOSIBSITCA
JLONOAHNTENIbHEIE  YjleHB!, COAepMXallfle NPON3BOAHLIE OT
NapameTpoB MOBOPOTa, U JJS YCTPAHEHHS STHX YJ/CHOB C
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UeJIbI0 COXPaHEeHUs! WHBAPHAHTHOCTH MMPHUXOAUTCS BBECTH
KOMIIeHCHPYIOLHe YJIeHbl, KOTOpble MOXKHO cuuTaTh 06si3au-
HEIMH HeKOTOpPOMY rnoJito. Torga okaswiBaeTcsl, YUTO KOMITEH-
CHpYIOLIee MoJie, BBeJleHHOe MyTeM Mepexoa OT MOCTOSIHHBLX
K JIOKaJibHBIM MapaMeTpaM rpynnsl JlopeHna, urpaer poJsb
rpaBHTALUOHHOTIO I10J151, N0 KpakiHell Mepe B OTHOLLCHUU 4Jle-
HOB B3aumopeficTeus (Ho B OOlleM cJlyyae MOMKeT cojep-
JKaTb BKJIAJ OT KPYYyeHUsl HAPsiAy C HCKPUBJIeHUeM). 3TO
npoBepsieTcsl [Jsl cjlyuaeB CKaJSPHBIX Wik MCeBOCKaJsp-
HBIX YacTul B ypaBueHuu Kieiina — I'opaona, u cnIMHOPHBIX
yacTHy B ypaBHenuu Ilupaka, uTo 03HAYaeT roJiyyeHue HO-
BEIM CcMoco6OM KO3 (HUIUEHTOB CBSI3HOCTH.

YkasauHas npoueaypa BrioJiHe aHAJOrHYHA CHTYALUH C
MHBaPHAHTHOCTBIO ypaBHEHUH OTHOCHTEJIbHO (ha30BOrO Mpe-
oGpasopauusi ¢’ = ¢expa(x), Tak Kak B cHydyae, KOria
o He SIBJSIeTCS [MOCTOSHHOf, KOoMmeHcanusl uJieHoB Oa/Ox,
MPONUCXOAUT 32 CYeT OJHOBPeMeHHOro KaJuOpOoBOYHOTro
(rpapuenTHOro) npeoGpa3zoBaHUS BEKTOP-MOTEHLHANA 3J1eK-
TPOMArHUTHOIO MOJIst A;:—-Ap + (0a/Oxy). Bwmecre ¢ Ca-
kypau [31] MoxHO CKa3aTb, YTO 3JIEKTPOMArHUTHOE ToJe

BOOHUTCH KaK <«KOMIEHCHpYIOIlee» TMpH Oepexojpe OT
OCTOSIHHOH K JIOKaJsibHO# paze. C 3Toit oOuieit TOuKU 3pe-
Husi OblIM paccMOTpeHbl npeo6pa3oBaHUsi B U30MPOCTPaH-
CTBe, NPUBOISI(MEe K HOBHIM KOMIMeHcUpyomum nodsm [32].
B coyyae HeTOYHOro COXPaHeHHs! COOTBETCTBYIOIee [OJIe
oGsiaaer Maccoll 1nokosi (nogoGHO NMUOHAM).

Bynyuiee pa3puTHe uWHTepeCHBIX Hed KOMIEHCHPYIOLe-
ro noJjsi, o6pamamomux Ha cebGsi B nocjieflHle Mecsinbl BCE
6oabliee pBruManue [33——44], nokaxer, uMeeM JIM MBIl 37eCh
TOJIKO JIMLIb HOBYIO LEHHYIO HHTeprpeTaiuio 3HHIITeHHOB-
CKOIl Teopuu, cOJHIKAKILYIO ee ¢ APYrHMU GO30HHBIMH IIO-
JISIMH, WJIH e pedb MOXeT UATUH JaXKe 0 Gosee oblleil Teo-
pud rpapuTanun [45—47].

§ 4. Envnas teopus noJs

B cBsi3u ¢ monuITKOH Yujiepa mocTpouTh eAUHYIO KapTH-
HY MaTepHH — NPOCTPAHCTBA-BpPeMeHU (B KOTOPYIO, BIIPOYEM,
elile He yAaercsl BKIOUHTL (PepMHOHB!) AaauM Kjaccugpuka-
LHI0 FeOMETPH30BAHHBIX eHHBIX TeopHil.
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Jlumnsepoeun [50] npusomur KiaaccuuUKALUIO BCero Mo
NByM MNpusHakam: a) o6oOlueHHass cBs3aHHOCTh, 6) BapH-
aHThl NSTHMepHsi. DTa CXeMa fABJsSETCS CJHLUIKOM Y3KOH H
He YuYUTbIBaeT, Hanpumep, TornoJorud. DymeM uUCXOAMTHL U3
pPUMaHOBOH reoMeTpHH, XapaKTepusyeMmod: 1) HHTepBaJOM

ds® =g,qs dx* dx?

C CHMMETPHYHBIMH g3, 2) NapaJ/uleJlbHHM MepeHocoM Bek-

Topa 84" = — T5,ABX, rne kpuctoddemn Tf, sapaorcs
yepe3 MNPOU3BOJIHbIE g,g 3) 9BKJUIOBOK TOMNOJIOrHeH  4-npo-
CTPaHCTBA, 4) HenpepoiBHBIM XAPAKTePOM H3MEHEHHS
KOOp/IUHAT; KPOMe TOro, 5) HMeeTcsl B BURY 4-MepHoe Ipo-
CTPaHCTBO-BpeMsi-u 6) aomyckaioTcs JitoOele npeoGpasoBa-
HUSI KOOPIHHAT, T. €. MaKCUMaJibHasi HeOJHOPOLHOCTL 4-npo-
cTpancTBa. Passuynbie 0600iieHdst, MpUMeHsIBIINECS] B efli-
HBIX TEOPUSIX B TOM WJIM APYrOM U3 YKA3aHHHIX MYHKTOB,
BLIXOJIMJIN 34 PaMKH PUMaHOBOH reoMerpuu [3]. B camom
neJie, reoMerpuu Beitnst, dnauurrona, CkayTeHa u ap. BBO-

auiy oGobwennbe Tg. Beilsib cBepx Toro paccmartpusad

KOH()OPMHO-WHBAPHAHTHbBIE HHTePBAJIbl. DUHIUTEHH A0MyCcKasd
HECUMMeTPHUIO g,,. llatumepubie reomerpuu Besien 3a Ka-
aysoil paccMatpusasu O. Kieiin, B. A. ®ok, T1. Hopaas,
O. BeGuaen, B. INaysu, W. Tupy, 3. limytuep, B. Y. Poau-
yes, 10. B. Pymep u ap., B uacTHOCTH BBOAS WJIH He BBOJS
ycJoBUsl MEPHOAMYHOCTH MO NATOH KoopjiuHaTe. Komro-
HEeHTbl 3JIEKTPOMArHUTHOrC BeKTOP-MOTeHIualia MbTaJluCh
BBO/IUTb 34 CYET MATOrO U3MepPeHHs, TAK 3Ke KAK 3a Cyer
HeCHMMeTPHYHOH MeTPHKU. B CBA3H ¢ U30TONHYeCKUMH
CBOHCTBAMU 3JIeMEHTAPHBIX YaCTHIl, XaPAKTePU3YIOUUMH
BHYTPeHHUe CTeneHu CBOGOAbl (U30CMHH, GapHOHHOEe YuciIo,
CTPAHHOCTb; BEPOSITHO, TaK¥Ke JIENTOHHOE YHCJO) U BMecTe
C TeM B3aUMHble CBSI3W 4YACTUL BHYTPH HU3OMYJIbTUIJIETOB
(p—n, E*—30—3- u ap.), Obula pasBuTa TeOpHs H3O-
MpocTpaHcTBa: 3-MepHOro, 4-mMepHoro (3BKJMIOBA U MCEB-
H03BKJINN0BA). Bo3Hukia upesi oObennHeHus 4-npocTpaw-
CrBa MHUHKOBCKOIO ¢ wu3onpoctpaHcTBoM (MBanenko —
Bponckuit—Coxkonuk, Xoaur—®our, [aiic, IOkapa, Paii-
CKuit, 3alikoB W Ap.), U GBJIM Pa3BUTH Teopuu 6-, 7- u 8-
MepHbIX NMPOCTPAHCTB pas3HLIX TUNOB [52, 53].
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Yusep OTHOCHTCS pPe3KO OTPHIATENbHO K MOAH(HKA-
LUSIM PUMAHOBOH reoMeTPUH Tuma efuHbIX Teopuit 20-Xx ro-
IoB ¥ uiteT 06001leHNs JIMIIb B HAmnpPaBJeHHH TOMOJIOTUH,
BBOJisl TOMOJIOTAYeCKUe PYUYKH, ABIPKH, MHOrOCBs3HHe OO0-
JI2CTH NP COXPAHEHHU PUMAHOBOH reOMeTpHH U OGBIYHOW
TOMOJIOTHH B MaJioM (CM. HacTosiulyto KHury). IloBogom
K nojo0HeIM 06001leHUsIM, Kak NOAUYEpPKUBAeT YuJaep, mociay-
|’KuJl aHANU3 CHHIYJISIPHOCTEH LEHTPaJIbHO-CHMMEeTPHYHOrO
Egemewnﬂ Msapmyunsibaa (ecm. § 10, 12 u gp. rn. 1 Ha-
Tosell kHuru). 3aMeuanue VYusaepa o HeuzOeKHOCTH
KBAaHTOBHIX (PJIyKfyauuii MeTpPHKH HA CaMBIX MaJllbIX pac-
CTOSIHHSIX MOPSINKA yHUBepPcaJbHOM miuibl L* =~ (hG/c?) =~
= 1073% ¢m (ro. 1, § 7 u 11 HacTosille# KHUIH) H BO3MOXK-
HOCTH Ojaromapst 3THM (JIYKTyanusiM H3MeHeHHs TOIMOJIO-
THH, CJIefiyeT CYHTaTh OYeHb cuJibHBIM. HenaBuo U. MusHep
u JI. OusKesblITelH yKa3aJjy, 4TO YHCJIO TepeBepTOK THIA
Jgucta MéGuyca naet faxe B HeKBAHTOBAHHOHW TeopuH 1eJioe
YUCJIO, KOTOPOe OHH MBITAIOTCS COMOCTABUTL ¢ GapHOHHBIM
YHCJIOM HJIM cTpanHocThiO [54]. He cieayeT sm pomycTuth
BO3MOXKHOCTH [epexoja K AUCKPeTHOMY 4-mpoCTPaHCTBY
Onaronapsi nojoOHbBIM (QIAYKTyalUsiM?

UTo Kacaercsi HeNpepbiBHOCTH KOOPJAWHAT, TO, Kak H3-
BECTHO, C LEJIbI0 yCTpPaHEHHsl pacxopuMocTelt Oblu pac-
CMOTPeHH MHOrHe BAPHAHTH JIUCKPETHOTrO MPOCTPAHCTBA
[22, 55]: npumuTuBHAas peiwleTka TOYeK (AmOapuyMsH —
Npauenko, Teitzenbepr), onepatopn koopauHat (Cuafingep,
cM. [55]); Kanpwiuesckuit [56], cuurast, 4to HOBasi reomert-
pHsl HHAYUHPOBaHa cnalbiM B3aUMOAEHCTBHEM 4YacTHL, aHa-
JIOTHYHO TOMY, KaK HCKpHUBJIeHHe 4-npocTpaHcTBa 06s3aHO
HAJIMYHIO TPABHTUPYIOIIUX MACC, U MPOSIBJISAETCS TpH  [Ju-
Hax BOJIH MOPsifiKA yHHMBepcaJbHOH (PEPMHEBCKOH [JIHHBI
~ 10717 ¢m, BBOAMT HCKPHUBJIEHHOE HMITYJIbCHOE MPOCTPaH-
cteo (M. BopH [57]). Torna BHOBb NOJy4alOTCsl ONepaTOPL!
Cuafiepa, npuyeM npepbiBHHE XapakTep MPOCTPAHCTBEH-
HBIX ¥ HemnpephiBHHIE XapakTep BPeMeHHOH KOOpAWHAT CO-
NOCTaBJseTCs HECOXPAHEHUIO MPOCTPAHCTBEHHOH M cOXpaHe-
HHIO BpeMmeHHOH uernocTd. Kowm [58] u K. C. Hlanupo [59]
Hcrosb3oBasin nojie [allya, HanpuMep noJie BBIYETOB, T. €.,
HarJIsJIHO FOBOPS,, KOHEYHOe YHUCJIO TOYeK B HEeKOTOPOH 00-
JIacTH; MPH 5TOM HHTErpajibi 3aMeHsIOTCS CyMMaMH W pac-
XOJNMOCTH HCue3aloT. Teopusi OKa3LIBAETCS OYeHb KeCTKOM
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B CJiyuae [UCKPeTHOr0 MNPOCTPAHCTBA, KaK B U3ReCTHOM
Mepe npensujgen Puman. B yactHocTH, oHa MPUBOAUT K CO-
XpaHeHHIO He MPOCTPAHCTBEHHON, 4 KOMOUHUPOBAHHOH YeT-
HocTu (PC-uHBapuaHTHOCTD).

OcTaHOBHMCsl HAa TeOpPHH MPOCTPAHCTBA C KpyueHueM,
BBelleHHOT0 KapradoMm eme B 20-X rojax, HO He AaBLIero
paHee KakHx-1u6o ¢uanueckux peaysnbtaToB [51]. Opnako
Henaeuo B. V. Pogunues [60] u P. Quukensvmrteitn [61], a
satem lO. C. Baagumupor [62] o6paTusiu BHUMaHWe Ha TO,
YTO [MOBejieHHe CIIUHOPOB (A He BEKTOPOB H TEH30pPOB, KO-
TOpble TOJBKO W UCCJEOBAJIUCH PaHbllle CAMHM H306pera-
TelleM CnUHOpoB KapTaHOM) B 3aKpydeHHOM [POCTPAHCTBE
npelcTaBlsier UHTepec, MO03BOJISIA, B YACTHOCTH, AaTh Tleo-
MeTpHYecKyl0 HHTeprnpeTaulio HejuHeHHOro pobaBka B
CIIMHOPHOM JUPAKOBCKOM ypaBHeHHH (THna Haulero U [efi-
3eHbepra). Ilyctp 06o6uieHHHe KO3 OHIUUEHTH CBSA3HOCTH
HECHMMETPHYHH M0 HUXKHUM HHAEKCAM:

r=r4C,

rae KpyueHue omnpenessieTcss HECUMMETPUYHOH wacTeio C,

a Treoje3dnyeckue JUHUH onpefesnsiores Juuib I'. 3anas
METPUKY, pasjaraeM KO3()QUIUEHTH CBA3HOCTH HA METpH-
YeCKyI0 4acth (kpucroddenn) u HEMETPUUECKYIO YaCTh:

Tl 4 G— S,
Gp,,vc=Ccp,,v+Cav,p.+va,a'
1 s * *
Spv,c:—Q—{ (gvc)p+ (gpc)v—— (gp.v)a}v

rae *(g,.),—oGoClilenHas KOBapHaHTHAasi MNPOU3BOAHARA,
He paBHAsl Hy/mO. [lJisi MpoCTOTH Bo3bMeM YACTHBHIH Cayuyail
3aKpy4Y€HHOr0 MNpPOCTPAHCTBA, KOrja MEeTPUKA rajuJjeeBa
U reojie3uyecKue JIUHUM NpsiMHe, a [JUHA BEKTOpa coxpa-
HsleTCsl nNpu napaJdjenbvHoM nepenoce (S = 0) (Ho reoMer-
pus eie He3BkAuAoBal); Toraa

*Pdpu, ¢ == Ccp., e (D[cpv]
AHTUCUMMETPUYHO N0 TPEM HHJAEKcaM U
*
R= Q59 Prop-

2 3ak. 8001,
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3apaBas napaJlelibHBIH NepeHOC CNWHOpA B Buje dy ==
=B dx°, nonyuaem

"B, = "B (o) 1 () 1 (B) -+ il

rae *B, 06061a0T 4551 3aKPYYEHHOr0 NPOCTPaHCTBA MOJY-
yennsle paHee (Pok — Mpeanenko [63, 64]; cM. Takxke [b5],
u, II, § 4) Belpaxe€HUs AJ% UCKPUBJEHHOTO NMPOCTPAHCTRA,
3/1€Ch ¢, — JEKTPOMATHUTHLIA NoTeHuualt, *A; (af) — o0606-
neHusle ko3dduuuents! epauienus Puuyuu. B paccmatpu-
BAE€MOM HYACTHOM cJiyyae

‘Ac, Y - (I)[a;,w] .
Vi3 Bapuanuonuoro npunHumna

af (L—b*R) (dx)=0,
rne

1
L= Lllﬂpax. 7 @ [oBal Pqpa,

(P .3, — GusiuHeliHOe B ¢ BBIpayKeHHE MJIOTHOCTH MOMeHTa)
noJlyuaercst JIMPAaKOBCKOe ypaBHeHue (nJs1 (yHIaMeHTaJsb-
HOro CIHHOpPA) ¢ HeJHHeHHOH Ao0aBKOH, MPUTOM NCeBAOBEK-
TOPHOro THMa, BeiG6paHuoro I'efidenfeproM Ha OCHOBE ycCJlO-
BUH HHBAPHAHTHOCTH MO OTHOLIEHHK K NpeoOpa3oBaHHIM
ITaysau —— TNopun u Canama — Tyweka. 10. C. Baagumu-
POB [J1s1 KpyueHHsl MoJiaraeTr

1 a‘?ax 0%5
Sagy = 7(

a‘?wg
Oxg ox, + 0x, )'

BBO/s1 TOTEHHUAJs! B BuUIe AHTUCHMMETPUYHOrO TEH30pa
2-ro paHra, KOTOPBIl MOKHO pPAacCMATPUBATH KAK AHTHCHM-
MeTPUUHYI0O 4yaCTh Merpuueckoro TeH3opa. KaaHTOBauue
NoJsi KPyueHUsi JAeT ero KBaHTBl — «TOpCHOHBI». C apyroi
ctopoubl, P. ®uuKenblliTefiH nwlTaeTcss NPU MOMOIIH 3a-
KPYYeHHO!H MeTpPUKH [1aTb FeOMeTPHUYECKYI0 HHTeprpeTauuIo
3JIEKTPOJIMHAMUKN H Me30[UHAMUKH.

HenaBuo Mésnsep, HCnosb30BaB sl MOCTPOEHHST BHIpa-
EeHHUs HePruH rpaBUTALHOHHOTO MGJIsi B KayecTBe OCHOB-
HBIX BeJIMYMH 16 pemepHBIX KOMIIOHEHT, Npulliel K ypaBHe-
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HusIM, OJIN3KHM K TeOPUH «AaJleKoro napajuenuaMas JHH-
TellHa, NpHyeM INPOCTPAHCTBO oOKaswiBaeTcs 006JanaioiiuM
kpydenueM. EMy npeacTaBisieTcss ecTeCTBEHHBIM IOMHI-
TaTbCsl NPUMEHUTDh A06aBouYHbBle 6 KOMIOHEHT 1 onncanuﬂ)
3JIeKTPOMarHuTHoro noJisi [20, 65].

Bce 3Tu MHTepecHble pe3ysbTaThl (Kak W HelaBHHe pa-
6otn A. E. Jlepamosa u O. C. VMBaHuuKoil 1o kjaaccuue-
CKOMY 3aKpyueHHOMY mnpocTpaucTey [45, 66, 67]) nokasm-
BAIOT BAXKHOCTb PACCMOTPEHHsI CMUHOPOB B 0600u@HHBIX
reoMeTpusiX, Mapupysl B U3BeCTHOH Mepe OJHO M3 BO3pa-
wxeunit Yudiepa (rs. I, § 11.15 wactosimeil kuurd) npoTUB
HeJIUHeHHOH CNUHOPHOH Teopuu, CBS3aHHOe C MPeKHUM OT-
CYTCTBUEeM B Hell reoMeTPHUeCKOro TOJIKOBaHHSI.

HennuefiHas crnuHOpHast Teopusi MoJsl [IPeacTaBJisieTcsi
NMepCcreKTHBHLIM BAPUAHTOM e€[WHOH TeOpHUH BCex 3JleMeH-
TapHBIX YacCTHL, BKJIOYAasl rpaBHTOHBl (HO He MPOAOJILHYIO
YacTb rPABUTALUOHHOrO NOJs1). B 3TOM OTHOLLIEeHHH MBL He
MOXeM COJIN/IapU3nPOBaThCs € YHUJepOM, CUHTAIOLUIUM Hieu
causiuust ne-bpoiisisi, a TakkKe HeJIMHEHHYIO CMUHOPHYIO TEO-
puo caMKOM y3kuMd. OfHAKO ¢ YHJIepoM B 3TOM NyHKTE
MOJKHO COIJIACHTBCS B TOM, 4YTO fJsi OODbsiCHEHHS] <«eCre-
CTBEHHO» KapTHHL! Mupa, T. e. peaJbHOfl yactu Bcenen-
HOMH, MojBep:KeHHOH pacliMpeHnio W obnafawineil KOHKper-
HOU NpeuMyllecTBeHHOIl KOHLEHTpalHell uYacTHI|, a He aHTH-
4yacTul, MOJIOKEeHUH OfHOW TOJIBKO HeJHHeHHOMH crdepHoﬁ
«JIOKAJIbHOH», He KOCMOJIOTHYECKOH TeOpUH, KOHeUYHO, Hejo-
CTATOMHO.

XoTsl nocTpoeHue e[UHON HeJUHeHHOH CIUHOPHOHK Teo-
pHUU NOJIg ewule AaJIeKO He 3aBepIUEHO, 3a MOCJE[HHe TOibl
OBl npousBesieH Psifi HHTEPECHBIX HUCC/efI0BAHUI U MPO0JI-
})ajcsl Mepexojl HAa 5TH MNO3UIMH Psifa KPYMHBIX Yy4eHBIX
(Mapmak, Ham6y, K. E. TaMmm u ap.). Mapmak u OkyGo
paccMoTpesiu HeJIHHelfiHble CIHHOPHBle YpaBHEHUs KaK ¢
MaCCOBHIM tJjleHOM (Hall MepBOHAYAJIbHBIH BAPHAHT), TaK
H Oe3 MaccoBoro wieHa (reitzenGeproBcKuil BapuawuT), Noj-
YepKHYB HeaHAJUTUYECKYl0 3aBHCHMOCTL pelueHUHd OT He-
JIUHelHOH KOHCTaHTHl [. DTo corjiacyeTcst ¢ TeM, 4TO, XOTA
ucxonHoe «bOeaMaccoBoe» ypaBHeHHe HHBAPUAHTHO OTHOCH-
TeslbHO rpynmnbl Tyllleka, U3 Hero B KOHIE KOHLIOB IMOJIY-
YalTCsl ypaBHEHUs] HYKJIOHOB, o0JlafalonuXx Maccoi u, cle-
0BaTeJbHO, TYLleK-HeHHBAPUAHTHbIE, ’

2
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TeiizenGepr, [wopp u ap. [68] passuBawT paGoty
HamGy [69], orMeTuBILero aHaJOrui0 MexIy HeJHHeHHbIM
YJeHOM CHUHOPHOH Teopud W 4-(HepMHOHHBIM YJIEHOM B
JarpaHxkuaHe Teopud cBepxnposogumoctd (IIx. DBapaus,
H. H. Borosmo6oB ¢ coTpyanukaMu). UTo kacaeTcsi BHI-
BOIa HE TOJbKO MACC TMPOTOHOB W KOHCTAHT CHJILHOH H
cpenneh cesian ([eftzeHbepr ¢ COTPyAHHKAaMU) u3 HesuHel-
HON CMHHOPHOW Teopuu, HO H TOJYuYeHHS U3 Hee TPaBUTO-
HOB, TO OTMeTHM JIIOOOMBITHYI0 OLEHKY TIPaBHTALHOHHON
kouctauThl ([panoBckuil [70]). Vi3 ueTwipex ¢yHKuu#l, He-
06X0UMBIX [JISl MOJIyYeHusl TPaBHUTOHA KAK YacCTULBl CHH-
HA 2, MOXKHO NMOCTPOUTH 4% MATpPHUHLIX JieMeHTa, 16-4* un-
BAPUAHTHLIX BOJHOBHX (QyHKUUE. [locjie passioXKeHHs 1O
MOJHOH CHCTeMe [AWPAKOBCKUX MATpULl KaXJasi U3 3TUX
¢yukunit 6yger uMetb MHOXKHTesib 1/(16-44) = 2-12. Caeno-
BATeJIbHO, U BhipaXKeHue JJIs HePrud B3aumojeficTBusi Oy-
fleT COoAepkAaTh MHOXKHTesb 2724 = (1/17) - 1075, uTo OyeHb
6su3ko Kk TpebGyeMomy suauenuio (1/15) - 108, droT nopcuer
0600611aeT, OYeBHUIHO, HA IPABHANHAMHKY pacCyKIeHds MpPH
BLIBOJIe 30MMep(esbIOBCKON KOHCTAHTH TOHKOH CTPYKTYDh
(N0 cy1iecTBY COBCeM B AyXe JIUHITOHA!).

§ 5. Kocmodsorus

B paCorax YuJsepa BeCbMa XapakTepHHIM sIBJsleTCH
CTpeMJieHHe CBfI3aTb NpPo6JieMbl KOCMOJIOTHH U TeOpuu
3JleMeHTaPHBIX YaCTHL, OH NOJuepKUBaeT POJib HEHTPUHO W
rpaBUTALHOHHBIX BOJIH B OaJjilanCe 3Heprud BcesieHHO u
nofpo6GHO o6CyXnaeT pasJjMyHBE PeaKUuH TPAHCMYTALUH
qacTUll MeXIy co0oit W rpaBUTOHAMHU. DTH OGCTOATENLCTBA
ONnpaBABIBAIOT HA3BaHHe HACTOsIleH KHUrM: «[paButanus,
HelTpuHO U Bcesennas».

OnHoil 13 OCHOBHEIX MpoGJieM KOCMOJIOTHH SIBJISI@TCS BHI-
60p MeXy MOJeNSAMH PaCLIMPSIIOMUXCS BCeeHHbIX «B3PHIB-
HOro» ()pUAMAHOBCKOro Tuna, o0/afalomiux HayajoM WJIH
TOYKOl [OBOPOTA, W MOJIeJIIMH «CTALWOHAPHOrO» THMA
(Xoitse — lNospg — Boupu). Xoiae [71] ormMevaer TpyaHOCTD
NPUMHPEHUST OTHOCHUTEJbHO KOPOTKOH IIKajJbwl BpeMe-
HU B3PBIBHEIX MoOjejlel C BO3PacToOM CTapbix 3Be3j
(= 2-10% geT) npu pawdyylieM 3SMIHPUYECKOM 3HA-
yeHuu XaGOJIOBCKOH KOHCTaHTH hy = 75—100 sm/cex - Mnc.
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Corsnacio Mak-Burtu [73], meTpuky onmsoponHo#i Mo-
sy, Kak oObMHO, 3anullleM B BHJE

4 g2 — RO dritr2der 4 r2sin?dg?
CZ (l +—k_r)2
4
(k=-+1, —1, 0 cOoOTBeTCTBEHHO [JIsl 3AKPLITOH, OTKPHITOH
M MJOCKOH Mojeseit), npuueM B CTALHOHAPHON MOAEJH

t—T
R=Ryexp T

a B KuHeMaThueckoll Teopun Muana
R=ct, k=—1.

Kpacuoe cmelenne

R (o) 212 —h
b= 1 =hb——— 5= l— P+ ..,
rie KoucTauTel XaGGja:
R, R
=g b= =g,

(npuuem Xo#ab npuuumaet h, = 1/T, h2=1/T2=+hf,
a Muau: hy=1/t; hy,=0).
DHUHIITeTHOBCKAS TeOpus JaeT

2 72 ” 2 2
L M TV L W
TorAia Kak B Teopud Xoilss umeeM A = 0; HO BO BTOpOM
ypaBHeHuu cnpaBsa pobGasisietcss uyen -+ 3(c/a) (R’/R)
(OT BekTOpa <«NOPOXKIEHUS] MATEPUH>).

Corsiacuo Maxk-BuTTu, Hausydiive 3Haqenus OAl0T 3HA-
yenust hy = — qoh%, qo 2 1,5. CilenoBaTesibHO, B COrJIacuM
C MepBOHAYaJIbHBIM 3aKJUoueHHeM Xa00sa COOTHOIleHue
MeXJy CBEeTHMOCTbI0O H CKOPOCTBIO SIBJISIETCsI JIHHEHHBIM.
C napyro#i cTopoubl, no Xeiito cjenosasno Gl B3ATL hg > 0
(no Musmy hge = 0).

Takum o6Gpazom, 3akmoveHust Mak-Burtu (kak u CsHi-
siimka [72]) coBnajaioT B CMBICAE NPUEMJIeMOCTH OGBLIYHBIX
B3PHIBHEIX MoJeJiefi (PUAMAHOBCKOrO TUNa W OTPHIlAHUS
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cranuoHapHoft Mozean Xoinsi. Kpome toro, Mak-Butry,
pe3Kko BospaxKasi NPOTHB aBTOPOB, OTGPacHIBAIOIIMX KOCMO-
Joruyecknii ujed, sakmwouaer, yro A < 0. 31o o3Hayaer
HaJlyuhe YHHBEPCAJBbHON CHJIBI NPHTSKEHUs, [PeNnsiTCTBYIO-
et pasGeraHui0 TaJakTHK, NOMHMO OOBIUHOI'O TPaBHTa-
IHOHHOI'O TpHTsi:KeHHs. BmecTe ¢ teM npocTpaHCTBO OKa-
3piBaercsl rHnepOoJHYeCKHM, T. €. npocrpancTBoM Jlo6a-
YEeBCKOTO, €CJIH B3siTh JyUIlHe JaHHble Mis p = 1073 2. cu™3
(Ooprt). OmHako, Kak HAcTOHYHBO INONUEPKHBaerT Yuuep,
JIO CHX MOP He YUHTHIBAJACH [JIOTHOCTH HEHTPUHO H rPaBH-
TAllMOHHBIX BOJIH, HaJIHUHE KOTOPHIX JeHCTBYeT B CTOPOHY
621aronpUATCTBOBAHASA  NOJOXKHTENBHOH  KPUBH3HE  ITIPO-
CTPaHCTBa, a TaKXKe B MOJb3y CTALHOHAPHOH Mojesnn. 3a-
MEeTHM, YTO MpHMeHeHHe ypaBHeHHi DIHINTEHHA W cpaBHe-
HHE HMX BHIBOJIOB C 3MIHPUYECKHMH 3HAYEHHSMH KakK B CJy-
yae OJHOPOJAHBIX H3OTPONHBIX, TAK HEM3OTPONHBIX MoOJeJjel
(T'ekman u Ulokunr [74], A. JI. 3enbmanos [75]) asasercs
HauboJsiee pasyMHOH NpOLenypoil B IIPOTHBOIOJOXKHOCTD
6osiee popMaJbHOMY apryMeHTy YHJjepa, KOTOPHI Bcjen
3a JUHIWITeHHOM roBopuT 06 anpHOPHBIX MPEUMYIIECTBAX
MojenH 3aMkHyToit Bcenennoit. B monesn Jlemstpa ranak-
THKH KOHIEHCHPOBAJMCh B ONpejeseHHYIO 310Xy, a B CTa-
LUOHAPHOIl MOJeJH MaTepus POXKAAETCH HEIPepPHIBHO BHOBL
3a cuer AONYUIEHHS HOBOI'O MOJs, KOTOPoe NpeloTBpallaer
obpaliense p B HYJb 32 Kakoi-TM60 KOHEUHbIH MPOMEKY-
TOK BpeMeHH; TOr/la OKa3blBaercsl, YTO TraJlaKTHKH Helpe-
pHIBHO 06pa3yioTcsi 3a CYeT MeXKraJJaKTHUeCKOro rasa.
Bmecre ¢ Tem Xo#np OTMeyaer, YTO B €ro CTAlMOHAPHOH
MOJ€eJIM, MO-BHIMMOMy, HEOOXOLMMO JONYCTHTb HaJIHyHe
HETPABUTAUMOHHBIX CUJl [/ o6ecrneueHus KOHIEHCAIMH.
Ecau marepus BO3HHKaeT HeNpepHBHO, TO HNOJKHBE HabJIO-
IaTbCsl, B YaCTHOCTH, NPOAYKTH AHHHTHJSALMM TPOTOHOB —
AHTHNPOTOHOB M JPYIHX YACTHI— aHTHYACTHL; YacCTb KOC-
MHUYECKHX JIyyell TakkKe HOJKHa OOpa3OBHIBATLCH B MexK-
raJJakTHYeCKOM MpOCTpaHCTBe. IDTH CJeJICTBHA CTAalMOHAp-
HO¥ MOJieJIM JOCTYNHBI KCIIePHMEHTAJLHOU NPOBEpKE.

Ilo wHenuro Xoins, OTKPHITHE MOJIOABIX TCaJIaKTHK
(Bap6punku) 4, NO-BUAMMOMY, MOJIOABIX, CTPAHHBIX KOM-
njekcoB ranaktuk bB. A. Bopounosa-Begbsimunosa {[76]
KayeCTBEHHO TOBOPHT B IOJB3Y CTALMOHAPHOH MOJenH,
TOrja Kak JIpyrue faHdble He NPOTHBOPeuaT 3TOH TEODHH,
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P

CBAI3aHHOMN, KAK MH BUJIMM, C BBeleHHeM H0GaBOUHBIX Npemd-
HOJIO3KEHU#, BHXOAANIMX 3a PaMKH coOCTBEHHO sUHIITEH-
HOBCKOH T€OpHH.

Opunako CanpsiijK, paccMaTpuBasi CYIIEeCTBYIOlHe Ha-
6monaTesbHbe qaHHbIE (MoJydYeHHple ¢ nomolklo 200-moi-
MOBOIO MaJaMapcKOro TeJecKomna), Kacalouiiecss BeJIHUHHBI
OTKJIOHEHHSl OT JWHEHHOCTH B 3aKOHE KPAaCHOro CMEIlIeHHs,
MKaJbl BPEMEHH, COOTHOLUEHHs MEXKAy VIJIOBBIM OHaMer-
pPOM H KPAaCHBIM CMELIeHHEM, a Tak¥ke COOTHOLUEHHS MEXKIy
KpacCHbIM CMelleHHeM M HabJofaeMOll BeJHYHHO, NPHXO-
mut (kak 1 Max-Burrtn [73]) k BHBoOLY, uTO AaHHBIE O KO-
¢ulyenTe 3aMe/JieHHs pacIlHPeHHsi [POTHBOPEYAT TEOPHH
cranmnonaproit Beenennof.

OtMmeruM BO30O6HOBJEHHE AMCKyccuu 06 oco0o# Touke
(HayaJo «B3peIBa») MofeJeil paclmpsiomeiics BcenenHoi.
E. M. JIu¢pmmu, B. B. Cynako u U. M. Xanaruukos [77]
CUHTAI0T, YTO UM YIaJIOCh MOKa3aTh CYLIECTBOBAHMUE pelle-
HHs#l, He oBJagarolero oco6eHHOCTAMH B BHIe GeCKOHEYHOM
JIOTHOCTH H T. ., B 006LieM ciyuae npoH3BOJBHOro paclpe-
JleJIEHHs] MaTepuH.

M. ®. UlupokoB m H. 3. Ouwep [78], a rtakxe
I'. H. Xpanko [79] npenyioxunu B aHHIITEHHOBCKHX ypaBHe-
HHfAAX KOCMOJIOTHUecKOH mnpobneMel, Hapsoy ¢ OOBIYHBIM
ycpenHeHHEM paclpefesNeHHs] MaTepuH B NpaBOH 4YacTH,
VCPEIHHTh TaKiKe JIeBYI0 MeTpuuecKylo 4actb. [Ipu aToM
BOSHUKAWT no6aBoupble uJieHb, 3((EKTHBHO 3KBUBAJEHT-
Hble oTpuLaTeNbHOMy naBjeHuro Xoins u Mak-Kpu (uim,
3aMeTuM, KOCMOJIOTHYECKOMY 3aTpaBOuYHOMY uJieHy). Torna
CHHI'YJAPHOCTH B Buge OECKOHEUHOH [JIOTHOCTH HE BO3-
HHKAIOT.

O6pamaeM TakxKe BHUMaHHe Ha  HCCJEIOBAHHS
A. JI. 3enbmaHoBHM [80] aHH3OTPONHBIX M HEOIHOPOMHBIX
Mozneneil Bcenennoil, ykasbiBalouux, HalpUMep, UYTO aHH-
30TpONHUs Ha PaHHUX CTAAMAX JOJKHA Oblia MMeTh 6oJib-
llee 3HayeHHe, YeM HHHE.

Beuny BamxuocTH obcyxaenus npobjeM KOCMOJIOTHH C
HOBHIX TOYEK 3p€HMsl OKaszajoch lLesecoobpasHbiM Mnome-
CTHTb B KauecTBe [OMNOJHEHHs K HACTOSIUEH KHUIe NepeBoji
NByXx paboT aBTOPUTETHBIX acTpOHOMOB — J[:k. Mak-Burrtu
H @, Xofsisd, KOTOpble [al0T LEHHOE CpaBHEeHHe BceX
HauGosiee npaBaoOnogOGHBIX KOCMOJIOPHYECKHX MOAenell ¢
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HabuopaTeNbHEIME  J@HHBIMH  OCJE€[JHEI'0 BpeMeHH (CM.
Jlonongenus III u IV). Bo mHorux nmyskrax paGorn Maxk-
Buttu u Xofing ponosnssAnT paboTel Yuiepa H mepekphl-
BAKOTCSl C HHMH,

Takum o6pasoM, MHOrOYHCJIEHHBIE TEOPETHUECKHE HCCJle-
JIOBaHHs, TAK }K€ KaK H HOBHE HalOJIO[eHHs, CBS3BIBAIOIIHE
KOCMOJIOTHIO € (PM3HKOH 3JIleMeHTaPHBIX YacTHI{ (B YacTHO-
CTH, CTHMYJHpyloIiHe paboTel Yujepa, nyGaHKyeMble B
naHHoM cOopHHKe), B psifie NYHKTOB NPOJABHHYJH Halle Io-
HHMaHHe BcesneHHO#, XoTa pellalOUHX YCHEXOB cJenyeT
OXHjaTh JHLIL B OynyuieM, B YacTHOCTH GJjarofapsi IpH-
MEHEHHIO HOBHIX HAOJIOnaTeJbHHX CPeICTs.

§ 6. HeitiTpuHo M rpaBuTalHOHHDIC BOJIHBI

B nanHO#l cBfi3M npuobperaror 6OJBIIOH HHTEpEC mep-
Bble IIAarH <HEHTPHHHOH AaCTPOHOMHM» H OLEHKH MJIOTHOCTH
HellTpuHo — aHTuHeATpUHO Bo Bcenennoil, mpousBeneHHblE
Ix. ¥Yunepom (nacrosimasi Kaura), $I. A. CMopoauHCKHM
u. B. M. TIlonrekopso [81, 82 u B. M. XapuroHoBuim [83].
OHeprusi CUMMeTPHYHOro HeHTpHHHOrO (hoHa GblyIa, BEPOSITHO,
Ha MepBLIX aTanax 5BOJOIMH BeesleHHOH oueHb BeJiMKa; OHa
faxe ceiiyac, BepOsAITHO, CPaBHHMA C IJIOTHOCTBIO HYKJIOHOB.
Crnenyer HMeTh B BUIY, UTO TaK KaK CeUeHHS B3aUMOEHCTBHA
HeHlTPHHO C BeluecTBOM oueHb manbl (~107%* cm? goa mep-
JeHHbIX U ~10"% cm? pasi GvICTpHIX HEHTPHUHO), TO BpeMs
JKH3HH B MEXraJlJakKTHUeCKOM BeliecTBe ObICTPHIX HEHTPHUHO
6yner ~102! jer. Takum oOpasoM, H3BecTHasi uacTb Bce-
JIeHHOH NpaKTHYECKH Npo3pauHa [Js HeHTPHHO, H OHH MoO-
ryT [aTh LIEHHYI0 HH(OpPMAalMIO O NEPBHIX CTalHsX ee 3BO-
JIOLHH.

Hapsny c mefitpyHo 0cofyi0 BaxHOCTh npHOOpeTaroT
MOUCKH FPAaBUTALMOHHHEIX BOJH B 3€MHBIX H ACTPOHOMHye-
CKHX YCJIOBUSIX H HAMETKM <«rPaBHTAIHOHHOH aCTPOHOMHMU>.
Haubonee noapoGHO pasfiHunbple BOJHOBbLIE PellieHHs ypaB-
HeHMII DHHIITeflHA M NPHHLIMIIHAJbLHBIE TIPOEKTH T'€HEpPalMH
M JeTeKTHPOBaHHUS BOJH pacCMOTpPeHH B MoHOrpaduu
Ilx. Bebepa [14] (cm. Takxke ero crarbio B c6opnuke [2]).

PasBuBas npoekrst BeGepa renepanun ¥ perucTpanuqu
rPaBHTALMOHHBIX BOJIH NIpH MoOMOUH KoJeGanHufi B nbeso-
ssexktpuke, B. b. bparunckuit u I'. Y. Pykman [18] npej-
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narator JuddepeHHaibHB 9KCnepUMeHT, B KOTOPOM HpH-
MeHSIIOTCH JiB€ CPYNNBI BO3OYKAEHHBIX [UIMHIPOB, MPHYEM
Ha6ar0JaloTCs pasHHIBl MOTepb HA T'PaBHTAIIHOHHOE H3Jy-
yepHe npH cHHpasznoM H aHTH(a3HoM BoazGykneHun. Ha-
npuMep, NpH BO3OYKJIeHHM YIPYrHX NPOMOJILHBIX KoJjieba-
HUil ¢ oTHOCHTENpHOR ammautymo#t 10-5 B cucreme us 104
LWJHHAPOB € mnonepeuHsiM ceuenHeM 10* cm?  MowHOCTDb
rpaBHTALMOHHONO M3jyueHHs coctaBur 107%% 67 [mpu cko-
pocrn 3Byka (4—5) - 10* cufcex W manorHoCTH 5 2 - cm7d).
Ipu uacrore 10° ¥ Mexamuuecko#t pob6pornoctn 10° Mouw-
HOCTh, HeOOXomuMas Mjsi Bo3GyxkaeHus, Gyner 10° er. Ilpu
T = 300°K Bpems, HeoOXoniUMOE [Jisl PEFHCTPALMHA C J0CTO-
BepHOCTBIO 0,99 CcHrHaja co cTOJIb MaJiofi MOUIHOCTBIO, KAk
10725 67, HOMKHO COCTAaBUTh OKOJIO 8 CYTOK; MPH HCOOJB3O-
BaHUU THTaHaTa Gapus oO6beM [erekTopa MHOJIKEH coCTa-
puTb 40 3. Takum o6pasoM, noJo6HbIE ONBITH HAXOAATCSA
Ha mnpejesie BO3MOMKHOCTEH 3SKCIePHMEHTA.

O6parum Terneps BuuMmaHue Ha npepyoxende H. I'. Ba-
coBa u fp. [16] ucnosbsoBath ANl NPOBEPKH CABMI'A YacToOT
B M0Jie TAFOTEHHA H APYIHX CPaBHTAUMOHHBIX 3({dexroB
(?KpaHHpOBKa TrpaBUTALMH, THIOTE3a YMEHBIIEHHs KOH-
CTaHThl TATOTEHHS, AHM3OTPOINHH Macc H Jip.) COBpEMeEH-
Hble MOJICKYJISIPHblE H aTOMHBIE <«4acpl», T. €. CTaHAApPTH
yactoTsl, gawowune touHocts 10719, Koropasi, oueBMaHO, Oy-
ner eule nopwuilieda o 10712, Torga, B YacTHOCTH, OIBIT
tHna JlayHoa MOXKHO MpoOH3BECTH He € 4-Jy4aMH H pas-
HOCTBIO BHICOT B HECKOABLKO METPOB, HO C PajHOBOJHAMH
(Hanpumep, ¢ A =21 cm B oObluHoM reHepatope Pamses
Ha aromax Bopopoja co crabusnbHoctbio 10°12— 10714) u
PACCTOSIHUAIMH [OpsiIKa PajHyCcOB OPGHUT HCKYCCTBEHHBIX
CIyTHHKOB 3€MJIH.

C nomoumbio MOJIEKY/NSIPHOTO reHepaTopa yxe Gbll Mo-
BTOpeH onwlT Maiikenancona ¢ tourocthio, B 1000 pas mpe-
BHIIAIOWEH TOYHOCTh ONTHUECKOro Omnpita. OTMETHM NPOEKT
Jlunectpanna wamepenns MCKpHUBJIeHHSi CBETOBHIX Jyyeil C
YCTaHOBOK Ha HMCKYCCTBEHHBIX CIyTHHKAax 3eMad H GaJsuio-
Hax ¢ rtoudocteo go 07,01, ¥ DOOBTOPHO TNOJUEPKHYTYIO
XKeJaTesbHOCTh ¥ BO3MOXKHOCTH HabaroneHus: a¢pdexra Bpa-
enns u Gauskoro ag¢exra PEJATHBUCTCKOH IperieccHH
OCH BpaweHHs THPOCKOMNA, Haxopduierocs Ha 3eMJyie HJH
HCKyccTBeHHOM cnyTHHKe [84].
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A. A. Bouu-Bpyesnu u §I. 3. Kapucc [85] obpatunu
BHUMaHHe Ha BO3MOXHOCTHL H3MEPEHHsi aHHU30TPONHH Mace
NpyU MOMOIIM MAaATHMKOB H Ha BO3MOXHOCTh CpaBHEHHH
CKOPOCTH TI'PaBHTAallHOHHOTO BO3AEHCTBHS C ONTHUECKHM
addpextom or Connua.

B 3akiroyeHHe OTMeTHM NpepJOXKeHHs MpOBepHTH HaJH-
ype 3KpaHHpoBKH [86, 87], ann3zoTponuu Macch (BO3MOXKHO,
HHAYLUpPOBAHHOI pacrnpenesesHeM Macc Bo Bcenenwoit),
npefcKasbBaeMoe OTKJIOHEHHe OT pPaBeHCTBA HMHePTHOH M
TAXKENOH MacC H BO3MOXKHbIE aHTHUrPaBUTALHMOHHBIE CBOH-
cTBa aHTH-K-ME30HOB, INpPEBPALIEHHs KOTOPHIX OCOGEHHO
YYBCTBHTE/bHB K BEJHUHHE H 3HaKy Macch [88], a rakike
BEKOBO€ yMeHbllleHHe rpaBUTALHOHHOH KOHCTaHTHI, BO3MOXK-
HO sIBJAKOIIeec] OpHUMHOH pacmupeus 3emad u CoJHna
[86, 87]. TakuM o6Gpa3oM, cOBpeMeHHbIE IKCIEPHUMEHT AJIbHBE
METOMB MO3BOJIAKT NPHCTYNHTH K HOBBIM TPaBUTAIIHOHHBIM
ONBITaM, KOTOphie GYAYT HMeTh 6oJibilIoe 3HaUeHHe B (PU3HKe
3JIEeMEHTAPHBIX YaCTHI, I'PAaBUTALMY H KOCMOJIOFHH.

PezoMHpys, MOXKHO CKasaTh, YTO LEHHOCTh paboT YH-
Jepa, CONPHKACAIOIINXCA C PAIOM BaKHBIX HCCJeLOBaHH
OpPYruX aBTOPOB, 3aKJIOUAETCH HE CTONBKO B OTIEJbHBIX
HHTEpPEeCHBIX pe3yNbTaTaX, CKONMBKO B 3BPHCTHUECKOM HX
XapakTepe, KOTOPHI HHKOIo He OCTaBJISIET PaBHOLYIIHLIM;
faxe (He CTOJNb pelKHe) MYHKTH, C KOTOPHIMH TPYJAHO CO-
I'JacCHThCA TOMY HMJH [APYroMy 4uHTaTeNo, nobyxOalT K
JaJpHeHIINM HCCJIeIOBaHHAM HJM, HAaoOOPOT, K NMOMBITKAM
onpoBep:keHnsl. B sToM cMmelcie cruab Yuaepa (KcraTh
CKa3aTb, TPyAHHIH [J5 TepeBofa) HallOMHHAeT MaHepy
Spavarroda M orvactH Qeftumana. Tak uwan uHauve cme-
JIple, MOJIHBIE HOBBIX Pe3yJbTaToB M Huell paboTH YuJepa,
HECOMHEHHO, HMeloT OoJbliioe CTHMYJHpPYIOilee 3HaueHHe
u 3afiMyT 3aMeTHOe MeCTO B HOBeHlIell suTepatype Mo rpa-
BHTALMH, TEOPHH 3JEMEHTaPHHBIX 4YACTHI[ M yueHHH O Bce-
JIeHHOM.

B 3aknouedne Mbl XOTMM BHIpa3uTh GJAarofapHoCcTs OPo-
¢deccopy [lx. A. Yunepy 3a npHCHUJIKY IPENPUHTOB CBOHX
HHTepecHbX pabot, 4To COAEHCTBOBAMNO NOArOTOBKE HACTOS-
wero c60pHHUKa.

J1. Heanenko
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HEWUTPHUHO, FPABUTALHSA U TEOMETPHUA

Jlekuun B Mexpyuapoaroii wkoae (GM3HKM
uM. JHpuko Pepmu (Bapenna)

BBENEHHE
e

LlenTpanbHas poJb HEHTPMHO
B (M3HKe 3JEMEeHTaPHBIX YaCTHMI

Hntepec k (H3HKe HeHTpPHHO OYEBHIEH He TOJBKO H3
OueHE BaXKHBIX HCCJAENOBaHHH MNpobseMbl YETHOCTH B TMO-
cJe[HMe JIBa rofla, HO TakKiKe H3 [PEBOCXOAHBIX M CHCTeMa-
THYeCKHX KYpPCOB JIEKUHI 110 caabulM B3aHMOOEHCTBHAM H
[peBpanieHusM 2JeMeHTaPHBIX YaCTHL, IPOYHTAHHHEIX B JIET-
Heil wkosie B Bapenne. Ceiluac Hesb3si B OJHOU JIEKI{HH, KaK
570 GHIJIO BOSMOXKHO HECKOJILKO JIeT Haszaj, HCUepIbiBalo-
LM 06pa3oM H3JOXKUThb TEOPHI0 B-pacnana, KoTopas He
uMena Obl OTHOLUEHUA K HeHTpHHO. BHylIMTeNBHBIE 3KCIe-
puMentsl Pefinca u Koyasua c corpysuukamu [1] Bnonse
yO6eHJH Hac B TOM, UYTO HeHTPHHO ME€PEHOCHT 3HEPrHI0
yepe3 IPoCTPaHCTBO.

HeiitpuHo o6Hapy:KuBaercsi HbiHEe B «daMHJIBLHOM [e-
peBe» KaxKJo#l 3MeMEHTAPHOU YacTHLBI: B Me30HHBIX pac-
nagax

p_>e+v+v_, m—>p-+v, K—sp-4v H

H, CJIe[OBATENbHO, TAKHKE B PONOCJAOBHBIX THAMKEJBIX YaCTHIL;
Ka)k/as M3 MOCJEIHHX MOXKeT MOIJIOmATh HJIH HCIYCKAaTh,
a Takxke MOxkeT GbITh OpHBeneHa B BO30YKIIeHHOE COCTOs-
HHE C [OCJEIYIOLMM HCIYCKaHueM 7- wiH K-Me30Ha:

’

Bapron —> (%- nan K-meson) —> v. 2

Hefitpuno npefacrasasier co6oifi eIMHCTBeHHbIH (epMHOH, He
HMeoHnil Maccel M 3apsaga. OHO nepeHOCUT 3HEPTHI0 €O
cKopocTblo cBeta. HeBo3moxkuo kakuM-sn6o o6pasoM «Jo-
riaTh» HEUTPHHO M IIPUBECTH €r0 B COCTOsiHHe Nokos. B
5TOM CMbIC/Ie HEHTPHHO MMeeT CKOpee Xapakrep MOJs, YeM
YacTULH, B [POTHBONOJOXKHOCTb, HaNpUMEpP, 3JEKTPOHY.
Takum o06pasoM, MOKHO CUHTATh, YTO AJifi HEHTPHHHOIO
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10JIsT He CyllecTBYeT NpobGyeM BHYTPeHHEH CTPYKTYPH B TOM
J)Ke CMBIcJe, KaK 3TO HMeeT MeCTO H B cJjyuae 3jeKTpoMmar-
HHTHOrO noJs. CJiefloBaTebHO, HEHTPHHO €CTh €JHHCTBEHHOE
u3BecTHoe HaM nose PepmH, KOTOpoe ABJISETCS HCTUHHO
npocTeiM U QyHIaMeHTaJ bHEIM. 3TO eJMHCTBEHHOE MoJie, KO-
TOpoe HMeeT CNUH 1/2 MU aHTHCHMMETPHYHYIO CTATHCTHKY H
KOTOPO€ MOXHO CYHTaTh (PyHAaMeHTa/IbHEIM B TOM XK€ CMbIC-
Jie, YTO H rPaBHTaLHOHHOE H 3JieKTPoMarHuTHoe noJas. Ecan
MBI XOTHM 3HaTh, IOYEMY H KakK cnuH 1/2 u cratucruka Qep-
MH — Jlupaka npHJoXKHMH K 3JleMeHTapHHIM YacTHIIaM, ecTe-
CTBEHHO HauaTth ¢ HefirpyHO. Pusnka HeHTPHHO 3aHHUMaeT
LEeHTPaJbHOe MeCTO B (pu3HKe 3JleMeHTapHBIX YacTHIL.

Tabaruya 1

CpaBieHue addexTHBHON 3HEeprHu B3aHMOIEHCTBHA
depmn gB/L3, IHEPrHH TPaBHTAHLHOHHOTO B3aHMOJEHCTBHA IBYX

npoTonoB GM?/L, sHepruH 3JACKTPOCTATHYIECKOIO B3aHMOJAEHCTBHS
€?/L v sHepruu dayxryauuit noas fic/L

CpaBrenve [faercs NP PasIHUHBIX MPEJNIOJOKEHHSIX OTHOCHTEJBHO
paccrosinus L '). (Bce sHeprum paHH B 36.)

KoMnToHOB- | K nacenye- | KOMITOHOB-| Xapaktepuctu-
ckast LMHa CKRi cKasg AauHalueckas nauna L
BonmH A pamnyc | pommy X | ®AyKTyaunf
Paccronune L, cx SNEKTPOHA | SeKTPOHA | HYKJIOHA MeTpHku
#ime, exfmc?, #/Mc, (#G/c¥)'f
21071 | 310713 | 2.107M 2.10738
DHeprus TPaBHTANHOH-
HOTO B3auMOeHCTEHS
. - -— —3 -
XBYX HyKnoHos . . . . .| 2-107% [ 3.10 14.107% 4.107M
3¢ dexTHBHAA 3HEPrHs
B-BsanmopneiicTBus, cKoH-
HEeHTPHPOBaHHas B 06Ja-
CTH € pa3MepaMu ~ L 10-6 3 104 1061
SHeprus  3JMeKTPOCTa-
THYECKOTO  B3auMoreifi-
CTBHA . . . . . ....| 4-10 5.108 7-108 7-10%
dueprus daykryanuit 5.108 7-107 9.108 1028

1) Mu Gaaropapun a-py C. JI. Tusuloy sa y4acTHE B COCTABACHMM TalaMUH.
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Cna6octe HEMTPHMHHLIX B3aMMOHEHCTBHI

Bonpekn TOJbKO UTO MOJUEPKHYTOH BaXKHOCTH HEHTPHHO,
ero B3aHMOJENCTBHsI 10JIO paccMaTPHBadHCh Kak ciaabbe
M0 CPaBHEHUIO CO BCEMH APYIHMH, KpOMe I'paBHTAIHOHHBIX.
KoJsinuecTBeHHOe CpaBHeHHe [ABYX CJa0blX B3aHMOJEHCTBHH
3aBHCHT OT HEKOTOPHIX JONYLeHHH 0 Macuitabe JJHH, OTHO-
CSLIHXCS K B-B3@HMOJEUCTBHIO, NMOCKOJIbKY BeJUYHHBI

GM:=6,67-10%-(1,6 - 1072’ =1,7-10"% spz-cx (3)
U
g,=1,3-10"" ape - emd,

XapakTepHble 1Jisl JBYX CBsi3eil, HMEIOT pa3Hble pasmep-
HoctH (ra6a. 1). CnabGocTh B-B3aUMOJIEHCTBHS HEHTPHHHOrO
noJisl npesictaBasier co6ofi PpyHIaMEeHTaJbHYI0 0cOOe€HHOCTD
IpHPONH, KOTOPOH TMOKa He OBLIO JaHO YIOBJETBOPHTENb-
HOro oGbsICHEHHS,

3aKoHbl COXpaHeHUs1 © PaBHOBeCHe
B HeHTPUHHOI (H3MKe

Ilponeccs HCIYCKAHHS H NOIVIOLICHHS HEHTPHHO obecle-
YHBaOT cnoco6G AOCTHKEHHs paBHoBecHs. KakoBa e mpH-
poza Takoro HAEaJbHOr0 COCTOSIHHS paBHOBecHs? AHajM3
®epMH TeNJIOBOTO pAaBHOBECHS YacTHL, NOAYHHSIOUIHXCS
aHTHCHMMETPHYHOH CTaTHCTHKE, FOBOPUT O TOM, 4YTO J/f
XapaKTepHCTHKH 5TOr0 PaBHOBECHS! OJIHOH TeMmepaTyphl He-
nocraroyHo, CaMO CyuleCTBOBaHHE TeMMepaTyps CBSI3aHO C
TeM (akToM, UTO NOJHas 3SHEPrusi CHCTEMH B3auMOjeil-
CTBYIOLIMX yacTHIl coxpaHsiercs. OHAaKO MBI 3HaeM, 4TO /s
cHcreMbl (DEPMHOHOB CyIIECTBYeT APYroii NepBulfl HHTEr-
Pan ypaBHeHH# IBMKEHHs: Pa3HOCTb MeXJy YHCJOM YacTH
¥ aHTHYaCTHll, WJH, B HalleM cJiydae, JeNTOHHOE YHCJIO.
BenenctBue 3Toro, kak HM3BecTHO, He TOJBKO TeMIepa-
Typa T = kT gpayen), HO TakKe u 3Heprusi Oepmu p, He06X0-
duMa nois onpenenenust (¢ur. 1) cpeaHero umcna 3anosHe-
HHMSl HEHTPHHHOTO COCTOSIHHS, uMemoulero suepruio E:

1 .
P E—py T F1° ()

n =
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Korga shepruss PepMmu nonoxutesbHa W GoJblie WM 110
KpaiiHell Mepe cpaBHHMa C TeIlJIOBO# 3Hepruedl T, Kak rnokasa-
1o Ha nuarpamMme (cM. ¢ur. 1), B paBHOBeCH Y YHCIIO HEUTPHHO
[PEROCXOONT YHCJIO aHTHHeiTpHHO. Korna sueprust ®epmu
paBHa HYJIO, YHCJO YacTHIL U JBIPOK OJMHAKOBO. B 3TOM
cjyiyae THIIHYHAsl 3Heprus TeX H Apyrux Oyner nopsiaka T,

P I Inepzun
3 Qepru
0
g ]
o loromurnensrsie
3IHepzuU
N N,
Aoiprer 0 NN
npedemaganom N
QHMUKELMPUHO

Ompuyamentrste

SHEPZUU
_\ NN

0

i .
Yucno sanonkerus

P ur. 1. PaBHoBeCHOe pacnpesiefieHne Hei-
TPHHO, CXOJHO€ C aHaNOTHYHBIM 33KOHOM, CJe-
JNYIOLHM HM3 3JIeKTPOHHOH TeOpHH MeTalljloB.

IMpn ykasauHeIX 3pech YCHOBHAX HHCAO AHTHHEHTPHHO
SHAYHTEJABHO MEHbLUE UHCAA HeHTpHHO.

YHCJIO 3aM0JHEHHBIX COCTOSIHUE v HJIM v B €IMHUYHOM 06 beMe
coctaBuT ~ (T/hc3) u oblLiasi NJIOTHOCTL SHePruH !)
Tn2  T*
€, = =5 JEaT - (ba)
120 (fc)

L[Jlﬂ CpaBHEHUS I[IpuBeleM [JOTHOCTH 3HEPTHH 3JIEKTPO-
MarHuTHOro HU3JyUeHUd YE€pHOro Tena:
8rn2 T

%.w. = 20 (oY ” (56)

KOTOpasi HEMHOTO BHILI€ IJOTHOCTH SHEPrud HeATpHHO, mo-
CKOJIbKY YHCJIa 3afoJiIHeHHsl B 3TOM CJiyuyae He OrpaHHuYeHH

1) Cwm. [5]. B 310M BblBO;E NpEANONAaraercs, urto 3a7aHie HMNYJLCa
HefiTpHHO  (MJIM  AHTHMHEHTPHHO) eJMHCTBEHHHIM 06pa3oM Onpenenser
HanpaBJeHHs] MX CIHHOB,
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eJHHHNEH, KaK 3TO HMeeT MeCTo MJisl HEHTPHHO B CHJY
npuHiuna [laynn.

Tak ke Kak H3JlyuaTeNlb 3JIeKTPOMArHHTHOH SHEPTHH HE
MOXKET HaXOAHTbCS B COCTOSIHHH TENJIOBOIO pPaBHOBECHS,
eCJIH OKpy¥Kalollee HPOCTPAHCTBO He 3alOJIHEHO H3Jyvye-
HHEM YEpHOro rtena npu teMmneparype I, cHcreMa 3JIeMeH-
TapHBIX YacTHI, crnocofHas u3dydaTh M M[OLJIOWATH HeH-
TPHHO, HE€ MOXeT HaXOJHTbCs B COCTOSIHMK pasHOBecud,
noka temneparypa T u sueprust PepMu p, HEHTPUHHOTO HU3-
JayueHHs: He OYAYT COrnacoBLIBaThCs ¢ 1 4 |, CHCTEMHl 3Jie-
MEHTapHBIX YacTHIL.

IToka GoJibIloe KOJHYECTBO MaTepuy He CXKaro 0 sjep-
HOI MJIOTHOCTH, €€ NPO3payHOCTh OCTAETCs, KOHEUHO, OUYEHb
Boicokoii ). CiegoBaTesbHO, OGHIUHO HEBO3MOXKHO HOA-
JepKUBaTh IJIOTHOCTh HEHTPUHHON pajHallu® BOKPYr MaTe-
puM Ha YpPOBHE, NOCTATOYHOM [Jjsi obecrieyeHusi B-pacna-
HOro paBHOBecHsi 3Toi Matepuu. Tonbko B clyyae, Koria
TeMmmepaTypa MaTepHu Najgaer 10 abCOJIOTHOTO HYJs U ee
sueprusi PepMu p, TaKKe CTAHOBHTCS PaBHOH HyJIO, B
ApPHHIHIE BO3MOXKHO COXPaHEHHE B-pacnajHOro PaBHOBECHS
IJIsi MaTepHH MPH OTCYTCTBHH BOKPYT Hee HEHTPHHO.

Famos u IlléuGepr [7] ewe maBHO NONYEPKUBAJH, YTO
HOpMaJibHasi 3Be3[Hasi CHCTeMa He B COCTOSIHMH YIep¥KaTb
neifrpuno. OHM yKa3aJH Ha HecTaOMJBHOCTH Da3orperoi
CXKAaTOH 3BE3[HOH MaTepkH NO OTHOLUEHHIO K fB-pacnagy B
TOM CMBICJI€, UTO ypKa-mpolecc

p (ropsunit) -+ e (ropsunit) —
— n(xonoxHbli) -+ v (HcnymeHHOE),
n(ropsiuut) —> p (xos0aHbIf) -+ e (X0NM0AHbI) -+
-}-v(ucnymensoe) J

(6)

Oyler pasBHBaTbcs Bce ObICTPee ¢ TOBHILIGHHEM TeMIepa-
TYPB ¥ MJIOTHOCTH 3B€3Jbl Ha MOCJEIHHX CTaJUsAX IPaBUTAE-
uuonsoro cxkatusi (¢ur. 2). B HacTosiee BpeMsi MBI Hefo-
CTaTOYHO 3HAaeM 00 3HePrHH, OCBOOOXKJIAKLIEHCS B CBepX-
HOBBIX 3B€3J1aX, YTOOHI CKa3aTh, JOMUHUPYET JIM yPKa-1polecc
B Jio6oil M3 HabojaeMBX Bcnbillexk. I1o Mepe passurus
Teopun M cpejcTB HAOJIOJNEHUS 3BOJIOIHMH 3B€3Jl, NO-BUJH-

1) OtnocHTeNnbHO NPO3PAYHOCTH MATEPHH MO OTHOLICHHIO K HEHTPH-
HO B 3aBHCHMOCTH OT IJIOTHOCTH H TeMneparypu cM. [6].

3*
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MOMY, yBEJIHUHBAIOTCS BO3MOXKHOCTH NPOBEPKH IpEJICKa3a-
HUI (OU3HKH HEATPHHO.

CHOBa MpHXOJNHTCS paccMarpuBaTh 3Be3Obl, KOrja BO3-
HUKaeT BOMPOC, KAKOBA Ta HaHGOJbIIas Macca XOAO0OHOU

)

lopsuuii e + [opsuut p ~—= XonoBwoii n + v{Heryy

X Irepeus nores n /
7
.‘\\\

&,

Z Jrepeusn nores e

Z “p )
%//////////////////////////}/} ‘
U(Henyweriroe) + Koaodweid € + Konodued p =— fopauui 1t

@ ur. 2. Jueprusi B Qopme HeHTPHHO M aHTHHeHTPHHO MoxeT O6ecko-
HEYHO PAcCeMBATbCH 3a CYET ypKa-npollecca X0 TeX Nop, NOKa alepHas
MaTepHsi HAXOJIUTCH NOJ HaBJieHHEM H HarpeTa M NOKa He CYLUeCcTByeT
LKOHTelHepa®, KoTopHil faeT BO3MOXHOCTb HeHTPHHO H aHTHHEHTPHHO
npuiiTH B TepMOJHHaMHYECKOe paBHOBecHe ¢ aToil MaTepuedl. B xawnom
ciyyae EF 03HayaeT COOTBeTCTBYWOLIylo 3sHepriio Pepmu. Ecaum O

TeMnepatypa ObJla paBH& HyJo, TO TOYHOE PaBHOBECHE H OTCYTCTBHE
peakiluit obecneunsanoch Gbl PaBEHCTBOM

(Mp02 + EF,,) + (Mec2 + Epe) = (M,,c2 + EFn)'
(Ouarpamma IOBeMHL)

MaTepuu, MpUlleflliasi K mociejnefi CTajuH TepMosijepHO#
3BOJIIOIIMH, KOTOpasi MOXKeT BhJIepXKHBaTh cOOGCTBEHHOE rpa-
BUTAlIHOHHOE CxkaTue. Pa3HOOOpa3Hple apryMeHThl YKa3hl-
BalOT Ha TO, UTO He cytyecTsyer CTabUAbHO20 KOHEeUH020 CO-
CTOSHUsA OAf CucTemsl, cocTosinedt u3 Oosee uyeM 1,5-10%7
HYKJIOHOB, 4TO npuMepHo Ha 209 npeBuilllaeT KOJHYECTBO
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HykJoHoB B Connne!). Ho Huuro He npensaTcTBYyeT Ham Jo-
6aBUTL CTOJILKO HYKJOHOB, CKOJbKO MhH XKenaaem! Otcyt-
CTBHE KaKoro-iu6o cTabuNbHOro pelLieHHs NpH 6OJbLIEM
YHcJe HYKJOHOB BHI3LIBA€T Cephe3Hble COMHEHHS] B CIpaBej-
JIMBOCTH 3aKOHA COXPaHEHHsi YHCJa HyKJIOHOB MPH KpalHHX
yCJIOBHSAX, KOTJla MJIOTHOCTh MaTe€PHH BO MHOro pas Gosblie
spepHo#i. IlosToMy BO3HMKAIOT TakXke COMHEHHS, COXpa-
HeeTcs JM Jaxe [Js OJHOro fjpa KOJHYECTBO HYKJOHOB
B HeM 3a OOJbIUOi NPOMEXKYTOK BpeMEHH, B OCOGEHHOCTH
Korjia sifpo MOjBEPrHyTO JaBJeHWsiM, BHICOKHM C TOHYKH
3peHHs ALepPHBIX MacurTaboB.

Ilo Hacrosiuiero BpeMeHH He OGHapyXXeHO HH MaJei-
1Iero OTCTYMJIEHUS! OT 3aKOHA COXpaHeHusi HYKJOHOB. Buino
HaiifleHo, YTO HYKJIOHB MMEIOT Nepuoj mnosypacnaga 10%
Jer uiau Oospiie aasi moboro THNA pacnajga, CONPOBOXK-
JLAKOLerocss HCNYCKAHHEM HOHU3HPYIOLIErO0 H3JyYEHHsl Bbl-
cokoil sHepruu [9]. Ecnn Hyknonsl geficTBUTENBbHO pacna-
nawoTcd nopn OOJbLUIMM JaBJjeHWEeM, TO JWMHAMHKa Takoro
nponecca MNOJHOCTbIO HeHsBecTHa?). OnHako NpencTaB-
JisleTcsl pa3yMHBIM OCTaBUTh TPH 3aKOHa COXpaHEeHHs:
1) 3aKkOH cOXpaHeHHs 3Hepruu-HMIyJbca, 2) 3aKOH coxpa-
HeHHUs1 3JIEKTPHUECKOTrO 3apsjia, 3) HecKOAbKO 06001eHHbIH
BapuaHT 3aKOHa COXPaHEHWs JIENTOHHOrO YHCJa, YTOOH! IIPH
TEIJIOBOM PaBHOBECHH PaBHOBeCHE€ MeKJy NpoleccaMu pac-
Najla # 06pa30BaHHs PErynvpoBaJics H3BECTHOH >Heprueil
®epmu p,. Kopoue roBopsi, «<3aKOH COXpaHEHHs HYKJIOHOB»
noJukeH ObIThb NMPHHAT CErOJ(HSi HE KaK TeopeMa, a Kak Bo-
npoc; H Bompoc 3TOT OyJeT CTaBHTbCA Te€M OCTpee, YeM
nonblile ocrarrcs (e3 pelleHdusi TPYLHOCTH, CBSI3aHHBIE CO
cBepX-MaccaMd. 3TH TPYAHOCTH JIeXKaT Ha ellle HEeHCCJeNo-
BaHHO# rpaHHNe MeXKJAY rpaBuranueil H (PU3NKON 3JeMeH-
TapHBIX YacTHIL.

daemeHTapHble caadble B3aMMOAEHCTBMSA

Ilpo6nema paccesitust GoToHOB Ha (POTOHAX H TECHO CBS-
8aHHas ¢ Heil npo6JieMa KOorepeHTHOTO pacCesiHus 3JIeKTpoO-

1) OG3op JiuTepaTypsl H HOBbie BBIYHCIEHHsS CM. B paGote [8].

2) A. Bponckuit u . Hsanenko [10] npeanonoxuny, uto 3akou
coxp[aﬂemm GapHOHOB CMNpaBEJJIUB TOJALKO mo Moaymo 4 (cM. Tak-
¥Ke [11]).
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MarHHTHOTO M3JIyYeHHs] KYJOHOBCKHM MOJIEM aTOMHBIX sifiep,
KaK H3BeCTHO, ChII'DaJId BaXHYIO POJIb B 3BOJIIOLIHH HOBeHIIef
KBAaHTOBO# 3/1eKTpofHHaMuKH. [losToMy mpencrapasiorcs
YMECTHBIMH  &HaJIOTHYHBIE BONPOCH O B3aHMOJEHCTBHH
HeUTPUHHOrO H TCPaBHTALMOHHOIO TMOJe JApYyr ¢ npyroM
H C 3JIeMEHTaPHLHIMH YacTHnamu. B cBs3u ¢ 3THM Haubosee
HHTEPECHBIMH SBJSAIOTCS MPOLECCHI

napa e~ -+et
vty —>| um e +p* —V' Y (Ta)

HIH  [pyr¥e MpOMexyTOUHBE COCTOSIHHS,

(nesunedinblil 3¢dext B HeATPHHHOM noJse, o6yc/aoB/eH-
HHl BaKyyMOM),
et te

G (rpasuron) -} G< _ (76)

vy

(nexknaccuueckne s¢p@exThl B I'PaBUTALHOHHOM [0Je),
a TaKxe peaxkuus

vte () +(eY, (78)

KOTOpasi, BEPOATHO, cMOXkeT ObITh OOHapyXeHa B Gamxkaii-
Liee gecsiTHIeTHE Y GYLET CIAYXKHTh NPOBEPKO# YHUBEPCAb-
HOoCcTH B3auMoaeficteusi PepMu.

Takxe 60JbINOH WHTEpeC MPEACTaBJsSET HOBOE TEOPETH-
yeCKOEé JOKa3aTeJIbCTBO TOr0, 4TO KOHLENIMs rpaBUTallHOH-
HOI'O H3JiydeHUs] UMeeT ONpeleseHHblli CMBIC/ H UTO HEKOTO-
pble NIPOCThIE€ TUIIH FPaBUTAIHOHHBIX BOJIH HECYT OMNpeJielieH-
HYIO0 TOJIOKHUTEJbHYIO 3Hepruo. BoamMoxkHOCTH reHepanyu u
o6HApYKEHHS] TPABUTALHOHHBIX BOJH [OJABEPIJIHCH LIMPO-
KOMY HCCJEJIOBZHMIO, H Cepbe3Has 3KCIepHMeHTajbHas
paGora B HacTosinlee BPeMsl HalpaBjeHa Ha OKOHYATENb-
Hoe HabJIIOJeHHE HJIH YCTAHOBJCHHE BepPXHeil I'D aHHIIbI MJIOT~
HOCTH KOCMHYECKO#l rpaBHTallHOHHOH papmuHauuu. I[pyramu
cJIOBaMH, B HacCTOsiliee BpeMsl TPaBHTapHOHHOE H3JyueHHe
HauHHaeT 3aHMMaTh nojobalouiee eMy MecTo, G06HO ToMy,
KaK 3TO OBbLJIO HECKOJBKO JieT Ha3ajJ ¢ HeHTPUHHBIM H3Jy-

YeHHeM,
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OnucaHMe HeUTPHUHHOro NoJjis B NpocTpaHCTBe

Hcropuueckn 3JeKTPOMAarHUTHOE T0Jie TOSIBHIOCH B (H-
3UKe B BHJ€ Maphl BEKTOPOB, KOMIIOHEHTHl KOTOPBIX MOCYT
ObITh onpejiesieHl B Kax ol Touke mpocTpaHcTBa. JIvmib
Nno3/Hee OHO GBIIO Pas/iOKeHO Ha He3aBUCHUMBIE FapMOHHYe-
ckue KoseGanus. Ele nosxe NosiBUioch KBAHTOBOE OMHCa-
HUE€ 3JIEKTPOMArHUTHOrO NOJfl, KOTOPOe naeT OpYyro# cro-
co6 TpencTarJeHUs T0JiS Yepe3 KBAHTOBHIE YHCJA HJIH YH-
cJia 3aloJIHEHHS, CBfi3aHHbBle C KaxKIAoH H3 He3aBHCUMBIX
rapMoHuk. OJIHaKO KBaHTOBas MeXaHHKa, OYEBHJHO, AaeT
IIMPOKHII NpocTOp B BHIGOpe NpencTaBjeHus noss. Kakoso
6Bl HY OBLIO 3TO NpejCTapJ€HHE, BAaXKHO TO, UTO COCTOSIHUE
onpelensieT aMIJIUTYAy BepPOSITHOCTH MJsi JiOOO# MbICTH-
MO¥ KoH(QUrypaluH 3JeKTpOMAarHHTHOrO 1oJs. 3Ty KOH(U-
rypauuio MOXKHO OIHcaTh 3aJaH¥eM KBAHTOBOrO UHCJA KaK-
J10r0 OCLIMJJIATOPA NOJS:

Mys Moy ooy Mgy onoe - 8)

C TakyM Ke YCNeXOM MOXKHO 3aiaTh H aMILTUTYJH
KayJ0ro OCLHJNSITOPa MOoJs

s Egs oo vy Ep )]

B >3TOM npencTaBNeHHH OCHOBHOE COCTOSIHHE 3JIEKTPO-
MarHHUTHOTO NOJsi, Hanpumep, uMeeT GopMy GeCKOHENHOro
NPOM3BEI€HHS BOMHOBHIX (DYHKI[HI FaPMOHHYECKOT'0 OCIIHJI-
JasTOpa:

— 2 2 2
¢p=Nexp[—§—8— ... —g&—...] (10)
Hakonel, npocrpancTBeHHOE ONHCAHHE TNOJIsi MOXKHO JaTh
NOJIHOCTBIO NYTEM 3alaHHA AMIIHTYL HE OCYUAASMOPOB

nossi, a camo20 noAss B Kaxpo#l orpenbHoO# TOuke, Ha-
npuMeEp MATHUTHOTO IMOJIs:

H(x,), Hix), Hix) ... (11)

Ipn TakoM oONHCaHWH BoJHOBas (YHKUHS OCHOBHOTO
COCTOAIHUS NIPHHHMAaeT BHJ

p=Nexp [— o [ HE) dxdin). (12

3
16=°#ic ryg
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Xors npepcraenenus (8), (9) m (1l) skBuBaneHTHH,
yH0GCTBO MpUMEHEHHs TEPBLIX JBYX 3aBHCHT OT BO3MOX-
HOCTH TpUMeHeHHS! K HHM pasnoxkeHuss Dypoe Ans nods.
3TOT MOAXOX He sIBJSETCs eCTEeCTBEHHBIM IPH PacCMOTPEHHH
BOMNPOCOB, CBS3aHHBIX C HCKPHUBJEHHHM NPOCTPAHCTBOM, KO-
TOpOEe AOJIKHO HCIOJNBb30BAThCsl B BONPOCAaX [PaBHTaLUH,
reomerpun W obwieil Teopuu OTHOCHTENbHOCTH. [loaToMmy
€CTECTBEHHO COCPENOTOYHTh BHUMaHUE Ha NPOCTPaHCTBEHHO-
noJ100HOM OMUCAHWH KBAHTOBOrO COCTOSIHUS 3J1€KTPOMarHHuT-
HOTO WJHM TCPaBHTALUMOHHOTO TNOJEHd UJH TOMO H JPyroro.
Takoe onucanne ¥MeeT PasyMHbBI CMBIC/ H GbII0 10APOGHO
[IPOaHaNH3NPOBAHO B JieTalisiXx TAaBHHIM o6pasoMm MusHe-
pom [12].

Uro6bl 3aBeplINTh aHaNu3, UMeEETCH CEPLE3HO€ OCHOBa-
HUAe HCKaTh aHAaJOTMUHBIM 00pasoM npocTpaHcTseHHOe
ONUCAHUe KBAHTOB020 COCTOAHUN HelTpurHozo noasa. Ias
IIOUCKOB TAKOTO ONUCAHUS, €CTECTBEHHO, HMEWTCH H HOo-
[OJIHUTE/IbHBle cOOOpazxKeHHs: Jyylle MNOHAThL NPUPOLy MIpo-
cTefInero CNWHOPHOrQ MOJs, MOAYHHSIOUIErOCs CTATHCTHKE
®epmMH, H TIOCMOTPETh, KAKUM 06pas3oM CBOMCTBA 3TOrO 105
CBSI3aHBl C 3HAJOrMYHBIMHM CBOHCTBAMM DaBUTANHOHHOIO H
3JIEKTPOMarHUTHOrO noJsei.

Cea3b HETPMHHOTO.TI0JS C r€OMETPHEl

SIBaistOTCH JiW MOJIA M YacTHLB HHOPOAHBIMM O0ObEKTaMH,
JBMIXKYLIMMHCSl Ha apeHe NpocTpaHcTBa-BpemeHH? Min xe
OHH sIBJAIOTCS OOBEKTaMH, HEKOTOPHIM 06pa3oM CKOHCTpyH-
pPOBaHHBIMH W3 [POCTPAHCTBa? SBAsieTcst JIH MeTpHUecKHil
KOHTHHYyM HEKOH Maruueckoil cpenoil, kotopas, OGynyud
ornpeyieseHHBIM 06Pa30M HCKPUBJIEHA, NPELCTABJSIET IPaBH-
TAUNOHHOE MoJe, Gylyud NOKpPHTa «psbblO», MpefcTaBaser
SJE€KTPOMArnuTHOE MoJie H, OyAyud JIOKaJsHO CKpyuYeHa,
IpefcTaBisieT JOJTOXKHUBYUIME KOHIEHTPAUMH Macchl-3Hep-
rui? JlpyrdMu cJoBamy, sBJsieTcs JH (U3MKa B OCHOBE
cBoell yncToll reomerpueit? SIBAsieTCs M reoMeTpusi TOJBKO
aperol uav XKe OHa €CThb BCE?

Myl oyeHb paneku cerofiHs OT Toro, 4ToObl BHICKA3aThb
OKOHYaTeJbHOE CyXkJeHue O NoJI0CHOM B3rjsfge Ha (pU3HKY,
B pasBUTHE KOTOporo BHeca# Bkyan Puman, Kaud-
¢opn u Oiinwrteiin. OfHako npoGnemMa «HeATPHHO, IPABU-
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TaUHH H reOMEeTPUH» MO3BOJISIET HaM [0-HOBOMY IOCMOTpPETh
Ha TOT cTapblil Bonpoc. MOXKHO KOHCTaTHPOBaTh MpOrpecct
3a 1MOC/elHHE TOJibl B YCTAHOBJEHUHM YHCTO T€OMeTpPUYEcKoH
TPAaKTOBKH TPaBHTaLMH, 3apsfa, Macchl U 3JEKTPOMAarHHT-
HOro noJsi. Mel cHOBa BepHeMcs K MepEUHCJEHHBIM 3]€Ch
B oOpaTHOM INopsinke Bompocam o6 OTHOLIeHMH MNpocTed-
mero (epMHOHHOrO M0J1s1 K F€OMETPHH, O TOM, Kak chopMy-
JIHPOBaTh MPOCTPAHCTBEHHOE ONUCcaHHe HEHTPUHHOrO MOoJis,
0 ciabblXx B3aMMOAEHACTBUAX U O 3aKOHE COXPaHEHUS HYK-
JIOHOB.



"Trasal

TFTEOMETPOOHHAMHUKA

YUCTO TEOMETPUYECKOE ONUCAHHE TPABUTALMH,
ANEKTPOMATHETHU3MA, HEKBAHTOBAHHOI'O 3APSJA
U JOJITO)KUBYILHUX YHCTO KJIACCHYECKHUX
KOHUEHTPALUH MACCHI-9HEPI'UH

—

Tor ¢axr, uTo oOwas TEOPHUs OTHOCHTEJNBLHOCTH O¥H-
mTeliHa U ypaBHeHHss MakcBesyia MOryT OHTL 06belHHEHH]
Ha OCHOBe YHCTON reoMeTpuu 6e3 BBe/leHMS] HOBHIX MOCTY-
JaToB ¥ 0e3 KakuxX-JHO0 H3MeHeHWH, cTaj BooOlie H3Be-
CTeH Jullb HenasHO [13], XOTSI OCHOBHEIE ypaBHEHHS] TaKOH
«UCKOHHO e/IMHOH TeOpuM nossi» OBJIM [ABHO NOJYyUeHH
Paitnnuem [14, 15]. Tak xak 3TOT aHaJHM3 MMEET JEJIO WCK-
JIIOYHUTEJBHO C FeoMeTpuell H ee U3MEHeHHSIMH BO BpPEMeHH,
3Ty TEOPHIO JIYYIE BCEro Ha3BaTh «reOMETPOIHHAMHKOH»,
4TO, HECOMHEHHO, JIyullle OTPa)KaeT CYLecTBO Jesa, YeM Ha-
3paHHe «o6ulasl T€OPHsl OTHOCHTEJBHOCTH ILIIOC 3JEKTPO-
MartHeTHsM».

§ 1. UamepuTenbHble CTepiKHU

HamMepuTesnbHEle CTEPIKHH U ATOMHEE YaCH MIPaOT BaXK-
HYIO POJIb MPU H3JOXKeHHH 00uieil TEOPHH OTHOCUTENLHOCTH.
Oanako CCHUJIKM HA aTOMBl, KeCTKOCTh M YIIPYrocTb BOBCE
He TpeGyKHTCsl, TOCKOJIBKY 0011asi TEOpHsl OTHOCHTEJILHOCTH
sBasleTcst  Kyaaccudeckoil Teopued. IlocrosinHast [lnauka
JOxKHA OHITh BBe/leHa B TEOPHIO NPH KBAHTOBAHUH, a HE
BKJIIOYATBCS B Hee ¢ CaMOro Hauajia Ha KJacCHYeCKOM ypo-
BHe Teopuu. Eme MeHblle cseneHnil Tpebyercss 06 atomax
U HX CBOHCTBaxX sl ONpEeJeJeHHs] BeJHYHMH, C KOTOPBIMH
uMeeT zieJio ofiiasl TeOpusl OTHOCHTEJBHOCTH.

Donee Toro, npeacrasisieTcsi COMHHTENBHBIM, A2IOT JIH
OOBMHEIE CTAHHAPTH JUIMHBL JeHCTBUTEJNBLHO TOYHO Olpejie-
JIeHHBIH MeTp. JlnuMHa mapuiKCKOro aTajioHa MeTpa, Hanpu-
Mep, ecTb KPaTHOE MOCTOSIHHON MeTasJinyecKol pelleTKu.
CheroBaresibHO, 3TOT MeTp ecTb HeKoropas Ge3pasmepHast
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BEJIHYNHA, KpaTHasi OCHOBHOH enuuune h2/me?, koropaa
XapaKTepU3yer Bce aTOMHBIE Pa3MEpH:
12

L1=N1(7n?). (13)
HenaBro Bowen B ynorpebJseHue MeTp, onpejiesIeHHEHIR Kak
HEKOTOpPO€ YHCJIO AJHWH BOJIH, COOTBETCTBYIOIINX HEKOTOPOH
CHEKTPAJBHON JIMHUH, NPUHajJexamiedl OgHOMY M3 HM30TO-
noB pryTH. PacliienseHue IByX 3HEPreTHYECKUX YpOBHEH,
MeXJly KOTOPEIMH COBEpINAETCS] 3TOT Nepexojy, MaJjlo 3aBHU-
CHT OT CIIUH-OPOHTANBHOH CBf3u U npyrux 3¢¢eKToB TOH-
Koil cTpyKTypH. TaknM oOpasoMm, [JIMHA BOJHBl JIUHUH PTY-
TH BEIpaxaeTcsi 4Yepe3 Ty K€ KOMOMHALMIO KOHCTAHT
(h%c/me*), xotopmie ONpeneysiioT IJHHH BOJH XapakTepu-
CTHYECKHX JIMHHE crekTpa Bomopona. ClejoBareibHO, 3a-
HOBO OITPE€eJIeHHBIl MeTD sIBJIsIeTCs] KPaTHHM 3TOH npyrof
ATOMHOH €JHHUILBL

QzNz(%). (14)

B ocHOBe 3TuX IBYX ONpenesieHHH MeTpa JeXaT AaTOMHEIE
€IUHULE], OTJuYacliyecss Ge3pa3MepHbiM MHOKUTEJIEM

_f;iz 137,0366 = 0,0005.

Hupak [16], Huxe {17, 18] u npyrue BHIIBHHYJIH Npen-
noJoxeHne, 4yto hc/e? u npyrue Ge3pasMepHble (GU3HYECKHE
OTHOLLUEHUS] BeJUYHHH, BO3MOXKHO, MEHSIIOTCSI CO BpeMeHeM
no mepe pacurupenus Bceenennoit. Han6Gonee Hapexuue nan-
Hble OPH OIpeJieJIeHUH COOTHOLIEHUsI MeXIY KPacHBIM CMe-
IleHHEeM W PacCTOsiHUEM !) MpUBOXAT K 3HAYeHH1O 0OpaTHON
KoHcTaHThl Xa66sa, pauomy 14-10° jer. Jdpyrumu ciaosa-
MY, Ha NPOTSIXKEHUH 14 JleT pacCTOSIHUS YBEJHYHBAIOTCA Ha
10-9. 3a 38 14 neT HeKotoprle Ge3apasmepHble GpH3HUECKHE
KOHCTaHTBEl MOTYT IIpeTeprneBaTh HW3MEHEHHS, COrJIacHO T'H-
norese Jl¥paka, He CJIHIIKOM OTJHYAKOMIUECS MO MOPSIIKY
or 10-° B sTom cayuae nBa metpa, L, u Ly, He OynyT Gosee
coBnanath APYTr € APYroM; MOTOMY OHH HE MOTYT GHITE 60-
Jlee B COMJIACMH CO CTaHHAPTHHM MeTpPoM oOuiell Teopuu
OTHOCHTEJIBHOCTH, U HeT HHUKaKOH YBEPEHHOCTH BTOM, YTO

1) Cwm., nanpumep, noGaenenue Coupsiika B Koure [8]
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leofezuvecrue
4aces”

12

gHo

$ur. 3. Ycrpoiicteo mas
U3MepeHnsl HEH3BECTHOTO
uHTEpBalla € TIOMOILIbIO
CTaHJAPTHOrO HHTEpBasa
(reoMeTponMHAM HY € CKH
Metp) AB B 1uockoH
o6naCTH  NPOCTpaAHCTBa-
BpEMEHH.

Cpenu pasaudMblX MACAJLHBIX
npPOGHBIX YacTull, ABUMXYLUMXCA
B NPOCTpaHCTBE-BpEMeHH,
6pana opHa («), NpoXoxsLias
uyepes cobpitua A u C. Bropas
npobuas uactuula (§), nBUNY-
uiagcss To napajieibHOH MuPO-
BOM JIMHMM Ha HEKOTOPOM pac-
CTOSIHMM 0T &, OlpeneaseT
BMECTE ¢ & ,leofiesudecKue
uace“. Cet 0T & nocTUraer f u
BO3BPALLAETCH K & Yepes Xapak-
TepHOe cOOCTBEHHOE BpeMs 1.
3ursaru noBTOPAIOT 3TOT HHTEP-
Bajl OeCKOHEUHOE WHUCIO pas3
B npousoe u Gynywee,

BHI-

Kakoti-aub0 W3 HHX CMOXET CJy-
XKUTh HaJIeKHBIM cTaHpapToM. TeMm
CaMBIM TIOKA YTO CTEPXKHH U aTOM-
Hble Yyachl He MOryT CUHTATbCS Ha-
JIeXXHHIMH [l H3MEPEHHs] TaKuX
(yHIAMEHTAJBHHX g oOued
TEOPUH OTHOCUTEJBHOCTH BEJIUYHH,
KaK IPOCTPAHCTBEHHO-BPEMEeHHBIE
UHTEPBAJHL.

INosToMy cyumiecTBEHHO, YTO 06-
1 asi TEOPUsI OTHOCHTENBHOCTH caMa
CONICPIKUT TMpPOLeNnyphl CpaBHEHUS
awboro uutepBasa CD co crau-
NapTHHIM HWHTepsajtoM AB, uTo
OBLIO BHEpBHIE INOKa3aHO Mapske
[19]. D10 cpaBHeHHe, BO-NIEPBLIX, HE
UCHONB3YeT MacwTabul HIN aTOM-
HBEle Yachl ¥, BO-BTOPHIX, HE HCIIOJb-
3yeT KOOPIMHATH M1J51 0603HaYeHus
TOYEeK B MPOCTPAHCTBE H BO Bpe-
Menu. BMecTo aToro Touka — Oyub
0o A, B, C, D unu xakas-aubo npy-
rasi— paccMaTpHBaeTcs, COrJacHo
DitHIuTeliHy, Kak nepecedeHHe MH-
POBBIX JIMHUWI OBYX MNMPOOHBIX yac-
THL, UJM OXHOW NPOOHOH YacTHLHI
CO CBETOBHIM KOHYCOM, WJM Tpex
CBETOBBEIX KOHYCOB M T. 1. M3mepu-
TelbHasi TeXHHKa caMa Mo ecebe
HCHOJBL3YEeT CBETOBHE KOHYCH H
TPAEKTOPUM HEUTPAaJLHBIX NPOGHLIX
4acTHIl. DTH H3MepUTeJbHBIE cpen-
CTBA TPUMEHSIIOTCSI BMECTO JIHHEM -
KA U UUPKYJSl B reoMerpHu DiiH-
IITelHa.

JlBe nmepsoHayasbHO ~napadJ-
JleJlbHBl€ MHPOBBIE JIMHMH U CBET,
pacnpocTpaHsiioliMicss Tyna u o0-
paTHO Mexny HumH, o6pasymwT, co-
riacHo MapsKe, «reopes3uueckue
Yacel». DTH Yachl OTCUHTHIBAKT BO
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BPEMEHH OUYEHb KOPOTKHil BpeMeHHOH HHTepBas f(cek) nau
COOTBETCTBYIOIIME eMy HHTepsas KoBpeMenu 1 (ca). Korna
KPHBH3HA MPOCTPAHCTBA B MHTepecywllefi Hac o6iacTy no-
psinka L He3HauuTesbHa, 31€Ch MOXKHO MOJOKUTLCA Ha IO-
KasaHus Halux yacos. Torna AB u CD cpaBHuBaIoTCs, Kak
noxkasaHo Ha ¢wur. 3. MurepBan & 45 NpoekTHpyeTCsl Ha reo-
Ie3n4YeCcKre Yacel IOCPeNCTBOM IBYX CBETOBHIX Jydeil. [1ycTs
Toyka B umeer koopnuHAaThl X, T OTHOCHTEIBHO TOYKH A,
B3SITOH B KayeCTBe Hayajla OTCYeTa JIOKajJbHOH JIOPEHLOB-
CKOH CHCTEMBI, rje Treoje3HuYecKue 4Hackl IOKOSITCS; Torna

T,=T—x,
T2 = T_l—xv (15)
2 2 2
NTy=T —x =g ap-
Kospemena 7, u 7, nenocpencTBeHHO BHIpAKaloTcsl yepes
HHTEpBaJ NOBTOPEHHS] T reoJe3H4YecKHX HacoB; HampuMep,
Ha nuarpamme 7, =>5c u T,=_21<. CinenoBaresbHO, Xapak-

TEPUCTUIECKOE€ BpeMsi 9acOB BBIpAXaeTcss Yepe3 cTaH-

JAPTHHEIY WHTEpBAJ
g

re—— _AB__
(5-21)"%
Hiy, B ofuieM BHJe,
©= G a5 (Vo)™ (16)

TaxkuM e o6pasom uHTepBaN I oy MOXKET GBHITb 3aMUCAH
B BHJE

1 1 .
G cp=(TsT )" = (NsNp)" . (17)
B KOHEUHOM HTOTE€ HEUu3BeCTHbIUI UHTEp8aAs BLIPANCAETCA He-
pe3 eeomerpoduranuueckull crandapr OauHbL:
’ _ N3N, \"%
Ieo=(xt) o - (18)
ua¥, B HallleM IpHMepe,
12.28\¥
Teo=(5ar)" = 17905 .

Korna s¢¢ekTuBHBI panuyc KpPMBHU3HE [POCTpaHCTBa
He sipnsieTcsi Gosee nmpeHeOpeXxHUMOll BeJHUHHOH, a npexcTa-
Basier coboil BeJH4YMHY Mopsinka R, reogesuueckHe yachl
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AT OTHOCHTENBHYIO omubky nopsinka (L/R)2 B atom
cnyyae ypoGHO paccMaTpHBaTh MOCJAEN0BATELHOCTL MMOBTO-
PSIIOHMXCS UHTEPBAJIOB T He JJ151 OfHUX YaCOB, a 1JIs I0CJe-
nosatenpHocTH N dacos. JIBe MUPOBHE€ JUHUM YAaCTHL B
KaXpblXx Yacax Tenepp [OJIKHBH OCTABaThbCsl MPUMEPHO

® o
£ . i 2 z
& = - = i Ed a H -

¢ 2 % g § s 532 £ 3 4 I 38 ¥

¥ : 2 ¥ g ¢ £ 2 88 B8 8 [ % s § g =

e £ 3 3 % 3 % 3 £z 2 % g 33 & & 3

< ¥ 8 2 & & £ 3 ¥ S5 § ¥ 3 & a3 % ¥ Z ¥
azomes Do S0 S IS 6N Mos B MY e AN90 04 INE N2 e SnR TN Ba T neny
soLm 1 TP KT 1820 5349 S8 PSS T S35 4o SN2 66 She M7 K3 KN M 1M
EOMBAY 10 s 0 XM B B W BT 5% OO TS W2 MU RD 0P WIS s @0 Ny
BLENOS AIRES 08 e 90 WP GRSt a0vE WS EN9 M6 595 N9 X0 6A) T WS VM0 1eh MY
camp R IE T  T @iy e NS B e B V0 LB 6202 nod B0 S0 WS2 B0 DX
cargowny %10 sy s en un G5 BB UESS SUS 6510 MG M0 0 W0 S0 BN 6% WM N
€HiCag0 W5 ass B M BN e MO AN Ay W TR0 S0 S SIS NS S B0 BN
Guam 85 sy 4 6 NN R M0 WH KOS WSI WS G20 hN0 32 es B8 2% e 0
HONDLULY BN M B2 7653 8NS5 VHESY Ay 1% 1320 358 S0 SMT BI0 247 6935 09 64M 90 &N
LONpoN W2 SH @B BN 28 sy eds S N 00 00 SHO ST sw) 21 Skt 3B 600 VI
WELEOURR: WM 9952 5140 B B0 S0 D MY BH 050 WAL WM MO TIID M 7 MRl BT 1%
NEW YORK /04 4z WS 89S NNV TBN ID BOS SH 3800 9 WP WD 28 S ) ST BB ST
PanaMa W8 s S MM WO MW B0 w0 ST spo s WIS K0 S0 0800 s 158
RI0 DE JANEIRD 412 626 B8 1200 6242 330 510 WD M0 517§D 40 B 6655 M52 M50 987 MED  TvB
Ban FRANCISCO S M B3 G T tOMO  TBSH S92 2400 M0 1N 2560 MY 6%y WO NS B 2N 6900
SANTIALD ST T D2 M B0 S0 Y M6 6939 T DI SM N0 B2 §%0 VE0 62D D 575
SHANGHAS BN MG @S S B3 MRy 198 09 6N e D S0 W10 6245 NEX 2395 98 6000
SINGAPORE B B2 2925 MO S 60 S 9% 6BM G918 e %61 MBI TS B0 W20 2% Wm0
TOkvO MO 621 4 K0 605 073 UG 9% B0 600 T2 6M6 BSE0 MO0 5250 DB 109 30 13
WELLINGTON WIS MM TR OB K0 NIy B X6 %6 MIS0 WS 96T TS0 TSIO 60 975 60RO M0 ST

¢ ur, 4. PacctosHue Mexzay OGausiexamMMH TOYKaMH IIPOCTPaHCTBa-
BPEMEHHM JIaeT BCKO HeoGXomumyl cornacHo PuMany w Iimureiiny
uHdOpManuIo sl TIONHOTO ONpefiesieHysl TeOMeTPHE 4-MEepHOro MHOrO-
obpasus, BKIIOYas Bce jieTand ero kpepusHbl. [lpu stoM He TpeGyercs
HHKAKOrQ YINOMHHaHufl O Kakux-JHG0 kooppnuHaTax. TpeGyeMass uHbOp-
Malysi MPH 3TOM ONKCAHHM TIIPHUPONLI B OJIHOM OTHOIUEHHM SIBAAETCA
MeHee ucYepiblBaoiel, a B IpyroM OTHOIleHHH Gollee OGIIMpHA, YeM
undopmanusi Tuna cojiepXkaujelicss B TabJune PacCTOSHHE MEXAY HEeKO-
TOPbIMH I'OpPOJIaMK 1O BO3IYIUHBIM HYTAM: 6OJee JJNHHHBIE PACCTOSIHHS
He TpeCyloTcs, HOO OHH MOTYT BC€ ObITb MOJYYEHB! Ha OCHOBaHHHK
G6onee koporkux. OpHakO Gosee KOPOTKHE PacCTOSIHHS JIOMKHB GBITbH
npupesiensl BO Bcex JneTanax. (Tabnuna pacctosinuil Mo BO3myXy BOC-
npoussesiea u3 .The 1960 General Electric Diary©.)

napaJJiesibHBIMM TOJBKO Ha MeHblleM paccrosiiuu L/N.
OTHocuTedbHasT OMKOKa 1A KaXIHX 4acoe OyneT nopsijka
(L/NR)2. Tlonnasi oTHOcuTesNbHasi omuOKa Bcero mpolecca
pacnpoctpanenust oT AB no CD ectb

W) i

H MOXeT OHTh CHENaHa CKOJb YrofHO MaJlofl NyTeM yseJu-
YEeHUSl YUcJa 4acos.
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Ananns Mapake MoOxeT OHITH KOPOTKO pE3XOMHUPOBaH
CJIOBaMHU: <«H3MEPHTEJbHBEle CTep:HH 0€3 H3MEPUTENbHBIX
crepxneit». Jlrobolt uHTepsan & .p MoxeT GBITh BHpPaXeH
uyepe3 HHTepBall & 45 MEXKAY nByMsl BHIOPAHHBIMU BCIBIII-
KaMH cBeTa, KOTOpHie BIIOJIHE MOFJIM MPOU3OHTH NSITbAECST
JeT Hasajn. Hukakux cCBIOK Ha KoopnuHaThl He Tpebyetcs,
KaK B nopo6aeT YMCTO reoMETPUYECKOH TEOPHH.

Ckazath, yto otHoweHue J ¢p/J 4p HE 32BUCUT OT NyTH,
Ha KOTOPOM MPOUCXONMUT CpaBHeHUe, 3HAUMT CresaTh 3asB-
JIEHUE€ OIPOMHOrO CONEPIKaHUs, 3asiBjleHne, KOTOPOe B NPHH-
gune MoxeT OHTb INPOBEPEHO THICSYAMH 3KCNEpHMEHTOB
(¢ur. 4). dyunamentaisHoll runore3oil obiell Teopun or-
HOCUTEJILHOCTH SIBJISIETCS yTBEpIKIEeHHe, 4To (Quanueckuil
MHP B 5TOM CMBicJ€ €cTb PHMaHOBO MHoroo0OpasHe, HO 3TO
BMecTe ¢ TeM rumoresa, jfoctynhas nposepke. Hamnbosee
OYEBHIHEIH crnoco6 mpoBepKu TpebyeT BO3BPALIEHHS K aTOM-
HOIl (U3UKe, a UMEHHO HCIOJB30BAHHSI MOJHOH TOXeCTBEH-
HOCTH MeXJy arToMaMHM, NPOeAIIMMH Da3JuYHBlE MYTH B
NpOCTpaHCTBE-BpeMeHH.

§ 2. Hunuero, kpome AJHH

IlpencTasnsieTcss Hemoc/enoBaTeLHHIM — yIOTpelJieHue
¢yTOB M5l W3MepeHHsl IUMPHHBI IIOCCE H MHJbL JJIST M3Me-
petus ero pyauHel. OnHAKO OT 3TOTO HEJAJEKO YXOHHT U3-
MepeHHe HHTepBaJIOB B OJHOM HAamnpasJeHHW B CeKyHaX,

1!‘

P ur. 5. Orknonenue Nydya cpera B rPABHTANMOH~
HOM 1oJe.

a4 B JIDYTMX — B CaHTHMeTPaX. MHOXHUTeIb Iepexona oT ojr-
HOH W3 3THX METPHYECKHX €MHMI{ JUIMHHl K IPyroi, 3- 1010,
B TakoOH e cTeneHd Belllb HCTOpWYecKasi ¥ cJaydaiiHasi 1o
CBOCMy XapakTepy, KaK i MHOXKHTeJb nepexona 5280 or op-
HOIl aHrJIMHCKON elMHUIBEl IJMHB K 1pyroi. UTo6nl ocTaBHTD
NMONBITKY «06BACHUTL» 3+ 10'°, [0CcTaTOYHO HAyaTh MOMBITKH
«00DBACHSTE» 5280.
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CorsnacHo ofliell TeOpHH OTHOCHTEJNBHOCTH, BpeMsl He
€CTh HOBOE W HE3aBMCHMOe IIOHSITHE, a MO CyLUecTBY €CThb
JUIMHA; Macca TaKXe ecTb JJIMHA, BHpa)KeHHasl [pyrum
cnnoco6oM. Hanpumep, macca m* (cm) Connua mMoxer OHITB
onpesesieHa NyTeM H3MepeHHs OTKJOHeHus 6 ceera (¢ur. ),
[IPOXOAALLErc Ha PAacCTOAHUM F OT Hero:

. 1

m=— ==(6,94 - 10 cmf4) X

[ 8,50-107° paduar (npenckasano), A
% { (9,8%1,3)- 107 (nabmonenne 1947 r.), (20)

(8,2%0,5) - 10" (nabmonenne 1952 r.)
i
m'=1,5-10° cu.

Bripaxxenue pjsi Maccel m (B rpammax) HMeeT BUJ

c2 .
m =& m'==(1,347 - 108 2fcam)(1,5- 105 ca)=2,0 - 103 2. (21)
OpHaKko MHOXWUTEAL Nepexofa B 3T0# GopmyJte B TOi XKe
Mepe sIBJSIETCSl €JIOM corJjalienusi, kak ¢ 0 5280. Macca,
BpeMsi W 1JIMHA B PaBHOW CTENeHH sIBIATCS OOBEKTaMH
YHUCTOH FeOMeTPUH. TO Ke OTHOCHTCS M K 3JIeKTPOMAarHHT-
HBIM nossiM. B mpuHnune oum MoryT OBITH ONpPEAEJIeHH
c momomblo KpuBM3uHl K,,, CO3jlaBaeMoli MMM B IpO-
CTpaHCTBE-BPEMCHHU:

Rw, (ca~%) ~ (Mone)> (22)

«['eoMeTpU3OBAHHEIE» BBIpaXEHUST f,, JAJS KOMIIOHEHT
3JIeKTPOMarHUTHOro noJjs uamepsitorcss B ¢!, Oun cBs-
3aHbl ¢ OOBIYHBIMH KOMIOHEHTaMH noJs F, (2"%-cu’-cex™,
WJIH 2aycc, Wan 8fcm) Gopmynoi

G'" —9 _

=) F, = (2874 - 107 cujeayco) . (23)

ToT »€ MHOXHTENb Nepexojia CBA3LIBAET OOBIYHYIO Mepy
3apsia

q@" - calr- cex™ uan en. CGSE)

M YHCTO FeOMeTpHYECKYyIo Mepy 3apsina g° (cx)

1y '
g = (Q_) q=1(2,874 . 10"% cufen. CGSE)q.  (24)

c2
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-

Kopoue roBops, knaccuueckast (hU3HKa — I'PABHTALIHS]
I1I0C BJEKTPOMArHeTH3M — ONEPHpPYeT TONBKO ¢ aftuﬂamt{
4 Hu ¢ 4em OPY2uM; OJHAKO BO MHOTHX CJy4YasX HCTOpH-
YeCKH CJIOXKHBIIASICH TEPMUHOJOFHSI CKpHIBAET 3TOT (aKT,

MmeeT cMmBIC] BBIMMCATH OCHOBHHIE ypaBHEHHs Kjac-
CU4eCcKOH (H3HKH B 3THX YHCTO FEOMETPHYECKHX €IHHHLlaX
IJKHBL. YeTnipe ypaBHenwss MakcBessa NPUHMMAIOT BHA

d."‘23 + deI + df‘l2 _— O, (div h J— 0),

ox! ox? 0x3
0f 32 a ofs
()]:io —+ 0{?: -+ 0]:6: =0, (25)
e e e (—g%—rote=0),
uiy, Kopoue,
dﬂS
[apTB]———B =0 (a=0, 1, 2, 3). (26)
ox

3neCy nNojpasyMeBaeTCsi CyMMMPOBaHHE 1O IOBTOPAIO-
muMCsl uHpekcam; cumBon [0123] umeeT 3HaueHune 1,
a |ofy8] mMeHster 3HaK mnpu mnepectaHoBKe JIOOBIX IBYX
HHEeKCOB. [Ipyrue 4YeTelpe ypaBHeHHsI MakcBeJsja BKJIO-
yaT B cebsl He TONLKO HANPSIKEHHOCTH 3JEKTPOMArHUT-
HOTO MOJisI

e, foo | Teomerpusosannsie  [eomerpusosammpie | fo3: H .,
. KOMIOHEHTH! HANPSH-  KOMIOHEHTH Hanps- h 97
ey Joo [ wennoctn anextpu-  ennoctn Marmnt- | Jait Pys  (27)
. HeCKOro mods HOTO noJs ;
€z foa f 12° hz’

HO TaKX€ KOMIOHEHTH METPHKH, KOTopasi ONHCHIBAET
HHTepBaJ MeXAy OeCKoHeYHO OJHIKMMU TOUKAMM:
ds?=g,,dx" dx". (28)

[Tycte uepes g oGosmauen onpepenTes, METPHYECKOFO
TEH30pa, a 4Yepe3 g*’ — obpaTHasl MaTpuLa 3TOr0 TE€H30pAa.
[Tonoxnm TaKxKe, 4TO MOAHATHIH HHAEKC O3HAYAET Pe3y.Jib-
TaT peficTeus 3TOH OOpaTHO# MaTpHLBl Ha J0OOH TeH3op,

TaK 4To
fr=8%wm

o 24 (29)
[E=g"g",

4 3ax. 3001
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Torpa ocrasbHble YeThipe ypaBHenusi Makceenna sanu-
WyTcsl B BUJE
1

(—g)"
div e = 4mnp* (a=0)

5 l—0)" gver, ] = tmr (30)

HJIH

0 .
roth — 5= = 4rj (a=1, 2, 3).

[TnotHocty sHeprun nonst (E2 4 H?) /8w u sekrtop [loiiuTun-
ra (c/4w) {EH] sipasiioTcst 4eTHIPBMST M3 LIECTHAILATH KOM-
[IOHEHT MAaKCBEJJIOBCKOTO TEH30pa 3SHEePrUH-UMIyJIbca-Ha-
TSIXKEHUil; 3TOT TEH30p nocje yMHoXKeHusl Ha 8nG/c* mpen-
cTaBjseT co0ol BHIpaXKeHHe [/ UCTOYHHKA B YpPaBHEHHSIX
DiiHIITelHA 1JIs1 METPUKH, KOTOpasl ONpeieisieT reoMeTpuio
npocTpaHcTBa-BpeMeHH. KoBapuaHTHoe o6o0G6leHne onepa-
topa JlanamGepa []g,, B 3THX ypaBHEHHSIX IOCTHraeTcsl
C NMOMOHIBIO ONpesieseHHON KOMOHHALNYM IMEePBHX H BTOPHIX
NPOH3BONHLIX METPHYECKOrO TeH30pa, WJIH, IPYrUMH CJO-
BaMH, KOMOMHayuell T€H30pa KPHBH3HBI anlm R,, u wn-
BapHaHTa KPHBH3HBI R =g»wR,,. Korna none Bblpa}KeHO
B reoMeTpH3oBaHHO# dopme f,, (cm1), 3Tu ypaBHenus npu-
HUMAIOT BHJ

v v T £
R —“BR—‘2fufa Bufﬂf' (31)
dinreiinoBckas  [eoMeTpU30OBAHHBIA
KpHBH3HA Ten3op Makceenna

YpaBHeHue nBHKeHHsI 6ECKOHEYHO MaJsolt poOHOH YaCTHIE
HMeeT BHI

dixk dx* dxP dx*

® u P

m ( agr 1o 4z dﬂ) 7t dg ’ (32)
rne D3 — onpenenenHasi KOMOMHALKMS METPHYECKOTO TeH-
30pa # ero IMnepBHX [POU3BOJHBIX.

§ 3. HaxoxpaeHue aeKTPOMArHHTHOrO noJs
Ha OCHOBAHHM TeOMeTPHUYECKHX H3MepeHHii

8.1. Caelvl 3neKTpOMazZHUTHO20 noasi Ha meTpuke. [Tone
HAKJa[biBa€T HACTOJNBbKO XapaKTepHble OTNeYaTKH Ha Kpu-
BH3Hy IIDOCTPAaHCTBa, UYTO MO HUM oOpPaATHO MOYTH BCe-
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rna MOXHO y3HaTh Bce HeoGxonumoe 06 3JeKTPOMArHUTHOM
none (¢ur. 6). Jaxe Oosee Toro, MOXKHO MPOBEPHUTb,
06513aHO /M WCKPHUBJIEHAE [POCTPAHCTBA TOJBKO KJaac-
CHYECKUM HCTOYHUKAM — PABUTALMOHHBIM WJH 3JIEKTPO-
maruuTHBIM, He kaxpas MpicauMmasi reoMerpusi 4-MepHOro
NpOCTPAaHCTBA-BPeMEHH, He KaMcAbli TeH30p KPHBH3HBI

7
%/// ~ llose

~

Tenaop swepauu-vamsmenud,
ofycnoanenustd nonem

/?; % (umeem ,,maccy”, delicrmeyem

KaK UCTIOURUK mempurcu)

dur. 6. Cnegpl 5JEKTPOMArHUTHOrO NOJSA HAa METpuKe. ™

DiinmTefina Moxker OHTH OTOXJECTBJEH C TEH30POM HaTs-
)keHuit MakcBensia. KpuBH3Ha 0/12KHA YIIOBNETBOPATH HEKO-
TOPBIM YCJIOBUSIM 11711 TOro, 4ToOBl BOOOLIE CYILECTBOBAJO
KeKoe-THGOo sjieKTpoMarkutHoe noJe f,, (1u6o e u h), ko-
TOpPOE MOXKET BBHI3BaTh 3Ty KPUBU3HY. YCJOBHS, HaKJalbl-
BaeMble Ha KPHUBH3HY M OCTawlidecs] B cuje B obliem cy-
qae, Mpolle BCero MoryT OLITh BHIBEMEHBl [JIs cjyydasi, KOraa
HCKPHBJICHHE IPOH3BOJNUTCSI «HOPMAJBHBEIM» 3JI€eKTpOMar-
HHTHHIM IOJIEM, T. €. MOJIEM, JJIsI KOTOPOrO OTHOINEHHE IT0-
TOKa BekTopa [lOoWHTHMHra K NJIOTHOCTH 3HEPrud MeHble
CKOPOCTH cBeTa. DTO OTHOILIEHWE B TOYHOCTH PaBHO CKOpPO-
CTH CBe€Ta pJif INIOCKOH BOJIHBL, HO OHO MEHbIe € JJisl BOJ-
HBl, HCXOAAILEN OT JIOKAJH30BAHHONO UCTOYHHKA, H MEHbLIE
¢ IS Cynepno3WUUM INJOCKHX BOJH, PAaclpoCTPaHAIOMUXCS
B pPasMMyHLIX HalpabBJeHusx. JipyruMu cJOBaMH, B HOpMaJib-
HOM cjyvae cOOTHOLIEHHE

1th 20 — 2 lehl

Gy 33)

4*
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flaeT onpefieseHHOe 3HaYeHHe 15l HallpaBJIeHHs] €IHHHYHOr &
BekTopa | M BeleCTBeHHOe 3HaueHHe JJs1 rumepOoguye-
ckoro yrsa 0. HomycTHM Tenepm, YyTO 3TO MOJe aHAIH3H-
pyeics HOBBIM HaOJiOfaTesleM, ubsi MeCTHasi JIOPEHLOBA
CHCTEMa OTCYeTa JBHIKETCSI CO CKOPOCThIO

L=1th0 (34)
Mo OTHOLIGHHMIO K NpexHell cucreMe orcueta. B sToH cucre-
'Me oTcyeTa NOTOK BekTopa [lofiHTHHra pasen Hymo!). Ha-
NPSIKEHHOCTH 3JIEKTPUYECKOro W MaruutHoro nosieii (¢’ u h’
B cm 1) GynyT, cienoBaTenbHO, Napalienbtel. Ock, KOTOPOH
OHM NapaJliebHE, HazoBeM ockio x’. Tora B 3Toil cucTeme
oTcyera BCEe KOMIIOHEHTH TEH30pa SHePrum-HarsiKeHuil
[npaBasi uacte ypaBHenusi (31)] o6pautaiercsi B HyJb, 32 HC-
KJIOYeHHEeM KOMIIOHEHT, YKa3aHHuIX B Tabisl. 2.

B sroil cucTeme ‘oTCueta TEH30p 3HEpPruH-HaTSKEHHI
JInaroHaneH, o6Janasl JAVaroHaJbHEIMM — KOMIIOHEHTaMH
(— &, — 8, B, E2). CienoBaTesibHO, TEH30p SHEpPruH-HaTs-
JKeHUil uMeeT JIBa OYEBHIHBLIX CBojicTBa: 1) ero cief, T. e.
CyMMa €ero JIHarOHaJbHHIX 5JIEMEHTOB, paBeH HYJ0; 2) ereo
KBaj(paT ecTh Npousperenne E* va eiHnyHy0 MarpHuy. bo-
Jlee Toro, 06a 3TH CBOICTBA KOBAPUGHTH6! B TOM CMEICJE,
YTO ecjli OHHM BHIMIOJIHSIIOTCS B OJIHOH CHUCTEMe OTCuera, TO
OHHU BHINOJIHSAIOTCH BO Beex cHcreMaX. CnepualibHasi JOpeH-
II0BA CHCTEMa OTCYETa MOMOTJIa HaM BBISICHHTL 3TH CBOHCTBa
TEH30pa 3HEPruU-UMIYJIbCA-HaTsKeHuil 2) u, ciefoBareNib-
HO, T€ 3Ke CBOHCTBA TeH3opa KpuBH3HB OJiinwreiina. Te-
flepp MOXKHO 06paTHTh Hallle BHEMaHHe Ha OOLLYIO CHCTeMy
orcuera. CogepiueHHO OOIUM fIBJsIETCH TOT ‘QakT, wio ecnH

1) Moxer nokasaTbCsi pasyMHBIM OTOXJECTBHUTL V/C ¢ OTHOIIEHUeM
2 {eh)/(e* -+ h2), kak Gbumo oumGouno cjenano Ha ¢ur. 1 B paGore [13]
(cM. Homomuenwe [ K Hacrosuleit kKHure). 370 6bUIC 6Bl BO3MOKKHO

1
B TOM ciiyuae, ecnd Gwl Bolpamenws [eh] Hgy (e + h?) Grum kommoHeH-

TaMu 4-Bekropa. OIHaKo OHM MPENCTaBAsIOT CoGoi 4 ua 16 koMuoneHt
TeH3opa — teH3opa Makcsenna. IlostoMy kosthduuuenisl npeoGpaso-
Bavus ectb He sh® u ch 6, a Bupaxenus: tuna sh20, sh6-ch0 u ch26,
-OTKYIia M NOABJSIETCHA JBOHHOH yros B coorHotieHud (33).

2) Ilpod. B. BaprmMan nioGeaHo ykazan Ha CBoilcTBa «1» ¥ «2» TeH-
30pa SHEPrHH-UMOYJAbca-HaTsiweHuih H. Mussepy u aBropy B 1955 r.,
3aMeTHB, Y10 OHH OBbLIM He3aBHCHMO OGHAPYMEHE MHOIMMH HCcaeno-
satensiMu (Paiinny, Peitx, Cuur, Bounop u Mapuo).
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Tabruya 2

HeMyJeBble KOMIIOHEHTH! TEH30pa 3HeprHH-HATMHenHll MakcBenna
JUISt HOPMAJIHOLO 3JIEKTPOMATHATHOrO 10Jisl, BBYMCIEHHDIE
B HaJJexanmm obpasoM BHOPAHHOH JIOPEHLOBOH CHCTEME
oTCyeTa

BLINHCAHHHIE KOMINOHEHTH — MpaBasi 4acty ypapHenus (31) —umeror
PasMepHOCTb €A~ 2 M HPOCTO PABHEI COOTBETCTBYIOLIMM KOMIOHEHTAM
7eH30pa KpupHaHbl JMumTelina. UTo6H nOAyYHTH IUIOTHOCTH SHEPTHH-
HaTsKEHUH B 3pzfem® wim Ourfcm?, ux Hano pasnemuth Ha 8nG/ct.

3nagyenue

e
Bf,ﬁf.fi?ue u B crieuuansbHo | Hatepnperauus sTvx
UHIEKCH 3naueHue B OfLIEM cayuae Bblﬁpal—lﬂ%ﬁ J10- | pesyarTaTos B TEOpUU
PEHLOBOH CR- Makceeana
KOMINOHEHT i cTeMe 0TCcYeTa
InoTHOCTD
H H TpH-
OV | —e2—et—e2—r2—n3—n?| —e2—p2 | Heprmm ¢ o
0 - LaTeNbHBIM  3Ha-
KOM

1 Harsxenve na-
( ) — i+93+92—hi+h§+h§ —e2 —h2 | pannensro  cuno-
BbIM JIUMHUWAM

9 JHapnenne mep-

2, .2

( 2) ef(—e:—}-eg—}—hi—hy—i-h 2| 4K | newmuxynspro cu-
JIOBBIM JIHHHUSIM

3 2 2
( 3 ) ef.—]—eg—ez-]-hi—}-h;——hi A To we

WCKDHBJIEHHE IPOCTpaHCTBa 006s13aHO CBOMM  MOSIBJIEHHEM
KJJaCCHYyeCKUM TNpHYyHHaMm (HalpuMep, 3J€KTPOMarHUTHOMY
[0J10), TO, BO-TIIEPBBHIX, HeoOXomumo, 4ToOwl ofpamadcs B
HYJIb CENyIOLIUH cJlen:

1
O=R§-—§BZR———R——2R=—'R
MaM, 6osee mpocTo,
Ri=0. (358)
Korna sto ycioBre BuNONHEHO, SHHIITEHHOBEKHWE TeH3Op
KPHBH3HE B JIeBOH uactu ypaBHeHusi (31) cBomutcsi K TEH-

30py KpupusHel Puuun R,. Bo-BTOpHX, eciu uckpubieHue
IIPOCTpaHCTBa NPUANCHIBAETCHA 3JIEKTPOMarHUTHOMY 01O,
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HEOGXOIMMO TaKXKe, YTOOB KBanpaT TEeH30pa KPHBH3HLI
SitHureiiHa W, CJeNOBaTeNbHO, KBAaApaT TeH30pa KPHBHS-
Hel Pruyuy GulIN KPATHEIMH eAMEMYHOH MaTpuLlbl:

rir= (55).

B-TpetnHx, HEeOGXoNMMO, YTOOH! ILUIOTHOCTH SHEPruy He Oblia-
OTPHIIAaTeJbHO OIIpEeneyeHHOH

R <0. (37)

3.2. «®Pasza» noss. Kak o6GCTOWT JeJi0, KOrla rocpen-
CTBOM NpoGHO YacTHIEl ¥ Jlyya CBETa H3MepeHa KpHBH3HA
Puyun B HeKoTOpol MpoTsixkKeHHOH 06JaCTH MpOCTPaHCTBa-
BpeMEHH M HallleHO, 4yTO0 OHa YIOBJIETBOPSIET YCJIOBHUSIM
(35) — (37)? PaccMoTpuM HOpMaJbHHIH cayyai, T. e. cly-
Yali, Korna BeJIMYWHa

(36)

RRS
I (38)
SKBUBAJICHTHAA
’ (¢ +-h?? —(2]eh] )?
HJIU

(h*— €% +-(2e - hy,

He ofOpauiaetcss B HyJb. Torha B KaxXnoii Toyke P pac-
CMATpHUBaeMOil 3J1eCh NPOCTpAHCTBEHHO-BpeMeHHOH obJacTH
CyLIECTBYET COOTBETCTBYIOLIAS JIOPEHLIOBA CHCTEMa OTCYera
L . Takasi, 4yTO TeH3opHn KpUBH3HB PHuuy ¥ JiiHwTeilina B
3TOM TOYKe NUAroHAJBLHE B 3TOH CHCTEMe oTCYeTa U juaro-
HalbHEIE 3J€MeHTH paBHbl —E2, —E2, B2, B2 {Ipyrumu cio-
BaMH, HabJiofiaeMoe UCKPUBJIEHHEe MOXKeT pacCMaTpHBaThCsl
06s13aHHBIM  3JIeKTPHYECKOMY H MarHUTHOMY TIIOJISIM, KO-
TOpble MApajlIeNbEbl IPYr APYrY H OCH X, A UX AMIIUTYIIEI]
TakoBe, 4to €2 4 h? = E2. Tounas «pasa» 5Toro 3J€KTpo-
MarHuTHOro noJis, NpaBna, HEeHWsBeCTHA; B 5TOH CIELUAJb-
HOIl CHCTEMe OTCYETA MOXKHO TOJIbKO HANHCAaTh, YTO

e=_, 0, O)cosa,
h={(, 0, 0)sina,

rie yrod a onpedeaser «pasy» (complexion) monsi.

(39)
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VMeCTHO CKa3aTh HECKOJIbKO CJIOB O «(ase» 3Jek-
tpomarHuTHoro noJsis. Korna a = 0, MoXHO cKasaTh, 4TO
none (e=§ 0, 0; h=0,0. 0) uMeeT «YHCTO 3JIEKTPHYECKYIO
¢dasy». Ecam TeHsop snextpomaruuTHOro moJst §,, pac-
cMaTpuBaeTcss B STOM cJlydae He B CTaHIapTHOH CH-
cTeMe KOOPIMHAT, TO OH, KOHEYHO, 6yleT HMeTh KaK 3JIeKT-
PUYECKYIO, TaK H MarHUTHYIO KOMIIOHEHTY; TeM He MeHee
«ha3za» nonsi Bce-TakH OyneT yucio ajektpuyeckoil. [lpu
a= /2 «pasa» mnoasi Gyner «uucro MarhuiTHOH». [lose B
5TOM CJlyyae HasblBaeTCsl OyaAbHblyM TO OTHOLIEHMIO K IO-
mo, Juis1 Kotoporo a = 0. Ero KOMIOHeHTH B MTPOHU3BOJBLHOI]
cucreme orcyera'!) o6osHayarorcst cumBosioMm *E,,. Hrak,
B MPOU3BOJIBHOIN CHCTEME OTCUETa 3AEKTPOMAZHUTHOE nose
Haubosee obujezo suda, KOTopoe socnpou3sodutr Habawdae-
MOe UCKpUBAeHUe NPOCTPARCTEA [IpY BHIONHEHHH YCJOBHI
(36)—(37)} umeer sud

fp,v — Ep,v COS a + *Ep,v Sin a. (40)

3necy E,, u *E,, —(QYHKUMH KOOpIMHAT, ONHO3HAYHO
onpesiejieHHbie B HOPMAJILHOM CJIydAe, ecl KpHBHM3Ha H3-
BECTHaA.

3.8 Haxoxderue <«pasory no kpususre. «®Dasza» q
sIBJISieTCS BCe elle HeusBecTHOH ¢yHKuueit koopnuuar. He
O3HauaeT JIH 3T0 OOCTOSATENLCTBO, YTO CJELbl 3JIEKTPOMAT-
HUTHOTO TIOJIA HA METPUKE HEeNOCTATOUYHO OTYEeTJHBH JUIg

1) 3Tu KOMINOHERTH MOXHO BLMHC/IUTL NO Obmedli (opmysne
1 ,—
o =5 V' — & [pvo] €.

Haopumep, nds no6ol siokaswHoli NOpEHUOBOH CHCTEMB OTCHeTa
e =[2 30 1]8 = = —g, =§

ZPYTUMH COBaMy, X-KOMIIOHEHTa MATHWTHOH COCTaBIsIOLell JyanwHO-
FO SNEKTPOMArHUTHOrO MOJs paBHA X-KOMIOHEHTE 3JIEKTPHUYECKOEH Co-
CTaBJAOLIEH HCXOMHOrO SJIEKTPOMArHUTHOrO Toasi. AHasoruusHo

*,=[0123]8=¢,
HJm

*gm = E23;

UHaY€ roBops, X-KOMIIOHEHTA SNEKTPHYECKOH COCTARJSIONIEH AyaJLHOro
SJEKTPOMArHUTHOrO TOJIsi PABHA €O SHAKOM MHMHYC X-KOMIIOHEHTE MarHuT-
HOH cocTapasiomedl nepBOHAYANBHOTO 3/1EKTPOMATHUTHONO NOJs. IMose,

Jalya.ﬂbﬂoe AyaJIbHOMY @O0, €CTh HMCXOJIHOE 1oJie ¢ OTpHHATE bHBIM
HAKOM,
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TOro, 4To6Ll MOXKHO ObJIO BEPHYTHCS OT YHCTO reoMeTpHye:
CKMX H3MepeHHH K NOJHOMY OfNHCAHHIO 3J€KTPOMArtHTHOTO
noJas?

OpHako 6bl1a HCNOJNL30BAHA €le He BCs JOCTyNHasl UH-
dopmais. Heobxomumo Takke norpe6oBaTh, YTOOH 3J€K-
TpoMaruuTHoe noJe {[cooThowenne (40)] ynoenerTBopsino
ypaBueHusiM Makcpessa. IloHsiTHo, uro 310 TpeGoBaHue
JIOJIZKHO ONpenesuTh H3MEHeHHe «(da3ni» NOJsl 0T TOUKH K
touke. IIpu ¢uKCHpoOBaHHOM rpanueHTe «(hazbi»

o — % (41)

b axk

ypaBHeHHs MaxkcBesia BMecTe ¢ (40) nosBosisioT omnpe-
HNeJIMTh 3JIeKTpOMarHuTHoe loJe BO Beeil paccMaTpHBaeMoil
06J1acTH NpOCTpaHCTBa-BpeMeHH, C TOUHOCTBIO JIO afHTHB-
HOH TIOCTOSIHHOI WHTerpupoBaHus

a(x)= f o, (X) dx* 4. (42)

0

CootBetcTBytomian ¢opMydia IUIs 3TOH 1EJH BLHIBE/IeHa Briep-
pole Paiinnyem {14, 18] v 3arem HezaBucuMo Musuepom
u Yunepowm [13]1):
o — @ o RETRy
v RIRE

(43)

(ompenenende a,). B 3Ty ¢opMysly BXOASAT TOJBKO reoMer-
pHYEeCKHe BeJIMYMHBl, TaK HTO MNOCTABJEHHas LeJlb BHIIOJ-
HeHa: 3NEeKTPOMOZHUTHOE NOsne BbIPONEHO 4epe3 4ucTo 2e0-
MeTpuLecKue BeAUHLIHDL.

34. HcroHHo eOurasi Teopusi noasi U 30KOH CTPYKTYPsL
RPOCTPAHCTBA-BPEMERY. DIEKTPOMArHUTHOE Tiojle, OIpene-
snsiemoe cooTHoweHusmu (40), (42) n (43), He Gyner no-
€1e008aTE€AbHO ONPENeNIeHO, TIOKa BEJIHYHHA g HE SBJSETCS
HE34ABHCHMOH OT nmyTH HMHTerpupoBanusa. JlJisi 3Toro HeoOXo-
IHMMO, yToOLl poTOp BEKTOpAa 0., OOpama’ics B HyJb:

0oy, . da.

ox’ Ox¥

v

=0. (44)

') Touka c sansrofi nepen B B gopmyne (43) o3HavaeT KoBapBaHT-
HyI0 TIpOH3BOAHYyI0 or R mo x*,
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6T0~Tpe60BaHne, HaKJajsBaeMoe Ha MeTpI/IKy-.\BeKTop
0, COIEPXKHT IepBble NPOM3BOLNHHE KPHBH3HBL U, TaKHM
obpasoM, (44) comepkHT ee BTopele npousponHeie. Creno-
patesbHo, (44) conepXUT MNpOH3BOIHEE METPHYECKOro
TeH3opa BIVIOTH 110 HYETBepTOro Mopsinka. 3Ta CHcTeMal
ypaBHeHuit 4-ro nopsjka mioc ajare6panuecKue COOTHOLIE-
pus Painvaa (35) — (37) B HopManphoM cayuae (R:R:> 0)
NOJIHOCTHIO BOCIIPOM3BONAT cojepiKaHue ypaBHeHuil Maxc-
peJula JiJis TyCTOro MNPoCTPaHcTBa IWIIOC 3UHIITeHHOBCKHE
yPaBHEHHS TOJISl C MAKCBEJJIOBCKHM TEH30POM SHeprui-umM-|
nysJbca B KadecTBe HcTo4HHKa. OpnHa cucreMa ypaBHEHMI
4-ro mopsiynKa — YHCTO FEOMETPHYECKHX M0 CBOEMY Xapak-
Tepy — SKBHBAJICHTHA IIBYM CHCTe€MaM ypaBHEHUH 2-ro no-
panka. [TosydenHblii TakuM nyTeM (popManu3M MoxKet OBITH
Ha3BaH «HCKOHHO elMHOH Teopueil nojs». 310 — nepedop-
MyA¥poBKa OOBIYHOH OOLIEH TeopuH OTHOCHTEJILHOCTH, CO3-
HanHo¥ JiHwTeithom B 1916 r. B 3ToM oTHOIneHuM oHa
CUABHO oTJaudaercsi oT OoJiee NMO3NHUX TaK Ha3bIBAEMBIX
€IIMHLIX TeopwHil noJis, KOTOpeie 0TOpackHBaloT runotesy Pa-
MaHa O CyulecTBOBaHHH HHTepBalia

ds?=g,,dx"dx.

Hr onsva M3 MonuOHUUHNPOBAHHBIX NOAOOHHLIM 00Pas3oM TEOpHE
He OKasajach cBobonHOli OT Bo3paxenwii. B mporusono-
JIOXKHOCTE 3TOMYy INIPOTHB IE€pBOHA4YasJLHOI Teopun JitH-
mTeiiHa He ObJIO BBIIBHHYTO HH OJIHOrO BO3DarKeHus
JIOTHYECKOro HJIM MPHHUUIHAJILHOrO XapakTepa, He Obliio
34MEYEeHO HH OIHOro NnpoTHBopeYusi ¢ Habmwonenusamu. Baa-
MeH He OblIO BHIIBUHYTO HH OJ(HOL Teopuu, 6JIU3KOM K obLiei
TEOpHH OTHOCHTEJILHOCTH M0 CBOEH MpOCTOTE ¥ OOLIHOCTH.
Bonee ymecTHo o6penvHeHHOMy anmnapaTy TE€OpUM rpa-
BHTaLWK M 3JIEKTPOMAarHeTH3Ma naThb Ha3BaHHE «reoMeTpo-
IuHaMuKa» Kak OoJiee OTBEYaloLiee €ro Xxapakrepy, YeM Ha-
3BaHue «oOulasi Teopusi OTHOCHTEJILHOCTHY». IlOCKOJLKY
MOXHO CKa3aTh, YTO reoMeTpopuHaMHKa conepkuT Bcio Gu-
3HKy, KOTOpasi Ha CerojHsIlHUE IeHb HU3BeCTHA KakK YHCTO
KJlaccnyeckasi, NOCTOJIbKY MOXKHO CKasarb, YTO Bcs 3Ta (H-
3HMKa pesomupyercs B ypaBhenusx (35)—(37) u (44). Fr1u
Ypasretusn yCTOHABAUBAIOT CTPYKTYPY NPOCTPAHCTEA-BpPE-
Mehu. Opu oTOHpaAlOT M3 BCEro MHOXKECTBA MBICJMMEIX pH--
MaHOBEIX mpoCTpaHCTB Takue 4-MepHHleé MPOCTpaHCTBaA.
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KOTOPHE COrJacyioTcsl € KJIacCHYeCKHMMH 3aKOHAMH [DABU-
TauUH W 3JEeKTpOMarseTusMa.

3.5. T eomeTpoauHamutca He Canp.’)fCuT KOHCTOHT c843U.
Korna 3akoHH B3anMONEHCTBHSA 3JIEKTPOMATHUTHOLO ¥ rpa-
BHTALHOHHOrO 1oseli 3amucanu B oOwluHOi ¢opme ypapHe-
Huii JiHITelHa ¥ B OOBIYHHIX eNWHHUAX, TO B NpaBOil ya-
CTH NOSBJISETCH MHOXHTENb

8zG _ 8n(6670-107° ca®fz - cex?) -1 -2
& =T (@9979- 100 cajeery — 207 - 1077 (2ayce - cu)

(45)
0 KOTOPOM 4ACTO roBOPSIT, YTO «KOHCTaHTa CBSI3U rpaBuTa-
IIMOHHOro noJssi ouedb MaJja». OnHako Takoro pona yTBep-
XKNEHHe B paMKax Kjaaccuyeckoil (PUIMKH JIHIIEHO KaKOro-
aubo cMelcia, u6o He CyIecTByeT ecTeCTBEHHOro Macurtaba
sl cpaBHeRHs (usnueckux adgekroB. M3 aByX KOHCTaHT
G v ¢ HeBO3MOXKHO 06pas3oBaTh KOMOGMHANUH, HUMeIOILEH
pasMepHOCTE JJIMHBL, MACCEH WJH BpeMeHU. YpaBHeHusl
reoMeTponIMHAMHKH B «HMCKOHHO enMHofi» (opMe He comep-
JKaT YNOMUHAHUS O KAKMX-ju60 KOHCTaHTax cesizu. [loJjo-
XKUTEJbHOH YepToH TeOpUH npexncTaBasiercsi TOT (GakT, uTo
HeT HEOOXOAMMOCTH HNOOABJATH KAKHX-JIUOO KOHCTAHT, KO-
TOpHE AOMXKHB OBITb B OyayuieMm o6DBsACHEHB HEKOTOPOii
6osiee ¢yHnaMeHTaNbHOH KJjaccuyeckoii Teopmei. To, 4TO
KBAHTOBAs TEOPHUSI AOJKHA BHOCHTbH YTO-TO HOBOE, 3TO, KO-
HeYyHO, OcOOHlI Bompoc. B paMKax KJacCHUECKOH TeopHH
reoMeTpOoNMHAMUKA fABJARETCH camocorjacoBasdroil. Kopo-
Ye roBopsi, OHa oGecrmeurBaeT OnucaHue e3aumodelicTsusn
6e3 KOHCTaHToL 83aUMO0elicTBUS.

3.6. Oyenka uckoHHo eOunoti Teopuu nosas. Eciaun nop
«KJIaCCUUECKOH (PU3UKOH» TMOHUMATH BCIO Ty (U3HKY, KOTO-
pasi He 3aBHCUT OT KBaHTa N€HACTBUSI WJH OT YACTHIl C KBaH-
TOBAHHBIMH 3apSJIOM U Maccoi, TO BCs KyiaccudecKas Gu3vka
CONIEPIKUTCS B 3aKOHAX CTPYKTypPH MPOCTPaHCTBa-BpeMEHH,
3agaBaeMbix ypasHeHusmMu (35)—(37) u (44).Kak B Takom
cJydyae rokKasaTb, YTO 3TH yYPaBHEHHs SIBASAIOTCS HaHGOJee
ectecTBeHHBIME? Eciy 3TO He Tak, To KaKue BBIBOLBl MOMK-
HO cresaTh U3 3TOro 06CTOATeNbCTBaA?

Mapn [20] nopennosoXui, 4TO 3TH YPABHEHHS MOKHO
BHIBECTH M3 BapHaundOHHOTO NPHHUMIA

3 [ L(—g) "t dix=0,
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HCcxonss u3 mmapnam‘ﬂoﬁ IIJIOTHOCTH narpamxuaﬂa
1 X
1
L=R— (R,R")" cos 2 f oy d X,
0

rne oz BHIPAXKEHO Yepe3 BEeJMYHMHBI, XapaKTepPU3yIolWHne Kpu-
pusny, ¢opmyaoii (43). Ma storo npunyuna lllapn BeBen
ypaBaetue (44). 1o cux nop He u3BeCTHO, MOTYT JIM apyrue
OCHOBHHIE ajre6pauyecKue ypaBHEHUsI OHTb BHIBEEHH U3
3TOr0 BAPUALMOHHOTO MPHHUMIA.

Kak npenjoxeHHHH BapHAUMOHHEIN NPUHUHN, TaK H
CcaMO IlepBOHauajlbHOe («pOTOPHOE») ypaBHeHue (44) co-
Iep¥aT WHBAapPHaHT KPHMBHU3HB B 3naMeHarene. CJenosa-
TEeJBHO, rpanueHT «¢asbl» eCTb HEKOTOpasl HeornperneseH-
Hasl BeJIUuHHA_ TaM, TIH€ OTCYTCTBYyeT 3JIeKTPOMarHHTHOE
noje. [Teapoy3!) oTMeTHJ, 4TO 3TO OGCTOATENBLCTBO CO3a€eT
[IPUHIHNHAJIbHEle TPYAHOCTH MIJI1 MCKOHHO €IHWHOH Teopuu
[I0Jif B CJenyleM uyacTHOM cayuae, [lycTe snekTpomar-
HUTHOE ToJle CywecTByeT B objactax A u B, Ho He B npo-
cTpaHcTBe Mexny Humu. Hcxoms W3 ofmHON JAHIIb METPHKH,
B 3TOM YaCTHOM CJyuae BCIOLY B Takoil cneyuanstot obaa-
CTU TPexmepHO20 NPOCTPAHCTBA, HEBO3MOXKHO OfpPeNeNnTh
«(asy» noss B obnactu A oTHocuTessHo nods B obaactu B
(Taba. 3). Onnaxo, ecan koudurypanuu I u 11 usmenssorcs
BO BpeMeHH, nosa OynyT pacnpocTpaHaTbes M3 obaacreit A
u B, 6ynyT BCTpeuaTbcs U mepeKpHBaThcs Boe GoJlee U Go-
Jee. CoBeplieHHO pa3JMyHBe Pe3yJpTaTh B 00JacTH Ha-
JIOKeHusl noJiell 6ynyT HaGAORaTbCsl B 32BHCHMOCTH OT TOTO,
KakoBa Obl1a nepBoHauasbhasi KOHGQurypauws: I, II wawm
YTO-HHOy b NpOMeXyTouHoe. F3MepeHus WCKpUBJIEHHA npo-
CTPAHCTBA, NPOU3BEICHHHC B TAKOH MOMEHT BPEMEHH, CO-
BEPLIEHHO JOCTATOYHBI [JIf ONpELEJEHHS pPe3yAbTATOS B
cayuasx I u I, XoTAl «MCKOHHO €IMHBIA» BAPHAHT reOMeTpo-
IMHaMMKH OBl He B COCTOSIHMM yCTAHOBHTL Pas3JjHuMe B Ha-
“andrbix cocrosmusix 1w 1L

INHIITeiH-MAKCBEIIOBCKUE BAPHAHT reOMeTpOIUHAMHKH
HE HMeeT 3TOro HepocTaTKa. JTOT HENOCTATOK MOfIBJSETCS
MM clyyae, KOrga iBe CHCTEMBl YpaBHEHHH 2-ro

') Asrop Bblpaxaer Gaarogaphocts A-py P. IMenpoysy 3a coobure-
2”6 00 3T0M HeonyGMMKOBAHHOM pesy/bTATE, a TaKiKe emy, JI. Hlapny
Dpod. Y. Muswepy 3a o6cyikJieHle ero CMbicaa,
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Tabauya 3

HNons nByX pasiuyubix koudurypauuft (I u II), onpejnenenunie
B NPOCTPAHCTBEHHO-NOJO06HOI 3-NOBEPXHOCTH, BHITNSIASAT
TOWAECTBEHHbIMH C TOYKH 3pEHHS reoMeTpOIHHaAMHKH

IMons MOryT UMETDb TOX/IECTBEHHbIE METPUKY, KPHBH3HY H TEH30D SHEPrUH-
umMayabca. OnHako ouu MoOryT GHITb OUEHb Pa3NUUHEL, €CIH UX PacCMa-
TpuBath C jpyrofi Bo3aMOXHOR u Gollee TpUBBIUHON TOYKM 3penus
o0niyHo# sfiumnTeliHOBCKOH Teopuy, KOTOpas pacCMaTpHBaeT HOTEHIHA b
KaK MEeTPUYECKOro, TaK M 3JIEKTPOMArHUTHOro moneil. Jlnsi BOaHMKHO-
BEHusl TaKOH cuTyauuu HeoOXomuMO, 4TOOB CYIUEeCTBOBanu o6aacTu
3-MepHOro mpPOCTPanCTBa, COJEpKaliHe 3JEKTPOMaruuTHHE noJs,
IeJHKOM OKpPYIKEHHBlE€ TPOCTPAHCTBOM, CBOGOIHHIM OT 3JAE€KTPOMArHuT-

HbIX moneif.
[lone B ofnactu flone B o6Gnactu [lose B ocTaNBEHOM
Koudurypaunsa A B RpOCTpaHCTBE
I Tonvko E Toavko H 0
I Toavko £ Toavko £ 0

nopsiika OOBEUHSATCA B OfHY YHCTO TeOMETPHUYECKYIO CH-
cTeMy ypaBHeHHH 4-ro nopsinka. CymecTBYIOT HCTHHHO (u-
3uyeckHe pasnanuus mMexpay «¢paszamu» B obnacrsix A u B,
Iaxe ecyiy HeT crnocoba yCcTaHOBHTE «(asy» B TPEXMEpPHOM
npocTpaHcTBe Mexny Humu. OrpaHnuuBasck 3THM 3-npo-
CTPaHCTBOM, HCKOHHO eJlHHasi QOpMyJIHPOBKa TeOpHH He MO-
JKET MpH M3BECTHHX OOCTOATENbCTBAX MNpPOC]EXUBATL pas-
Npupe MexIy 3HaueHusMu «asel» B IBYX Hau Ooliee 06-
JlacTsx.

Jta TPyAHOCTH CHHMAaeTcsl, KOrga Mel paccMaTpHBaeM
MOJIIYI0 HCTOPHIO NOJsl (2 He CHTYalHI0 Ha HCXOHHOM 3-TH-
NeprnoBePXHOCTH) € YHCTO TeOMETPHYECKOH TOUKH 3peHHSl.
Bosunkaer crenywouas anerepratuBa. JIu6o 1) sananubie
B JIBYX 00MacTaAX MOJs PacnpocTpaHAIOTCs H TEePeKPH-
BalOTCSl TpU H3MEeHEHHH OTHOcuTesibHOH <«(pasel». Torna
B NMPOCTPAHCTBE-BPEMEHH [OJIXKHBl CymeCcTBOBAaTh MyTH, CO-
enuHAINNe yKasauHele aBe 006JiaCTH, npHYeM, IBHrAfChH
BJIOJIb HHX, MOXHO OfpejleJUTb HX OTHOCHTEJbHBEIE «(hasbi»
YHCTO reoMeTpuuecKuMH cnocobamu. Jlubo 2) paccmarpu-
BaeMble [OJIsl HHKOrjIa He HMeT 00JacTH TNepeKpuiTHs.
Torna Her pasHuuLbl B OTHOCHTENIbHOH «(ase» 3THX IBYX
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ofnacTeli 1 OHa He HyXnaerca B onpefleiiensH. Kopoue
roBopsi, KOrfla CywecTBeHHAa OTHOCHTENbHAA «(asa», oHa
MOXKeT ObITh TIOJIHOCTBIO OnpelelieHa NyTeM YHMCTO TeOMeET-
pHYECKHX H3MEDPEHHH, €C/IH TOJLKO ¢ HUMH MOXHO MNPOHHK-
HyTb B Ji0Oble 06J1acTH NpoCTPaHCTBa-BPEMEHH.

Opnako, 6ynyyYn OrpaHHueHH OnpeaeNeHHBIME 3-THIep-
MOBEPXHOCTAMH M OfNpeleNeHHbIMH YCJIOBHSIMH, YHCTO Treo-
METPUUECKHE H3MEPEHHS He MOTYT CJYXKHTH IJIsl onpejesie-
HUsl pas3iMuusl 3HaUeHHl «(a3L» B pasliesieHHBEX 00JiacTsiX.
Onnako Ilpupona yMmeerT «BecTH yueT» pasjuuus «pas».
3uayur, ecnu Ilpupoma ceBomutcs K reomerpum, «Qasa»
TakkKe [OJKHa OblTe cBOAHMAa K reoMeTpuu. OnHako «da-
8a» He BCerga OTYETJIHBO OTpaXkaeT YUCTO TeOMeTpPUYecKHH
XapakTep WCKOHHO ennHOH Teopuu nolis. He Bnanaer Jin
5Ta TEOpHS B YPE3MEPHYI) Y30CTb, HCTNONB3YSA HCKIIOYU-
TEABHO cpepcTBa OugeperyuansHoil reoMeTpUN — reoMer-
pyH B HEIOCPeNCTBeHHOH okpecTHOCTH TOukH? He sBasercs
JIU ee TOPOKOM HEBO3MOXHOCTE TPHM3HAHHA OOMHOCTH
MexXjy oTnaneHHbIMH TouKamu? He sisasiorTest nu oObldHBE
reoMeTpHuecKHe CPejiCTBa HenpHrofHHMH NMOTOMy, YTO OHH,
TaK CKa3aTb, BBOLSIT CJHIIKOM MHOrO TOYEK H JONyCKarmoT
pasauurMocTh 3THX TOUEK B KauecTBe MOCTyJiaTa, He TojJie-
XKalero coMHeHnio? He cywecrByer Jiu kakoi-ni6Go BO3-
MOXKHOCTH OTOpOCHTH nonoOHble HeyjgauHble OCHOBHL U BCE
¥e COXPaHHTh CylleCTBEHHble YepPThl IJi00albHOH CTPYK-
Type? He nocraTouno sin opnoii Toukn? He moxer siv sTa
TOUKa MOBTOPATH CBOIO POJIb BHOBb H BHOBE, NONOOHO TOMY,
KaK 3JIEKTPOHHBI Jiyu B TeJIeBU3HOHHOH TpyOKe, npoGeras
IIOCTAaTOYHO OBICTPO, BOCNpOM3BOANT BCe M306paxenune, He
6yner sin B3anMHas «dasza» ABYX TOueK urparb Gojiee BaxK-
HYIO poOJib, €CNIH MeXIy ToukaMu OyneT uMerTs MecTto GoJiee
riy6okasi BHYTPEHHAs CBsisb 3TOro Tuna? Koheuho, 3peck
He nger peub 06 usmerenuu Tteopuil DiiHmTeliHa u Makc-
Be/la; Mbl JIMIIG HIIEM IPYryIo QopmysuposKy 310 Teo-
pun. Cyuject8osaHue 6 OCHOBHbIX 3QKOHAX KAQCCUYECKO20
RPOCTPAHCTEA-BPEMEHI BEAUYUHbL TAKO2O TUNGO KAK OTHOCU-
TenvHan «pasa» 08yx OTOenbHblx TO4eK Npusodur uccie-
008arteneti, UYUUX 4UCTO 2e0METPULECKOE ONUCAHUE NpU-
POObL, K 3aKAI04€HUI0, 4TO NOHATUE «(ha3bly ewje He HAUAO
C80e20 HauboNee YOAUHO20 2EOMETPUYECKO20 CpedcTea B8bi-
Paxcenusn.



62 Trasa T

OrtHocuTesibHas «(a3a» BEICTYNIaeT Ha NepeIHMH IU1aH
TaKXe B JPYyrofl HepellieHHOH npoGJieme: noueMy Bce 3a-
PAOL B NpUPOLE HMEIOT OHY ¥ Ty xke «(aszy»?

B 3akjoueHHe MOXHO cKasaTh, YTO HCKOHHO euHas]
TeopHsl NMOJA [aeT HAM pasyMHBiE OCHOBAHHHA N5 YTBep-
XKJEHHs, UTO BCA KJaccHuecKasi (pusmka MoOxeT OGHTh
chopmynupoBaHa reoMerpuueckum obOpasoM. Opnako 3Ta
TeOpHS He sIBJIsleTCsl HaHOOJee yNOOHHIM CPelCTBOM TpakK-
TOBKH COOTBETCTBYIOULeH reomerpun. IlyanucruuecKui s3bK
3JIEKTPOMATHUTHHIX [OJIEl M METPUKH [0 CHX INOp OKa3hbi-
BaJjicsl HanboJsiee yaOOHBIM.

§ 4. YpapHeHust nBvkeHHs1 6e3 ypaBHeHMil ABHIKeHHS

Jlup cnycrst gsmrennHOe BpeMsi IoOcje CO3[aHus 06-
el Teopuu OTHOcHTeNbHOCTH B 1916 r. 6bL0 HaligeHo, 4TO
TEOpHUsl CONEPIKUT BaxkHOe HOBoe chelctBue. (Kasanoch,
4TO He HYKHO OTAENbHO MOCTYJHPOBATh YpPaBHEHWE [BHKe-
Hus npoGHOl uYacTHUB B H3BECTHOM TeOMeTPOJIHHAMHYe-
cKOM moJse [ypaBHenune (32)], Kak 3TO npHHATO BO BCeX APY-
rux QPopMynnpoBKax (usnueckux Teopuil. BmecTo srtoro
OBL/IO MMOKAa3aHO, UTO YPaBHeHHS JIBHiKeHUS OOBEKTOB MOJY-
YaloTCs Kak caedcrsue ypapHeHMH nojsl). 3Ta curyalus
HaBOIMT HAa MbiC/Ib O cliegytomied aunanoruu. [lpencrasbre
ce6e TeMHBle ISITHA, NepegBHraliouIMecss MO IOBEPXHOCTH
03epa B noje 3peHust HaGsaiomartess, CMOTPSILEro ¢ BHCO-
Koil GamHH. OH u3yYaeT MX [ABIIKEHHE JIOCTATOYHO TILA-
TeJbHO, 4TOOL BHIBECTH YPARHEHHS JBHKEHHS H 3aKOH

1) O6was upess Obwna BRICKa3asa DiHmrefiHoM n [pommepom [21]
PaccMoTpeHye ciydas Me/[NeHHO ABHXXYLIMXCH MAacC B ACHMITOTHYECKM
IJIOCKOM fipocTpaHctBe cM. B pabore Diiuwreiina, udensna u Todd-
mada [22]. Cnyuali GeckoueuHo Masof HefiTpa/bHOE NpPOGHOH HACTHIM,
NBHXYyILEeHCs: ¢ MPOH3BONBHON CKOpPOCTbIO B IPOCTPAHCTBE € 3aHaHHOH
merpHkol, paccmorped Hodenvgom u lunepom [23], a2 cayuaii saps-
JkenHoil npo6roll Yactuusl — Yeitzom [24] n Undeanmom [25] TNMpumene-
HHE TOr0 e MEeTOfa K NOCJeAHEeMY BADHAHTY <«eIHHOH TEOPHH I10Jif»
JiinwTeliHa (KOTOpPHIY Temeps Bce OTBEPIVIM) NOKA3HIBAeT, YTO, COrJAc-
HO 3TO TeopuH, npoGHas YACTHIA NOJIKHA JBHTATbCS KaK He3apsiKeH-
Hasg — npH moGoii Benuuude ee 3apaga [26]). (Huxakoit uukjaoTpoH He
cyor Obl_Torga paGorath!) OGwui 0630p 3Tof npoGaeMbl CM. B MOHO-
rpapun Mudenbra un INMnebanckoro [27). [Cm. rakxe J. A. Wheeler,
Rev. Mod. Phys., 33, 63 (1961), raoc untupylotcs pabotei B. A. doxa
H ero COTPYAMHKOB, NOcBsllieHHble 3T0fi ke npoGaeme. — [Ipum. ped.)
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3¢ heKTHBHbIX CHJI, JeHCTBYIOWIHX MeXLy 3THMH <KHfATHZ-
mu». Kpome Toro, M3 Apyrux ucciieoBaHuil eMy H3BECTHEI
3aKOHBl THIPOIVMHAMHKY KHIKOCTH B o3epe. B omguH mpe-
KpacHBIl JileHb, BOCMOJL30BaBUINCh HOBBIM GHHOKJEM 60Jib-
el paspeluaroliedl CHJH, OH BHANT, UTO «IATHa» BooO6lle
He SABJAIOTCH UyXKJIBMH OO0beKkramMu. OHM SBJIAIOTCA BHX-
psiMH B Cpefie, CBOICTBa KOTOPOil OH yxKe 3Haer. Torna oH
RO3BPAILAETCS K YPABHEHHAM THAPOAHHAMHKHM W 8bl800UT
M3 HHX 33KOHH JIBIDKEHHMsl 3aBHXPeHUH M HX B3auMO[ed-
cTBUs. DTO Jaer ropasfo GoJjiee riy6okoe NOHMMAaHHe YBH-
JIEHHOTO.

VpaBHeHNs1 [BY)KeHHst He MOryT OBHITh BEIBEI€HHl W3
ypaBHeHHIl [MOJs, echN NOCJHeqHHe JIMHe{Hbl. YpaBHeHus!
3JIEKTPOLHHAMHKY, HaIpHMep, TO3BOJSIT pPacCYMTHIBATH
foJisl, BOSHHKAIM(Me KAaK IIPH HEBO3MOXHEIX [BIMKEHHAX
3apsiOR, TAK U IpPH BO3MOXKHHX. ToT ¢akT, uTO ypaBHEHHS
JBHXKeHNs] NPoGHOH uacTHUB W JIOPEHLUOBAa CHJAAa MOLYT
ObBlTh BEIBeJEHBH H3 0O6ueH TeOpPHW OTHOCHTENBLHOCTH HJIH
reoMeTPOJHHAMHUKH, O3HAUAET, UTO 3TA TEOPHSt B HEKOTO-
POM CMBICJIe SIBJSIETCSl «PYKOROAsIIell Teopuei» (PH3MKH.
Kakasi-nu6o unasi Gonee y3kasi (GpOpMYyJHpPOBKa (PHU3NUECKO-
ro 3aKOHa He o6JajaeT TAaKOH MOIIbIO.

§ 5. Teon: macca 6e3 macchl

5.1. Ipexcnue modearu macco.. BuiBONL ypaBHenwil OBH-
JKeHWsl M3 ypaBHEHWi{l NOJs Npeanosaraer CYyiecT608aHIe
00BEKTOB ¢ Maccod,

BBeneHne B caMOCOrJIacOBAHHYIO BO BCE€X HHHIX OTHO-
IIeHUSAX TEOPHIO TAKHX YYKEPOJHBIX OOBEKTOR RBHLI3HIBAET
BO3paxkeHHsl, KOTOPHE OCO3HAIOTCH NPH TPAKTOBKe MNpobJie-
MHl jnBHKeHHMSl. Takoil aHanus cam 1o cebe MPUMBIKaeT
K TeOpHUN OTHOCHTENBHOCTH, HO OGBEKTH 3/1eCh pPaccMaTpH-
BalOTCH KaK CHHIYJSPHOCTH MeTPUKH. B cBfI3M C 3TMM BO3-
HHMKaeT MHOrO BONPOCOB. JIOJIKHEI JIM CHHIYJSIPHOCTH Hpef-
nojaratecs chepuueckyt cuMMerpuuHbiMM? Kak  MoXHO
OlpeeNINTh TaKYI0 cUMMeTpuo? JJONyCTHMBI M HHBEIE CHM-
MeTpuy, a ecnn na, 70 Kakue? Ecnm rpe-Hnbyap gonycrHTth
CylleCTROBAHNE CHHLYJSIPHOCTH, TO He O3HAYaeT Ji¥ 3TO B
NPuHIKIE HOMVIIEHNE CHHIYJsipHOCTeH Belogy? MoHO JiH co-
CTaBJIAITh W3 HEINPEepPHBHOrO PaclpefieseHHs CHHIYJIS PHOCTEH
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HCTOYHHKH IPOH3BOJILHOTO BHAa, (HIypHpYIOLIHe KaK
fipaBble YactH ypaBHeHHH? Ecnu ke Takoil ujieH MOXKeT
ObITL CBOOOIHO BBE[eH, TO KaK HaHJyullHM o6pa3oM olpe-
AensiTb OpU 3TOM CTPYKTYpy Teopuu? Jlpyroil nomxon
CBOJIUTCA K TJOHCKaM YCTPaHeHHs] CHHIYJISPDHOCTH Yepe3
paccMOTPeHHe Kamaoro oObeKTa KaK MACChl JKHIKOCTH,
HOTUHHSAIOLIEHCS TOMY HJIH HHOMY YPaBHEHHIO COCTOSTHHSA.
Torpa metpuka Bcrony peryasipHa. B takoil Mopmeau macca,
OYeBHIHO, 06/1afaeT BHYTPEHHHMH CTelleHSMH CBOOOJE, KO-
TOPLIE MOTYT OLITb BO3GYXJieHbl BHelHHMH cujiaMH. CBO#i-
CTBa 3THX CTelleHell CBOGOABl KPHUTHYECKH 3aBHCAT OT Bbl-
Oopa ypaBHeHui cocTosiHHs. BoJsiee TOro, ypaBHeHHe COCTOsI-
HHSl CaMO no cefe SIBJISETCS YeM-TO UYIKIBIM JUIsl YHCTOM
reOMeTPOJIMHAMHKH, COOTHOLUE€HHEM, BBOAMMBIM H3BHe. Ta-
KHM 006pasoM, HH OgHH NOXO. He BeJeT K 3aMKHYTOH Teo-
PHH [IBHIKEHHS.

5.2. Pasrosecue mesmly Oasrenuem paduayuu u zpasu-
TayUOHHLIM coaTuem 8 2eoHe. TakuM 06pasoM, HHTEPECHO
OTBICKAaTb TPETHH IMyTh JUIsI pACCMOTPEHHS KOHUENIHH Tesia
B ofuiell TeopHH OTHOCHTeJbHOCTH. OOBbeKT B NPHHIHIE
MOXKeT OBbIThb NOCTPOeH M3 3JIEKTPOMATHHTHOTO H3JYUEHHS,
KOTOpO€E CHep:KHBAETCS CBOHM COGCTBEHHBIM T'PaBHTAIHOH-
HBIM MPHTSAXKEHHEM B TeUCHHe BeCchbMa JJIHTeJIbHOrO IepHo-
HAa spemenH. I'paBHTalHOHHOE YCKOpeHHe, Heobxodumoe niis
YAep¥KaHHs H3JyYeHHs] Ha KpyroBoil opOuTe paguyca r, o
NOPsANKY BENHYHHBI COCTaBJISIeT c2fr. YcKopenHe, HMeloLiee
MECTO BCJE[CTBHE I'PABHTAIHOHHOTO NPHTSXKEHHS] B CIyCTKe
JIYUHCTOH 3HepPTrHH ¢ Maccoil M, mo TOpsiiKy BeJHYHHE pas-
Ho GM/r?, rpe G = 6,670- 108 cm3/e - cex? — HLIOTOHOBCKAs
KoHcTtaHta TsaroteHusl. O6a 37TH YCKOpPEHHMsS COBIAafaloT 1o
HOPANKY BENHYHHBI, KOT[@ pajuyc

M o (0,742 - 1072 cagf2) - M. (46)

[4

I~

Cryctok H3jyueHHs,, KOTOpOe TaKUM 0O6pasoM ynep:KUBaer
camo ce0s1 («rpaBHUTALHOHHO-3JIEKTPOMATHUTHBEIH OOGBEKT»,
unu reoH [28—30]), sBAsiercst UMcTO KAACCHYECKHM OGBeK-
tom (¢ur. 7). OH He HMeetr NPSIMOro OTHOLUEHHS K MHpY
3JIEMEHTAPHBIX YacTull. Ero cTpykrypy M ycToHUHBOCTH
MOXKHO paccMaTpHBaTh Bcelleslo B paMKaX KJacCHYeCKOi}
TeOMETPOJAHHAMHKH NpPH YCJOBHH, YTO INPHHHMaeMbl# npH
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Pur. 7. ¥Ycnoeus BHYTPU TeOHa M B €ro OKPECTHOCTH.

A —QPoToHB, UMPKYIMPYIOLIKE N0 KPYTOBbIM OpOHTaM IOX NEHCTBMEM JOCTATOYHO
HOHUEHTPHPOBAHHOR M KOCTATOYHO Oonbwiol Maccel M, pacmonowennoil B uentpe. [o
mepe BCe DOJibLIero HakanJIMBaHUs SNEKTPOMArHUTHON SHepruM Ha opbuTe pammanms
<€ama no cebe BHOCHMT BCe GONbUIMiT BKNAA B CTabuNu3Kpywllee rpapuTalMoHHOE none.
[lpy sTOM Macca MOXET yMeHbiiaTrCsi. B urore macca A soobie moxer 6bite ycTpa-
#Heuna, ¥ TOTKa MOJy4YaerCsi reOH, T. €. MHadye ropops, CTOsIas 3JeKTPOMArHuTHas BOMHa,
KOTOpasi obnanaeT NOCTATOYHOM MAacCoi-sHeprueil, 4YT06H ylepxuBaTe camoe cebsi.
Torna rpaBuTalKOHHOE ONE CAYXHT BOJHOBOAOM ANfL 510l srepriy. Takoe none B cny-
«ae npocToro chepryeckoro reoHa ONKCHIBACTCH METPHUKOM

ds? dT’+g” dr21r2 (d624-sin? 0 d¢?).

=&7r
b5 — Panuaneubtit QakTop 910l METPHKH MOMWFO SAlMCATb B BUIE
g =h-2rtmr@] ™" -

rr

3neck Benuuuna m* (r) npercTasnser cobOl MACCY (B €M) BHYTPR CQEpH Pajmyca r.
B1aMacca CKRYKOM BOBPACTAET B ,, AKTUBHON OBNACTH, rNie CKOHLIEHTPHPOBAKA OOJbiias
YaCTb M3NyqeHusl.

B — Bpemenndit QaxkTop MeTpuKM B cliyyae MpocToro ¢eprieckoro repHa MMeeT
SHayeHupe -—gTT='/,, BCIONly BHYTpM reoHa i smaveHue 1—2m* (co)/r—Bciony BHe reoHa.

Pazguyc aktueroit o6snacTu reona cocrapisier T gernp, =) 1% (©9)- CraHtaprHbie Yachl
BHYTDH reoOHa ,HAYT“ B TPM P23a MeNNeHHee, yeM CTAHAAPTHHE Yachl BAAJNM OT reOHa.
o I' — CxeMaTiyeckoe NpeNCTABNEHHE SNeKTPOMANHHTHBIX BOJH B aKTHBHON 06nacTH
FeOHa,

JI—Bonee nonpotHoe ¥300paneHye 3aBHCHMOCTH HANPSKEHHOCTH SNIeKTPOMATHUT-
Horo nonst o7 r, 9TO nOKA3HIBAET ARANOFHIO C o-pPACTIANOM KAK TPOROMUIEHMS depes
TOTeHuManLHLEl Gaphep (B T2HMOM CIYYae — YTeUKY ManyqyeHust yepes Gaprep, obnanaro-
i HekoTopbIM MOKA3aTENEM MPENOMIEHHS),

8§ 3ak. 3001,
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3TOM paCcCMOTPEHHH pa3Mep ero nOCTaTOYHO BEJHK, YTOOBE
KBAaHTOBbe 3(PGPeKTHl ellle He IPOSBJSJIHCE. I Ha 6onbimux
PACCTOAHHAX Takue OOBEKTHl He OTJIHYAKTCA [0 CBOHM
rpaBHTALMOHHBIM CcROHCTBaM oT mo6oi mpyroit maccel. Bo-
Jiee TOro, OHH JIBHXKYTCA B NpOCTpPaHCTBe KaK eHHOe Ile-
JIo€ H HCHBITBIBAIOT OTKJOHEHHs MOJ fAeHCTBHEM MeJIeHHO
MEHSIIOLIHXCS CUJIOBBIX MOJell TOUHO TaK ke, KAK 3TO IIpo-
HCXOMHUT C JII0GoH apyroii maccoil. M Bce ke BHYTpH reoHa
HeJb3sl yKasaTb MecTa, I'lé cocpegoTOueHa macca B OOBIY-
HOM CMBbICJie 3TOrO ¢JioBa. I'eoH 06513aH CBOMM CYLIeCTBOBA-
HHeM JIOKAJNH30BAaHHOMY (HO BCIOAY PperyJisipHOMY) HCKDH-
BJIEHHIO IPOCTPAHCTBA-BpeMeHH H HHYeMy Oouee. Kopo-{e
r'OBOpsl, T'€OH ONHCHIBaeT maccy 0e3 maccel.
5.8. ¥reuka swepeuu uz eeorna. llosmas cTabuiabHOCTH
reoHa TakXe HeBO3MOXKHA, KaK HEBO3MOKHO YJepKHBaHHE
H3JIyyeHHs] BHYTPHM KOHEYHOrO KYCKA CTeKJa B TeueHHe
CKOJIb YTOJHO [OJTIOr0O BPEMEHH 33 CYeT OJIHOTO IOJIHOIrO
BHYTpPeHHero otpaxeHHs.. OnTHyeckHH BOJIHOBOA, 06paso-
BAHHBI MOBEPXHOCTAMH  CTEKJIO — BO3JIyX, AaHAJIOTHYEeH
8JIEKTPOMarHHTHOMY BOJIHOBOAY, 0O0pa30BaHHOMY METPHKOH
(bur. 7). MsBectHo, uTO CTeka0 fnaeT HaealbHBIH 3¢¢eKT
HpH yOepaHHW H3JyUEeHHs, eCJIH MOBEPXHOCTH CTEKJa Io-
CKHe: 3JIEKTPOMArHHTHOE BO3MYILEHHE B «3alpemeHHoi»
30He 3KCIOHEHLHAJbHO 3aTyXaeT C XapaKTepHOH JJIHHOM
zaTyxaHusl nopsuka k= Af2%w = c/w. Menee H3BeCTeH TOT
(akKTt, uTO BHe CTeKJSHHOH cepbl pagHyca a SKCHOHEHLH-
aJbHOE 3aTyXaHWe HMeeT MeCTO JHIIb JI0 PACCTOSAHHS TaK-
JKe MOpsijiKka 0, ¢ NOCAeAYIOWHMH OCUHJISUMAMH B BHIE
rpynnel cnabbix BosH. [103TOMy NpOHCXOAMT yTeuka yJio-
JIEHHOrO H3JIYYeHHs] H3 CTeKJSIHHOH cdephl, a TakXke U3
reoHa, YTO HAallOMHHAeT YTeUKYy @-YacTHU H3 PaAHOAKTHB-
Hpix sifiep. MoxHno ckasaTe, uto Gapeep B cilydae Kycka
CTeKJia ¥ reOHa HMeeT UEHTPOOeKHYIO NPHPO.Y, B TO BpeMsl
KaK B cJy4Yae o-4acTHI OH OOYC/IOBJIEH TJaBHBIM 06pasoM
KyJoHoBckuMH cunamu. [locrosinuas pacnapa, cBsisanHas ¢
MEeXaHH3MOM YTeUKH H3 T'€OHa, COJIEePXKHT 3KCIOHEWTY THIA

BBesieHHON ['aMOBBIM:
exp [__ 4,56 - Paauyc aktuBHO# 3om>1].

5 47y

BriunciieHHBIE CKOPOCTH YTeUKH SHEepriaH M3 ARYX c(pepno
YyeCKHX T'eOHOB IIpHBeJieHbl B TabJ. 4.



Ta6ruya 4

Y1euKka pajHauMH H3 JABYX NPOCTHIX CPEepHYECKHX TEOHOB

Nocnepuuit cronbey jnaer kosdpdunuent usmenenus macmraba, B npe-
zenax KOTOPOrO TEOH OCTaeTCsH KAaccuyeckuM obGbexToMm (3AeKTpuue-
CKOe NOJie B aKTHBHOH O6GnacTH OCTAETCH MARbIM N0 CPABHEHHIO C KPH-
THYECKHM MOJEM, KoTopoe Tpefyercs jJifi HOPOMJEHHS 3AEKTPOHHBIX
nap HENOCPEACTBEHHO M3 BakKyyma). Jlag cpaBHenuss 3aMeTHM, 4TO
macca Conuna cocrasasier 1,987 - 1033 2, pajuyc Connna — 6,94 - 1010 ¢,
cpenusis nnotHocTh — 1,42 2/cm3. cpepnee paccrogHue
no 3emnu — 1497 - 1013 cxm.

M .
CsoiicTBO leon 1 Feon II afblz;?rg;bm

Macca, 2 . . . . . . .. 10%2 10%2 X n
Papuyc aktusHo#t 3omb1, e | 1,67 1014 1,67 - 101* Xn
Yucno BOJAH 10 OKPYWHOCTH

{fem. Qur. 7, 2) ... . L. 10 8,43 - 10° Henamenen
Kpyroeas vacrora usayue-

uug, padfcex . . . . . . .]600-107*] 506.108 X (1/r)
JlnvHa BOJIHBI BHE reona,

M - . . . .. . ... .| 314-10 3,72- 108 Xn
IIporshxeHHOCTh AKTUBHOR

B0UBL, CM « « . « « o . . .1~359-1018] ~4,02-107 X n
lNoreps  maccol-sueprun

SJIEKTPOMArHUTHOrO KoneGa-

aiHal pad, . . . . . .| 25.1077 | (o~35700000L0 x 1
Bpems cxatusi B npepno-

JIOXEHHH, UTO BAUSAET TOJBKO

YT€uxa u uTO MNOBEJAEHHE

T€OHA Ha BCEX CTaAMAX pa-

CNapa sapasercd KaacCHye-

CKEM . . . . .. v o+ . .| 212 nem ~ X (1n)

55
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Ilpoooascenue
W
CsoiictBO leon [ leon I Mafb‘ﬁ:zg;bl
Cpemive  KBajpaTtuuHbie
3HAaUeHuss  HanPSIKEHHOCTH
snAEKTputeckuX (M MarHuT-
HbIX) noneil B HamGonee ak-
TUBHO# 30HE (3. cmam. ed.) | 4,66 - 1010 441 -10'3 X (1/n)
Kputuueckoe 3HaYeHHE
MEJICHHO MEHAIOIErOCH SMAEK-
TPUUECKOr0 MOnif, CBA3aH-
HOE C MEXaHU3MOM pOWe-
Hus nap (e*, e~) B Bakyyme
(4. cmam. ed)) . . . . . .| 441.108 4411018 Iocrosuuas
ITnoTHOCTH MAaCCHI-HEPIUY
B aKTVBHOH 30He, zfcM® . . 0,192 1,72 - 108 X (1/n?)

Bropo#l mMexaHnsM, nocpeacTBOM KOTOPOT'O FeOH MOMKeT
pacceuBaTh 3Hepruio, Obl1 J10Ge3HO yKasaH HaM npod.
Mak-MunananoM B uacTHOH muckyccuu. Ecim o6beKT nepe-
ceKaeT KOCMHYeCKOe MPOCTPAHCTBO [axKe B CHJBHO paspe-
JKEeHHBIX MeJXXrajlakTHYecKHX of6sacTsix, TO OH 6yleT BcTpe-
yaTh NPOTOHH ¥ 3JeKkTpouk ot 10! mo 10 B 1 M3 Ero cna-
60 MeHsOIIMecs, HO BecbMa HHTEHCHBHHIE BHYTDEHHME
3jleKTpHYecKne noNsl GYIYyT yCKOPSAThL 3TH 3apsiKeHHble ua-
CcTHUH (HOHH) [0 BRecbMa 3HAUNTENbHHX 3HEPruil 3a cuer
reoHa. Drictpora paccesiHusi sHeprum OGyneT nponopumo-
HaJibHa MONEPEeYHOMY CEUeHHI0 reoHa M ero ckopoctd. Ecnm
CKOPOCTb I'€OHa CpaBHHMa CO CKOPOCTBIO CBeTa, TO pacces-
Hie 6yger BecbMa OvICTpEIM. Haubonee O6saronpHsTHBIM
ABJsieTcsl cJydal, KOrja OTHOCHTeNbHElE CKOPOCTH OKAa3Hl-
BAalOTCA MNOPSIKAa CKOPOCTEH XaOTHYECKOTO [BIKEHHA TH-
MUYHLIX KOCMuYecKux o6aakom rasa, ckaxkem 100 wa/cek:

d (Oueprus) !

- at

X (Ceuenne reona)- (Jueprus HCOYCKaHHs).

~ (ITaotHocte yactyn) - (CkopoCTs obGaaka) X
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JHanpumep, B caydae reona 1 (usum I[) u3 Ttaéa. 4 sto
fIpon3BeJleHHe MOXeT OhiTh MopsijKa

20 0un - 5- 108 cu
—6 -3). 7 . 29 2) .
(107" en™%)-(107 cujcerc)- (10% ca?) <2-104 Our-6-10 4C’M>_)

N <mm 10% 3p2/cex>_) <mm 10% a/cex>’ (0) 48)

10% ape/cer 10 2/cex (ID
yto NpUBOAUT K BpPEMEHH XKHUIHH reo”Ha nopsjgka
10" cex, 1. e. 3-101° sem 1]
"0 cew, 1. e 3-10 sem (D)

IJisl CeOHa B TNPOCTPAHCTBE MeXJY ralakTHKaMH; BHYTpPH
JKe rajilakTHKH, rie NJIOTHOCTh HOHU3OBAHHOH MaTepHH IpH-
MePHO B MHJUIMOH pa3 OoJibllle, BpeMsi KM3HH TreOHa IIpH-
MepHO B MHJUIMOH pa3 MeHblie. Takum o6pa3oM, He cylile-
cTByeT y6eIuTeJbHEIX NPHYMH B MOJb3y TOTO, YTO TeOHB!
MOIJIM OBl COXpaHWTBCS B TeueHHe Bcell npoluennieil ucTo-
pun Bcenennoil. Ho HeT M Kakux-/1n60 oueBHAHBIX cooGpa-
JKeHHI B MOJb3Yy TOro, YTO OHM MOIVIH GHl BO3HHKATH Mpe-
M€ BCEro HMEHHO NPH TeX 3KCTPEMAaNbHBIX YCJOBHSAX, KO-
Topbie GBLIM XapaKTepHH 7151 PaHHe# CTaJHH Pa3BUTHS
Bcenenno#i. JIpyruMu cnoBamy, TeOHAMH MMeeT CMBLICH HH-
TepecoBaThCsl HE MOTOMY, YTO OHH MOryT OGBACHUTH YTO-
aubo peanbHO HabjogaeMoe, a BRUAY TOrO, YTO € HX IO-
MOIIBI0O MOKHO IOJYuNTb HEKOTOpOe IMpeNcTaBieHHe 06
HCKJIOUNTESIbHOM 60earcTae usuvecKkux A6AeHull 8 uUckpus-
AEHHOM NYCTOM NPOCTPAHCTSE, NPEICKa3BBAEMEIX 06uefl
TeOpPHel OTHOCHTEJILHOCTH.

5.4. Mecro ceona 8 pamkax kaaccuyeckod usuku. Pac-
CMOTPeHHe T'eOHAa B KauyecTBe MOJIENH MacC WJ{ Tes, KOTo-
peie QUTYPHPYIOT B KJlacCH4YeCcKOH (H3MKe, No3BoaseT Gonee
r1y6OKO MNOHATh HEKOTOPble CTOPOHH IeOMeTPOHHEMHKH.

Bo-nepBHX, fICHO, YTO ypaRHeHHe [BMIKEHHs Tesla Mo
reofie3NUecKol sipssieTcs Waeanmsanmneil. 3aBucsiile or mno-
JIOXKeHHs] BeJNIMYHHBI, (UIYPHPYOUHE B 3THX YpaBHEHHSX,
CllefyeT paccMaTpHBaTh KaK «(OH» — rpaBHTaNMOHHBlE M
3J1eKTPOMArHHUTHBIE MOJ5, KOTOPHE NOJIKHEl CYIIeCTBOBATh
B OTCYTCTBHE TeOHa. MOJKHO JIHIIb - TOBOPHTh O MmoJie Imo-
Io6Horo ¢ona, ONpeneNeHHONO PasyMHBIM OGpPa30M, TOMb-
KO B Tex ciyyasX, KOraa IOJHOe moJie, 06s3aHHOe (OHY H
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reoHy, MelJeHHO MEHsIeTCsl Ha PACCTOSHMUSX, CPABHHMBIX C-
JHHEHHBIMH pasMepaMu reoHa. B 3sTtom ciayyae NogoGHEIH
o6bekT OyleT YCKOPATbCS KOT€PEHTHO HOj jeHCTBHEM
BHEIIHHX CHA. DTO NOBeleHHe YKJIaIbBaeTcss B paMKN (-
sukn HeloTona — Makcsennia: cyllecTBYIOIME B [OTOBOM
BHJE Tejla ABJASIOTCS HCTOYHMKAMH CHJ H CaMH MCHBITH-
BAKOT BO3gelcTBHe 3Tux cui. Takas kKjaaccuuyeckas cxema
ypaBHeHWil NBHXKEHNsl He HapyllaeTcst BKJIOUEHHEM Morpa-
BOK, CBSI3aHHLIX CO ClelHAJbHOU M 0Oiled TeopHEH OTHO-
CHUTEJIbHOCTH.

Bo-BTOpEIX, KOrlla monisi RHEe IeOHa OKa3hIBalOTCH cylle-
CTBEHHO HEOJHOPONHLIMH, TO TeOH He MOXKeT pearupoBath
Ha BO3JlelicTBME KaK OJHO LeNoe. BosMylleHHe HCIBITH-
BAIOT ero BHYTpPeHHHe cTeneHH cBoGonwl. Korma ke BHell-
HHe HeOAHOPOAHOCTH CHJIBHEI, CHUCTeMa paclajfaeTcsl Ha JBe
n 6onee yacTei.

CriennanbHeiM NpAMepPOM TAKOrO B3auMopefcTBus, NpH-
BOJALIEr0 K paspylleHHIO, sIBASETCH CTOJKHOBEHHE MY
JBYMsl reoHaMH CpPaBHHMEIX pasMepoB, KOTjla paccTosHHe
MaKCHMaJIbHOrO COJIMMKEeHHs] CPaBHHMO WJIHM Majio HO cpaB-
HEHUIO ¢ pasmepaMu oboux oO0bekToB. Ilpu 3TOM BO3HHK-
HeT He TOJbKO 3HAYHTEJbHOE OTKJOHeHHE OT 3((PeKTHBHOr0
3aKOHa 0OpaTHO# NpPONOPLHOHANLHOCTH KBaapaTy pac-
CTOsIHMSA [J51 CHJI, HO GyleT UMeTh MecTO OOMeH sHeprueil u
notepy sxeprun. Tam, rge noTeHUManbHEIH Gapeep, xapak-
TepU3yeMHBH IOKa3aTejieM MpesoMJieHus, OKaxeTrcss HauGo-
Jlee y3KkuM, GyeT HMeTh MecTO NepeTeKaHue H3JyueHHs OT
ofHOro Ttesia K napyromy. Ilpu 3TOM yBEJINYHTCA 3HEPrus
HEKOTOPHIX FapPMOHHK KoJleGaHMil YJORJEHHOIO H3JyYeHHsd,
KOTOphle mpexjae Oblin BO30YxIeHH ciabo WNH BOBCE He
6Ll BO30Y:KJEeHBl; 3HEpPrusi e APYrAX rapMoOHHK 6yner
yMmeHbliaThesl. Takmum o006pasoM, IBa Tena pacXOAsiTcs C
COOTHOlIIEHNEeM Macc, OTJIMUHBIM OT TOTO, C KOTOPHLIM OHH
cxonunuck. Mx ofmas macca 3a 3T0 ke BpeMsi GymeT
YMeHbIIaThCHl KaK 3a cyeT OBICTPOIl BHIHYMKIEHHOH YTEUKH
palmanuy, TaKk ¥ BCJEICTBHE JIOKAJbHBIX BO3MYLIEHWH rpa-
BHTALIMOHHOrO M0JIfl, KOTOPOe OTKJOHWT W BHIBEIET 4YacTh
CBETOBHIX JIyyeH CO CBOMX OpOWT, npexje OTHOCHTENbHO
CTabGWJIbHBIX.

Korna xe nea reoma crankupampTesi cllle OONiee Heno-
CPeCTBEHHO, TO OHM OynyT pacxoauthcsl 6e3 3Haqmenbﬂoﬁ!
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noTepH Macc TOJMbKO B HCKJIOUWTENBHHIX chydasx. Torja
NPOHCXOAMT MOYTH BCe, YTO TOMBKO MOMeT MNPOHCXOIHTb.
Byner HMeTb MeCTO CyulecTBeHHasl NoTepsi 3Hepruau B (op-
Me cBOGOAHOrO mu3Nyuenusl. BynyT Bo3Gy»KpaTbCH KOJJEK-
THBHBIE [BMIKEHHS, a OTAeNbHBIE 3JIeKTPOMAarHuTHEE rapmMo-
HHKH TOpUOGPEeTYT COBEPLIEHHO HOBhE aMmiHTyIB. Cuibl
6ynyt nedcTBOBaTh Tak, YTOOH BEI3BAThL [eJieHHE MepRO-
HayaJbHHX TeOHOB Ha Gojtee meskne dparmenth. Beuny T1a-
kKoro 6oraTCTBa fIBJIEHHH yiKe He WMeeT CMbicjia ONUCHIBATh
B3auMoJelCcTBHE ABYX COMM3MBLINXCS KJACCHUYECKHX TreOHOB
¢ nomMoubio 3¢ eKTHBHOrO 3aKOHA CHJI WJIH ¢ MOMOLIBIO IO~
TeHuuanoB. BMecTo 3TOr0 HEOGXOOMMO HCHOJNB30OBATEL Gosee
CNOXKHEIH #3BIK  (PU3MKH TpaHCMyTaumil, Korma rJjiaBHOe
BHHMAaHHE YIeNAeTcs paclpenesleHUI0 MPOAYKTOB pPeaKIHH
o MaccaM, CKOpocTsM H HamnpaBbienusM. Kopoue rosops,
MH HMeeM (u3uky Tparcmyrayuil 6e3 TpaHcmyrTayull.

CyuiecTROBAHHE T'€OHHHIX TPAHCMYyTaUMH [esaeT SICHBIM
TpeThe cOOGpaXKeHne OTHOCHTENBHO KJNACCHYECKOH pesisiTH-
BUCTCKOI (pusvky. DTo coobparkeHne CBOANTCS K TOMY, 4TO
B HpHHIMIE He CYLIEeCTBYeT HHKAKOro pe3Koro pasnuuust
MEXIy reoHaMH KaK KOHUeHTPAlHSMM 3JeKTPOMAarHuTHON
3HEpPruy, CnocOGHEIMU K pacnafy H CANSHWIO, U «CBOGOMHEL-
MH» 3JIeKTPOMArHMTHHIMH BOJIHAMH, KOTOPHE pachnpocTpa-
HSIOTCS1 B IPOCTPAHCTBE MeEXKJYy FeOHaMH, HCNHETHIBasl pac-
cesiiye, MOTJIOWEHHe M HCHycKaHue reoHamy. PopmanbHO
BLIpaXkasch, COCTOsIHHE BcesieHHOW ¢ TOYKHM 3peHus Kaac-
cuueckol (PH3HKH OnuCHIBaeTcsi CBOGOMHBIMM OT CHHIYJSAD-
HOCTe{l 3JIeKTPOMArHUTHHIMM W PaBUTALHOHHHIMHM aMILJK~
TYAaMH B KaxJIOH TOYKe u Huuem GoJiee.

§ 6. Mpobsiema HavaJbHBIX YCJOBHIL.
YpasHeHus nons 6e3 ypaBHeHui noJsi

6.1. Hauanvhote ycnrosus e arektpodunanuxe. Kakas
MHGOpMauus J0/KHAa OBIT, 3alaHa B NaHHBI MOMEHT
BpeMeHu, T. e. Ha TpeXMepHOIl INPOCTPaHCTBEHHO-NONOGHOI
TOBePXHOCTH ©, YTOOBI ONpeNeNHTh OJHO3HAYHO H HeNpo-
THBOpeynRrO Bce Gyayinee (M NPOLLIOE) reOMeTPOIMHAMH-
Heckoro nosiA? Xots ypaRHeHus INOJs OOWEeH TeopHp OTHO-
CHTeNnbHOCTH OB ycTaHoBJeHH B 1916 r., BamxHHA
BONpoc 0 HayalbHEIX 3HayeHHAX Opl1 pelleH JUIIbL TPH
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JECHTHJIETHH COYCTA B BaxKHOH paGorte Jlunineposuna [31—
33] u ®ypec-bproa [34, 35]!).

Auanoruynas npobiiemMa XOpOIIC USBECTHA B TeOPUH
cBo6oAHLIX (6€3 HCTOYHHKOB) 3JIEKTPOMArHWTHLIX IOJEH.
TaM [OCTATOUHO 3HATH SNEKTPUYECKOE M MATHUTHOE IOJIS
HAa OJHOH IIPOCTPaHCTBEHHO-NIONOCHON 3-NIOBEPXHOCTH O
(xoopmuHaTH U, U, W), 4ToCbl MOXKHO OBLIO MPENCKasath
10Nl HA TMOREPXHOCTH, CABUHYTOH Ha HHTEpBall cOBGCTBEH-
Horo BpeMenu dg (u,v,w), HOpMaNLHHE K ©. YpaBHeHus|,
kKoTopbie TpeGyloTCsl OJs1 HpefcKasaHHus nosied e 4 de M
h + dh ua HOBOI NOBepXHOCTH, Jlyylle BCEro M3BECTHH ILJifl
CJlydasi TJIOCKOTO TPOCTPAHCTBA-BPEMEHH )

de
AT =roth N

dh 49
a7 = —rote.

1) Ca. B ocobennoctu Kuvry Jlvuuepoeuua [36].

?) B ucKpWBJIEHHOM DPOCTPAHCTBE-BPEMEHH 3TH YPaBHEHHA cCOXpa-
HAI0TCH, €CNIH WIEHB HCTOJKOBLIBATL B COOTBETCTEYIOILEM KOBaPHAHTHOM
cubicnie. Torna € v h saBnmtotres Bektopamu, wim [-Qopmamm, Ha npo-
CTPaHCTBEHHO-NOAOOHOH ruleprioBepXHoCTH 6. JlyanbHbIMM JAS HUX,
ortecennoimy K merpuxe (GVg,. B 3-npocipaHCTBE Ha O, HBJSIOTCH
*e u ¥xh ¢ komnonentamu (%€),, = (3g'k)[mnpl(3gP%e,. S1u 2-Gopum,
HIW  AHTUCHMMETpHYHbIC TEH30phl, OTOXAECTBIAIOTCH € OpPOEKIMAMEA
4-mepHoil 2-QopMBI, WM ZHTHCHMMETPHYHOrO TeH3opa, monsi f W emy
EYalbHOTO H2 THIEPNOBEPXHOCTH 5t

¥ h = Ilpoekums f na o,
* e = Ilpoexiusa * f Ha o.
OnpepesMM  JONOJHUTEILHC OOCOILIEHHBI POTOP, WJIM «BHEWHIOK Mpo-

H3BOHYI0» da, ot M06Oro BEKTOpa MJM AHTHCHMMETPHYHOIC TEH30pa
CIEnYIOAM COOTHOLIEHHEM:

oa,
da = Y e —-T—B”'"ﬁ"“
( “1“2"'“1)1—1) ox™
Ilo BceM mnepecta-
HOBKAM P

Torna ypaeuenmsi Makceesnza npeoGpetator $opmy

. d(¥h)
d>*h 0’ T—__de,
oA a(¥xe)
dXe—-O, T——‘dh

f)g]s'mx YPaBHEHMSAX H APYIMX acnektax reoMetponyHaMMKM cM. paGoty
13], -
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Havanbuble yciOBHSI B 3JIeKTpOJIMHaZMUKe OJ1A BEJHYHH €
u h Ha ¢ He MOryT BHIGMpaTbCsl NPOU3BOJILHO, HECMOTPS Ha
OTCYTCTBHE B 3TOM NYHKTE KaKHUX-JIMGO SIBHLIX 3ANpETOB CO
CTOpOHBl ypaBHeHuit (49). 3Tu paHHble JOMKHBL YIOBJE-
TBOPATb YPABHEHUAM ONSL HOYAAbHBLX 3HOYEHUL:

dive =0, divh=0. (50)

Torna ypasueHuss (49) rapaHTMpYIOT, YTO TC 3Ke YCJIOBHH
C [JMBEpreHIMel BLIIOJHSIOTCH AJSl NOJI M Ha HOBOH 1o~
BEpXHOCTH:

et+de=e—+(d7)roth,

h4-dh=h—(dT)rote.

B pesynbrare ypaBuendss (50) yMeHBUIAIOT UHMCJIO HE3aBH-
CHUMBIX TI€PEeMEHHbIX, 3HAYECHHS KOTOPHIX 3aJlaHbl B TOUKE
MPOCTPAHCTBA, € IiecTH (MO TPU KOMIIOHEHTHl Y BEKTOpOB
HaNpSIKEHHOCTH 3JIEKTPHYECKOrO ¥ MarHWTHOrO IoJieit) Jio
yeThpeX. JTOT CTaHOAPTHHI pe3yJbTaT MOXKHO CBA3aTb C
6osiee 3HAKOMBIMH BBIPAMKEHUSIME, OTHOCSLIMMHCH K INIO-
ckoMy mnpoctpauctBy. [lepeiimeM ©OT KoopauHAaTHOro IpoO-
CTp2HCTBAa K NPOCTPAHCTBY BOJIHOBHIX uMces. JIis KaxxuoH
TOYKH B IIPOCTPAHCTBE BOJIHOBBIX YHCEJ] H3BECTHH! 4 CBO-
GopHble KOHCTAHTHI, CBA3AHHBIE € 3JIEKTPOMATrHUTHBIM I1O-
JNieM: KOOpAMHATA W HMIyJabc (WM aMmiMTyga U pasa)
JIBYX OCHUHJJIATOPOB, CBSI3AHHHIX C [BYMSl He3aBHCHMBIMH
cocTosiHNsIME Nodisipusauvy. [losToMy He yIHBHTENBHO, YTO
U B KOOpPJMHATHOM HApPOCTpaHCTBE MH HaxoAwMm 4 cBOGOA-
Hbie KOHCTAHTB! JUJIs1 KaixkJioil TOYKH. TakKoe cBOeoGpasHOe
U HESBHOE OTOXKJIECTBJIEHHE YHCJa TOUEK B KOOPAMHATHOM
OpPOCTPaHCTBE C YHMCJOM TOYEK B IIPOCTPAHCTBE BOJHOBBIX
UHCENl [aeT NOJe3HbIH HHCTPYMEHT He TOJBKO [Jis TEOpHH
3JIeKTpOMarHeTHsMa, HO U B TEOpHH TrpaBHUTALMH.

6.2. ¥Ycnosusn Onn 300aHUA HOYOABHBLY 3HOYEHUE! 6 2e0-
merpoduramuke. Cnabble rpaBUTALMOHHBIE BOJIHBL  VIKe
aBHO H3yyaJuchb caMuM JiuuitefiHoM u npyrume. B ToMm
NpUGJIMIKEHVH, KOTJa OTKJIOHEHUS OT IUIOCKOIO NpOCTpaH-
CTBa MaJibl, TIOHSITHE BOJIHOBOTO YHCJ/Ia HMEET ONpenesieH-
Hblii cMpica. JI5is 3TUX BOJIH TOYHO TaK 3K€, KaK [JIfl SJ€K-
TPOMar#uTHLIX BOJIH, CYIIECTBYET IBZ IONEPEUHBLIX COCTOS-
Hus nosisipusanuy O Kax/AOro BOJHOBOTO uucna. OpHako
Hosisipy3aliAsl HOCHT TEH3OPHBIH XApaKTEp, a2 HE BEKTOPHbIi

(1)
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(¢ur. 8). Tak Kak rpaBHTALHOHHBIE ROJIHH TpeOyloT IJif
CBO€ro orpenenenust 4 KOHCTaHTH [(2 KOHCTaHTH Ha OIHO
cocTosinue noJisipH3anuk) X (2 coCcTORAHUS NMONAPHU3ALMHE Ha
OJIHO BOJIHOBOE HMCJIO)] B KaKAOH TOUKe INpOCTpaHCTBa
BOJIHOBHIX 4HCeJ1 (KOrga KOOpAHHATHOE MPOCTPaHCTBO MOY-
TH MJIOCKOE), TO PasyMHO OXHAATb, YTO [JIi 3aJaHUs Ha-
YaNbHHX YCJOBUH B TPAaBHTALUOHHOM J10Jie HEOOXOIUMLI

JnexmpomazHemuam Borrier Tposumayus

I Cmewerys

1 TIEPNEHOLKYARPHb,

L HarpueAerLto
pacnpocmpaHenuss

+

-

+—
-—
]

Ta me eorrn
1 I" ¢ moii W6
- 1 nosspusayuel;
+  30na3deicarue
O
I no gase Ha 180

-~ To me
HONpaeAEHLE
- PacrpoCmpaHEeRUSs;
-t + He3aGueuUMoe
€oCIIpaHUE
RONSpUsaLUL

@ ur. 8. CpapueHye NOAAPH3ALMY SNCKTPOMATHUTHHIX M TPaBUTAIHOH~
HBIX BOJH.

I'paBu TanuoHHas BOJNHA MAET NEPNEHAMKYJASAPHO IJIOCKOCTH Y€pTedka u BO3NeHCTBYeT

Ha rpynny npobHBIX HacTHL, PACHOJOIKEHHBLIX N0 KPAalO KPyra, MSMEHAN MX MONOMEHuS,

KaK NOKa3aHo Ha cxeMe. Jlpa He3aBUCHMMBIX COCTOSIHHSL NONSPH3ALKHK OTIHYANTCH
Ha 45°, a we Ha 90°, Kak B ciydae 3JeKTPOMATHHUTHLIX BOJH.

yeTHpe BENHYHHBL B TOUKE 3-NPOCTPaHCTBa, MOMHMO H CBEpX
YyeTHpeX BEJHYMH B TOUKE, HEOOXONHMMHIX NIl 3ajaHusl Ha-
YaJIbHBIX YCJIOBUE B 3JeKTpomarHutHoM mnone. [lostomy
BeCbMa Y/IOBJIETBOPUTENbHO HAHUTH 3TH BEJHYUHH, MOSIB-
JSIOLIHECH B aHaNH3€ NpoGaeMbl HauaJlbHHX 3HAYEHHH, BbI-
nosHeHnoM JluseposuneM 1 Pypec-Bproa. Ouu nokasasny,
4TO NI onpepenieHusi OyAyILEro H npouwioro HeoOXonHMo
U [O0CTaTOYHO 3a1aBaTh HA 3-MOBEPXHOCTH O HE TOJBKO
MarnuTHOe nojie h u 3JNeKTpHuYecKkoe €, HO TaKke H 3-Mep-
HYI0O METPHUKY 3TOro npocrpaucrsa g, u CKOPOCThL ee u3-
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meHenuss 2P, 1o OTHOEHHIO K COGCTBEHHOMY KOBpE-
MEHH, H3MepsieMOMY 10 HOpMasu K 3-npocTpaHcTBy . AHa-
JOTHYHO TOMY, KaK HauallbHble JZHHbl€ ISl 3JIeKTPOMar-
HHTHOTO NOJNS NOMUUHSIOTCH YyC/OBHIO oOpalieHdsi B HyJb
IIUBEPreHIMHY, unH (Ha sI3blKe BHEIUHUX nuddeperiinanbHbX
¢opM) ycaoBusiM

dxe=0, dxh=0, (52)

reoMeTpuueckiie naHube @g,. w P, Henb3s 3anasarb
COBEPLICHHO TNPOM3BOJLHO; HX 3HaueHHs MNONYHHAIOTCSH
yClOBHSIM, B KOTOphIX (urypupyer Bekrop IloiiHTHHra u
MaKCBENJIOBCKASl IIJIOTHOCTD SHEPTHHU:

(PF —8P3) = —2|% (e AR)]s (53)
a TakKxke
(P — PP +PR=2x(exe-+hxh). (54)

3necy VR — MHBapHaHTHAs KpHUBH3Ha 1517 3-NPOCTPAHCTBA .
DTa BenHMUHHa OTHOCHTCSI TOJMBKO K TOH KpHBH3HE, KOTO-
past npucyma npocrparctsy (¢ur. 9), B To Bpemsi Kak Be-

JuunEb P,,, ¥y Pp ONUCHBAIOT BHELIHIOK KPUBU3HY 3TONO
e 3-NMpOCTpaHCTBa M BHYTPH OKPYIKAIOUIEro BCE €Hle He-
u3BecTHOro 4-npocrpaicrea. [lostomy ycnoBue (54) Mox-
HO NepenicaTtb B BHIE:
IaoTHOCTL 3HEP-
Brytpenusas Buemnag THH SJEKTPO-
<MHBapuaHTHaﬁ>_<m—xBapuaHTHaﬁ>: MarHUTHOrO mosf | , (55)
KpHBH3HA © KPWBH3HA © B COOTBETCTBYIO-
IIHX €IHHUIAX

TpeGobanue, uToOH JgUBEpreHLHs] 3JEKTPHUECKOTO U
MarHHTHOTO noJel oOpamjaniack B Hysb, OYEBHIHHM OOpa-
30M cBoiuT 6 creneneil cBoGonw 1o TpeGyeMoro uucha 4.
Opnako ycnoBusl, HakAa/BHBaeMble HA HAYa/bHLIE [AHHBIE
B TEOPHH T[PaBHTaIMH, NPENCTABAECHHHE UYETHIPHMH COOT-
Howenusimn (53) u (54), ¢ mepBoro B3rAsLa KaxyTcs
HENOCTaTOUHBIMY  J[Jif1  CBeAE€HHS JBEHaJlaTH BeNHUYHH,
XapaKTepU3YIOUIHX METPHUKY B KaxaOH Touke (6 Kou-
nowenr Gg, u 6 komnoneut AP, ). k yeTHpEM BENHYHHAM,
MOCKONBKY, €CTECTBEHHO, 12—4 otHIOnb He pasuo 4! Ho 3ro
Pacxoxpenne Ha 4 MOXHO NOHNTH CAENYIOMIMM OGpa3oM.
Hacre wugopmanny, conepxaieiicss B meCTH KOMIOHEHTAX
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MeTpHuueckoro teusopa g, . BOBCe He ABJSETCH HAacTOSALIEH
nHeopMauvedl o eeomerpuy 3-NPOCTPAHCTBA ©, & SBJSETCH
Jvinbp uHGOpMaLKell O cucTeme KOOpOUHQT, KOTOpasl Noye-
My-au60 3mech MCHOAL3OBaHa nJisi onucauns. ClenoBaTesib-
HO, HMeeTcsi He Oonee IECTH CYINECTBEHHBIX KOMIIOHEHT
B g, LIS KAXKAOH TOYKH.

$ur. 9. DneMeHTapHHIN MPUMEP pasnuuMs MEXIY BHyTPeHHEil v BHel-
Hefi KpHBH3HAMH.

B namHOM mpumepe aucT GyMaru B3fT MJIOCKMM, TaK YTO BHYTPEHHMSS KPMBM3HA JHMCTA

paBHa HYO (2)R=0. TlosToMy B nauHOM npHMepe cOpaseanuBa Teopema ITugaropa
AA4 TpeyroibHuKa, u3o0paxenHoro Ha nucte OGyMarun. BmecTe ¢ Tem Teopema Iluda-
ropa chopaBeni¥Ba M HA NOBEPXHOCTH CBePHYTOro Jucta OGymaru (cxema B). Cneno-
BATENLHO, reOMeTpufl, BHYTPEHHAS B OTHOUICHHM 2-MOBePXHOCTM—B AAWHOM Clydae
Tak ol reoMeTpureli Oka3anach IBKINAOBA FreOMeTpPHA —(Ge3PasinyHa K TOMY, KakuM obpa-
30M RaFHAs 2-NOBEPXHOCTb BJOXEHA B okpyxawouee 3-mpocrpanctso. C apyroit cro-
POHEI, BHEINMffl KPMBM3HA 3aBHCUT OF TOr0, KaxuMm obOpasoM OCYILeCTBJIEHO ITO BJAOKE-
Hue. ,BHewusaa* kpuBH3HA pasHa O B cayuae A ¥ OTAMYHA OT Hy:d B cayuae B.
AHANoruyHble TIOHATHSI NPUMEHMMEl B oOuiedl TeOpHM OTHOCHTENBHOETH, B KOTOpPO# 3a-
7393 O HAYAJBHBIX 3HAYEHUSX MMeeT OTHOILEHME K BHyTpEHHeH reoMeTpum s Iep-
BUYHOrO 3-MpOCTPAHCTBA ¢, 4 TAKMC K BHeLIHell KpHMBH3HE 3TOro 3-NIPOCTPaHCTBA
B OKpy2xarowell 4-reoMeTpHM—reOoMeTPHH, KOTOPaf BHauale COBepLieHHO HeM3BeCTHA,
ec/H He CYHTaTh MEBGDOPMALMH, cOlepaueiics BO BHyTpeHHell u BHellHell KpHBH3HE
MoBe PXHOCTH 6, HO KOTOPast BOCCTAHABALBAETCH ONHO3HAYHO M3 HAYAJBHHIX NAHHBIX CO-
BMECTHO € ypaBHeHWAMM no.if JfHutelina.

BHTL MOMXKeT, yMecTHO Gonee HarasifHO OGpPHUCOBAThL 3TY
cutyaimio. Kpesibs asromobuneit dopna mraMnylorcess us
JIHCTOBOH CTaJlH M — XOTSl OHH BCE€ ONUHAKOBH — IOCTY-
naloT M3 NPecCOBOro Lexa Ha KOHBeliep pa3HEIM pa3Mer-
YHKaM, OJIHH U3 KOTOPBIX HZHOCSIT OMH THII KOOPIHHATHOM
ceTky, napyrue — npyroi THn. [TostoMy paccTosimus Mexny
TOuKaMu ¢ koopauuatamu (7, 11, 57) u (7,01; 11,01; 57,01))
Ha pPa3HHX KpHAbAX OyNyT 3HAUHTENBHO OTNAMUATHCH, HJIH,
HWHBIMH cJiOBaMH, GyQyT CHJIBHO Pa3fiHyaTbhbCsl MeTPHYECKHe
KO3(DPUIHEHTH g,,,. ONHAKO BHyTpeHHss T€OMeTPHH Oue-
BUIHBIM OGPa3OM TOXK[AECTBEHHA Y BceXx KPBUIbEB. UToGH
pasobpaThcA B 3TOM NYHKTE, MOXKHO BOCIOJb3OBATHCS CTaH-
OapTHbIMH MaTeMaTHYeCKHMM NpHeMaMH [INf BHYHCJICHHS
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UHBAPUOHTOE KPUSUSHBL TIO METPUYECKHUM KO3Gh(HUIHEHTaM.
Torna U3 3aBUCHMOCTH g,,, OT MOJIOXKEHHS] MOXKHO CPa3y e
3aKJIYNTh, HE NMOJb3YSACh KaKHMH-AHGO MONONHUTEJIbHBIMU
J@aHHBIMH, YTO KpHJibS ¢ METPUKaMM, KaKYHLIHMMHCS CTOJb
pa3nuyHEIMM, Ha CaMOM Jeflle OfUHAKOBH. Te e camble
ApueMbl MOCAY¥KaT U ANAA TOro, 4YTOOH OTJMYHTL KPHLJIO
apTomoOuns  «®Puar» oOr Kpblia aBroMoOuns «Popny.
OnHako HeT HeOOXOMMMOCTH YraiyGNisiThCsl B paccMOTpeHHe
HHB2DHAHTOB KPHBH3HH, UTOOH pa3obpatbcst B TOM, CKOJb-
KO U3 ltectH goMmMnohent (g, B TOUKe CYIIECTBEHHH Ieo-
METPHYECKH B caiydae 3-npoctpaHcTBa o. llas storo pocta:
TOYHO 32METHTB, YTO KOOPIMHATH U, v, W B 3-POCTPaHCTBE
He 32BUCSAT OF JI00O0rc M3MeHEeHHs! NepeMeHHBIX THII

u=u(u, v, w),
v=10(u, v, W), (56)

w=w(u, v, )

-— Tpex BeJIMYMH HZ OfHy TOYKY MPOCTPaHCTBa. TakuM OG-
pasoMm, Metpuueckue kKospuuventn ©g, . nawT Beero
6 — 3 = 3 BeAMUHHBl, XapaKTePHU3yIOIHe TeOMETPHIO Jfisl
Ka)KNOH TOYKHM NpocTpakcTBa. pyruMu cnoBamy, 6 + 6 =
= 12 kompomert ®P,, u g, . COBMECTHO LAIOT BCErO
aumb 12— 3 = 9 cylecTBeHHBIX KOMIIOHEHT B TOUYKE.

Jnsi uero ke CHYXHT 3Ta TreOMeTpHYecKas HHPOpMa-
nusi? 3HaHHe BHYTPeHHEH M BHelIHefl reoMeTpuy HayaJb-
HOH MOBEPXHOCTH ¢ COBMECTHO C SHHIUTEHHOBCKHMH ypas-
HEHHSMH NOJISl laeT BO3MOXKHOCTbL ONpeAeSHTb reoMeTpHio
6ausnexamei 3-NOBePXHOCTH ¢/, & 34TeM OTCIofd — reo-
MeTpHIO chenyioomeil Oimusnexauiell  3-noBepxHoctH o
u T. 0. Takum ofpazom, war 3a LIarOM HEH3BECTHaS! Ieo-
MeTpHsi 4-npocTpaHCTRa MOXeT GhITh onpeneieHa, HCXOMs
U3 HaYallbHblX NAHHBX Ha MOBEPXHOCTH ¢ IJIKOC M3 ypaBHe-
HUi nons. JTOT NpHeM SBJSeTCS] TeOMeTPONHHaMHUYECKHM
aHaJlOrOM MpHeMa 3NeKTPONHHAMHKH, C NOMOMBIO KOTOPOro
BOCCTAHaBJHUBaOT BCIO MCTOPHIO NOJISI MO 3HAYEHHSM € ¥ h
Ha c. 3/1€ch e Mbl BOCCTAHABJIMBAEM BCIO T€OMETPHIO 4-1po-
CTPAHCTBA.

Kaxpplit Habop HaYalNbHBIX 3HAYECHUH BENET K enuH-
CTBEHHOH reomeTpyuy 4-MPOCTPZHCTBA; OIHAKO reOMeTpHs,
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YIORJIETBOPSIION(AsA YypaRHeHUsIM OWHIITeliHa — CTPYKTYP-
HHIM 3aKOHaM NpPOCTPaHCTBa-BpeMEHH, — He ONpenessieT
oiHO3HauHBIM OOpa3zoM Habop HauyaabHHIX 3Hadenuil. [Ipu-
uynHa 3Toro npocrta. Mmeercss konoccanbHBI MpPOH3BOJ B
‘BEIGOpe 3-TIOBEPXHOCTH ©, KOTOpasi, BOOOLie rosopsl, sB-
asieTcsi HCKpuBJeHHOH. JIioGoM naHHBIH BEHIGOp COOTBET-
CTBY€T NPOH3BONBHOMY pacceUeHHI0 4-nmpocTpaHcTBa € NO-
MOLIBIO KPHBOrO M BOJIHHCTOrO Ji€3BHSl Ha OOJacTH «Jo»
MOBEPXHOCTH o U «nochie» o. Ha 3toft nosepxuoctn ®g,, u
® P, ., 320210T NEBATH M'€OMETPHYECKH CYyLIEeCTBEHHLEIX BEJH-
YMH, NIPUYEM BCE€ 3TH BEJHYWHH HUMEIOT ONpeeSieHHBIE 3Ha-
yenus. Onunako, ecan ceyeHHe [POH3BEJEHO HECKOJLKO
HHaye, B pe3ysibTaTe OGyneM MMETb HHYIO 3-NOBEPXHOCTH o
M 3TH [eBATb BeJIMYHH OynyT MMeTb HECKOAbKO HHBIE 3Ha-
YeHHusl.

Paccrosnne no Hopmanu OT ¢ 10 ¢ MoxeT OHTH npej-
CT@BJEHO KaK HHTEpBaJi cCOOCTBEHHOIO KOBPEMEHH, KOTOPHIH
3aBHCHT OT TpeX MPOCTPaZHCTBEHHHX KOOpPAMHAT Ha 6.
B 3T1OM cMBICi€ MOXKHO CKasatb, UTO 045 3a0QHus noaoxce-
Hus Ha 3-nosepxrocru o’ Tpebyercs oOHO 4ucro Oas Ka-
200Ul nPOCTPAHCTEEHHOU To4KL. MOXKeT cylecTBoBatbh MHO-
ro pasHeix cnoco6oB ycTaHORHTHL 3TO yucio. Ho kak ©bl Hu
OBLIO YCTQHOBAEHO 3TO YHCHO, B KOHUE KOHLOB OHO 6BI60-
OJuTca yKa3aHHBIM BHIIE criocobom no 9 reoMeTpHueckH Cy-
NIECTBEHHEIM BeJHuMHaM, cojgepxkatiumcs B g, n GP_
Ha [OBEpPXHOCTH ¢,

MosxHo enie octaHOBHThCsl GoJiee NETANBHO Ha TOM, Kak
NPOBOANTL pa3nuune Mexay o M ¢. Sapanum Og, . u
&P, . Ha ¢ (naoc e 1 h) U BEYHCAHM U3 3HHIUTEHHOBCKUX
ypaBHeHHH nonasi (mnioc ypaBHeHuss MakcBensla B KpHBOM
IPOCTPAHCTBE-BPEMEHH) BCI0 F€OMETPOJNHaZMHYECKYIO HCTO-
pHI0 («4-MepHOe KpHIO»). 3anajuM COOTBETCTBYIOHINE
NaHHBHe [As1 ¢, TNOBTOPHM pacyeThl ¥ MONYYHM HOBYIO
reOMeTPOLHHAMHUYECKYI0 HCTOPHIO, €O Bcell ee Hcropueil
T€OHOB, CTOJIKHOBEHHSIMM MEXKJY HHMM, 3J€KTPOMarHUTHBI-
MM W TpaBHTALUOHHLIMHM BOJHaMH W MX paccesijfieM U B3a-
uMoneiicteiem. CpaBHHM 3TH JIR€ HCTOPHH, 7. €. Kak Obl
OBz 4-MEepHHX «Kpolia». Ecau Mexny HHMMH €CThb HECOB-
najeHue, TO [Ba afbTePHATHUBHBIX HaGopa HaYalbHHX 3Ha-
YeHUH OTHOCATCS K pPasjIMYHBIM (PU3HYECKUM 3ajfadaM, Tak
YTO Ha 3TOM OGCyXKjeHue 3akaHuuBaeTcsi. Eciu ke ouu
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«COTNACYTCA», To JBa 4-POCTPaHCTBA MOXKHO OTOXKje-
CTBHTb OJIHO C JIpYyrHM TOuKa 3a TO4koil. bonee Toro. ecam
OTCYTCTBYIOT HEOOBIYHHIE BH[B CHMMETPHH NPOCTPaHCTBA,
9TO OTOXKIecTBnenue Oymer eOUHCTEeHHbiM: TAa TOUKA B Of-
HOM 4-npoCTpaHcTBe, B KOTOPOi MHBAPHUAHT €ro KPHBH3HH
MaKcHUMaJieH, MOXKeT OBIThb OTOX[ECTBJI€HA ¢ TOYKOM Jpy-
roro NpOCTPAHCTBZ, IAe TaKOH >Xe HHBAPHAHT KPUBH3HH
TAKK€ VMMEeT MakcuMyM, ¥ T. O. TakuM 00pa3oMm, OTHOCH-
TENbHEIE ONOXKEeHHS ¢ B ¢’ B 4-IPOCTPAHCTBE OMNpPEJENEHE;
3TO € MOXHO CKa3aTh ¥ OTHOCUTENBLHO MPOMEXYTKa Me-
KAy HHMH.

Orcrona cnenyer, YTO W3 [O€BATH Besinunh B ®g, . n
@pP, ., CONEPIKANINX TCOMETPHUECKYID HH(DOpMALHIO, OnHA
MpOCTO YKa3HBaeT, 20e HaXO[UTCsl [aHHasi [OBEPXHOCTb,
a BOCEMb CJYIKAT TOJNBKO 5l OTJAHYHS OfHON (DH3HUeCKOH
cUTyanuu OT apyro#l. Kpome TOro, coOTHOLIeHHSl [Jisl Ha-
yanbHHX 3Hauenui (53) M (54) HakAANHBAIOT YETEIpE yC-
JIORUSI Ha KaXKJAyl0 TOUKY NpocTpaHcTBa. TakuMm o6pasow,
OCTalTCHd TOABKO 8 — 4 = 4 NpOU3BOJBHLIE BEJNHUUHL B
KaXK[IOf TOUKe MPOCTPAHCTRA, KOTOpHIE NEHCTBHTENBHO MPO-
U3BOJIbHH! IIpH ONHCAHHUW TPaBHTAIHOHHLHIX CTENeHeH CBO-
601, TOYHO TZK €, KaK HMeIOTCS YeTHPE 3NEeKTPOMarHHT-
HHE CTerneHH cBOGOAH [Jifl KaXKAOH NMpOCTPaHCTBEHHOH Tou-
KH, UTO MB! MONHTaJHUCh NOKa3aTh!).

6.3. Yucao pasauanelx uctopuil. B TO BpeMsi Kak ypas-
Henusi MakcBenna B 3a21aHHOM NNIOCKOM MPOCTpaHCTBE-Bpe-
MEHH MOTYT HMME€Th, BHIp&XasiCb HECKONBKO BONLHBIM SI3bI-
KOM, YMCNO perieHui

‘lucno)

Yucno Bunos ToYex
. (nmpopmauun
[ Yucno sHauenmui, \ B TOYKe
HHPOPMALHS O KOTOPHX
— 4 co®
MOWeT GLITh nonyqeuajl == 0o, (67)

B OJHOH TOUYKE

Ngy=

yp?BHEHHH reoMeTpoantaMMKky, 1. €. ypaBHeHHs o0 beIMHEH-
Houn Teopuu rpaBHTAllHH W 3NE€KTPOMarHeTH3Ma, COrJiacHo
——————

!) Aprop mmipaxaer npnsHatenpHocTh Y. Musnepy w JI. Hlapny

3a obcymxjeHue, KOTOpO€ CYILECTBEHHO NOMOIVIO YCTaHOBJIEHHIO [ aHHOM
TPakToBKH npo6sieME! HaYaJbHBIX 3HAYEHHH.
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npefbylieMy OOCYXACHHIO, HMEIOT YHCJO pellieHHil

Hayanbubie 3HavyeHuss Ha 3-NOBePXHOCTH CAYIKAT [Nt BH-
6opa enMHCTREHHOH W3 BO3MOMKHHIX HCTOPHUH epedH 3TOro
MHOXECTBa pelLIeHHH; KpoMe Toro, 3ajflaHHe 3THX Hadallb-
HBEIX 3HAYEHHWH cayXRHUT AJs1 BHGOpa omHO#t M3 3-mMOBEPXHO-
¢Teit B BHIGpaHHOM TakuM oGpasoM 4-MEPHOM MpOCTpaH-
CTBEHHO-BPEMEHHOM KOHTHHYYME.

DopMYJIUPORKa 3ana4d ¢ HayaJbHBIMM 3HaYEHUAMH, KO-
TOPYIO MElI 06cyKjaeM, 6JU3Ka K NPUBEIYHON 3amaue OMHa-
MHKH 4acTHIH C OLHOH cTemeHbro cBo6oam. B maHHBI MO-
MEeHT RpeMeHH [ [OCTATOUHO 3ajaTh KOOPIOUHATY X U HMM-
nysbe p, uToOBl NpenckasaTh Bce Gyayiliee W BOCIPOU3BECTH
BCe MPOULOE YacTHLBL 37ech NPUHSTO TOROPUTH O HHCJE
NUHAMHYECKHX KOOPAMHAT, PABHOM TONBKO JBYM, HECMO-
TP Ha TOT (akT, 4YTo B 3anave GUryPHUPYIOT TPH YHCHA.
IT0 NPOHCXOOMT MOTOMY, 4TO B APYrOH MOMEHT BpPEeMEHH
t npyr¥ie 3HayYeHUs KOOPAMHATHL X' W HMIyJbca p’ MOTYT
OLITh 3a7aHbl Tak, 4TO moJlyyatoniascsi uctopus Gyner TOR
e camoii. MubpiMu cnoBamu, uMeercss o0 2 BO3MOMKHBIX
uctopuit, 2 ue cod. Homasi 0co6eHHOCTh FE€OMETPOIHHAMUKH
3aKA0YaeTCst B TOM, YTO TPYOAHO pa3buTh KakuM-jubo npo-
CTBIM cnocoGOM aHaJIord 3THX TPeX 4Yucesl Ha [Ba uucha,
OTHOCSILLUXCS K JVHAMUYECKHM IEPEMEHHBIM, ¥ OLHO — OT-
Hocsinieecs KO BpemeHH. HukTo He Haumen crocoba paspe-
JUTh

Ng—llatgnbﬂ.) — 009003 (59)

pa3jUYHBIX BAPHAHTOR HA4YanbHBIX 3HaueHuil [Bce omu co-
BMECTHMBI C YPaBHEHHSIMH 1Jisl HAYaJbHBIX 3HAYEHHI IPparu-
TALlHOHHOrO W 3jekTpomarHuTHOoro noseft (53), (b4) wu
(52)] na nBa knacca (ta6a. 5) takum 06pasoM, yToOH Bce
YTBePXKIEHHS] O HaYalbHBIX YCJIOBHSIX, KOTOPBIE MpUHAjJIe-
®KaT K OJHOMY M TOMY XK€ Klaccy, npuHanjexand Gn u
K TOl e camoti u3 \

2 \
Ngpp = 008

BOSMOXKHBIX HcTOpuil. BriGepem odny wucropuioo. Jpyrumu
CNOBaMH, BO3bMeM oJinH GoJbmoi Kiacc 3aAad ¢ Hayab-
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HBIMM 3HaueHHsiMH. B 3TOM KAaacce [B€ 3ala4dl C Havajb-
HbIMH 3HAYCHHSIMH OTAWYAIOTCS APYT OT Apyra TeM, YTO OHH
COOTBETCTBYIOT NRYM Pa3fiHuHblM cnocoOaM BeIpe3a 3-no-
BEPXHOCTH B 4-MepHOM KOHTHHYyYM€ TOL %e caMOil KpH-
BU3HB. QOueBUAHO, 4TO BCA [OHHAMHKA [PABUTAILMOHHOIO
HoJis ¥ CBOGOAHOTO OT HCTOYHHKOB 3JIEKTPOMaTHUTHOrO
nonisi oGbeMHsIeTCA B FeOMETPHIO €JUHOrO MPOCTPAHCTBEH-
HO-BDEMEHHOTO KOHTHHYyMa — B €IuHYI0 HcTopuio. Takoe
of0beHHeHNe SIRNSIeTC TaKxkKe ropasfo Gonee KOMNaKTHHIM,
4eM COBOKYITHOCTb BCEX RO3MOXKHBIX 3-MEPHBEIX CpP€30B, KO-
TOPBIE ABNAIOTCS COBOKYNHOCTSIMH BCEX BO3MOXHBIX 3ajau
C HayalibHbIMHM 3HaYeHHSIMH, COBMECTHMBIMH C JaHHOH HC-
Topueil. B 5TOM cMBICTE MOMKHO CKa3aTb, YTO HCTOpHS GO-
Jee QyHoaMenTalbHa, ueM NoOble HauaJdibHBIC [aHHBIE WIH
IUHaMUyecKHe ypaBHeHHs. TeM He MeHee 5TH [aHHBIE H
9TH ypaBHeHust Oonee NPUBLIMHH Kak pabouHe annapatsl
IHHZMHKH, YeM CaMma HUCTOPHS.

6.4. CooTHOWwEHUA JAR HOLAABHBLX 3HOQUEHUT] NAIOC KOBQ-
puantHocTe daroT ypasHerus noas. Yraybnenve MOHUMAHUSA
COOTHOLIEHHST MeXy HaYalbHBIMH JaHHBIMH H HcTOpUel
chenyer M3 paccMOTPeHUsl TpeOOBaHUH, KOTOPHIM IOJMKHB
YOORNETROPATH 3TH AaHHBle Ha 3-MOBepXHOCTH c. B cayuae
BNEKTPOMarHeTH3Ma 3TH TpeGomanMs (oGpamieHue B HYJb
divh u dive) naubosee npocTo BBIHCBIBAIOTCSI B KOBapu-
aHTHOH (opmMe uepe3 TEH30P IJEKTPOMATHHUTHOrO MOJS fp,
M AyanbHuil €My TeH30p ¥f,, COOTBETCTBEHHO B CJedylo-
1leM BHIE:

of; 0fs, , 9f,
. ot T =0 (60a)
u
Oxf 0%fa [ O%fip
dxfs + dx: + 0x32_—0' (606)

Tenepr nemast uacTb cootTHoluenusi (60a) sBAsercs ¢ TOY-
HOCTBIO n0 MHOXuUTensi (—g)~ BpeMeHHOH KoMMOHeHTOH
4-Bektopa V*, wuHaue roOBOps, KOMMOHeHTOH VO 4-Bex-
Topa Ve, KoTOpasi NepneHuKyssipHa 3-NOREPXHOCTH o.
Honycrum, yro nose f,, u Bexrop V¥, a Takxke cOOTHOMIE-
Hue (60a) nns HauadbHBIX 3HauyeHHMH KOBapHaHTHBIM 0Gpa-
30M npeoGpa3oBaHbl (B CMbiC/ie TEH3OPHOTO HCYHUCNECHHS).
Torga B ni06Goit pauHON TOYKe P MPOCTPAHCTBa-BPEMEHH
COOTHOLIEHHA [l HaualbHBIX 3HauyeHH# (60a) posmkHLI

6 3ax. 3001,
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CpaBuenue «OIHOTIOBEPXHOCTROMA® HOPMYIHPOBKH ycnosui, TpebyembIX NAA YCTaHOBIEHHS HCTOpHH
. € «ABYXNOBEPXHOCTHOH» thopMy THPOBROU
aﬁ, KOorjia omxoapememxo paccma'rpuaano'rcn snek'rpomamumbxe

B naunoil Tabaulle He NPuBOALTCS CJYH
oHlble cTeneHy cso6ombl (CM. [20]).

U [PaBHTaIH
. Csobonnoe OT KCTOYHHMKOB SJICKTPOMRI‘HHTHOe
MexanuKa YacTHIR none B CsobonHoe
C OAHOﬂ CTENEeHbIO 0T VCTOYHHMKA rpaBu-
cB0bOAKR BOPEHLOBOM MpO- HMCKpPHBAEHHOM TapgHOHHOE MoAe
CTpﬂHCTBE'BpeMeHH npocwpaac’me—spemerm
Jlaunbie, Tpe6yeMbie
aas BbI6Opa HCTOPHM CH-
cTeMbl  («OJHONOBEPXHO-
cTHas» (HOPMYNHMPOBKA) =x"up=p e=e'(x. ¥, 2) | fpn= Vi :w Ha Tpo- (3)g:,m (u. v, @)
upu t=1' h=h'(x y 2) CTpancTBeHHo-non06- | @)p’ (. v, @)
npu T’ HOl TIOBEPXHOCTH mn 3
) x% = x% (u, v, @)
Upcao CyIIECTBEHHBIX
JAHEBIX HA TOYKY FHpO-
CTPaHCTBA . « + « « = - 3 6 7 646—3 2)=9
-
SlpasoTCa aH NOROGHBIE
BEeJVYHHbl NPOH3BOABHH-
MH? o o o « o o o « = - JHa dive=0 dive=0 Her
divh=0 divh=0
| l |
Yucno ycnosuit wa tou-
Ky ODpOCTPaHCTBA . . . . 0 9
2 4
Yucao ceobonno 3ana- =
BaEMBIX H CYILIECTBEHHBIX
HaHHBIX B TOYKE NOpo-
CTpaHCTBa, TpeﬁyeMb]x
AAsl pelneHus 3ajayH ¢
HaYaJbHBIMH JAHHBIMH 3 ’
4 5
: 5
YpaBHeHus IBHXEHUA
IOC IIaHHHE, Ompene-
AMOIIME UCTOPHIO . . . —
P ;: x () e=e(T, x, 9, 2) Fos (29 @ o
= p (f) h=h(T, x y, 2) &uv (X9




Mexanuka yacTHIb
C OfHOK CTeINeHbI0

CBOGOAHOE OT MCTOUHHKOB SACKTPOMArHMTHOE
noae B

HCKpHBJCHHOM

cBO6HOABL JIOPEHHOBOM IIpO-
cTpaHCTBe-BpEMEHH NpocTpaHCTBE-BpeMEeHH
Yucno PasIHUHBIX st
]
HCTOPHE . . . . . . . - oo? oo’ L
Yucno pasaHuHHX Ba-
pHaHTOB BEHI6OPA HaYajb-
3 144008 5cod
VBIX H3HHHX . . . . - . [os} 0 oo
«JIBy X1IOBEPXHOCTHAS»
¢$opmyaupoBKa naet
KOODAMHATH H He HaeT ,
’, 4
HMOyJABCHL . . . . . . . x=x Npu t h (x, ¥, 2) inlT gfp-v)nosepx. Ha

x=x" npu t”

h” (x,y,2) npu T”

x=x"(u, v, w) ®

”
(f lW)nosepx. Ha
x=x"(u, v, w)

Yucno HaHHBIX HA TOY-
Ky OpOCTPaHCTBa, MMEK-
mux {¢uaHgecKkoe 3Have-

ge . . . ... ... .| @D+@D=4| 2:3=6 2-3)+@2-1)=8
SIBAIOTCS AM STH AaH-

Hble NPOM3BOJBHBIMHP . . Ha divh=0 divh=0
Yucno ycnouii Ha To4-~

Ky OpOCTPaHcTBa . . . . 0 2.1=2 2-1=2
YncAO npOM3BOABLHBIX

yCAOBMH Ha TOYKy mnpo-

CTPaHCTBd . . . . . . . 4 4 6
Yucno pasanpyHbIX Bbl-

60pOB HagaJbMBIX Jau-

HEIX . « 2 2 o v e e . . oot At aofo
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ObiTb NPHUrOJHBL HE TOJBLKO HA ONHOH 3-NOBEPXHOCTH O,
npoxoasiuiell yepes 3Ty TOYKY, HO M Ha Kaxkjo# 3-moBepx-
HOCTH, Hpoxonsiuiell 4yepe3z 3Ty TOUKy. MHBIMM caoBamH,
BpeMeHHAs KOMIIOHEeHTa BeKTopa V* noaxkHa ofpamatbes
B HYJb He TOJBLKO B JAHHOH JOpEeHIOBOH cucTeMe OTcyeTa,
HO ¥ B KaIOH JIOPEHIOBOH cHcTeMe OTcyeTa. DTOMY ycJao-
BHIO HENb3s YNOBJETBOPHTHL A0 TEX MOp, foOKa He 06pa-
LIAI0TCA B HyJb 6Ce KOMIOHEHTH BekTopa V*. Jlpyrumu
chopaMmy, ogHo ycaoeue (60a), HanoXeHHOe HA HayajbHble
3HaueHUsi B TUNUYHON ToukKe P IUIOC MPUHIMI KOBAPHAHT-
HOCTH TpebyioT, 4YToOHl B 3TOH TOuKe 0Opaimajuch B HYJb
BCE 4eTepe Bejanuunbl Tuma (60a):

23+ 31+ lz—O}N"dlvhu_O’
fn: I fa: I 2; =0

~,r0te+§%“:0,

umm, 6onee Kpatko,
[«B1®] Ofya

=0 (61a)

AxanoruuHoe COOTHOILEHHE MOXHO 3aMHCATH JJS1 BEJIMUUH

606
e ( ) [aﬁa] 0 *f'[ﬁ

=0, . (616)

Takum o06pasoM, U3 ycJOBUH oOpalleHHsi AUBEPTEHIUH B
HyJb U TNPHHIHMIA KOBAapHAHTHOCTH MOXHO BBHIBECTH BCe
ypaBHeHUss MakcBeana Ans 3J€KTPOMArHUTHOrO moJsa. Ju-
HaMMUecKue ypaBHeHHsi MOTYT OBITb HasBaHbl He GoJblie H
He MeHbIlle Kak rapantueil toro, 4r¢ cooTHouenus dive =
= 0, divh = 0 GyoyT BLINOJNHEHH Ha KA%OOL 3-MOBEPXHO-
CTH, NpOBeIdeHHOH uyepe3 Kaxaylo TOYKy P mpoctpaucTea-

7-Bpemenu. B sTom cmblcie 8¢ Teopus c60600HO20 OT UCTOU-

,‘ HUKOB 3/1eKTPOMASHUTHO20 NOASL cBOOUTCA K eOUHCTBEHHOMY
. yTeepitOenuIo, 4TO «CUAO0BblE MUHUL He UMEIOT KOHLOB.

~-  Ecam MBI cMOIM COKPaTHTh BOCEMb YpaBHeHHH Makc-
Be/Ia 10 [BYX TAKHX 3J1eMEHTapHHX COOTHOIUEeHHH, TO
ypaBHedHs o0wiell TeOpHM OTHOCHTENBbHOCTH, TEH30DPHBIE MO
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cBOEMY XapakTepy, MOXHO DPeIyluMpOBaTh €ll€ CHJbHEe,
a MMEHHO CBECTH IecsiThb ypaBHeHuil K oguoMy. JlocTarouno
saMeTutTh, 4t0 (00)-KOMNOHEHTa TeH30pa

Ri— 3 8R—22T, (62)

6yner ofpaiiatecsi B HyJb B KaXIOH CHCTEMe OTCYeTa,
yToObl rapaHTHpoOBaTe OGpalleHHe B HyJb KaxAOH KOM-
fOHEHTH 3TOr0 TeH30pa B OOHOH (W BO BCceX) CHCTEMax OT-
cyera. 10 mpoctoe TpeGoOBaHMe, aHANOTMUHOE YCJIOBHAM
ofpailleH¥si OWBEePTeHLMH B Hy/Ab B 3JIEKTPOAMHAMHKE,
uMeeT BUJL

OR—PAPY + (Pl —2x(exethxh),  (6)
HHBIMU CNOBaMU

KPHMBHU3HH TO# e 3-mo-
BEPXHOCTH, NPoXoxsimed
depe3 Ty ke TOuky P

KPUBM3HBI J1060# 3-nopepx-

WyBapuanr «BHyTpeHHeii»
HOCTH, mpoxoxsimed sepes P

) ! Wupaprant ¢puemHeiis

{TInotrOCTL 3HEprUM (cM~2) 2JEKTPOMATHHTHOrO
= 16“( nojs B TOUKe P Ha 5TOH e 3-NOBEPXHOCTH )
Tlfet -
Bce ypaerenus noss e obweti Teopui OTHOCUTEABHOCTU Mc:]
2yt GoiTo BbL6e0eHbL U3 YTEEPHOEHUSL O TOM, 4TO BHYTpPEH-
HAS KPUBU3HO MUHYC BHEWHAS KPUBU3HA PABHA NAOTHOCTU/
aHepeull.

Ecnu cpaBnuBath 4-mephnoe MHOrooGpasue ¢ aBTOMO-
GUNBHEIMH KPBUABSMH, TO cOOTHOWEHHE (63) MOXKHO cpas-
HHTBL CO CHeNHaNbHBIM 1WAGJOHOM, KOTOPBI# HCNONB3YIOT
A5 NPOBEPKM MNPABHJABHOCTH M3TOTOBJAEHHSA Kpwlaa. Ilpo-
Bepka OyJeT HONHOH TOJBKO B TOM clydae, Korjga maGJjioH
NPUKJIAAKBAIOT K KPHJY BCIOAY M [0 BCeM HampaeJe-
HUsIM — ¢ ceBepa Ha IOT, C 3aNaJd HAa BOCTOK, M MO BCEM
NIPOMEXKYTOUYHBIM HaNpaBJeHUsiM. AHAJOrHUHBIM 00pasoM
npocroe ycaosue (63) Bmecte ¢ coorHomenusiMu dive = 0,
divh = 0 gocTaTodHo nnsi MPOBEPKH TOrO, YAOBJETBOPSIOT
JIH BCceM 3aKOHaM 3JEKTPOAMHAMMKH M OOuleidl Teopuu OT-
HOCHTENILHOCTH COBMECTHO MPOU3BOJBHO 33JaHHAST MCTOPHSA
SJIEKTPOMArHHTHOTO MOJIS M MeTpHuYeckas ucropusi. Kopoue
ToBOps, ypasuerus Onn HaUAABHOLX SHOueHuil OaroT ypas-
Henug Osusicenus 6e3 ypasrenuli Osusicerus.

cgr Tyt 2
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§ 7. 3apanHe Ha4yaJbHEIX YCJOBHMii MO CJOSIM
y ceobopa BEIGOpa TONOJOTUH

7.1. I'panuunobie ycao8us OA8 8APUALUOHHOZ0 NPUHLUNG.
VpaBHeHMs NUHAMHKH yalle BEIBOAATCH W3 BAPHAIIHOHHOTO
NPUHIMIA, YeM M3 COOTHOMIEHHH n/isi HauaJbHBIX 3HAUeHHH.
ATH ABa crnocofa BHBOAA YPABHEHHH COOTBETCTBYIOT [ABYM
coco6aM moJyueHHs XapaktepuctHueckux pemenuit. Oco-
GeHHOCTH BapUAIMOHHOIO METOJa Jy4Yille BCEro HarnoMHHUTh
Ha MpHUMepe YACTMUB C OJHOH creneHnio cBoGomel. Haxo-
OHTCA 3KCTPEMYM HHTerpa.a

Xq tp

L(x, x, £)dt (64)

X by
NpH TPAHMYHBIX YCJIOBHAX «HNOCJOHHOTO» THIla:
X==x;, npu t==t£,

X=X, mpu [==1{,. (65)
DTH YCJIOBHS OMPEeReNsioT UCKOMYIO HcTopuio. B mpotuso-
MOJIOXKHOCTL 3TOMY, [PH «OJHOBpEMEHHO#» (OpPMyNHPOBKe
HayaJbHBIX 3HAUYEHWH 3a4alT KOOPAMHATY, 4 TAKJEe UM-
MyJbe B JAHHBIH MOMeHT BpeMeHH I = f;. COOTBETCTBEHHO
HpPH OonHOBPeMeHHOH (OpPMYJHPOBKE  3J€KTPOANHAMHUKH
poNbL KOOpAMHAT Hrpaer MarHuTHoe mnoje H, 3apansoe Ha
HayaJbHOH 3-MepHOH MPOCTPAHCTBEHHO-NOJOGHOH rumnepmo-
BEPXHOCTH, & POJb MMIYJbCOB — 3JeKTpHueckoe mnoge E.
OnHako, mpHMeHsisi BAPUANMOHHLIM NMPHHIHMI K 3JeKTPOmu-
HaMuKe, BooOine yno6HO paccMarpHBaTh TOJBKO MariHHTHOE
nosie (MAH TOJALKO BEKTOP-HOTEHLHMAN), 3a[aHHOe Ha O08yx
APOCTPAHCTBEHHO-NOAOOHEIX runepnosepxHocTax. CooTHO-
eHye MeXay 3TUMH IBYMS MOAXOJAMH Jierue BCEr0o BHIETh
HpM nepexojie K mpepeny, KOrja gsa MOMEHTa BPEMEHU WK
NBe MOBEPXHOCTH BechMa 6au3KK: Af wian AT = cAf. Torpa
3azaHye x B 062 MOMEHTa BpeMEHM SKBHBAJIEHTHO 3a]aHUIO
X U dx/df B OguH M TOT Ke MOMEHT BPEMEHH; HHBIMH CJIO-
BaMH, 3TO 3KBHBAJEHTHO 3aJaHHI0 KOOPIMHATH M HMITYJb-
ca. AuanornyHo OGCTOMT OeNO W B cJydae MarHHTHOrO
HOJIS.

7.2. IKBUBQNEHTHOCTG <«NOCAGUHONY 1 OOHOBpemenndL
Gopmyauposok 3a0auts € HOYAALHLIMU SHAYEHUAMU 6 20~
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meTpoluramure. B reoMeTponuHaMuKe CATyallMsi aHAJIOMHY-
Ha CHTYAIIMHM B 2JIEKTPOAMHAMHKe, YTO Jieriue BCero BHIAEThb
¥3 pACCMOTPEHHsi CHEIHAJLHOrO CcJyvas, KOoraa OTCyT-
cTBYeT 3JIEKTPOMAarHuTHoe noJje. KoHpurypanuoHHEME KO-
OpJAMHATAMU B 3TOM CJyYae SIBISIOTCH BEJHYUHBI, KOTOPHIE
OTPEeNENsIOT BHYTpextioro 3-reoMeTprio & Ha HauajbHOH
3-MepHOH  MPOCTPAHCTBEHHO-MOJOOHOH [HUIIEPIIOBEPXHOCTH.
(Bce aTH BeJHUMHBl cONepXartca B 3-MepHOH MeTpHKe
@ g, ., KOTOpas He 3aBHCUT OT BHIOOpA CHCTEMBl KOOP IHHAT.)
HIMIyJIbCHl e SBJASIOTCH UHCIaMH, HeOOXOAHMHMH AJS 3a-
JlaHusi BHewHer KPUBU3HBI 3TOI0 3-mpocTpaHeTBa B cBOOOA-
Hofi OT Koopauuar ¢opmynaupoke. Ilpn «nocnofinoit» ¢op-
MYJHPOBKE ONATb HMEET CMHCJ CYHTATh, YTO 330AIOTCH
TONBLKO KOOPAMHATH (T. €. TOJLKO 3-reoMeTpHd &, H &)
JAs IBYX INPOCTPAHCTBEHHO-MOJOOHBIX 3-HOBepxHOCTed!).
B kauectBe npoBepkd Takoil ToukH 3penusi Llapm paccmo-
Tpesa cayudail Oau3kux 3-nioBepxHOCTelt; OH MpPHIUEN K BH-
BOJlY, YTO B 3TOM CJiydde «HOCJOfiHas» (GOpMyJHpPOBKE, Kak
U B 2JIEKTPOJHWHAMUKE, BO BCEX [eTaJsX 3KBUBANEHTHA OIHO-
BpeMeHHOl (OpMyJupoBKe, KOHEYHO, BNOJHE BO3MOXKHBI
BCAKHE HEOXUIAHHOCTH B CJyvyae, KOTAA 3TH MOBEPXHOCTH
JOCTATOYHO yAaneHsl ogHa OT Apyroil. Ecau 310 He nMeer
MeCTa, TO B MNOCTAHOBKe 3a1auH B reOMeTPOAUHAMUKE MOXK-
HO OGOHTHCH OTHICKaHHEM 3-FeOMeTPHH & ¥ BHeIIHeH KpH-
BU3HB P UL Ha OAHOI NOBEPXHOCTH, KOTOPHE MOJIIKHLI
GelTh cOTJIacOBaHBl APYr C APYrOM B CMBICJI€ COOTHOIIEHHS
Insg HauanbHeX yeaoBuit (63). BMecto sToro docrarouro sa-
Oarte cosepuienno ¢80600HO Kakue YyeodHo dge 3-zeomeTput
&\ ~u &y T020a YpasHeHus 2eoMETPOOUHAMUKL NO3BOASIOT
cTpouts u3 ITux 0syx 3-eeomerpull 4-eeomerpuro, onpedenssn
npu 3TOM «PACCTOAHUE» MenOy O8yYyMsa 3-noOBepxHOCTAMU, O
TaKste ux BHewMoto kpususuy. Kakas upesBwvyaiHO npo-
CTasi ¥ KpacuBasa cutryauus!

7.3. ToHkoCTU y4eTa BpeMeHu 6 «HOCAOUHbLXY OaHHBLX.
Ipu «nocaofitoii» GOpMyJIHPOBKE 3anauu OMHOH YACTHIIH
HMeJI0 MeCTO 4eTKOe pasjHuHe MeXAy BPEeMEeHHEIMH KOopiau-
Hatamu £, f; 1 KOH(QUrypaLUOHHHIMH KOODAHHATAMH X1, Xg.
M He Tak. JlOCTaTOUHO 3anaTh reomerpun &, u &,

') Aptop Bmipamaer npusHatesbrocts JI. Ilapny 3a coo6uenue
HeonyGsinkopaunbix pe3yJbTATOB MO NARHON 3amade, a TaKXe eMy Ke
¥ npot. Y. Musnepy 3a BecbMa leHHOe 0GCYXKIeHHe 5TOf 3amaum.



90 T'rasa I

u Hudero Gosee, yToOOBl 3afaTh HE TOJNBLKO MPOCTPAHCTBEH-
HYI0 TeOMeTPHIO B 3TH JIBAa MOMEHTa BPEMEHH, HO TaKkKe U
yKa3aTb, ede HaxomaTcd 3TH 3-MepHble [eTanu OTHOCH-
TEJILHO IPyr APyra H OTHOCHTENBHO BCeX WHBIX jeranei
HPOCTPAHCTBa-BPEMEHH, KOTOPOE OHU onpenesitoT. JlaHHBIe,
cogepxkaumecs B &, 1 &9, XOTH ¥ OTHOCATCSH K YHCTO MPO-
CTPAHCTBEHHO-MOAOOHBIM [OBEPXHOCTSIM, TEM He MeHee
NpeACTaBAAIOT cO00H HepasphlBHYIO KOMOMHAUNMIO MH()OP-
MallMu o npocTparcree-epemenu. lllapn, Hanpumep, cMor
OTPAaHUUMUTHCH PACCMOTPEeHHEM cJydasi Hapel 3-HOBEPXHO-
cTelf, KotTopeie GJIM3KH OfHA K APYro, OrpaHHYMBasiCh CJy-
gaeM, kKorga o6e 3-reoMeTpuy OBLIH MOYTH OOWUHAKOBHIMM.
B stoM cnyyae OH CMOr 8ni8ecTu SIBHOE BHIpAxEHHE 15
BPEMEHHO-NOAO0OHOIO pAacCTOAHUST MeXAYy 3TUMH [OByMS
3-HOBEPXHOCTAMH.

7.4. Ilepecuer uucaa uctoputi. Jlerko mpoOU3BECTH elile
OIHY NPOBEPKY COIJIACOBAHHOCTH N AHHOTO aHAa/MH3a, eCJH
CHOBA HOJICYMTATHL YHCJIO PA3JHUYHBIX UCTOPHH (mJsi MPOCTO-
TH B YAaCTHOM CJiy4yae OTCYTCTBUsI 3JEKTPOMArHUTHOrO IO-
as). Iaa kKaxaoll npocTpaHCTBEHHOH TOYKH HA OAHOM Io-
BEPXHOCTH YUCTO HE3ABUCHMBIX JAHHBIX PABHO

6(¥g,,,.) —3 (cBoGopna BHGOpa 3-koopauHat)=3. (66)

M3 3THX TPeX JaHHBIX IBA MOXKHO CYMTATH COOTBETCTBYIOLIH-
MM aMIJIMTY/le TPABUTAUMOHHBIX BOJH B JIBYX PasJIHUHHX CO-
CTOAHUAX NOJAsPUSaNKH; Ja1060e H3MeHeHue TPeThell NPUBOANT
K CABUTY OaHHOH OKPECTHOCTH Ha THIePHOBEPXHOCTH BHEPEN
Jrb0 Hasaj no BpeMenH. XoTs aHaau3 Pypre Henpuromex
B MCKDHBJIEHHOM MPOCTPAHCTBE, CleAYeT HANOMHHUTBL M
CBSI3M C NPHUBBIYHBIMH 00pa3aMH, 4TO 3aaHHe AMILUIUTYH
HOJIA OCUMJIJIATOPA Ha ABYX HapaJjJiebHBIX NPOCTPAHCTBEH-
HO-MOJOCHEIX MOBEPXHOCTSAX OOBIYHO OBIBAET JOCTATOYHBIM
JJIs 330 aHUS ero ammJIUTyAbl M MOJIOKEHUsI B OJJMH ¥ TOT XKe
MOMeHT BpeMenH. OleHKa yncja pasaMYHBIX HCTOPHil, Oye-
BU/IHO, C HOMOLIBLIO JAAHHBIX UJIH APYrHX aHaJOTCHYHLIX CHO-
co6oB paer

N, rpas, = oot (67

Ha stoMm nopcuer 3akanumpaerca. OOpaTuM BHMMaHde Ha
TO, UTO COBEPILEHHO HEBO3MOXKHO CKa3aTb, KaKas W3 Tpex
BEJIMUMH, 33JaHHBIX /i HEKOTOPOH TOUKH B &1, OMNHCH-
BaeT spemsl
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7.5. Cesase ¢ Ksanrosoli Teopueii. «Ilocnofinasa» ¢op-
MYJHPOBKA [IMHAMHYECKOH 3ajayd mnpeicTaBjsieT 3Hauu-
TenbHBIH MHTEpPEC BCAENCTBHE TOTO, YTO HMEPEMeHHble, 3a/1a-
paeMble Ha JBYX NOBEPXHOCTAX, ABJSIOTCA B TOYHOCTH TEMH
e MepeMeHHBIMH Ha OJHOH MOBEPXHOCTH, KOTOPHE fABJAIOT-
¢ HEe3aBUCHMBIMM [€DEMEHHBIMH BOJHOBOH (DYHKIMH B KBAH-
TOBOH MEXaHHKe:

$(x, £) — ons rapMOHMYECKOro OCIMIIATOPA;
¢(H(x),t) —nns snexrpoMarHUTHOro nons [coorxome-
mue (12)]; (68)
(&) ~— AUl SHCTO TPABHTAUMOHHBIX BO3MYIe-
HHi ).

i

7.6. Karosa cso6o0a 8 swvibope tononoeuu? Banskas
CBfi3b ABYXNOBEPXHOCTHOH (hOPMYJHPOBKH H KBAHTOBOH T€O-
pHH TIOAHHMAET BOMPOC, HACKONBKO 06uyelt MOxKeT OblThb reo-
Metpus &? Hackoabko mupokunil Kinace TOMOJOrUH caepyeT
paccMarpuBaTth? UToOw rayGxke mnoHsaTh 3Ty mpobaemy,
GbITH MOXKET, HMEeeT CMHBIC/ 00paTHThCs K KJIACCHUECKOH Ba-
pualmonHoit npoGieMe, Kakosa cBoGoia BHIGOpA TOMOJOTHH
Ha ABYX CTOpoHax &, u &, Hamero «cauasuya»? Ilpog.
Y. Mussep uH(popMupoBas MeHs, 4to npo¢. P. Tom B pam-
Kax cBOell TeopuH «KOOGOpAH3Ma» [0Kasal TeopeMy, KOTO-
pasi B HECKOJIbKO BOJIBHOM H3JI0KEHHH COCTOHT B CJefyio-
e, 3aganue JIOOBX IBYX HECHHTYASPHBIX TOHOJOMMYECKHX
(He 00si3aTelbHO MeTPUYECKHX) 3-MPOCTPAHCTB MO3BOJISIET
NOCTPOUTH MEKIY HHMH HECHHrYyJAsPHOE TOIOJOrHUECKoe
4-npoctpancteo. [lpy 3TOM Her HeOOXOAMMOCTH B TOM, HTO-
6Bl TOMOJIOTMM [ABYX 3-MPOCTPAHCTB OBJIM OOUHAKOBBIMH.
310 06CTOATENBCTBO HABOLUT HA MHCABL, 4TO Ha obeux no-
BEPXHOCTAX 8 KAQCCUYECKOU 2€OMETPOOUHAMUKE MONCHO Bbl-
6pare kaxkyto yeodro Tonoaozuto. DTO MPUBOJUT K MBICJH,
YTO BOJIHOBO# (GyHKuMOHAN ¢ (&) Ooascen pacemarpusarses
onpedeneHHoLm NpuU 8cex TONONOSUAX.

§ 8. Hoeas Tonosiorusi, oGHApyKeHnas B CTAPOM peELIEHUH,
Metpuka LHBapumuasna

8.1. Brewmnee peuietue; e20 npuUMEHERUE (L MOKCUMAABHOE
npoQonxcente. iz Bcex caefcTBHIl ypaeHenuit IdiiHmTeina

) Mb npusnatensin npod. B. me-Burty, mpod. Y. Musmepy u
A Wapny sa uennmie AMCKyccum MO STOMY TPeTheMy myHxTy. CMm. [12].
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Hexorophie npeliCKasaHus O6nell TEOpPHH OTHOCHTEJIBHOCTH

ekt [pesckasaune Habmonenus
OTKAOHEHHE 1,751” nas cBera, npo- HNmeercs MHOro Habmo-
cBera, NpOXO- | Xomsimero y Kpas JUCKa | mae€MbiX 3HAYEHHH OTKJO-

IAIErO OKOJO
Coanua

Coanua

HeHHs '), U3 KOTOpHIX IBa
THUNHYHbIE 3HAYEHHs], DOy~
yeHHble B 1947 u 1952 rr.,
coorseTcTBeHHO naioT [38]
201" 027 u 1,70” = 0,10

I'pasurauvod-| Commne (Mg, Rg): CanmkoM Mano nas Ha-
noe  kpacuoe | 0,6 xufcer IEWHHX H3MePeHuil BBHAY
CMeIeHue, nepe- 3HaYUTENbHBIX CKOPOCTEd
CYMT3HHOE Ha notokos rasos ([39]; oM.,
SKBHBAJAEHTHHIH onunako, [40})
monnnep-3¢-
dexr

40 EriB (043 M, 21 x4 renjcer [41}2)
0,016 Rg): (173) rcnfcer

Sirius B (1,0 MG, Heyno6uo nns wamewx-
0,008 Ry): 79 kmjcex HBIX H3MepeHHH [42] 2)

IIBe Toukm Ha 3emae, Hamepeno npu ucnosb-
pasigeseHHHe 1O BhicoTe | 30BaHHH sddexkta Macc-
Ha 22,5 M:Avfv=4,92-10""%| Gayspa [44} Av/v=

= (5,13 £ 0,51)- 107"

[Ipeueccus Mepkypuit 43,03 42,56 + 0,94 3)
nepurenus op- Benepa 8,63
6uTH (B CeKyH- 3emas 3,84 4,6 = 2,7%)

Jax AyTH B CTO- Mapc 1,35

JETHE)
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3ddekt INpenckasanue Haé6aoneuns
JlunaMuye- Bcenennas nocrosunoft Pacmupenve neiicrBH-

ckue 3(pgeKTH
o Bceaennoii

KPUBH3HE Oyner pacmu-
PATbCS H CHOBa CXH-
MaTbesi.  DKCTPanosupo-
BaHHOE BpPeMsi C Hagaja
pacmupenns Gyner mnpe-
BHILIATh JAEHCTBHTEABHOE
spems B 1,5 pasa. O6a stu
yHcHa BMecTe AOMyCKaT
OpejcKasaHHe HUKHeH u
BepXHEH TPaHHL cpen-
HeHl MNAOTHOCTH Macchl-

TEJIbHO Habmonaercs. 3Ha-
YEHHS NBYX COOTBETCTBYIO~
LMX BpeMeH MOryr OHITb
ONpeneneHs JHIb C TOY-
HOCTBYO O MHOXHUTEAs NO
kpafineit Mepe 2. Hukakas
y6enutenbHas  npoBepKa
COTJacHs 3TOTO OTHOIIE-
HUS C IIPEJCKa3aHueM JOKa
470 HeBO3MOXKHa. Cpennss
IVIOTHOCTH MacChi-9HEPIHH

TAaKK€ CJHIIKOM Heonpe-
IeAeHHa nas yoenuTeapHoH
OPOBEPKH TeopuH %)

sHepruu Bo BceseHHoOH

—_—
") Mpexpacuyio ceoaxy nabaonennit B0 Bpemsa SaTmenuii COMHuA M pe3yAbTaToB
BO3MOXHBIX yMeHbUIEHHH HabalopaeMblX 3Hadeuuit cM. B KHHre Mai-Butru [37].
% Cornacno . Kynepy (xax uutupoBauo B xHure Max-Burtu [37]), paccesunoe
B 3eMHOfl aTMocdepe H3JyueHHe, NepBOHauanLHO obsnzaHmoe Sirius A, npHMeiuvBaeTcs
K npaMoMmy uaayyenmio ot Sirius B, yr0 paer usayueHue € H3MeHEHHHM KPACHHM
eMemenney, TpebyomuM nonpasku, OTHOCHTeNbHO O€JBIX KApAHKOB M paibHeillero
ofcyxmaenus cM. B kHure [43]. Aptop Bbipaxkaer npHsHarteabHocTh npod. Y. Braea-
Many u nmpodp. M. HIpapmunabpy 3a ob6cymienune acTpopH3HUECKHX HOKA3ATENbCTB.
8) HNanpHeilee of6CyxueHHe cM. B Fa. V Hactosilieil KHHTH.
Gonee Bcero usBectHa ¢opmyna Hlsapumunbia nas uHTEp-
Baya — pell€HUE B 4YACTHOM cJjyyae C(i)epH‘JECKOPI cCUMMeT~

PHY ¥ B OTCYTCTBHUE 3JJEKTPOMArHUTHOIO MOJs:

*

ds? = — (1 — 22V a2 4 {0 41 (A2 - sin? 0 di).
r 1—2m*r -
(69)
H3 storo pewenus B 061acTd BHE MACCHl CJEYIOT TPH Hau-
Gosiee n3BecTHLIX NpencKasaHus obulell TEOPHH OTHOCHTENIb-
HOCTH: rpaBHTALUMOHHOE KpacHOe CMelleHue, OTKJIOHEeHHe
CBeTa rpasdTaudOHHLIM noseM CosHL, MPeLeccHs mepure-

Jiust op6utel (Tabn. 6).

Peutensie (65) MHOrIa HA3BIBAKOT «BHEIUHUM» pELIEHHEM
B OTsinyde O1 APYrOro pelleHHsi, ¢ KOTOPHIM OHO CHIMBaeTrcs
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¥ KOTOpOe CHpaBeAJHBO B OONACTH C HEHyJieBOH IJIOTHO-
CIBI0  «peajibHOH» Macchl. Takoe «BHyTpeHHee» perieHUE

0.

XY
000,
WN

9,
K
o::
<X
03

%

%

45
Dl
oS

i

QR

2

¢ ur. 10. Mpeacrasaenne Kpyckasna ans mBapumuabpoBCKOil METpPUKH
B KOOpAMHaTaXx & (pOCcTPaHCTBEHHO-NIONO00HBIX ) M ¥ (BpeMeHHO-TIONOGHEIX).
3710 npeacTaBAeHKe ¥MeeT NperMyl1eCTBO Nepen ObBIYHEMH KOOpAHHATaMH, NOCKOJNbLKY
B HEM OTCyTCTByeT CBofiCTBeHHass OOBIYHOMY IPEACTABACHUI0 CHUHTYJASPHOCTL MpPH

r=2m* v nojyepKuBACTCH UpHCyWas 3ajade CHHryaspuocrk npH r=0. Kpyckan sa-
NHCHBAET METPHYECKYIO (QOPMY B Buje

ds?= f2(—dvi4-du?d) +r2 (d02+-sin? 0 dg?),

9.1
r r
— ) =12 —79,
[(2m* ) l]exP[2m$] w
T 2uy
P =arcth F‘F_'UT
H
32m=> r
2= raad [—- o ]=(Tpaucuennemuan dysKunus or u?—vd.

Hynesbie reomesnyeckne NPOXOAAT MOR YTIOM x 45° Jlas Koneusoil (M TOABKO pas Ko-
Heunoil) obaacty 3Ha4eHHH BpeMeHHOHl KOOPAMHATH ¥ METpHKA CBOGORHA OT KaKHX-11H60
curayaspuocreit, [eoMeTpua npocTpanCTea, HepaspHBHO CBs3anKas ¢ pewenneM IIsapu-
wHAbRa, Aydiue scero suana npu =0, IlpocTpancTBennas HacTb METPHKH ONKCHIBAET
IB3 9BKJAHZOBLIX [POCTPAHCTBA, MAABHO MepeXoRALIMX ORHO B ZPYroe depes pyKas
{cM. ¢ur. 11). Ecan orpannunpathbesl TOALKO paccMotpenyeM obaactu r 2> 2m* g o0biw-
HOM fpeAcTapjenud IBAPLITHALAOBCKON METPUKH (3alITpuXoBannas 061aCTh Ha cxeMe),
T0 9TO NpHBeAeT K BHOpacHBanuio 60bINONA 1 COBEPIICHHO peryAsipHON 4acTH MpoCTpaH-
CTBEHHO-BPeMeHHOro MHOr006pasms, 4acri, KOTopas, KpoMe TOro, HeoBxOnHMa Ajf Npo-
CJIeHHBAHUSA HCTOPHH BCEX BO3MOMMHHX FeOfesHdeCKHX JHHHI.

HMEeT CMEIC] PACCMATPHBATH B HEKOTOPHIX MPHJOKEHHSX.
Ho 6onee unTepecer 3fech NMPUHUMIHAJBHBIH BOMPOC: Ka-
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KOBBl CJIEJCTBHS NMPELNOJIOKEHHSI O BCIO0Y NYCTOM WUCKPH-
BJEHHOM MPOCTPAHCTBE?

B OTCcyTCTBHE «peasbHBIX» Mace TpeGoBaHHe cdepHye-
ckofi cMMMeTpUH Hen30exHO NMPHBOLMT K METPHKe, KOTOpas,
JONyCKasg BO3MOXKHOCTB NpeoOpa3oBaHUil KOOPHHMHAT, 3KBH=
paseHTHa (69), uto paBHo Gblno nokasaHo Bupkrogom. Ta-
Kas MeTpuKa o6nanaeT HenpusiTHOH OCOOeHHOCTBIO: &,
cTaHoBsiTCA OeckoHeuHbIMH, a g, 0OpallalTcs B HYJb,
ecan r = 2m* OpHako MBOTHE ABTOPHEl OTMETHJIH, YTO CHH-
ryJapHOCTL TpH r=2m* gpaserca Jullp KaxyuleHca.
OBna BO3HHKAET BCJEJCTBHE HEMOJB3YeMOH CHCTEMBI KOOP-
JUHAT, a He 3a CYyeT Yero-TO CHHIYJAPHOIO B CaMo#
BHYTPeHHell reoMerpuy npu r = 2m *. B atoif TOuKe 6ce 8e-
AUHUHBL, KOTOpble ONUCHIBOIOT KPUBU3HY MHO20006pasus
UHBAPUAKTHOIM 00pasom, asaawTca koHeutumu. Kpyckan'!
[OKa3aJ, YyTo CYILIecTBYeT CHCTeMa KOOPJAHHAT, B KOTOPOit
METpPHKa peryJifpHa B Kakof-TO HauaJbHBII MOMEHT, eciu
CYIHTHh MO MHBAPHAHTAM KPHBHUSHBI, H OCTAETCH PErynspHOil
N5 KOHEYHOro cOOCTBEHHOTO BpeMeHH B mpoiijoM # Oymy-«
wem (dur. 10). dta merpuxa npencrasisger coboll marxcus
masvroe pacuupernue metpuku Llsapyuwuseda: tTonpko Ta-
KOe pacliiipeHHe MPOCTPAHCTBA NO3BOJISET MPOLOJKHTE KaX-
Y10 reone3nyecKylo nepBoHauanbHOH 00nacTH 1o Tex mop,
noka oHa Jubo yiger Ha GeckoweuHocThb, MO0 Bofiner B
obsactb (BepXHss W HUXHAA runepboanl Ha ¢ur. 10, obo-
aHauenHrle r = 0), rne BHyTpeHHfs KpHBU3HA OecKOHeYHa.

8.2. Hosas tonoaoeus, skaouarowas «py4kys. I'eomer-
pus, K KOTOPOH HAC HEOTBPATUMO BERYT 3TH PACCYKJEHHH,
HE HMeeT 3BKJIHXOBOH TomoJornd. BMecto 3toro caemyer
ApeACTaBUTh KaPTHHY, H300paxkeHHYI0 Ha ¢Hr. 11. Mul Bu-
OMM He OfHO, a JiBa 3BKJHJOBHIX MPOCTPAaHCTBa, COeJUHEH-
HBIX «MOCTOM», €CJIH YHOTPEeOUThH TePMHHOJOrUI0 IDiHITEH-
Ha 4 Posena [49]. B xauecTBe fpyroif BOSMOXHOCTH MOXKHO
npexctaBuTh cebe 1Ba JHCTA KaK [Be Pa3jHyHEIE YacTH Of-
HOro H TOro XK€ 3BKJHWLOBOr0 MPOCTPAHCTBA, B AelcTBUTENb-
HOCTH CTOJb YynaJeHHBIX APYr OT ApYyra, 4To HHKOrma He
NposiBaseTcss HUKAKOro UX B3aHMHOrO BJIMSIHHS yepe3 «Ha-
PyKHOEe MpOCTPaHCTBO». B TakoM cayuae COeNHHEHHE MO-

1} Cwm. [47]; sta pa6oTa B HEKOTOPHX OTHOIIEHHSIX NPEABOCKHMILEHA
@pouznenom [48], KOTOPOMY MBI BHIPa)K3eM NPUSHATENLHOCTH 3a COO0-
UleHHe pe3ysbTaToOB CBOell paboThl o ee ONyGAHKOBAHHUS,
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XeT OblTb Ha3BaHO AJ1 HAIJfALHOCTH «KPOTOBOH Hopoit»!),
MAH, MOJb3YysACH MNPHHATHIM  TOMOJOTHYECKUM TEPMHHOM,
«pyukoii». Ecan OBl MpOCTPAHCTBO GBLIO CTATHUECKUM, TO
NTHI@ Moryia Ol BJ€TETh B OXHY TOPJIOBHHY M BBLTETETDH W3
apyrod. PaccrosiHue BROJIb 3TOH PYYKH OT OAHOH rOpJIOBH-
HBEl 0 APYrofi He vMeeT KakoH-JTHOO CBA3W C PACCTOSHHUEM

N AN W I T 7 J/
o A L W VO R 77
NS Sy A S === 7 7
© LV N S S S 4 — 7
N MR VAR N O — 7 7 i
\\ A A}
X
\D Ay A — T F ri jl A
— AV T T "3 T 1. 7
- - 1 k1 L 1 L

P ur. 11. Ise uHTepmperauuys TPEXMEPHOH ,MaKCHMalbHO PacmiMpen-
HOI! IMBapUIIHAbIOBCKON MeTpuku* Kpyckana npu koBpemeny T = c¢f = 0.

Beepxy. Cpsisb B cMbicqe Jitmwreiina—Posena Mexny asyms NpOCTPAHCTBAMH,
KOTOpHE B ApYTrHX OTHOLIEHuSIX 39BKAMAROBBL. Buu3y. Pyuka [28], ceeassBawwas nee
006.JaCTH O0HO20 U MO20 Jice 3BKAMROBA NPOCTPAHCTBA, B Mpefe]bHOM Clydae, KOMRa
9TH 062CTH 4YPE3BHYAAHO CHABLHO yAAJEHBl ORHA OT APVIOfl, MO CPABHEHMIO € AJAMHOMN

PYUKH.

B OTKPBITOM NPOCTPAHCTBE MEXKAY STHMH K€ CAMBIMHU rOpJIo-
BUHAMH. DJEeMEHTApHOH HAMIoCcTpauMedl storo 6yger JHCT
OyMaru c MaJblM OTBEPCTHEM B BEpXHEH MOJIOBHHE JIHCTA
(s10 Oyner olHa TOpPJIOBHHA) M C TAKHM e OTBEPCTHEM B
HUXKHeH MOJIOBHHE JIMCTA; 3aTeM COrHeM Oe3 M3J0MOB JIHCT
TaK, 4to0bl 06e «TrOpJIOBHHE> HaKJIagblBaauch. B 3ToM cay-
yae [JIMHA PyKaBa HyJjeBas, a BHYTPEHHsisi F€OMETPHS ero
BCE elle OCTajlach 3BKAMAOBOA. B aHanornumom 3stomy
3-MepHOM caryyae NTHLA NpoJieresia Gul MOuTH MTHOBEHHO H3

) ¥ asropa wucnoneayercsa TepMur «wormbicle» (6ykeaibHo «HOpa
uepss»). 3mech H B gajibHeleM Mbi GyHeM NOAL30BATLCS TEPMHHOM
«pyuKa», TPHHATBIM B TONOJNOTHH, & TaKKE TEPMHHOM <PYKaB». —
Hpum. ped.
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e

OLHOTO MecTa B ApYroe, yrnajeHHOe Ha MHJH, €CIH H3Me-
pATb TO PACCTOfHME B «BEpPXHEM NpocTpancTee». OQHAKO
merpuka HIBapummabna, KoTopas KakeTcsi CTATHYECKOM B
KOOPAMHATAX cOOTHONICHHs (69), maneko He cratHyeckas B
koopauHarax Kpyckana. HMcrnosbsys ero KOOpAHHATHI, MOXK-
HO [0Ka3aTh, UTO YACTHIE HUKOTLa He XBaTHT BpPeMeHH AJf
TOro, UTOOHI NpOHUTH H3 JOCTATOYHO YHAJeHHOH TOUKH BEpX-
HEro MPOCTPAHCTBA B NOCTATOUHO YHAJEHHYIO TOUKY HHXK-
HEro NpoCTPaHCTBa. B 5TOM cMBICie He BO3HHKAeT MPOTHBO-
peunii ¢ 37eMEeHTapHLIM NOHSATHEM NP AYHHHOCTH.

8.3. Pyuka Oonyckaer wucto zeomerpuseckoe onucanue
sadauu Osyx Ten. JIBe ypasleHHbBle gpyr OT Kpyra ropJjoBH-
HBEl PYYKH HMEIOT Maccy B TOM CMEBICJIE, YTO METPHKA B OK-
PECTHOCTH KaXKno#l TFOPJIOBHHBI MMeeT LIBAPLIHHIbIOBCKHI
XapaxkTep aHaJIOTHYHO MeTpuKe BOJM3H «peajbHOH» MacChL
B cuny 3T0ro oH# AOMKHH HCHHITHIBATH HBIOTOHOBCKOE MPH-
TaxeHue. TakuM o6pasoM, pyuka obecneunBaeT cBOGOLHBIN
OT CHHFPYJApHOCTefi H UHCTO reOMeTPHYECKHR BapHaHT HblO-
TOHOBCKOH 3apgaud [BYX OZMHAKOBBIX Macc. AHanu3 THMHa
Bitnmirefina — MHpenbna — MNodpmana nokasbBaet, uto 371
nBa «oObekra» OyayT HPUTACHBATBCH APYT K APYrY OXKH-
NlaeMbIM 00pa3oM MPOCTO KaK CJAENCTBUE YpABHEHUH MOJIS
camux 1o cebe. MubiMu cioBaMu, KpuBH3HA OyneT pacTd y
6nuKalillluX CTOPOH TOPJIOBHH H YMEHbUWATHCS Y yIaJeHHBIX
CTOPOH, TaK YTO nBe HCKpUBJeHHBle ob6sactd GynyT cOam-
KaTbcs.

TonbKO UTO OnHCcaHHAA CHTYAlMd C EBYMS TeJaMd npeg-
CTaBisieT COOOH THIMUHYIO 3a4ady YHCTOM reoMerpoguHa-
Mukd. Bce npouwnoe v 6ynyuiee onpepensiercs, ecaH 3ana-
HHE COOTBETCTBYIOLIHE TI'eOMeTpHUecKHe HapaMeTpel Ha Ha-
HaJLHOH MHPOCTPaHCTBEHHO-NOnO6HO! nopepxHoctd. OnHako
HayaspHble naHHBle enle He ompenesieHbl! OHu MOryT 3ana-
BaThcy C ropasao 6GoJiblieli CTefleHbIo NPOU3BOJA, YeM MOK-
HO oxupaty nnsl 6 HAYaNbHHIX KOOpaHHaT U 6 HauajbHBIX
AMnyapcos B Teopud Hplotona. CMBICHT 3TOT0 HETPYAHO MO-
HATh. Maccsl 6yayT NMOCBLIATH PPABUTANMOHHBEIE BOJIHEL, MO-
CKOJIbKY OHM YCKODPSAIOTCS HABCTpeuy npyr Apyry. Ho rpasu-
TalHOHHOe H3JyueHHe MOXeT, i B obuieM ciayyae Oyner yxke
HMeTh MecTO M LHPKYJHPOBATEL IO IPOCTPAHCTBY, KAK TOJb-
KO Maccwl HauHyt cOnuxateesa. Takum o6pasom, umeercs
HEeOrpaHHueHHOe MHOXKECTBO 3a1aY LBYX TEJ, MOMJEKALINX

7 3ak. 3001
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ananusy. Cpenu storo Maoxecrsa Musnep [60] BoiGpan He-
KOTOpBIE 3a7a4H, KOTOPbIe OKa3aluch 0COGEHHO MPOCTBIMH.
OH cdopMynnpoBal nJjf HHX TOYHBIE CaMOCOIJIacoOBaHHBIE
HauanbHble nanHole. JlanbHelminii aHaniusa OmHOM K3 STHX
3agay ¥ MOJHBIH pacuer Beell cynbObl PYUkH SIBJAAETCA aK-
TyanbHOW 3apauvel, moajexanied aHanu3y, INO-BHAHMOMY, C
[FOMOIIBIO 3JEKTPOHHOR BBHIUMCINTENHHOH MaliHHbL.

§ 9. 3apsap Ges 3apsapa

9.1. Coxpanenue notoxa uepes pyuxy. Ecau nHanbojee
M3BECTHBIE pelieHHs ypapHeHHHl JiiHmrefiHa 3acTaBaAlT
HAC PACCMATPHBATDH MOHSTHE MHOrOCBS3HOrO MPOCTPAHCTBA,
TO K KaKUM CJEJICTBUAM HPHBEIET MHOTOCBA3HOCTL B MPH-
CYTCTBHH 3JeKTpoMardHdTHoro nong? Takoi#l Bompoc mpHBO-
IUT HEeMOCPEeICTBEHHO K KJaccHyeckoMy o0pasy aJeKTpuue-
cKoro 3apssa [28].

®dur. 12 unncTpupyer CUTyaluioo, npH KOTOpPOH 3jek-
TPUUECKHE CHJIOBHIE JHHUH HpoxoadT uepes pyuky. OHu
BCIOAY YIOBNETBOPSIIOT ypaBHeHusiMm Makcsenna. Benenci-
BHE 3TOr0 MOJHBLIA MOTOK HAMPSKEHHOCTH 3JIEKTPHYECKOro
1o uyepes TrOpJAOBHHY pYYKM HE MOXKET MEHATbCA CO
BpeMeHeM, HpPUUeM He UMeeT 3HaueHHsl, HACKOJbKO Hepery-
JIIPHO 3JEKTPOMArHUTHOE MOJIE WM HACKOJBKO CHJBHO MHC-
KPHBJIEHO TPOCTPAHCTBO W KaK H3MeHfeTcs cO BpeMeHeM
pasMep TOPJIOBHH H YZAJEHHOCTb UX APYr OT ApYyra, IOKa
He MeHsercs Tonosordda!). CrhemoBatesbHO, 3TOT HOTOK
YIOBJIETBOPSIET 3aKOHY COXPAHEHHS SJIeKTPHUECKOro 3apsnga
0 mosicer ObiTe OTONHCOECTBACH ¢ IACKTPUHECKUM 3QPAOOM.
O6patuM BHHMAaHHE Ha TO, YTO 3m€Chb HHTLE HET KaKoro-
apbo «peanbHOro» 3apsana. TakuM o6pa3oM, UMeeM YHCTO
reoMeTpHuecKoe OnuCaHue SJEKTPHUECKOro 3apsina C IHo-
MOIIIbI0 METPUKH M TOMOJOTHH UCKPHBJIEHHOrO MyCTOrO Mpo-
CTPaHCTBA, WJIH, KOpoue rosops, 3apsd bes sapaoa.

3apsan, u3o6paxeHHu# Ha ¢ur. 12, gBnsgercs uucro
KJIaCCHUecKdM THroM 3apsana. OH He uMeeT Kaxkoro-jau6o o1-
HOIEHWS] K KBAHTOBAHHOMY 3apsiAy 3JEMEHTaPHBIX YACTHIL,
I KOTOPOro MpeanoJaraeTcsl coBepiieHHO HHOEe ONMHCaHKe.

9.2. T'eomerpoQunamuueckuii «3oonapks. VITak, temepn
MOXHO CUHTATH, UTO MOJOXKEHO HAYAJO 34CEJEHHIO «300J0-

1) Dra teopema chopmyinposana Muzuepom (em. [13]).
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FMUECKOro cajga» reoMeTpofMHaMHKU. B HeM HMeEITcs Te-
nepb: 1) 3jexTpOMarHuTHbIE BOJHH, 2) 3JE€KTPOMATHHTHBIE
reoHbl, 3) rpaBHTaNHOHHLIE BOJIHBEL, 4) rpaBHTANUOHHBIE re-
OHH, D) He3apsXKeHHble TOPJOBHHLI PyueK, KOTOpLIE [BH-

® ur. 12. CuMpoauueckoe u306paxeHne K.AACCUHECK 020 S3NEKTPUYECKOTO
3apsifa: pyuka, 4epe3 KOTOPYO NPOXOIMT 3J€KTPHYECKHMI NOTOK.

Ha6aoratento, pacnonarapomeMy WHCTPYMEHTaMM € HM3KOP paspeluaomwefi Cuioii, ABe
TOPJIOBHHH NpPeACTABASIOTCS 3JICKTPUYECKHMHI 3apsjaMi, PABHBIMU 10 BEAMYMHE H IPO-
THBONOJOXKHBIMY no 3HaKy. C TOUKM 3peHus 3-npocTpaHCTBA Habaonateab OOHAPYMHT,
YTO CHAOBHLIE€ JHHMH BBIXOASIT H3 OTBEPCTHS, BANOJHAS TEJECHH yros 4w.

B npyroit obaactH oH 06HApYMHUT CXOASIUMECs CHAOBBIE JHHMM, TAKKE 3aANONHSIO-
utne Tenecustit yroa 4r. OH MOMET MOCTPOHTH OTPaHMUMBAIOILYIO SAMKHYTYIO NOBepX-
HOCTh BOKpYT NPaBoro 3apsifa, onpeleidTb HOTOK Yepes 3Ty ,IPaHuIy”, HEKOPDEKTHHIM
06pasom npuMensis TeopeMy 'aycea, 1 ,BLIBECTH® OTCIOAA, YTO BHYTPH STOH MOBEPXHOCTH
Haxopurcs sapsg. Ho sro me rpanuna. To, yro ew oxBartuiBaeTcs, (QUrypaibHO BLIPa-
MaACh, MOXET BOMTH B rOPJOBHHY PYYKHM, NPOHTH 4Yepes pYKaB, BuIATH M3 APYroil rop-
JIOBHHEL PYUKH ¥ BO3BPAaTUTLCA He€pes OKpyIKallee NOYTH IBKAHAOBO MPOCTPAHCTBO.

CunoBole JUMHHM HUre He KOHYaloTcd. YpaBHenuss MakcBenna HHIAE He TepslioT
cuny, Heavas yxasaTb, Te HAXOOMTCH HEKOTOpHI 3apss. 37a kaaccuteckas MoLeab
SJEKTPHYECKOro 3apsila He WMeeT HHKAKOr0 HeNoCPEACTBEHHOro OTHOIIEHMS K KBAHTO-
BaHHOMy 3apsily 3JeMeHTapHBIX 4YacTHL. B pannom caydae umeercs cBoGOZa BhGOpa
MOTOKA yepes pyuky, 8 TaKkMe XapaKkrepa CBS3H MeXIy BByMs 3apsinaMd, cOBep-
UlenHo yyiKnas 3apsanaM B GUBNMKEe DJEMEHTAPHHIX YaCTHI (OTHOCHTEJABHO MBICAHMOI
Mozgenn saemeHtapuod uwactHub cm. ¢ur. 17). Iag Goabluefl HArAAHOCTH YMCAO H3-
Mepennil NnpocTpAHCTBA HA CXeMe CBEJEHO K JABYM; U300paenHoe 3IeChb TpeTbe H3Me-
Pehve ne nMeeT (QPU3HUECKOrO CMBIC]Aa—O0UO MpeAcTaBiasier co00K0 JHIUHEe uBMepeHHE,
B KOTOpO® XASl HATASAHOCTH BAOMEHA 912 [OBEPXHOCTH.

XyTcsl nogo6HO HelTpanbHLIM OOBEKTaM (HO HUMEIOT 3JeK-
TPHUECKYIO MOJSPU3YEMOCTh), 6) TOPJIOBHHDI, HJIH PYUKH, CO-
lepikaniyie HOTOKH, KOTOPHIE ONMMCHLIBAIOT 3apsabl U KOTOpBIE
EBHXKyTcsl mofo0HO 3apsKeHHBIM 00BbekTaM, W, HaKOHell, 7)
O6bexThl; KOTOpBIE COCTaBJeHbl U3 00bekTOB 1—6. Onnako
HH onHO M3 3THX 06pasoBaHMH He MMeEET CKOJBbKO-HHOY Ik
IpaMoro oTHOLIEHHS K 3JeMeHTAPHBIM YacTHuaM, HabJjro-
flaeMuiM Ha OIBITE,

T*
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§ 10. O BO3MOKHOCTH ypaBHeHHII Ge3 pa3yMHBIX pelieHHii?

10.1. 06 anzopurme Oasa nocTpoenus acex peuierutl.
Boo61e roBopsi, HaM He MPeJACTaBAgeTCs HCKIIOUEHHBIM, UTO
MoxeT OblThb HalijleH NyTh, MO3BOJIAIIIME CTPOUTH H KJjac-
cudULUHMPOBATL BCE HCTOPHH, SIBJSIOIHECS pelieHHsMH ypas-
HeHHl JfiHiUTeiHa 1) B cyuae YHCTOH rpaBUTALNK U La¥ke,
BO3MOXHO, 2) B CJyuae reOMETpONHHAMUKH, T. €. OODbenu-
HEeHHOIf TeOPHH rPaBHTAUHMH U 3JE€KTPOMArHUTHOrO nossa Ges
HCTOUHHKOB. Ho cyuwjectsyror au 8006uje HETpUBLANbHBLE
peuienus, c600600HblE OT cuHeyaapHocTel?

WHorna yTeepXparmt, UTo 5TH ypaBHEHHs paxke B cly-
yae YMCTOH rpaBUTalMH KpaiiHe cjoxHbl. B cayuae, xorna

ypaBHeHHd TPaBUTALMH 3aNHCHLIBAIOTCA B IBHOM BHie yepe3
YacTHele NMPOM3BOLHbIE 1-rO W 2-r0 mopAnKoB OT g,, H 06-
PaTHYIO €My MaTpHLy, STO YTBEpK/eHHe }ZLEI/ICTBHTe.anO
OKa3BBaeTcs cHpasenJuBEIM. B s10fl dhopMe ypaBHeHUs fAB-
JAAI0TCA #BHO HesiuHefHbIMH. OnHAaKo B ApyroM cMblcile 3TH
ypaBHeHUsi KpaifiHe HpOCThl; U3 HHX JIHIIbL cJjelyer, YTo
4-MepHoe MHOroo6pasue AOJKHO OBITH TAKMM, YTOOBI B Ka-
Kjoff Touke P m Ha Kaxpofi 3-moBepXHOCTH, MPOXOAsILE:
yepes 3Ty TOUKY, BBUIOJHAJNOCH YCJIOBHeE:

Husapuant BHyTpeHHeﬁ)_ Wusapuant BHemHeﬁ) (70)
KPHBH3HBL - KPHBH3HbL *

Tpyaxo mpexcTaBuTh cebe kKakoe-muGo Gosee M3AWIHOE CO-
OTHOIIEHHE, HMEILee TIeoOMEeTPHUECKYI0 HHTepIpeTaLuIo,
uyem (70).

B03MOXHOCTL HaXOXJEHHS MPOCTOrO ajlroputMma, no3so-
astomero pewnts (70), npencrabisercs co6JasHHTENbHOM
TaKXe M [OTOMY, YTO CyLlecTBYeT Apyras 3HaMeHHTas 3a-
Laya, HECKOJbKO aHaJjoruydas cq)opmy.nuposaﬂﬂon 31€ech
(Taxxe CylulecTBEHHO HesuHeliHas), 1A KOTOpO#H Takoil aJ-
rOPUTM YIaJ0Ch HalTH.

[Morpy3uM 3aMKHYTYIO NPOBOJIOYHYIO PAMKY, H30THYTYIO
NPOU3BOJLHEIM 06pa30M, B MBUIbHBIA PaCcTBOD M BBIHEM H3
Hero, uTo6bl 06pa30Balach MbLIbHAS [JIeHKA, HATAHYTAd Ha
paMky. [lneska Gyner mpeacTaBisATh COGOM MUMUMAALHYIO
1NO0BEPXHOCTH B CUIY MUHHMAJbHOCTH SHEPTHH IVIEHKH, pas-
HOU MPOM3BENEHHIO NOBEPXHOCTHOrO HaTANEHHS Ha MoBepx-
HOCTb IWIEHKH. YpaBHeHHe TAaKOE MOBEPXHOCTH H3BECTHO;
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OHO UMeeT cyry6o HequHeliHyio ¢opMy ¥ MOXKeT. ObITb BbI-
paxeHo Yepe3 PACCTOSIHHA Z OT MJIOCKOCTH (X,Y) ¥ MpOU3-
BofHbe 1-ro m 2-ro nopapkos 2, = 02/0x, z,, = 0%2/0x?
MT. 4

X

2 2 _ —
(1+20)z, +(1+2%)z, 2z,2,2,,=0. (71)
B npepesie nouTH MJI0CKOH MOBEPXHOCTH 3TO YpaBHEHHE, MO-
JOGHO YpaBHEHUSAM OOLIElH TEOPHH OTHOCHTENLHOCTH, CBOIUTCA
K OObIYHOMY JIHHEfiHOMY ypaBHeuuwo (2, + 2y = 0).

Tem He Menee npu pemeHdu (71) MBI He ROJB3yeMcs Hero-
CPEACTBEHHO HH YHNOMSHYTHIM OOCTOSITEIbCTBOM, HM KakKH-
Mu-au60 ppyrumMu npubadxkendsmd [51]!). PaccMorpum
BMECTO 3TOr0 «KaKyl0-JIH60 BeulecTBEHHYIO IJIOCKYIO ajre6-
pauveckylo kpuByio C B mJOCKOCTH S, I», §=8(A) u =
= {(A) (ABAAOWYIOCA AHAJOrOM NOTEHIHANbHOH KPHBOWH) H
NOCTPOUM abeJjieBbl HHTErp afbl:

x:Refl—%itds,
y=Refﬁ%Zit ds, (72)
z=Reftds.

[Tycts yucio s, BelleCTBEHHOE BHAuaJe, CTAHOBHTCHA KOMII-
JIEKCHBIM: § = @ -+ If (repexox B KOMIIJIEKCHYIO TJIOCKOCTD).
Torza sMecro Tpex uHTerpanoB (72) moJyudM TpH (yHK-
LMK OT ABYX mapaMerpoB a H B. DTH QYHKUUH HO3BOJSIOT
HOJTYYUThb MapaMETPHUYECKOe MPEeACTABJEHHEe ypABHEHHS IO-
BEPXHOCTH, aBTOMaTHYECKH YyIOBJETBOpsIOLiee HeJHHeHO-
My ypaBHeHdl0 (71) npH BHINOJHEHHMH CJERYIOUIUX YCJOBHI
(Jlunman Bepc):

1) OrHocuTenbHO GoJiee paHHMX pellesHil 3aJaddH O MbUIBHOH IJIEH-

Ke — 3uaMenuTol 3agauu llnato cum. [52]. Ypasuenue (71) npencrasaser
co6oli OMH M3 HECKOJbKHX CIOCOGOB 3anHCH YpaBHeHHs fIpH ofpa-
waromeiics B HyJb CYMMe [IABHBIX KpHBHM3H B HEKO10POH TOuYke: % ==
= (1/R1) + (1/R2) =0, 1. e. npu HyleBoil MOJHOI BHeLIHEll KpUBH3He
lece Ry u Ry 03HaualoT raiapuble pagHyChl KPHBHM3HbI B JaHHONI TOuke

Ha nosepxuocty. B oTanume oT 3T0ro OOLlas reoMeTpusi HMeeT Helio
C BHyTpeHHHMH KpMBHM3HaMu 4-TpOCTPAHCTBA, MOCTPOEHHBIMH H3 ApOL3-
6edenufi tuna (1/RnRy), rne Ry m R, — raasuble paguychi KPHBH3HEL,
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1) nna xaxpofi Touku (S, £) Ha C M3 BelIECTBEHHOCTH
S cJleayer BeleCTBeHHOCTD f;

2) ¢ynxunn x(a,B) u y(a,B) omHO3HAuHHI Ha TOM ua-
ctu F pumarnoso#t nosepxHoct C, rne $2> 0.

YnoMaHyTHI pPe3yJbTaT Teopud MHHHUMAJBHHIX MOBEPX-
HOCTEH MO3BOJSET MOCTPOMTH MOJENb BecbMa OOUIMX peiie-
HUl ypaBHeHull DiiHIITe#iHAa, MBI HCXOMMM H3 NPOU3BOJIBLHOM
¢pyuxuuu [B nanaoM cayvae f = £(s)] ¥ xoHcTpyupyem H3
Hee pemeHune. M3 cBoiictB ¢opMannaMa, ¢ nMoMoUIBI KOTO-
poro HOJYyYaercsi penieHHe, MOXKHO CHEJATb BBIBOL O CHH-
TYJASPHOCTAX H APYrdX OCHOBHBIX CBOMCTBAX pELIEHHS.

OkasblBaeTcs, YTO EXMHCTBEHHBIE BCIOLY peryJsipHble
(nns BCeX x W Yy) pelleHHs ypaBHEHHH MHUHHUMAaJbHBIX MO-
BepXHOCTEfl SBJAIOTCA TPUBHANBLHBIMH W HpERCTaBJAIOT CO-
GOl MJOCKOCTH: Z = C1X + Coy. DTa U3dAllHag TeopeMa, HO-
kasannas C. H. BepHiuteiiHoM, gBnsieTcs aHanoroM H3BecT-
HOH TeopeMBl, KOTOpas 3aKJIUaercs B TOM, UTO ypaBHeHHE
Jlannaca

V2p =0 (73)

HUIZlE HE HMEeT HHKAKHX PEryJfpHEIX KOHEUHBIX pelleHHit
NpH BceX 3HAUCHUSX X, Y ¥ 2, KPOME TPHBHAJNBHOrO ¢ =
= const. B cBf3H ¢ 3THMM TeopeMaMH BO3HHKAET ryyGokui
1 BaxHbulll Bonipoc. CywyecTsyror au 8ctoly pezyrsphsle pe-
tlenus ypasHenuti JlnuiTelina, OTAUYHBIE OT TPUBUALBHOZO
peulenus, COOTBETCTBYIOULEE0 NAOCKOMY NPOCTPAHCTBY-Bpe-
Menu? XoTsl B HAcTOfllee BpeMsA OKOHYAaTeJbHOrO OTBETa
Ha 3TOT BONPOC HE CYUIECTBYET, MOXHO NPHBECTH HEKOTO-
Pble pAcCyXOEHHs, Kacakliyecss 3TOro BONpPOCA.

10.2. Peeynapuan merpura Kpyckara — Hleapyuiureda
CTAHOBUTCA 8 KOHEUHOM cueTe cuneyrapuoti. HauGonee us-
BeCcTHBIH Cjyya#l penieHdss reoOMETPORMHAMHUECKHX YpaBHe-
HUll B OTCYTCTBHE 3JEKTPOMAarHHTHOrO IOJIS ONHUCHIBAETCSA
Merpukol IlIBapumuiasna (69). Ecau nepefitu x KoopauHa-
tam Kpyckana npu v = 0, reoMerpus 3-MepHOro HpoCTpaH-
cTBa Oyner Bciopy peryasipHoll. bosee Toro, ona ocraetcd
peryjsipHoil [/ KOHEWHOro HHTepBaia COOCTBEHHOrO Bpe-
MeHH B OyanyuieM d npouwioM. OfHaKo MO MPOHIECTBHH KO-
HEUHOro MNpOMEXYyTKa COOCTBEHHOro BpeMeHH HHBAPHAHTHI
KPHMBHU3HHL 06painanTcs B GECKOHeyHOCTb B CBA3H C 0COGeH-
HOCTBIO B TOUKE r == 0 B (68). Kpome TOro, Takas uHTepmpe-
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tauus pewenus HIpapiunabna asnaserca eqUHCTBEHHO BO3-
MOXKHOH * B TOM CMBICJIe, YTO OHA OCHOBaHa Ha NOJHOH uHop-
MalMH 0 TPAEKTOPHSIX CBETOBHIX JIyuyeil ¥ JEMEHTapHHIX ya-
criw. JIio0as HeCHHrysnsipHas KOOpAHHATHAS CHCTEMa LOJIXK-
Ha ONUCHIBATHL TO K€ fABJeHHe. JIpyruMH cJoBaMH, pelieHue,
KOTOpOe paHee CUHTAJOCH Pery/sipHbIM BO BPEMEHH M CHH-
ryJsipHBIM B ApPOCTpPaHCTBE, OKa3niBaetcs npu 6osee Tina-
TEJLHOM PaCCMOTPEHHH PeryaspHBIM B DPOCTPAHCTBE B Ha-
yaJbHEEi MOMEHT, HO N0 CYW,eCT6Y CUHrYJsPHBIM MO HCTe-
yeHHH ornpe/ieJeHHOro MPOMEeXYTKa COGCTBEHHOrO BpPEMEHH.
DTO corjacyercsl ¢ YHOMSHYTHIM OTCYTCTBHEM HeTpHBHANb-
HbIX CHHTIYJSPHBEIX pelIeHHH.

10.3. Cuneyasprocts eeofe3uneckux KOOpOUHAT He 03HA-
yaeT ewe cuneyaaproctu zeomerpuu. B pabGorax Paituayn-
xypu [53] u Komapa [64] uccnepoBanacy Gosee oGuias 3a-
paua. OHM paccMaTpUBaid MPOU3BOJBLHYIO HAYAJbHYIO Ti-
HeprnoBepXHocTb ¢ B 4-MepHOM MHOroo6paswH, yooBJIETBO-
pAOUIYI0 YypaBHEHHAM oOwme# TeopuH OTHOCHTEJBbHOCTH.
PaccMoTpeHue npoBOAMJIOCH B HPOM3BOJNBHON KOOpIHHATHOI
CHCTEME U, U, @ B 3TOM TpeXMepHOM mnpocTpaHctse. Ha me-
peceueHUAX KOOPIHHATHBIX MOBEPXHOCTEH MoMelnasnuch Gec-
KOHEYHO MaJsble MpoOHble TesJa. 3aTeM MpOCJeKHBaJUCh
TPAGKTOPWH 3THX TEJ C TEYeHHEM BpPEMEHH, ONpejesanoch
fporexniee COGCTBEHHOe BpeMsi HPH JIBUXKEHUH Tesla BAOJb
TPaAGKTOPHH, KOTOPOE HCIOJB30BANIOCH B KaueCTBE BpEMEH-
HOB KoopaHHaThl. llosb3ysick SI3BIKOM rEOMETPHH, MOMKHO
CKa3aThb, YTO 3TH aBTOPHl aHAJH3HPOBaJH 4-MepHOe MpOCT-
PAHCTBO ¢ TIOMOIIBIO CeMeHCcTBa reofile3yecKy Iapaliesb-
HBEIX MPOCTPaHCTBeHHO-NOROOHBIX runeprosepxHocreit. Hc-
Xond "3 SUHIITEHOBCKMX ypaBHEHHI MMOJISl, OHH MOKAa3aJH,
YTO STH IHIEPNOBEPXHOCTH CTAHOBATCA CHHIYJSAPHBIMH MO
MCTEUEHHH KOHEUHOro HPOMEXYTKa BPEMEHH B OJHOH H3
obsacreii cBeTOBOro KoHyca B OynyuieM HJH B MPOULIOM
(HO He o6fA3atenbHO OKHOBpPEMEHHO B OynylleM H B MpoIl-
JIOM), ecJld HCXOJHOe MPOCTPAHCTBO He fIBJACTCH NJIOCKHM
M He cBOOOAHO OT HAJHYMS KOHUEHTPAaUUll MacCh-3HEpruy.
Otciopa ectectBeHHO Oblio Obl CHEJATH BHIBOJ 06 OTCYTCT-
BHMU PEryJsipHbIX pelleHHH, 3a HCKJIOUEHHEM TPUBHAJILHOro
perienusi AJig HJOCKOro IPOCTPaHCTBAa-BpeMeHH TOYHO TakK
XKe, KaK [eJ1aeTcs BBIBOJI 00 OTCYTCTBHM HECHHIYJSPHBIX pe-
WeHHi ypaBHEHU! AJ5 MHHUMAJbHBIX MOBEPXHOCTEH, 32 HC-
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KJIO4EHHEM peliieHHil, ONHCHIBAIOIUX MJIOCKHEe TIOBEPXHOCTH.
Opunako Kémap nopuepkupaeT, YTO CHHryJsIpHOi, BooOlie
TOBOPA, CTAHOBHUTCA He 00s3aTe/ibHO BHYTPeHHSiA TeoMer-
pusl, a JiMUb TPEeACTaBJECHHE reoMeTPHH yepe3 ceMelCTBO
reoJ(e3NUECKH TapasiyieNlbHHX MPOCTPaHCTBEeHHO-NOKOGHBIX
runepnoBepxHocTeil.

104. Hpumep: 2pasurayliolHble BOAHbL, CUMMETPUYHbLE
no 8pemenu U pesyaapHble 80 8Cex TOYKAX NPOCTPAHCTEA U
(npednoaoscurensro) spemenu. Ipencrapssiercd pasyMHBIM
NPEMIONOKHTL B KaueCTBe TUINOTe3Hl, uTO JAeHCTBHUTEJLHO
CYIeCTBYIOT  pellleHUs] YpaBHEHHH reOMeTPONHHAMHKH,
aCHMIITOTHYECKH IJIOCKHE Ha 6eCKOHeUHOCTH, peryJisipHuie BO
BCE€ MOMEHTH BPeMeHH u mepeHocsinue suepruio. HecMmorps
4a PEeryJsipHOCTb TAKOro pelleHust B JIIOG0M BPpeMEHHOM MH-
TepBaJe, BO3MOXKHO JIHUIL CHHTYJISIPHOE TpeACTaBJieHle pe-
LIeHHSI C TOMOINbBIO CEMEHCTBA reOe3UUECKH NapaliyiesIbHbIX
IPOCTPAHCTBEHHO-NIONOOHKX runepnoBepxHocrelf. Paccmo-
TPHM B KadecTBe NPOCTOro NpHMepa IpPaBUTaiMOHHYIO BOJ-
Hy, UNpHXOASIIYI0 U3Jajeka B IPOCTPAHCTBO, [0 3TOrO
MJIOCKOE, JOCTHTAIOUIYI0O COCTOSIHUST MAKCHMAaJIbHOH KOH-
HeHTpanMy ©U CHOBAa pacXolsilylocsi CO CKOPOCTbIO CBETA.
[Tpennonoxum, 4ro 570 pelleHue obnajaer BpeMeHHOH cHM-
merpueil [55] B TOM CMBICJie, YTO CYIIECTBYET TakKasl Koop-
OUHAaTHAsl CHCTeMa, B KOTOpoil MeTpHKa uMeeT Clenviouipe
cBoifcTBa:

gOO(T’ X, y’ Z)ngO(_— T’ X, y; Z),
Bmo=8om (Ts %, ¥, 2)=—Qom(—T, x, ¥, 2), (74)
gmn(T’ X, ¥, z):gmn(—T’ X ¥ 2')

Torpa pocTarouHo 3HATh JiMillb BHYTPEHHIOO 3-MEPHYIO Teo-
MEeTPHIO B 3-MepPHOM MpoCTpaHCTBe, o6JiafaloleM BpeMeH-
6l cuMMeTpueii otHocuresbHo T = 0, uyTOGHl MONMHOCTbIO
onpenesUTh METPHKY H BHYTPEHHIOIO FeOMeTpHIo 4-MEPHOro
MHOroo6pasusi B mpouioMm 1 B 6yayimem. Taxum obpasom,
aJist 9708 cnennanbHOR TUNEPNOBEPXHOCTH BHEUIHAS KPUBH3-
Ha, 3aflaHHas NyTeM NMOrPyKeHHs1 B OKPyKarmoliee 4-MepHoe
TUPOCTPAHCTBO, PABHA HYJIIO

@p (N ) ﬂg_'}ﬂ" ) =0. (75)
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[MosiyyeHHOe 3HauyeHHE BHelIHefl KPUBU3HB aBTOMATHYECKH
YIOBJIETBOPSIET TPEM M3 ueTbipex CcooTHouweHu# [(53) u
(54)), koTopble MPUXOANTCS KOHKPETM3UPOBATH C NMOMOIIbIO
HAuaJIbHbIX yCJioBHH. [Iis1 yloBJ€TBOpeHHsl 1eTBEPTOro yc-
JIOBHSI LNOCTATOYHO NTOTPEGOBATL PABEHCTBA HYJIIO SHYTPEH-
Hetl KDUBH3HBI rHMEPIIOBEPXHOCTH, HA KOTOPOR HWMEET MecTo
BpPEMEHHAN CHMMETpHS:

®R=0. (76)

ITopcuer creneHelr cBOGOALI HE MpENCTABASIET TPYIHOCTEH.
B Hamem pacmopsiKeHUH uMeercsi 6 KOMNOHEHT MeTpHye-
CKOr'o TEH30pa Ha KaX/Jlyi0 NPOCTPaHCTBEHHYIO TOUKY THIep-
noBepxHoctH T = 0. OfHaKO TpPeMsi KOOPJHHATAMH MBI MO-
JKeM CBOGOLHO pacnopsiKaTbCsl, Tak uTo UMeercss 6 —3 = 3
BHYTPEHHHX r€OMeTPHUECKHX MapaMeTpa Ha MPOCTPAHCTBEH-
Hy10 Touky. Kpome T0oro, oHM fOJIKHEI YIOBJETBOPSITL OJHO-
My ycJioBuio (76) Ha npocTpaHCTBeHHYIO Touky. [lostoMy
OKOHYATEJIbHO Mbl HMEEM JBa He3aBHCHMHIX nmapaMerpa pa
OPOCTPAHCTBEHHYIO TOUKY.

~ T'paBuraunnonHast BojiHa, obJjiafaroiiasi BpeMeHHGH cHM-
MeTpHel, aHaJOrHYyHa 3JeKTPOMarHUTHOMY MNOJIO, YIOBJIET-
BOPSIIOLIEMY YCJIOBUSIM BpPeMEHHO# CHUMMETPHM:

e(T, x,y, 2)=—e(—T, x, 9, 2),
h(7, x, y, 2)=n(T, x, y, 2).

DsiexTpUYECKOE NOJie TOXAecTBeHHo obpainaercst B HyJb B
MOMEHT BpeMeHH, OTHOCHTeAbHO KOTOPOT'O HMEET MECTO CHM-
Mertpusi. MarsnutHoe moJie, MOTUYHHSIONIEECST  VCJIOBHIO
divh = 0, uMeer JiHLIIb JBe He3aBHCUMbIE KOMIIOHEHTH B Ka-
K0l Touke mpocrpaHctBa. Ha si3bike ananuza dypbe MOK-
HO cKa3aTbh: 1) B NpOCTPaHCTBE BOJIHOBBIX yMCEJI BO3MOXKHLL
JIBa COCTOSIHHSI MOJSIPU3ANMM Ha KaXKAylo TOUKY NPOCTpaH-
CTBa; 2) KaXXJOMY COCTOSIHHMIO NOJIIPH3ALHKH COOTBETCTBRYET
ocuMAAATOP; 3) KaXKAHH ocuuansitrop objajgaetr OLHOH koO-
opaMHATON W OJIHUM HMNYJbLCOM, HO 4) B MOMEHT BPEMEHH, OT-
HOCHTENbHO KOTOPOTO HMEET MeCTO CHMMETPHSI, BCE UMIYJIbCLI
06paiaTcsl B HyJlb B HaCTHOM CJlyqae I0Jsl, 06J1afaiolero
BpeMeHHOH cuMMerpued. B sToM ciyuae oObIgHbIE YETHIPE He-
3aBUCHMBble BEJHUMHBl B KaXKAOH TOYKe CBOJSATCS K JIBYM.

10.5. Pacnpedenertie 3(hpeKTuBHOE axepaul 8 cAy4aeL
2pasuTayuonHell 8oanbl. BpUJb Da3BH MeTom MOCTpOeHHS

(77)
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BCIOAly peryJsisipHOH 3-MepHOH MeTpHKH, YNOBJETBOpSIOIEN
ycsiouio (76), xoTopasi BBHLY STONO MOMKeET ObITh HUCNOJb-
30BaHa B KaueCTBe HauaJlbHbIX YCJOBHII AJISI rPaBHTALHOH-
Bofi BosiHb [56] (cM. takxke [57]). OH orpanHuyuics cjaydaem,
Korpa 3-MepHOe MPOCTPaHCTBO OOJsiafaeT aKCHaJbHO CHM-
Merpueil. IIpu 3TOM MeTPUKY OH 3amuchiBaer B hopMe, npen-
JioxxeHHoll bounu:

s2=4*(p, 2) {exp |2, (p, 2)](dp® +-d2%)+-p?dy?}. (78)

3mecs MHOXHTENBL ¢(p, 2) MOXKET OLITb KaYeCTBEHHO
HHTEpPNPETHPOBAH Kak pacnpenesenue 3¢pQekTHBHON sHEp-
ruyd TPaBUTAHOHHOIO MOJiE B MOMEHT BpeMEHHOHU CHM-
MeTpuM. PaccMartpuBaloTes Juilb TaKkue pacnpeseseHus ¢,
KOTOpHle paBHH HYJIO BHe cepb KOHEUHOIOo pajuyca:

42" =r<a. (79)

BesnuunHa A onpepnesisieT HANpSXKEHHOCTb TOJSI B rpaBHUTa-
uuoHHo#l BoJsiHe, OpHa cBoOOJHAas nepeMeHHAas, KoTopasi
OCTAETCSI HAa TOYKY NPOCTpAHCTBa [T. €. HA TOYKY B MepH-
JLuoHasNbHOM 1JockocTH (p, 2)], B ciiyuae akcuajbHOH CHM-
Metpun cBoautcsi K ¢yHkuuu Ag,(p, 2). MHoxuTeNs ¢
He sBJISIETCH TNPOU3BOJILHHIM U ONpenesseTcss HadaJbHBIM

o 3
YCJIOBHEM PABEHCTBA HYJIO BHYTpeHHeH kpupushb: Y R=0,
NPHHUMAIOIUM BHI

o (r )+ S+ (S +5) o=,
unn, 6oJjiee KpaTko,
WYt OV, )p=O0. (80)

KauecTBEHHO MOXKHO CUHTATh, YTO MHOXHTEJIb ¢ ONHCHIBAET
rpaBHUTallHOHHOE MoJie, 00yC/IOBJIeHHOe pacnpenesieHneM 3¢+
¢ekTUBHOI Macchbl-3HEPIHU B TPaBHTAlUMOHHON BOJIHe, NpH-
geM CaMo pacnpefelieHne onuchiBaercs QyHkuuei Ag(p,=2).
" MoHo ayMmatb, ytTo ypaBHeHue (80) ponyckaer Gecko-
HeyHOe YuCJIo penteHHl nns MHOXuTens ¢. OnHako pelue-
HHSI, KOTOpHleé OTPaHHYEHbl Ha KOHEYHBIX PacCCTOSHHAX,
HMEIOT, KaK NPaBHJIO, y3Jbl Ha KOHEUHbIX PACCTOSHUAX HJH
ke oOpaniaiotTcess B GeCKOHEUHOCTb Ha OOJBIIHX PacCTos-
HusiX, B 0o6oHX ciyyasgx UM COOTBETCTBYIOT BHYTPEHHHE CUH-
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ryJssipasle 3-reometpun. TpexmepHas reoMeTpHsl TOJIBKO TO-
raa cBoGOAHA OT CHHTYJISIPHOCTEH M OMHCHLIBAET JIOKAJBHYIO
KOHLIEHTPAUMIO 3HEPTHH B ACHMNTOTHYECKH IJIOCKOM IIPO-
€TPAHCTBE, €cyi 1) MHOXuTENb ¢ MMEeeT ACHMNTOTHYECKYIO

¢opmy
Yo, D~ AN+ +BO=AMN[1+ 58] @81)

H 2) HanpsikeHHOCTb A B pacnpenesieHun ¢(p,2) = Ag He
NPEBHIIAET ONPEJIeIEHHOI0 KPUTHUECKOro Impexpesia A = A;.
Corsniacio Bpuiio, piist K2 a0ro nosoXXUTeNbHOTO 3HayeHus!
A, He IPEBBLILIAIOINEIO KPUTHYECKOro Mpejena, CyillecTByeT
OJIHO H TOJILKO OHO peryjsiproe peiueHue ¢(p, 2), ynosJe-
TROpAee Tpe6osanuio (81). Ito pellleHne onucHBaer Jo-
KaJIM30BaHHYIO rpaBUTAIIMOHHYIO BOJIHY C Maccoil-sHepruei,
paBHoit m* (cm) unu (c3/G)m* =m(g).

10.6. Cx00suasncs u 8HOBb Pacx00AUAACA 2PABUTALUOH-
HOs 80AHQA, peayrapHas OAs 6CeX MOMEHTO8 speMeHt. DToT
pol TpaBUTAUUOHHOI ROJIHE ype3BblyaiiHO OJIH30K CXofsl-
LIUMCST JIEKTPOMAarHUTHHIM BOJIHAaM, 00JiafaloliuM BpeMeH-
HOI cuMMeTpHel, KOTopble NPHU 3TOM HOCTHraloT KOHGQUTY-
pauuu ¢ MakCHMaJibHOH TJIOTHOCTHIO SHEPrHH, KaK Obl mon-
xolsl K OKyCy JIHH3Bl ¢ aneprypoil, mpesbiuatwomieil 2,
nocsje yero yxoasit B 6eckoHeuHocTb. He cymecrByer cxo-
Osieicsi 9J€KTPOMArHUTHOH BOJIHBL C I[OCTOSIHHOR HHTEH-
CHBHOCTHIO B IIOJIHOM TeJIECHOM yrJjie, paBHOM 4w, U HEBO3-
MOXKHO NOCTPOUTh [I0Jie BEKTOPOR MOJSIPH3AUHH, PABHBLIX IO
MOAYJIIO Ha TNOBEPXHOCTH €MHHUHOH C(epsl, He BROASI NpPH
3TOM CHHTYJAsIpHOCTH. TOYHO TaK e He CYLIeCTBYeT CTPOro
cepuyecKd CHMMETPHYHBIX rPaBUTanMOHHBIX BOJiH. Tem He
MeHee CYIeCTBYIOT DEUIEHHSI 3ajaud C HayaJbHBIMH YCJIO-
BUAIMH, obOnajaioliMe B cJiydae IrpaBHTAIMOHHBIX, a TAKKE
SJIEKTPOMAarHUTHBIX BOJIH TOYTH chepHuyeckoil CHMMeTpHeil;
[03TOMY €CTb OCHOBAHHUS MOJIArath, yTo, 3aJlaBasiCh TeM WJIH
HHBIM MPOU3BOJIbHBIM pellleHHeM B MOMEHT BPEMEHHOH CHM-
MeTpuH, MBI NPUXOJHMM K rpaBHTAllHOHHBIM BOJIHAM, C Tede-
HHeM BpeMeHH 3aTyXalouM MNOLO6GHO 3JEKTPOMArHHTHHIM
BosinaM (¢ur. 13). JIpyruMmu cjioBaMy, MpeaCTaBJSeTCH
€CTECTBEHHLIM NpednoAoiCUTb, 4TO CYLLeCTBYIOT pezyasp-
Hble, HO HETPUBUAAbHbIE NPOCTPAHCTEBEHHO-BPEMEHHbIE MHO-
€000pa3us, onuceisaembie ypasHenuamy IduwTeina Oas
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P ur. 13. Cxopsmancad 1 PacXonAINaacA IPaBHTAIHOHHbIE BOJHBL

Beepxy TpUBeleHA KAueCTBEHHas CXeMa TCPABHTAIHOHHOI BOJHB, NpHXOAAULEH
uananeKa, AOCTHraioulefl CTafiHH MAKCHMAABHOrO CXKATHA B MOMEHT BpeMmennO#
CHMMETPMH H 3aTeM PACHpOCTPAHFIOUIEiiCs BO BHEWIHEE NPOCTPAHCTBO. B yenmpe
nNpuBENeHA KAYECTBEHHAS JHATPAMMA, H/UNOCTPHPYIOWA WSMEHEHWE METPHKH CO
BpEMEHEM WPH CHATHH H PACIIHPEHHH TPABWTALWOHHON BONHEL, WPHYEM TIOKA3AH
IBRPULIM/LAOBCKHL XAapaKTep ACHMNTOTHYECKOro NPHONHKEHHS K TJIOCKOMy npo-
CTPAHCTBY Ha GOMBILKX pacCTosHusX. Macca, cefisannas ¢ STOH acHMnTOTHKON (11O
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2pusUTAYUOHKbLX B0AH De3 UCTOYHUKOS, 8 cAyYae ecal npo-
CTPAHCTBO ABASACTCA ACUMNTOTUYECKY NAOCKUM.

MoxHo ayMaTh, YTO fOKa3aHHOe MaTeMaThueckH bBpu-
JIEM CYLIE€CTBOBaHHE I'DABUTALHOHHBIX BOJIH, CHMMETPUYHBIX
110 BpeMeHH H, NO-BUAMMOMY, HECYIIHMX KOHeYHYIO IHEPTHIO,
perynsipHbiXx B IpouwioM B GynyiieM, He Oyner HapyllaTthb
B CHJy YNOMSIHYTOH peryJssipHocTH pelleHHil Teopemy Paii-
yaynxypu u Komapa. UrofGsl ucciepoBaTb 3TOT BOINPOC,
paccMoTpUM cepHyecKyio rpynny NpoOHBIX TeJ C [eHTPOM
B TOYKe CXOXKJIEHHsI BOJIHBIL, MOKOSIIUXCS 3aJ0Jro A0 Mpu-
Xofa BOMHBL. UTO Xe CJAy4uTCs C 4acTHIlAMH IOCJE TOro,
KaK BOJIHA MPUIET, CHOBA HAayHET PacXOAMTbCA M yHIeT,
OCTaBUB MPOCTPAHCTBO B OKPECTHOCTH YacCTHIL TAKUM Xe
NJIOCKHM, Kak u JIo ee mpuxona? Hacruusl npuobperyTr Cko-
pocTH, XoTsl U HeGoJsibliNe, HO KOHEYHble M MPHTOM He OnH-
HAaKOBhle 1O BeJUYHMHe W HanpabieHuo!). B pesysbrate
chepa nocreneHHo u3MeHHT (HOPMY H CTaHeT CHHIYJSIpHOH
noBepxHocThI0. ['eoMerpuueckd 270 03HAUAET, yTO reose3nye-
CKHE JINHWH, HOPMaJibHble 3-MepHOil runepcdepe B fajieKoM
npounioMm (BMecTe C CeMeHCTBOM MOCJENOBATENBbHO pacio-
JI0XKEHHBIX reo/le3NuecKH NapasiesbHbX IOBepXHOCTell, nep-
NEHAUKYNSIPHBIX YNOMSIHYTHIM TeoJe3huecKuM), B KOHIle
KOHLIOB 06pa3yloT CHHryJssipHoe MHoroo6pasmne. OnHako oT-
CIOfla BOBCE He CJielyeT Hajilyhe Kakoi-jinbo BHyTpeHHe#l
CHHTYJISIPHOCTH B Te€OMETPHU INPOCTPaHCTBA-BPEMEHH.

Mpb1 BUIHM, 4TO HMEIOTCSI HECHHI'YJIIPHbIE DellleHUs] ypaB-
HeHHil reoMeTPOJMHAMUKH OJISI TPARUTAUHOHHBIX BOJIH, KO-

1) OTHOCHTENILHO HCCJIENOBaHHS NOBEJEHHA MPOGHBIX YaCTHI B aHa-
JIOFHYHOM CJlyyae LWJIHHIPHUYECKOH IPaBHTalHOHHOH BOJHH cM. [55].

Psanka 1/r), He MeHfIeTCA B TE€YEHHE BCEro mpouecca. Brusy pnaercs Gosnee AeTanbHAA
€xeMa BOJHB B MOMEHT BPEMEHHO! CHMMeTpHH. CerMeHT, BHIPE3aHHHI! B 9TOT MOMEHT
B 4-mpocTpancTBe, HMEET COGCTBEHHYIO XaPAKTEPHYIO TPEXMEPHYIO FEOMETPHIO. THIIHY-
Hag KOMOOHEHTA METPHKH, CBA3AHHOI C 3TOH TpexMepHoi reoMeTpHel, TeMm Gonee
OTIIHYHA OT eNHHHUH, YyeM 6o/blie HANPSNKEHHOCTb FPABHTALHOHHON BOJHBI B HAHHbLIH
MOMEHT (31€Ch MBI HMEEM NS0 € Pa3JIHYHLIMH 3afaYaMH, @ HE C OLHOM Ranauel B pas-
Hbhle MOMEHTH BpeMeHH).

TTpu HEKOTOPOM KPHTHYECKOM 3HAUEHHH HANDPSIKEHHOCTH MPABHTALHOHHON BOJIHH
NPOCTPAHCTBO HCKPHBJKETCH HACTONBLKO, YTO CTAHOBHTCH 3AMKHYTHM, NpUUEM TIPH yBe-
JMYEHHN HANpMKEHHOCTH METPHKA CTAHOBHTCS CHHTYJSIPHON H nepecTaeT GuITh MPH-
EMneMoit. [Tpy KPHTHYECKOM XKe S3HAYEHUH HAaNPHKEHHOCTH TPEXMEPHAs FeOMETPHS BCIOLY
Bllonze peryaspHa W COXpaFfieT PETYJAPHOCTL B TEUEHHE KOHEYHOrO NPOMENYTKA OG-
CTBeHHOTO BpeMend. OLHAKO BLICKASHBACTCS NPEATONOKEHHE, YTO NPH H3MEHEHHW
METDVKH 3aMKNYNIO20 NpOCMpancmea €O BpeMmeHeM B Heil HETIPEMEHHO I0fBUTCH
CHHTY/ISIDHOCTL HE34BUCHMO OT NEPBOHAYAMLHOTO BHGOPA METPHKH,
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TOpble SIBJSIIOTCS] HETPUBHAJIbHEIMHU, B TO BPEMSI KaK KaxJoe
HECHHTYJISIPDHOE pelleHHe NMPH OTCYTCTBHM CPAHHYHBLIX yCJO-
Buli ypaBHeHUH [Jisi MBUJILHON MJIEHKH SIBJISIETCSI TPUBHAJNb-
HBIM H COOTBeTCTBYeT nJockocTH. [lono6Hoe 00CTOSTENBCTBO
Ha NEePBHIA B3IV HECKOJBKO ocnabJisier mapaJuiiesii3M Me-
KOy 5TMMH ABYMS 3anauaMiu. CXOOCTBO, OIHAKO, BHOBb BHI-
crynaer ocoOeHHO SIPKO, €C/M OTrPaHHYNUTBLCST pelleHHsIMH
YpaBHeHUH reoMeTpoiHHAMHKH, COOTBETCTBYIOLIUMH MHOIO-
o0pa3usiM, 3IAMKHYTLIM 8 npocTpaucree. B stoM ciyuae
MOXHO TNPUBECTH BECKHE AOROAL B MOJb3Y YTBEPKIECHHS,
YTO BHYTPEHHAA 2e0MeTpus 6ce20a CTAHOBUTCA CUHEYAAP<
HOU 8 npedesax onpedenseHHO20 NPOMENYTKA COOCTBERHO20
8pementl.

10.7. 3amxnyras Bceneunan 6 obujell Teopuy OTHOCU~
TeabHOCTU Jtinwireldna, DiiHInTellH NPHBOAUT CcleAyIOHIHe
JIOBOABI B TNOMb3y KoHuenuuu BcesieHHOW, orpaHHYeHHOH B
npocrpaHcrse [58].

1) «C Touku 3peHus obuLIed TEOPHH OTHOCHTEJILHOCTH,
YCJIOBME [OJISI 3aMKHYTOH NOBEPXHOCTH MHOTO NpOLIE COOT-
BETCTBYIOIIHX KpaeBHIX YC/OBHil Ha GeCKOHEYHOCTH NpH Ha-
JINYUY KBa3W3BKJIHAOBOU CTPYKTYPHl BceneHHOI>.

2) «Ilpunuun Maxa, yreeppalouinii, yTo UHepUUs 3a-
BUCHT OT B3aHMOJEHACTBHS TeJ, COLEPIKUTCA B MNEPBOM IpH-
GJiKeHHU B yPABHEHUSIX TEOPHU OTHOCUTEJILHOCTH, H3 KOTO-
pHIX CJlefyeT, 4TO HHEPUHUs 3aBHCHUT, MO KpaiiHe#l Mepe ua-
CTHUYHO, OT B3auMopeficTeus Mexay MaccaMu. [Tockosbky
NPEATIOTIOKEHHE O TOM, YTO HHEPLUs O6YCJIOBJIEHA YACTHYHO
B3aUMOAEHCTBHEM MacC, & 4aCTHUYHO HE3aBUCHMBIM CBOMCT-
BOM IPOCTPAHCTRA, SIBJISIETCS HEYNOBJIETBOPUTENLHBIM, TO
npuHuMn Maxa BbMrpHIBaer B nparlononobuu. Ho sta
unes Maxa COOTBETCTBYyeT TOJNbKO KoHeuHO#l BcesieHHof,
OTpaHHUEHHO! B NMPOCTPAHCTBE, H HH B KOEM CJ/iyyae He co-
OTBETCTBYeT OECKOHEYHOH, KBasu3BKJIWLOBOH BceneHHOH.
ITostomy, ¢ FHoceonorvueckoil TOukH 3peHust, Gojiee yro-
BJIETBOPUTEJILHO CUHTaTb, YTO MEXaHHUeCKHe CBOHCTBa Npo-
CTPaHCTBA TOJIHOCTBIO OIpENeNSIIOTCSI MaTtepueil, a aro
HMeeT MECTO TOJIKO B CJlydae NPOCTPaHCTBEHHO-Orp aHHUYeH-
Hoii Bcenennoii».

10.8. Coepuueckas Bcesewnas pacuupserca u CHO8Q
coicumaercs. UTto6bl MOJyuyHTh HEKOTOPOE MpPelCTaBJieHHe O
reoMeTpoirHaMuKe 4-MepHOrO MHOroo6pasHs, OrpaHuYeH-
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goro B IPOCTPAHCTBE, MOJIE3HO paccMOTPeTh H3BECTHYIO B
KOCMOJIOTHH HAEaJIn3HPOBaHHYIO C¢epHuecKkd CHMMETPHY-
nyto Bcenennyio. B Hamm gHu cutyanus B 9TOH 3ajlave
MHOTO IIPolLIe, YeM BO BpeMeHa DiHuITeliHa, KOTOPLI HeCe-
moBaJi B cBoeil pabore ycroitunBocth BcesienHofl, papHOMeEp-
pO 3aloJiHEHHOH nhbIo. [1pu aTOM OKasanock, YTO paccMma-
TpUBaeMasl CHCTeMa He OCTaeTCst B COCTOSTHHH MOKOSl U Hau-
HeT cXKuMaTbess. MHbIMM ciioBaMu, cgepHyecKH CHMMeTPHY-
past BcesneHHasi, nono6HO COBOKYNHOCTH pPa3GpOCaHHBIX,
B34aMMHO MNPHUTSITHBAIOIIUXCS KaMHell, HoJikHa Oyxper nu6o
paclIupATLCS, JUO0 CKMMAaTbCS, HO HHKOr[a HEe OKaxercs
CTaTHUECKOH.

B Te BpeMeHa 3TOT BHIBOJ KasaJicsi HacToJibKo abcypa-
HBIM, YTO DiHLITEellHY MO3fiHEe NMPUUIJIOCh BBECTH B ypaBHe-
HHSl TOJIsT HCKYCCTBEHHOE OTPHIlATeJIbHOE naBJIEHHE, HJIH
«KOCMOJIOTHUECKHH 4YJieH», YTOObl yPaBHEHHSI MOJSI AARAJH
cratuyeckylo Bcenennyw. Ilo3nnee Xa66si nokasas, 4uTo
KpacCHOe CMellleHHe CINEKTPaJIbHBIX JIHHHHA CBUIETeNbCTRYET
8 noAb3Yy pacluupsionieiics Beesennoil, npeanoxennoi Ppun-
MaHOM. JTH Ha6MIofeHus MOrJiH Obl paccMaTPHBATBLCS B Ka-
YEeCTBE YeTBepPTOro SKCIEPUMEHTAJbHOrO 060CHOBaHust 061LEei
TEOpHH OTHOCHTENIbHOCTH (TPEBOCXOISIIEr0 MO BaXHOCTH
a((peKT OTKJIOHEHUS Jyueil CBeTa 3Be3N, NPOXOASAIMX BOIH3H
ConHua, npeneccnio opbutkl Mepkypusi u rpaBHTalHOHHOE
KpaCHoe cMelleHue), ecny Obl NepBOHauaJbHLIE TpeNCKa3a-
HUST TEeOpPUM OTHOCUTENBHOCTH OblJM CHeNiaHbl JOCTATOYHO
YBEpEeHHO.

ITocne Toro kak Xa66s0M 1 APYruMH OHIJIO YCTaHOBJIEHO
CYIIECTBOBAHHE KPACHOrO CMEINEeHHS, TMOYTH MNPONOPLHO-
HaJILHOTO PACCTOSIHHIO MEXIy HabJiofaTesieM W U3yuaiomeil
ranakTHkol, JDUHINTEHH OTKasancs 0T KOCMOJIOrHYeCKOro
YieHa KakK MaTeMaTH4eCKH MCKYCCTBEHHOTO H (H3HUeCKU
HeonpaBIaHHOTO. Y PaBHEHUS FeOMETPOJUHAMYUKHE G€3 5TOro
106aBOYHOrO 4jieHa COOTBETCTBYIOT HMEHHO TOMY, YTO HBIHE
OGLIYHO MOHMMAETCsi TOL TEPMHHOM «06IIas TEOPHSI OTHO-
curenpHocTu». B nepuom 20-x u Havyana 30-x rogos mon
5THM T€PMHHOM MOHHUMaJIOCh HeuTo Apyroe. 1o GbuT NepHoL
MHTEHCUBHOrO HCCJIeIOBAHHUSI Pa3JiHuyHLIX KOCMOJIOTHUECKHU X
Monenelt BeeseHHOM, 3aBUCSIUMX OT BHIOOPA 3HAUEHNHS «KOC-
Monorduyeckoll INOCTOSIHHOMH»., B Halllk JHA [esio o6CTout
MHOTO npoine. :
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10.9. Junamuka, 0OHO3HAYHO 3Q0QHHAA YPABHEHUEM CO~
crosanus. Ecnu HCXOAMTbL W3 ypaBHEHHMH DHHLITEHHa B HX
NepBROHAYAJIbHOR mnpocToii (opMe M NPHHATL B Kauecrse
yroOHoll upeanu3auud KoBoAbl DUHINTEHHA B MOJIb3y 3aMK-
HYTOCTH U cepHuyeckoil cuMMeTpuu Bcenenno#t, To duwxa-
MUKG pacuiuperus 1 nosTopHozo cicartus Bceaewnoil o0Ho-
3HOYHO OnpedessieTcs YPaBHEeHUEeM COCTOAHUA UCTOUHUKA
sxepauu-maccee:, 3anoausouiel npocrparcreo. O603HaYUM
uepe3 @ paiuyC KpPUBH3HBI, a uepe3 T-= ct— KOBpeMs, Npo-
Llefiree ¢ Hauyana pacuiupenusi. Paccrosinye, npolpeHHoe
¢oToHOM 32 KOpPOTKUH HHTepBan BpemeHnH, Oyayuu pasie-
JIEHO Ha PajgHyC KPHBH3HBI B TOT K€ MOMEHT BPEMEHH, JaeT
yIVIOBOH mapamMeTtp 1), MPUTOAHbIH 1Jis U3MepeHHs] BpeMeHH,
KOTOpBIil MPOKU3BOJILHO IPHPARHHBAETCS] HYJIIO B MOMEHT Ha-
yajia pacuiupeHus:

dvn=a"ld (paccrosuue B 3-npocTpaHcTBE). (82)

Torga HavasjbHbIE YCJIOBHS Ha NOCJEHOBATEJIBHBIX [IPOCTpAH-
CTBEHHO-NIOJOGHBIX NOBEPXHOCTAX

Hupapuant sHyTpeHHel
~— (ViuBapuantT BHelUHeHl KPUBU3HBI) — P KpHBHSl-ylpr )==
== const - (InotHocte sueprum) (83)

NpHHUMAIOT BHJ

3 da \? 8nG
—54—[(—[1—) —}—a?]: L. (MnotHocts sueprud).  (84)
M c

YpaBHeHI/Ie COCTOSTHHSI ONHCBLIBAE€T H3MEHEHHE [JaBJIEHHSA

U TIJIOTHOCTH TIPH all[/la6aT[/l‘leCKOM pacuiupenrud U NOBTOP-
HoM cxKatun {59]:

3da d (IInotHOCTH 3HEPrHH) .
a + (IlnothocTs sHepruu -}- laBneHue) =0. (85)

Cuctema ypasHeuuit (82), (84) u (85) MmoNHOCTBLIO OmHCHI-
BaeT JUHAMMKY 3TOro mpoiecca.

M3 smoboro ypaBHeHUs COCTOSIHHSI cJellyeT HaJjmyue
JlaBJIeHHUS], JIeXKAIEro MeXAy ABYMs KpailHUMH CJyuyasiMH:
Mexny HyJieBHIM [aBJjieHHeM («Monenb BcesieHHOH, paBHO-
MEpHO 3aNOJHEHHO MBUIbIO») H MaKCHMAJbHBIM [ aBJIEHUEM
(«Bcesiennas, 3anonHeHHAs H3JIydeHHEM» ).,

B stux pmBYX c/iyyasix ypaBHEHHsl HMEIOT CJeAyIouiHe
TOYHbIE PelleHus:
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a) Bcenennas ®puamana. IMbu. HyseBoe nabnenue:

1 .
T =5 ay(n— sin),
1 (86)
a(T)=5a,(l-—cos 7).

ITH ypaBHeHHUsl NpencTaBasioT co6oil ypaBHEHHS 1HKJIIOUIBL
B nnapamerpuueckoil ¢opme, npuuem 0 <7 < 2n. GoToH Kak
pas ycnesaer ofoiith cdepuyeckoe MNPOCTPAHCTBO H Bep-
HYTbCSl CHOBZ B TOUKY C HCXONHBIMM YIJIOBHIMH KOOPAHHA-
TaMH B cepHYeCKOM NPOCTPAHCTBE B TEUeHHE BCEro Bpe-
MEHH pacuIMpeHHs] U IOBTOPHOro cxKatus. B MoMeHT MaKCH-
MaJibHOro paciliupeHus Macca BcesienHO# cBfidaHa C paguy-
COM KpDHBH3HHI Q¢ COOTHOILLIEHHEM
3nc3a,
M = (87)
Bennuuna, ocralomasicst nocTosiHHON npu pacuupennun Bee-
JeHHOH, aHaJlorMyHa CyMMe SHEPrHH IOKOsl, KHHeTHuecKoi
SHePru¥ ¥ NOTEHUUaJbHOR 3HEPruu JIaHHOI CHCTeMBbI:
5 of da\?  4GM?
Mo+ Me* (g7} — g =0. (88)
Onnako BesiMunHA, ONpenesisieMast JieBOil 4aCThIO ypaBHEHHsI
(aHasioruunas noaxotl snepeun Bcenernwor), He ssasercs
Npou3BONbHOU KOHCTAHTOU uHTezpuposanus. FlHaue roBops,
HEBO3MOXHO NpHIaTh 3aMKHYTOH BcesieHHOl nocratrouHo
GoJibLIYIO SHepruto, 4yToGhl OHa pacliupsasiack Ge3rpaHHYHO.
B sTtoMm oTHoiuenuu aHajsioruss Mexny OHHaMEKoH Bceenen-
HOH U JBHIKEHHEM CHCTEeMBl pa3OpOCAHHBIX KaMHeil, HCIbI-
THIBAIONINX B3aUMHOE rPaBUTALUHOHHOE NPUTSXKEHHE, YKe He
HMeeT MecTa.
6) Bcenennas TosnMeHa, 3anosiHeHHast u3nyuyenueM. [Jap-
JieHHe PaBHO !f3 MJIOTHOCTH SHEPrHM:
T'=ay(1 — cos7),
a(T)=aq,sinn.

OTH ypaBHeHHsl 3afal0T OKPYXKHOCTb, Ha KOTOpoii napa-
MeTp 1) npoGeraet 3Hauenue ot O no =. B Teuenue spemeHu
CXaTusg M NOBTOPHOro pacumpenusi (HOTOH Kak pa3 ycie-
BaeT JOCTHIHYTb NPOTHBOION0XKHON TOUKH 3-MEPHOM C(epl.

10.10. Tunoresa: KaxOas 3aMKHYTAs METPUKa cO 6pe-
MeHem CTAHOBUTCA CUHRYAAPHOU. DTH IBa NpPENeNIbHLIX CIy-

(89)
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® ur. 14. CxemaTtuueckoe
n3o6paxKeHHe ImOBeJleHus
ny3blpbKa BO3JyXa IOJ

BOHOM, CXUMAIOIIErocs A0
MHHHMaJAbHOro o6neMa H
BHOBb paCLIMPAIOIIErocs.

CxeMa TNOCTpOEHAa Ha OCHOBE
dororpadull TAKUX NY3LIPHKOB,
npepefeHHHX B KHHre Koy-
na [60]. 3aKOHHO JIH MpeAnoNo-
KWTh, YTO 3TO AaeT CXEeMATH-
49CCKOe NpEeACTaBJIEHHE O TOBe-
A€HUH 3aMKHyTOli BcenenHo#
BOJIH3M CTALHU MAKCHMAJBLHOTO
cxkaTHA? JIpUBOAMT M YHCJIEH-
HOE VIHT erpipoBaHie ypaBHEHNH
reoMeTPONHHAMUKH METOAOM
NOC/IEAOBATENBLHbIX WATOB K Me-
pexony uepes 9Ty dasy baaro-
Laps METPUKe, BCETa CBOGoAHON
OoT CuHrysnspHocTH? B Texcre
pasbHpaeTcd COOGPaXKEHHE, CO-
TJI4CHO KOTOPOMY TaKOe OLHO-
3HAYHO ONpENeNEHHOE NPOAOI-
KEHNE  HAYANLHBIX  YCJIOBHI
Huxoz0a ue wmoxer GbITh CBO-
60ONHO OT CHHTYJSPHOCTEH.

yasl cTosib NMOAPOGHO HCCJIELOBAHBI
HaMU 3JleCb NOTOMY, YTO OHHM IpPH-
BOASIT N0 MPOLIECTRUHU HEKOTOPOro
KOHEYHOIro NpOMEXYTKa COOCTBEH-
HOro BpPeMeHH K MCTHHHOH CHHIY-
JSIPHOCTH BO BHYTpPeHHEl reomert-
puu 3-mepHoro npocrpaHctsa. ITo-
BUIMMOMY, TO e caMoe HMeeT Me-
CTO 1171l KAXKA0ro NpoMexXKyTOUHOro
ypaBHEHUs] COCTOSIHUS. ITa CHTya-
[IHS] HATIOMHHAET 2UNOTe3Y, 4TO OAA
AtoBoil  3amkHyTOli  Bcrenernnoll,
umerowjeii Tonoaoeuto 3-cgeper U
noduunaowelcs YpasHeHUuam 2eo-
MeTpoOuHamuUKY, 6BCe20a UMEIOTCA
2eode3uieckue TpaekTopuu npod-
HOL 4acTUYbl, KOTOpble He MmoeyT
6btTb 6eckoHedHO npodoasicerst, no-
CKOAbKY 8 KOHUYe KOHUO08 OHU O00-
CTU2AI0T 064QCTU € CUHRYAAPHOLL
MeTpuKod.

ITOT BHIBOA O BHYTPEHHeil CHH-
TYJSIPHOCTH  pellleHuil, COOTBET-
CTBYIOIIMX 3aMKHYTOMY NpOCTpaH-
cTBY, 3acayxuBaer Oosiee rany6o-
KOro paccMOTpEHHst BBHIY Toro of-
CTOSITE/ILCTBA, YTO NOSIBJIEHHE CHH-
ryJisipHocTefl, BO3MOJKHO, CBSI3aHO
¢ HeoOOCHOBZHHBIM HCNOJbL30Ba-
HMEM TIOHSITHS YPaBHEHMil COCTOS-
Hus B Teopur Ppunmana 1 TosMena.
C Toukd 3peHHMS] MHKpOaHaJN3a HH
Nbljib, HH pajuiauusi He SIBJSIOTCSA
onuoponHbiMH. Kak MOXHO noka-
3aTh, MacuiTa6 HeoJHOPOIHOCTEN
Mor Obl BbIOMpaTbcs B Kayectse
MUHHUMAaJILHOTO PACCTOSIHUSA, C TOY-
HOCTBIO 10 KOTOpOro Ipoilecc Io-
BTOPHOTO CXKAaTHsl NPOHCXOnUn Obl
B COOTBETCTBUM C MpenCcKasaHueM
Teopuu. MOXHO NPEANONONKHUTD, YTO
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nocjle 3TOro JHHaMH4YecKasl KapTHHa B OCHOBHOM Mpoiiner
®BOJIIOIHIO, 3HAKOMYIO HAM N0 MOBeJIEHHIO IY3LIPbKOB B BOJIE.
Ilpa cxatuu Takoro oGbekta (bur. 14) obpasyioTcs pora
n nuku. B pesyiprate obpaieHde NBUXKEHHST NPOHCXOMHT
He BesJie B OJIHO M TO e BpeMsl, HO B pa3Hble MOMEHTHI Bpe-
MeHHM B Pa3HBIX MeCTaX, NOJOOHO TOMY KaK MOXXHO BHIBOPA-
YUBaTh NEPYATKY HAM3HAHKY maJjell 32 najablleM. Bo3Mox-
HOCcTb GoJiee NeTaslbHOrO ONUCAHHA Mpollecca BOBCE He O3Ha-
yaer, YTO THAPOAMHAMHUeCKNHl 1IMKJ cBOOONIEH OT CHHIYAsp-
noctedl. Kasutauus, ssistomasicss ofHUM H3 HauboJjiee CHH-
IYJASPHBIX THAPOAMHAMHYECKMX  SIBJIEHHil, TO-BUAHMOMY,
HMeeT MeCTO BO BpeMsl IOCJENORATEJbHHIX IIHKJIOB MAaKCH-
MaJbHOrO CXKATHA B MOJBOAHBIX My3bipbKaX, 00pa30BaHHbIX
cunabHbIM  B3pbiBOM  (cMm. [60]). ITockosibky 3ta ruppo-
JMHAMHuUeCKasl MojeJb MOXeT CJYXHTb Il HeKOTOpOil
OpMeHTalUH B BONPOCE O TOM, YTO MOXKHO OXHIATH OT pe-
uleHMsl ypasHenuil DHHmTeiHa, OHA HABOJMT -HA MbICAb, 4TO
KascOoe peuieHue npobremsl HaOAexcatyum 00pQ30M 3aMK-
HyTol BceerenHotd npusolur 20e-Aub0 K CUHRYAAPHOCTU RO
RPOLIECTBUL KOHEeYHO20 UHTep8aara COOCTBEHHO20 8pemen.
OueBHn/IHO, MOXHO TOBOPUTH JiHIIbL O CTENEeHH NPABIONOJO-
6Ust 3TOro MpeAnoJsiokeHust. B moJsib3y nocsjenHero ropopsit:
1) HecKoJIbKO ONHOCTOPOHHSISI aHaJorusi C TEOPHER MUHH-
MaJIbHEIX oBepxHocte#t (tabn. 7), 2) Habmopaembie HeCTa-
OMJILHOCTH NIPH CXXATHHU MOJBOLHBIX NMY3LIPLKOB, 3) CXOJHEE
HecTabHNABHOCTH, BO3HMKAIOLINE MPH CXKaTHH NouTu cdhepu-
4ecKoH peJsTHBUCTCKOI DBceseHHOH, 3allOJIHEHHOH MBIIBIO,
B MOMeHT NpuGJIMMXKeHUsi K cTagdH MakCHMaJIbHOrO CXKaTHsi
[61] 1 4) ananus nuHaMuKK BceseHHOM, MOJHOCTBIO 3aMKHY-
Toil Gyiarojaps cojepxauieMycsi B Hell UMCTO rPaBUTAIHOH-
HOMY H3JyueHHi0 (HeonyOnukoBaHEble pabortel [I. Bpuas).
bpuse uccnenyer wactHbli ciydail Bcesennodt, pomy-
CKaoulell CHMMETPHIO B HEKOTOPHI MOMEHT BPEMEHH M aKCH-
ajbHyl0 cHMMeTpHu1o [cM. cooTnomieHue (78) — (81)]. Hwm
ObIJIO 10KAa3aHO CYLWEeCTBOBAHUE 3aMKHYTBIX 3-MEPHBIX MPO-
CTPAHCTB, Y/OBJIETROPAIONIUX Ha4YaJbHBIM YCJIOBHUSIM

R=0 (90)

H cBOGOJHBIX OT CHHIYJISIPHOCTH. YNOMSIHYTHle HauaJbHbE
ycnopusi MoryT ObiTb (€3 NOSIBJIEHHS CHHIYJISIDHOCTH MpO-

8*



Tabruya 7

AHaNOTHS MewAy TeopHell MHHUMAJILHBIX NOBEPXHOCTEH
4 pelmicHMsIMM ypaBHeHHH DiHwTeliHa AN cBoGoAHOrO
OT UCTOYHHKOB MNOJISA

Teopema Bepn-
mredHa 0 MHHH-
MaNbHHX
TIOBE PXHOCTAX

{IpesBaputenbuas GopmynHpOBKa
AHANOTHYHOTO YTBEPKACHHS
OTHOCHTEJILHO Y PABHEHMI
JiHuTEeHHA

[MpepBapuTenbHOE CyXKAEHHE
06 970l HOpMyNHPOBKE

Kaxpaa ne-
TPUBHAJbHAA
(Hennockas)
MHHMMAaJbHAs
HOBEPXHOCTh
o6najaetr CHH-
ryJsipHOCTBIO

1. Kaxxnoe wuemaockoe
petuenue uMmeeT rpe-aubo

1. Hesepno. OrmeTnm pe-
ryJfipHOe MNOBEjeHHe cha-

CHHT'YJSIPHOCTb 6oii CHMMETPHYHOH BO Bpe-
MeHH rpaBHTaNMOHHOKN
BOJIHBI B aCHMITOTHUECKH
MJIOCKOM NPOCTPAHCTBE
2. Kaxnoe peuieHne, 2. Hesepno. Cuenyer

He ABJALIeeCH aCHMITO-
THYECKH MJIOCKHM, 06Jaa-
paeT rpe-au6o  CHHIy-
JIAIPHOCT IO

yuecTb 6€CKOHEeYHYIo IIOo-
ckyio BonHy (Bommu, Po-
sen, Po6uncon, Ilenpoys,
Takeno, Komnaneen)

3. Kawxnoe petuenue,
ONHCHIBAIOLEE 3AMKHY TOE
HNPOCTPAHCTBO,  HMHOrAa
CTaHOBUTCS CHHF yJSIPHEIM

3. Hesepno. PaccMoTpum
3-MepHbIH Ky6 B HJOCKOM
3-nmpoCTPAHCTBE U OTOMK e~
CTBHM TONONOTHYeCKHU
HPOTHBOMNOJOXHEIE [PaHH,
HOJYYHB, TaKHM 06pasomM,
3aMKHYTOe NPOCTPAHCTIBO
c Tomojorue#  3-topa.
Bynyun nnocko#, merpH-
Ka He MeHSieTCf CO Bpe-

-MEeHeM H, CaenoBaTteNbHo.

HE BO3HHKAET HHKAKOH

CHHI'y IAPHOCTH
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I podosscenue

Teopema Bepu-
wTedHa O MUHM-
MAaNbHbIX
TNOBEPXHOCTSX

ITpobuas popmynuposra
aHAJIOTHYHOTO YTBEPKIEHUS
OTHOCHTENbHO YPaBHEHHIl
BitHureiina

TpensaputesibHOE CYKLEHHE
06 aToll (hopMyAHNpoOBKE

Kaxnaa He-
TpPHUBHAJLHAA
(Hennockasn)
MHHHUMaJbHas
NOBEPXHOCTh
obhagaer CHH-
Py JAAPHOCTHIO

4. Kaxpoe petienue,
ONHCHIBAKOIEE  «HAaLJe-
WamHuM 06pa3oM 3aMKHy-
TOEe» NPOCTPAHCTBO, B He-
KOTOPHIH MOMEHT CTaHO-
BUTCA CHHryaspubpm. Ilo-
HATHE «HALJeXAmHM 06~
pa3oM 3aMKHYTOe» IOKa
He MO¥KeT ObITh TOYHO
onpepeaero. Jlaa Gogee

TOYHOrO  ONpefieleHHs,
MO-BHIMMOMY, norpe-
Gyetcs HCCHeIOBAHNE

npuHinuna Maxa

4. TlpennonoxeHune Ha-
crose# padorsl. [lonatue
«HagJaexaimuM  o6pa3oM
3aMKHYTOrO»  TPOCTPaH-
CTBA BKJIOYAET TOMOJOTHIO
3-cdheps [{romonorus
2-cdepni) X (TomoNorus
OKPYXHOCTH)] H HeJnbtil
KJaCC CBAI3AHHLIX TOMONO-
rHi; mPH  3TOM  HCKJAIO-
YaeTcH TOMNOJOrHA SBKJH-
noBa 3-NMpOCTPAHCTBA, TO-
nojorusl 3-Topa M, BO3-
MOXHO, Ipyrie TONOJOTrHH

JosxKeHbl Ha KOHeuHblll IPOMEXYyTOK BpeMeHH B Oypyliee H
npoiuioe, corsacio paboram Jluiuneposuua [62] u ®ypec-
Bproa [63], nocsimieHHbiM 3apnauve Kowmn B o6umieit Teopun
oTHocuTeJIbHOCTH. [ToCKONBbKY nHHaMUKa IeHCTBYET B JIIOOOM
HanpasJieHUH OT MOMEHTa BPEMEHHOH CHMMeTpHH, OGbeM
3-MepHOTO NPOCTPAHCTBA, KaK 3TO ObIO foka3aHo bpunem 1),
BCerjia UMeeT TeHJIeHUHIO K YMeHbllIeHH0. [ pyriumu cioBamy,
cummeTpus no 8pemenu Moxer ObITb coBMecTHMa c (ha3oil
MaKCUMaJbHOro pacllupenus, HO HUK020Q He COBMECTUMA C
Pazoti makcumaarbo2o cxcaTus. XoTs U3 3THX Pe3yJbTaTOB
He csefyeT NpPSMOro JOKa3aTesbCTBa OTCYTCTBHSA CBOGOIHBIX
OT CHHryJissipHOCTeH pellleHdil ypaBHeHu#l DilHwTeiiHa Oea
UCTOUHHKOB 1Jis BcesieHHoH, npoxoiaiieil uepe3 CTanuio
paciunpeHust, OHH, HECOMHEHHO, YKa3biBAlOT Ha TAKYI0 BO3-
MokHOCTb. [locsenHuil apryMeHT B NOJb3Y NPaBAOnOAoOHS
Takoro BbiBoja cilenyer u3 pewednss IBapuumsbaa [12],

1) Aptop npussatenen [. Bpunio 3a paspenleHne npHeecTH 3pech
€rg pesyJanrar. ’
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o06CyK[aBIIErDCS] PaHEe M TakxkKe MOATBEPXKIANIIEro Noss-
JIeHHe, B KOHEUHOM CueTe, CHUHIYJISIPHOCTE{i B pellleHusXx,
COOTBETCTBYIOIIUX 3aMKHYTOH BcesnenHoi.

10.11. Kaxkum obpaszom Kaiaccuueckoe npocTpamcrso-
spema MOXer CTarb cureyaapruoim? Ecsu BepHO, uTO Jito60e
HajsexamuM o6pa3oM 3aMKHYTOe MPOCTPAHCTBO, YIOBJe-
TBOPSIOILee YpaBHeHUAM JHHUITeHiHa, CTAHOBUTCH CHHIYJISP-
HEIM [0 HCTeUeHUH HEKOTOPOro MPOMeKYTKa coOCTBEHHOro
BpeMeHH, TO 4YacTHBI cJyvyald, B KOTOPOM HMeeT MeCTo
UIBAPIIIUIBIOBCKAST «TOPJIOBHHA®», MOXKET HCNOJb30BaTbCH
B KauyeCcTBe WJIIIOCTPAllMM NO KpaifHeil Mepe OJHOIO U3 BO3-
MOKHBIX MyTe§l NOSBJEHHS CHHTYJSIPHOCTH NPH TOCTENEH-
HOM CTpeMJieHHH KPHBH3HBI K GeCKOHe4yHOCTH. [[pyrue myTH,
IPUBOAALINE K CHHPYJSIPHOCTSM, IOKa HEHW3BEeCTHHl, MO-
CKOJIKY He CYINeCTBYET CHCTeMaTHYeCKOro W He 3aBHCH-
(ero OT KOOPAMHAT aHAJIN3a CHHCYJISIPHOCTEH, KOTOpPHE MO-
ryT BCTpeyaTbesl B pelUeHusIX YypaBHeHHH OJiHHIUTeHHa,
peryJisipHbBIX BCIOHY.

10.12. Hosvle, Oeiicteutesvto QyHOameHTGAbHbIE HYep-
TeL 00wedl Teopuu oTHocurTeabrocTd. Eciiv cnpaBeiyiuBLL J10-
BOAH JHHLITEHHA O TOM, YTO TOJILKO HajJlexanum o6pasom
3aMkHyTasi BceJsieHHasi umeer ¢u3nueckuit cMmbica [58], u
€c/¥ BepHO MpennoJio’KeHHe, 4YTO, H3MEHSACh COrJlacHO
KJIACCHUYECKMM pEeJIITHBUCTCKHM YPaBHEHHUSIM TOJIsl, Takas
BceneHHasi Hen30eyXHO CTAHOBHUTCSI CHHTYJISIpHOH, TO reo-
MeTpPOIHHAMHKA OTAHYaeTcsl OT J1000ro JIMHeapu3upOBaH-
HOrO BapHaHTa TEOPUH MoJs paxe GoJiee CylleCTBEHHBIM 06-
pas3oM, YeM 5TO MpeinoJyarasioch paHee. bynyuu HactosbKo
cBoeo6pa3Hoil, 061i1ast TeOpUsi OTHOCHTENIbHOCTH DHHIITEHHA
nomxHa obcyxpathesl ¢ ee COOCTBEHHOR TOUYKM 3pEHHUS B
csere Haubosiee OOLMX NPHHIMIOB, & He C TOUYKH 3PEHHUS
NpPUBLIYHBIX CPENCTB M MOHSTHH, NMPUMEHSIEMHIX B JiHHeHHON
TEOPUH NOJIS.

1) Ons 3amkuyroit BcesieHnoil mosiHast sHeprust He fB-
JIieTCsl ONpejiesieHHo# BenuuuHOi. [Ipu oOGBUHOM BLIBOIE
3aKOHa COXPaHeHHsI SHepPruM paccMaTpHUBaeTcs 3-MepHoe
NPOCTPAHCTRBO, B KOTOPOM BBOIUTCS 2-MepHas NOBEPXHOCTh,
OXBaTHIRAIOLAsl BCE YacTH paccMaTpPUBAaeMOH CHCTEMBL.
Onnako B 3amkHyToit BcesneHHOR NOBEPXHOCTH, pacHona-
rapuecss Bce JaJiblie U janbliie OT JaHHOH Towuku P, B
KOHIle KOHIIOB JIOJIXKHHl CTATHRATbCSl B TOUKY B «aHTUMOL-
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Hoil» oOJiacTu 1npoctpaHcTBa. Torpa 3akoH COXpaHeHHs
SHEPTUU CBOIAMTCH K TpuBHasbHomy ToxkaectBy 0=0. B ka-
yecTBE MPOTHUBOMNOJIOKHOrO CJyuyast PacCMOTPUM OMHAMHUKY
60JIBLLIOr0 YHCsa MaJIbIX TeJl, BEIGPOLIeHHbIX ¢ O6liell CKO-
pOCTBIO U3 OOLero IeHTpa HaXOASIIMXCS MOn JeHCTBHEM
HbIOTOHOBCKHX CHJ1 B IJIOCKOM NpOCTpaHcTBe. B 3TOM ciiyuae
NOJIHASI SHEprus

E= (91)

M (day _ it
2 \ dt 2a
MOXeT OBITh MOJOXKHUTEJNbHOH, OTPHLlATeIbHOHW HJH PaBHOH
HYJIFO; Macchl CHOBa MOryT yInacTb ogHa Ha apyrywo (Ha
LEHTDP) WM e HaBcerna pasjereTbcs. B ciiyuae 3aMKHYTO#H
BcesleHHOH O Takoii cBoOoze He MOXeT GHITh M peunt [cM.
ypaBHexue (88)].

2) Ve He roBopsi O TOM, uUTO fJisl JIHHeAJH30BAHHOFO
[OJIsT TIOJHAST SHEPTHs FABJSETCH B 3TOM CJyyae ONpejesieH-
HOH, OHa K TOMY 2Ke MoXeT ObITb NpelcTaBJieHa Kak CyMMa
BKJI2JI0B OTHeNbHBIX BO30YXjeHHBIX coctosiHuii. Hamporus,
HeT HU MaJieHINX YKa3aHUi Ha BO3MOXKHOCTH €CTeCTBeHHOro
onuCaHusi reoMeTpoarHaMuueckoii BcelsleHHO# € NOMOIILIO
B030yXKIeHil HOPMAJIbHLIX KosleOaHuil.

OrcyTCTRHe MOJIHOH 3HEPrM M HOPMAaJIbHBIX KOJieGaHHiH
SIBJSIIOTCA JABYMS XapakTepPHBIMU YEepPTAMH TeoMeTpojHHa-
muku. MMeetcst U TpeTbst ee 0COGEHHOCTD.

3) CyuiecTBYIOT CHTYauMH, KOTjla MMEIOTCS napst TO4eK
8 4-MepHOM NPOCTPRHCTBE, KOTOpble He Mo2yT 6uiTe coedu-
HeHol eeodesuvreckoll aunueli. Haubosee wucclienoBaHHLIM
npuMepoM TaKOH CHTyaluu sBJssiercss Metpuka lllBapu-
umnena. Ha dur. 15 HUKakas reome3nyeCkas JIMHHUS, BBIXO-
Asuiast u3 A, He MOeT NOCTHrHYTh B u HaoGopor. C 3To#
0coOeHHOCTBIO TECHO CBH3aHa [pyrasi jperasb. llocnemoma-
TEALHOCTh pPaBHOYHaJieHHbIX cobbrtuil Py, Ps, P, ... MOXeT
3aM0JIHUTh BIIOJIHE KOHEYHBI ‘M, BePOSITHO, OUeHb MaJblil OT-
pe3ok cOGCTBEHHOrO BPEMEHH # TeM He MeHee OHITH HeHa-
6nonaeMoit naxe nis Habnaopates s, OXHIAINEro uxX B Te-
yeHHe HeOIPaHHYEHHOro MPOMEXYTKa COOGCTBEHHOro Bpe-
MeHd. B yacTHOCTH, OH MOXET XKAaTh N0 0eCKOHEYHOCTH, HO
jake He NPHHATb CBETOBOro CHrHasa, KOTOpHIil an Gbl eMy
HOHATh, YTO KPUBH3HA B ropsoBuHe MeTpuky IlBapumunbga
CTpeMuTcs K OeCKOHeYHOCTH. BHe TIOpAoOBHHB OH MOMKeT
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C yCIeXoM H3Y4aTb [pereccHio NpoGHOro Tesia, KpacHoe cMe-
IIleHHE ¥ OTKJIOHCHHE CBETA B MCKPHBJIEHHOM MPOCTPaHCTRE,
W ero HUCKOJIbKO He GylleT 6ecnokKouTb BO3MOXKHAasi CHHry-

. {unundpuuecsan
yb’f,’.ﬂu'\/umgﬂbﬂﬂﬂ
cucmema

@ nr. 15. 3amTpHXOBaHHLIE 30HB, HEJOCTHIKHMbIE HHKAKHMU PafHaib-
HHIMH reoje3yecKHMH, BLIXOASIHMH M3 TOYKH A.

Pannanptibie recie3sHyeCkne H306paKeHn B BPEMEHHO-HOAOOHO! H MPOCTPAHCTBEHHO-
nonobHolt xoopaHHaTax KpyCkaaa @ W v, B KOTOpHIX IIBAPHIIWILAOBCKAS METpHUKA

uMeeT BHI
ds?=f2 (dur—dv?),
rae f2=(32m*3[r).exp {—r2m*] u |[r2m¥)—1]-exp [r2m*|=u2—v2

IlpocTpancTBEHHO-TIONOOHbE TeonesHYeckHe 0603HayeHnl HomepamH 2,3, 4,5, 6,7, 8.
B mpenenbHOM ciiyyae NPOCTPAHCTBEHHO-DONOGHME TreofesHdeckHe 1 W 9 130T cBeTO-
Boii KOHyC (reogesudeckne 1 u 9). He cywecméyem paduassHuiX ze00e3uuecKux.
coednnsrouux A u Karyro-aubo mosky B 8 3aumpuxosGHHOL 30He.

IMpoCTpaHCTBE HHO- 110400 HbIE  TeOfie3HyeckHe, BHIXOAfLIHE H3 A, HHKOrLA He Opo-
xonasT depes r=0 (runepbos v2—u?=1), rie BHyTpeHHAA KPHBH3HA OfpauaeTca B Gec-
KoHeuHocTs, C apyrot CTopoHsl, DpOXoAfilias w3 A BpPEMEHHO-NIOLOOHaA Teonesu-
decKas, KOTopasl IBASIeTCs TPAEKTOpHEH uAeaNbHOi mpo6HOM YacTHUL!, BCETAd 3aXOAHT
XO0Ts OBl OAHMM KOHHOM 3a 5TOT Gapnep. Ecan ke sueprusl 4aCTHIB HEAOCTATOYHA Ajst
TOro, uTOGHEl YHTH OF HEHTPA NPHTAMKEHWA, 003 KOHIA reoReanyecKof nexart 33 Gapbe-
poM. Teonesnueckas 10 coorBeTcTBYET TOMY YaCTHOMY CAYYAK0, KOTA2 LIBAPUIIHALACB-
cKas KOOPAHHATA I MPOGHOH uacTHIBl JOCTHraeT CBOEFO MakcuMyma B TOYKe A, Jra
reone3HYecKasd 3aKaHyHBaeTCs B Touke G, He xacasch runep6osibl B TNOCKOCTH (1, v).

Habmonarens, HaxOfsulics AaJE€K0 COPABA, HUKOTAA He NPHUMET CBETOBLIX CHI-
Hanos Py, P, Py, Py, Xax 6m nosro ox He xaay, OIHAKO HHTEPBanN COGCTBEHHOrO
koBpemenn Mexay J H K BOOane xOHeUeH ¥ paBeH (2nm¥). BoluucaeHusl, H2 OCHOBAHUN
KOTOpBbIX GBI MOCTPOEH 9TOT rpaduK, BumosHens P, B. ®ynnepom u 6yayT HanpapaeHb!
Anfl onyONHKOBAHHE B JPYTOM MECTE.
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JIIPHOCTh METPHMKH. ITO CJyuuTcsl, HO He B ero Oynyuem!
JIpyruMu cJoBaMH, naXKe GecKOHeuyHbIH MHTepBaJs coGcTBEH-
HOro BPEMeHHM B HCKDHBJIEHHOM NpPOCTPaHCTBE-BPEMEHH, JO-
CTYnHbI Habmaronarteso, Mor Obl OKa3aTbCsl HEJIOCTATOUHBIM
Juist Toro, 4to6nl NPHHATL CUrHaJbl HCTOYHMKA CBera, Mo-
Cbljla€éMble€ B TEU€HHE KOHEYHOro MHTepBajia cOOGCTBEHHOrO
BPEMEHH.

10.13. 3nauenue sonpoca o cun2yAaprocTax. Moxuao JiH
NpPU HAJMUNH TAKHX HEOXHIAHHBIX 4EPT reoMeTPOIHHaMUKH
3aKJIIOUHTh, YTO OHA (pusnuueckn GeccMBbICIIEHHA MJIH BHYTpEH-
He NPOTHROPEUHBA (WJIM TO M JAPYroe BMecTe)? ITOT BONPOC,
OUYEBMIHO, SIBJISIETCSH LEHTPAJbHBIM NPH J000# OlleHKe TOrO,
4YTO MOXeT jaTh obuias TeopHsl OTHOCHTENBLHOCTH IJIS pas-
BUTHA (bU3uKku. B Takoli oneHke HEJOCTATOYHO YKa3aTb Ha
1leJIb FEOMETPOJAMHAMHKH — Ha crocoOHOCTh TeopuH DHHIITEH-
Ha ONMCHIBaTh rpaBUTalMI0 Ge3 rpaBUTalUH, 3JEKTpPOMAarHe-
TusM 06e3 ajiekTpoMarHeTHaMa, Maccy 0e3 MacChHl W 3apsil
6e3 3apsina. Heo6xogumo erte pa3o6paTtbes B BONPOCE O CHH-
ryaspHoctax. Eciu 6bl 5TOT BONpoc He BO3HMKaJ, ObIo Obl
HETPYIHO COrJIaCUTbCH C IPYrUMH HENPUBBLIYHBIMH yepTaMH
reoMeTPOJMHAMHKH: C OTCYTCTBHEM JIOJKHBIM 0Opa3oM
onpenesieHHOW 3HepruM B 3aMkHyTofl BceneHHo#l, ¢ HeBO3-
MOXHOCTHI) aHaJli3a HEe3aBHCHMBIX BHJIOB BO30YyXIeHUH,
C CYMIECTBOBAHHEM Da3JIMYHBIX MaclITab0B BpEMEHH Ha pas-
JIMYHBIX MHPOBHX JIHHHMSIX. MOXET JIH NMPOSICHUThbCS o6ian
KapTuHa reoMeTPOIHHAMHKH, TMOKa He PelleH 3TOT Bonpoc?

§ 11. leoMeTpopUHAMMKA H KBaHT JeiicTBus

11.1. Ananceuunan npobrema cunzyaaprocteti, cyuje-
cT8YOWan ¢ panHe20 nepuoda passuTua QTOMHOU (pu3UKU.
Iloka uYTO HEBO3MOXHO CKa3aThb TNOCJENHee CJIOBO IO BO-
npocy O CHHryJsIDHOCTSIX, Tak Kak He Bce HanOoJiee obiiue
CJIeCTBHSI M3 ypaBHeHMil DilumiTeliHa ucclieOBaHH B JIO-
cratouHoli crenenn !). OnHaKO MOKHO cOCaThLCS Ha 3aj1ady,
BO3HUKIIYI0 Ha OoJiee paHHEM 3Tame pa3BuTus (DU3MKH, KO-
Topasi oJiyyHJia CBOe pelleHde B paMKaX KBaHTOBO#l Mexa-
HUKH. JTa 3ajgava Morjia Obl CJIyXKHTb HHTEPECHBIM aHaJO-
rom npobJsieMbl CHHTYJSIpHOCTEHl B TFEOMETPOJIMHAMUKE.

1) O630p COBPEMEHHOrO COCTOSIHMA KBAWTOBOH TEOPHH TPABHTALMH
Zan Beprmanom u KOmapom [64].
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Okogio 1910 r. Gaaropapss Teopeme MpHuioy craso scHo,
4YTO CHCTEMa 3apPSKEHHHIX 4acTHil He MOXKeT MUMEThb PaBHO-
pecHofi kKoHQurypamuud. OueBHIHOe MPOTHBOPEYHE 3TOTrO
(akTa cO CTaOMJIBHOCTBI) aTOMHBIX CHCTEM HOPOLHJO MHO-
JKECTBO MpENJIoNKEHNH, BeyIHUX K NepecMOTpy 3aKoHa CHJI,
gefcTByOmMX MeXny dactunamu. Tenepn, pa3syMeercs,
ficHo, uTo 3akoH KyJsioHa BhINOJIHsieTcs Ha (PaHTacTHYECKH
MaJIbIX PacCTOSIHUSAX, T. €. 10 OYeHb OOJBbIIUX OTPHLATEJIb-
HBIX CcTeneHerd peciTu. B Te 3Ke rofbl CTano SICHO, 4TO,
COrJIACHO KJ/aCCHUeCKoll 3JIeKTPOIMHAMHKE, 3JIeKTPOH JOJI-
KeH Obt On Bce GpicTpee NPHOJIMXKATLCH K SIPY MO CNH-
paniy, TaK KaK JBHIKYIIHHCA C YCKODEHHEM 3apsin HU3Jy-
yaerT 3Hepruto. [lesajucy NONBITKH H30exaTb 3TOH TPYZ-
HOCTH TMyTeM NPOM3BOJBHOrO H3MEHEHHSI 3aKOHOB 3JIEKTPO-
JMHaMMKH. B HacTosiuiee BpeMsi 3aKOHBL B3aUMOIEHCTBUS
¢ TOJIEM H3Jyu€HHsl IIPOBEPEHBLI C OTPOMHOM TOYHOCTbIO MY-
TeM CPABHEHHSI TeOPHH JIEMGOBCKOro CIBHIa 2S-ypOBHS BO-
Jfopojia ¢ IKCIEPHMEHTOM; 3TO CPaBHEHHE MNOKa3bIBAeT Ipe-
KpacHOe corJlacie TEOPHH C KCIEPUMEHTOM.
CHHIYJIIPHOCTH B CBfiI3aHHOM COCTOSIHUM [apn 3aps-
JKEHHBIX 4YaCTHL MOXKHO H30eXaTh HE MYyTEM H3MEHEHUS
33KOHa B3aUMOJEHCTBHS 3JIEKTPOHA W sipa WM OTKa3a OT
3aKOHOB 9JIEKTPOMAarHMTHOro H3JyueHHsl, a IyTeM BBeje-
HHSl KBaHTOBOrO MOCTyJlaTa. DJIEKTPOH HE MOXET OHITb Jio-
KaJiM30BaH B CJIHIUKOM MaJiofl o6jactu ¢ pa3Mepamu L Ge3
CBSI32HHOrO C 3THM JI0CTaTOuHO GoJibnioro pasbpoca MO UM-
nyJscy Ap ~h/L u cooTBeTCTBYIOLIEH KUHETHYECKOH SHep-
run A2/2ml2, qTo6bl MOXKHO OblJIo ¢ H3GBITKOM KOMIIEHCH-
poBaTh KYJOHOBCKYW 3Hepruto —e%/L. Hanyyenue sJiek-
TPOHa MpeKpallaeTcs He BCJENCTBHE TOrO, YTO 3JEKTPO-
MarHHTHOe TNoJie 6GoJiee He B COCTOSIHMM IOMJIOWATh 3HEp-
ruio, a BBUAY OTCYTCTBUsi enle OGojiee HHU3KOro ypoBHS, Ha
KoTopbiit Mor Onl Nepeiith 3JieKTpoH. MHBIMH cJiOBamH,
KBaHT JeHCTBHS IpennucHBaer (PU3HYECKHM MNpouéccaM 6o-
nee najKyr 3aBHCHMOCTb OT MPOCTPAHCTBEHHO-BPEMEHHBIX
[ePEMEHHBIX, YeM MOXHO OBUIO OXHIaTh U3 HEKBAHTOBaH-
-HOTO BapHaHTa 3aKOHOB JBHKECHHS.
. 11.2. BosmoocHas c813b KBAHTOBbIX 3iPeKTo8 ¢ Nnpo-
Oaemoll cuneyasproctu. MoKer Jil KBaHTOBHIH IOCTyJiar,
OyIoyul NPUMEHEHHHM K reoMeTpoanHaMHKe, NONOOHBIM 06-
pa3oM NOMOYb NPeNoTBPaTHTh MNOSIBJIEHHE CHHIYJSIPHOCTH?
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HIMeeT /M CMBIC/I CPABHUBATL CHHIYJISPHOCTH, BOSHUKAIOIINE
B F€OMETPHH NpPH NOBTOPHOM CXaTHM 3aMKHyToH BceseH-
HOll, ¢ 3arubalolmmMucs rpe6GHSME, OGPa3yIIUMHCH Ha
BOJIHAX B OKeaHe, KOrJla OHM MPOXOAAT Ha MeJKoBonawe? B
rUAPOIHHAMHUECKOM CJlyyae AeHCTBHE KallHJUJISPHOCTH Orpa-
HHYUBAET OCTPOTY NOSBJISIONIMXCH CHHryJIApHOCTel. BBITArH-
BasiCb M CTAHOBSIChL GoJiee TOHKHMM, CJIoil BOjgH Ha rpeCHe
BOJIHBI pacchiiaercs, Npespailasicb B MeJIKHE KailJil U MeHy
nojl jeficTBHEM IIOBEPXHOCTHOro HarsiKeHHs. Mmeercs s
nojpo6Hoe 3()peKTUBHOE orpaHHYEHHE KPHUBH3HBI NPOCTPaH-
cTBa-BpeMeHHn OJiarojapsi KBaHTy neiicTBHfi? B rupponuHa-
MHYECKOM CJlydyae HMeeT MeCTO rPoMajHOe HEeCOOTBETCTBRHE
MEXY AJMHOI BOJIHHL NpH6osi (HECKOJbKO METpPOB) M Pas-
MepaMu Kanesab (MUJUIHMETDPH), KOTophle 006pa3sylorcs,
Korja BoJiHa oOpyluMBaeTcs Ha oTJorvil 6eper. B cayuae
reoMEeTPONHHAMUKH KMeeT MECTO elite 6OJiblIasT Hecopa3Mep-
HOCTb MaciuTaGoB BeJIMUKH, KOTOPLIE e€CTECTBEHHO CYHTATH
spdexTupubiMu: 1) pagnyc KpuBH3HH DBcenenwoft (mo-
BupHMoMY, ~10'0 cBeroBhIx Jer, wiu ~10% cm) uau pas-
Meph! KaKoi-yin6o ee MakpoCKOnuuyeckoff yacTu W 2) ecre-
CTBEHHBIe MacmTaObl KBAHTOBBIX (DJIyKTyaruil MeTpuku, cJe-
JLyIOUMX U3 MPOCTHIX cOO6OpasKeHUHil pasMEPHOCTH U paBHHE
1
L*:(%G-)’z: 1,6-107% cm. (92)
[Mpu 3TOM Ba)XHO HE TO, 4TO 3Ta JJIMHA Mada, a To, 4YTO
BooOule CyilecTBYeT HEKOTOpasi  XapaKTePHCTHUYECKast
nyuHa, CyulecTBOBaHHE TaKOH IJIMHBI rapaHTHpPyeT HeBO3-
MOIKHOCTb NOSIBJIEHMSI CHHTYJISPHOCTEH KPHUBH3HBI NPOCTPaH-
CTBa, MpeNCcKa3aHHBIX KJACCHYECKOH reOMETPONHHAMHMKOL.
[MosirJieHHEe CHHTYJISIPHOCTER HE O3HavaeT, ONHAKO, BHYTPEH-
Heil NPOTHBOPEUMBOCTH KJacCHYeCKoil obmieil Teopuu OTHO-
cuTeJibHoCcTH. HampoTuB, OHM O3HaualoT, YTO KJiaCCHuUeCKasl
JHHAMUKa KPHUBM3HBI MPAMO NPHBONUT K SIBJIEHHSM, KOTO-
pble MOXKHO YIOBJETBOPHTENbHO OOBACHNTD JIMIIb B KRAHTO-
BOi TeOpHH. B 3TOM OTHOLIEHHM CylecTBYeT caMasi TecHas
aHaJIOTUSI MEXIy MOSIBJIEHHEM CHHIYJSIDHOCTH B KPHBHU3HE
B reOMETPOIMHAMIKE W CIHPAJbHBIM [BHIKEHHEM 3JIEKTPOHA
K siipy B aTOMHOH (H3uKe.
11.3. IIporusaer au 2e0MeTPOOUHAMUKA KAKOL-AUGO
ceer Ha npobremy 3NeMEHTAPHbIX 4acTul? MoXHo cKka3arThb,
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YTO AUHAMMYECKAs 3BOJIOLMS MCKPUBJEHHOrO MyCTOro IMpo-
CTPAHCTBa MOXET MPUBECTH K COBEPIIEHHO HOBBIM CIIEIH(H-
YeCKUM OCOOEHHOCTSIM Ha MaJlbiX paCCTOAHUSX, ABJAIO-
IIMMCS CJe[CTBUSIMM BBEJEHHsI KBAHTOBOro mocryJjarta. Io-
pasjio TpyAHee yKaszaTh, B YeM COCTOSIT 3THU OCOOEHHOCTH,
x0Tl HeoGXOAMMO TaK WJIM HHAye OTBETUTh Ha 3TOT BOMPOC.
OG6BACHUTE TO, YTO JIEKTPOH B aTOMe He JIBUIKETCs MO CIH-
paj¥ u He MajxaeT Ha SIPO, 3TO 3HAYUT OOBSCHUTHL Cylle-
CTBOBAaHMEe AaTOMOB M BoOOIle peasibHOCTL (PH3MYECKOIo
Mupa. AHaJorMyHO OGBACHEHHe HEBO3MOXKHOCTH ofbpaile-
HUSA KPUBU3HB B OECKOHEYWHOCTH MOXKeT 0OKa3aThbCsi KJIOYOM
K peuleHHIo BOMpoca O TOM, noueMy BooOllle CYLIECTBYET
MaTtepus Kak TaKoBasl.

Il'eonwl He ABJASIIOTCH OGHIYHOH MaTepuel, XOTS H HUMeIOT
maccy. Mx orpomHple pa3Mepel M BIIOJIHE KJaccuyeckas
CTPYKTYypa MCKJIIOYAIT HEOCPENCTBEHHYIO CBfi3b C 3JIeMeH-
TapHBIMU uacTHLaM¥, AHaloruuHé Kaaccu4eckue 3apsalwl,
TIPOSIBJIAIOITHECS NMPY UCKPUBJIEHHU MYCTOr0 MHOIrOCBSI3HOrO
NIPOCTPAaHCTBA, HUKAK He CBfI3aHH C KEAHTOBAHHbIMU 3aDA-
JaMH Teopull 3JIEMEHTAPHHIX YacTHI. JTO, PasyMeeTcs, He
03HAYaeT, YTO 3JIeMeHTApPHHE YACTHIH BCErla JOJIXKHBEL pac-
CMaTPUBATHCS KaK HCXOJHHE HeOOTLSCHEeHHBIe U HEOOhICHH-
MBie CYL{HOCTH. B TO e BpeMs 3TO He 03HAyaeT, yTO OCHOB-
HOe copepXaHue (PU3UKKM BCerna 6yler CBA3aHO (KakK 3TO
Termeph MMeeT MeCTO B COBpeMEHHHIX IpPelBAPUTEJBLHBIX (e-
HOMEHOJIOrMYECKUX TOMBITKAaX TPAKTOBKH 3JIeMERTaPHBIX 4a-
CTUI) C TpeAcTaBJeHHeM O HaGope B3aMMONEHCTBYIOLIMX
ILpyr C APYroM mfoJiefl: 3JeKTPOHHOro, Me30HHOro, HeHTpUH-
Horo ¥ ap. B 3ToM nocsegneM ciyyae pasBuTHe (PU3UKH
O6blI0 GBI HaBcerfa 3aTPyAHeHO HaJlHyuMeM HeKOTOpPOro Ha-
6opa MNOCTYJAMPYEMHBIX 34aTPaBOYHHX KOHCTAHT: 3HAayeHUil
XapaKTepUCTHYECKUX Macc noJieff, BXOAAUIMX B TEOPHUIO, U
KOHCTAHT B3anMOJeHCTBUA MeXAy HUMH. [lpunate mo6yio
M3 3THUX TOYEK 3peHHMsl O3HayaJo OBl MPUHATH KOHUEIIIMIO
MPOCTPAHCTBA-BPEMEHH JMIb KaK apeHs. OJIS (PUIUKU U OT-
Ka3aThCA OT SHHUITeHHOBCKOl KOHIENIMH WCKPHUBJIEHHOTO
NyCTOro TPOCTPAaHCTBA KaK e[MHCTBeHHOH (pusnyeckoit
peasbHocTH. KoHeyHo, B HACTOsIIIlee BpeMsl HUKTO HE MOXer
aTh CPABHUTEJBHYI) OIEHKY IJIONOTBOPHOCTU Pa3JIMYHBIX
HanpasJienuit uccaenoBanuil. OfHaKO HeT HUKAKHX OCHO-
BaHUH MIHOPHUPOBATH UUCTO FEOMETPHUECKOe OMUCAHUE [IPH«
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ponbl 0COOEHHO Tenepsh, Korpa reoMeTpoaHHaMHKa (M TOJb-
KO reOMeTpPOJMHaMUKa) Croco6Ha OOBsICHUTL HE TOJBKO

rpaBuTaumo 6e3 rpaBHTaIlUU H

YpaBHeHus NBUKeHUsA Oe3 ypaBHeHUMH JBUXKeHHSs, HO
TaKXKe U

Maccy 6e3 MaccHl,

3JIeKTPOMArHeTu3M 6e3 3JeKTPOMAarHeTusma,

KOHCTaHTH CBfA3H 0€3 KOHCTAHT CBA3M M, HaKOHeR,

3apan 6e3 3apsna.

MoXHO JH TOra MHTepNpeTHPOBaTh 3JeMeHTapHble Ya-
CTUIB POCTO KaK KBAHTOBEIE ACHEKTHl MYyCTOr0 HCKPUBJIEH-
HOI'O MPOCTPaHCTBA?
" 11.4. Heob6xoBumocre uckars pykosodsauyue uleu g ¢hu-
3uKe 3/1eMEeHTAPHbLX 4OaCTUY U KBAHTOBOL 3AeKTPOCUHAMUKE.
Ha coBpeMenHoM 3Tane pasBuTus (QU3MKM HAnpacHO OBUIO
Onl HalesATbCsi Ha BO3MOXKHOCTBH MOCTPOEHUS uero-Hubyab
NoJOGHOr0 KOHKPETHOH KBAHTOBO-TE€OMETPOIMHAMHYECKO
MOZeJIN 3JleMeHTapHOH yacTullkl. Pasymeercd, MOXHO npes-
CcraBuTh cebe, 4TO 06JaCTH 4-MEPHOro NPOCTPAHCTBA MOTYT
pacChInaThCs HA 3SJeMeHTapHHIe 4aCTHMIIH, KOria OHM CTa-
HOBATCA BCE OCTpPee M KPHBM3HA BO3pacTeT Hogo0HO TOMY,
KaK MopcKasi BoJiHa, o6pylmBasck Ha Geper, mpeBpailaercs
B neny M Opwisru. OOHAKO 3Ta KapTHHa CJAMIOIKOM Kaude-
CTBeHHA U JIErKOBECHA JJIst TOr0, 4TOOH UMETh YeTKOCTb MO-
. pean. Kpome Toro, eciy B ruJpofiHHAMUKE W MOXKHO HaiiTy
noJie3aHble YKa3aHUA O HeJIMHEeHHBIX YpaBHeHUsAX ofireil Teo-
" puM OTHOCHUTENBHOCTH, TO MPOHJET elle MHOrO BPEMEHH,
AOKa B 3THX YpaBHEHUSX AeHCTBUTEJBHO GYyJeT HalileHo BCe
({eHOMeHOJIOrMueCKoe GOraTcTBO, KOTOpPOE B HHUX CoOlep-
xutcd. Buxpu, ynapHele BoJIHH, HecTaGuibHocTH [enbM-
roaelia u HectabuiapHoctn Pasesi — Teitnopa, a takxe re-
_ Hepauust 3ByKa TypOyJIEeHTHOCTBIO GBUIM OTKPHITH 3KCIEPU-
= MEHTaJbHO JI0 TOrO, KAK OHM OBJIM  MCCJE1OBaHbI
¢ Teopetuyecku ). IlosToMy B mnoMcKax 4HuCTO reoMeTpUye-
,, CKOTO ONUCaHMsl 3JIEMEHTAPHBIX YacTHl pasyMHO Gwuio Owl
PYKOBOACTBOBATBCS HE TOJBKO BCEM, YTO M3BECTHO 00 ypas-
HeHusIX JDitHITeliHa, HO M Bcelt MH(QOpManued, oTHOCSIEHCS

1) Cwm. [30], roe npueenena tabiuua analOruil MexAy IHAPOLMHA-
«MHKOH H reOMeTpOLHHAMUKOM,
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KakK K TeopuM 3JeMEHTaPHBIX YaCTHIl, T4K M K IKCHepHMeH-
TaJMbHBIM JaHHBIM O MOCJeJHUX.

11.5. Co2aaCHO KBAHTOBOLI 31eKTPOOUHAMUKE, B0 BCEM
RPOCTPAHCTBEe RPOUCXOOAT cuabHble B03Myulerus. CamMbIM
nopasuTeJbHBIM B TEOPHH 3JIEMEHTAPHHIX YaCTHI[ ABJAETCA
TO OOCTOSITENILCTBO, YTO 3TA TEOPUS OTHOCUTCH KO BCEMY
npoctpancTBy cpasy. Hanpumep, Bcenennas, comepxamas
O/lMH 3JIEKTPOH, GeccMuiciieHHa. Kak OBUIO yXe JaBHO IO-
Kazano JIupakoM, 3JIeKTPOH B 3TOM cJydae pepeimies OH
B COCTOSIHME C OTpUIaTeJibHOH 3Hepruell yepes (aHracTu-
YeckM Manoe BpeMs. HaGmiogaeMas cTaGuabHOCTB 3J1€K-
TPOH2a OTHOCHTENBbHO paJHAlMOHHOH KaTacTpowl TaKoro
THIa TpebyeT, 4TOOBI BCE COCTOSHHUS C OTPUIIATEJBLHOH 3HEP-
raell OB 3aMOJIHEHBl. DJIEKTPOH MoXKeT obpecTu peasib-
HOCTh, BO3HUKHYB TJe-JJH00 M3 3TOro HeHabJa1ogaeMoro, HO
6eCKOHEYHOI'0 pe3epByapa, 4YTO NOATBEPXKAAETCH H3BECT-
HBIMU 3KCIePUMEHTAMMU [0 POXKJAEHUIO 1ap.

Bce npocTpaHCTBO NPOHMKHYTO HE TOJBKO 3JI€KTPOHHBIM
[0JIEM, HO W 3JIeKTPOMATHUTHBIMU (DIYKTYalUUAMH, HMEIo-
MMM MeCTO JaiKe B «BAKYYMHOM» HJM OCHOBHOM COCTOSI-
HUHM 3J€KTPOMArHUTHOTO moJig. DTH QIYKTyanuu HeudGekHO
BO3HUKAIOT NOJOGHO XOpPOUIO NOKA3aHHBIM HYJEBHIM KoJle-
6anuaM aTOMOB B KPHCTAJUIMYECKHX pellleTKaX. TouHo Tak
¥Ke noJieBble (PIYKTyauuu NeHCTBYIOT, HanpuMep, Ha 3JeK-
TPOH B 2s-COCTOSIHMM aTrOMa BOJOPOJA, BHISHIBas (JyKTya-
1My nopsnka (r?)cp. OKOJO COCTOAAHMS DaBHOBECHS, B KOTO-
poM HaXoguscst Obl 3JEeKTPOH IPH OTCYTCTBHU (QJYKTYyaIuil.
Tem caMbIM K 3HepruM 3JIeKTPOHA B NoJie aTOMa C MOTEH-
umnasom V(r) pobaBisieTcss sHEprus BakyyMa

2
AE s, = (), (7 V)ep. (93)

3unast Bemuunny (V2V), u usmepus casur Jlamba — Pu-
3epdopaa AE neve., NOJYYaeM 3HaueHMHe BeJHYMHH (r2) .
ATo 3HayeHHMe AA€T BO3MOXHOCTL yOeAUTENBHO NPOBEPUTH
Teopuio QUIYKTyanul 3JeKTPOMaTHUTHOrO noJdis !).

11.6. Ilenrpasstoe noaoXMCeHue <«204020» 3AeKTPOHA.
Ecan BoOGIIE BO3MOXKHO YHMCTO PeOMETPHYECKOe OIMHCAHHE
3JIeMEHTaPHBIX YaCTHIL, TO NPOCTPAHCTBO HeoOXoaUMO Gyner

1y 3710t cnioco6 onucaHust J3MOGOBCKOIO CABHIa H3JIOXKEH B JIeKIlHsiX
Haiicona [65]; cm. rakxe [66].
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paccMaTpuBaTh KaK MeCTo GypPHBIX (JIYKTYyauul, CBS3aHHBIX
C 3JIeKTPOHAMHU, 3JIeKTPOMATHUTHHIM W APYrHMH MOJISAIMH
(70 ¢ HEOOXOOMMOCTBIO CJIELYeT KaK W3 KBAHTOBOH 3JIEK-
TPOJKMHAaMMKH, TaK W U3 3KclepumeHTta). Bropoill BEIBOA €O+
CTOMT B TOM, YTO KBZHTOBafl 3JIEKTPOJHHAMHKA YKa3bIBaeT
TaK’K€ Ha BO3PaCTalLLYI0 BaXKHOCTb NOHSITHS «TOJIOr0» 3JIeK-
TPOHA MJIM KaKOro-to O6JM3KOro IOHSTHS, [PH 3TOM 3Hauye-
HHE 5TOro NOHATUA 0COGEHHO Ba’KHO, MOCKOJBKY UMEHHO OHO
He M03BoJIsieT cPOPMYJIHPOBATE KBAHTOBYIO 3JIEKTPOAMHAMHU-
Ky KaK 3aMKHYTYI0 TeOpHio. ITa TeopHs MMeeT Jeslo ¢ MaTe-
MaTHUECKMMH  OODBEKTaMH — «IOJIBIMU»  3JIeKTPOHAaMH, —
MAaCCa M 3apsJ KOTODHX OTJAMHAIOTCST OT HabJlogaeMbixX
MAaCCH U 3apsifa MHOXUTENAMH, KoTopuie (opMaibHo 06pa-
11a107Csi B 6eCKOHEYHOCTh, HO KOTOPHle B JeHCTBUTENBLHOCTH,
Mo-BUAUMOMY, Ou€Hb BeJUKH. B3anmopeicTBue aupakoB-
CKMX 4aCTul C 3JeKTPOMAarHHTHHIM MoJjieM (a TakXe yepDe3s
ero MocpencrB0 C [APYrUMM 3JIeKTPOHAMH GeCKOHeYHOro
OKE€aHa 3JIeKTPOHOB OTpHUuATeJbHOH 3Hepruu) obpasyer
«u1y6y» 3apsiia, SBJSIOUIVIOCH CJIOXKHOU CHCTEeMOH BHMpTY-
aJbHBIX NMap W BUPTYaJbHBIX (POTOHOB, KOTOpas OTOXKIe-
CTBJISIETCSL C «OJE€THIM» 3JIEKTPOHOM. DOJIBIINHCTBO pacCyX-
NeHMH# B TeOpHMHM SJIEKTPOHA MOXKHO TMPOBECTH TAaKHUM
06pa3oM, 4TOGH paCCMATPUBAJNUCL TOJBKO <«MEPEeHOPMUPO-
BAHHBIE» 3apsil ¥ Macca «OJETOro» 3JeKTpoHa [67]!), uro
noaTBepxAaeT GU3NYECKYI0 PA3YMHOCTH OCHOBHEIX MOJOXKe-
nuit reopun. OgHAaKo TaKol cnocob oboiitu NpoGJeMy CTPYK-
Typhl <«O[ETOro» MJIM <«IOJIOrO» 3JIEKTPOHOB HeMNpUrojeH
07151 0OBSICHEeHUs! HabJIogaeMBIX 3HAUYEHUH 3apsila ¥ MacCHL.

B sakioueHHe OTMETHM, YTO reOMeTpPONMHAMMUKA BHECET
CYLIleCTBEHHHIH BKJajg B pelleHde NPo6JeMbl 3JeMeHTaPHHIX
YaCTHI[ TOJBKO B TOM Cllyyae, ecdin OyleT BHISICHEHO, YTO
IpeNCT aBasieT cOO0M «roJblfi» 3JIeKTPOH U B KaKOM CMEICJE
BCE MPOCTPAHCTBO SIBJSIETCS apeHOH CHJIbHBIX (JIYKTyalui.
He cBsizanbl Jin 311 npoGjieMsl Mexnay coboi?

1) OTHOCHTENHHO TIOCJENYIOUIETO pPa3BHTHUsl KBAHTOBOM 3JIEKTPOLH-
damuky B paborax Tomonarm, llBuarepa, Pefinmana, Haiicoma cm.,
HanpuMmep, Monorpagmio Tuppunra [68]. [Cm. rakxe H. H. Boro-
Adwb6os, JIl. B. Ilupxos, Beenenne B Teopuro KBAHTOBAHHMIX moJieil,
M, 19:)8 A. U. Axuesep, B. b. Bepecrenknii, Ksanrosas
snekTposunamuka, M., 1960; A. A. Coxonos, Beenenne 5 gpanto-
BY10 jJIeKTpOILl/lHaMHKy, M, 1958; B. 'alitnep, Kpantosas Teopus
uaayuenns, UJI, 19566. — [Tpum. pea]
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Kak yxe nasHo OvuJio nokasaHo [lyankape u Jlopennon,
0Py NONBITKAX OOBSICHUTL CTPYKTYPY 3apsi’KeHHOi 4aCTHUL
BO3HUKaIOT HOBele TpobJjeMsl [69, 70}'). Dueprus u uM-
NyJIbC 3JeKTPOMArHUTHOrO TMOJs SIBJASITCS KOMIOHEHTaMH
TeH30pa U B U3BECTHOM CMBICJIE MU3MEHSIOTCst Npu npeobpa-
30BaHUAX CHCTEMBI KOOPAMHAT BABOEe GHCTpee, YeM KOMIIO-
HenTts 4-sekTopa. Ilyankape pgas ¢usanueckyio uHTEpnpera-
1o 310oro QakTa: CyLIeCTBYIOT HeaJleKTPHYeCKHe HaTsiXe-
HM$, YAepXKUBalLMe YaCTH 3apsaXKeHHO# YacTHIE ¥ obecne-
yuBaloMe ee yCToHUMBOCTL, FiMesi B BUIY 3TO 3aKJioueHue,
HHTEPECHO OTMETUTh, YTO ABE H30JUPOBAHHBIE TOPJIOBHHH
TOMOJIOTHYECKOH pYyuykH, CopepKailell IOTOK 3JieKTpoMar-
HUTHOTO [O0JIs1, NMPEACTABJAIOT OO0 XOpOILIYI0 MOJENE [aphl
3apsKeHHBX 00LEKTOB, NpHYeM IPABUTAIMOHHEIE CHJIH Kak
pas urpalT posib He3JEeKTPHYEeCKUX HATHKeHUH, 0 KOTOPBIX
ropopus [lyankape. I'eon siBsiercst npyruM 0O6beKTOM, B KO-
TOPOM rpaBUTALMOHHOE MPUTSKEHUE NPeoN0JeBaeT JEKTPOo-
MarHUTHOE [aBJieHHe TakKuM o0pasoM, uToOH [oJIHAS 3Hep-
ISl U UMILYJIBLC NMPaBUJIBHO Npeo6pa3oBajiucey Mpu nepexojme
OT OJIHOH KoOpAMHATHOUN cucteMHl K apyro#l. Haxkouen, cama
Bcesnennasi siBJAs€TCH TPETHUM MOJOGHBIM OOBEKTOM, CTPYK-
TYpa KOTOPOIo CYLIECTBEHHO 32aBMCHUT OT HaJiM4YMf (paBUTa-
IIMOHHBIX CHJL

M Bce Xe HM OJUH M3 TNepeuuC/]eHHBIX [PUMEPOB He
HMeeT [PSMOrO OTHOLIEHHS K IpobJieMe <«roJoro» 3JeK-
TPOHA, Tak ¥Xe Kak U K OypHEIM (DJIYKTyalusiM BO BCeM
npoctpanctBe. Eciu  «Tofibliiy 3JeKTPOH WJM BaKyyMHBIE
daykTyaumu M cBA3aHH KaKuM-Aub60o o6pasoM C rpaBHTa-
uvell ¥ reoMeTpHell UCKPHUBJIEBHOrO HYCTOrO NMPOCTPAHCTBA,
TO TPUYHHA 3TOrO JIEXHUT He B KaKOM-HUOYIL Henocpen-
CTBEHHOM BKJIaJle KJIaCCHYECKOro TI'DAaBUTAIIMOHHOTO MOJIf
WJIM KJIACCHYECKOil KPHBHM3HH NPOCTPAHCTBA, 4 8 HOBHLX 3(h-
theKTax, 0GA3GNHBIX KBOHTOBHLIM (AYKTYAUUAM ITUX BEll-
YuH.

11.7. ITpupoda u caedcrsun QAyKTYQyULT MeTPUKLL
MoXHo paccMoTpeTs NMOPSIZOK BeJMYMHLI M KauyeCTBEHHBI
Xapakrep reoMerpomuHaMuueckux ¢aykryauumit [72]. Huten-
CHBHOCTh BapuauMil moJifi 3aBUCUT OT Pa3MepoB u3ydaeMoi
ob6nactu. Ecin nporsskeHHocTs 370l 06/1aCTH B NPOCTPaH-

') OG3op kcropum 3THX npoGieM cM. B paGore Ilaiica {711,
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CTBe H B KOBDEMEHM Mo NOPAAKY BesuuuHb paBHa L, To
KBaHTH, BHOCsHME HauGosbuMil BkIajg B QuiyKTyanuu, ob-
napanTt sHeprueit nopsaka he/L. Tlpu sTOoM NAOTHOCTH
sueprum noJisi 6yner nopsinka fic/L*. IMostomy caMn namps-
FKEHHOCTH 10JIsI C TOUHOCTHIO 0 MHOXKUTeNsl Nepexofia K co-
OTBETCTBYIOUWMM  egunuuaM Oynyt mnopsgka  (fic)AfL?
(raba. 8).

Ta6auya 8

TopAnoK BenHYHHB! GAYKTYALHH NMOAS B YacTHOM clyvae,
Korpa Haydaesmas o6nacth B NMPOCTPAaHCTBE H B KOBPEMEHH
HMeeT HpPOTHHEHHOCThL mopsAnka L

Benuunna [* pasua (HG/c?)” =16- 107% cu. B cllyyae 3AeKTPO-
MarHeTH3Ma HPONHCHBIMH GOJLIIHMH GYKBaMH OGO3HAYEHBl BEJHUHHBL
B cucteme CGS, B To BpeMsi KaKk CTpOunble GYKBBH OTHECEHHL
K reOMeTpH30BAHHHIM €JMHULAM: 6e3pa3aMEepHHM MOTeHLHANaM

v HanpsxensocTsM noneit (B cxu”Y).

SAeKTPOMATHETHIEM I'paBuTauys
INoteHuan . (hc)'lz c2L*
AA}L ~ L A?Huo-r. ~ L
U HIH
r* L*
Aap‘ ~ —L- Agpm ~ T
Hanpsxen- he)'ls c2l*
HOCTHL 1ons AF‘“ ~ ( Lg A (yckopenue) ~ —j7
‘ Ui U
rL* L*
Muv~ 73 Ay~ 13
Kpususna — AR L®
DpOCTPaHCTBa Reve ~ 3

E.
3
*Ha pacctosiunax L nmopsigka npuBefeHHOH KOMITOHOBCKOI
IJIVHBI BOJIHBI

L, —-" ~-385.10"

m= g = O cM (94)

m
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OT 3JIEKTPOHA CTaTHYECKOe I'PABUTAIIMOHHOE M0Jie ¥ CTaTH-
yeCKoe BO3MYLleHHWE MeTPHKH, pasyMeercsi, (aHTACTHYEeCKH
MaJibl:

Meror. ~ g ~( 1) ~107%. (95)

L, L.
UpesBuiyallHO Majel Takke ¥ QAYKTYyaluu MeTPUKH

L* -
Aglimyk'r. -~ E ~ 10 '22’ (96)

Ha emje MeHbLIMX PaCCTOSIHMSIX CTaTHYeCKOE MoJie 3JIeKTPOo-
HA He YBeJUYUBAETCS MO MOPSAKY, TaK KaK SHEPIrust U Macca
YaCTHIBI He JIOKaJM3UPOBaHu B o6GJiacTu, Menpiied L,

HaoGopoT, na BHuuCHeHHbHe QIYKTyauuu MeTpuku OJinu-
30CTh K YaCTHIE He BJHsieT, DTH (QUIYKTyalllu UMEIOT OTHO-
[IeHHe TOJNBKO K pasMepam usyyaeMoll o6jactu. C TOYKM
3pEHUs] aTOMHBIX MacuiTaboB, NMPOCTPAHCTBO IJIOCKO (IMO-
JOOHO TIOBEPXHOCTH MODPS, pacCMaTpuBaeMOH C CaMoJieTa).
[Mpu GauxaiiineM pacCMOTPEHUHM OTKJIOHEHHe OT peryJsip-
HOCTH CT2HOBUTCSI, OYEBMAHO, BCce 3aMernee. HaxkoHen, Ha
paccTosHuAX mopsinka L* ¢uykTyanum MeTpuueckoll KOM-
NOHEHTHl g,, CTAHOBSTCS CPABHUMBIMH MO TOpPSUIKY BeJid-
YUHE C CaMUMM g,,. TOrga, Kak NMOKa3aHO CXeMaTHYeCKH
Ha ¢ur. 16, B reOMeTpUN MOSBASIIOTCS HOBHIE YEPTHL.

MHOrocBsi3HOCTh pa3BUBAETCS TOYHO TaK Xe, KaK ¥ Ha
MOPCKOU MOBEPXHOCTH, KOTla Ha BOJIHAX HOSBJSIOTCS rpele
uy ¢ GpuisramMu u nenoil. PasyMeercs, Heo6s3aTesIbHO yKa-
3BIBATL CHOCO6, MO3BOJAIOIIME HA6MOgaTh QAYKTyalMH,
yT06Bl 3aMETHTh, HACKOJBKO HelloCPeCTBEHHO U HeU36eKHO
OHM BHITEKAlOT M3 KBAaHTOBOH Teopun MeTpuku. BoBce mesa-
yeM ynotpebJiaTe cJoBo «Habionenusi»! Bmecto atoro jo-
CTAaTOYHO CKa3aTh:

1) KBaHTOBOMEXaHu4eCKoe COCTOStHHE METPHYECKOro
MnoJisi siBJsieTcs (PYHKIMOHAJIOM 3-MepHO#i BHyTpeHHell reo-
MeTpHu & MPOCTPAHCTBEHHO- IOA0GHOM NMOBEPXHOCTH o:

T — T (F). (97)

2) Amnauryga BepositHocTH YW uMeer XapakKTepHHIH
GHICTPBHIE CHa;m MpU KPYRHOMACUWITAOHHLX OTKJOHEHUSIX OT
rinanko#l MeTPHKH, NpuHueM crnaj aMIUIMTYABl O4YeHb Mad
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NpH OTKJOHEHHSiX OT IJNafKOH MeTpuKd mnopsiika L* =
= (hG/e?)": unu Menniie. Kpome TOro, cienyer OxuuaaTh,
yTo OBICTPOTZ 3TOrO cnaja O6yjer He OYeHL CHJIBHO Pasiii-
4aThCSl B 3aBUCHMOCTH OT TOrO, OCTAETCS JI TOMOJOTHs He-
M3MEHHOH TIpu OTKJIOHEHWH OT IJIaKOCTH WJIM 3TH OTKJO-
HeHUsT BBOJSAT MHOTOCBSI3HOCTM BHICOKOrO TMOPSiIKA, MJIK

T R R
/A

dur. 16. CxemMaTuyeckas HAIOCTPaUHs POCTa QAYKTYaUHH METPHKH
NMPOCTPAHCTBa BINOTH JI0 NpEBpauieHusi MPOCTPAHCTBA B MHOIOCBSSHOE.

Begepxy, cieea Hanpaso: GAYKTyauny, 3anypajoniHe cHAOBble HHHY B TONOJOrHYecKoft
Syqxe. VinTerpan or HanpsdKeHHOCTH 1OAS 10 TOPJAOBHHE PYYKH OTANYCH OT HyJAsl.

aMa pygxa obnazaer sapsioM. Bru3y, caesa Hanpaso: NOSBJEHNE MHOTOCBSISHOCTH
TOro € THIA 4Yepe3 MOCAEA0BATE/BHOCTL TAKHX FeOMETPHEH, Y4TO CHJOBHIE JIMHHMH HH-
KOTJd HE MOTYT NPOXORUTH CKBO3b pyuky. B sToM caydae 3apsii PYUK¥ paseH HYJO.

faxe GeCKoHeyHO pasBeTBJeHHYI0 TomoJioruio. Kak 6blio
ormeueHo Beinem {73], «6osiee feTasbHOE uCC/efoBaHKe TIO-
BEPXHOCTH MOXET HOKa3aTh, YTO OObEKT, Ka3aBUIMHCH HaM
3JleMeHTapHEM, H2 CAMOM Jielle HMeeT TOHKHE TOIoJornye-
CKHe DYYKH, M3MeHSIOllNe CBA3SHOCTB 3TOro o0beKkTa, npu-
yeM MHKDPOCKOM C 60Jiee CUJIBHBIM YBeJIUYEHHEM MOT OH
0GHAPYXHUTH HOBBIE TOMOJOrMYECKHE YCJIOXKHEHHS U TaK do
6eCKOHeUHOCTUY.

11.8. Cuoica paykryayuii., B s1oM 0o6CYyXRIeHUM CJOBO
«haykTyanusi$ ynorpebJisiercsi Kak KpaTKoe 00603HauyeHue
KoHdurypauuli CuCTeMnbl, 0 KOTOPOH MIeT peub (B HaHHOM
cjiyyae TreOMETpPHM), OIMCHIBAEMOH HEKOTOPOH 3aMeTHOH
amnautygoi BeposiTHOCTH. CorslacHO 3TOH TepMHHOJOruu,
sJieMeHTapHBI TapMOHMYECKHH OCUMJUJIATOP € Maccoil m d
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IIHKJTHYECKOl 4acTOTOH @, ONMUCHIBAEMBIH BOJIHOH (yHKIMeR
2
¥ — Nex [_L"ELJ
exp 5 (98)
UCMBITBHIBAET (PAYKTYalK NOJOKEHUS» NOPSiIKa

Ax ~ (i)ll2 )
mo

AnanornynbIM 06pasoM, 3JIEKTPOMarHuTHOE TIOJie B HOYTH
MJIOCKOM IPOCTPAHCTBE-BPEMEHHN YACTO OIMUCHIBAETCS B KO-
opauHatax g, Es, Es, ... OECKOHEYHON CHCTEMBI rapMOHMYe-
CKUX ocuuysTopoB. OCHOBHOE COCTOSIHUE BOJIHOBOH (DYHK-
IIUM 3a]4€TCS HOPMHPOBAHHHIM TpPOU3BEIEHHEM TayCCOB-

CKHX (YHKIUE:
2 “n&i

L
2h
Torpa (¢aykryamuy aMIJMTYA COOTBETCTBYIOIIMX OCIHJLIS-

TOPOB Modig 6YQyT NOopsiaKa
b

s ()" 10

W= Nexp| — (99)

rge p, — KOHCTAHTHI

11.9. Kaaubposouras UHBAPUAKTHOCTb (DYHKYUOHAAQ
COCTOAHUL 3AeKTpoMaeHUTHO20 noAas. JIpyro#l cnocob ana-
JH3a siBjgercsi Gonee ynoGHHIM AJsi NPOCTPAHCTBEHHO-IIO-
Jo6noro onucaHusi (JIYKTYalHH 3JeKTPOMArHUTHOrO MOJIs,
TaKHX, KOTOpHE MPEeJCTABAAIOT HHTEPEC TAKKE B reOMETPO-
OHHAMHKe. AMIJINTYa KOOPAUHATH! &, TUIHUYHOIO OCIMJIJISI-
Topa MoJisi MOXeT OwvITh 3aTMCaHA B BUJE HHTerpaJia Mo
BCEMY MPOCTPAHCTBY OT MarHutHoro noJjst H(x), ymuoxen-
HOro Ha COOTBETCTBYIOLIMM 06pa3oM BHIOPaHHYIO IepHOau-
yeCKy1o (QyHKUMIO KoopauHaT. Takum o6pa3oM BOJIHOBaS
¢yukuus (99) OCHOBHOTO COCTOSIHUSI 3JIEKTPOMArHMTHOTO
NOJIsT CTAHOBUTCS MPENCTaBJEHHOH B Buje QYHKYUOHAAL
MAarHuTHOro noJisi ') :

T:Nexp[——(lGn%c)"']ffH(x)-H(y)[x—y|'2d3xd3y.
: (101)

1) ABtop BHIpaxkaer 6JarofapHocrb CHyUIaTessiM Kypca KBaHTOBOM
MexaHuKH, B uacrHoctH I'. JleMHCrepy, 3a BHIMMCAEHHS! SKCIOHEHTH B
5TOM BBpaxKeHun. 3aeck TpebyeTcs, 4rOGH JAHBepreHUHs MAarHHTHOrO
rnons obpamanace B HYyJb,
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ITO BHIPaKeHUE JaeT BO3MOXKHOCTb BHYUCJNTH M CPABHUTH
aMIUIMTY OB BEPOSITHOCTH [JIsi 11060l NpOM3BOJBHO BHOpaH-
HOH kougpurypamuu maruutdoro nodsi: Hy(x), Ha(x), ...
H, (x), ..., onpenenenHoro Bo BCeM MPOCTPAHCTBE M HMelO-
[IIEro HY.JIeBYIO nuBepreHiuio. PasyMeeTcsi, CoBepUIEHHO He-
06513aTeJIbHO OTPAHUYUBATHECS OCHOBHHIM COCTOSIHMEM 3Jie-
KTPOMarHUTHOro noJisi. MoXno paccMoOTpeTs U COCTOSIHME,
COOTBETCTBYIOIIee  GoJee  BHICOKOMY  3HEPreTHYeCKOMY
VPOBHIO, WM Ja)Ke COCTOsIHME, BOOOIIe He SIBJASIOIeeCs
cOGCTBEHHHIM BEKTOPOM OIlepaTopa 3HePruM, Kak, Hamnpu-
Mep, (PYHKIIMOHAJ

. -9 i [kX] * 3

¥=Nexp|—¢ ]f(H(x)—m) dx,  (102)
(nonosuutessHoe ycioBue div H = 0), rme € — ouens Ma-
Joe uucdio. [lonyuenHblll (DyHKIMOHAN OMUCHIBAET COCTOSI-

HHe, B KOTOPOM Hau@oJee BeposiTHOH KoH(urypaumeii mar-
HUTHOIO MOJISI SIBJISIETCSH

H(x):aT[—':‘L—z, (103)

rne @ u kK — KOHCTAHTHL.

[nst n3yyenMss IMHAMMKM 3JIeKTPOMArHUTHOrO [10Jisi 4a-
CTO NMPUMEHSIeTCH BEeKTOPHHIH noreHnMan A, ceszanublil ¢ H
COOTHOIIEHHEM

H=rot A. (104)

Torgpa aMIUINTYya BEPOSITHOCTH BHIYMCISETCS CPasy Kak
¢yukuuosan or A, Jlullb nosiKe oOOGHapyXKHMBaeTCsi Kak
CJlefCTBUE TPAaANEeHTHOH HHBapPUAHTHOCTH, YTO A BXOOMT
B BHIpaxKeHue AJs1 (DyHKIMOHaJa COCTOSIHHS TOJIbKO B BHJIE
H = rot A.

11.10. KaaubposotHas UHBAPUOHTHOCTL (YHKYUOHOAA
cocTosHull 8 2eomeTpoduranuKe. JIJIsi Hayala pacCMOTPUM
aMINIUTYLY BEPOSITHOCTH Npu Jo0ofi 3amaHHON 3-MepHO#
reoMeTpuH & Ha NPOCTPAHCTBEHHO-NIONOGHOH NMOBEPXHOCTH G
KaK (yHKUMOHAJ KOMIIOHEHT MeTPHYEeCKOro TeH30pa

g n (105)

Ha Bceii noBepxHocTH. OoHako npeo6pa3oBaHue KOOPOMHAT
Ha MOBEPXHOCTH ¢ M3MEHUT TOJBKO KOMIIOHEHTHL MeTPHKH
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®g,.. He H3MeHHB BHYTPeHHIOI0 reomerpuio &. CoBep-
LIEHHO aHAJIOTHYHYIO KapPTHHY Mbl HMeeM B 3JIeKTPOAHHA-
MHKe, Te (rpaaHeHTHoe) npeoOpa3oBaHHe

A=A, +gradh (106)

H3MeHsleT NMOTeHNHas A, OCTaBJjsis HalpsiKeHHocTh nossi H
HeuaMmennoil. Orclofia cienyer, 4To (PyHKIHOHAJ COCTOSHUS
B TEOPHH OTHOCHTEJBLHOCTH 6€3 HCTOYHHKOB B KOHEYHOM
cueTe 3aBHCHT He OT 6 QYHKIHE g, a TOJMBKO OT BHYT-
peHHell reOMeTpHH:

V=" (). (107)

Benuuynna baykryauuii Moxker ObITh GOJBLILOH HJIU Ma-
JIOi B 3aBUCHMOCTH OT TOTO, PAaCCMATPHBAETCS OTHAEJbHBIN
MEXaHHYeCKHH OCIHJJISTOD HJH K€ MHOMeCTBO KBAHTOBHX
COCTOSIHHY, JONYCTUMBIX IJI JaHHOH SJIeMEHTApHOH CH-
cTeMpbl. DJIeKTPOMAarHUTHOMY [OJII0 AOCTYIHO eille GoJibliee
MHOXeCTBO KBAaHTOBHIX coctosinuii !). [lostomy MoKHO mO-
JaraThb, 4To JJIs1 ONUcaHust QJAYKTYyanui 3JeKTPOMarHHTHOTO
noJist norpebyercs emnge 6oJibiliee YUCJO MapaMeTPOB. DTO BO
BCAKOM CJIy4yae UMEeT MeCTO JJISi KPYIHOMACIUTaOHBIX (ayK-

1) Moxker 11 Merpuueckoe noJie HAXOIMTHCH B KAKOM-JIHGO U3 60Jb-
[IOro YWC/a KBAHTOBLIX cocTOsinMi? Ecau nomycrurs COCTOsIHMS, OMNH-
CBIBAIOLHE ACHMINTOTHUECKH IUJIOCKYI0 METPHKY, NosBJAsercss GoJsbuias
cBobGona emiGopa. Takum o6pasoM, Npu HaJMYMH IUBAPHLIKIbLAOBCKOH
Macchl, XapakTepusyiolllelt GbICTPOTY NPHUOJHIKEHMS K TIJIOCKOMY MNpO-
CTPAHCTBY B KpYMHOM Maclirabe, caMa Macca MOXeET HMEThb To HIH
H#oe 3Hauenwe, MONOGHO COOTBETCTBYIOUIEMY CJYYalo 3JEKTPOMAarHHT-
HOTO MoJisi, Tle CYLleCTBYeT NPOH3BOJ B BHIOODE COCTOSIHHUSI CHCTEMBI.
Onnako, BooOlie roBops, ne o0si3aTellbHO Takas ke cBoGoga Oyaer
HMeTb MeCTO B clyyae «naljexamumM obpa3om 3aMKHYTOro fpocTpau-
CTBA» B COOTBETCTBHH ¢ paccMOTpeHueM iniutefina. Ilockonsry smep-
rusi 3aMeuytoll Beesemnoil naxke me siBase€rcss moinalmeiicst onpele-
JIEHHIO BeJIMYMHOMN, HEBO3MOXHO TOBODHTH O CHCIeMe, Haxojsileiicsi B
OMIHOM H3 BO3MOXHBIX COCTOSIHMH coOcTBennoll sneprun. Ele Gogee
BaXKnbl HOBble OOCTOSITENILCTBA, CBsI3aHHbie ¢ 3aMKHyTOl Bcesensoli B
o6ueil Teopuy oTHocHTendbriocTH [74, 75]. HeBoaMokHo wma6monath cu-
CTEMY €O CTOPOHBI, NMOCKOJLKY BHE €e HeT HHYero, Yro MOIJo 6bl Bbl-
3BaTbh Mepexof H3 OJHOro CcOcTosiEMs B Apyroe. IlosToMy Bo3snmkaer
BOTIPOC, KaK Pas3jHyaTb OJHO COCTOsIHHE OT( Apyroro, JIu6o mmerorcs
Takve CpaHHyHble YCJOBHSI B C/yuae 3aMKuyroii BcenenHoH, 4to BO3-
MOJKHO JIMIIL OfHO KBaHTOBOE coctosiHue? CyluecTByeT JUM €IMHCTBEH-
Has «YHUBEPCOAbHAA» B STOM CMBICJe 80AHO8AR (yHKyua? 1o, nowKa-
Jay#, OAMH H3 uanbojee HMHTEePECHBIX BOMPOCOB, CBfA3AaHHBIX C KBAWTO-
BaHHEM oO6lell TeOPHH OTHOCHTENbHOcTH (CM. B 5TOi cBs3u [12]),
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tyanuil nojs. Mx amnautyna Moxer OHITH MaJol WM
60JIb11I0H B 3aBUCUMOCTH OT UCXOAHOrO COCTOSIHHS CHCTEMBL.
OnHako (QYHKUHOHAJ COCTOSIHUSI HeNpepHLIBHOTO MOJis MPH-
o6peTaeT HOBBlE YepThl NPH PACCMOTPEHHH MeJKoMacliTal-
CHBIX  QUIYKTYalull, ecsiu 3TOT (OYHKIIMOHAJ HECHHTYJsipeH.
tAMnautyna Qaykryanuit Majoro MaciitaGa NpuGJHIKaeTcs
‘K CTaHZApTHOMY YpPOBHIO, THNWYHOMY TOJILKO IS 3TOrO
sMacuitaba (cMm. Tabs. 8), npu yCJIOBHHM, YTO 3TOT Macuital
{MeHblle MaclitTaba J106HX OCOGeHHOCTel, OTPa’keHHEIX B
‘caMoM (pyHKIIMOHaNe 1),

P I1.11. Buptyaaeras heHoobpasHas CcTpyKTYypa  npo-
rerpanctéa. Ha stoM MBl 3akaHuMBaeM u3JOXKeHue (op-
*MaJILHOro annapaTa, NO3BOJSIONEr0 OMNUCHBATL (YHKIIMHU
;COCTOSIHUS,, U O6CyKIeHle Heu30exKHOCTH MeJKoMmacliTal-
HEX (AYKTyauuil B 3JeKTPoAMHAMHMKe W B Te€OMeTPOAMHA-
Muke. BepHeMcsi Temepb K (PU3UYECKHM CJIeACTBUAM 3THX
¢aykryanuil, cBf3aHHBHIM C MNPHPONOfi MNpPOCTPAaHCTBA H
C IPUPOJOY «TOJIOTrO» 3JEKTPOHA.

i. Ha ¢ur. 17 npuBemeHo cuMBOJHYECKOe usobpakeHue
(THNUYHOH KOH(UTrypamuH, AJS KOTopol (YyHKIMOHAJ CO-
tCTOSIHUSI COBOKYMHOCTH T'PAaBUTAIMOHHOIO U 3JIeKTPOMAarHuT-
'HOTO MNoJied NaeT aMIJIMTYAY BEPOSITHOCTH, JIMIL HeMHOTO
MeHBIIYI0 ee MAKCHMAJLHOro 3Ha4deHusl. JTa KOHQUrypanus
oBaapaer caenyroiumu ceoiicrsamu. 1) TpocTpancTeo umeer
neHoo6pasHylo CTPYKTYyPy. obJsiafasi HE TOJBKO MAaKpPOKpPH-
BU3HON MacuitTaba BcesieHHO#l, HO W MUKPOKPUBHU3HOH Mac-
mraba L*. 2) Tloutu BCclony nosiBASIIOTCS rOPJIOBUHBL PYYEK,
pasMepnl KOTOPHX U pPaCCTOSIHUS MEXAY KOTOPHIMH [O-
psanka L*. 3) Yepes pyukKy c pasmepamu nopsjaka L (me
06si3aTe/IbHO TOYHO nopsaka L *) npoxomut, Kak npasuiio,
none nopsinka E~ (hc)'”/L?. CnenoBaTesbHO, pyuKa CO-
EepIKUT MOTOK, a4 ee [BA KOHNA ABJAAIOTCH 3((EKTUBHBIME
E'zé.ap;maMu nopsinka ~L2E ~ (hic)2~ 12 e. 4) Dror 3apan
Eﬁa nopsinok OoJiblile 3JeMEHTAPHOr0 KBAaHTOBAaHHOTO 3a-
Psifa, HO OH He KBAHTOBAH U He WMeeT HHKaKoro NpsiMoro oT-
E‘;Iomeﬂuﬂ K 3apsily sJeMeHTapHoH yactuis. 5) IlaoTaocTu
sHepruu  E?/8nw u Macew  FE?/8mc?, cBsi3aHHHE C moJeM,
EOFpOMHbI N0 CPaBHEHWIO C NPUBHIYHBIMYH 3HAYEHUSIMU mJI51
L

v ) O6cyxaenue CBSISAHHBIX C 3THM BONMPOCOB €M. B paGote Bopa u
*posempe.nbna [76].
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TEOPUH 5JEMEHTAPHBIX 4YaCTuIl M OKashbBAlOTCSi COOTBET-
CTBeHHO paBHB ~FEe/L*t p ~h[L*¢=c5hG?=5- 10% z/emd.

o 0 < b4 V/a
o o %
g SR
o 1?5 00
o\ 0p a
o :\\\‘?,
¥/, :0 O
P
t—10"cm 10 m—

®ur. 17. Koupurypauuss reoMeTpuu 3-npocTpaHcTBa (M 3fieKTpoMar-
HUTHOrO MOJIfI), AJS KOTOPOH aMHiHTyjna BEPOSTHOCTH TOJIBKO HE3Ha-
YATENBHO YMEHBIIEHA 110 CPABHEHHIO CO CBOMM MaKCHMAaJbHBIM 3HAUEHUEM.
MaabMu 3dMKHYTBIMM KOHTYDaMH 00603Ha4YeHbl rOpJIOBHMHEI py4YeK, 3anar0UluX CBA3HOCTHL
npocTpancTsa. XapakTepucTuueckas JAWHA STOM TONOAOFMM  HMeeT  IOPsLoK
L*=(h0lca)'/2= 1,6-10“33 €M, 9TO rOpasio MeHbiue N0GOi AnMHB, HMEIOIIEH Kakoe-aH6o

HeNoCPeCTBEHAOE UTHOLLEHME K NIPobJeMe 51eMeHTaPHBIX HacTHL (h/mc=3,9- 10~ ! cn)-
Kak MOMHO BHEETH HAa YBEJHYEHHOM W306pPAXKEHHM rOpAOBHEEI Pydkk (@) cnpasa,
€ THNMYHOH PyYKoil, NOROGHOH @, CBY3anAa HE ToJbKO OOAbLIAs KPUBU3HA NPOCTPAHCTRA,
HO M OONBLIOE MOJE, KAaK [0Ka3AHO CWIOBHIMH JMHUSMU B YBeJMueHHOM BHJe CHpana.

) Tak ke OO6CTOUT Heslo C 3JNEKTpUyYecKol Maccoi-sHep-
riefl pyukH

m = A )L*a:(h—(;)lh:Z-Z-lO—sz(mm~1028 26). (108)

P Aid

7) I'paBuTanuonHasi sHeprus B3aUMOJACHCTBUS IBYX TUIHY-
HEIX COCEeJHHX TOPJIOBUH PYuYek 6YyaeT MopsiaKa

Gm%
Epag.~— = - (109)
Css3aHHoe ¢ Heil ymedbUleHue maccel
Erpas. G he ¢ B\
B~ w g (da) =—m (110)

6yder 1020 gce NOPAOKA, 4TO U NOAOHCUTEAbHAS MOACCA O8YX
B83AUMOOELCTBYIOWUX C2YCTKO8 3/EKTPOMOZHUTHOL 3Hep-
euu. JIpyeumu carosamu, 2paeuTayuonHele e3aumoleiicTeus
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BHOCAT peuiatowjlitl 8K1a0 68 KOMNEHCQYUID HYAesoll avep-
2uu 3MeKTPOMOZHUTHO20 NOAS, KOTOpasi TPH BHUUCICHUH
CTOJb MHOTMMU cllocoGaMu OKashiBaercss 6eckoHeyHoH. Ha-
opHMep, eCliM KaXk[AHH OCHMJIIATOp noJssi ofJianaer 3Hep-
ruelt hw/2, To o6mian 3Heprus NOJA, BHUMCAeHHAs C TOY-
HOCTBIO 10 KpyroBo#H yactoTsl, paBHO#H ¢/L, Gyner

2fbw (2 c)zd%"’%' (111)

Drta BeJMyMHA ABJASETCH pacxoiflledics, ecyay nepefiTm X
OGeckoHeuHO MaJbiM paccTossHusM. OJHAKO Ha paccTos-
Husx L nopsnka L* u MeHblle BCTYMaioT B WUTPY COBep-
HIeHHO HOBBIE TreOMeTPHH, KOTOphle COBEPLIEHHO MEHSIOT
aHaau3 npoGJieM 3JIEKTPOMATHUTHOH HYJEBOH SHeprui.
YKazaHHHIX TPYJAHOCTeH HeJb3si H36eKaThb MPOU3BOJLHEIM
BLIUMTAHUEM HYJeBOH sHepruu. B obmell Teopuu oTHOCH-
TeJLHOCTH HET NMPOU3BOJBLHON aJIUTUBHOH KOHCTAHTHI 3HEp-
ruH, MOCKOJbKV 3HePrusi CBsi3aHa ¢ Maccoi, a Macca WCKpu-
BJIfieT NpocTpaHCTBO. [lo3TOMYy BeckMa CYIIeCTBeHHO, 4YTO
KBQNTO68GS TeOMETPONUHAMHKA NMPUBOAMT K paguKaJbHO HO-
BHIM U MHoOroo0OemamwuyM ToukaM 3peHHsi Ha fpoGieMmy
pacxonasiieics 3HEPIuHu 1oJs.

11.12. OroxlecrsreHue (GAYKTYQUUONHO pyuku ¢
«2on6im»  3aekTporom. Takum o6pasoM, KBaHTOBasi reo-
MeTPOAMHaMHKA HMeer MHOro obilero ¢ Takoil Gojiee pas-
paboranHOl Teopuell, KaK KBAHTOBas 3JeKTPOAHHAMUKA,
C TOYKM 3peHusi PacCMOTPEHHsl BCero NPOCTPAHCTBA Kak
apenn OypubX ¢Quykryauuii. Ho kak obcTouTt genoc ¢ apy-
rofi XapakTepHOH uepTO#l 3JE€KTPOOWHAMHKH, a HMEHHO C
«roJibiM» 3JIeKTpoHOM? Ecau cywjectsyer kaxoe-aubo coor-
B8eTCTBUE MENHOY HUCTOL KBAHTOBOLII 2e0METPOOUHAMUKOL
(Ge3 moGaBouyHBIX MoJiel, 6e3 KOHCTAHT B3aUMOAEHCTBHA U
MCKYCCTBEHHBIX THIOTE3) U KBAHTOBOL 3AeKTPOOUHAMUKOL,
«20A6Li» INEKTPOH Ooa¥cer GotTe OTOMOECTBAEH C 3/EeMEH-~
Taprol pyukoti. Ero macca 6yner nopsanka my = 2,2- 105 ¢,
3apsin — nopsaka (hc)’z~ 12e ~56-10® CGSE u pas-
Mephl — nopsigka L* = 1,6-10-% cm. Tonpko nyrem Ta-
KOr0 OTOMK[ECTBJIEHHSI MOMHO MNOJYUHTb B KBAaHTOBAHHOM
obuleli TEOPHil OTHOCHTEJBLHOCTH eCTeCTBEHHYIO KapTHHY
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pOXKaeHHs] map, ¢ HeOOXOAMMOCThIO TpeOyeMylo KBAHTOBOH
3J1eKTPOAMHAMHUKOH.

11. 18. Hepenopmuposrka maccer u 3apadca. Heabss cuu-
TaTh BO3pa)keHHeM I[IPOTHB reOMeTPUYEeCKOH HHTepnpera-
LUH «TOJIOTO» 3JIEKTPOHA TOT (PAKT, YTO 3TA HHTEPHperaius
He TNO03BOJISIET MOJYYUTb TOYHO ONpefeJieHHble 3apfil u
Maccy. B KBaHTOBOH 3JIeKTPOAMHaMuKe ye GHJIa pa3BuTa
Teopusi MepeHOpMUpPOBOK [77, 68], TpakTylomas pacnpefie-
JieHHe 3HAYeHWH MacChl JAJISi «roJioro» 3JieKTpoHa. AnaJo-
ruyHEIM o6pa3oM, pasbpoc 3HayeHuit 3apsiga 310ro 06beKTa
HUCKOJILKO He MNPOTUBOPEYHT ATOMUCTHUYECKOH, KBAHTOBOI
nprpoge 3apsiaa HabJogaeMoOro 3JeKTPoHa.

11. 14. Credcersusn aykryayuii maroeo macuraba 8
Gernomernonozueckoli rteopuu. FEcnu nNOHATHE «rOJOro»
5JIEKTPOHA HMeeT Kakoe-JubO OTHOLIeHHe K AeHCTBHUTEJIb-
HOCTH, TO CTaHOBHTCS TMOHSTEH TOT uUHTEpec, KOTOPHIH
npencTapdsier QU3HYECKUN BAKyyM (Hake B OTCYTCTBHE Ka-
KHX-JIH60 PpeajJbHBIX 3JEeKTPOHOB) C €0 KOJIOCCAJILHBIMU
KOHIIEHTPAIMSIMH 3J€KTPOMArHUTHOH 3Hepruu, MHOrOCBS3-
HOCTBIO ¥ (DJIYKTYalMsIMU Ype3BBYaHHO MaJjioro Macurtaba.
Maciutabel BceX 3THX fIBJeHWl Ha MHOTO MOPSAKOB OTJIM-
Yal0TCsl OT MaclITa60B OGHIYHKIX ATOMHBIX TIPOIIECCOB HJIH
nponeccoB B 06JacTu 3JdeMeHTapHHX yactuiu. [loatoMy
(peHOMEHOJIOTUYECKAS! TCOPHS 3TUX SBJEHUI He JOJUKHA Co-
JepXaTh B $IBHOM BHJe Maccel m; u JJjuHe L*. B usBect-
HOM CMBICJIe TaKasi Teopusl HanOMHHaeT (eHOMEeHOJIoruye-
CKYIO TEOpHI0 YIPYroCcTH, B KOTOpOH He QUIYPUDPYIOT HH
aTOMBl WJM MOJIEKYJB, HM 33aKOHBlL WX B3aUMOMEHCTBHSA.
KBanTtoBasi ajekTpomuHaMMKa (WJIM BbYMTAaTeNbHast (Hu-
3MKa) SIBJISIETCS WMEHHO Tako# Teopuell. OHa MOXKeT uMeThb
JeJo ¢ LIMPOKUM KJaccoM mipobJieM, He 3a/1aBasich BOMpPO-
coM, OTKy;1 4YepnaloT CBOM 3apsii U MacCCy «OJeThies H
«TOJIBIE> 3JCKTPOHBL.

Hau6osee nopasutesbHBil ycnex (TOYHOCTL IpeAcKasa-
Hus1) W Haubosee TOpasuTe/lbHAs Heyldaya Teopuu (ee
NPUHOUNUAJILHEE PAaCXOAUMOCTH) CTAHOBSITCH HECKOJBKO
GoJiee TIOHSTHBIMH, €CJU TreoMeTpoaHaMUYeCKasi KapTuHa
«OIETOrO» 3NeKTpoHa umMeeT cMbici. C 3TOl TOYKH 3peHus,
ycmexu U TPYAHOCTH OOYCJIOBJIEHH OJHOH U TO# XKe Mpuyu-
HOH: KpafiHell MajOCThIO XapaKTepHCTHYeCKOH JJIMHBL (-
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31KM BakyymMa L* no cpaBHeHulo ¢ XapaKTepHCTHYECKOH
JJUHOM (PU3UKH 3JIeKTpoHa L, = h/mc ).

11.15. Yacruyet, uwrepnperupyemole KaK KOANEKTUB-
Hole sO3myuienus, HaaoxceHHole na sarkyym. Coraaceo
3TOMY YHCTO reOMeTPHYeCKOMY OMUCAHWIO MPUPOAE!, BKIAI
JacTUIHl B BO3MYLIE€HHe BaKyyMa OKa3blBaeTcs HHUYTOXKHO
MaJelM B OPOIEHTHOM OTHOLIEHWH TI0 CpaBHeHHI C Oyp-
HBIMU MpolieccaMH B BakKyyMe. EcJju cpaBHHTH BakKyyM C
TBepABIM TEJOM, TO 3JEKTPOH cJeayeT CPaBHHBATh € NPoO-
xopsiuuM (OHOHOM. DTU KOJUIEKTHBHHIE BO3MYIUEHHS, CO-
OTBETCTBYylomIMe (POHOHY, He BHOCAT TOYTU HUKAKOIO BKJajaa
B OTHOCHTEJBHO OIPOMHBIE 3HEPTHUH aTOMHBIX 3JIEKTPOHOB B
KaKoM-JIH60 atome TBepaoro tesja. TOYHO Tak Ke 3JIeKTPOH
JOJDKeH paccMaTpUBaThC B MHMKDOCKOMHUYECKHX Maclirabax
reoMeTpPOAVHAMHKH OTHOCUTEJBHO MAaJOBAXKHHIM 3JIeMeHTOM
JanHolt cxemul. [loCKONBKY COOTBeTCTBYIOIASl MJIOTHOCTH
MaccHi-9Hepruu 6yner nopsaka

m mic3

L—3 ~——h‘3-‘: 1,57 108 Z/C'Mg, (112)
TO aJisd BaKyyMa oHa COCTaBUT
T~ 5 10 2fend. (113)

O6BACHUTH € 3TOH TOYKH 3DeHUs] MacCy 3JIEKTPOHA — TO XKE
caMoe, YyTO WHTEepPNPeTHPOBATH CKOPOCTh KOJUIEKTHBHLIX BO3-
6y>xaeHufl, MogOoOHLIX (POHOHY; NMPH 3TOM CYLIECTBOBaHMHe
YaCTHI[ C PA3JUYHBIMH XapaKTepUCTHYECKUMH MaccaMu He-
CKOJILKO HaNoOMHHAeT CYIIeCTBOBAHHME pAasJIMYHLIX THUIOB
KOJUTEKTUBHBIX BO30YXI€HHH B XXKHUAKOM rejiMy Wiy pasiiuu-
Hple BeTBH KPHUBOH, BRIpaykalollleii 3aBUCHMOCTL YaCTOTHL OT
BoJiHOBOro uucsa. Chelpduyeckre HesJeKTPHYeCKUe CHJIHI,
InelicTByIOLlle MeXIy HEKOTOPHIMM YacTUI[aMu, u cJabbie
-cnenupu4YecKue CUJBl, NEHCTBYIOUME MEXKIY 3JEeKTPOHOM H
pU-Me30HOM, CJelyeT CPaBHHMBATL C B3aUMOAEHCTBHEM Me-
¥nay (OHOHAMHM, WJH 3KCUTOHAMM, WJH CHOHHOBLIMH BOJI-

i ) BosmoxHag posib IpaBHTalMM B npoGieMe  3JE€MEHTapHBIX
YacTHil M BO3HHKaliee 3a cdeT ee 3¢(ekTHBHOE 0Ope3aHHe Ha MaJpix
paccrosHuax pacxofsuiedicss CoGCTBenHoH 3HEPIMH 3JeKTpoMa ObLIH
ormeyennt JI. J. Jlaunay, A. A, A6pukocossiM, 1. M XalaTHHKOBLIM
(78], 1. Usanenko [79, 80], Haynu [81]; cm. rakxe [82].
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HaMH, pa3JMYAIOMMMHCA XapaKTepoM MOJIAPH3AUMH HJH
JAPYTHMH CBOHCTBaMH ').

ATo 4YKUCTO TreoMeTpOoAuHAMHYECKOoe ONHCAHHE 3JeMeH-
TAPHBIX YacTUI[ eille He CTaJo ONpejesieHHOll Teopueil, Ko-
TOPYIO MOXKHO OBIO OB NPOBEPUTHL HJH ONPOBEPrHYTH
3KcIepuMeHTaNbHO. Bojiee TOro, HeT HHKAKOH CBA3H MEXIY
3TOH Teopueil W HENABHHMHU MONBITKAMH HHTePIpeTanun
3JieMeHTAPHBIX YACTHII KaK COCTOSIHUE eJHHOTrO (QYHaaMeH-
TaJILHOTO CIIHHOPHOIO [MOJs, 3aJaHHOTO B IJIOCKOM IIpO-
CTPAaHCTBE-BPEMEHH I, CJEJOBATEJBLHO, HE HMEIOIeM Oye-
BUIHO}I cBsI3n C reoMmerpueil. DTta upgesl Obina BhICKasaHa
eme VBauenko [84, 85, 79, 80] n HenaBHO GBITa AaKTHBHO
nopjepxaHa (B HecKonbKo nH3MeHeHHOM Bupge) IeiizenGep-
rom n np. [86—89]. HesuHeiiHbie ypaBHeHHS CIHHOPHOIrO
nosisi ?) comepmxat sneMeHTapHYI ANHHY [

2L P (Frers) =0, (114)

1) O psauMoneifiCTBHH 3KCHTOHOB CM., Hampumep, [83].

2) Vnorpa B 1uyTKY rosopsit: «Tak Kak M NpHpONd, M HeJIHHeil-
Hble yPaBHEHHUSl CJIOXKHB, TO NPHPOAA HOJXKHA ONHCHLIBATbCS HEJMHEH-
HBIMH ypaBHenusiMu». OpHAaKO clenyer OTMeTHTh, HACKOJBKO CyHleCT-
BEHHO HeJHMHeHHOCTL OOlleH TeOpHH OTHOCUTEJLHOCTH OTJIHYAE€TCS OT
HeJINHEHHOCTH HeJIHHeHHOro CrHHOpHOro ypasienusi. Ilpexpe Bcero cmu-
HOpHOE YypaBHEHHe SIBJIfieTCSl JIOKAJbHO HejnHeRHbM. Hao6opor, «ue-
JIMHe{iHKe» ypaBHeHHsl TPaBHTALMH JIOKAJbHO AUHELHbL B 3TOM CMHICJe,
T. €. CcHCTeMy KOOpHHMHAT B J06oii Touke P Bcerpa MoXKHO BHOpaThb
TaK, 4TO MeTpHKa B 3TOH TOuYKe OYIer HMeTb JOKaJbHO JIOPEHIIOBCKH
xapakTtep. OTKJOHEHHS! OT JIOPEHLOBCKOH METPHKH BXONSIT JIMIIL fpO-
NOpIMOHANILHO KBajnpaty paccrosiisi ot P, B OKpecTHOCTH 3TOfi TOUKM
B AAHHOI KOODJIMHATHOH CHCTEME YypaBHEHHs IS TaKHX OTKJOHEHHH
nvHeiHbl. HEIME clloBaMH, Tak Ha3biBaeMule HEJIMHEHHble depTHl 06illeil
TEOPHH OTHOCHTEJNLHOCTH NPOSIBAAIOTCS TOMLKO B 00JacTsiX NpoCTpaH-
cTBa-BpeMeHH OoJblliell NPOTAXKEHHOCTH H MMEIOT OueHb TOHKHH H crie-
nMagpHbi  Xapakrep. 9T0 06CTOSATENBCTBO CTAHOBHTCS OCOGEHHO cy-
HIECTBEHHBIM IIpH OOCYIKJIeHHH TOMNOJOTHUECKHX H IJ106aJbHBIX CBOHCTB
pelliennii ypapheHuit Jiinimreiina. OObYHO pelleHHs] CYMTAIOTCS NpHEM-
JIEMBIMH B HEKOTODOH 3ajanHOil o6jact¥ JHIIb B TOM CJAydae, eCjH
MeTpHKa B OKPECTHOCTH KaXKIOH TOUKH B 3Toll 006JacTH BRoJHE pery-
JisipHa. 3TOT JIOKAJbHO JIOPEHLOBCKHE Xapaktep NPOCTPaHCTBA-BPEMEHH,
KOHEUHO, IHWKTYeTCsi TPHHIMNOM 5KBHBaieHTHOCTH JifHIUTeliHa, cOrjacHo
KOTOPOMY YCKODEHHSl B JaHHOH TOYKE BCErja MOXKHO MCKJIOUHTH COOT-
BeTCTBYIOIINM BHIGODOM CHCTEMHl OTCYETa.

B nepBoHaYaJrHOH (POpMYyJHPOBKE MPHHIKNA SKBHBAJEHTHOCTH pac-
CMaTPHBAJIHCL YCKODEHHsl JIMLIL rpaBUTAllMOHHOTO MpoWCcXoxkaerus, st
3apsKeHHLIX YacTHI, HeoGxomuM npyroil nmopxox. OnHako, ¢ ToukH 3pe-
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He HMEIOHYI0 HHKAKOI'0 OTHOUIeHHS K XapaKTepUCTHYECKOi:
muHe L* KBaHTOBOH reoMerpopgnHamukn. Pasymeercs,
BITOJIHE BO3MOXKHO, 4YTO penieHue MpoGJieMbl 3JieMEHTAPHBIX
YaCTHIl JIEXKHT B 3TOM HJM B KAKOM-HHOYIb COBEpIIEHHO OT-
avuyHoM Hanpasdeduun. ‘OpgHako ecan Gojee KOHCEPBATHB-
HBIil NOAXON B KaKoH-TO Mepe OOOCHOBAH, €CJH €CTh HEKO-
Topas Hafex[a Ha pelleHHe npobJeMbl 3JeMeHTapHHIX 4a-
cTUIl B paMKax Teopuil Makceesna u DfidiiTellHa, a TakXe
“COBpE€MEHHOH KBAaHTOBOH TeopHH {e3 HOBHX H06aBjieHHiI H
H3MEeHeHHUI, eCJIll He BBOAATCH H3BHE M0JIS H KOHCTAHTHI CBSI-
.84, ecqiv BCS (PU3HKA €CTh YWCTasi reoMeTpusi, TO H3JO0XKEH-
Hasi HAMH TeOpHS SIBJISIETCS] €JHHCTBEHHEIM BO3MOXHEIM Ba-
pnaToM. IlocnenHee 3ak/OYeHUe CjeayeT M3 TOro, 4TO He
MpeACTaBJsfeTcsl BO3MOXHLIM YCTAHOBHTH COOTBETCTBHE Me-
KOy BBEIBOJAMH KBAHTOBOI 3JIeKTPOJHHAMHKH H HauboJiee
OUYeBHIHEIMH YepTaMH TeOMeTPONHHAMUKH HHaye, ueM 3TO
Obli0 H3/0XKeHO Bhe. Torma, No-BHAHUMOMY, Henb3si H3be-
aTh IPEACTAaBJEHHS O YacTHjaX KaK O ype3BHYaiiHO CJia-
OLIX KOAACKTUBHOLY BO3MYLYCHUAX 8 (DUBUMECKL CcoOepica-
\TEAOHOM UCKPUBACHHOM RNYCTOM NPOCTPAHCTEE, UMEIOULeH
BUPTYAAbHYID «NEHOOOPA3HYIO» CTPYKTYPY.

11.16. Cosepuwenrno paziuunelli xapaxrep Kaaccuue-
CKUX U KBOHTOBbLX 3apasiceHHelx 00BeKTO8. IDTOT KpaTKui
0630p MOYTH BCEro, 4TO H3BeCTHO B HAcCToOsiilee BpeMsl o
|[mpupone KBaHTOBOH reOMeTPOXHHAMHKH, NOAYEPKUBAET, HA-
ICKOJIBKO BEJIHKO pasyiuyne Mexay (U3HYEeCKHMH 3apsiKeH-
HBIMH YaCTHIIAMH, ¢ OIHOH CTOPOHH, H OOHHM H3 T€OHOB
MIn ONHOH K3 TOPJIOBHH py4eK KJacCHYeCKOH reoMeTpo-

rms; KJ1acCHYECKOll reOMeTPOINHAMUKY, 3apsi2KeHHble YacTHNBl SBJASIOTCS
[HesoKanu3yeMbIMH 06beKtaMH. B JI060i TOUKE HMKOrHa He NOSBJISETCA
gro-np6o HanoMMHaKUiee 3apsai. B moGoit okpecTHocTH pasmepa [,
MAJIOro MO CPaBHEHHIO € pa3MepaMH TOpJIOBHHEI PYUYKH, _Bonpoc 06 ycKo-
PeHHH 3apsina NPOCTO HE MOMXKeT BO3HHMKHYTb. B Takoii OKpecTHOCTHM H
B{COOTBQTCTBy}OIlIPIM oGpa3oM BBIGpAHHON CHCTeMe KOODHMHAT 3JeKTpo-
1aTHHTHOE 10Jie BHOCHT HeJIOPEHLOBCKHMIl BKJIa), B METPHKY TOJNLKO TO-
psinka 2.
- B 3TOM MHKPOCKONMYeCKOM CMBbICje M B paMKaX KJAcCHUECKOH reo-
METpoNHHAMHMKM TPHHLMI SKBHBAJIEHTHOCTH MOXHO NPHMEHSTb B pab-
Mol Mepe KaK NPH HallNMHM 3JIEKTPOMATHHTHOIO [OJ%, TaK H B Cayyae
HCTO TIpaBMTALHOHHbIX noJefl. JlpyruMu cjoBaMHM, TNPHHIMI SKBHBa-
eHTHOCTH DfHIUTeifHA WrpaeT B HacTosilllee BpeMs ewie Gonee (yHpa-
eHTalkLHylo poJb, TPeGysi CTPOTOH AOKAAGHOL AUHEHOCTU YpaBHeHH
Roas.



Tabruya 9

CpaBHeHue COBPeMEHHOH reOMeTPOIMHAMHUECKOH KOHUENIHH
KJIACCHYECKOTO M KBaHTOBOT'O Sapsiia

Ipupona 3AEMEHTaAPHOTO
3apsoiennoro obbexta

Kanaccuyeckas teopust

KBantoBast Teopust

Haspanue TopnoButa pyuyku dnemeHTapuasi  ya-
CTHIa
HaGmonaemocts He na6mopancs Ha6mionancs
Pasmeph, L Makpockomnuuye- L~10"" ynu
ckue, L 1071 cu
Tononoruueckoe Topnosuna ornens- IMopsinka 1060—1088

omnucaHue o6beEKTa

uoif TOMONOrHyeckoH
PYUKH

BUPTYaNbHHIX  PyYek
B ofixactM ¢ JuHeH-
HBIMH pasMepaMH

~ 107" c4t; ee OkpecT-
HOCTH BIHIOTH 1O Oec-
KOHEYHOTO  paccros-
HHS HMEIOT NpaKTHYe-
CKH PABHYIO ILNIOTHOCTb
BHPTYalbHbIX PYYeK

[ToTOK CHAOBHIX JH-
HHEl Yepes OAHMHOUHYIO
pyuKy (3apsin py4kH)

JhoGoii or 0 BiOTH
2
a0 ~ (L,) L wan
G'h
c? G

“’( G ) (—E;) x
X (Macca)
~ G . (Macca)

Hamensiercs or pyu-
KH K PYUKE, HO OOBIUHO
nopsinka  (fic)" ~ 12¢
H, CII€JJOBATENbHO,
orpoMubifl no cpasxe-
HHIO C KJ2CCHYECKHM
npefenoM

—27
G . (10
~107% ¢

2) unu



ITpodonscenue

TIpupona aAEeMEHTApHOIO
3apsHKEHHOro 06bexTa

Kaaccuueckas teopus

KBanrtopasi T€opusi

IMoauwiii 3apsn 3aps-
HKEHHOTO 00DBEKTa

Tako# xe, kak B pe-
ABJIYUIEM Clyuae

KpaHtrosanHoe kpar-
HOE BEJHYHHE €; BElH-
YHHa KBaHTa 3apsja
HE 3aBHCHT OT IOj,
B KOTOPOM JIBHIKETCS

06BEKT, COMIACHO KBaH-
TOBOU  3JEKTPORHHA-
MHKe

BaxnocTe KBaHTtO-
BHIX GUAYKTYyanuid Me-

PAYKTyanHH He pac-
CMaTpUBalOTCA  KJac-

Upe3pbiuaiiHO BayKHbI

TPMKH MPH OMHCAHMH | CHYECKOH reomerpo-
9TOr0  3apsKEHHOrO | JHHAMMKOH
o6beKTa

OTHOnleHHE CpEni- [Mpenebpexumo o | 1. 10~ 80
HEro KBajparHyHoro | rex Mop, MoKa pac-
nons Bjaiu or 06 beK- | CMOTpEHHE COBeplLIEH-
Ta K CPEJHEMY KBaj- | HoO KJjaCCcHYECKOe H
paTHYHOMY NONO B | NOKa AEHCTBUTENbHBIE
HENocpPec TBEHHOH GAyKTYauuu B peanb-
6ausoctu HOM Bakyyme ymy-

CKaloTCsi M3 BHJa
HsbbiTounas  KpH- Orpomua IMpenebpexnma no

BHU3HA MPOCTPaHCTEA,
06s3aHnas MPHCYTCT-
BHIO 3apSOKEHHOrO
o0BeKTa MmO OTHOMNIE-
HHIO K KPHBU3HE B €r0
OTCYTCTBHE

cpagsenHio ¢ 1 : 10~ 80
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Ipodonscerue

Tpuposa sJAeMEHTAPHOTO
3apsKeHHoro o6bexTa

Knaccuueckas teopus

KpanToBasi Teopus

CB3b NOCPELCTBOM
PYuKH Meway 3aps-
aoM 3Toro o0bekTa
U TPOTHBONOMOMKHBIM

Bnoaue onpeneaen-
Hafd CBf3b C HEKOTO-
pofi ropaoBuHoOft pyu-
KU B NPOCTPaHCTBE

He onna pyuxa, a
OTPOMHOE  MHOIKECTBO
ux. He peaapnas u
KJaccHyeckasi, a BHp-

3apsigoM rrue-aubo B TyaJbHass ¥ KBaHTO-
IIPOCTPAHCTBE Bast. Cpfi3p ycTaHaBJH-
' BaeTCsi CO BCEM OKpPY-
JEHHEM, a HE C €fu-
HUYHBIM  COBEPUIEHHO
onpejiesieHHHIM  3aps-
IOM  TPOTHBOMOJOM~

HOTO 3HaKa
YnpomernHoe — pe- INpoctas Tonosoru- KoasekTuBHOE BO3-:
3lomMe 3TOH KOHHEN- | Yeckas Pyuka, coiep- | MylueHHe NOYTH Ipe-
My 3apsUKEHHOrO | ¥Kallas cujoBhe Ju- | HeOpexumoil BeanuH-
obbexTa HUH HB B neHonoaoGuHoH

cpene

JMHAMHKH — C apyroit (ta6a. 9). Ditviureiin u Posen [49]
B GoJiee ro3Hui nepHoj, Tak Ke Kak Pefichep u Hopacrpem
B HEpBHIE rO/ibl TEOPHH IDHHINTeHHA, NPHILIN K 3aKIIOUCHHUIO,
YTO 3apsiKEHHHE YaCTHUB 110 CBOell NMpHpPOAe HE JOIYCKaloT
OMNHCaHHSI B paMKaX oflleH TeopHH OTHOCHTeJbHOCTH. ['eo-
MeTpPHU30BaHHAsl MacCa 3JeKTPoHa, HanpHMep

mr =91 = (9,1- 107 2)(0,74 - 107" caje) = 6,8 - 107 o,
(115)
H ero FEOMETPH3OBaI{HbIﬁ 3apan

Y2 -
e —9¢_(4,8.107 CGSE)(2,9 - 10~ ¢4 [CGSE) =

[

=1,4-107* cu (116)
He yJIOBJIETBOPSAIOT 3HEPTreTHUEeCKOMY KPHTEpUIo
(m) > (€Y, 117)
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NpAMeHNMOMY K c¢epHYecKH CHMMEeTPHYHOMY PelleHHIo
oGbeIMHEHHO! CHCTeMbl YpaBHeHH{i rpaBHTalHMOHHOTO H
aJeKTpoMarHuTHOro nodeii. Hcxoms u3 3Toro o6CTOATEND-
CTBa, OHH NPHUIIIH K BBIBOAY, YTO Heo6xomumo nubo H3Me-
HHTb YpaBHeHHsI OOCLICH TeOpHU OTHOCHTEJLHOCTH, JHGO
nepedTH K COBepLIEHHO HHOH TOUke 3penHs.. OmQHAKO TAKOH
npo6JeMbl He BO3HHMKAeT, €CJH OTKa3aThCsl OT MBICIH, UTO
3NeKTPOH MOXKHO CPaBHHBATb C KakHUM-JHOO KAaccuueckum
p6beKTOM (CM. OTJHuMe MeXAy co6oil JBYX MNOCJeIHHX
ctoa610B TabJa. 9). IlosToMy HeOOXOAMMO COXpPaHUThL pe3-
KO€ OTJIHuHe MeXKAy IBYMsI COBepLIeHHO pPa3HbIMH KapTH-
HAMH 3JIeKTPHUECKH 3apsiKeHHOro oObekra: 1) oTmesnbHas
KJaCCHYeCKasi pydka B TNPOCTPAHCTBE H 2) KOJUIEKTHBHO®
BO3MYILleHHe B BhbICIIefl CTeleHH KBAaHTOBOT'O XapakKTepa B8
cpelle TOMOJOTHYECKH CTOJIb MHOTOCBSI3HOH, UTO OHAa HAaIlo-
MHHaeT HeHY. YUTO cjefyeT W3 3TOr0 pasJfiHuMs B npHpone
3JIeMeHTapHbIX 4acTHU? Bo-NlepBHIX, HET OCHOBaHHH GOSATH-
Csl, UTO YHCTO 2e0MeTpL4ecKomy ONHCAHUIO He XBaTaeT Kpa-
COK JJisi OMHCaHHSI BCeld * MHOTOrPAHHOCTH (PH3HUECKOTO
MHpa. B KOHEUHOM pacCMOTPEHHH MOTYT BBHISIBUTBCSI TJIY-
6oKHe TOHKOCTH B NpPHpOJE «T€OMeTPHH», HO yiKe Ha JaH-
HOH CTaiMH aHaJi3a OKa3blBaeTcdl, YTO 4-MepHBI pHMa-
HOBCKHH HNPOCTPAHCTBEHHO-BPEMeHHOH KOHTHHYYM Teo-
MeTPOAMHAMHKH 006JaZlaeT MHOTHMH HefoA03peBaBLIMMHCSH
paHee BO3MOXKHOCTSIMH.

Bo-BTOpHIX, TOROAO2uA OKa3anack HeOOXOJHMOH IJs
YHCTO reoMeTpHUecKoro onucaHus sapspaa. ChenoBaTensHO,
ecTb BCe OCHOBAHHSI HCKaTb J[ajbHellllie npHMeHEHHsS
MHOT'OCBSI3HOCTH JAJIS1 TPAKTOBKH CIHHA, HEITPUHO H CBOHCTB
CHMMETPHH 3JeMEHTapHbIX 4acTHL. B-TpeTbHX, BHOBb BO3-
HHKJIH OCHOBaHHSI paccMaTPHBATh (H3HKY BaKyyMa Kak
uypespbyaiino 60raTyio no CBOMM BO3MOMKHOCTSIM, a4 TaK¥Ke
KaK CYIeCTBeHHYI0 OCHOBY [JIsg TIOHUMAaHHS CTPOeHHA
3JieMeHTapHbIX uYacrtun. Hakodel, OTKpHIBaeTcsi BO3MOXK-
HOCTb 661600uT6 U3 YHCTOH reoMeTpud (d Huuero GoJee)
seauuursl, HMewollHe HauboJiee BaXKHOe 3HaueHHe JIJA
¢usukm.

B HacTosillee BpeMsi npHMeHeHHE KOHLENUHHA YHCTOH
reOMEeTPHH H TOMOJIOTHH, BAKyyMa W CBSI3@aHHBIX C 3THM Be-
JUYHH K (u3uke HEATPHHO M 3/le€MEHTApPHBIX YacTHL HAaxo-
IHTCSI B CAMOM HAuaJbHO CTaJHH.

10 3ak. 3001,



1468 Trasa 1

t Haubosee CYLLECTBEHHO TO, YTO B COBPEMEHHOI CcXere
reoMeTpPOAHHAMHKY He HAXOOMTCS BIOJIHE eCTECTBEHHOry
Mecta ans HeiitpuHo. CJeloBaTeNbHO, BCe MpoGJeMbl Hell-
TpUHHON (DU3NKH, KaK pellleHHble, TAK H HepelleHHbe, OKa-
3bIBAIOTCS BHe 3TOro paccMorpenusi. Ho mpexne, uem me-
peilTH K HHM, CJenyeT HEeCKONbKO BePHYTbCSI Ha3aa U OKH-
HYTb B3TJSIIOM OCHOBHBle TeMbl HacTOslefl TJaBbl — reo-
MeTPOAMHAMUKY M KBaUTOBBHIH MOCTysnaT, YTOOBI OTHICKATL
Kakoi-iu6o kJiou K Gojiee LIHPOKOMY KPYTY Hielt, BKIIO-
galomux B ce0st KaK To, TaK H [pyroe. .

11.17. Tononozuseckuii acnekr rkeantosoii teopuu. Of-
HOH U3 XapakTepHHX 4YePT KBAHTOBaHHs KJaCCHUECKOH CH-
cTeMBl OKa3bIBA€TCsl €ro TOIOJIOTHYECKHil Xapakrep!).

DTa uepTa 0coO6eHHO ACHO o6HapyXiBaeTcs B QOPMYJH-
POBKe KBAHTOBOH MeXaHHKH (DellHMAHOBCKHM MeETOAOM
cymMm 1o ucropusim [90—92). 3nauenue cymmer no ucto-
pusm 3a8ucut OT TOROAO2UL KAGCCA UCTOPUL, NO KOTOPbLM
npoussodurcsa cymmuposanue (pur. 18). Pasunocte Mexny
3HAYEHUSIMH CYMMBI JUJIst PA3JIHUHBIX KJIaCCOB HCTOPHIl faer
KOMMYyTaTOp H3 omnepaTopHOH (OPMYJHPOBKH KBaHTOBOMH
MexaHukH. TeM He MeHee HEKOMMYTATHBHBIE OilepaTOpHL
HUTZE IBHO He BBOASITCS B OCHOBBI (DeiflHMaHOBCKOrO Me-
TOofa. BMecTto 3TOro KOMMYTATOpHl NPUOGPETaIOT TOMoJo-
THUECKHII XapaKTep.

Uto6H npocJeuTs [OsiBleHNe TOIMOJOTHH B KBAHTOBOM
MeXaHHKe f[ocje ee CTOoJb NOPa3UTeNbHOrO IOSIBJIEHHSI B
reoMeTpoJHHaMHKe, BO3HHKAaeT BOIIPOC, CYIlecTBYeT JH Ka-
Koe-Ju60 rayGOKOoe, B HacTofllllee BpeMsl JuIllb YACTHYHO
OGHADYIKEHHOE, TOIMOJOTHYIECKOe €IHHCTBO MeXAy 3THMH
IByMA acrekTaMu QH3HUkH. I[loka Hen3BeCTHO, B KAKOM Ha-
IpaBJleHHH CllefiyeT HCKaTh OTBET Ha 3TOT Bompoc. [Toatomy
nocjenywilee KpaTkoe H3J0XKeHHe CYMMHPOBAHHS 110 HCTO-
PHSM W TONOJIOTHUECKOTO ONHCAaHHs KOMMYTAaTopoB OyneT
orpaHHYeHo UHCTEIMH (PAKTaMH W HEKOTOPBIMH LETaJsAMH,
KOTOpHIE GyAyT HCIOJb30BaHH B [aJjbHeflleM rpH paccMo-
TPEHHH KBAHTOBOI T€OPHH HEHTPHHO.

1} 3tor cnoco6 (PopMyJHPOBKH BONPOCA BO3HHK NPU H3JIOKEHUH
TEOPHN 10JIA B Kypce KBaHTOBOH MexaHmky B 1955 1. u Obla onmcan
B «JIOPEHLOBCKUX Jiekuuax» B Jleiinene B 1956 r. (neonyGmukoBano), As-
TOp Bblpamaer mpusHatenbHocTh X. JlemncTepy 3a BBIACHEHHE MHOTHX
CTOPOH 3TOH (POPMYJIMPOBKH KBAHTOBOI MexaMMKM YACTHI[ H moneii.
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11.18. Dednmarosckuli MeTod cymmuposanus no UCTO<
pusam. YUToOwl npoCneuTb OCHOBHbBIE HIEH 3TOrO METOXA,
JIOCTATOYHO PACCMOTPeTh AHHAMHYECKYIO CHCTEMY C OIHOH
crenenblo cBoOoabl. Konpueypayus cucreMst B MOMEHT Bpe-
MeHH !/ ONMUCHIBaeTCsl eIMHCTBeHUbIM uncaoM x!. Heropus H

t" ‘? " f”
[ x(t) xlt)
e |
3
< () Z{t)
, I n
t Tt ot
* Koopdunama z

@ ur. 18. Ctpyktypa uctopufi pasBuBaercsi mo-pasioMy B [ u IL

HICTOpHH MMEIOT Pas/MyHble TOHNONOTHU B 3TUX HBYX CAy4asX, 4TO WJNOCTpHpyeTcs
ABYMSI PA3AMUHLIMM TYTAMH, KOTOpHE TiePeBOAST ONHHAKOPHE HavlajpHbe KOH(wM-
rypallid B ONMHAKOBble KoHeuHble KoH(Urypaumu. OOosnayum gepes [ y Knaccuie-

cxoe neficTBue Aas ucrophu H rapmonnyeckoro ocuuaastopa. Ilycte 8 osnavaer cym-
H

MHpPOBaHHMe MO BCEM MCTOPHSM, € ORMHAKOBHIM BecOM Ml KAaMuA0oH W HOPMHPOBaHHOE
TaKpM OOPasoM, YTOOL cyMma

. {xrpr | xrer) =IS-1 exp (i1 (%)
6mna yuutapra. Torna 3ro sepaxceHne 6ynetr pyuxnnedt pacripocrpanenns. OHO HMeeT

OIHO H TO J{e 3HaueHME He3aBHCHMO OT TOro, NPOBOIKTCH JH CYMMHpPOBaHME HO HCTO-
puv Tuna I nau II. OgHako sHaueHne CyMMB

| {x"t" 1 x (tp) X (tg) 1 X7) =f§x (t5) * (£ o) exp (M /%)

He OyneT OAHHAKOBLIM JIJSI 3THX ZBYX KJAaCCOB MCTOPHi. PasHOCTh HX paBHAa KOMMYTa-
Topy onepamopoe x (¢ ) H X (t a) onepatopyoro (opMannsma, HeCMOTPS Ha TO, YTO

x(tb) H X (ta) ABNSIOTCH OOLIKHOBEHHBLIMH C~YHCAAMH, & HE QNEPaTOpaMu.

onHuceiBaeTCsl pyHKuMed X, (f). Orpannuumcs ucropusimu H,
KOTOpblE COBMECTHMBI ¢ HAYaJbHOH W KOHEUHOII KOHPurypa-
LHSIMH B TOM CMBICJIE, YTO
xp({t")y=x’,
xH (tll):= .)C”-
LlenTpanenoil HAeed KBAaHTOBOW MeXAaHHKH #ABJseTCs

CyliecTBoBaHue amnaumyob eeposimuocmu $ (x, £), KoTopas
pasBuBaeTcsi BO BpeMeHH cornacHo auddepenunassHOMY
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ypasueuuio Illpenunrepa, MJAH, YTO 3KBMBAJIEHTHO, CO-
IJACHO MHTerpajbHOMY YpPaBHEHHIO

b, )= [t ) (e, ) dx. (118)

Bequuuna (x"¢"|x’t"), npencraBasmomas coboil Qyxxyu®o
pacnpocmpanerus, Moxer GbiTh HailieHa 3 Jo6ok kJaac-

enveckolt (Gyuxuun Jlarpauxka L(x, x, f), sBasgomecs
¢yskuneii kBagpaTOB CKOpPOCT€H C MOMOHIBIO OfHOTO
M3 IBYX CroCoGOB.

1) OnpenensioTcss HMNYJbCH p=20LJ/0x m ramunpTO-
Huan H=px—L=H(p, x, ). 3anuceiBaeTc ypaBHeHHe

r47 -

ibfﬁ‘altx_’ﬁzﬁ(— in 2, x, £) (x| x't),  (119)
B KOTOPOM HeoOXOOMMO PpaccMoTpeTs BONPOC O NPABUJb-
HOM MOpsifiIKe HEKOMMYTHPYIOLIHX ~ COMHOXKHTeNel B fi.
YpaBuenne lllpenunrepa peiaetcs nMpd FPAHHUYHOM YCJO-
Bun: QYHKUHS PACHPOCTPAHEHHsI B MOMEHT BpeMeHH f==1¢'
ofpamniaercss B HYJb BCIOJY, KpoMe TOUKH X=x'. 3710
peuiexsune yMHO)KalOT Ha HOpMHpOBOquIﬁ MHOXHTEJL C TEM,
uTo6bl (DYHKLHS PACOPOCTPAHEHHS HJfA PA3JIHUYHBIX MO-
MEHTOB BpeM€HH HOAUHUAJACH SCUCOHy romnosuyuu.

f(.)C”’tl”‘ xlltll) d)C” ()C”t”‘ x’t') — (.)C”It”,‘ .)C'tl). (120)

2) AusbTepHaTHBHBII CHOCOG 3aKJIOUAETCsl B ONpejelie-
Hum ceTku Hcropuit (skeleton history) nyreMm ykasaudus
MOCJIeAOBATENILHOCTH NPOMEKYTOUHBIX MOMEHTOB BpEMEHH
'<h<th<..<t, <t nsanauus Kouurypaluu B 3TH
MOMEHTH BpeMeHH: X1, Xg, ..., X,- C TIOMOIIbI0 KOHEUHBIX
pasHocTrell THNA
Xei1—— Xp

V>
tpyr —1Ip

BMeCTO MPOU3BOJAHHIX BBIUHC/sieM Tenepb ¢Gynkuuio Jla-
FpaHxka M Pa3HOCTHLIA BAPHAHT KJaCCHYECKOrn HHTerpaJja
HeficTBUSA

Iy = [ L(xg(t), £u(®). t)at. a2y
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OTMeTUM, UTO HMeeTCsl HeKOTopas HeOJHO3HAuHOCTb B
TOM, KaK BHIpa)kaTb IPOM3BOJAHEIE Uepe3 pa3HOCTH; 3Ta He-
OAMO3HAYHOCTh TECHO CBSI3aHA ¢ BONMPOCOM 00 ynopsaoueHHu
COMHOXHTeNleli B raMuibTOHHaHe. Tenepb NPOCYMMHPYyeM
Bupaxenns exp (if fh) no Bcefi CceTke NPOMEKYTOUHBIX

RCTOPH, MHTErPUPYS N0 KOOPAMHATAM X, Xg, ..., X, (X'
¥ x” ocraloTcsi (HKCHPOBAaHHBIMH) M YYHTBIBasl COOTBeT-
CTBYIOIUH HOPMHPOBOUHBIH MHOXHUTEJb Nepe] MHTerpajoM.
3aTeM nepexoluM K mpelesy GeCKOHEUHO MeJKOro pasbue-
¥Ns TpOMeXYyTka BpeMenu. IlpenenbHoe 3HaueHne HHTe-
Tpania («CyMMa IO BceM HCTOPHSIM») ompegensieT (QYHKIHMIO
pPacnpocTpaHeHHUsI:

il
mpr| el i1y = § H) (122)
(X"t x't") Hexp( 7 )

B cayyae cBo6OAHO{I wacTHilbl (PYHKUHUS pacrpocTpaHe-
HHUsl, Haf/leHHaa TeM HJIY HHBIM CHOCOOOM, HMMeeT OHHO H
TO e 3HaueHHe, KOTOpPoe COBNajdeT C BeJHYHHOH, NOJy-
yeHHO# Ans1 HaubGoJiee NPOCTON MBICJHMOH CeTKH, CBf3aH-
HOH €O COBHUIOM, JIHHEHHO 3aBHCSILHUM OT BPeMeHH:

PP m 2 im(x" —x')?
Jlng uvacTUnsl B MOTEHIHAJbHOH sIMe@ TapMOHHUYECKOTO
OCIIMJIATOPa 3JKCIIOHEHTa B (YHKIHH PpaCHPOCTpaHeHUs
CHOBa paBHa 3KCTPeMaJbHOMY 3HaueHHIO KJaCCHUEeCKOTO
nedcTBus, T. e. QyHKuMH ['aMHnbTOHA:

"wen . me /2
x| Xty = ( ik sin o (& — 1) ) X

imo (x"% 4 x'* —2x"x’ cos o (t” —t'))

X exp Ohsine (& —7F) - (124)

OGoG6uienne 3To# MpouefypHl AaeT MeTOH, [OCTATOYHBIH
IJiS KBAaHTOBaHHsSl KJacCHYECKOrO MOAs, Kak, Hanphumep,
3JieKTpoMarHuTHOro noJs. IlpocTpancTBo pa3buBaercs Ha
KOHeuHble OTPe3KH TaK e, KaK W BpeMsi. JTO LaeT UeThl-
pexMepHYyI0 DelleTKy Touek B NpocTpaHcTBe-BpeMenu. Ona
orpaHHueHa B NpPOLIOM H OyaylleM NPOCTPaHCTBEHHO-TO-
JOOHBIMH 1OBEPXHOCTAMH ¢’ u o”, T. e, OByMsl Tpexmep-
HEIMH pellleTKaMH. 3ajaHdHe 3HauYeHHH TMOJs B KaXpoi
TOUKe Ha ¢’ o3nauaeT 3alaHue KoHpueypayuu nosn C’. 3a-
IaHue HOJSl B KaXJOl TOUKe YeTHIPeXMEepPHOIH pelleTKH
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onpenensier ucropuro noas H. OrpanuynMcs HCTOpPHSIMH,
KoTophie Ha ¢’ COryacyloTcsi ¢ KoHdurypauueir C’ u nepe-
xousit B C” na o”. Bo Bcex Toukax pelleTkun MeXpy o
u ¢’ mepeMeHHHle MOJS TPAKTYIOTCS Terlepb Kak HepeMeH-
Hble HHTErpupoBanus, TakKUM OyTeM ellle pa3 BHIUHCIAAETCH
CyMMa MO HCTOpPHSM, YTO AaeT HaM (YHKLUIO pacrupocTpa-

HeHUus OJsS [10Jis1: .
i
" I 77\ = H
(C"d"|Cre"y = g exp (——b ) (125):

B npenene Bce Gosee u OoJiee MeJakoro pa3GHeHHST Mpo-
cTpaHCTBa u BpeMeHH. (DYHKUHS pacnpoCTpaHeHHs CHOBa
HOpMHpYeTCst Tak, uToGbl OHA YIOBJIETBOPSJA 3aKOHY KOM-
03U LUK

CS” (Clllc”l‘ C”U”) (C”G” ‘ C’G’) — (C”,G”" C’G’). (126)

B cnyuae o6uiefi TeopuH OTHOCHTEJIBHOCTH Ge3 HCTOYHHKORB
nepeMeHnble C, 3afalolide KOH(UIYpAaUKIO H TapaMeTphl,
a4 TaK¥ke [IOBePXHOCTb o, TNePeIIeTAIOTCs Hepa3pbIBHBIM
obpasoM u o6pa3yoT eduHeli o00Gpa3, COOTBETCTBYIOLIHII
BHYTpPeHHel 3-reoMeTpHH

11.19. Tononoeuuecku pasiuunsie ucropuu. Ilpu npu-
MeHeHHH 3aKOHAa KOMIO3HLHUH, HampuMep, B €ro 3JeMeHTap-
Hoit gopme (120) coBepleHHO He 06S3aTeNLHO, YTOOH MO-
MeHT BpeMenu 7 jexan Mexay £ u /. ®yHKuuio pac-
NpocTpaHeHHsl JJIs SBOJNIOUHH cHCTeMbl oT ! mo 17, rhe
£ > ", MOXHO OGBEIHHUTD C QYVHKUKEN pPACHPOCTPAHEHH
o6paTHO# 3BoJONHK OT ¢” K £/ ¥ moNyunTs QyHKUHIO pac-
NpPOCTPaHEeHHs [Jis1 HeloCpeaCTBEHHOTo Nepexona us ¢ i’’’
NpH 3TOM He HrpaeT POJiH, KaKOe 3HaueHHe wMeeT . B 1o
BpeMs KakK (QYHKUNH PAclpOCTPaHEHHs 06Ja1al0T STHM KOM-
HNO3WIIHOHHBIM CBOUCTBOM, MATPHUHBEIE 3JEMEHTH, BoOGIe
roBopsi, UM He 00J1afaloT.

MaTpuuHbIii 3JeMeHT NPOU3BeJeHHs] KOOPAMHAT X B [Ba
onpeleJieHHBX H DPas/MYHBIX MOMEHTa BpeMeHH £, U £,
onpepessieTcs [65] kak cyMMa 1o HCTOPHAM

il
7k (1) % (| XY =S x (&) x () exp ()5 (127)
TO K€ CaMoe MMeeT MeCTO AJisd MaTpUYHBIX 3JIeMEHTOB opy-

rux omneparopos. Onuako onpedenenue 6Yyo0er nOARbLY
AULLG 8 TOM CAYy4ae, eCAl TONOAOUS LCTOPuL onpedenenu
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B TaKOH CTeleHH, YTO MOXKHO [POBECTH pasJjiiiuie MexXay
cnyuasmu I u II wa ¢ur. 18. B cayuae rapMOHHUECKOrO
OCHHJUIATOPa [Ba OIlpe[lesieHHs] OTJHYalTCsl Apyr OT Apyra
Ha BeJHYHHY .

() sim o (s — 22)- (128)

JTo cornacyercs CO 3HAUEHHEM KOMMYTaTopa OrnepaTOPHBIX
BesqnuuHd x(f,) u x(f,) B oOLIUHON onepaTOpHOi HopMyH-
POBKe KBaHTOBOH MeXaHHKH.

11.20. Kommyraroper 6e3 KOMMYTATOPOB; Oneparopst
6e3 oneparopos. AunanornuneiM 06pa3oM [Jist JeKTpoMar-
HATHOTO TIONISi MOXHO BBIUHMCJHTE [Ba HEIKBHBAJIEHTHHIX
3HAYEeHHs] MAaTPHUYHOrO 3JeMeHTa NMpPOoH3Be/eHHs

Ap, (xa’ ta) Av ('xb’ tb)' (129)

Pa3HoCTh MeKAy HCTOPHSIMH, HMEIOMIUMH pasJHuHble TOII0-
JIOTHH, corJlacyercsi ¢ OOBIYHBIM 3HAUeHHEM KOMMYTAaTopa
IBYX [epeMEeHHBIX 3JIeKTPOMAarHUTHOTrO moJjsi. TakuM oGpa-
30M, HCXOAST U3 CYMM IO HCTOPHSAM, B KOTODHIX HH pasy He
HOSIBJISIIOTCS  OMEpaTOpPHBle BeJHUHHBI, TOJdyyaeM 3IKBHBa-
JieHT OOBIUHBIX TepecTaHOBOUHBIX COOTHOLUEHHH; KOpoue
rOBOPSl, HAXOIHM €KOMMYTATOpPbL 6€3 KOMMYTATOPOS».
KoHeuHO, KOMMYTATOPH HrpaloT H3BECTHYIO pOJb B
¢eilHMaHOBCKOIl (POPMYJHPOBKE KBAHTOBOH MeXaHHKH, HO
BTOPOCTENEHHYI0, 1O CPaBHEHHIO C HX POJIbIO B oneparop-
Hoii ¢opmyanposke. B nocnenueii kommyTaTopel ObJIH He-
0GXOOUMEI [IJ1s1 OnpeneeHust aareGpel onepaTopos, KOTOpast
B CBOIO_ ouepenb Obia HeoOXoJHMa AJS I[IOJydeHHS] COOT-
HOIDEHHH MexXJay HaOJoJaeMBIMH. JTH COOTHOLIEHHA
OOBHUHO [IPHBOASIT K JH(MQepeHNHaJbHEIM YpaBHEHHSIM.
B ¢QeitnmanoBckoO# (QOPMYNHMPOBKE YyaeNsercs ropasno
MeHbllle BHHMAHHSI YPaBHEHHsIM, KOTOpble Haj0 peliaTb,
a Oosblle QopMadbHEIM (M YACTO OUeHb NHOJE3HHIM) BbIpa-
KeHusM JJs1 peluenuit. Kopoue roBops, 3Ta mnpoienypa
ofeciteunBaeT HOJYyUeHHe «Oneparopos 6es oneparoposs.
Taxum 06pa3oM KBAHTOBASi MeXaHHKa eCTeCTBEHHBIM 00-
pa3oM MPHBOAHT K TOIOJOTHUECKHM paccMoTpeHusiM. Ka-
Kasl ¥e CyIleCTBYeT BHYTDEHHSsl CBS3b, €CJH BOOGINe CYyille-
CTByeT Kakasi-NIHi60 cBsi3b, Mexay NOoA0OHO TonoJorneit u
TONOJIOTHEell TeOMETPOJHHAMHKH? ITOT BONPOC OCTaeTCsl
ellle He pellleHHBIM.




T'rasa Il

O BO3MOXHOCTH YUCTO FEOMETPHYECKOTIO ONUHCAHHA
HEUTPUHHOIO NoOJist

§ 1. be3 HeliTpHHO reoMeTPORMHAMHKA HENOJHA

Muorue 3JieMeHTapHbIE YacTHLIE HMEIOT MNOJyueJibift
criud. HeJib3si nmpU3HaTh yO0BJIETBOPHTEJILHOH HH OBHY H3
TPAKTOBOK 3JIeMEHTAPHbIX YaCTHI, B KOTOpPOIl HET MecTa
IJIg 4acTHy CrnHHa 'fe. UTO Ke B TakoM CJiyiae MOMKeET
NaTh Kakoe-JIH60 4YHCTO reoMeTpHueckoe ONHCaHue MJis
oObsicuennsi crnuda '/»? BoJsiee koHkpeTHbIM H 6OJiee BaX-
HbIM SIBJISieTCSl BOTIPOC O TOM, KaKoe MeCTO B KBaHTOBOfi
reoMeTpoJMHAMHKe MoXeT HalTH HEeHTPHHO — eJMHCTBEH-
Hblil 00beKT NMoJAYNeaoro cnuHa, — KOTOPHIH SIBJISIETCHA YHCTO
MoJieBbIM B TOM CMBICJIE, YTO OH HMeeT HyJieBYI0 Maccy Io-
KOSl U HABHKETCS cO CKOPOCThIO cBeTa? B HacTosiee BpeMst
HE CYIECTBYET CKOJIbKO-HHOYAb SICHOrO M X0Ts -Obl ylioBJie-
TBOPHTENBHOTO OTB€Ta Ha 3TOT BonpoC. [lo Tex nop noka
Takoii oTBeT He Oy/eT HalleH, 4UCTas K6QHTO6As 2e0MeTPo-
OUHOMUKOQ 6 KO4ecTée OCHOBbL (PUBUKU SNeMEHTOPHOLX
uactuy OOASHA Cc4uTATocs Henoinod. TloaTomy criepyer
[MEePEYHCAHTh U PacCMOTpPeTh HEKOTOpble NOMBITKH HaliTH
€eCcTecTBCHHOE MeCTO JUIsi HEHTPHHO B KBaHTOBOI reoMerpo-
JIUHAa MHKeE,

§ 2. IlpMHUMO COOTBETCTBUS HE MPHMEHHM
K HeHTPHHHOMY MOJIIO;
«HEKJaCCHYeCKas HABY3HaYHOCTLY

HeBo3MOXHO Ha¥TH Kakoe-Jubo KJacCHYECKOe OmHca-
HHe HEHTPHHHOrO IMO0Jisi Ha OCHOBE NPHHNMNA COOTBETCTBHS.
B 3TOM cMHCJe JaHHOe, TPEThe 10 CUeTy, NoJie ¢ HyJieBoil
MaCCOﬁ IOKOS 110 csoeMy xapaKTepy COBepl.UGHHO OTJIH-
yaercd o7 rpaBmaunH H SJIeKTPOMaI‘HeTI/ISMa. ﬂ.Tlﬂ no-
CcJieiHuX BO3MOKEH nepexon oT KBaHTOBOi{ Teopym K KJjac-
CHUECKOMY IIpepeJsy, HONYCKasi, HampuMep, 4Tto BHGpa-
HMOHHBIE KBAHTOBbBI€ YHCJa HJAH <«UHCJAA 3anoJiIHEHHSA»
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pas3JiMUHbIX KoJiebaTe/IbHbIX COCTOSHUH 3JI€KTPOMAarHHTHOIO
10JiA CTaHOBATCH oOueHb OGonabumMp. HO nefiTpHHO MOIUH-
HsieTcs CrtaTHeTHKe PepMH U He -MOXeT HMeTh YHCJa 3a-
noJiHenns GoJsiblie epuuuitel. TakuM o6pas3oM, oTCyTCTBYET
KaKOH-JIMOO OUeBMAHBIN KJACCHYCCKHH OTINPABHOH INYHKT
AJs anasiu3a storo noJisi. [lpexncraBiisiercss HeoOXOIHMBIM
HCIOJIb30BaThk GoJiee WHPOKU Kpyr upei. Meiciib o 10Jy-
yeHNH MNOHSITHS CNHHA W3 ONHON JiHLIb KJACCHYECKOit reo-
METPHH INpeNCTaBJsIeTCs] CTOJIb K€ HEeBO3MOXHON, KakK H
NnoTepsiBLIasi CMBICJI HalleXja HEKOTOPbIX HccJefoBaTedeit
NPEXHUX JieT BbIBECTH KBAHTOBYIO MEXaHHKY M3 TEODHH OT-
HOCHTEJNBHOCTH. HackoJibKo Mbl MoxXeM Cy[uTh, NPU TPax-
TOBKe npobJieMbl Kak HEATPHHO, TakK U CIHHA CJeayeT C ca-
MOr0 HauaJia MNpHHATL KBAHTOBOE paccMOTpPEHHE 3TOFO
poripoca. HukTo ue co3nasan sto Jjyuute, yem Ilaysu. Ero
HeOoOLIKHOBEHHO HArJisifHOE BbIpaXKECHHE «HEKJaCCHYecKast
IBY3HaUHOCTb» NPEABOCXUTHIIO TEPMHUH- KCITHH».

§ 3. CocraBaenue noJeii ¢ 6ojiee BHICOKHM CIHHOM
M3 noJiell CNHHa 'J; OKa3LIBaeTCsi HEBO3MOXHbBIM

Hiworga BBIOBUrarorTcsi TNPENJIOXKEHHS] He CTPEMHThCS
NOJYUHTL CIHHODHOE MoJie W3 reoMeTpHH, a WOIMBITaThCA
NOJYYHTb TPaBHTAUUOHHOE H 3JEKTPOMArHHTHOE IOJis M3
CIUHOPHOro moJisi. BMecto Toro uTto6bl HATH MO Hampa-
BJICHUIO

Tenszop — Bekrop — Cniinop,

OI0HO BpEM#si Ka3aJioCb GoJiee eCTeCTBEHHLIM HATH 110 Ha-
NpaBJIeHHIO
Cnunop — Bekrop — Tensop.

Opnako nanboJsiee HecsielOBaHHAS TOMBITKA I0JOGHOTO
Tura (HedTpuHHast TeopHsi cBera [93-—-96]1)) ocrasJiena.
Ilpaiic [98]%) ycTawoBuJ, uTO 3Ta Teopuss B Jio6Goi pac-
€MOTpEHHOI 10 CHX Nnop (opMe He fABJAETCH PESITHBUCTCKH
HuBapuaHTHoil. Teopus mnpexpnonaraer, uTo MeXay Heii-
TPUHO CylUecTBYeT (H3HUECKoe B3auMOIeiCTBHE, SIBHO HH-

) Cm. rtakxke cratbi Jie-Bpoitns, Ieiisen6epra 1 Kponura B cGop-
Ruge [97]).

?2) JiononnuTesbHble SaMeyaHuss CM. B paCoTe apropa [28],
crp. 534, a takxe B myGauxauusx A. A. CokonioBa u K. M, Keiiza,
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rie He BBOAMMOe W He paccMarpuBaeMoe, TakK UYT0 (HOTOH
onuceiBaeTcsl Mapoi, cocTosilleil U3 OLHOro HeHTPHHO H Of-
HOr0 aHTHHEATPUHO WY, .CKOPee, JIMHEIHOH Cyneprio3uiuei
6OJBIIIOrO YHCJa TAKHX map.

C npyrofi CTOpOHbI, 6HNIA creflaHa NONBITKa OOGBACHHUTD
rPaBHTALHOHHHE CUJIB Kak O06s3aHHBIE OOMeHY HEHTPHHO,
nocjie TOro Kak BBIICHHUJIOCH, UTO SiJiePHBlE CHJIEl HeJb3fl
OOBACHHTE OGMEHOM Hap JIerkKHX uacCTHI 3JIEKTPOHOB H Hel-
TPHHO MeX[y HYKJOHAMH Ha OCHOBe TeOpPHH B-pacnana.
Bckope nocne ycTaHOBNeHHs HYKJIOHHOH Mogenu siapa Ieit-
senGepr [99]'), KoTOpHIl cuMTaJ, UTO HYKJOHBI YI€PXKH-
BalOTCs OOMEHHBIMH CHJIAMH, NOAJ€ePKal MPeITNoJioKeHue,
YTO HEHTPHHO BMeCTe C IJEKTPOHOM HJIH MO3HTPOHOM MOIKET
6BITH NOCPeJIHHKOM B TAKOM B3aMMOIEHCTBHH. DTO B3aHMO-
nefictBiHe ormeuaercs B Kuure Bere u Beuepa [100]; okaswt-
Baercs, 4TO 3((eKTHBHOe HYKJOH-HYKJIOHHOE B3aMMOek-
ctBHe 1) pacxomutcs, 2) MoxXeT GHITh CleNaHO KOHEUHBIM
TOJILKO € MOMOIIbI0 00pe3aHusi, 3) 3aBHCHT OT PACCTOSHHS
MeXJy HYKJoHaMu Kak r u 4) npu obpe3annu Ha pac-
CTOSIHHAX mnopsinka 2-107'2 sBisieTcss CJHIIKOM CJlaGeM
(8 ~ 102 pa3 cnabee, ueM Tpebyercss nJisi OGBACHEHHUS
HYKJIOH-HYKJOHHOH cBf3u). Iloaxke I'amoB wu Tennep
[101—103] npeanonoXxuny, yto o6MeH Hapoit HeHTPHHO CBSI-
3aH CKOpee C IPABHTAUHOHHBIMH CHJIAMH, YeM C SAePHEIMH]
BbigBUrafiinch HEKOTOPHE HCKYCCTBEHHBIE THIIOTE€3H [Jist
YCTPAHEHHS] PACXOAHMOCTH HUHTErpaJioB B BHIPaiKeHHUH B3a-
umopeitcreus [104, 105, 106].

§ 4. Cnudop Kak KBajpaTHbIl KOPEHb W3 BekTOpa?

Ecnu nonuTku nepeiétu ot cnuHa !/s K GoJiee BBICOKHM
CHHHAM — CHHHY | A/ 3MeKTPOMATHUTHOIO M CIMHA 2 a7ist
rpaBuTalponHoro noJeit [107] — po cux nop okasajmcn
TIIETHBIMH, TO YTO € MOXKHO CKa3aTb O NONBITKAaX IOHTH
N0 HHOMY NyTH? B HCKOHHO eAHHOH TeOpHH NHOJS HANps-
¥KEHHOCTh 3JIEKTPOMArHUTHOTO TNOJIsE MpPeaCTaBJasieTcss Kax

1) Cm. takxe B. Tefizenbepr, YOH,16, 1 (1936); B 310
crathe lefisenGepr paseusaer unen M. Tamma u JI. HIBanenko o siep-
HBIX CHJI8X KaK 3JeKTPOHHO-HeNTpHHHEIX. OO6obuieHune B BHIAE TeCyH
mesonos Jaa IOxkaesa [Proc. Phys. Soc. Japan, 17, 48 (1935)] —
Hpum. peo. . .
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«MAKCBGJUIOBCKHH KBAaJpaTHLIl KOpCHbY H3 TEH30pa KpH-
BU3HEI PHuuM, T. e. BeNMUMHON, OJHO3HAUHO ONpeJesIeHHOl
€ TOUHOCTBIO 0 yrya «dasbi» a:

Jw=Fycosa—+xz sina,
rae

Euay;xa +*E, % =R = (%) + (TeH30op 3HEprUH-HMNyJbca).
(130)

B 3ToM CMEICJIE MOXKHO rOBOPHTB, UTO NOJie cnuha 1 Moxker
OnITb BEIBEIEHO M3 IOJIst criiHa 2. MOXKHO JIM faree «B3fiTh
BTOPOHl KBaapaTHHH KOpeHb», YTOOB BHIBECTH CIIHHOPHOE
nose? MHEIMH cl0BaMH, MOXKHO JIH ONHCATh BCe COAepKa-
HHe TeOPHH HeHTPHHO B (hopMaJsin3Me, HCNOJb3YIOIEM JIHIIbL
BEKTOPH H TEeH30PHl, KaK 3TO [e/laeTCsi B HCKOHHO €IHHOMN
TEeOPHH NOJs, rae ypaBHeHHs MakcBessia TNOMHOCTBIO BH-
paxaloTcst yepes MeTpHueckuil TeH30p H ero NMPOH3BOJiHbLIE?

§ 5. HecoBmecTuMocTb reomerpud ¢ depMHEBCKHM
XapakrepoM HeHTPHHHOro moJjs

W3 BosHOBOI (yHKnUH ¢ CNHHOPHOrO MOJIs, KaKUM H
ABJAETCS HeHTPHHHOE TOJie, U CONPAXeHHOH BOJIHOBOMH
QyHKuMH ¢ NpPOCTO U eCTECTBEHHO MOXKHO 006pa3oBath
oObiuHbIe OHIMHEeHHBe KOMOWHALNH, [al0lline CKaJsip, BeK-
TOp, TEH30p, NCEBAOBEKTOP M IceBaocKanasp. DoJsee Toro,
MpH YCJNOBHH, UTO 3TH KOMOMHALHH YAOBJETBOPSIOT HEKOTO-
pHIM YCJOBHAM COBMECTHOCTH, MOXKHO HepeliTH OT HuX 06-
patHo K camuMm ¢-¢ynkuuam [108, 112]. Opuako na 3TOM
NYTH HEe YAaJioCh, HAUTH KaKOH-JH60 NoJe3HON TOUKH 3pe-
HHS, YTOGH CB#3aThb CNHHOPHHE NOJS C reOMeTpHEH Mpo-
CTPAHCTBA. ITOT OTPHUATCJbHEIE Pe3yNbTAT MOMKHO OBUIO
0XHjaTh, HCXOAS H3 TOro OOCTOSATENbCTBa, UTO HPHHIHI
COOTBETCTBHS ITPHMEHHM K FeOMEeTPHH, HO He K CIIHHOPHOMY
NoJIIO.

§ 6. ToBopor AyanbHOCTH
AJS 3JIEKTPOMArHeTH3Ma W HeHTpHHO

- Bouio 6Bl HeNPaBWILHEIM OCTABHTb <IPOLECC H3BJeue-
HHSL KOpHS», HE OTMeTHB OLHOH TOPA3HUTENLHOH AHAJOrHA
MeXy HeATPHHHBIM H 3JIEKTPOMATHHTHEIM nosisiMu. Ecou e
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u h 0603HaUa10T COOTBETCTBEHHO 3JIEKTPHUECKYI0 H MarHuT-
HYJ0O 4aCTH TeH3opa nonst f W ecnd OHH YROBJETBOPSIOT
ypaBHeHHsM MakcBesia B IyCTOM HCKPHUBJIEHHOM NPOCTPaH-
CTBe, TO, KAK XOPOILUO HM3BECTHO, TEM e ypaBHEHHAM YHO-
BJIETBOPSIOT HOBHE noss € u h’, onpenesednse ¢ NOMOIIBIO
NoBOpOTa [yaJIbHOCTH:

e’ -+ ih’ = e* % (e 4 ih), (131)

roe oo — aAfMTHBHAsl KOHcraHTa <«(asery. Touno Tak
¥e, €CJid ( YIOBJETBOpPSET BOJHOBOMY YypaBHEHHIO st
HeHTPHHO B HCKPHBJIGHHOM TIIPOCTPAHCTBE BpEMEeHH, TO
3TOMY e YpaBHEHHIO YAOBJIETBOPSET JyaibHO NOBEpPHYTbLY
cnurop [113—115, 5]

;_I)’ = @'l t3¥s q) ( 132)

[C.Heﬂ,OBaTe.ﬂbHO, eCTeCTBEHHO 3ajaTb BONPOC, HA KOTOPHIH
nokKa 4TO HeT OTBeTa: CYLECTByeT JiH Kakast-nubo rayGokast
lCBHSb MeXJy ABYMs BUAAMH NOBOPOTA AYyaJLHOCTH?

§ 7. CauHophl 20T CPEeACTBO ONMCHLIBAInL
NOKaJbHbie BpalleHHs

Jpyroii BaxXHBEI{i BONPOC 3akKJIOUaeTCst B CJEAYIOLIEM.
Kakylo reomerpuueckyio (YHKLIHIO, BHIXOASILYI0 338 DaMKH
npeo6pa3oBaHuil ¢ MOMOILBIO KOOPAMHAT, BHINOJHSIIOT CRl-
Hopet? OHu nossoastor, otBeyaeT Mapcenns Puce, onucet-
8aTH TO, 4TO COBEPUIEHHO HEBO3MONCHO onucarsb npeobpaso-
8aHLEM KOOPOUHQAT ¢ UX CBOLCTBAML Henpepbl8HOCTU, O
umenno spawerue (uau npeobpasoeanue Jlopernya) e 00-
HOLI TOuKe 4-npocTPaHcTsa, KOTOPOE HUKAK He CBA3QHO C
KaKum-A160 A0KAAbHOLM 8paLyeHLeM 8 A106oil OpYy2oll TouKe
npoctparcrea [116]1). Kak xe Takoil BH/ JIOKAJH30BAHHOTO
BPallleHHsT MOXKeT OKa3aThCs BAXKHHIM MpH Iepexone or
KJlaccUueckoii reoMeTpoaMHaMHKH K kBautoBoif? Ilpeamnona-
raetcsl IBa BO3MOXKHEIX OTBeTa.

1) Cm. rtakxe [117]. J-p P. Ilenpoys so6esno nonyepkHys, uto
COMHOPH HMEI0T SHAUYHTENHHO GOJiblie CXOACTBA C BEKTOPAMH, 4eM 3TO
monpasyMeBaeTca B HHTepnperallun pabotsl Pucca; pealibHoe oTJMYHE
COCTOMT B HEOJIHO3HAYHOCTH B 3Hake (=) CIHHOpOB.
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§ 8. BO3MOXHOCTb CNHHOPHOTO NPEJCTABJIEHHS TPYyNNbi
npeo6pasoBanuusi KOOPAMHAT He HOKa3aHA

Bosmoxuocre 1. «CnnHopHOe moJie Ans reoMerpolHHa-
MHKH §BJIsieTcsl TEM e, YeM CIHHOD IJs Bpallaoulerocs
TBepjoro tena» '). BoaHoBre GyHKUMH CHMMETPHUHOIO PO+
TaTopa, HanpuMep

P (@5 0, 1), (133)

nis 3apanuelx J u K npeoGpasyloorcss TpH BPamieHHH CH-
CcTeMBl OoTcYeTa B HOBbe (DYHKLUH, SABJASIONINECH JHHEHHBIMH
KoMOuHaumsaMH HcxonablX. Koadduunents o603nauaiorcs
NBYMS HHpekcaMH m u m’ u siBasiiorcst QyHKUHMSMH Napa-
MeTpoB BpauieHus. Ilpu paccMoTpenuu BpamieHui o6HYHOrO
TBepaoro tena Tpe6yroTcst OfHO3HAUHBIE BOJNHOBHE (YHK-
nun. IlosroMy kKo3ddunuentsl npeoO6pa30BaHHUs JOJIKHEL
O/[HO3HAYHO 3aBHCceTh 0T BHGOpa sneMenta R rpynmel Bpa-
LIeHU i

29 . (R). (134)

Benegersue 31010 J Z0/KHO GHITH [EJNBIM YHCIOM. D10 Tpe-
6oBaHue He BHIOJHSETCS B CJyuae 3JEKTPOHHOro CIMHA-
Kak yxe orMeyasoch, TONOJOrHsi FPyNNbl BpaleHHsi TaKast
¥Ke, Kak Y 3-MepHOH cdepsl, BJIOXKEHHOH B 4-MepHOe 3BKJIH-
IOBO IPOCTPAHCTBO (X, Y, 2, W), NpHUEM NPOTHBONOJOXKHLIE
TOUKH OTOXIECTBJNEHEl ofHa ¢ apyrofi. Eciu uanpaensio-
I{He KOCHHycel OcH BpalleHHsl 0003HaUWTb uepes a, B, 7, &
BEJIHYUHY yrja IoBopora —vuepe3 8, TO B HpelcraBieHAH
Bpaienusi o I'aMunbrony — Ksiinn — Kaeiiny

x==sin 1 6 cosa
= 5 ,
y=sin %6 cosf,
(135

Z=sin —;-ecos 1

1
W == COS -2~6.

I 1) OrnocurennsHo ucnonb3oBanus napamerpos Ksitin — Knefina nas
onuCcaHHs OpHEHTALHH TBEPAOro Te/la cM. Hanpumep, [118].
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VBenuuenne 6 Ha 2w aer To Xe BpallleHHe, HO NPOTHBOIO-
JIOXKHYI0 TOUKY Ha cdepe. Ecnu Teneps 3TH gB€ NPOTHBOINO-
JIOXHEE TOUKH He 6yayT roxpecrBeHHeiMu [119], TOo mony-
ueHHas rpynna GyneT «NOKpHBawillel rpynnoii», Koropas
wupe rpynnsl Bpamiennit. as Toro uto6m notpeGoBaTth
OJIHO3HAYHOCTH KO03(¢QHIHEHTOB NpeoGpa3oBaHus KaK (PYHK-
IUH 3JeMeHTa W3 3TOH paclIMpeHHOH IpPynMbl, HAjAO AOMy-
CTHTH HE TOJNBKO LEeJible, HO U NOJyLeNble 3Hau€HHs CHHa J,
Torpa no6aBouHble BOJMHOBHE (DYHKIHH U JAAYyT «HEKJac-
CHYeCKYI0 ABY3HayHOCTh» [laysm.

[TpousBenenne nBYX BOJMHOBHX (YHKINI criuHa /s MOXK-
HO Mofo6HHIM 3Ke 06pa3oM CONOCTaBUTH C CHCTEMOH [BYX
potaTopoB H T. A. TakuM 06pa3oM, 6€CKOHeuHY0 COBOKYN-
HOCTb epaujaTesbHblx cTenetell c80600b6I MOJNCHO ecTecTseH-
Hotm 06pasom paccmarpueaTs KAk UCTOUHUK CRUHOPHOZO
noas.

ITpocTtoe oproroHanbHoe npeolpa3oBaHue B OXHOH TOY-
Ke conocrasjysieTcsi ¢ 00Hum Bpailendem. Ho He npuBener
JIH H3MeHeHHe KPHBOJHHEHHOH cHCTeMBl KOODJAHMHAT B 00-
meH TeOpUH OTHOCHTEJIBHOCTH, C €€ OECKOHEeUHBIM MHOMKe-
CTBOM TOYeK, K BpPalleHHIO JOKaJbHON CHCTeMBl OTCUeTa
B KaocOol Touke? He ciiemyeT Jnu BeslencTBHe 3TOro pac-
‘cMaTpuBaTh 06ecKOHEUHOE MHOXKECTBO BPAILIATENILHEIX CTele-
Hell cBoGonw? JIpyruMH cloBaMH, HeIb3sT JU OGIWHH 3Je-
MeHT T rpynnsl KOOPAHHATHEIX NpeoOpa3oBaHUil BHIPA3UTE
B KaKOM-TO CMBICJIe B BH/E NPSIMOro Nnpou3BeneHHs: GecKo-
HeyHOro 4YHCJia BpallieHHH, KaKj0e H3 KOTOPHX CBSI32HO C
oraeNBHOIl Toukoil? Torma, eciu Okaercsi BO3MOMXKHBEIM CO-
NOCTABHTE KaX/0e 3JieMeHTapHOe BpalleHHe CO CIHHOM /s,
He 32KOHUHTCS JIM BCe Ha CNHHOPHOM IOJIE H He ynacrest JiH
CBSI3aTh 3TO CHOHHOPHOE 1nOJe KAKHM-TO pPa3yMHHM ITy-
TeM C rpymnnoil o6uiHX KOOpAHMHATHHX NpeoGpasoBaHHi 06-
mell Teopuu oOTHOcHTeNpHOCTH? [lo-BHuanmMomy, mer. Tono-
qorusi rpynnel 7 OTJIHYZETCH OT TOMNOJIOTHH GECKOHEYHOro
NpOU3BeJEeHHsi NOKPHIBAIOLINX IPYNI, CBA3AHHHIX C ©IHHHY-
HBIM BpauieHueM. Jlopan He Halllesl NpeACTaBJeHUs! PPYIIL
KOOpAUHATHHX nNpeoOpa3oBaHui, KoTopoe o06snanano O
CBOHCTBAMH, NPHUCYHIMMH CIHHOPHOMY mnoJio!),

) La urent B. E., yactHoe coofilleHue; cM. TaKKe [120]). ‘
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: § 9. Ces3aHo JIH CHHHOPHOE MOJIE
C CyHIeCTBOBAHHEM «MEJIKO3EPHHCTOH» TOMOJOrHH?

BosmoxHocTs 2. CyuecTByeT apyroro popa ABy3Hau:
HOCTh, MpeACcTaBJSIONIas HHTepeC B CBSI3U C NPHPOAOH CHH-
Ha. PacCMOTpUM OAHHOYHYIO TOMOJIOTHYECKYIO PYUYKY B IPO-
cTpadcTtBe. JIpyrumMH cnoBaMH, pacCMOTPHM [iB€ MOJIHOCTBIO
pasgenenHbie cepbl B 3-MepHOM NpOCTpaHCTBe. «BhpexkeM
NPOCTPAHCTBO BHYTPH 3THX cep» U OTOXKAECTBUM COOTBET-
CTBYIOLMie TOUKH HA UX NOBEepXHOCTHX. B TOT MomeHT, Kor-
Na MbBl HAaUHHAEM OOCTEHEHHO <«MOI'PYXaTh Ianeil» BHYTPh
neBoil cdephl, OH HaUYHHAaeT NONBJATBCH (B paccMaTpuBae-
MOM HEJHHAMHYECKOM ¥ KJIaCCHUeCKOM MHpe) H3 NpaBoOi
ctheprl. OgHaKo ecThb NBa HE3KBHBAJEHTHLIX crnocoba Hpo-
Be/€HHS] OTOXK/ECTBJEHHS B 3aBHCHMOCTH OT TOro, NPOHC-
XOAUT JH BpallleHue NOBEpXHOCTell cdep OOHMHAKOBEIM HJIH
NpOTHBONOJOXKHEIM o6pa3oM. llpaBas nepuaTka, npoinen-
urast yepes cepy, B OJHOM clyuae ocTaercs Npasoi, B aApy-
FOM K€ clydae CTAHOBHTCS JeBOH (MeHsieTcsl YeTHOCTD).

B nepeom mpuMepe NPOCTPAHCTBO HA3HBA€TCH OPHEHTH-
pyeMbIM, a2 BO BTOPOM — HeOPHEHTHPyeMEIM. BroJsine BO3-
MOXKHO, YTO HEOpDHEHTHPYeMBle MpOCTPAHCTBA, HJH «IIPO-
CTPAHCTBa, He COXPaAHAIONINEe YeTHOCTh», HCKJIOUaI0TCH
IPHHIHIIOM, KOTOPHIH KPaTKO yNOMHHaJicst U KOTOPEIR NOKa
4YTO OKOHUATEJLHO He ChOPMYJHPOBAH; KIPOCTPAHCTBO HOJI-
JKHO OBITH HafJexaluM 06pa3oM 3aMKHYTBEIM». DTOT NPHH-
pun oréopa TOMONOruH, BEPOSATHO, HMeeT INyOOKYI0 CBS3b
¢ npunpunoM Maxa. Ecnu Bce ke o6a THIA NPOCTPaHCTBA
JIONYCTHUMBI, TO NPOCTPAHCTBO C OJHOH PYUKOH uMeeT KJac-
CHUECKYIO [BY3HAYHOCTb, CBSI3aHHYIO C HHMH, H NPOCTPaH-
CTBO C 1 TaKHMH PYUKaMH HMeEeT 7-KPaTHYIO ABY3HAUHOCTh.
310 gano O 2" He KBHBAJEHTHEIX CHOCOOOB NMPHHTH K reo-
MEeTPHH C 1 pyKaBaMH H I03BOJHJIO OB NOJMYyYUTH 2" pas-
JIIYHBIX AMIJIATYA BEPOSITHOCTH [Jisi OfHOTO W TOrO XK€ Ma-
KPOCKONHYECKOT0 COCTOSIHUS MoJis. Torna Mel HMesH Obl He-
KJIACCHUECKYIO [IBY3HAUHOCTL C YHCJAOM CIIHHONOAO0GHBIX
crenienell cBOOOAB, PaBHHIM uHMcny pyKaBoB. TakuMm oGpa-
30M, 3TO HalpaBJieHHe HCCNeg0BaHHU# [1PefCTaBNsIeT 3HAYH-
TeJbHBbIH HHTepec.

Ecsan nepefiTH K BHPTYaJbHOMY «IeHONOL0GHOMY» IpoO-
CTPAHCTBY KBaHTOBOH TI€OMETPOJHUHAMHKH, TO YMCJIO BO3~
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MOKHOCTeHl UMeeT KadecTBEHHO TOT Ke NOPAJIOK, YTO H KO-
JudgecTBO creneHell CBOGOABI CHHHOPHOro mnoss. TpyaHO
ckaszarb 49T0-AH60 GoJiee ompefieNeHHOE O Pa3yMHOCTH HJIH
HEPa3yMHOCTH TaKOH MBICHMOfl «KOppeJsilHH criHHA ¢ YeT-
HOCTBIO» JI0 Te€X NOop, MOKa MBI He y3HaeM Gousblie 0 ¢op-
MaJji3Me KBaHTOBOH reomerpoauHaMuku. BeceMa uHTepec-
HOo oOcyxnenue Punkesnpmireiinom n Musrepom {121] Bos-
MOXXHOCTH TNOJIyYeHHsi BOJIHOBOM (PYHKLHH, KOTOpas HMeer
HEKJIACCHYECKYIO JIBy3HAYHOCTE B MHOIOCBSI3HOM HpOCTPaH-
cTBe. D70 HccJiefOBaHME TPHBEJO HX K NPeATioJIOXKEeHHIO,
Y10 "3-MepHOe NpocTpaHCcTBO, HE obJajalolllee KpyyeHHEM
B TOMOJIOTHYECKOM CMBICJE 3TOro CJI0OBA, HE MOXer NpHBe-
CTH K CIHHY l/o.

§ 10. OrcyrcrBHe (hyHHaMeHTAJIbLHOM
TEOPHH HEHTPHHO

HrakK, B Hacrosiee BpeMsi HEBO3MOXKHO yKa3aTb €CTeCT-
BEHHYI0 H YOeJAHTEJIbHYIO CBf3b MEXJy CHHHODHEIM nojeM
H KBaHTOBOH reoMeTpOAMHAMUKOH HCKPHBJIEHHOTO NYCTOTO
npocTpaHCTBa.

§ 11. llpenBaputenbHass TPakTOBKA HEHTPHHO
KaK MOCTOPOHHEro moJist
B 3aJlaHHOM MNPOCTPAHCTBEHHO-BPEMeHHOM KOHTHHYyyMe

C Apyro#i cTOpOHH, 3JEKTPOJHHAMHKA B CXeMe HCKOHHO
e/INHOH TEOpHH noJIsi caMHM HeNOCpPeACTBEHHHIM 00pasoM
cBfizaHa ¢ reoMerpHel. TeM He MeHee NJi MHOTHX LeseH
npoille He BbIPaXkaTh BEJHYHHBI JEKTPOMArHHTHOIO MNOJIS
HeMoCPEJICTBEHHO 4Yepe3 MeTpHueckHe BeJHYMHH. DBosee
yAoGHO HCHOJbL30BATL 3HAKOMBIH M SKBHBAJEHTHHIH Ayanu-
CTHYECKHH $3bIK «MNOJISi, NOTPYXEHHOro B NPOCTPAaHCTBO».
ToyHo Tak 3XKe MMeeT CMBICJ FOBOPHTH O HEHTPHHHOM HoOJe,
paccMarpuBast €ero AMHAMHYECKYIO 3BOJIONHIO Ha (OHe npo-
cTpaHctBa. Bo BcsikoM ciydae, cefiuac 310 €fHHCTBEHHBIN
nyTh, Ha KOTOPOM MOXHO cQOpMyJHPOBATH TEOPHIO Heil-
TPHHO AOCTATOYHO NOJHO, YTOOBI CTAan0 BO3MOXKHBIM BbI-
BECTH KOHKDeTHhle (PH3HYecKHe pe3yJabrarthl
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§ 12. PensiTuBHCTCKOE BOJHOBOe YpPaBHEHHE
JUISE HEeHTPHHO

BosanoBoe ypaBHeHue HefiTpUHO B MCKDHBJIEHHOM IPOCT-
PaHCTBE MOXKHO 3anucaTb JHOO B JHPAaKOBCKOW HEThIpEX-
KOMNOHeHTHOH Gopme:

TV, = 0, (136)
an6o B aByxkommnoHentHoit ¢opme Ilayanm — Jlu— fura
SV y=0. (137)

311er MarpHlbl yHAOBJETBOPHAIT COOTHOILIEHHUAM
Tp,TV + 1"7;’. = Qgp,\n
S,S, 48,5, = 2g,..

Hapsany ¢ o6oiunbiMu  cuMBosiaMu Kpucrogdeas, o6pa-
30BAHHBLIMH H3 NPOH3BOAHBIX METPHUECKOro TeH30pa:

1 ag agac agag
=g & — ) 139
P8 (ax“+axﬂ ox° (139)
HeOOXOAMMO ONpeje/uTb Marpullbl, HIH KO3(dHuHeHTH
®oka — HManenko I',, rakue, 4r0

o .

L — Ty — Ty, 1L =0; (140)
TOrja KoBapuaHTHas npousBopHas V, AefcTByiolias Ha
COHHOP, JAacT

(138)

9
Vy=—L—T4. (141)
BonnoBoe ypaBuenune !} (136) [unu (137)) naer dopmanusm,
OPUrOAHLI JUIS paccMOTpPEHHS MHOIMX 4YepT B3aumMopedicr-
BHf FPaBUTALHMOHHOIO U HEHTPHHHOrO NoJei.

1) CM. ofwwuii 0630p sureparypol Bame u [Imene [122] no ypas-
Heuno Jlupaka B MCKDHBJEHHOM mNPOCTPAHCTBE, & TAKKe OpHIHHANb-
uete pabortl B. A, ®oka u Jl. Hsanenxo [123], B. A. ®oka [124], Bepr-
mauna [125), ®neruepa [126] u Bpuns u Yunepa [Bl B cBsasm ¢ coor-
HowenneM (8) nocsenHeli pa6oTHl aBTOp BHIPAKAET NPH3HATENHHOCTD
O, Cxapdy, ykasaBlemy, 4t0 B 5TOM COOTHOWIEHHH NPOMYIReH MHOMKH-
Tens '/y; mcnpaesieHHOE cootHOwenue (8) uUMeeT BHJ: )

g obP
Ty = 2% ~ ) at—T% | s* Japl,
k 4 l( oxk B 1 + ®

&TO coraacyercsa ¢ ¢opmyioit (17) paGorn B. Beprmana [127]

11 3ax. 300



Traea NI

NPOCTPAHCTBEHHO-NIOJJTOBHOE OIIHCAHHME
HEATPHHHOI'O NOJA

§ 1. Ouenka BO3MYLleHHMSt HEHTPHHHOrO NOJS
B BAKYYMHOM COCTOSIHHH

Ecnu neliTpuHHOE moJsie paccMaTpUBaeTcsi KAaK BHEIHHH
06BEKT B Yy¥Ke CYLIeCTBYIOLIeH MNpOCTPaHCTBEHHO-BpEMeH-
HOU reoMeTpMH W eCJH 3Ta reoMeTpusi HieaJU3HPOBAHHO
CUMTAETCH MOUYTH MJIOCKOH, TO BO30YyXK[EHHBIE COCTOSHHA
9TOro MOJIst MOXKHO pPassIOKHUTb N0 HOPMaJIbHBIM KOJIeOaHHAM
o6uiuHbIM nyteM. Kaxpomy koseGaHuIO NpHIHCHIBaeTCs
YHCJIO 3aTOJIHeHUs!, KoTopoe Moxer Ouith O uau 1, Ho koTO-
poe paBHO 0 nJIst OCHOBHOrO, MJIH «BaKyyYMHOI'O», COCTOSIHUA
HeHTpUHHOro noJist. HaxoxneHue B OCHOBHOM COCTOSIHUH He
03HAYaeT, YTO HEHTPHHHOE MoJie — TaK JKe KaK rapMoHuue-
CKeil OCUMJJISTOP UJIH 3JEKTPOMAarHuTHOE MoJie — HAXOAUTCS
B COCTOSIHMM HyJIeBOro B030OyxpaeHusi. MOXHO JIH npu 3THX
VCJIOBUSIX BHIPa3uTh (DYHKHHUOHAJN COCTOSIHHS HEHTPHUHHOro
HOJIst B IPOCTPaHCTBEHHO-NOAOOHOM MpeacTaBJeHHH [aHAJNO-
THYHO COOTHOUIeHUIO (12) nyist mpencTaBiEeHHS OCHOBHOTO
COCTOSIHUS! 3JIEKTPOMArHUTHOrO HOJs], KOTOpOe MO3BOMSET
Gosiee HEIOCPeACTBEHHO BBECTH B pPAaCCMOTPEHHE 3TO CO-
crostiue Bo36yxnenusi? Kak nokasan Kaaynep [128]. sto
B03MOXHO. Tak xe kak QyHKUHOHAN coctofHust Wy, 3J€eK-
TPOMArHUTHOrO MOJsE CONOCTABJSET HEKOTOPOe YHCJIO JIO-
Gomy BbiGopy marHuTHOro mnodst H(x), dyHKuHoHas cocrosi-
HUSL HEUTPHHHOrO MOJIsi COMOCTABJASET UMCIO JNIOGOMY BH-
Gopy «yx-nonsi». 3pechb §¥— NBYXKOMIOHEHTHoe moJse, ofe
KOMIIOHEHTE KOTOPOrO 32BUCSIT OT MPOCTPAHCTBEHHHBIX KOOP-

JAHNHAT

' X1 = X1 (%), X2 ==Xz (X). (142)
Jlast monst y, KOTOpoe peryJisipHo B cMblcne, 0oJiee TOUHO
OﬂpeﬂeJIeHHOM K.naynepOM MO2ZKHO HanucaThb

<>
W, () 2= Nexp — f () {s (z(;—;))zv}x()')] d3zddy,
(143)
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B TOJIHOH aHaJlOrMu ¢ COOTBETCTBYIOIIHM BHIPaXKEHHEM /el
(QYHKLUHOHAJA COCTOSIHHS 3JE€KTPOMArHHTHOro moJsis. 3iech
N — HOpMHDOBOUHAS] KOHCTaHTa; O, O, H O, — CIHHOBHIE
matpuubl Ilaynu, a crpenka Hajg CI/IMBO.HOM omeparopa
HMeeT CHeAYIOMMHA CMBICH:

<>
0\ __ (0B oA

A(E)BzA(—&—)—(W)B. (144)
Jast monst , KOTOpOe 3aBHCHT OT NMPOCTPAHCTBEHHBIX KOOP-
JHHaT HeperyJasipHeiM o6pa3oM, HeoOxonuMo (Kak mokasal
Knaynep) mnonb3oBaTbest Oonee oOwed ¢GopMmysioH, ueM
(143):

| 0%, "= exp|Trin (1 —K)], (145)

rae Tr— o6osnauaer cnep onepatopa, a K— omeparop, 3a-
BHUCSIIIIME OT HEKBAHTOBAHHBIX mNoJiedl y #u x*, KOTOpBIE OBLI
onpenened Knaynepom.

§ 2. OmicaHne Ge3 aHTHKOMMYTHPYIOLIHX
HEKBAHTOBAHHBLIX OMEPaToOpPOB

Onucanve cnuHOpHOro noJst no Merony Kaaynepa umeer
JIBe COBEPIIeHHO HOBHlE y BecbMa HHTepecHHEe 0COGEHHOCTH:
1) y-nose onucHBaeT CBEPXMNOJHYIO CHCTEMY COCTOSHUE H
2) UMeHHO Ha 3TOM OCHOBAHHM MOXMKHO NPOBECTU KBAHTOBA-
Hie (QeHHMaHOBCKUM METONOM CyMM m0 HcTopHsiM 0e3 Ka-
KOro-sin6o ofOpalueHHst K TaK Ha3bBA€MBIM AHTHKOMMYTH-
pylomuM oneparopaM (c-uHclaMm), KOTOpHE TpeGOBaJHCh
JUIst 3TOr0 paHee M KOTOpHIE SBJISIIOTCH MaTEeMATHUYECKH He-
KOppexkTHEIMH 00BeKkTamu!l).

§ 3. CymmMa no HUCTOpHSAM, BbipaXKeHHast
C MOMOUILI0 CBEPXMOJNHOH CHCTEeMBl COCTOSIHHI

~ OO6pluHO GYHKUHMST COCTOSIHHMS, CBfi3aHHasi ¢ OfHOH ¢ep-
MHOHHOH CTereHblo cBOOQBl, BHpaXXaeTcss KaK [Ba KOMI-
JIEKCHBIX YHCJla, IpHUYeM OQHO faeT aMIUIUTYLY BEPOSiTHOCTH

f) K. Cumansug [129] nuwer: «Ilpu TpakToBRe (epMHOHHEIX noseft
BBOJLATCS CHHHOpHble QYHKLUMH, KOTOPble 2HTHKOMMYTHPYIOT CAMH C CO-
Goil, ¢ HX conpseHHbIMH H APYTHMH CNHHOpHHIMH GYHRuusaMH B 310#
AHTHKOMMYTAlHH € KOMILJEKCHO-CONpsixkeHHbIMH (GYHKUMSMHE  3aKJIO-
YaeTcss TPYAHOCTH, TIOCKOJBKY OTCIHOAA BbITeKﬁET TOKJecTBeHHoe ofpa-
lieHre B HYJIb STHX CHHHOpPHBIX (PyHKIil».



164 T'rasa HI

TOro, YTO 3TO COCTOsIHMe CBOGOINHO, a JAPyroe —4to OHO
3anonneno. MHHMM cnosamy, aBa croctosinus |0) u [1) o6-
pasyioT MOJHbI Habop [Jisl ONMHCAHUsI BCEX BO3MOXHBIX CO-
CTOSHUH J1y1si 3TOM OjHOH creneHu cBobGoiabl. PyHKUHS pac-
IPOCTPaHeHHs, KOTOpPasi ONIMCHBAaeT H3MEeHeHHe BO BPeMeHH
OJIHOFO M3 3THX JBYX COCTOSIHHH uJM Boo6uie Jw6oro co-
CTOSIHHSI, HMeeT BHA,

rer|pey=(b"

exp [—i (" — ) H
B

by.  (146)

3akoH koMnosunuu (YyHKLUE pacnpocTpaHeHusl MNPHHU-
MaeT BMJL
1
(bllltllll b[t[) — 2 (bllltllll blltll) (blltlllbltl). (14_7)
b»"=0
OTOT 3aKOH KOMIO3HIWM MOXHO Nepemiicatb B APyroii,
ykasanno#t Knaymepom, dopme. Onpepenum cocrofuue

|6y =(1—|b6P)"|0)+5]1). (148)

Torna, nockoabky b npoferaer BCE KOMIJIEKCHLIE YMCJA
b, ib, c abcomoTHoli BenHMYuHOH, MEHbIEH 1, BEKTOp
cocrosiHust |b) mpoGeraer c6epxXnoAKyI) Cucmemy COCmOs-
Huii. 3aKoH KOMIIO3MIMM MOXET ObITh BRIPaXeH C MOMOILIO
HHTErpUPOBaHusl Mo 3ToMy Habopy B BUIE

(b”’t”’l bltl) — f (b”’t’”l bt”) db (bt”l b,t’), (14_9)

161<1

ric uepes db ob6osHaueH 3J€MeHT oObeMa

2
db== db, db,. (150)

3Ta TOYKa 3peHUsl /1aeT BO3MOKHOCTb OIPENeJHTH OObIY-
HBIM  o6pasoMm cCeTky ucTopuii (GepMHOHHON CTenmeHu
cBOGOIB OT HAYaNbHOTO MOMeHTa £ [0 KOHEYHOro Mo-
MeHTa £”. 3HaueHus1 KOMIIEKCHOTO YHCHa b onpeneneHbt
He TOJILKO B MOMeHTH ¢ u ¢”, HO Takxe B Bospacraoliei
NOCTeIOBATEALHOCTH MOMEHTOB BPEMEHH B 3TOM WHTEpBaje:

b7, b,y by_ys s vy by by .
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IMpouecc cymMupopanus no HcTopusiM BbIpaMaercs TOraa
B BHJe 7-KPATHOrO WHTErpUPOBAHHS MO 3JieMeHTaM oGbema
tuna (150) ¥ mpemennHOro mepexona K GECKOHEUHO Ipos-
HOMY pasbuenuio ppemeHH. OGo6lias 3Ty HpoLEAypy € OAa-
HOIl Ha GeCKOHeYHoe UKo cTenenell ceo6oan Pepmu — Jli-
paka, Knaynep onpenesnsier noHsitie cymmsr no UCTOPUAM
Ozrsn hepmuonnozo noss. B sTom aHanuse, ONHAKO, HUTAE
He BO3HMKAa/J0 HeoOXOIMMOCTH BBeIeHHsl ONepaTopoB, HJ/H
TaK HA3bIBAEMBIX AHTMKOMMYTHPYIOLIUX C-UHCeJ.
BeseneTBue toro, uro epMHOHHOE MOJE€ HMeeT CAHHOp-
HBIH, a He CKaJAPHBIA Xapakrtep, [MJsi ONUCAHUS CBEPXIION-~
HON CHCTEMHI COCTOSIHHEl, CBSI3aHHOW C OJHOU CHWHOPHOMH
CTeNeHBI0 CBOGOIM, B aHanusze Krnaymepa okasanoch HeoG-
XONMMEIM BBeCTH 084 KOMIIEKCHHIX yHcJa. Jlasi ompenesne-
HUSI JABYXKOMIIOHEHTHOTO moJst y(x) Knayz}epa B MOMEHT v

HCNOJIb3YeTCsl f1apa KOMMJIEKCHBIX uucen by u b2 nasi kax-
Zoii u3 OECKOHEUHOro Yucia CNUHOBHIX CHCTEM.

§ 4. Hosas dopmyaupoBka pasiuuus
Mexpay cratuctukamu Pepmu — Jdupaka
H bo3ze — JiiHureiina no Knayaepy

B ananuse Knaynepa uuuto He 3acramnsier mone Pep-
MH — Jlupaka MMeTh CIMHOpHEBIE xapakrep. CreloBaTesnbHO,
He BHOCUTCSI HHYEro HOBOrO B MOHHMAaHWE CBSI3H MeEKAY
CHUHOM M cTaTucTuKOH. Ho 3aTo jfocturnyra Horasi ¢opmy-
JIHPOBKa pa3nuyus MexJy ¢epMueBckoil U 063eBCKOH cTa-
TUCTHKaMH. Kiiaynep NpousnsiocTpupoBall 5TO Ha mnpuMepe
OIMHOYHOrO TapMOHHYECKOTO OCUHUJINATOPa, HOAUHHSIOULE-
roCsl KJIaCCUYECKOMY YPaBHEHHIO IBHIKEHUS

ia(t)=a(t),

. 151
—ia*(t)=a’(¢). (1D
Knaccuueckoe n€HCTBHE MMEET BENHYHHY
. <>
I_—_f[%(a'-%a)—a*a]a’t, (152)

a4 KBaHTOBOMEXaHHUYECKUH raMunpToHUaH Oyjer
i H=—a%a==N. (153)
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B cayuae nosst Pepmu — Jupaka npaBusabHas QyHKIUs pac-
1pocTpaHeHus u3 cocrosinusl | b’) B cocTosihue | §”) umeer Bux

(b”t” I b’t’) — (1 — l b |2)‘/2 (1 . I b I2)!/x 4
46" exp|—i(¢" — )b, (154)

rae kak |[b7), tak u |b”) npuHagekat Kk CBepPXHOJHOMY
HaGopy coOCTOSHMI W ofpejllesieHsl cootHolleHuem (148).
Knaypep moxasas, YTO 5TOT pe3ysbTaT MOXHO MOJYUHThH
HEeNOCPeJCTBeHHO M3 CYMMEl 10 HCTOPMH, €Cau (PYHKIHIO
pacnpocTpaHenuss QopMaJbHO 3anucaTh B BUAE

ety =N [exp[i [ [-;— (b*?j;b)—b*b] |atDb ). (155)

ITo BHpameHue CJaefyeT HOHMMATb KaK Ipejnen CoOOT-
BETCTBYIOIEH CYMMBl AO CE€TKamM WCTOpuH, Korja pas-
OHeHUe BpEeMeHH CTAHOBHTCS OECKOHEUHO APOOHBIM

tll__tl

djemeHT ofbeMa N0 Hepexojia K Ipellely paBeH MNpPOU3-
BeJeHHI0 BhIpaseHuil tuna (151)

db, db, ... db,,. (157)

[MoasiHTerpasibHOE BEHIpaXK€HHE HMEeT CJAeAYIOILYI0 Hpo-
ctyio ¢opMy B TOM caydae, Korjpa CeTka WCTOPHH iipe-
BpallaeTcsi B HENPEPBIBHYIO MCTOPHIO [OCje Iiepexofa
K npeneny:

expi 2 [';— b1 (br1— br) ___12'_(1).;;“ — bp) by — Sb7e+1bk]-
: (158)

Tem He MeHee OYeHb BaXHO TO OOCTOATENLCTBO, YTO
OCHOBHOI BKJaji B (PeHHMAHOBCKYIO CYMMy naiOT Ipo-
1ecChl, Ubs MCTOPUS HE SIBJISCTCSl HEIpepblBHON B 3TOM
cMpicsie.  Utobbl NOCneOBATENbHO BBIYHCANTL (PYHKIHH
pacrpocTpanenus A TakuX ucropuil, Kiaygep ucnoanayet
U3 ONepatTopHoH (QPOPMYJHUPOBKM KBAHTOBOH MEXaHMKH
Gopmyay

U0y = (" |exp|— i (¢" — ¢')H]| &) (159)
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H. C/Ie0BATe/IbHO, 3aIMCHBAET 1O LIHTEr pajbHOE BRIpaKe-
e B (154) — no nepexona x mpejpesy — KakK HpousBeje-
Hue (7-}-1) YMCJOBLIX, HEOIePATOPHEIX COMHOXKUTEIEf B

(bg+1] exp [— ieH] [ b;) (160)

{(brer|bg) — e (b1 | Hbp)}. (161)

B ToM cnenuansHoMm cayuae, korpa H = a*a, 3to Bbipa-
WeHHe HMeeT 3HayeHHe

{11841 B (1 — b, PY* b 416 — icbi11be}. (162)

WUnmenno ara ¢opmysa 8 OeficreurenvrocTu onpebenseT To,
4710 noopasymesaercs 6 nNOObIHTE2PAAbHOM BbLPAsieHUU B
(155). Bripaxenue (162) cBomuTtcsa, koweuno, k (158) nai
CeTKH HCTOpUl, KOTOpas B mpejelie nepexofuT B Henpepuls-
HYIO UCTOPUIO.

Taxasn me cymma no ucropuam (155) npumenuma v B
cnyuae crarucruxu 5ose! Hano tosbko BMecTo b nojicTaBUTh
as (156) u (158) u kaxawli saeMent oObema db =
= (2/m)db,db, ¢ 1>]|b|>0 3aMeHuTL Ha da =
= (l/n)da,da; rne co > |a| > 0. Oyukuus pacnpocrpate-
wust {@”t"”|a’t’), nonyuaeMass B pe3yJbTaTe€ 3TOr0 HOBOTO
npolecca MHTErPHPOBAHUS, CBSI3BIBAET COCTOsIHME |a’) ¢ co-
cTosiHHeM |a”), raoe COCTOsiHHC [@”) CHOBa HPHHAIJIERKHT
K CBepPXMNoJIHOI CHCTeMe COCTOSHMIL, HO B 3TOM cJyyae co-
crosiHuil GoseBckoil cHcreMpl. OOBUHBIN HNONHBIE HaGop op-
TOTOHAJbHBIX COCTOSHHY, ORHCHIBAIOLIME OO03€BCKYI0 CH-
cTeMy, 3ajiaercsl YMCJAOM 3anonHeHus N: .

[0), 1), -y [N), o o.

C noMmoipio 310ro 6asucHoro Habopa BEKTOPOB COCTOSIHHE
TUNHYHOE COCTOSIHHE CBEPXIOJIHON cHCTeMBl Oyner

HJH

(o ¢]

|a) = exp [—g lap] Y, vy e INy.  (163)
N=0

OyHKIMSA PaCIPOCTpAHEHHs] MEXKAY COCTOSHHSIMH TaKOI'o
pona omnpefefsieTcsi TOYHO TaK e, KaK (QYHKUUS pacHpo-<
CTPAHEeHHsI MeX/y JIOOHMHU JDYTHMH BHAAMU COCTOSIHHME, H
BIIOJIHE AOCTATOYHO AJIS1 OAHCAHUA MUHAMHKH CHCTEMB.
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§ 5. BriGop neficTBus

B 3ToM ¢opManu3Me KBaHTOBaHUe Go3e-3HHIITeH i HOBCKUX
CHCTEM MATEMAaTHUECKH BRITVISIAMT aHaJOrMYHO KBAHTOBAHMIO
depMu-IupakoBckux cucteM. B ueM ke coctout pasnnyue?
BaskHeIM MOMEHTOM, Kak ykasan Knaynep, siBnsieTcess He TO
06CTOATENBLCTBO, YTO KOMIIEKCHOE YUCJIO @ B OJHOM cJyuae
He OrpaHuyeHo, B TO BPeMs KaK B JAPYroM ciaydyae KOMILIeKC-
HOe YHCIo b JeXHUT BHYTPU €AHHMYHOH OKpPyxHOocTH. Ha-
OpOTUB, OCHOBHOE pa3juype 3akimyaercs B ToM, uro 1)
Kaaccudeckomy unreepany delicreus 8 (1558) uau (158)
crefyer npudare CMLICA U 6 CAy4ae pPa3PbLIBHOL UCTOPUU
euje 00 BbIYUCACHUA CYMMbL NO UCTOPUAM u 4TO 2) 370 pac-
npoCTPAaHeHUe NPUHLUNG HAUMEeHblle20 OellcTsus HA «He3a-
KOHHbBLE® UCTOPUL OenqeTca pasaudnbim obpasom das 6o03e-
atinwTelinosckux u hepmu-Ouparosckux noseil. XapaktepHo,
YTO MNOJBIHTErpasbHOE BhIpaweHue (eHHMAHOBCKOH CyMMEI
no ucropusiM (155) cHora siBJisieTcst mpousBenenueM (n -+ 1)
COMHOXMUTEJEH, KaXabii U3 KOTOPHIX COBEPIUEHHO aHAJOTH-
yen (161):

(@rr1]ar) — ie (@[ H|ag);

OIHAKO KOHKPETHOE BHIpaXKeHWe 3TOH BeJMUYMHE [Kak crien-
crBue papencts (153) u (163)]

1 1 .
exp [— 5| A f4a;, a,— 5 |a, ]2~ tsa;+lak] (164)

6yneT COBEpIIEHHO OTJUMYHBIM OT 3HaueHusn (162), ucnonb-
syemoro B ciyyae cratucTukd Pepmu — Jlupaka. TeMm He
MEHee JIJIsi HenpepoigHOLi UCTOPUM 3JieMeHTapHas (yHKIus
pacnpocTpaHeHus [ 00euX CTATHCTHK IIOJHOCTBIO COBIA-
HaeT B mnpejaene GeCKOHEYHO MeJKOro pa3bueHusi BpeMeHH
(e—>0).

Pestomupys, Knaynep nuiier:

«PefiHMaHOBCKUH MeToH TpeOyeT 3HAyYeHHUs] UYMCIEHHOrO
3HaueHus1 JefcTBUST JJIT MCTOpWH, JNexalmux BHe 06JacTH,
B KOTOPO#H BBOAWTCS HHTErpaJ JeiicTBUs, T. €. IS UCTOPHH,
KOTOpHIE PaspbiBHEI BO BPEMEHH WJM B IIPOCTPAHCTBE. IDTO
MOXHO [OpeIcTarRJsTh KaK «cBoOoay BbIOOpa AeliCTBHSY;
T. €. 3HayeHue JeHCTBUS I/l TAKUX €HE3aKOHHBIX» HCTOpui
MOXHO ONpeleNuTs Pa3juyHEIMH crnocobamu. B 3aBucumo-
CTH OT CeNaHHOro BelGOpa MOJYYalollasiCsi KBAHTOBAsA Teu-
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pust MOXeT HNOAYMHsATLeA Jubo cratuctuke bose, smbo cra-
TUcTHKe PepMmu. Dta HEOJHO3HAUHOCTHL MNpHUCYL@ CaMOMy
dbopMannaMy, HO HajJexRalMH croco6 pacllupeHHs Kaacch-
YecKOi WHpOpManUM MONHO MOJNYYMTh, 3aIUCHIBasi CYMMY
110 MCTOPUAM B BHIE CYMMbl IpPOU3BeNeHUH MaTpUYHHIX 3J€-
MEHTOB YHHTAPHBIX OII€PATOPOB, U3MEHSIIOLIMX COCTOSIHUE 32
6ecKOHEYHO ManHi NpPOMEXKYyTOK BPEMEHH. ITOT IIpolece
CYMMUPOBAHHSI MOXKHO HE OTPaHUYMBATH OOBIYHBIMH JHCKpeT-
HbIMM 0a3UCHBIMH BEKTOpaMH, HO MOXHO IPUMEHATh «0006-
LeHHOe IIPEACTaBJieHHe», KOTOpoe BKJKYaeT AJA KaXaoH
(epMHOHHOH cTerneHu CBOOOH HenpepbiBHOE MHOXKECTBO BeK-
TOPOB, He SBJSAIOLIMXCS He3aBHcHMBIMH. BuiGopoMm wHapJe-
Kauleil napamMeTpu3anuu s 3TOH «CBEPXIIOJHOH CHUCTEMBI
COCTOSIHHIT» MOXHO NOJYUYUTb HEOOXOOWUMBIH (PYHKLHOHAJ
JOelICTBHSI B 3KCMOHEHTE HOMABIHTErPajibHOTO BHIpAMKeHMS,
KOTOPBIH U ONpEeHesnsier C-YHUCJOBYID CYMMY HO HCTOPHSIM».

To, uto kynaccuueckasi (PU3HKa €CTh NpelesanLHBIH cayual
KBAHTOBON ()M3HKH, [aBHO HW3BECTHO; OJHAKO HOBHIM SB-
JsieTcs1 TO, YTO 3[1eChb BHAHA CTeNeHL NMPOH3BOJIa, BO3HHUKAIO-
masi opu o6paTtHOM nepexoje (NPOW3BOJ B MHTEPHPETALNH
HWHTerpasja JelcTBUSI HACTOJBKO BeJUK, YTO 3aKJouaer B
cebe pasnuuue MeKJy HPOTHBOIOJMOKHBIMU BHMIAMH CTaTH-
ctuky). HeT Huuero y/IMBHUTENIBLHOrO B TOM, YTO 3TO 0OCTOS-
TEJBCTBO MOXKET OKa3aTthCs KJIIUOM K Gosee ruay6oKomy
OCMBIC/IUBAHMIO (PepMHU-IUPAKOBCKUX (U CHHHOPHEIX) MO~
gaefi. CoBepLICHHO HE3aBUCHMO OT 3THX NPUHIMIHAJALHBIX
BonpocoB pabora Knaynepa, no-BuauMoMy, NO3BOJSIET IIpHU-
MeHUTh K (PePMHUOHHEBIM IOJISIM 3Ty T€XHUKY KBAHTOBAHUS —-
CYMMHPOBaHHe MO HCTOPUSIM, cBOOOJHOE OT JIOGHIX CCHIIOK
Ha oneparopHHle BeJUYUHBL, — KOTOPAasi, B YaCTHOCTH, XO-
POLIO NOAXOMUT JJIsl HPOCTPAHCTBEHHO-NONOOHOr0 ONHCAHUSA
He#TPMHHOTO [0JI1 OCOOEHHO B MCKPUBJIEHHOM IIPOCTpPAaH-
ctBe. TeM He MeHee gocTatoyHo u Gosee MPOCTHIX METOMAOB,
KOTOpHI¢ BIIOJIHE MPUTOAHBl JJIA aHaJU3a TeX 3JeMeHTap-
HBIX IPOLECCOB, KOTOPHIE TeHePhb NOKHE! ObITH PACCMOTPEHH.

§ 6. leomerpopuHaMHKa He 00BsICHAeT
34KOH COXPaHeHHsl JENTOHOB

B cBsisn ¢ HPOCTPAHCTBEHHO-IONOOHBIM ONHCAHWEM Heli-
TPUHHOTO MOJisi BO3HUKAeT MO AHAJOTMH C 3J1€KTPOMArHHT-
HBIM Toj1eM ere onuH Bonpoc. COmep:KuUT JIH 370 CIHHOPHOE
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noJie y70-1u60 I0XO3Kee Ha COXPaHSIIINAC] NOTOK Yepe3
PYuKy B MHOFOCBSI3HOM NPOCTPAHCTBe, NOAOOHO 3apsany,
ONnpeaeseHHOMY 3JeKTpuyYeckuM norokoM? Ecau 6wl ynasoch
Ofpene/uTb HEKOTOPHIH CIVMHOPHHIN IOTOK M YCTAHOBUTD,
YTO OH COXpaHfeTcsl, TO 3TO 0OCTOATENLCTBO MOIVIO OBl UMETH
OTHOIIeHHE K HHTepPNpeTalHy JenToHHoro 3apsga. Ho srtoro
Het. B uccaegosannom cayuae [130] okasanocs BO3MOKHBIM
\ TOUHO PelINTh YPaBHEHHE CIIHHOPHOTO MOJISI C HYJIeBOH Mac-
-COH TMOKOSI B NPOCTPAHCTBE € MHOTOCBSA3SHOH TOHOJIOTHEH.
B 3srom npumepe ObLIO MOKa3aHO, YTO HEBO3MOMKHO KOBA-
PUAHTHO ONpeneJuTh KaKyw-aubo BeJIUMYHHY CO CBOWCTBAaMy,
-aHANOTUYHLIMH CcBoOlicTBaM MoJHoro motoka. CiexoBatesib-
Ho, cefluac B paMKax reoMeTpoIMHAMHMKH He BHIHO NYTH K
TOHHMAaHHUIO, NOYEMY HEYTO BPOIe JeNTOHHOTO Yucaa MOIJo
Obl coxpaunsitbest ).

1) B sroit cBa3n cM. ocoGenno [131].
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SJIEMEHTAPHBIE B3AMMOIEHNCTBUSI HENTPHHO
H TPABHTALLHOHHOI'O U3AYYEHHA

§ 1. O6pa3oBaHue peajieHbIX M BHPTYaJbHBIX nap
U3 Bakyyma

O6pa3oBanue nap NpH CTOTKHOBEHUH IBYX GoTOHOE [132]

ho, 4+ hwy —>e~ et (165)
W paccesiHue cBeta Ha cmere [133]
ho, + hwy —> o, - fiw, (166)

6ulM ABYMsI ApolleccaMu, NPOAHAJM3UPOBAHHLIMU Ha paH-
Hel cTaJiud Pa3BUTHS KBAHTOBOH 3JIEKTPOAWMHAMUKHU. Tosn
[134] ') BriepBble yCTAHOBHJI, UTO CeYeHHE PACCEsSHHS BOEpe
BO BTOpOM mpouecce (6osee BHICOKOrO HOPsAIKa) MOXKET
ObiThb HEMOCPENCTBEHHO IOJYYeHO M3 ceueHusi Gosee I1po-
croro mnpouecca (165) M yYTO JUCNEPCHOHHOE COOTHOLIEHUE
Kpamepca — KpoHura crpaBelyiuBO NOpu  PeAATUBUCTCKUX
3Heprusix. 3TH pe3yJbTathl SICHO TOBOPAT O OorartcTpe ¢u-
3UKW BarkyyMa. UTO MOXKHO CKa3aTh O He{TPHHHBIX aHaJo-
rax 3THX 3JEeKTPOMArHUTHLIX NPOLECCOB?
CyliecTsoBanmne mnpoiecca

v+4+v—optet (167)

HENOCPEeACTBEHHO CJeJyeT M3 CIOHTAHHOTO pacraja p-me-
30HA W MNpUHLKIIA MUKPOCKOMMYECKo# oOpatHMocTH. 3HA-
YUTEJIbHO BHIIIE NOPOra,

208mc? )2 ' (168)

(hwy) - (hwg) > (—T—

BRIYHMC/IEHHOE C@UeHHe [IJs 3TOro mpouecca pacreT [5, 28]
KaK

nora. ~ (7 ) 0102 (169)

1) Cwm. takxke Gosee paHHee cooflieHue [135], .
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B cayuae cBera ceuende Aas o6pa3’oB&HMA Map CHAYaja
pACTET ¢ IHeprueil, HO NOTOM NAajfaeT, TaK YTO JHCHEpPCH-
OHHLIfi HMHTerpan cxoputcsi. HMlHaue obcTomt meso 3gech,
KOFjla HCRoJb30BaHue OyKBa/inHO TOH xe QopMyH AAst
CeUEeHHs paccestHuA JaeTt

2 ] r |2
(_di) | 2 f “nora. ("’1’ “2) doy
49 Jonepex 2a%¢ B “;2_ wg
2 21\2
w8 he, .
~( Fogs ) In? yooms - (170)

3Ta pacxoIMMOCTb TOBOPUT O TOM, YTO ZHUCMEPCHOHHOE CO-
OTHOIlICEHHE He cJeayeT NPUMeHSATb HAJjsl HEHTPUHO TaK MKe,
Kak JiJIsl CBeTa, MJIM YTO CeueHue nJisi lipouecca o6pasopaHus
nap (167) He MOXeT HMPOAOJKATL PACTH 0 GECKOHEUHOCTH
NIPONOPLMOHANBLHO UHBAPUAHTHOMY NPOU3BEIEHUIO ()1(g, MU
YTO UMeeT MeCTo To W apyroe. B nomo6Hoii cutyanuu, Kak,
HanpuMep, B YNPOILEHHON TEOpPHM TOPMOXEHUsA B cpele
WIM B JMHAMUKE OJa3MEbl, AOSIBJISIIOTCS Jorapupmuyeckue
pacxoauMocTH, KOTopble mpu OoJiee TILATEJLHOM aHAJH3€
OKasuiBaloTcsi BeauyuHaMu nopsinka 10. Tlpennosoxenue,
4TO W 3Jech JorapudMbl MNPeACTaBJsOT cOOOH BeJMUYMHY
TaKoro e Nopsifika, NpUBOINT, KOHEYHO, K CEUEHHIO pacces-
HUs BHepe] HeHTPUHO Ha HEHTPUHO paHTACTUUECKH MaJOMY,
HO BC€ € CYILIeCTBEHHOMY [JIsl TeOpUM I'eOHOB, 0Opa3oBaH-
HBEIX u3 HelTpuno [5, 28].

§ 2. ®opmdakrop. llpsamoe B3aumopeiicteue Pepmu?

CylecTBoBanMe KOHeYHOro 3HaueHusi uHrerpana (170),
BOOOILle TOBOPSI, 3aBHCHT OT [IPEJII0I0XKEeHH, YTO HEKOTOPOro
pona (QopMmpakTop ocyuiecTBAseT oGpe3aHue B3auMojei-
cTBusl PepMu HA BBHICOKMX IHEPIUAX U MaJbiX PaCCTOAHUAX.
JIu u Hur [136] o6cyaunn BO3MONKHOCTH 3KCHEPUMEHTalb-
HOro cJeAcTBUs Takoro ¢opmpakrtopa. OH ropasmo 6GoJee
cyllecTBeHHLHIM o6Gpa3oM, ueM Jorapudm, BxoguT B ¢op-
MYJsl 71l CeYeHMsI APYTHX HeHTPHHHBIX [POLECCOB, HEKOTO-
pule 3 KOTOphIX npoananusuposan lOeema [6]. Oguako stor
npouecc paccesiHusi HeHTPUMHO Ha HEHTPUHO YyXe caM Mo
cebe NpUBIEKaeT BHHMAaHWE K JPYroil TPYIHHOCTH B OLEHKE
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cevexud HEKOTODHIX 3/€eMEHTAPHBIX HPOLECCOB -HEHTPHHHON
onsnEn. Brosne BO3MOXHO, uTO paccesiHHe OOYCJIOBJIEHO
npambik p3anMopeficteueM PepMHu, KOTOPoe OCHOBAHO HA
BO3MOXHON TOXIECTBEHHOCTH KOHCTAHT CBfi3H npoueccos

vy v -V (171)

pAe—>n—v. (172)

Torga skinag npoueccos 2-ro nopsizka 4epes o6pasopaHHe
N aHHHTHJISIIMIO nap p~, e* Opla OBl mpeHe6pexuMo Mad.

§ 3. ¥npyroe paccesiHHe HEHTPUHO 3JEeKTPOHAMHU
H NPOTOHAMH

Auanorpusplii mpolecc NpsSMOro B3aWMOJeHCTBHS
~ ~ ’
vt4e -V e (173)

He [peJCcTapisieT CToJb (haHTACTHUYECKUX TPYyAHOCTell IJs
3KCHePUMEHTANBLHOrO H3y4YeHHusi. DTO MNpsiMoe B3aHMMoJel-
cTBre (PepMUEBCKOrO THIA, €CJU OHO CylecTByerT, Oyier
MNPeBOCXOAUTH JI000H mpollece B3auMofelcTBUs 2-ro io-
psinka, uAywHit yepes BHPTYyanbhble NPOMEKYTOUYHHIE CO-
cTOsIHUA 1 + n U p + p. TIpsiMmoe B3aumonelicTBye, ecJM OHO
BoOOllle MMeeT MeCTO, MOXKET, eCTeCTBEeHHO, HMeTh Ty Xe
KOHCTaHTy B3auMopeiicteusil) g = 1,37 - 10~ spe - cm?, ko-
TOopast XapaKTepH3yeT MPOHECCHl B «TPeyroJibHOil auarpam-
Mme» [139—143]
b, n\
s ¥V

B 3toM cayuae ceueHue paccesiHust 6yjer nopsiaka

o~(_ﬁ§c?)2 (fw) - (mc?) \ (174)

e v

AJs1 HEHTPUHO C 3SHepruell ho nopsjgka SHEPrUM MOKOS
5JleKTpoHa ¥ Oosbiie

6~ ( hfcz )2 (Bow)? (175)

1) OTHocHTE/bHO M3MEPEeHHA 3Tol KOHCTaHTH oM, [137, 138],
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4451 MEHBIUMX 3SHEPrui, npuuem

o ~10"" cm? (176)

npu ho=mc?*=0,56 Mas.

Ceyenue, nogo6Guoe (175), oxumaercs W OIS YHPYroro
paccesivusl AHTUMHEHTPHMHO HA NPOTOHAX, €CJM 3[eCh TakKkKe
uMeer MecTo npsimoe p3aumoneictare Pepmu. Bosnan [144]
uccaenoBan 31oT npouece. Ero skciepuMeHTasbHas ycTa-
HOBKA COCTOSJIa U3 JBYX OJMHAKOBHIX COCY/OB, IPUueM OJUH
Ovia HanosnHen CH, npu pasienun 11 arm, a gpyroit — apro-
HOM 0J TaKuM AaBJeHHeM, YTOOBI IOJY4YUTh OXHHAKOBHH
BeIXOJ t-Jyyell. Hukakolt 3ameTHOl pa3Hullbl B MOHM3alu-
OHHOM TOKe, Korja of6e 3T KaMmephl GbLIM IOMelleHH CHa-
PYKM 3allMTHOrO HOKPHITHS, PeakTopa, CO3[aloliero Molll-
HBIl IOTOK aHTHHEHTPUHO, He OpiI0 o6HapyxkeHo. U3 storo
OTPHIATEHHOTO Pe3ysibTaTa CJaedyeT, YTO CeueHHe paccesi-
HMSI AHTHHEHTPHUHO Ha npoToHax meHbiue 2- 10730 cx2 Hosrle
3KCHEePUMEHTH 0 MCCIeIOBAHUIO TaKuX 3(¢GeKTOB, COTyiacHO
J06e3H0My YacTHoMY coobmienunio Pefinca (cM. Takxke [145,
146]), cTaHyT BO3MOMKHBLIMU IIPH JOCTATOYHOH YyBCTBHUTEJb-
HOCTH perucTpupyiolleil annapatypel ¥ JOCTATOYHO GOJib-
11081 MOIIHOCTH SIAEPHOrO Peaktopa, YToOnl OGHAPYKUTL Ce-
yennus ~107% cm2

§ 4. ®opmpakTop; oGHapyKEHHE AHTUHEHTPUHO

HefiTpuno, ucnyckaeMbie npu B-paciiafe NPOAYKTOB 1e-
JIGHUS SiAep, UMEIOT CIOHIIKOM HHU3KYI0 SHepruio, UToObi ¢ HX
IIOMOLIBI0 MOMKHO OBIJIO OOHAPYHUTh KaKylO-THGO SHEepreru-
YEeCKYI0 3aBHCHMOCTh KOHCTAaHThI B3aumofelcTBusi PepmH B
3TOM 3KCepHMeHTe MO paccesiHUIo, uad ¢opmdbakrop, pac-
cemotpennntit Jlu u Hurom [136]. Takxke He mpeacrtasisercs
BO3MOKHBIM 3KCIEPHMEHTAJbHO MCCJAENOBATL BaKHBHI BO-
npoc o ¢opm(pakTope B 3HAMEHUTOH peakLMH MOrJIOIIEHHS
aHTHHelTpuHo [147—149]:
v+ p—> et (aHHHCHAHPYET C SJACKTPOHOM, faBafi ABa (GOTOHa, C KOPOT-
KHM, HO XapaKTEPHEIM BpeMEHEM 3ana3jblBaHufl) §-n (3axBaThIBaeTCS

B Cd, pacTBopeHHOM B BOAE€, € HCNYCKaHHEM HECKOJBKHX 7-KBAHTOB
yepe3 HekoTopoe Gosee NpoAOMKUTENbHOE XapakTepHoe Bpemsa (177)

BCJICJICTBHE HU3KOH CKOPOCTH cueTa. DTa peakius, uMero-
1mas CTONBL peuiaioiiee 3HadeHWe B YCTAHOBJIEHHH peasbHO-
CTH aHTHHEHUTPHUHO, MOXKET CJYXHUTb, OAHAKO, HJf H3Mmepe-
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Husl MOTOKA aHTHMHEHTpHHO B npocTpaHcree. Peiinc u Koysn
B H3MepeHusAX Ha MouHoM peaktope [lionona B CaBanHa-
Pupep nosyuusiu ceuenue

o=(11%2,6)- 107" cu? (178)

IJisl peakLWH NPOTOHA € AHTUHEHTPUHO cpe/Held 3SHepruH,
MCIyCKaeMBIMU fIPH pachaje NpoOAyKTOB [eJeHus; ecnu Ke
y4ecTh, 4TO Ha OJUH aKT jejeHus ucnyckaercs 6,1 HefiTpuHo,
10 3¢ PeKTHBHOE ceueHHe Ha NPOTOH OyaeT PaBHO

(6,7 £1,5) - 107* cu?fdenenue. (179)

Jlas BHUMC/IEHUSI OXMJA€MOTO B 3TOM 3KClEPUMEHTe 3Ha-
yenusi Tpebyercss Juiub: 1) 3HaHMe YUCIAa HE3aBUCHMBIX
CIIMHOBBIX COCTOSIHMI, pa3pelieHHBlX AJs1 AHTHHEUTPHWHO,
2) OpuHILMO MUKDPOCKOMHYECKOH 0GpaTHMOCTH, 3) 3HaHHE
OTHOCUTEAbHOL  3HEPreTHUeCKOl 3aBHCHMOCTH  CEeYeHHs,
4) CnekTp HelTPHHO OT APOAYKTOB jieJIeHUA, KOTOPBIH MOKHO
nonyuuth u3 B-coektpa. Kaprep, Peiinc, BarHep, a Takike
BatimMan [150] uamepuiu 3tot cnekip [145, 146] u srluvcauau

(6,1 £ 1)- 107 ca?fdenenue (180)

LA aHTHHEeHTPHUHO, ONWCHBAEMBIX JBYXKOMIIOHEHTHHIMH
BOJHOBBIMHM (YHKLUMSMM M UMEIOLIMMH JHILUL OJHO CIIHHOBOE
coctosume [151], u

(3,05+0,5) - 107 cu?denenue (181)

JIJIs1 HEHTPHHO, KOTOPOe, NMoAOGHO 3JEKTPOHY, UMEET JBAa CIIH-
HOBBIX COCTOSIHMSI M KOTOPOE€ OMHCHIBAETCH YeThIPeXKOMIIo-
HEHTHBIMW BOJHOBBIMHU (PYHKUWSIMH, HOXUYMHSIOUIMMHCH YPaB-
HeHuio Jupaka. [Inst 4eTHIPEXKOMMOOHEHTHON Teopun Maiio-
paHa mpenckasaHHas BeJqHuHHa cedyenus [150] pasna

14,4 - 107 cm?/desenue. (182)

Takum oOpasom, HAOJIONEHHS COTJIACYIOTCH € IPHHLUNOM
MHKPOCKONMYECKOH 06paTUMOCTH U JBYXKOMIIOHEHTHOM
(ooHO CHHHOBOE COCTOSIHWE) Teopuell HeHTPHUHO.

§ 5. HeroxeCTBEHHOCTb HEHTPHHO M AHTUHEHTPHHO

Delmy npennpUHATH NONBITKH OOHAPYXHTL MOTJIOIIEHHE
HeUTPHHO, yyacTBylllee B peakluu

CI¥ (v, €7) Ar¥ (pagHOaKTHBHLIH), (183)
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Tabruya 10
CpaBHeHHE TIOTOKOB HEHTPHUHO B AHTHHEATPUHO

3unavenne noToka HefitpuHo OT peakTopa B CaBanna-Pusep Basaro no
Pesincy u Koysmny (cm. [2, 3, 147, 148] ). 3nauenne notoka ot Coanuna
no Aanery [151], koToprii Takke OTMETHJ, YTO HEHTPUHO OT PEAKUMH
(v, p) uMelOT sHEPruI0 HHke nopora peakuuu Ha CI¥7, Torga kak B yrae-
pOJIHO-2a30THOM HHKJE IHO3HTPOHEl OT pacnajgoB N!3 u O!5 cazaubl
¢ MakCHMaJjbHOH suepruedi Helitpuno 1,24 u 1,68 Mss. 3uauenna no-
TOKa HefiTpuHo, 06Pa30BaHHBIX KOCMHYECKHMH JyuaMH, OCHOBZHBI Ha
oyenb rpy6mx ouenkax: | nepBuunas vactuma (Ha 1 cu? B 1 mun)
# 10 pefiTpHHO Ha OJHY NEPBHYHYIO YACTHIY (O 5 KamJOro copta).
3HaueHHs NOTOK2 OT YJaJNEHHBIX 3BE3J OCHOBAaHbH Ha W3BECTHOH HH-
TEHCUBHOCTH CBETA 3Be3[bl H NPEJNOJOKEHHH, YTO MPUGAHSUTENBHO !/,
YyacTh BCEH SHepruH nepexonut B HEHTPHHO, Kak u B ciayuae Coaupa.
3uaueHne NOTOKa, BO3HHKAWIETO 3a CyeT YpKa-NpoHecca, OCHOBaHbl
Ha NPENoJOKEHHH — TOJNbKO Ha NPEANOJOXEHHH, — YTO 32 BPEMA CBO-
GogHoro nageHus (4 4ac) B 3Be3ge YaCTb MacChl, Nepexoifilias B sHep-
THIO HEHTPHHO M anTHHeHTpuHO, para 10™* maccht Coanna (21083 2);
npn 3ToM R — paccTofnHe 0 3BE3IH B MHJJIHMOHAX CBETOBEIX JeT
(~2 nna 6amwadimux raiaktuk; ~ 0,1 nau MeHbiie B npenenax Muaey-
woro nyTu). IloTok oT ycKopuTede# Tak CHABHO 3aBHCHT OT SKCHEDH-
MEHTaJLHEIX YCJIOBHH, YTO OH He NPHBOIUTCA B JaHHOW Tabnuiue.

Hesirpuno AMTHHEHTPUHO
x *
® 8 ® E
N o

S X g L3
Nx § N¥ §
&) @

9 <
= = = B3

Peaktop B CaBanna-Pupep
(poLyKTEL AeAEHHs) . — — 1,3-1013 | ~v 2. 1018
Comume . . . . ... .. .| 6-101 |~6.101 — —

Kocmuueckne ayun . . . .| ~ 10 |~10° ~ 10 ~ 103
3seansl (kpoMe Coamma) . .| ~ 103 103 — —
Ypra-nponecc . . . . . . . {~10%/R?| 103/R2 |~ 102/R2 |4 - 10%/Re
Peakuun obrapymennsi . . . [ CI37 (ve—) Ar®7 p(vet)n

Ee nopor. . . . . . ... 0,816 Mss 1,8 Mas

B SKCREpHUMeHTe, npeasnoxeHHom [ToHTEKOPBO M paccMOTpeH- .
HoM 3ateM AunBapeueMm. [leBuc [150] namwen B rnogof-
HOM 3kcrniepumente ¢ 1000 ransnonamu CCls B CaBanmua-
Pugep ¢ = (0,3 £ 0,4) - 10-%5 ¢#® v npuwies K BLIBOAY, 4TO

o< 0,09 107" cm; 184
(184)



“Tabruna 1

Npexncxkasannss IOBeMbl (N0 Heo6XOAMMOCTH BeCbMa Heomnpene-
JICHHBbIE) Anfl HEKOTOPbIX HeATPUHHBIX peawuufl, paccYHTaHHbIE
ona O6lacTH HH3KHX SHEpPrHii B NpeanonoeHUH oGpe3aHHs
Ha 3HeprHH 1 bas.

Pe3yabTaThl, 0oTMEUEHHElE 3BE3NOUKOH, OCOGEHHO UYBCTBHTEAbHH! K TOY-
HOMY 3HayeHMIO sHeprHH ofpe3anns. CeueHue [aHo B cM2, sueprus

(¢p — HauanLHasl 3HEPrHsl, € — KOHEYHaf 3Heprua W T. L) B Mse.

Huameor | Konowoe o en?
o n, e+ ~65-10" g,
v, n p, e ~65.-107 %0
v, B Vg, € ~65-10"* v, /e,
v e o, I ~6,5.1074+2
v, v p=, et ~ 1,310 g,
v, 1 v, P, @ ~ 151079 2 3/m
v B noje Ze v, [, @ - ~3-107% szgpsealws
v, vy, n ~3-10_57v%*
v, p v p ~3-107572%
v, e v, e ~ 31075727
v v, v,_v BeckoneyHoe BpeMs JKHIHH
v, v v, v ~6.10757y
v, v e e ~1,4-1077 W7
e e vy ~4.1078 "
v; 1 v, v, v ~2.10772 v3v2mv:;*
v B none Ze | v B None Ze _ ~5-10761 72y, *
’ v, ¥ v ¥ ~5.10765 3, *

12 3ax. 3001,
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5TO corsacyercsl ¢ PeajbHEIM pasjiuuveM MeXay .HeHTpuHO
W aHTuHel1puno (Taba. 10).

IOBema [6] uccnenoBan HeliTpUHHBIE MPOLECCH, Mepeyuc-
JeHHple B Taba. 11. BrluncieHnoe ceueHue B GOJLLIMHCTBE
cJyuaeB CHIBbHO 3aBHCHUT OT NpeArnoJoKeHus o dopMdakrope
B3aumoelictBusi ®epmu. OH NPeANONOKUI, YTO 3TOT (HOPM-
(bakTOp 3KBUBAJIEHTEH OOPe3aHNIO SHEPTUi NMPOMEeKYTOUHBIX
cocrosHuil Belwe 1 bBas.

§ 6. OG6pasoBaHHe nmap rpaBHTOHAMH

Delin M3yueHbl 3JieMeHTapHble MPOLECCH], BKJIOUAIoIHINe
B3aHMOJEUCTBHE FPABUTALMOHHOTO MOJSA C 3JEeMEHTAPHBIMU
yactunamu [152—156, 80, 85), B uacTHOCTH ¢ HeliTpuHo [5].
Cevenne B3anMOIEHCTBUSI ABYX T'PaBHTOHOB ¢ o6pasoBa-
HUEM Mapbl HEHTPHUHO HJIH 3JEKTPOHOB MOMKHO OMNpPeNeNUThb
(tabn. 12) merogom, ucnonn3oBaHHeIM BopoM mpu paccMo-
TPeHHH 00pa3oBaHus 3JIEKTPOHHOW Mapel JBYMsl 7-KBaH-
tamu. QueHeHHOe TakuM 06pa3oM ceuenue

GE\: (16-107% cn)
o~ (GEY 1810 e (185)

corjacyercst ¢ BoluMcneHusiMu MIBaHeHKO M JOCTHraer seJu-
YHHBI, CPABHUMON 'C A2 JIMLIb NPH AJIMHAX BOJH, CPAaBHUMBIX
¢ MacuwitaboM GIyKTyaunii rpaBUTALMOHHOTO [OJIS

L*~1,6-107% cu,

v npyn macce (3nepruu) nopsinka 1075 2 (1028 38).

BoiuncaieHHoe cevenne o6paTHOM peaKunt CIeLyeT TOH XKe
dopmyne (185) u uMeeT Ty ke 3SHEPreTHUECKYIO 3aBUCH-
MOCTh, 4TO M ceueHHe obpaszoBaHusa p* u e-. OTHOUIEHHE
3THX JIBYX CeYeHHil paBHO

sOtvrptten) (YR (EBE _( ge2\ o,
s(v+v—>G+ Q) (GE[c*y? (Gh2) 10% (186)

B COrJ1acHu € U3BECTHHIM OTPOMHBIM OTHOLI€HUEM KOHCTAHThHI
8-cBsi3m K KOHCTaHTe IrpaBUTALMOHHONK CBSI3H.



Tabruya 12

Ouenra Nopsifika BenHYHHBI CeYeHus 06pa3oBaHus nNapbl Npu CTOJ-
KHOBEHHMH JIBYX KB2HTOB ¢ PABHBIMHM M NPOTHBONOJIOXHBIMH HM-
nyabcamu (no Bpunto u Yunepy [5])

[Mpounecc

Hy>ette

G+G—>v+ v uiv e+ e

JHeprusl KBaHTa E = hefx E = hefx

O61eM NOKaAM3aHUU ~ 33 ~ x38

I1oTHOCTL SHEprHH ~ hefx4 ~ hefx*

CoorpercTaylolee Mo- daekTpHYECKOE ['paBuranuonnoe
e

Kpanpat HanpsixkeH- - (I‘zc)'b/}.“‘ ~ (BeGY[32
HOCTH NOJsA

[Motenyuaa B obmactu A ~ (B % bg ~ (BG/c®) /X
KOHUEHTpAIHH SHEeprHH

INorenuuan, Heo6xonu-
MBIl #Jjisl Nepexonia u3 co-
crofnust £y =— hc/x2 B 84~k

~ hefxe 3g ~1

cocroaune Eg = -}- hefx2 / €
¢ BEpOATHOCTHIO, Gaus-
kot ¥ 100%

OTHoulEeHHE HMelwIe-
rocsi BO3MYILEHHS K He- .

~7 / ~7 !

06XOTHMOMY  BO3MYize- ef ()™ (hGc3) sy
HUIO

CKOJbKO pa3 3TOT MHO-
WHUTEJb BXOAUT B MaTPpHY- 2 2

HBl 3JEMEHT

12%
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ITpodonrcenue maba. 12

[Mponecc

{+y>et+e-

G+G > v+vunu et+e

Ckonbko pa3 MaTpuy-

HBli sJeMEHT BXoOJMT B 2 2
BEPOATHOCTL Mepexona
Ceuenve ofpa3zosanus
_mapsl npH BEPOSITHOCTH ~ X2 ~ X2
o6pasopanna 1009,
[Moanyyalomasica oHeH- a ~ (hG[c3) 2
Y o ~ (e¥[hcya? RGN
Ka ceyeHus oGpa3oBaHus oD (o 9N ~(1,6 - 10—3%car)/x
napst ~(e*[mc?)y? (me?(EY ~ (GEJc)?
AcumntoTuueckoe mno-
BeJeHHe TO4YHOH (QopMy- 2/ 02)2
aBL pas ceqeﬂuﬂqiszlci- a~2>1<:(e /;7105))2;2 Eme ne
(me BBIYHCJAEHO

Kasi sHeprusi, HemoJsipH-
BOBAaHHOE H3JyYEHHE)

X In[2E fe'2mc?)

§ 7. Nosenenne HeHTPHUHO B TPABUTANHMOHHBIX MOJISX
6oJibiioro Macmwtaéa

Jlo cux nop MB paccMarpuBanU HEHTPHHO JHIIb € TOYKH
3pEHHUS MPOLECCOB MCIYCKAHWS H MONJIOILEHHS, OMHUCHIBAaeMblX
HEKOTOpHIM 3¢ dekTUBHEIM ceuyenneM !). Ecau 6nl Hawu 3Ha-
Hus 06 37eKTpOHe OBlJIN OrpaHuyeHH! ofoGHEM ke 06pa3oM,
TO Mbl OH 3HaNM BEPOSATHOCTh, ¢ KOTOPO#l 3JIEKTPOHBI MCIy-
CKawTcs U noryomamnTces npu B-pacnage u K-3axsare, HO Hi-
yero 6K He 3HANM O ABUMKEHHMH 3JEKTPOHA B 3JEKTPUYECKOM
U MarHUTHOM [OJfX, O CBSA3U 3J€KTPOHOB B aTOM€ M OH4EHb
MaJso 3HaJu Gel 0 TEH30pe SHeprHu-uMmyJibca sjekTpona. Ko-

1) ViMerorcs npa xopowux o63opa: MoHorpadus Jx. Auanena [151]
u ctatba «Hefitpuio», HamgcanHass By B cOopuuke, NOCBSAIIEHHOM Ma=

matH B. Ilayau [157].
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HeuHO, Ha HENTPUHO He AeHicTBYIOT HernocpeACTBEHHO SJIeKTpH-
yeckOe U MarHuTHoe noJs. [losTomy BCSAKMI aHA/NU3 €ro JBH-
JKeHMs] B MPOCTPaHCTBe CBOAWTCS K TOMY, KaK OH pearupyer
Ha rpaBUTallMOHHOE noJie. B noceiHNX HCcaeIoBAHUSX, IIpe/-
MPUHATHIX B 3TOM HampaeJjenud [5], paccmarpuBanuce 1) npu-
JKeHue, 2) sHepreTHYeckre ypOBHH HeUTPHUHO B IPaBUTALMOH-
HOM nodie # 3) cBOHCTBA MEOHOB, MA4CCA U 3HEPTUST KOTOPBIX
00s13aHa HEHTPUHO.

§ 8. MNpuunHa ciabocTu
rpaBUMTallMOHHOTO H3JIyYeHUs

Bospspaluasicb 0T HeHTPHUHO U UX B3auMOIEHCTBUHU C rpa-
BUTALMOHHBIM flOJIeM K YUCTO TPaBHUTALUOHHOMY WH3JyYe-
HUIO, CJI€RYeT BCHOMHHTH aAHAJOTHUIO € 3JeKTPOMAarHUTHHIM
uznydenueM (Ta6xn. 13) ¥ npuunHy Majoll BEPOATHOCTH H3-
JlyyeHUsl B OJHOM CJydyae [0 CpaBHeHMIO ¢ npyrum. as

Tabruya 13

Tone YCKOPEHHBIX 3aps/ioB H YCKOPEHHBIX Mace 1) Ha paccTos~
HHUSIX, MaJAbIX 1O CPABHEHHMIO ¢ KOBpeMEHEM yCRopeHus T=cAt,
M 2) Ha PacCTOSIHUAX, GOALNIMX NO CPABHEHHUIO C 9THM KOBPEMEHEM

B oboux cay4asx KOMIIOHEHT2 YCKOpeHMsl, NepNEeHAMKYafipHas Ha-
npaBJeHNI0 HabJwogeHusi, c6o3HaueHa yepes a.

SneKTpOMATHETH3M T'paBuTaunst
Bausko l efr? Gm/r?
Hanexo l eajcr Gmafc?r
dddexT or napH Ted, (e.a, 4 exa5)(c?r | G(m,a, -+ myay)/c?r
BpaUlaOINXCA  OKOMO
LEHTPa THAKECTH
3yayeHHe CYMMBI NpH To xe 0
yuere 3aKoHa HeHCTBus
¥ MpOTHBOLEHCTBHS
Bausinne pasHoctn Bpe- | He cymecrsenno 2
MeH NpHXoAa OF JBYX ~ Z(mrle)X
k=1
LEHTPOB
X (Gmkrkm2/c2r)
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I1podonrycenue maba. 13

DaeKTpOMarHeTH3M ['paBuTaums
Muoxureab, Ha KoTo- 47r?/8x ~ (c3/G) r?
pHE  HaLoO  YMHOXHTD
KBaJpaT HaNPSIKEHHOCTH
nodsi, 4To6bl NONYYHTh
NOTOK SHEPruu
PesyasTupyioniee 3Ha- ~ o%a?|c? ~ G (035
genne — (d E/dt) ~ (0?2p)2 c3
2 2
MowmeHT, OTBeTCTBEH- D =e,Xy 4 ex,y I =myry+4m,ry
Hblf 32 H3Ay4yeHHE NPH
NEPHOIHYECKOM ABHKEHHH

9JI€eKTPOHA, Bpallamilerocs BOKpYr sfpa, U3ay4yaeMoe moJe
onpepesisieTcsi B OCHOBHOM IHIOJBHBIM MOMEHTOM CHCTEMH.
B ciyuyae e [ByX Macc, BpamaloUXcss OTHOCHTENBHO Apyr
Ipyra, RMOONBbHBIE MOMEHT MacC OTHOCHTEJNbHO UEHTPa TH-
JKECTH JoJiKeH GelTh paBeH nydio. Ilpu anannse usinyuyeHus
B 3TOM cJy4Yae HeoOXOIMMO BHIYMCIHMTE cjefyonlee npubsau-
JKEHHe U yYecTh 3ala3fbiBaHue Mo KOBPeMeHH BO3MYIeHHH
OT [BYX LEHTPOB: 7y U rp. Brianbl oT M3JydaeMBX mnoJelr
He OyAyT Teneppb MOJHOCTBIO KOMMEHCHPOBATHCA BCJIELCTBHE
yueTa pasHoctd (pa3 wri/c ¥ wry/c. Tlonyuennas oueHka no-
TepH 3HEPTHH CUCTEeMOl COrslacyercsi ¢ IPEKHHMH pacue-
taMy DiiHIITellHA M MNpONOpLHOHAJbHA KBAApAaTy KBaupy-
MOJILHOFO MOMEHTa MAacC M LIeCTOH cTerneHH 4acTOTH Bpa-
LICHHUSA.

§ 9. UMnyJbcHble HCTOYHHKM TPAaBUTAMOHHOrO M3Jy4YeHHs!

Tlpenuipymine paccyJeHusi OTHOCHJIMCH K HelpephiB-
HOMY u3jydendio. He MeHbwmii uvHTepec NpelcTaBssieT H
Ipyroil xpaliHnii ciryyaii, Korna UCTOYHHK MCILITHIBACT BHe-
3arnHoe BO3MYIIEHHE, AJsilieecs B TeyeHHe BpeMEHM Al u
O0aeT MMIyJbC H3JyueHHS B TeueHHe KOBPEeMEHH MOpsjika
AT = cAt (tabs. 14)., Avanus 370l TaGaHLBl HECKOJBKO



Tabauya 14

AHaJNM3 UMOYJbCHOTO HM3mydeHHs ')

DneKTpOMAarHeTusM

I'paBuranus

OcnoBHOY MoMeHT, OT-
BeTCTBEHHbII 32 H3ay-
qeHne

Px (8)

Ix (8)

Ero ¢ypbe-o6pas

(2r)~ f prexpX

(2n)"/2f1xxexp>(

X liwt] dt X liot] dt
O6o3uauenne 31Ol Be- Px(©) Iiox (@)
AUUHHBI
Pazjowenne noaHolx | €7° f P2ty dt Ge—5 f () ap)

noTeph SHEPrHH Ha H3-
aygenune AE

Pasznoxenne AE no
COOTBETCTBYIOIIUM YTJIO-
BbIM 4aCTOTaM

¢ 3 f P2 (o) do

Ge—5 f’iﬁ (@) do

ITopwiHTErpaibHOEe Bbl- |

paxedue npubaM3NTedb-
HO NOCTOSIHHO OTHOCH-
TEJbHOMACTOTHL, OT ® =0
JO0 KPHTHUECKOro 3Haue-
HUA ©», 32 KOTOPbIM U3-
JNyueHHe oOuY€Hb OBICTPO
najgaetr
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- ITpodosrcenue

DNeKTPOMATHETUBM Tpapnrauuns

Cratvueckuili MOMEHT, | ~ (e;Av,, +e,Av,, | A (.Kunernueckas

pXondumui B 3Ty ¢op- SHEPrus“)y, .
Myay

Jlpyras samuce ~ (eAv)?/c? ~ G [A (,Kunetn-
— (dAE[/dw) yeckKast 3Hep-

rus®) .J%/c

O6uas sHeprus B UM~ (I'lpenbmymee) (At Hpenblnymee) [At
nyjabce BLIpXEHHE BbIpaXEHHE

Y) Aprop BbipakaeT nmpusnateapHocTb npod. B. Tesermu 3a nmckyccuu, Koropbie
HNOMOTAK COCTABHTL HACTOSLLYI0 Tabamiy.

ynpouaerca BBULY TOTO, UTO CYUIeCTBEHHOH BeJUYMHOH 6y-
JileT He BCSl KHHETHYeCKas 5HEPrHsl, a TOJIbKO «HeUueHTpasb-
Hasi», WIH KBaApYNOJbHASl, YacTb KHHETHYECKOHl 3SHEepTHH.
Hanpumep, B ciyyae 3Be3[HHIX B3PHLIBOB 3TOH BeJUUYNHOH
Oynmer He Bcs 0OcBOOOXKOAOIASCH 3HEPTysl, & JHUIIb NPOU3-
BelleHMe 3TOH ReJWYMHH Ha 3KCHEHTPHUCHTET, BO3HMKIIHE
NIPH pacHIMpeHNH KakK BCJIE[[CTBHE BpailleHHsl, TaK U LPYrHX
TIpHYHH.

I'pyban oueHKa 3HepPreTHYECKOrO BHLIXOLA HEKOTOPHIX
HMTYJbCHLIX HCTOYHHKOB H3JyueHHs HaHa B rtabda. 15. Ilo
cux nop obpainanoch Maso BHUMAHHA Ha OTKpHITHE 3(ddek-
TOB NONOGHOro popa nyTeM HabJIONeHUsI WX BJHSHHS Ha
reOMETPHIO CHCTEMH TMPOOHBIX TeJ, NMepBOHAYAJNBLHO pacro-
JIOXXEHHBLIX TO KPYyry, HOPMaJIbHOMY K HamnpaBieHHI0 MpH-
X0Jla M3JIyueHHs! M BHE3AMHO BOBJIEUEHHBIX MNPUXOLAIHM
HMOYJBCOM B [BHXKEHHe 3SJIJHMITHYeckoro xapakrepa. On-
HAKO HCCJelOBaHMEe TeHepauuu U OOHApYIKeHUus Henpepvis-
HO20 TPARUTAUMOHHOrO H3JIyueHHsl HellaBHO OwIo faHO Be-
6epom [158]. Kakoit 6bl IpHeMHHMK HH HCNOJb3ORAJICH JJIs
HENPEPHIBHONO WJM UMMNYJLCHOTO H3JyYeHHS, $ICHO, YTO
cnenyer HaJesiTbCA MpeXkJe BCero Ha CYacTaIHBYIO CJIy-
4YAHHOCTb NPHUPOABI, KOTOPAsl MOKET NpeNOoCTaBHTh HaM, TAK



Tabauya 15

SHeerﬂ, nepexoasmas B HMNYJibCHOe rpaBHTALHOHHOE H3NyUeHHe
ANg deTbipex cayyaeB

CocraBnenne 3710#t Tabauubl GblIO0 CTHMYNMPOBAaHO HMHTEPECHHIM pac-
CMOTPEHHEM rPABUTALMOHHONO H3JMyYeHHs] NpH JIeJEHUU snep, CACNaH-
nbim mpod. Hloxunrom va Pyadiomonckoil koudepenuun 1959 r.

flnepnas Merteopur, B3phlp
Onuo Gomba YAApA0- 3BE3NHI,
. nedenpe |(Ha leierum)l mwmics ocBobo-
Cayuai ¢ sneprueii|17 KUA0MOKK| B 3eMito | xaaomui
180 Mss ¢ spdex- €O CKO- 1074 ee
THBHOCTEIO POCTHIO MacceHl
109 OTpEIBA
Macca, 2 + . . . . . . . . 4.107% , 10° 100 | 2.103
Ckopocts, caufcex . . . . . 1,2- 10° [ 4.10° | 11-105 | 4.108
Sueprus, 3pz . . . . . . . ‘ 29-10¢| 7.10% | 6.10% |1,8.10%
INpennonaraemas nos, OTHO-
CAINascs K usJyvaiouemy
MOMEHTY . « . . . « . . 1 0,1 1 0,1
Huterpan no BpeMeHdn OT
sToro mMoMenra = («Kune-
THUECKAS HEPTHS») 4\, p2 [2,9- 1074  7.1019 | 6-10% [ 1,8.104
(«Kunetnueckasn 3HEp-
) eefe? 2 ... . . 32.-107% 0,08 067 | 2.10%
- a
dEjde ~ - [(«Kunetnye-
CKas SHEPTHUs») x»[C?]2,
ape-pad=l-cex . . . . . 23-107%1,4-107% (1,0 - 107 "% 9. 103
B COK . . e . | 07 | 10 | 107 104
Ao~ /48, pad-cex=t. . .| 102 l 108 103 0~
AE ganywensoeys P2+« « . . 107% 107" 107 10%
(Ipenmonaraemoe  paccTos-
HHE N0 TIPUEMHMKA, CM . . 108 103 10° 1023
AE[Amr?, spefeM® . . . . . 107 107 [ 107 107
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tKasartb, GecnyiaTHO, TpebyeMblii HCTOYHHK H3JIyyeHHs, MO-
no6GHO TOMY e, KaK ObUIM OTKDHITH DafMO3Be3[bl B Kauye-
CTBe MCTOYHHMKOB 3JIEKTPOMATHHTHOTO H3Jydenus. Ecam e
3TH HaleXIbl Ha OOHapyXKeHHe TPHPOIHHX HCTOYHUKOB
IPaBUTALHOHHOIO M3JyYeHHUsl He OCYILECTBATCS, TO, COTJac-
HO oneskaMm Bebepa, Bce e BO3MOXKHO CO3[aTh HCKYC-
CTBeHHble UCTOYHUKY T'PABHUTAIMOHHOIO H3JIYYeHHsl ¢ HUHTEH-
CHBHOCTbIO, HOCTATOUHOH [Jis ee 0OHApyKeHUSI.

§ 10. JIAMHHOBOJIHOBOE rpaBUTALMOHHOE H3JydueHHe
MPH AOCTATOYHOH UHTEHCHBHOCTH
MOXKeT NPUBECTH K MHOTOKpaTHOMY H300paKeHHIO
yAaJeHHbIX TajJaKTHK

Het Hukakoii Heo6XO[MMOCTH OrpaHHYMBATL Halle pac-
CMOTPEHHe TPABUTALUOHHEEIM H3J1YUeHHEM, KOTOPOe HMeeTcs
B Hacrosiuiee BpeMs. OTpoMHEle KOJMHUECTBA 3TOTO H3Jyye-
HUSl JOJKHBI BO3HHKAThL IPH CIKATHH U MNOCJAeNYIoeM
B3pLiRe BeeseHHOR, ecyiM 3TOT NpoIecc NPOUCKXONUT NpHUMep-
HO aHAJIOTHYHO TOMY, KaK y Ny3HPbKOB B Bone 06pasyloTcs
BHICTYNH. KpynHomacmrabHule BO3MYIIEHHSI  METPUKH
6ynyT B TaKOM cJiyyae PAacnpOCTPaHATbCS B RUIE TPABHUTA-
LHORHOrO M3nydyeHusi. CORePLIEHHO HE OYEBMIHO, UTO 3TO
usnyuenne OyneT OrpaHHUYEHO KOJTHUECTBOM 3(QPeKTHRHON
MacChl M 3HEPTHH TOTO Xe TNOpPAINKa, YTO ¥ Macca B ¢dopme
«MaTepUaNbHHX 4acTHU». [103TOMY HMHTEPECHO y3HATb, Ka-
koBa 3 deKTHRHASI BEJHUMHA IHEPTHH, NePeHOCHMON 3THMH
BO3MyLIeHUsIMU. BOJHB ¢ OJHWHONK BOJHBI OT CAHTHMETPOR
JIO KHJIOMETPOR MOXHO H3Yy4aTh ¢ NOMOIIBIO NpHEMHOH ar-
napartyphi, Kotopasi 6yner coznana B Gnmxafiliee OLHO-IBa
necsitusiets. ONHAKO BIOJIHE MOXKHO MPenNOJOXKHTh, YTO
TPABMTAIMOHHOE H3JyueHHe (ec/i1 ero MHOI0) BO3HHKAeT
R [Hana3oHe [IJIMH BOJH, CPABHHMHEIX ¢ MacwurtabaMu pac-
CTOAHME MeXIy OGONbHIMMH CKOMJIERHsIMH MaTepuu 8o Bce-
JIeHHOl — raslakTHKamHu. PaccTosiHusi meXxny ranakTHKaMy
6yIyT MEHsITBCSA CO BPeMeHeM B Iporlecce pacumpenusi Bee-
JEHHOH, ¥ TPONOPIMOHANBHO UM OYAyT MEHSITbCSl U [JIHHHI
BOJIH TPaBHTALHOHHOIO H3JyueHHsl. B HacTosiuiee spems 3TH
paccToNHUA COCTARJAAKT mopspka 2108 cBeTOBHIX JeT, #
Ob10 6Bl MHTEPECHO HM3YYHTh FPABUTAIHOHHOE H3JYUYEHHEe U
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BO3MYIIEHHSI B METPHKe, HMewIlHe TAKOH XapakTepUcTuye-
ckuil pasmep').

Ha ¢ur. 19 pano cxemartuyeckoe H3oGpakeHue 3aMKHY-
TOrO NPOCTPAHCTRA C wu3MeHsomeficss kpususHoit. [lBe
6JIM3KO PACIHOJIOKEHHbIE TOYKHM MOXKHO CBf3aTh TOJBKO Of-
HOH reomesnueckolf. OpHAKO TOUKH, PACIOJOKEHHBIE Ha
6oJIblIEM PACCTOSIHHHM, MOXKHO HHOrHA CBSI3aTh [IBYMA HJH

®ur. 19. B HeperyaspHO UCKPHBIAEHHOM TIpV-
cTpancTBe HMmeercs Oosee onHOH reonesu-
4€CKOH CO CPABHUMBIMH JUTHHAMH, KOTOPBIE CBS-
3bIBAIOT JOCTATOYHO yIaJeHHBE TOuKH A u B.

6oJsice reoJle3HYECKHMH CPABHMMOH [JWHBL. AHajorHuHas
CHTYallksl, BO3HHUKAIOMAsi B AKYCTHKE, XOpPOLIO H3BECTHA.
Bapuis B onHO# TOUKe MOXKeT BHI3BATbL Ha HEKOTOPOM pac-
CTOSIHMH TPH HJIH [ATh <OT3BYKOB®; YHCJIO AKYCTHYECKIX
n306paxkeHH#l HCTOYHMKA 3aBHCHT OT HEONHOPONHOCTeH R
nokasaresie npeaoMmsenisi atmocdeprl. Takum o6pasom, B
HCKPHMBJEHHOM IIPOCTPAHCTEE g,, Hrpaer B 0000LieHHOM

1) Astop BHIpaxkaer npusdnaresnbHocts mpod. M. Isapummasay 3a
oficyeHle acTpOoU3UYECKHX NPHJOKEHHH rpaBUTALHOHHOrO H3Jyue-
Hus, Bompoca o HauboJiee CYIIeCTBEHHBIX IJHHAX BOJAH H IPOGJieMbt
BO3MOXHOCTH HCNOJIb30BaHHA KaKHX-JH60 CBELEHHH O BHYTPeHHEH pH-
HaMHKe TaJaKTUK AJs1 HPOBEPKH HAJHUUA IPAaBHTAUHOHHOTO M3JIYYEHHSI.
IMpusHatenpHOCTL BBIpaXkaercsd Takxke n-py b. Beprorti w n-py @. I'poc-
Cy 3a O6CyXIEHHe BOHNPOCa O MHOTOKPAaTHBIX HM300paXKeHHSX B IIpo-
CTPaHcTBe € HeperyJsipHoil kpususHofi, npod., ¥, Werapny u nupod.
Y. Xappucy 3a ykasaHHe JHTepaTyph 1o akyctuke H npod. C. Yanppa-
cekapy 3a obcyxJeHHe ero paGor no mpobJieMe CUHATULIAUH,
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P ur. 20. IT10THOCTL Macchi-sHeprud, HeoGxoauMmas IS yrepiaHus
Bcenennoil, cornacho ofime#l TeopuM OTHOCHTEJBHOCTH IHHIUTeHna
(BBEpXYy) M CpaBHEHHE €€ C IJIOTHOCTAMH KOHKPETHBIX UCTOYHHUKOB
MacChi-3HEPruM (BHHM3Y); 3HAYEHHS] HEKOTOPBIX M3 HMX H3BECTHBbI CpPaB-
HHUTEJBHO XOpOLIO, APYrHE K€ NMPaKTHYIECKH HEN3BECTHBl, YTO 0603HAaYEeHO
BOIPOCHTEJNbHBIMH 3HaKaMH.

Kpubrie Ha BepxHe# auarpaMMe NOKasbBaKT, Kakas NJIOTHOCTE HeoOXOLMMa, eciu 3a-
RaH Kakoit-To Bo3pacT Bcesennoit B HacTosiulee BpeMs M BeaM4MHA OLICTPOTHl paciliu-
peHns /I uav ppeMeHH, NPONOJMEHHOTO Hasal K MOMEHTY Hayana pacumupernus (,00-
patHoHl mocTostaHON Xa66na« H 1), Ecan, nanpumep. nas H™! npumswe  snauemse
12-10° seT, a Bo3pacT BHIGpaTh PaBHLIM 5-10° 1€T, TO FOJYYAKOTCS LBE JHMHHUH, Iepece-
kaoumecs B A, Takum o6pasoM onperensercs TpebyeMas IIOTHOCTb. BeauuuHa Boi-
YHCJACHHON TUIOTHOCTH S&METHO HM3MEHSIeTCs B 3aBHCHMOCTH OT TOr0, KaKoH HCTOYHHK
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CMHICJIE POJIb NOKa3ateJsi mpejiomsiennst B akycruke. Creno-
BATEJBHO, HUCAO ONTUMECKUX U306pascerull yOareHHbLX 38030
(vny 3Be3NHBIX B3PLIBOB) MNO3B0AUT UBMEPUTb KPYyRHOMAC-
wrabnote (PAYKTYayUL METpuKL UAU, ecau 37020 we byder
obrapymcero, oact Bepxrull npeden apexrTusroll 3nepeul,
colepacawyelicss 8 epABUTALUOHHOM USAYHEHUU.

Il wUnOCTPAUMH MOXKHO 3aMEeTHTb, UTo 3(QeKTHBHHIA
obmil paguyc KPUBH3HB! NPOCTPaHCTBA R, KOTOPHIH MOXKeT
6LITL. BLI3BAH «Pabblo» HA MeTpHke macmrtaba L u ammnm-
TyOH &g, 3al8eTcs MO NOPAIAKY BeJMYHHBE (opmysof

1 3 g)?
e, (187)

Tak yTo npu R~ 10'° ceeroBLix Jer, L ~ 10 cBeTOBHIX JeT
U NpH OTCYTCTBHH Opy2ux WCTOYHUKOB KDHUBH3HH Gylem
uMeTh 8¢ ~ 107% CpaBHeHHe ¢ ypaBHEHUSAMH ToJis IiH-
1miTeitHa

. 1 8= G
Rp‘V—_?gH‘)R:TTp‘V (188)

nokaswiBaer, 4to npasyio uacte (187) rpy6o moxkHO pac-
CMaTPHBaTh KaK 3KBUBAJEHT HEKOTOPOH 3 ¢peKTHBHON MIOT-
HOCTH 3HEpPTHM, XOTs, KOHEYHO, COTJIACHO OCHOBHLIM MPHH-
LMNaM, B TPABHTALHOHHOM I10Jle, CBOOOHOM OT MCTOYHHKOB,
IJIOTHOCTL SHEPTHH B JEHCTBHTEJLHOCTH PaBHA HYJIIO.

§ 11. JlocTaTouHo Jiu MacChl-3HEPTHH
Ans NPeBpPAaIleHUs NMPOCTPAHCTBA B 3AMKHYTOE

I'paBUTanMOHHOE U3Ny4YeHHe, HeHTPHHO, (POTOHE!, «OOLIU-
HasiMaTepUs» W JIpPyrWe HCTOYHHKH MAacchi-3HepraM CpaBHU-

TLIOTHOCTH fIBASIETCS OCHOBHHIM: HHEPTHAfl Macca (Mulib; CIJOUIHBIE KPUBHIE) HJIM H3-
JyuyeHue (MyHKTUPHBIE JAHHUR).

3aWTpuXoBaHHsIe 06AaCTH NOJYYAIOTCH B IPERNON0KEHHH, YTO 1 BO3pacT Beesen-
HOF 3akJjioyeH B mpeneaax ot 5:10° no 9-10° jer, a ofpatHas mocTosHHAas Xa6baa —

Mexcny 10-10% u 16.10° ner. [lonyuenHas mpet 9TOM IIOTHOCTE JeXHMT Mexny 7-107 30

¥ 100-107%0 2/cx3, KaK MOKASLIBAET BANITPHXOBAHHAS OGNACTb HA HEKHEH auarpamme,
Tam e ykasanbl H3BECTHHIC MCTOMHMKM MACCH-HEPTUM M TPUOANZUTEALHBIE TPAHUILI
HEONpeNeNeHHOCTH CYLLECTBYIOWMX 3HAYeHuH. Cpenst BO3MOXHBIX UCTOYHUKOB MacCh-
SHEepruy, I KOTOPHX HE CYHIECTBYeT HHUKEKUX OUEHOK, MMEIOTCH IBA (HelTpaabHuii H
¥ aHTHHEHTPUHO), LI KOTOPHIX MOXHO yKasaTb NPHMEpHBIN BepXHub Npefen. Tax kax
B HacTosllee BpeMsl NIPHXONUTCH NPeHEOPEraTh HEKOTOPEIMH BOBMOMHBIME MCTOYHRKAMHU
Maccbi-sHepru#, HEBOSMOMHO CKa3aTh, HMEETCs JM KaKoe-mr6O mpoTMBOpeune MEXny
dakTaMu u npenckasanuaMu oOLLell TeOpUH OTHOCHUTEALHOCTH DHHIITEHHa,
Huarpamma npencrasasieT co0oi yTouHEHHYI0 nuarpaMMmy us paborbl [159].
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BaloTcsl elMHEIM obpasoM (¢ur. 20), ecau 3apaercss BOIPOC:
asaserca JH o6ias REJHYHHA MAacChl JOCTATOYHON [JIA
HCKPHBJIEHHA TNPOCTPAHCTBA 10 3aMKHYToro? Mwmelouuxca
B HalleM pacnopsiKeHMH HabmwonarenbHBIX NAHHBIX !) Hempo-
CTATOYHO AJA TOTO, yToOH clienats yto-aubo Gosbliee, ueM
NONBITKY NOJYYHTL OTBET HA 3TOT RAXKHHBIH BOMPOC.

§ 12. HoBoe npejckazanue u3 Teopud HHIITEHHA;
MHUHUMYM 3(¢eKTUBHOTO YrjioBOro pasmepa
OTAdNAEeHHBIX rajJakTuk

Koneyno, Bcerga BO3HHMKAIOT BOMPOCH O TOM, NEHCTRH-
TENBLHO JNHM M3BECTHO, uTO BcenenHas 3aMKHyTa H pacuim-
psiercst ¢ yObiRatomielf CKOPOCTbIO, KaK 3TO cjenyer H3 06-
meii Teopued OTHOCHTENBHOCTH JHHIITEHlHA B HAeaNbHOM
cJlyyae TNOCTOAAHHOH KPHUBH3HH. B CBA3SHM C 3THM HHTEpeCHO
OTMETHTb, UTO M3 3TOH TEOPHHM MOMKHO CHEeNaThb NOpasHTesb-
Hoe mpepckasadue (161), xoropoe MOXHO 6bIO 6H mMpoBe-
PHTbL 3KCNEPHMEHTAJBHO.

[TocnenoBaTenbHOCTL TaNaKTHK C [PUMEPHO ONHHAKO-
BEIMH (U3HYECKHMH pasMmepamy, HO Bce Oosee u Oogce
yAaJIeHHBIX OT HalaoLartess, He [0JIKHA HeINpepLIBHO
YMEHbIIATLCA B CBOMX KaXyuiuxcs pasMepax. Hanporus,
T€ TaJaKTHKH, KOTOpHEe YLAJAIOTCS CO CKOPOCTLID OKOJIO
v/c = 0,5, 6yayT ¥MeTb MHHHMAaJbHbLIE YIJIOBEE pa3mepHl,
Te K€, KOTOphle PACIHOJNOXKEHH pnasbiie Unu Oamxe, OymyT
BHrasiners Gosbmie (¢ur. 21). Dror adderr npouie scero
npeactasuTth cebe, poobpasup cdepy M3 NPO3PAYHOTO CTEK-
Jia, B KOTOPYIO 3/leCcb M TaM BKJKOYEHH MOHeTh. B 3Toj
cepe BHICREPJEHO yraiybseHHe BRO3J€ €ro CeBepHOTO IO-
moca. Ceer, npouleqmufl yepes CTeksJO B 370 yraybaenue,
Habaonaerca KakuMm-nnbo meropom. Torpa OmmkuHpe Mo-
Herhl OyayT KasaTtbcst GOJBIIMME, @ MOHETB!, HAXONSIHECH
Ha 3%XRaTope, OYIYT BHINALETL MEHLIIMMH. Te xe, KoTOpLie

1) Cponky pe3yJbTaToB M NEpBel BapHauT ¢ur. 20 cm. B [169];
OTHOCHUTEJILHO HCCJiefloBaHHi CcOflep:anHsa Bopopoiaa cM. [160]; A. Cawb-
fip 1 M. Tosbaxabep B wacTHOM COOGLIEHHH YKa3asl mnpepelibHOe 3Ha-
téeHu”s. HefiTpunHoro notoka < 2,56. 1020 ga cm?fcex or peakuun Rb87 —

r877,
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pacnosio’keHbl BO3JI€ I0XKHOTO MNoJiocd, 6yayT CHOBA BLIFJIS-
neTb OONMBIIMMH, ecqd Habaiomatesb HAXOOUTCS] HA CEBEP-
HoM moswoce. OnTuueckue TtesecKonbwl paboTanT XOPOILIOo
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® uy. 21. 3aBUCHMOCTb YaCTOTHl JHHHH B MX CHEKTPE OTHOCHTENLHO
CraHnapTHOH vyaCTOThl OT KakylleroCs pacCTOSHHS JI0 YIaJeHHbIX
raJaKTHK.

KpuBh€ npoBelicHbl AJS Pa3iHUHLIX 3HAYEHHI! H 'y Bodpacra BceseHHoli B uHTepe-
cyrouledl Hac obaactu Gur. 19. CrnouIHbIE TUHAN OTHOCATCS K CAYYAR), KOrLA UCTOYHUKY
MacCH-3HEPIUY CO3AAIT NpenebperkuMo Majoe NaBieHHE (,NbUIL“); WITPHXOBLIE AMHMN
OTHOCATCSA K CAy4al0, KOTld naBJeHne UMEEeT MaKCHManbHO BO3MOM(HOE 3HAYEHHE—ONHY
TPETb IVIOTHOCTH 3HEPruM (,m3nydenue). IITPpUXNYHKTHPHBIE JUHUM OTHOCATCH K TEO-
puy Bonau, 'onna u Xo#as, oTanYHO oT TeopHM IiHuiTeiiHa. Illkana dacToT naer
Hanbosee ONHO3HAYHYID (PUBHYECKYIO HIKAJNy, OTHECEHHYIO K UCTHHHOMY PACCTOSHUIO.
¥YraoBoe addexkTHBHOE PACCTOSIHUE OTOMAECTBASETCH € MCTHHHBIM IMaMeTpoM rajak-
THKY (B IIPEAIOJIOKEHHH, YTO OH TOT K€, yT0 W Ijaf TUAHMYHHX OAMBKUX TanaKTHK),
MeJERHBLIM Ha Kaxcyliuilca yrnosoil numaMerp Omkumx ranaxtek. Jnarpamma Basara
u3 pabor Bakano u Yunepa [161].

TOSLKO [0 PACCTOSIHHH, HECKOJILKO MEHBUIHX TeX, Y KOTO-
puix v/c = 0,2, TaK 4TO, NO-BHAHMOMY, NPOREPHTL 3TO Tpef-
CKkas3aHHe ¥ NpPOABHHYTHL TakUM 0OpPa3oM BIePen NPOREPKY
3AMITEiHOBCKO# TEOPHH MOXHO JIHIIL ¢ NOMOIUBIO PasHo-
TEJIECKONOB.
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§ 13. Usmensiercs JiM Macca YacTHIL CO BpeMeHeM?
Han ¢ KpuBH3HOI NpocTpaHCTBa-BpeMeHU?
HUam He meHseTcs BOBCe?

DneMeHTapHbBIe YaCTHIBI RHOCAT CBOH BKJIan B TIJIOT-
HOCTh MAcCChl ¥ HEPTHH W BJHSIOT, TakuM obpasom, corJac-
HO OOlllell TEOPHM OTHOCHTENLHOCTH, Ha KpHBH3HY BceseH-
noh. Oxka3niBaer i KpuBH3HA BcenenHoli o6paTHoe RO31€ii-
CTBHE Ha 3JeMeHTapHylo yactuny? Ecim oHa mensercs, TO
OTpa<aercsl JIH 3TO HA XaPAaKTePHHIX Maccax YacTHil WM
Ha IpYrHX HX cBoiicTBax? He uMen B BHay nonobHbie 3¢-
(dexTH KPHRH3HB, M3 COBCEM [PYIux coobpaxkennit, Jlupak
TEM HE MeHee CPaBHHUTENLHO NAaBHO NMPENIOJIONKHJ, 4TO Oe3«
pasMepHble (pU3NYECKHE KOHCTAHTH MOTYT MEHATHLCS CO Bpe-
MeHeM IO Mepe pacumipenus Bceenennoii [16]?). On orme-
THJ COBNajieHAe NMOPSAMKOB BENMIMHEL TPEX OUEHb 60AbLIAX
qycen

32
Ny~ 2~ 2. 10%,

Gm,m,
Beenen.
Ny~ e~ 4+ 100, (189)
4z oRg, a
Ng"’ (_31 P B;;neﬁ. ) ~2.10%

P

M 32KNIOYHJ, 4TO 3TO COERNAafeHHe HeJsb3sl PACCMATPHBATH
Kak cayuaiinoe. Ecnu aTH TPH BEJNIMYMHEI OCTAI0TCA IOCTO-
SHHBIMH B IIpOIlecce PAaCIIMpeHHs, TO (HU3NUecKHe KOH-
CTaHTH JIOJI?KHH MeHsATbcs. Eciu nmpYMeHHMa TOYKa 3peHHs
reOMeTPONMHAMUKY, TOTNa Habop €nuHHI, NABHO BBEHEl-
Huift [1naHkoM, crefyer paccMarpuBaTh Kak (yHIaMeRTalb-
Hble ¥ NOCTOSHHblE BeJIMYMHEL:

N nG \': —
r=(5)"=16-107% cu
BpeMﬂz—l:ci, +190)

m=(%)"=22-10"¢

1) ]Ianbﬂeﬁmec obcyxnenne storo npeanotoxenus Jlupaka cM, B
paborax [162, 163].
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u apyrue (GusnyeckMe KOHCTAHTH cJelyeT PacCMarpHUBaTh
KaK H3MeHSIOIlHecs] OTHOCHTENLHO 3THX CTaHIapToB. Jluke
NpOaHaNHU3UPOBAJ HECKOJbKO RO3MOXKHOCTEH IPOBEPKH
3aTOro M3MeHeHHst co BpemeHeM (cm. [16, 162, 163]')). Iloka
HE OYeBHJHO, 4TO 3TOT 3(QdeKT, ecqu oH U bGyner o6Hapy-
keH, 6yner necoBMecTHM ¢ oOuie#l TeopHeHl OTHOCHTENbLHO-
cri. KoreuHo, ecadl cBOHCTBA 4YacCTHIL H3MEHSIOTCS B IPO-
necce pacumpenus Bcenenroll, 1o, Mo-BHANMOMY, 3T0 GyneT
03HAuaThb, YTO BO3MeliCTBHE TEH30pa KPHMBRH3HLI HA YaCTHIHI
ABHTCA Haubojiee ecTeCTREHHOH HWHBAPHAHTHOH M JIOKaJh-
HOI BeNUYMHOH, KOTOPOH MOXKHO OMHCaThb 3TOT 3(deKT.

1) CM. Takxe Hopefimue paGotol; R. H. Dicke, Phys. Rev., 123,
(1961); L. Egyed, Zs. f. Geophys, 24, 260 (1960), Ann. Univ.
Budapest, 3, 35 (1960); B. C. Heesen, Sci. Amer., 203, 98 (1960);
Jd. UBauwenko, M. Caruto s, Becrnuk MIY, Ne 6 (1961) u xuu-
ry: P. Jordamn, Schwerkraft und Weltall, 2 Auflag., Braunschweig,
1985. — ITpum. ped.

13 3ax. 3001,



Frasea V

PABHOBECHE HEHMTPHHO
W 3AKOH COXPAHEHHSI HYKJIOHOB

§ 1. OtcyrcTBHe paBHOBECHS
HJ5 CBEPXKPMTHYECKHX MacC

KpynnoMmacuiTabras KpHUBU3HA MOXET OKAa3blBaTh HJH
He OKa3bBaTh 3aMETHOrO BJHSIEMSI HAa MAacchl YacTHI; Of-
H4KO CYIIECTBYET O[HO SBJEHHE, MPH KOTOPOM BJIHsIHHE
METPHUKH Ha cTabUJbHOCTE 3JEMEHTAPHBIX YACTHIL OKashi-
BaeTcs HemdbexHHWM. Cywecrsyer npelea maccel NOpAOKQ
0,7 maccor Coanya, 8viuie KOTOPO20 He CYLLeCTBYET PAsHO-
8ecHOU KOH@uUaypayuu 04 maccel X0A00HOU matepuu, 06-
pasyrowelics 8 KoHye TepmosiOepHoti 3eoaroyuu. JlaBienue
B lieHTpe crpeMurcs kK OECKOHEYHOCTH MO Mepe TOrO, Kak
Macca npubnmKaercss K 3TOMY TNpeneny; pasHHIA MEXKOy
COCTOSIHUSIMH C TOJIOXKHUTENBHOH M OTDHIATEJbHON 3HEp-
THsIMH B LIEHTPe cTpeMuTcs K Hymwo. lleranu nepexona 3a-
BHCST OT MPHHSITOrO YPABHEHHUS COCTOSIHHSA, HO caM 30 QexT
OT Hero He 3aBHCHUT !).

Ha dur. 22 nana xoudurypauus B HenocpeacTBeHHOMH
O/M30CTH OT KPHUTHYECKOH MAcchl, a TaKxkKe caMa KpUTHue-
ckasi KOHQUTypauus aJisi MOMAENH, B KOTOPOH 3BE3[HOE Be-
LIECTBO CYUTAETCH HEeC)KHMMaeMoill xkuakoctblo. Ha dur. 23
npeacTapiieHo Oosee peasMCTHUECKOE YPARHEHHE COCTOSIHuUS
(b. TappucoRr), Hcnosb30BAHHOE NMPH MNORTOPHOM aHAJH3e
npobyaeMnl.

§ 2. ¥YpasHeHMe COCTOSIHUS

YpaBHeHHe cocTosiHHs [appucona nonyckaer, 9TO XO-
JoHAasi MaTepusl uaeanbHLIM 0Opa30M KaTaJM3UPOBAHA [0
KOHLia TepMmosiiepHoil spomoiun. [Ipy OOHUYHOM [aBJEHHH
3T0 3akanuupaercs Ha Fe%. [Ipn Gonee BHCOKHX [4E-

1} Tlocnenyiolilee W3JiOXKeHHe OCHOBaHo Ha crarbe [appucona, Ba-
kano U aBtopa [8], u3 KoTopoil B3sTH Takxe ¢ur. 22—24. B craree
yuren Baxubli Bknan Jlanpay, Onnenreiimepa, CepGepa, Boskosa,
Yannpacekapa, CHafiiepa u np. B npoOGieMy KPHTHYECKOii MacChl.



dur. 22. 3aBUCHMOCTb
IaBieuus (BBepxy) H Me-
TpUKH, WJIH 3KBHBaJEHT-
HOYO rpaBHTAHOHHOYO 110-
TeHuMana, (BHH3Y) OT pac-
CTOSIHHS 1Js IBYX KOuQH-
rypauuil uneainbHOH He-
cxHMaeMo# KHUIKOCTH:
as MaccChl, paBHOH
0,512/0,838=0,611 ot Kpu-
THYECKOH MacCH  (HyHK-
THpHasi KpHBag) W HeMo-
CPENCTBEHHO 1Af KPHTH-
yeCcKkoH MacCel (CrnomHas
KpHBas).

B nplOTOMOBCKOH TEOPUU TPABHTAUMONALI NOTEHUMAA MUAKON MACCHl H3MEHACTCH KAaK
ir BHE TEJA M KaK NOTEHUMA] IAPMOHMYCCKOrO OCUMJIJATOPA—BHYTPH, KOTOpLIE
raanko ClIMBAOTCA Ba rpavune r=a. CooTBeTcTByIOUIasi BeauuMya B obuieil Teopuu
OTHOCHTEJBHOCTH CCTh KBAILPATHBIH KOPEHb M3 BpEMCHNOl KOMIOHEHTHl METPHYECKOro
TeHsopa

[‘gTT(r)]1/2=(]_UBapulUHJlbIIOBCKaﬂ exp v (D) Ya.

DTa BenMyUNA, YMHOWKEHHAS HA MAcCy NOKOA BACKTPOHAZ, RACT HINKHIOW TpaHKIY
»OKCANA“ MMEIOUINXCSl 9HEPreTHYECKnX ypoBHei.

3aluTpuxoBanHasg o6nacTh NOKA3bIBAET, TAKMM 06pa3soM, KaK PACCTOAHME MEWRY
NOJOMUTCABHBIMH M OTPULATEALHBIME 3HEPTrCTHUECKAME YPOBHAMU CTPEMUTCH K HYJIHO
nph npnubaMIERuN K NEHTPY KPUTHUECKOR KOHQurypauuu. Ilapienue B ueHTpe cTpe-
MhTcsa k OCCkOHEYHOCTH (BEPXHME Tpaduk). POPMAALHOE, HO CHHIYJASIDHOE peUIEHME
ypaBrieHuit Monsl MOXHO 1aTh u nasl 6OJpWIMX Macc; TOrla Touka, B KOTOPOH MCTpMKa
CTpeMuTce K RYJIO N A4BJAEHNC CTAHOBHTCH 6€CKOHEYNbIM, 0TOABHraeTcs BrnpasBo. Korna
8Ta TOYKA COBNAJAET C PAIMYCOM C€aMOil XHIKOIT MaccH (cavuail a=R, M:M'(pm;
Ha rpadMk€ HE [0Kazavo), BCH Macca JEXNT BHyTpn cQephl TAK Ha3bIBACMOro
118 2 pUITHIBIOBCKOTO paanyca. B ceAsn ¢ 3TMM myoraa noAHMMAeTcA BOMpOC, HE OTHE-
nget au Macca cama ceba oT octaspHOil BeeacHuoit? OnHako BCE pemeHns Puanuecku
HEMpHeMAeMbl ¢ TOTO MOMEHRTa, KOrja Macca NOCThraer 0’838Mkpm- , OMpeaeJeHHOH
(He oY€Hh YA44YHO) ¢ MOMOUILIO YNOMSIHYTOH BbIIE KOHMMIYPAUHMM, HAKM KaK TOABKO &
Aocraraet 0,9427R. [lpofaema pasHOBeCHS CTAHOBHTCA HCPAIPEIIMMON yKe TOrna,
KOrna naB/eHUe cTpeMuTesl K 6CckoHeuHocTy B neHTpe. Bonpoc 06 ,oTreacHnn”, HUKO: 14
HEe MOXET BO3HMKHYTD. YUtobsl yyecThb CIKMMaeMOCTb YKHIAKOCTH, NOCTATOYHO npenno-
NOKHTh, YTO IJOTHOCTH pactTeT K uem‘py; npr S5TOM rpaBnTaunormoe nagjeHue Mnospl-
waercd v, CACNOBATCJBNO, CTPEMMTCS K OECKOHEYHOCTH B LEHTpE IpH MeHbulY
KPUTHYECKHX MacCaX,



'UH IUZG ,025 ,DSO ,DSI ,0.‘4 ,036 ,DJH ’Ddﬂ ,Dﬂ ,004 ,045
T T T T T T T

/.&"é_—‘_—*‘ - Bl

~
f

10° .
0} -—J
0° ¢ JAA)
105 r 12 ¢ i " =

1 | | IS S} L
1w ,02 IO‘ 10° IUE ’010 ,UIZ 10" ,bu; ID'B ,DEE 0%

dur. 23. YpaBueHue coctoaHus, coriacuo ['appucony, mas xononxoi
marepuu (npH aGCOMIOTHOM HyJse), 00pa3oBaBlIEHCH B KOHIE TEPMO-
SiNepHOH 3BOJIOLHH,

CrnowHON KpHBOIt MOKa3aHA 3aBUCUMOCTb Pfp (B £M%/cex?) OT NNOTHOCTH p (B 2/CM3}

[lTpuxoBoil KpuBok M306paNKeHa 3ABUCHMOCTH OTHOLICHUS Pya*ls (2-cu¥cex?) ot uncaa
nykaonos B 1 cx® (a). Bnnore a0 mnoThocTelt nopaska 108 2/cu® nasneHue He pocTa-
TOYHO AAsl TOr0, 4T00H ,BTHCHYTH® 3JEKTPOHH B SIAPO MM CIBUHYTH HOJOKEHHE MU~
HuUMyMa kpnsoll nedexTa macchl.

[pu atoM Bemiectso Gyner Ha 100% coctoath u3 FeS, Boaee BricOkme naBaenus
MEHSIIOT NMOJOKEHHe MUHMMYMa KpUBOR ACCKTA MacC B CTOPOHY Gon€e THMENBIX fAne
¢ 6OABIINM OTHOWICHMEM HEHTPOHOB K MpoToHaM. B KoHIE KOHUOB nOoCTHTaeTCs ToukKa }:
KOTAA ALpA HE MOFYyT COAEPXKATh yHe Hoabllie HeHATpPOHOB.

PasHosecnblit cocTas npelcrasaseT cofoil cMech cBoOGONHBIX HEHTPOHOB, BHIPO-
MICHHLIX SJEKTPOHOB C BLICOKOW sHEpPrueit <epMH M HEKOTOPHIX HNEPHEHIX 06pasoBa-
Huli, CBOHCTBEHHBIX NaHHOMY HaBieHuio. PaBHopecue 6bI0 pACCUHTAHO € UCHOJBIOBA~
HMEM OOBLIMHOM moaysMmupuucckoil (QopMyJanl nas Mace sanep. [lpu nuotHocTH mno-
panka 101 2/cu® cpeia CTAaHOBUTCA CTOJb XK€ NJOTHOH, Kak u Anepuas marepus. Haab-
HeMmui X0l 3ABUCHMOCTH NJAOTHOCTH OT AaBAEHUA CTAHOBUTCA (ojiee HEOMPEACAEHHHM,
Ecnu Haun#aeT Np€BasvpoBATh OTTAJKWBAHME TBEPIBLIX CEPILEBHH, TO MOXKET OKa-
3aThCsl PA3YMHBIM HCIIONB30BATH B KAYECTBE HICAJN3NPOBAHHOTO MPEACTABACHUA ypas-
HEHHE COCTOSHNA HECHKUMACMOH XKUIKOCTH, KaK 5T0 NPEeNNoiaraioch Npu MOCTPOCHHH
¢ur. 22, B nactoawed kpusoll GO0 NPERNONOKEHO NPOTHBONOJOIKHOE HAEANUIHPO-
BaHHOE MPELEJBHOE MOBENCHME pACAAbHOTO Taza <¢epMH NPH BHICOKUX AABJACHUAX.
B yabTpapeisTHBUCTCKOM MPENee paBHOBECHOE COCTOSIHUE aCHMNTOTHYECKH CTPEMUTCH
K cMecH HeHTpPOHOB, NPOTOHOB M 31€KTPOHOB B OoTHOweHum 8:1: 1,

YuacTok (a—b) KpUBHIX COOTBETCTBYET 3KCMEPUMEHTAALHO HAOAORAEMEIM DPE3YIb-

56
TaTaM (Fe 5 yuacTok (b—c) noayueH NyTeM SAEKTPONOAAUMY; (¢—d)~—BblYKCIEHHEM
B pa6ore eitumana—MeTponoanca—Tenaepa; (d—e)—sbuucaenteM  Yanppace-

56 56 122
Kapa (Fe ); (e—f)—naa aupep ox Fe28 1o Y:‘19 s €CM BNEKTPOHBl ,BTHCHYTHI® B AiNpO
26.
126 187
(f—&)—nns snep ot Y , 1o Cd 45 ? CCAH HEATPOND BLLICTAIOT 13 SLADA; (g—h)—yelTpoHsl;
3

[B g—9Anpa, ,pacTBOpPEHHbIE® B HEHTPOHAX; B fi—cMeCh u3 HEHTPOHOB (8/p) u H: ('/9)]-
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JIeHusIX COCTaB siiep, COOTBETCTBYIOIHHA MUHUMAaJbHOH SHEp-
ruH, u3MeHsiercsl. Dta obsaacth HCc/enoBadach IyTeM HC-
NOJIL30BaHUSI OOLIYHOH MNOJNY3MNHUPHYECKOH (OPMyJIHl [JA
3HEPriH CBA3H sifiep M OOBLIYHBIX MPHHIHUIOB CTATHCTHYE-
CKOro pasHoBecus. [Ipy oueHb GOJBIINX IJIOTHOCTAX SOEp-
HE€ CHJIE OTOpachiBaJINCh ¥ BCE HACTHIB PaccMarpHBalch
KaK njeajbHb#i ¢epmu-ras. JonyuieHne oOrTaaxkHBaoLiei
TBEpLOH CepHIeBHHBHI He MOXET NMPHBECTH K CTabuibHOMY
COCTOSIEMIO CO CKOJIb YrOfHO OOJBIIOH Maccol, TdK Kak
KPUTHUECKOe YCJIOBHE NOABJSETCS1 yKe B Hiealu3NpOBaH-
HOM CJlyuae HeCXKHMaeMOH »XHIKOCTH.

§ 3. PeasiTUBUCTCKOE THIPOCTATHYECKOE DABHOBECHE

YpaBrenne I'appucona GbLIO BKJIOYEHO B TO Ke Obuie-
PENSITHBHCTCKOE YpABHEHHE MHAPOCTATHIECKOrO PABHOBECHS,
4YTO M UCMOJIb30BaHHOEe panee OmnneHreiimepom B BonkoBbiM
[164]1Y) nns paccmoTpenHs HeHTPOHHOrO rasa

aM
2D — tmp(p) 1,
dp(ry __ __ Ie(P)+c2p) GIM(r) +4rmc2p (r) r¥] (191)
dar rir—2GM(r)/c?] :

OTH ypaBHERUNl pABHOBeCHs] OBbLIH YMCJIEHHO NPOHHTErPHpO-
sannl M. Bakano ra Bbhuucaurenbroii Maimae MANIAC B
HMHcrutyre suiciimx 3Hanuil (IlpuncToH) npu nopaepxkke u
nomoww a-pa I'awca Meiinn u Bap6apu Beiftman. WUHrerpu-
pOBaHME NPOBOAMJOCH TAKUM 06pa3oM, UTO 3HAYEHHE ILIOT-
HOCTH B ILEHTPe py BHIOMPaJoch NPOM3BOJILHO. YpaBHEHHE
COCTOSIHMS laeT TOrga COOTBETCTBYIOLIYIO BEJHUYHHY JaBJie-
HUSl B UEHTpe po. 3HaueHue (QyHKUHH, OMHCHIBAIOLUiEH MaccCy
M(r) B nentpe 6bl1IO, KOHEUHO, paBHO HyJ0. Torna ypasHe-
Husi 1-ro TNopsiiKa O[HO3HAUHO OINpPELeNsAoT IoBefeHHe
dyskuuit M(r), p(r) ¥ p(r) NpH IBUKEHHH OT HEHTPA K rpa-
Hune. I'pannna onpepesera Kax Touka, B KOTOPOH [raBJieHue
ob6pauiaercs B Hysab: r = R. Torpa macca M = M(R) onpe-
renena. VIHBIME cnosami, cHayafa 3ajfaya pellajach, a To-
TOM yXKe ONpefesisyioch, KaKas e 3alaya peitera. Pesyb-

1) Cum. taxe B. AmMGapuymsan, I'. Caaksan, ACTpoH. XKypH.,
38, 785 (1961); B. A. Ckpunkun, JIAH CCCP, 135, Ne 5 (1960), 136,
Ne 4, 138, Ne 1 (1961).— IIpun. ped.
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Pur. 24. Macca 3pesjnl, cocrosmed u3 Xonomuo#l Matepuu, o6paszo-
BaBIUEACH B KOHLE TEPMOSJEPHOM 5BOJIONMH, B ENHHHLAX MacChl
Connna (Mg =1987-10% 2), kak ¢yHKUMS [AOTHOCTH po (B 2/cH’)

B peHTpe 38e31nbl. [['pacduk nocTpoeH O AaHHBIM PEeAsTUBHCTCKOrO FHAPO=
CTaTHYecKOro adanu3a Bakano (Ha BeluncauTenvHod mamune MANIAC
B MHCTMTYTE€ BHICIHHX 3Hanéi B coTpyamuuectBe ¢ [, Medan u
b. Beiiman).]

Huxnga NynkTHpras KphBas MOKA3KIBAET CBA3b MEXAY MACCOH M NAOTHOCTHLIO B LLEHTPE,
noayueHuyw Yanzpacexapom: 1) 6e3 sseaenus NONpaBok o6iiet TCOPHM OTHOCHTENh-
HocTH, 2) Ge3 yuera BCTYIJEHMS 5JEKTPOHOB B COELMHEHMS ¢ NPOTOHAMK n oOpasoBa-
Hus HefTponoB. IlpyrkMu caoBamu, YHannpacexap wuMes nedo ¢ 5GPekTHBHOH Mac. Off
HAa 3JEKTpOH M MOjdran 9TY BCJMYMHY TOCTOSHHOH Ha 3TOM rpadmke (w.=56/27=2,07;

56
3HayeHHe 56,26=2,15, cooTBeTcTBYIOLIEE Feyy, 6610 Gpl 60s€€ pasyMHBIM; 9TO NpHBEo Gbl

K HE0OoJbIOMY n3MEeHEeHMI0 Maclitaba 1o ock M, nponopuuoHansHOMY p2, W No ocu g,
NpONOPUKOHAIPHOMY (). BepXuss NYBKTHpHAS KpHBas MPEACTABAACT pe3yabTatet Onnen-
refiMepa v Borknsa, Mony4YeHHLIC Mph MHTErpHPOBaHKK OOLIEPEAATHBUCTCKOrO ypaBHe-
HUS THAPOCTATHMYECKOrO PABHOBECHMA IMsi WMIEAALHOrO PeAsTHBHCTCKOTO HEHTPOHHOrO
raza Qepmu. YackonbKO M3BECTHO, KPWBAs HUKOrLa 10 CHX MOp HEe OObENHHANA
pasyMHbM 00pa3oM o6aacTp, THE NABACHHE HMeeT NPeHMYLIECTBEHHO ATOMHOE MpO-
HCXOXKICHUE € 06JACTLIO, TAE NaBNEHHE MMeeT MPeHMYLIeCTBEHHO ilepHOe IPOHCXON-
nenne. Jlpe TOuKn mepexona HA aTOH KPUBOH OT yCTOHUMBOrO PABHOBECHS K HCYCTOH-
YHMBOMY O3HAYaOT TO, YTO MOMKHO HA3BATL ,KATACTPOGHMUECKUMH ToykaMu* (,crushing
points*). Humxnas kpuBas, 0(GO3HA4YEHHas CIOBOM ,cTabnabHO®, TAM, TAE OHA N€KUT
non BEpXHell Kpusoil, 0603HAYEHHOH CAOBOM L,CTabuapHO*, B REHCTBUTEILHOCTH COOT-
BCTCTBYET METACTAOWIBHON 3Be3le N0 OTHOUIEHMIO K CXkaTHIO 10 GOABLIMX MNOTHOCTEH.
Tem ne Menee HeOOXORMMO NPEONOJACTH NOTCHUMAJALHEI Oappep, yTOBH nepeiitu oT
MEHee KOMRAKTHOrO ycloBusi paBHOBecHsi k fonce koMmaktaoMy. Bee 870 paccMorpe-
HUE OTHOCKTCH WCKAKUYMTEJIBHO K XOnonwmiM ssesnaM. lopsuue 3Besfisl 0baanalor Tep-
MHYECKHM [2aBJEHMEM, MOMOT AIOUINM MM MPOTHBOCTOATL IPaBUTAUHOHHOMY NPHTAKEHUIO,
M MOTYT uMeTb MAaccy, 1opasno 60apliyo, uem nperea Jlanpay-—Onnenresimepa— Boa-
KoBa, pasuHuit 0,7M _, 6e3 nosiBneHus HecrabuapsocTh. Ho 119 XOAOAHBIX KOMIAKTHLHX

sBe3s ¢ Maccol, 6oaplueit ~ 0’7MO’ ycaosnil pasHoBecus He CyLICCTBYET.
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TaTbl TUAPOAUHAMHYECKOTO aHann3a BakaHo MPefcTaBJI€Hb
Ha ¢ur. 24 (cooTHolerHe Mexkay oO6uiedl Maccoll M IUIOT-
HOCTLIO B LEHTPe) W ¢ur. 25 (CooTHOmEHHe MEXAY pafuy-
COM U IUIOTHOCTBIO B ILIEHTPE).
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$ur. 25. 3aBUCHMOCTh palHyca OT LEHTpanibHOH TMJNOTHOCTH AJA XO-
JonHOH MaTepHH, oOpasoBaBIrefics B KOHLE TepMOSICPHOY 3BOJIOLMH,
HalineHHas M3 OOlLIepeJSTUBHCTCKOrO THAPOCTATHYECKOTO aHainu3a Ba-
KaHO, OCHOBAaHHOTO Ha YpaBHEHuH coctosiHMs [appHcoHa.

TopnsonTanbead JAMHEKS BHH3Y IHArpaMMbl MOKaspBacT, Kak Besa Obl cebs kphbasm,
ecan Obl xene3o OblI0 HeckmmaeMbiM. OTneabHbl€ yuacTkd Kpusoit BCD comnocra-
BASIOTCY € HeCTaOMAbHEIMKM KoHbHTypaunamu (cp. dur. 24).

Pa6orn I'appucona u BakaHo, XaK U npexnse paboru
Jlaupay [165] n Omnenrefivepa n Bosnxosa [164], nomuep-
KHB3I0O1, UTO CYELOa KOMMAKTHOIO o6pa30BaHHs XOJOLHOM
Marepyd, MOJYYHBLIErOoCsl B KOHUE TepMOsIepHOH 3BOJIO-
0yM, NPOCTO HEM3BECTHA, ecjaM Macca 3Toro oOpasoBaHus
npesuitiaer npumepro 0,7 maccer Codgimiia.

§ 4. HezaBucumMocTs oT NyTH 3BONIOLHIM

Crenyer NOAYEPKHYTb, 4TO OOCyXkKIaeMble 3jech Bo-
POCH pacCMaTPUBAIOTCA B NPHHLUINE H HE UMEIOT HHKAKOrQ
HEroCpe/CTBENHOrO OTHOLIEHHS! K KOHKDETHOMY NYTH Teps
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MosizepHoOit sBosonuu. M3BecTHO HM3Ilee 3sHepreTnyecKoe
coctosinne cucreMbl u3 A Hyknonos npu A = 20 (Ne®),
npu A =56 (Fe®), npu A =112 (mBa snpa Fe®), npu
A = 560 (necsarb simep F%), npu A =56-2-10°% (coorBer-
cTByer Macce, Hemaoro Menbiueir 0,1 macen CoJsnua; pas-
HoBecHast KoH¢urypauma wm3z 2-10% artomoB Fe®6, noka-
3aHHas Ha ur. 24 u 25), HO ecTb BCe OCHOBAaHHUS Mpen-
NoJarath, YTO He CYLIECTBYeT HHMKAKOro COCTOSIHHSI C HaH-
HU3INEeH 3Heprueil OOBLIYHOIO Xapakrepa JIJi KOMNAKTHOH
cucrembl ¢ A = 562 - 10° nykmonos (Macca storo o6paso-
BaHus cocraBnaser okoso 0,9 Mg ). B nanHoil cBsi3u coBep-
IIEHHO HEeCYLIECTBEHHO, CKOJBKO BpPEeMeHH 3aiMeT MOCTHIKEe-
HHME 3TOr0 TOJIOXKERHs] NPH HOPMAJbLHOM MYTH <SEEPHOrO
rOpeHusl» MJH 4epe3 CKOJbKO pPasJHuYHBIX PeXHMOB rope-
HHSI [polijer 3Be3na: MPOTOH-MIPOTOHHAN peaklHs, yrJje-
POIHO-a30THHI{i WHKJ, G-YaCTHUHHE peakuvd W T. a. Bos-
MOXHO JlaXKe, UTO 3Be3[la KaX[blil pas B3pbiBaercs [pe-
XKpe, yeM MpHOIU3UTBCA K PAcCMaTpUBaeMOMY COCTOSIHHIO.
Ilyctb B 3TOM cJiyyae BHIOpPOIIEHHOE BELIECTBO BO3Bpa-
waercss 06paTHO, a ee KHHETHUYECKasl SHEPrus yHOCUTCS TakK
e, Kak U aHeprus o6paTHOro najeHds Ha 3Be3fy. Tornpa B
pesysabTate B3pbiBa CUCTEMa OKa3blBaercsi B 6osiee HH3KOM
SHEPreTHYCCKOM COCTOSIHMH, UeM MpeKje, HO YHCJIO HYKJIO-
HoB He Mensiercsi. [lyerb sBomonust mpogonmkaerca 1O Tex
IIOp, 1OKA BO3MOXKHEBI TpEBpalileHdsi NpH MNPearnoJsioKeHHH
Kak MOxHO Gonee apdhekTuBHOrO ypanenus tenna. B kKorue
KOHIIOB 3pe3fa o00si3areslbHO HauHeT «ycraBarby, OHa He
MoOXkKeT BLIOPachiBaTh BELIECTBO, H3Jy4YaTh (POTOHH M HCIYy-
CKaTh HEHTPHHO; OHA NPHMXOIHUT K CAMOMY HM3IIEMY COCTOSI-
HHIO, BO3MOXKHOMY JIJisi CHCTEMH M3 A HYKJIOHOB noa peii-
CTBHEM KakK fIePHBLIX, TaK H rpaBUTAUHOHHEHIX cuJ. Onnako
CKOJIb BEJIUKO HU Obuio O6H Bpemsi, HeoOxonuMoe [IJs1 TOTO,
yTO0OLl NPHMUATH K 3TOMY KOHEUHOMY COCTOSIHHIO, HMEHHO 3TO
COCTOSIHHE MOPEeNCTaBJsIeT MHTEepPeC C OPHHUMIHAIBHOM CTO-
POHBL.

Ilo Tex mop noka MNpHPONa 3TOr0 KOHEYHOrO COCTOSHHS
He YCTaHOBJIEHA, INOJHYIO TEOPHIO TEPMOSIIEPHHIX pPeaKknuil
B 3Be3max Heab3s Gyner cumTathb 3aBepiuerHOi. [loJsoxke-
HHe, CO3[1aBlIeecs B sA1epHO-IPaBHTAaNHOHHON (HU3HKeE, MOTJIO
6 co3patbest B (DUBMUECKOH XMMHH, ecaud Owl 6Ll H3-
BECTHbl HEKOTOPHIE JEeTAJH MEXaHu3Ma M CKOPOCTh YPEe3Bhl-
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JalHO CJOXKHOH peaKlnnu

HO He Onlna Obl M3BECTHA TaKas 3JE€MEHTapHas BeJUHUMHA,
KaK pa3HocTb CBOGONHBIX 2HEPTHil HAUaJBLHOrO U KOHEYHOro
coctosiHUil peareHToB! [103TOMY CHOB2 NPUXOOMUTCA 3a1aTh
BOIPOC: 4TO TAKOE KOHeWHOe COCTOSHUEe PABHOBecUs cucTe-
Mot uz A HYKA0HO8, 83aumMO0elicT8YOWUX Yepe3 epUsUTaYU-
oHHoe nosae, koz0a A senurxo? («IlpoGsiema 6onblnx 3Ha-
yeHnfi A».)

[Tpo6rema Gonbinnx 3Hauennit A naubosee CHOKHHM 06-
pasoM BKJIOYaer U (PU3HUKY 3JEeMEHTaPHBIX 4acTuli, WU rpa-
BHTAUHOHHYIO (PU3MKY, TaK KakK l) nasseHme B ueHrpe pac-
TeT K OECKOHEUHOCTH U 2) paccTosiHie MeXIY yPOBHAMH
COCTOSIHHH C DOJIOKHUTENBhHOH H OTPUNIATENbHOH 3HEprusiMm
CTPEMHTCSI K HYJIO. DTH YCJOBHSl OKa3LIBAKOTCS MKECTKHMH
JJisi LEeHTPanbHLIX HYKJIOHOB, HO He [Ji1 OCTaJbHOH CH-
cremMbl. Uto cnyuutesi, ecqd no6aBUTh K CHCTEME U3BHE OUH
KHUJOTpaMM BElIECTBAa CBEPX KPUTHUECKOH Macch? Peayib-
THpYIOWas Macca — IMocJie TOr0, KaK CHCTeMa CHOBA MNpH-
ET B PaBHOBECHE — He NOJ2KHa MNMPEeBHIIATL KPHTHUECKOH
Maccel. CnenoBartenbHO, 106aBienRass macca JOMXKHA OHIThL
H3JyYyeHa.

Ecnu nobaBnepnasi Macca HCNYyCKaeTcsi B BHIE YacCTHIL,
TO WX KHHETHYECKasli 3Heprusi MoxKeT OHITh OTHENEHa OT
Hee, T2K Ke KaK H rPaBHTaNHOHHAS dHeprus ob6paTHOro mna-
IeHHSl Ha MaccHBHOe Teso. Bosppamenne atux wacrtuy o006-
PaTHO B CHCTEMY ¢ HeOOXONHMOCTBLIO CHOBa NpHUBeNET K Ia-
panoKcanbHOA cUTyauu#, U3 KOTOPOH MH HINEM BHIXO[.

[Tocne Toro Kak nobGaBlieHHAsE Macca YKe MOJHOCTBLIO
HUCDYLIEeRA, YUCJ0 HYKJAOHOB 1) TO Ke, uTo ¥ 1o nobaBienus
atoro | «e, uin 2) yBeNMUUJIOCH HA YHCJIO HYKJOHOB, COLep-
wawmuxest B | ke, unu 3) He onpeneneno. Ecnn peanusyercs
nepBHil caydal, 0 6eckoHeyHO OOJIbIIOE KOJHYECTBO HY-
KJIOHOB MOXET COmeP:KaTthCsi B KOHeuHOH o6Jjactu npo-
CTPaHCTBa H, KOHEYHO, B OrpaHUuYerHOH obnacTH npocTpan-
CTBa OKOJIO LIEHTPa 3Be3[lH, TaK KaK YCJOBHS B OCTaJIbHOH
YACTH CHCTEMB! HeH3MeHHBL. JIONMYCTHTL TaKyK BO3MOK-
HOCTb — MOYTH 3HAYHT MPENMNOJOKHTb, YTO HYKJOHH MOryT
VHMUTOXKAThCS HJM UYTO YHCJO HYKJIOHOB HE HMEET HHKa-
KOro CMEICJIA.



202 Trasa V

§ 5. Kputnyeckass macca Kak Karaausatop oGpasoBaHMSA
N aHHUrUASILUN HYKJAOHOB

Takum oGpasoM, npejpcraBaseTcss HeH30eKHLIM CUHTAThL
cHCTEMY C KPHUTHYECKOH MacCOi Karasu3aTOpOM, KOTOPHIH
MOXKeT NPUTATHBATb RYKJORH M3BHE U NPEBpPallaTh PaBHOE
KOJIMUECTBO HYKJOHOB B ILEHTPE B H3JYYEHHE — 3JE€KTPO-
MAarHiTHOE, rpaBHTANHOHHOE WJIH HEHTPHUHHOE — € TaKOii OHl-
CTPOTOH WJIH B TAKOM KoJuuecTBe, yToObl Momernars 06-
eMY YHCJY HYKJOHOB CHCTEMBl IPEBHCHTb HEKOTOpOE KpH-
THYECKOE UYHCJIO.

[Tpouece, KOTOPHIE MBI ceffuac paccMaTpUBaeM, SIBIsETCH
pacnajoM HYKJOHOB Ha HEHTPMHO W [IpPyrue HU3Ny4eHHs MPH
60JIbIIOM JaBJEHUH, H OH MOJHOCTBIO COIJIaCyeTcsl ¢ 3aKO-
HOM COXpaHeHHsl SHeprud W umnysabca. OB Hapyaer 3aKOH
COXpaHEeHMsl YHCJAa HYKIOHOB, HO He MPOTHBOPeuHT O0Jib-
IUMHCTBY JPYrHX 3aKOHOB cOXpaHenus. OH He NPOTHBOPEUHT
sMoupuueckoMy ¢akry [9], 4TO HYKJIOR HMeeT NepHol CIOH-
TaHHoro nojypacnana GoJsbile 4 - 102 ser, Tak Kak JapJjienne
B LEHTPe KPUTHYECKO{l Macchl, BeposiTHO, boJiee yeM Ha mOPsi-
JIOK NIpeBHIIdeT AaBJeHde B Anpax. KurokapriuHa pasBuTHs
GOJBIIOH MacChl HYKJIOHOB, Pacnapaiouiuxcsl Mo BJIHSAHHEM
BLICOKOIO naBJieHHsl Ha CBOOONHbLIE HEHTPHHEO, NpeaCTaBseT
CTPaHHOE 3peJHie, €C/I CMOTPeTh ee B 00OpaTHOM Mopsiaxe.
JlocTaToyHO GOJIbIIOE KOJHYECTBO HEHTPHHO ¢ MPaBHJIbHOI
CTHPaJbHOCTBIO BJeTaeT OJHOBPEMEHHO CO BCeX CTOPOH B Ka-
TaIUTHYECKYIO 00JaCTh BHICOKOIO [@BJEHHs M 33 KOPOTKOE
BpeMs npeobpasyercs B sIEPHYI0 MaTepuio. JIPYrEHMH CJ0-
BAMH, HYKJAOHHOe pasHosecue O0ANHO 6bino Obl pecyaupo-
garecsa Hepeuell Pepmu p, HEUTPUHHO20 NOAA.

Ecau MOXKHO TNpeflONONKMTb, UTO YHCJAO HYKJIOHOB BO
BceenenHoil He sBJsieTCss BEYHO HEKOTOPHIM TAWHCTBEHHBIM H
HeOOBACHUMBIM YHCJIOM, TO NPENCTAaBJsIeTCs] pa3yMHBIM pac-
CMaTpPHMBaThb YHCJO0 HYKJOHOB KaK [IHHAMHUECKYIO NepeMeH-
HYIO CO CBOMM COOGCTBEHHBIM 32KOHOM H3MeHeRHsi. Ecnu sta
nepemennas poobuie U3MeHsieTcs, TO Hanbonee Gmaronpust-
HBIMM YCJIOBMSIMH [1718 H3MeHeHHsi ObliH Obl BHICOKOE aBjie-
HHe W MaJioe PAacCTOosiHHe MEXJy YPOBHSIMH COCTOSIHHEl ¢
NOJIOKUTENTbRON W OTPHUNATENbHOH 3HEPrusimy, T. €. 3HauH-
TEeNLHOE YMEHBLIIeHHe PAa3HOCTH MacCe MeXJy HYKJIOHAMH H
HeHTpHRO. bosee TOro, He BHAHO HHUKAaKOro OOBSICHEHUS
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«napanokca 6oabiinx A», Kotopoe He TpeboBaso OH [As
3TOr0 OTKa3a OT 33KOHAa COXPaHEHHsl uMcjla HYKJIOHOB.

§ 6. HenpospayHocTs No OTHOLIeHHIO K HeHTPUHO

Het HeobGxomumMocTH O6GPaliaThess K Napafokcy CBepx-
KPUTHUYECKHX MacC MU HeT HYXK[IB aHaJlu3upoBaTh JIOOble
npouneccH pacnajia HYKJOHOB Ha HEHTPHHO, 4TOGH CTOJK-
HYTLCA € HHTepecHOH acTpo¢u3nuecKOH CHUTyauuel, npH Ko-
TOPOH MOXeT [POHCXONUTbL MaccoBoe oOpa3oBaHMe Hel-
Tpuno. I1pu onpeneneHHbx yenoBusix ypka-npouece I'amosa
u Illenbepra [7) moxer nmpeoGnamats Bajg APYTHMH mponec-
caMiz ocBoGokJienusi sHepruu. HeHTpHHO, cTpeMschb BHI-
pBaTLCsl U3 FOPSAYNX HeLp 3Be3[bl, He BCTPEYAIOT TaKHX Mpe-
NATCTBUH, KaKHe HMelOT MecTo /s cBera. OJHaKO KaKoOBa
JKe HeNpo3payHOCTb 3Be3fbl [/l HEHTPHHO? 2DTOT BOMPOC
ananusnposas IOeema [6]. BruucienHOe 3HaueHHe CpefHed
nnuHb cBobomHOro mpobera HeHTPHHO ¢ 3neprueil 1 Mag B
Conrue (p~ 1,4 2/cm®) okazanock ~ 109 cm; mo cpasre-
HHIO ¢ 9TOH mnHOH papuycom Cosuna (7-10'° cu) Bnomnue
MoxHO NpeHebpeub. Oprako-HabsiogaeMas NMJIOTHOCTEL Oe-
JILIX KapJaukoB poxouut no 108 efcm3 npu cooTBeTCTBYyIOIIEM
panuyce ~ 108 cm; B cuabHO CXkaThix 0Opa3oOBaHMsX, MPO-
ananu3upoBanubix OmnnedrefiMmepom 1 BOJKOBLIM, a Takke
Tappuconom u Bakaro, njorHoctb pocrturaer 10 2fcu®.
CJyie0BaTENbHO, HHTEPECHO V3HATH, MOTYT JH HEHTPHHO CBO-
601HO NPOHHUKATL [aXKe CKBO3b TaKHe 3BE3[H.

IOBema wuccnenoBan OTHENbHO cAyuaifl BEICOKOM M HHU3-
kol myorHocrell. ITpu BHICOKOH mjotHOCTH ~1015 2/cmd
5JIEKTPOHB! (pepMHEBCKOro (POHa HMEIOT BEICOKYIO 3HEPTHIO;
HHTEpecywollas HaC SHEPrusi HeHTPHHO TAaKKe BLICOKE, M
OCHOBHHM nponeccoM B paccmorpeHHd lOpeMn (tabus. 16)

Ta6ruya 16

Cpennas aauHa cBoGomHoro mpobera A npu p = 10'° 2/cm3
B NPEeNNnOJOWEHHH, 4T0 nNpeodnafawiim gBisgeTcs npouece

v+e—->p-tv|6]

E,, Mss

21,3 l 234 l 27,7

36,2 ‘ 45 ‘ 128

73108 l 5,7-10° l 1,55 104
[

A CHM l vs! 13- 102 ‘ 19
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sBJjsieTcss nponecc v+ e—>pu +v. M3 nawneix IOBembl
(A = oo npu 3Hepruu HuXKe 21 Ma3s) -caenyer, 4TO HYKHO
aHaJu3UpoBaTh JlaJIbHEHIINEe [pOLEeCcCHl, Npexje 4eM Mo-
JIYYHTCH JOCTOBEPHBLIH npefes s [0JM SHEPruH, YHOCHMOH
HelTPHHO M3 OUeHb NJNOTHBIX 3Be3d. [Js 3Be3n ¢ MeHbluel
NJIOTHOCTBI) OCHOBHBIMH ppouneccamu OyayT

vt+n—>p—+e,
v4-p+e —n, (192)
v+p—>n-tet.

IOpeMa nan TaGiuubl H gHATCPAMMbI, H3 KOTOPBIX MOXKHO
BLIYKMCIIHTL OPO3PAUHOCTL AJisi GeJIbiX KAPJIHKOB 10 OTHOLIe-
o K HeltpuHo. HHrtepecHo O6buio OB nNOCMOTPETH, fAb-
JIIETCH JIM 3Ta NMPO3PAYHOCTb AOCTATOYHO CylleCTBEHHOH AJs
pacueToB 3BOJIOUMH 3Be3Jll, YTOGB MOXKHO OBJIO NMPOBEPHTb
NpOLECC MOIJIOUWIeHUs] HeHTPHHO, HE3aBUCHMO OT SKCHepH-
MeHTOB Pefinca — KoysHa.



Tarasa VI

CJIABOCTb HENTPUHHBIX B3AMMOJAEACTBHH

B nacrtosiiee BpeMst HeT HUKAKOro oGbsICHEHHS TOMY, T10-
yeMy HeHTpHHHEE B3aHMOAEHCTBHS TaK c/ialb no cpaeBHe-
HHIO € 3JIeKTPOMAarHHTHBIMH B3aHMOAEHCTBHSIMH UM TIOUEMY
OHHM TaK CHJIBHBI [0 CPABHEHHIO C FPaBHTAHOHHLIMHU.



TFrasa VI

ILEHTPAJIbHASl POJIb HEATPHHO
B ®HU3HUKE 3JIEMEHTAPHBIX YACTHL

B 3akmoueHHe MOXKHO CKasaTth, uTo npensupeHus Pu-
MmaHa, Knnbddopaa n DiHITEIHA 0 YHCTO TeOMETPHYeCKOH
ocHoBe (PH3UKH MpEeACTaT Teneps Ha Oojiee BBICOKOM 3Ta-
ne CBOEro pa3BHUTHS, YKasbiBalOT Ha OoJiee IMMpOKHe nep:
CAEKTHBE M BHIBHUTraiT Oosiee riayOokue npoGJieMbl, ueM
Korga-aun6o paHblue. KBaHT NeHCTBHS NpHIaeT reoMeTpoau-
HAMHKE HOBBIE XapaKTepHEie ueptThi, Hanbosee BaxKHOH H3
KOTOPHIX fIBJISICTCA CyleCTBOBaHHe (DJIYKTyallHil THNa py4ex
BO BCceM mnpoctpaHcTBe. Ecnu HMeercss BooGiue Kakoe-sHG0
COOTBETCTBHE MEXKAY 3TOH BHPTyaJbHOH neHonogoGHOMN
CTPYKTYPOH H (DH3HYECKHM BaKYyMOM, KakK 3TO MOHHMMaeTcs
B KBAHTOBOH 3JIEKTPOJHHAMUKE, TO, NO-BUAUMOMY, HET HHO-
ro BHIXO/1d, K&K COMOCTABUTb 3TH PYUKH C «TOJIBIMH» 3JIeK-
TPOHAMH. IJIEKTPOHB M ApyrHe 3jeMeHTapHble YacTHUH
()M3MKM, COIJIACHO BCEM HMEIOLIMMCH YKa3aHHUsIM, COBep-
LIEHHO OTJIMUHE OT 3THX <«IOJIBIX» %JeKTpOoHOB, [las peasb-
HBIX YaCTHI[ reOMeTPONMHAMUYECKAsT KaPTHHA npeanoJaraer
MOJ€JIb KOJIJIEKTHBHBIX BO30YKIEHHII B BHPTYaJbHOM HeEHO-
nogoGHOM BakyyMe, aHAaJIOTHYHO pasJIMuHBIM BHIAaM (oHO-
HOB HMJIH 3KCHTOHOB B TBEPJOM TeJe.

OrpoMHasi pasHUIA MeXAYy SAepHOH MJIOTHOCTBIO
~10" gfem® W QAYKTYalUMOHHOH MJIOTHOCTBIO SHEPTHH MOJIA
B Bakyyme ~ 10% e/cm3® nokasbiBaeT, YTO NPUCYTCTBHE 3Je-
MEHTapHOH YaCTHHH B TPOUEHTHOM OTHOUIEHHH BHOCHT
COBEPLIEHHO npeHeGpeKUMble H3MEHEHUs B GYpHBIE JIOKaJlb-
Hbie yCJIOBHS, XapaKTepH3ylolline BakyyM. JIpyruMH cjioBamu,
sJieMeHTapHble 4aCTHUbl He NPEeACTAaBJASIIOT AeHCTBHTENbHO
(¢byugaMeHTaJbHOrO OTAPABHOIO MYHKTa JJis ONHCAHHUS
npuponsl. HanpoTuB, OHM npeacTaB/siioT COGOH  TOJBKO
NONpPaBKy NEpBOro nopsigka kK (Hsnke BakyyMa. B kauecte
fepBoro Iara HaAo HanJexawuMm o6pasoM onucarhb 3TOT
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BaKyyM C €ro KOJIOCCAJIbHOH RJIOTHOCTBbIO BHPTYaJbHBIX (O-
TOHOB, BHPTYaJIbHHX IOJIOKHTEJBHO-OTPHLATENbHEIX nap H
BHPTya/lbHBIX DyKaBOB, Tpexje ueM NOsBHTCA (QYyHAaMeH-
TaJbHBIH OTNpPAaBHOH NYHKT [AJist TeOpeTHUeckoro aHaJin3a
YK&3aHHBIX NONpaBokK.

STH 3aKJIOUEHHS O MJIOTHOCTH SHEPTrHH B BAKyYMe, O €ro
CJIOZKHOM TONOJIOrHYECKOM Xapakxkrepe W o GorarcTee (pH3H-
yeCcKMX MNpolecCoB, NMPOHCXOASIUUX B BaKyyMe, He NPOTHBO-
peuat SIBHO TOMY, YTO HM3BECTHO O BAaKyyMe H3 KBAHTOBOH
sqaekTpoguHaMukn. HanpoTus, BHIBOAE O npolleccax Ha «Ma-
JBIX paccrosiHusx» (~ 10738 cm), paxe npH MX npeaBapH-
TeJILHOM XapaKTepe, H O nmponeccax Ha «0OJbLIMX PaccTos-
Husx» (107! ¢m), no-BHAMMOMY, MOTYT NMOAKPeRJsAThL APYT
Ipyra ecreCcTBeHHHIM 006paszoM.

HuinemHsas: reoMeTpofHHAMHKa HMeer CJeAYOHH oue-
BHAHBIE HepnocTatoxk: 1) Owa He mosicer 8KAtOHUTH ecTecT-
BeHHbIM 06pa30om vacTHUB CnuHa /o BooGe u ﬂequuno
B uaCTHOCTH.

He tosbko 3Ta npobseMa siBjisieTcsi BaKHOH. OHa MO-
XeT MMeTb IyOOKYI0 BHYTPEHHIOIO CBSI3b C JPYTHMH ue-
THEIpbMS HepeleHHbIMH npobjemamu: 2) MoryT Jn nieu pu-
MaHOBOIl TeoMeTPHHM H reoMeTpoAHMHAMHKH OBITH nepedop-
MYJIHPOBaHBl B TAKOM BHJIE, 4TOGBI KOHIIEANHS OTHOCHTE/b-
HOI «hasbl» ABYX YIaJieHHBIX TOueK npHoGpesa NPOCTOH
cvpicn? 3) Ilouemy sJjieMeHTapHBIE 4aCTHIB! HMEKT €1H-
HuyHbif 3apsin? 4) KakoB MexaHmnsM, CBsI3bIBAIOILHI 3aps-
JloBOE CONpsiKeHHe W TNPOCTPAHCTBEHHYIO HHBEpPCHIO?P
5) MoxHo g wu3bexaTb HapyLlIEeHHS 3aKOHa COXpé-
HEHHS HYKJOHOB B LEHTpe 3Be3db ¢ KPHTHYECKOH
Maccoii?

Ho u3z HeliTpHHHOH TEOPHH M reoOMeTpOJHHAMHKH BHITE-
KaloT He TOoJIbKO npoGieMbl, HO H NpeaCKasaHus, GOJIbIIHH-
CTBO M3 KOTOPBIX ABJISIOTCH OGBEKTOM SKCNEPHMEHTaJbHOM
npoeepkH. Cpean HanGosiee MHTEpPECHHIX NpeACKasaHHi, Ko-
TOpEE 1O CHX TOp elile He MNPOBEPEHb, OKA3HBATCH:
1) MUHMMaJBHBEI BHAMMBIE YIJIOBOH [AMAMETP THAHYHBLIX
raJakTHK Ha HEKOTOpOM yiaseHud (Gosee ynasieHHble, Tak
e Kak u Gosiee G/M3KHe TanaKTHKM, GYAYT, KaK 9TO npel-
CKasbplBaeTCs, UMeThb GOJILIIMH YTJIOBOH nHaMeTp) u 2) MHo-
FTOKpaTHOCTh M3006paKeHuH, AOCTATOYHO YAAJEHHBIX CBeTS-
muxcs oGbekTOoB; MMHMMAalbHOEe paccTosiHMe, HeoGXomuMoe
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Anst HaOJioneRusl 9THX 3¢heKToR ¢ GOJBLIOH BEpOATHOCTHIO,
CBSI3A2HO C KOJIHYeCTBOM SHEPTHH, nepeHOCHMOH AJHHHOBOJI-
HOBBIM TpPaBHTAIIHOHHBIM H3JyueHHEM. -

O CBOHX NOCTOSIHHHX HaneKAax OOGBSICHHTL aTOMHHE
fIBJIEHHS] Ha OCHOBE TeOpHH noJjs JDiuuTedH [166] nucan:
«Bce 3TH MONBITKH OCHOB@HB Ha yGEXKAEHHH, UYTO peaJtib-
HOCTb HMe€eT TNOJIHOCTBhIO rapMOHHUECKY1o CTpYKTYypy. Hune
MBl HMeeM MEHbLIe, YeM KOrfa-Ju6o paHblie, OCHOBaHMH
JONYCTUTh YBECTH ceOs npoub OT 3TOr0 3aMeYartesibHOro
yOex 1EHU Y.

ABtop BBIpaxkaer npusHateapHocts npod. XK. ITosb-
BaHu, npod. JI. Papgukaty M yuacTHukam JerHeil ¢usnye-
ckoii mKkosel B Bunna Monacrepo (BapenHa) 3a CTHMYyJH-
pylomque Oecelltl HO BOOpocaM <JabblX B3aHMMOAEHCTBHI;
n-py C. Finsmoy, T. @uanncy u 1. lapny 3a nomouis B co-
CTaBJIEHHH KOHCMEKTa JIEKIIMil; MHOIMM COTPYAHHKaM H KOJ-
JleraM 3a JUCKYCCHH,
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1. KIIACCHYECKASI ®HU3UKA KAK FEOMETPHS

FPABUTALLUS, BJIEKTPOMATHETH3M, HEKBAHTOBAHHBIE
3APAZR U MACCA KAK CBOHMCTBA HCKPHBJIEHHOTO
nycroro nmPOCTPAHCTBAT)

Y. Musnep u Hoc. Yunep

C. Misner and J. Wheeler, Ann. of Phys, 2, No. 6, 525—603
(1957)

Ecnn knaccnyeckylo (U3HKy paccMaTplBaTh KakK COBOKYITHOCTB TEO-
pHil rpaBHTaUuH, cBOGOJHOTO OT HCTOYHHKOB 3/EKTPOMAarHHTHOTO NOs,
HEeKBAaHTOBAHHOTO 3apfjla H HEeKBAHTOBAaHHON Macchl, CBf3aHHOH € KOH-
LeHTpaudei 3HepruH 3JeKTpOMarHHTHOrO MoJs (recHOB), TO KJaccuue-
ckast ¢u3vKa MOXKeT GbITb OMHMCaHa C MOMOIUBIO MCKPHUBJIEHHOTO MYCTOrO
npocrpaHcTBa H Huuero GoJbuie. IIpH 3TOM CyllecTBYIOINAsl TEOPHSt HH-
KaK He MeHsieTc. D1eKTPOMArHHTHOE MoJjie 3ajJaeTcsl «MaKCBEJJIOBCKHM
KBaJIpaTHbIM KOPHEM» CBEPHYTOrO TEeH30pa KpHBH3HbI PHuum n DHumTeH-
na. Kak nokasaa Palinuu TpuAnate Jet Hasaj, ypaBHeHuss Makceenna
CBOJSITCA TOTZA K NMPOCTOMY YTBEPKAEHHIO O CBSZH KPHBH3HBI PHuum co
CKOPOCTBIO €€ M3MeHeHHsH. B MpOTHBOMOJONKHOCTL JAPYTHM elHHLEIM TeO-
pHSIM MoJs B 3TOM cayuae oObyuble Teopud MakcBensa u DifHiTeHHa
NPHBOIAT K «UCKOHHO euHOH TeopHH no.is». JleTalbHo paccMaTpHBAETCH
3TO YHCTO FeOMeTpHYecKoe OMHCAHWEe 3JIeKTpOMarH{ernama. 3apsaj NOay-
YaeT eCTeCTBEHHYIO HHTEPNPETALMIO C MOMOLIBIO 3JIEKTPOMATHHTHHIX [10-
Jieil Ge3 HCTOYHHKOB, KOTOpHle 1) BCIOAY MNOAUMHSIIOTCS YpaBHEHHAM
Makceenia st MycTOro NPOCTPAHCTBa, HO 2) 3artiaHbl B «PYYKH» MPO-
CTpaHCcTBA € MHOTOCBA3HOM TomoJsorneii. B TakoMm mnpocTtpaHcrBe 3.1eK-
TPOMarHetnsM MoxeT OHITh fl0APOOHO OfnHCaH ¢ NMOMOLLBIO CYILECTBYIO-
LIMX M BeCbMa f0JHO pa3paboTaHHBIX DPasz/eIoB MaTeMaTHKH — TOMOJO0-
THH ¢ TEOPHH TapMOHHYECKHX BEKTOPHBIX MoJel. DJieMEeHTapHble YaCTHIIbI
H «peanbHble MacCHl» NOJHOCTBIO HCKJIOUEHEl K3 PACCMOTPEHHS Kak
OTHOcAU(Hecss K 00JacTi KBaHTOBOI (PU3HMKH.

1) Hacrosuuas paboTa npeicraejisier cOGOM LIECTYHO YacTh HCcJe-
AOBaHus, MNOCBALIEHHOr0 KpPHTHKe KJaccHueckoll TeopHH moas. [laras
YacTe ony6sukoeana B KypHane Physical Review [97, 51 (1956)].
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«$1 nmepemaw, HO He TBOPIO;
sl HCKPEHHEe YBarKaw JPEeBHOCTbY.

Kongpyuyull
1. BBEJEHHE

SIBJISIETCS 1A MPOCTPAHCTBEHHO-BPEMEHHOP KOHTUHYYM
JIMLIL APEHOM AJIsl SABJIEHUM WJIHM MM WCYEPIIBIBAETCSI BCE?
KJACCHYECKASl O®M3MKA KAK CCGBOKYIMHOCTL TEOPHM TPABHMTALIMM,
3JIEKTPOMATHETU3MA, HEKBAHTOBAHHDBIX 3APSIJIA U MACCHI. BCE 3TH
YETBIPE TOHATHST OIMUCHIBAIOTCSI € INOMOIIBIO ITYCTOIO UHCKPHB-
JIEHHOI'O IIPOCTPAHCTBA BE3 KAKHUX-JIUBO HAOBABJEHUK K IIPU-
HATOV TEOPHWH. 3JIEKTPOMATIHHUTHOE TIOJIE KAK «MAKCBEJIJIOBCKHFL
KBAJPATHBLIFI KOPEHbL» OT CBEPHYTOM KPHBW3HLL HEKBAHTOBAH-
HBIP 3APSII OINMHMCAH C MOMOIIBIO MAKCBEJIJIOBCKOIO TII0OJIS BE3
HCTOYHUKOB B MHOI'OCBJA3HOM NPOCTPAHCTBE. HEKBAHTOBAHHAS
MACCA COIIOCTABJISIETCSlI 3HEPIHH 3JIEKTPOMAIHHTHOTO T[10J14,
YIAEP)XMBAEMOIO KAK OJHO LEJIOE Er0 COBCTBEHHBIM TI'PABUTA-
TIHOHHLIM IIPHTSIPKEHHEM. HCTOPHSI TEOMETPHYECKOM TPAKTOBKU
®HM3WKH. PESIOME CTATEHH.

HmeroTcss gBe NpsAMO NMPOTHBONONOXKHBIE TOYKH 3PEHHS
Ha CYINHOCTb (PU3HKH:

1) TIlpocTpaHCTBEHHO-BPEMEHHOH KOHTHHYYM  CJYXKHT
JIMIIL @peHOl TPOSIBJeHHsT noJiell U 9acTHU. DTH MoCJefHHe
CYIHHOCTH 4yXjbl reomerpun. Mx cneayer noGaBUTL K reo-
MeTPHH AJS TOro, 4yrto6u BoOOILE MOXKHO OBLJIO T'OBOPHTH
o Kakoh-nubo pu3sMke.

2) B Mupe HeT HHYEro, KpoMe RyCTOTO HCKPHBJEHHOIO
npocTpaHcTBa. Martepusi, 3apsim, 5/1€KTPOMarHeTM3M H Jpy-
rve NoJsi ABJSIIOTCH JHIIL NPOSIBJAEHHEM HCKPHUBJEHHS fipo-
cTpaHeTBa. PU3LUKQ ecTy eeoMeTpusl.

Llesnb HacTosimell CTaTbH COCTOHT B TOM, YTOOHl NOHSTH,
B KAKOH CTENEHH KJIACCHUYECKYIO (PM3MKy MOXKHO paccMaTrpH-
BaTh KaK reOMeTpHI0. 37ech He OymeT MATH peyb O 3ame-
yaTesiLHOM pe3ysabTaTte!) KBAHTOBAHHSI 3TOH YMCTO KJIacCH-
YeCKOfl «reOMeTPoHHAMUKHY (CM. Taba. 1).

OnucelBast KAacCHUECKYI0 (PU3HKY Kak TeoMeTpHio (B
cMmblcsie Taba. 1), MB He H3o6peraeM HOBHIX Hped. Mu onu-
paemcs Ha 3JIeKTpoaMHAMHKy Makceesnsa 1864 r. nas myc-
TOrO NPOCTPAHCTBA, HA ero (opMy/nHPOBKY TeH30pa 3Hep-
Ty — HMIYJIbCA — HATSXKEHHH 3JIeKTPOMAarHuTHOrO noas Y

) YacruuHoe oO6CyK[eHue HEKOTOPbIX aCneKTOB 3TOH Npo6jeMbl
cm. 8 paGorax Musuepa [1] u Yunepa [2].
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Ha SHHIITEHHOBCKOe ONHCaHHe TpaBUTALHOHHOTO NOJA
(1916 r.) ¢ noMoLEI0 HCKPHBJEHHOrO npoctpancrea. Orpa-
HHYHBAACh KJACCHYECKHMMH MOHATHsIMU (TabJ. 1), mbl GepeM
B KayecTBe HCTOYHUKOB METPUYECKOrO MNOJist g,, UCKAIOYU-

7e16H0 sneKTpomariuTHoe none Fog=(c?/G")f .5, 1 npuTOM
TAKOE 3JIEKTPOMArHUTHOE T1oJie, KOTOpOE €aMo He umeeT
HUKAKUX UCTOYHUKOB8 )

-

1 Of s
Sh [aBYa}é% =0 (ogsa rpynna ypaswenuii Makcsenna), (1)
1 o -
(—g) /Za_x?'_ ("‘g)l JS =0 (npyras ux rpynna), (2)

1 N 1
» D gaB“ = RaB - —2— gaBR = 2fa€»f-§_ —2— gaﬁ (fo'tfct) (KpHBHSHa
METDHKH [IDH HAJMMUHH MAKCBEJJIOBCKOH IIOTHOCTH SHEPIMH-HMIYJbCa-
HATSIKeHHH). 3)

1) Mb ucnosib3yeMm clienyiowlHe oGbuHble 0GO3HAUEHHS: TpeuecKue
HHJIEKCEl OTHOCATCA K 4-MEpHOMY NPOCTPAHCTBY; JIATHHCKHE UHIEKCH -—
K 3-mepuomy. Yereepras koopauuata x° (=T =cf=«KoBpemsi» B IJOC-
KOM mnpocrtpaHcTse) Oepercst ¢ HHAeKcoM ( anisl npellOTBpalLeHHMs He-
JlopasyMeHu#i, TaKk Kak B clellUasbHOll TeOPHH OTHOCHTeJBbHOCTH x* 060-
suauaer icf. CoGcTBeHHbIH HHTEpBas IJIMHBL dS UM coGCTBEHHBIH HHTEp-
BaJ KOBpeMeHH dT MexXIy NBYMSl COCENHHMH COOBLITHSIMH OMNpellelisieTcs
Kak

(ds)* = — (dn)’ = g,q dx" dxP.

B nnockoM npocTpanctBe H B EKapTOBbIX KOOPJAHHATAX MeTpHUECKHH
TEH30p HMeeT AMaroHaJbHbIH BHJ, H €ro JAHaroHajibHble 3JieMEHTH paB-
upl coorsercteenHo —I1, 1, 1, 1. B 3710fi craTee 4acTo HCIOJB3YIOTCH
NPOCTPAHCTBEHHO-NOAOOHEIE THNEPNOBEPXHOCTH, Ha KOTOPHIX yHoGHee
BBOJHUTb [OJIOKHTEJIbHO ONpENeseHHYI0 MEeTPHKY, K uYeMy H MpHUBOIHT
HacTosilMA ee BHIOOp (CM. Takxke Mouorpaduu Ilaynu, Jlaunay H Jlud-
umna, flyxa u Popnauxa). JlerepMHHAHT igasl MEeTPUKH B 4-npocTpaH-
ctBe oGospauaercst uepe3 g, a jerepMuHant | €| Metpuku ua mnpo-
CTPauCTBEHHO-NIONOGHOH THIepnoBepXHOCTH — uepe3 3g. CpenH 1pyrux
Ba’KHBIX BeJIMUHH clenyeT YNOMSIHYyTb KO3(GHIHEHTH CBA3HOCTH

1 ( Oy | 08y agaﬁ).

T, = [—2 :
BT 9\ ax® | 9P ox

HMEOLHi NBajLAaTy pa3JidiHblX KOMIOHEHT TeH30p KpuBH3HBI PHMana
$yeT
or.* or}t
. T vo » N __ [iE .
/ Rv";r - Ox° - Ox® + I‘a'q I‘v‘:. r‘rq rva ’
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OTH ypaBHEHHsI OMHCHLIBAIOT 5JIEKTPOMArHeTH3M H rpa-
BUTAIHNIO KAK CAMOCOIVIACOBAHHYIO, HO 3aMKHYTYIO JHHAMH~
YyecKylo CHCTEMY. :

PeinM ypaHeHus (3) Ansi npuBeieHHOro 3JeKTpoMar-
HMTHOTO 10JS [, BBIDA3HB €ro 4epe3 CBEPHYTHI TEH30p
KpHBH3HH R,5. IlogcraBum mosnyuyeHHble BhIpa:KeHHs B ypa-
pueHHst Makcseqna. Torpa comepxkaHue ypasHeHHii Makc-
peJula — DUHIITEHHA BBIPA3HUTCST HUCTO 2eomeTputecku. 3ta
nporpaMma Oblla  peasiH3oBaHa PaiimHueM B BaKHOH

CUMMeTPHUHBEIH Teu30p Putuu unn cBepuyTHi TeH3op PuMaua
a
R,,=R

v oc*

HHB2pHAaHT KpHBH3uH R = R (ckansipHylo KpHBH3HY); ofobilenHe one-
patopa JlanamGepa Ijsi rpaBHTAUHOHUBIX NOTEHIHANOB

1
"Dgpv“ = Rpw_ fgpvR

H, H2KOHel, 3JeKTPOMATHUTHBle notenuHansl A, CBA3aHHBIE C TEH3IOPOM

SJIEKTPOMArHHTHOrO NnoJist COOTHOLIeHHeM ‘
0A; 04,
Faﬁ == = _— ——-\3- .
. ox' ox'

CumBos1 npeoGpasoBaHust JyaJbHOCTH, KOTOPBI 4YacTo nullercss B BHle
€.y He SIBIETCS TEH30pOM H 0003uauaeTcss 31ech Kak [B73].

On MeHsieT 3HAK NpH [epeCcTAHOBKE JIOOHX JIBYX HHIEKCOB, TPHUEM €ro
kounoueuta [0123] paBua enunuue. Teusop (¥F)yy, AyanbHbili anTHCHM-

MeTpHYHOMY TeH30py Faﬁv OﬁpelleHEH COOTHOLIeHHeM -
1 1, oa i
(*F)uv=-2"(—g)2[l“‘vc’t]g 4 Faﬁ-

TeomeTpusoBaunbiM  HaNpPsAXKEHHOCTAM SJEKTPOMATHHTHOTO 110JIS fep=
= (G'/s/c2)Faﬁ CONOCTABNAITCH TeOMeTPH30BaHHEle 3JEeKTpOMarHUTHbIE
NoTeHuuanb 0O = (G'%2/c2)A,, saBnsowmecss GezpazmepHeiMu. B nio-
CKOM npPOCTpaHCTBe H B JIEKaPTOBHIX KOOpIUHATAX:

dx! = dXx,— cuBur B HanpapJieHHH OCH X,

dx® = — dx, — unTepBan KOBPEMEHH,
A' = A,— x-KoMnoneHTa OGBHIYHOrO BEKTOPHOrO MNOTeHUHana,
A= — Ay — o6biuBLE CKanapubi notenuuan V (B enumHuax
CGSE),
Fa3 == — [39— x-KOMNOHEHTA MATHHTHOTC HOJA,

Fiy = — Fy— x-KOMNOUeHTa 3J1eKTPHIECKOrO MOJiA.
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pabore [3]!), koTopas ocrapajachk [0JIrOe Bpemsi He3aMe-
yeHHOU. Pe3yabTaT 5TOT NpoCT.
1) CummerpuyHbifi TeH30p Puyun R,; MoxkeT ObITh Onpe-

JleJleH, corJacHo ypasHeHHo (3), Kak «MakcpeJjiopcKHH
KBafpar» aHTHCHMMETPHUYHOrO TE€H30pa [, B TOM U TOJBKO
B TOM cJjly4ae, ecliH 5T0T TeHs3op (¢wur. 1), Bo-nepsbix, uMeeT
clel, paBHBIA HyJIO, H, BO-BTOPBHIX, KBaApaT €ro nponop-
HHOHAJIeH eIHHHYHOH MaTpHIE

R=R,=0, 4)
. R.R"
—— 0

IlostomMy ME TpebyeM, 4ToObl TeH30p PuuuH ynoBJjieTBOpSI
3THM YCJIOBHSIM.

2) B sToM caydae cBepHYTHIH TEH30p KPUBHU3HBEI OfHO-
3HAYHO ¢ TOYHOCTBIO [0 HEKOTOPOIo NPOM3BOJLHOIO yriya
o onpepeJsierT JOKaJbHOE 3HAYEHUE NMPHBEAEHHOIO SJEeKTPO-
MAarHuTHOTO TeH30pa Hanpsi:KeHHOCTH [,.. CUMBoJIHYeCKH
5Ty CBSI3b MOXKHO BHIPa3UTh B (popMe 2)

fc‘: = (RMaKCB. Kopeﬂb)g“: cos a -+ (* Rmaxcs. KOpeHb)g-; sin a. (6)

3) B ypaBuenuss Makceenna noacrapsisieTcsi BhlpakeHUe
JUIS. HanpsXKEHHOCTH S5JIEKTPOMArHUTHOTO [O0JISt Yepe3 KpH-
BH3Hy Puuun. HaunHasi ¢ 95TOro MOMeHTa, 3aKOHH 3JI€KTPO-
JUHAMHKH NpHoGPeTaioT 4UCTO reOMEeTPUYECKHE XxapakTtep.

1) Jlaxke B Gonee noapuefl kuure Paiinnua [4] sta paGorta mHe
yuTeHa MNpEXpe BCer0 BBHAY €ro MHOAXONA K KJACCHYECKOH (H3HKe,
OTJIMUHOrO OT HcCJiefyeMoro B Hacrosiuuefl cratbe. Mbl 3amssuce mpoG-
nemoil Boipaykenust ypapHemuéi (1) — (3) B paMKax <«HCKOHHO eJuHOH
Teopuu», U ofud H3 Hac (Y. Mmusnep) HesaBUCHMO npHlle]l K pe3y.b-
tataM Paifinyua, elne He 3mas O ero ueHHOM HccenoBaHuH, Boamoxk-
HOCTh NOCTPOEHHS! TAKOH «HCKOHHO efHHON Teopuu» Oblia Ham Brep-
BHe MoJlckazaua A-poM X. DBepeTTOM.

2) Mul BeipaxaeM Hallly mpH3HaTesdbHOCTh npodeccopy B. Baprma-
Hy, KOTOpbIfi JBa rojaa Ha3al oOpaTus Halle BHMMaHHE Ha YPaBHEHHS
(%) n (6), 3ameTuB, UTO HX cojepKaHHe ObJIO He3aBHUCHMO OGHApyIKeHO
pAas3JIMUHBIMH HCCJieJloBaTesIiMY, H BHIDAa3WJl €ro CYIHOCTb B M3JIOXeH-
HOH BHIe HCKMouuTeNbHo npoctodt ¢opme. IlepBoHauanbHoe NOKa3a-
TeICTBO Obiio Nano camMum Paiiiuuem [3]. Dtor pesyibrar HesiBHO (u-
rypHpyer B Teopeme V B paGore Cumra [5] (cm. Takke kuury Cun-
ra {6], crateio Bouropa [7] u auccepraumo JI. Mapud [8], 3a koropyio
MBI BHIPaXaeM mnpusHaTenbuocTs JI. Mapud).



dur. 1. YiopomenHe paccmMOTpeHHst TEH30pa 3HEPrHU-HMIYJAbCA-HATH:
JeHdil IpH NepeXo/ie K JOKAaJbHO JIOPEHLOBOH CHCTEME OTCYeTa, B KO-
topoit Bektopa E v H napaanenvunl (cm. npumeuanue 1 Ha cTp. 52).

C./1€60 — BEKTOPbl HANPSHKEHHOCTH SJAEKTPUUCCKOro M MAarHMTHOIO [OJeH B MCXOLHOI
chcTeMe OTCueTa. YWTATenO IpeanaraeTcsi BHMMCAWTL NMOTOK sHepruu ¢ [E x H)4w,
nnotHOCTL SHeprum (E24-H?)/8n 1 mx OTHOweHKne — CKOpOCTL V. Cnpase —KoHDUrypa-
yH# [0ell B ChcTeMe KOOPAHHAT, ABMKYMIEACE € BTOR ckopocTbio. 110TOK sHeprum
poxen obpamartbess B Hyaw. Ilostomy E/ u H/ 6ynyt napanneasHs. HasoBem ux
obuiee Hangaanenue ocblo X/. Brosb s5tofi OCHM CymecTByeT MAaKCBEJJIOBCKOe HaTg-
P
wenne (E/ +H’2), a BIONb IBYX WEPHeHAMKYJsipHHX el oceit ¥/ u 2/ —crTonp we
£HALHO® MaKCBEJIOBCcKOe HapjeHue. [loaToMy TEHS0pP SHepruu-HMITYJlbCa-HaTEKeHulH
wMeeT Bull
—I
Fr? -1
8n 1 ’

™

rie F72 —cokpamennas 3anuch MHBApHaHTa

PR —E2 e =2 —n?) pa @ PR
=[(E— M+ 4 (E - He=[(E+ HP —4 (E x Hpl'h.

ITOT TeH30p OOjanaeT AByMs BaXHBMu CBOHCTBAMM: 1) ero cClei paBeH HyJQO M
2) KBagpaT ero HpPONOpuUMOHAjeH ennuuyHOH Matpuue. Oba cBoHcTBA He B3aBHMCHT
oT BHOOpa KoOpIMHATHOR cucTempl. OHu BHIIOJAHAIOTCH HE3ABMCHMO OT TOTO, fB-
AgeTcs MM TeHsop MakCpesia NMAarOHaNbLHBIM MM HET.

PaccMoTpuM Terepb, HAOOOPOT, BEIIECTBEHHbI CHMMETPHYHBIEL TEH30p, Obnanarouinit
cpoficTeamu (1) H 5’2). MowHO HallTH KOOPAMHATHYIO CHCTEMY ¢ BHULENEHHBIM Halpasie-
HuEeM X/, B KOTOPOI 3TOT TEH30p NPHBOINTCA K YKa3aHHOM BHIUE AMATOHAJBHON (opme.
B yacTHocTH, €pasy e MOKHO HaHTH WHBAPHAHTHYIO BeJMYMHY HANPAWKEHHOCTH MOJS

F7

__[(8x . Tensop Maxcse.n.na)i]'h
| (Envirnunas matpuua) '

3aTeM cnexyeT BHOpaTh IIPOM3BOJBHEI yroil o M onpedesuwms BexTopmt E/ u H/,
ManpaBjeHHBe BLOJE BHIOpaHHON oc x/ 1 obnanaoume aGconOTHON BEAHUMHON

E/=F’sina, H/=F’ cosa.
Bexroput E/ 1 H’ onpeleneHs OAHO3HAYHO € TOYHOCTHIO IO €AMHCTBEHHOTO NPOM3BOND-
HOro napaMetpa a. IipeobpasyeM OnpeneseHHOE TakuM oBpasoM BAEKTPOMATHHTHOE
ToJie Kk UCXONHON cucTeMe OTcyeTa. ﬁ:m STOrO I0Jsi MAKCBeJJOBCKWI NOAXON K TeH-
80pY HaTm(eHHH NpPMBOIMT K CHMMETDMYHOMY BHIP2XEHMIO, € KOTOPOrO MBI Hayaau
9T0 paccyxmenme.
OTH paccymneHus TepsIOT CHAY, KOCLA SJAEKTPOMATHMTHOE MOJNE SIBASETCH HYJEeBHM,
Korna sextop E mepneHnukyaspen H n no aGcomornolt Benwuune pasen H; onnako
YTBEpXKneHue B TEKCTe BCE K€ OCTAeTCsl cnpaBemIuBEIM.
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Bo-nepBrix, ¢ NOMOUBIO NPOM3BOLHON TeH3opa Puuun MEI
CTPOHM BEKTOpP a., onpedeasembili COOTHOLIEHHEM

v

. R
Nk 230 3
o= (=g IR s U

(B cnyuae mysmesoro mnojs, xorna R,R™ obpamaercs B

HyJib, HeOGX0NHM 0CO6HI moaxon.) Bo-BTOPHX, Mb TpebyeM
obpamieHtst B HyJb POTOpPA 9TOr0 BEKTOpa:

G = Oy == O, 5y = Oy, « == 0. &)

4) Hugddpepenyuarvroe ypasrenue (8) 6 COBOKYNHOCTU
¢ anrzebpauueckumu ypasrenusmu (4) u (5) codepacur 60
8MOAHE 2e0MeTPULeCKOl (opme KaK 8¢10 31eKTpodunafiuKy
Maxkceenna 8 uckpusierHom nPocTpancTee 6e3 UCTOUHUKOS,
TaK u 30KOHbL JUHWTEURA UCKPUBACHUS NPOCTPAHCTEA ITUM
nonem. YpapHenus (4), (5) u (8) cocTaBAsOT TO, YTO MBI
Ha3blBAEM <«UCKOHHO €[IHHOM TeOopHeH». IJIEeKTPUYECKOoe H
MarHuTHOe M0JISl He SIB/ASIOTCS CTHMYJaMHU IJs u306pererus
e[lHHOH TEOpPHH NOJISI WM BBEINEHHS TOI'0 HJIH HHOIO HOBOTO
THNA reoMeTpuu. «Hcxkowno epuHast TeopHus noJisi» Makc-
pesula, DiHITeliHa W Pafinya, H3jokeHHass B HaCrosliuel
pa6oTe, ONHCHIBAET 3JIEKTPHUECKOE W MAarHHTHOE M0Js yepes
CKOPOCTb HM3MEHEHHS] KPHBH3HB YHCTO PHMAHOBOH reomer-
puH M HHuero GoJee.

CylwHOCTL 3TOro o6beHHEHHST MOXKeT ObITh CJAeAVIOIIHM
06pa3oM Bblpa)KeHa MaTeMaTHUeCKH: ypaBHeHHsa Makc-
BeJla, Kak W ypaBHeHHs DHHIUTeHHa, ABJAIOTCS ypaBHe-
HHAMH 2-r0 MOPSJIKa; [B€ CHCTEMBbl YpaBHEHHil MOryT ObiTh
oGbeHHEHE! B ONHY cHcTeMy ypapHeHuil (8) 4-ro nopspgka.
®u3HYECKH 5TO 03HAYaeT, YTO 3JIEKTPOMATrHHTHOE ToJie Oc-
TaBJIAET OTHEeYATOK') Ha MeTPHKe, H STOT OTNEY4aTOK Ha-
CTOJILKO XapakTepeH (¢ur. 2), 4To No HEMy MOKHO Ipo-
4eCTh BCE HEOOXOOHMble CBEIEHHS 00 3JIEKTPOMarHHTHOM
noJje.

B cayuae ecsqu 3ajlaHe YHCTO METPHUECKOE MOJE, YIOBIETBOPSIO-
mee ypaBHeHHsM (4), (5) u (8) HCKoHHO ejMHOH T€OPHH TOJS, 3IJEKT-
pPOMarHHTHoe INoJie MOXKHO HaHTH caepyiomuM obpasoM. Bo-nepsuix,
BBIYHCJHM BCIOAY BEKTOP 3JE€KTPOMAarHuTHoro fnoJds ¢,, cordacuo (7).

1) DTam BHipaxenneM MH oOsizasn npodeccopy 1. Beprmany.
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Bo-BTOpbiX, BBIMHCIHM, HCXO[st H3 HeKoropoli toukn 0, umurerpan
X

a(x) = f a,dx® + 3, ©)

0

Tak Kak poTop ¢, paBeH HYJUO, MHTETpPaJl M€ 3aBHCHT OT MyTH, NO-

CKOJNBKY Da3jMupble NYTH MOryT OHIThL MepeBefedbl JApyr B Apyra He-
npepuBubiM 06pasoM. ([l MHOrOCBSI3HOTO HPOCTPAHCTBA HEOGXONHMO
HoBoe paccMotpenne.) IlostroMy ME HMeeM Ge3pasMepHOE UHCJIO HJIH
yrosa ¢, olpefnesieMHEll KaK (YHKLHS TOYKH C TOYHOCTHIO NO ANJHTHE-
HO#l nocTosiHNOI 0. Hakoweu, mojcraBiaseM 3TOT YroJ B COOTHOLUEHHE
(6) ¥ HaxoIuM 3JEKTPHUECKOE M MarHHTHoe noJe B Jo6Goil TouKe fpo-
CTPaHCTBA.

®ur. 2. CxeMaTHUeCKOE NpejCTaBJe-
Hue CBS3d MEXIY B3JeKTPOMarHnTHHIM
nojeM 1 TeoMeTpHeH.

Bsgepxy w3o6paxcenn cunoBnie suHun. [locepe-
Ourne — TeH30p HaTsHKenuii MakcBena, COOTBeT-
CTBYIOUMI 3THM CHJIOBBIM JHHUAM., DTOT TeH30p
HaTSDKEHNN CAYIKUT HCTOUHMKOM TPaBHTALHOH-
HOro 104 M, COrjiacHo JimwTeliHy, paBen
CBEpPHYTOMY TEHB0PY KPUBUBHHEI  [IpocTpan-
CTBEHHO-BPEMEHHOTO KOHTHHYYMa € TOYHOCTBIO
IO MOCTOAMHOTO MHOXUTeNs. BHU3y — Bansinue
3TO KPUBHBHBI Ha METPUKY 4-NIPOCTpaHCTaa.
Vinaue TOBOpS, 3N€KTPOMATHHTHOE MOJE HAKNa-
IbBAaeT CBON OTHEYaTOK Ha NMPOCTPaHcTBO. Bo-
jlee TOro, STOT OTNEYATOK HA METPUKE TaK
cBoeobpasen N XapakTepeu, 4TO MOXKET CAYHKUTh
Lnsi 06paTHON onepanuu BOCCTAHOBJCHHS BCexX
11e0bXOMUMBIX cBelenuil 06 snCKTPOMATHHTHOM
nose. OTcrona crefyeT YyucTO reoMeTpryeckoe
omnucaHue 3/eKTpoMarseTusMa.

)

QQ
e%%

o9 BO°
® . @@

]

AT

IREIN

Mbl BHOHM, 9TO JABHO y¥ke CQOPMYJHDOBAHHAS TEOpHs
OKa3bIBAETCst XOPOWIO NPHCNOCOGIEHHON /151 ONKCAHUSA rpa-
BHTAHHMH W SJEKTPOMAarHeTHaMa C IOMOILbIO TNYCTOro uc-
KpHBJEHHOro npocrpaHcrBa. Kak ke 06CTOMT peno ¢ sa-
psgom?

SilHwTeliH TOAYEPKUBAJ, YTO YPaBHEHHS 3JeKTpoMmar-
HeTH3Ma W o0uell TeopuH OTHOCHTEJBHOCTH HMEIOT YuCTO
JoKasjbaplii Xapaktep. OHH eBSA3HIBAIOT YCJIOBUS B OMHOH
TOYKe ¢ YCJOBHSIMH B Apyrof, 6eCKOHeyno GaH3KOH K Hed
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toure. OHH HHYEro He rOBOPSAT O TOMOJIOIHH MPOCTPAHCTBA
B LesnoM. DiHwTedH [9] pPyKOBOACTBOBAJICS TpPHHIMIOM
Maxa np# pacCMOTPEHHH TIPOCTPAHCTBA, TOMOJOrHUECKH He
SKBHBA/JIEHTHOIO 3BKJHJOBY, — COEPHUYECKOr0 HJIH IOYTH
cpepuueckoro Mupa. OpHako DHHWTEHH UyBCTBOBAJ CebA
B [OJIy Inepej MbICAuTeNeM, o6JajapiluM eue Gosee
NaJIeKO HOYIUHMH uaesMd. PuMman!) B CBoeli 3HaMEHHTOM
BCTYNHTENBHOH JIEKIHH PACCMOTDEN CBS3b MEXAY (DH3HKOM
H KPUBH3HOH MPOCTPaHCTBA — CBSI3b, KOTOpPAS JIOJHHa
YyBCTBOBATHCS HE TOJBKO Hd OUEHb OOJIbIIHX PaCCTOSIHHAX,
HO TaKX€ W Ha OueHb MAaJbIX PaCCTOSIHHUSAX: «...Mepa KpH-
BH3HB MOKET 06afaTh TOrAa B Ka)X[4OH TOYKE JIIOOLIM 3Ha-
YeHHEM B TPEX HAIpPABJEHHSX IIPH TOM JIHIbL YCJIOBHH, UTO-
6bl MOJIHAs KPHBH3HA JII0OOH H3MEPHMOI 4aCTH NPOCTPaH-
CTBA He OTJHYasachb 3aMEeTHO OT HYJNs;..». YMuHpass OBajia-
Thio TONAMH MO31Hee OT TyOepKy/e3a H MbITasCh NaTh ejfu-
Hoe OGBsICHEHHE IPaBHTALHH H 3JeKTPOMarHetuaMy, PuMman
coobminst Berty CBOW CHCTEMY pPacCMOTPEHHS TONOMOTHH
MHOTOCBSI3HEIX TpocTpaHCcTB?). KakoB ke xapakrtep 3Jek-

1) Bo BBogmoit uactn cBoeit Jekunn [10] Puman sasBua, uro «re
cBOHCTBA, KOTOPBIE BHIJEJSIOT MPOCTPAHCTBO M3 JPYTHX MBICJHMBIX
TpPEXMepHHIX BEJIHYHH, MOryT ObITh IIOUEpnHYTHl HE HHaue, KaK W3 OIBl-
ta» (uHTupoBavo no cratee Kmuddopra s paGore [11]).

2) Beiinn [12] nonuepkusaer, 4T0 ypaBHEHHS NOJf HHKAK HE MOTYT
CAYXKHTH JUIS MCKJIOYEHHS HH MHOTOCBA3HEIX, HH HEOPHEHTHPYEMBIX
npoctTpaHcTs, nofcOHex Oyrhuike Kielina, On ormeuaer, «uto Gosee
BHHMMATE/ILHOE HCC/Ie[0BaHHE MOBEPXHOCTH, BO3MOXHO, OOHApYWHT Y
yuacTKa, PacCMATPHBABILErOcsl paHee 3/IeMEHTAPHHIM, HAJHUHE B JeficTBH-
TENLHOCTH MeSbYailiMX BHICTYNAIOLIHX H3 HEro <«pyveK», H3MEeHSIOIHX
XapakTep CBSIBHOCTH 3TOr0 yyaCTKa, W UTO MHKPoCcKon ¢ GO/bLIMM yBe-
JIHUEHHEM OTKPHUL Gl H HOBbIe TOMOJOTHYECKHe YCJIOXKHEHHs! 3TOro Tuna,
ad infinitum. Touka 3peHnst PuMana nomMycKaer Takxe R JIJs peasb-
HOro TMPOCTPAHCTBA CYLIECTBOBAHHE TOMOJOTHYECKHX YCJIOBHil, mosHO-
CTHIO OTJMUHBIX OT YCJIOBHI, peasM3yeMBIX B 3BKJHIOBOM MPOCTPAHCTBE,
$1 monaraio, uto ¢uAocodcKku MJIOAOTBOPHBIA mojXon K npobieMe mpo-
CTPaHCTBAa MOXKeT OBITh OCYMIECTBJEH JHIUE C IO3HIMil Oojee cBo-
GonubIX M OOIMX reoOMeTPHYECKMX MPeNCTaBJIEHHH, BO3HHKILIHX fpH
pPa3BuUTHH MATEMaTHKH B TEUEHHE TOCNENHEro crojetus, W Ges mpenmss-
TOrO MHeHHs B OTHOLUIeHHH BoOOpaXaeMbIX BO3MOXHOcTeH, 06HapyKeH-
HBIX NpH 3ToM pas3BuTum». JiHmreiin u Posen [13] npensoxunu
B 1935 r. paccMarpuBaTe 0GBMMOE MPOCTPAHCTBO CBsI3AHHBEIM CO CBOMM
3epKaJbHEIM ABOHHMKOM NOCPeNcTBOM Kopotkux TpyGok. Takas tomo-
Jorusi sHauuTebHo Gosee clelMasbHa, YeM pacCMOTPeHHast 3Jiech
win B cnenyomedi crathe [2). DiHWTelln u Po3eH BOIpekH 3Kcme-
pIMeHTY fIDHUMHCAJAH TAaKXKe 3JEeKTPOMArHUTHOMY INOJIO OTPpULATENbHO-
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IS

TPORMHAMHKH TIPH OTCYTCTBHU 3apSJ0B B NPOCTPAHCTBE, 06-
JanaiomeM Takoil MHOrOCBSIZBHOH Tonosorueii?

MoKHO pa3BHTb TOJHYIO KJIACCH(HKANHIO BCIOLY pery-
JAPHBIX HaualbHBIX YCJOBHH JJisi ypaBHenuii Makcpenna
B 3aMKHYTOM TMPOCTPaHCTBE. DTOT aHAJH3 NPUBOOUT K He-
O6GXOHMOCTH pPACCMOTPeTh TaKXkKe CHTyallld — NofobHbIe
omucandofi oguuM u3 Hac [14} (¢ur. 3),— korna umeercs
CyMMapHEIH TIOTOK CHJIOBHIX JIMHHH 4epe3 Pyuky B MHOIO-
CBAA3HOM IIpOCTpaHCTBe [9TOT TEpMHH ynoTpebssioT TOMO-
Jord; IJs (QU3MKOB B 3TOM c/lydyde Obljio Obl HarjsigHee
noJiL30BaThCs Gosee IPKHM TepMHHOM — «KPOTOBAsl HOpa»
(wormhole)]. TloTok cu0BBIX JMHHEH, HCXOASILIME M3 TOp-
JIOBUHBEI HeOOMBIIOH PYUKH, MOKAXKeTCsl Habmopartesto, pac-
noJjaramiieMy MaJioffl paspeliamuieil cuiol nMpubopos, Io-
POXKIEHHBIM 3J€MEHTAPHEIM 3SJieKTpHueckuM 3apsunoM. Ho
37eCb HET HUKAKOH TOYKH, rpe MOKHO OblI0 6bl yKasaThb:
«BoTt 3peck Jokann3oBaH HeKoTOPHIH 3apan ') ». CuJoBble Tu-
HHH HHIZIE HE KOHYaloTCsA. DFoT (PaKT HyJeBOil [IHBEPreHIHH
HH B Kakoil Mepe He MpensTCTBYeT M3MeHeHHSAM HanpsKeH-
HOCTH mons. Cu/JOBEE JIMHHMH, He 3aXBaueHHble B pYUKH,
MOTYT HENpepblBHO CKHMATbLCH H HCUE3HYTh, KaK H B 3HAKO-
MBbIX TpUMepax B sjekrponuHamure. OHAKO 3akJiOYeHHbIE
B PYUKH CHJIOBHIE JHHHH He MOryT YMEHbIIAaTbCsl B YHCJE.
TloTOK U3 ropJIOBHHBI PYYKH HE MOXKET H3MEHHThCS CO Bpe-
MeHeM, Kak Obl CHJbHBL HH GBUJIM BO3MYIEHHUS SJEeKTpoMar-
HUTHOTO TIOJIS, KaK Obl Pe3KO HH MEHS/Jach MeTpPHKa H Kak
Obl CTPEMHUTEJIBHO HU YAANSJIMCH WJIH COJIMKAJIUCh COOTBET-
CTBYIOIIIHE pYUKH, JO TeX NOp MOKa OHH HE COJBIOTCH H HE
uamenutcst Tonojorus. M ypapuennss MakcBesuia, U 3KBH-
BaslenThasi UM (pH3HUecKas KapTUHa CHJIOBHIX Juhuii ®Papa-
Jes TJIIC TNpefcTaBleHHe O MHOTOCBSI3HOM TNPOCTPAHCTBE
NPHBOASIT HAC K 3aKJIIOUEHHIO O HEU3MEHHOCTH NMOTOKa uepes
PYURy. I1a KOoHCTaHTG Osudicerus npedcrasaner 3apso.

ONpenesieHHYI0 IJIOTHOCTH SHEpruu. Mu y3Hadm, uro npodeccop CurAX
TaKXKe OTMeTHJI Ha oaHo# u3 Jexkuwii 8 IyGiaune B 1947 r. BO3MOK-
HOCTb CYImecTBOBAHHSI MHOrOCBfI3HOrO NPOCTPAHCTBA.

1y B 1895 r. usBectnbiii ¢puzuk lenpu A. Poyaann ckasan: «...6onee
HE CyilleCTBYeT JIEKTPHUECTEA, TaK KaK CJOBO «5JIEKTPHUECTBOY, KaK OHO
HCMOJB30BAJI0CH 10 Cero BpeMeHH, O3HAYAET, 4YTO MOJApa3yMeBaercs He-
KoTOpasi cyGeTanilisi, 2 Belb HeT HHYero onpeneneHHee Toro ¢akrta, uto
snekrpuyecTso He ectb cyGcianums». (LlutHpoBano mo lappoy [15])
Ero cnoBa kak pas kctaté B HaleM cayuael



®ur. 3. CuMmBoJHuecKoe TNpeicTaBieHHe HeKBAHTOBaHHOrO — 3apana
B KJacCHYeCKOH TeopHH.

Ing HarasAMOCTY BMECTO TpeX NpPOCTpaMCTBEHHEIX MaMepeRull AaHH nBa, Bmecte ¢ TeMm
ABYMEpPHOE MCKPUBJEHHOE H MHOrOCBSI3HOE MPOCTPAHCTBO H300PAKEHO BKJIIOYEHHBIM
B TPEXMEpPHOE 3BKAUNOBO NPOCTPAaHCTBO. Bulxofsuuee 3a-Xpenensl NOBEPXHOCTH TPeThe
H3MepeHne He nMeeT (pu3nyeckoro cmeicna. KoHeuHo, TONOJOTHS K reoMeTpust 2-npo-
CTEANCTBA HAMSYYIIMM _ 00pasoM (opMyanpyeTcss 3aMKnyTHM 00pasom, 0es Takoro
BACGHERMS 9TOr0 MHOT003pasusi B NPOTPAHCTBO GOjee BHICOKOTO YMCna H3MepeHwmit.
3TO 2-NPOCTPAHCTBO MHOTOCBA3HO, 1O He ofjalaeT HMKaKnMH OcoberHocTaMM. Boobpa-
sacMmulli MypaBeH, Mojisas 10 5TON HOBEpXHOCTH, NpPOHMKAET B TYHHEsb (WIN PY4KY)
M 03HAPYIKMBAET TAM TO MC CaMO€ LByMephOe IPOCTPAUCTBO, KOTOPOC BCTpeYanoCh
eMy BO BCEX APYruX MecTax. deKTpuyeckye CUJoBbe AWHNH, CXOAALIMECs ¥ NpaBoro
BXONA B TyHHeJb, MPONOMKAIT YAOBAETBOPSATh B KaXnoik TOUke ypaBuenuio Maxc-
pesna div E=0. IToje Hurme ne nmeeT ocoGeHHOCTel, a cujlOBHE AMHNM HeusbemHO
NPOROINAINT yraybaaTecs B TyHHeab. 3aTeM OHM BHIXOIST M3 JIEBOrO eTO OTBEPCTIS.
Bue TynHeas XOH CHJOBBIX JHMHMI BOCNPOM3BOAMT KapTuuy IOAs, COS5aBaeMOro
PABHBIMH IPYT APYTY NOSOMKMTENBHBIM W OTPUIATENbHHM 3apPANaMH.
Ha6awonatens, He BOOpYWennbiii MUKPOCKONOM € ROCTETOUMBIM yBeJuueHHeM, CUNTaeT
OUCBUIHEIM CyLlecTBOBaHNE JBYX 7Odeunnix 3apanoB. OH MOXeT Name OKPYHUTD
npaBbii 3apsia TpaHUe, onpeaennuTb NOTOK NOAS Yyepe3 Hee, HENpPaBOMCPHO NpPUME-
HWThH TeopeMmy l'aycca u ,n0kasaTh“, YTO B OrpaHMUCHHON Takum 00paszom obractn
conepxurcs 3apsa. OH He 3aMeTwT, YTO HefIBHO MCIOAB30BAJ HEMpPaBUJbHLIC MpPERNo-
noxenust 0 TONOAOCMM _MpocTpaHcTBa. OH HE y3udeT, YTO ero ,rpaunna“ He orpaHu-
yuBaeT Kakyl-1u60 obnacth BeyTpn Hee. On Gyser cuntarh, uT0 aubO ypaBHeHus
Makcgpenna TepsaioT ¢Mbica BOau3n 3apsna, MO0 CymecTByeT HeKOTOpOe uyNecHOe
BEIeCTBO, Ha KOTOPOM 3AKAHYMBAIOTCH CHJOBHE JHMHHK M KOTOPOMY OH HacT Ha3Ba-
Hue ,s1ektpnuectso’, Ho Gonee BHuMaTenpHoe paccMOTpeHHE OOHApPYMUT, UTO CHUJO-
BHIC TMHMM HE VMEIOT KOHLA W yYTO ypaBHeHHs MaxcBeana CiipaBelHBH B CBOGONHOM
oT 3apsnos npocrpanctee. Heabss “ykasate Mecta, rae pacnonoxern aapsn. Takosa
YUCTO TONOJOIHYECKAd MORENb HEKBARTOBANHOTO 3SJEKTPHYECKOTO 3apslla, MPUHSTAf
B nactosmiedt padore. DTOT kjaccwyeckuil 3apal He WMEeT npaMO0z0 OTHOWEHwus
K KBAHTOB3HHOMY 3JeKTpHueckoMy 3apsany. Ha sTom xinaccuueckoM yposue umeer
MecTO nojnas csofona Bu6Opa BeanYWHB 3apsfa K HeT HUKAaKOTO CTaHdapra, kKacawo-
HIerocs CBA3M OAHOTO 3apsifd C RPYruM. 3TO MOJOXKeHHE LOMKHO OBThb MOJHOCTHIO
W3MEHEeHO B JODOI COOCTBERHO K8AHMOBOIl TEOPUHN sjeKTPHYeCTBA.
PaccTosiHne BLOAb pPYYKH OT OAHOI ee TOpPNOBMHBL A0 IpYToOil BoBce He ROKHO OHTH
Kakum-an6o 06pasoM CBS3AHO ¢ PACCTOSHHEM B OTKPBHITOM NMpPOCTPAHCTBE MEMAY 3THMH
ABYMS TOPAOBUHAMK. DTO pPaCCTOMHNE MOMNET OKa3aTbhCi TAKWUM ke KOPOTKHM, Kak
panuyc caMoll pyuKy, R2)Ke€ eCJH TOpJOBHHN OYeHb yAaNeHH ApPYr OT Apyra BO BHEI-
uen MpoCTpaHcTBe, Kak MOWHMO BuieTo crubas BepxHee npoOCTPAHCTBO BNIOTH [0
coBnafeHusl 3TUX ABYX ropacpun. ([narpamma s3ara us pabotn [14].)
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3apsg, WM MOTOK 4epe3 PydKy, fAIBASETCA He KBaHTo-
pagHbiM. OH B paBHOH CTENEHH MOKeT HMEeTb TO HMJIH HHOe
3yadCHHE U HENOCPelCTBEHHO He Moxker OHTb CBSIZaH C
KBAaHTOBAHHBIM 34pfA0M, HabJiofaeMbIM B KBaHTOBOH ¢u-
3uKe y ayeMeHtapHelx dactdi. [lono6Hoe 06CTOATENLCTBO
HE MOXKeT CJYXHTb BO3paKeHHeM TpOTHB MOHSTHS KJacCH-
4eCKOro HeKBAHTOBAHHOrQ 3apsigd. JT0 eCTh Npelynpexje-
HHE O COBEpIIeHHO HHOM COHEepKaHHH MOHATHS KBAHTOBAH-
Horo 3apsana. Takoe pasnnuue He 6yJeT HeNpHeMJIeMbIM B TO
BpeMsl, Korna 6yneT NOHSTO, KAK BEJHKO pa3JIMuHe MEXIy
«rOJIBIM» B «ONETHIM» 3apsiiOM B KBAHTOBOH 3JIEKTPOLUHA-
muke (cM., Hanpumep, [16]). TlosTomy He npexncTaBiseT-
cs1 6e30CHOBATEJILHHIM OrpaHHYHTh pPAacCMOTPEHHE HYHCTO
KNaCCHYeCKHM HEKBAHTOBAHHEIM 3apsfoM, TeM Oojee B
CTaThe, NMOCBSLIEHHOH Kaaccu4yeckoit ¢usnke (cM. Tabua. 1).

Boxkpyr ropJoBHHH pYUKH CKOHHEHTPUPOBAHO SJEKTPO-
MAaCHHTHOE TOJle, NPUAAIOLIEe MACCY $TOH HaCTH NMpOCTpaH-
ctBa. Macca BozHHKaeT [Jayke B OJHOCBSI3HOM IPOCTpa-
cTBE, Ille ¢ nojem MakcBensia, He HMEIOLHM HCTOYHHKOB,
He OymeT CBsi3aH 3apsiil. YpaBHenuss Makcpesna u DiiH-
nrrefina NpeCcKa3bBal0T BO3MOMXKHOCTL CYILECTBOBAHUS N0JI-
FOKHUBYIUMX  KOHIEHTpalMH SJeKTpOMarHuTHOfl sHepruy,
HWJIH «TEOHOB®, YIEPIKHBAEMEIX COGCTBEHHBIM IPHTSIKEHHEM.
Kak B MHOroCcBsi3HOM TpOCTPaHCTBE, TaK H B OJHOCBSI3HOM
KOHTHHYyyMe Macca, ¢ KOTOPOHl Mbl HMeeM Jeslo, fIBJseTcs
KJIaCCHUECKOH, HEJOKaJH30BaHHOH M HekBaHToBaHHOH. Ona
He HMeeT HHYero o6llero C KBaHTOBAaHHOH Maccoil 3/eMeH-
TapHbIX 9aCTHIL.

MoOKHO [aTb HECKOJIBKO NapafoKcasbHOe pe3ioMe S3THX
paccyxnenuit. Hacrosiiana xopowlo ycTaHORJIEHHAsE HCKOHHO
envHas kJaccuyeckass teopus [ypaBmenns (4), (5), (8)]
MO3BOJIIET OMHUCHIBATH C NOMOILBIO MYCTOr0 HCKPHBJEHHOIO
NPOCTpaHCTBa

1) rpaButanuio 6e3 rpaBHTalluy,

2) 3JeKTpOMarneTHaM 6e3 3/€KTpPOMarHeTusMa,

3) 3apsan 6es3 3apana,

4) maccy 6e3 Macchl.

OnHa Huuezo HermoCpeACTBEHHO He JaerT HaM Ui MOHHMaHHs

5) cnuHa 6e3 crivHa,

6) sjeMeniapHBHX 9acTHIl 6e3 3JieMEeHTapHLIX YacCTHIL U
KaKkux-JH60 npyrux sIBJeHHH KBaHTOBOH (M3ukH. Oguako
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MBI e/iBa Jid B3SIJIHCL OB 3a HCCJEIOBAHHE KJ1aCcCUYeCKoil reo-
METpOLHHAMUKH, €CJH Obl He HALEAJHChb B KOHEYHOM CYeTe
BLISICHHTB, KaKoe OTHOLIEHHE HMEeeT KBGHTOBAGSI eOMerpo-
NUHAMHKA K H3HKe 3JieMeHTapHbIX 9ACTHH (ecad oHa
BoOOHIe HMeeT K Hell oTHolueyue). Hauiell koHeuHO nesbio
SIBJISIETCS] BEIACHEHHE BOTPOCA O TOM, MOXKeT JIH KBaHTOBas
¢dusuka, nono6Ho raaccuyeckoil (Tabn. 1), 6HTH onucaHa
C MOMOIIbIO T'€OMETpHH.

B mamu nHM He MNPUHATO NPUAEPIKUBATLCS KpaHHHX
TOYEK 3pEeHHsi — B3rJfAna Ha TNPOCTpaHCTBO-BPeMs TOJbKO
KaK Ha apeHy fABJIEHHH W Ha IIPOCTPaHCTBO-BPeMS] Kak Ha
Bce coslepxanue puauku. OfHu paznarat COCTOSHUS JaCTHIL
U noJiefl MO NMJOCKHM BOJHAM, OBHXKYLIUMCS Kak dyKAble
37€MeHTEl B 3apaHee ONpefesIeHHOM IJIOCKOM NMPOCTpaHCTReE.
B To e BpeMs [ApyrHe pacCMaTpHBAaKOT KPHBH3HY IIpo-
CTPAHCTBA, XOTS ¥ He PaBHYIO TOYHO HyJIIO, HO BeCbMa Ma-
JYI0 Ha pacCTOSHUSX, HE3HAUHTENbHBIX [0 CPaBHEHHIO C
MPOTAXKEHHOCTEI0 BeeneHHoH. DRHMITEAHOBCKOE TeOMETpH-
4YeCKoe ONUCaHHe TPaBHTAHMH TNpuHHHMaercs Bcepwes. Ero
[IONBITKH TeoMEeTPHYECKOr0 ONHCAHHS 3JeKTpOMarHeruamMma—
NyTeéM BHJIOH3MCHEHHUs] PHMaHOBOH reoMeTPHH — ObLIH MPH-
3HAHH HecoBMecTHMBIMH [17, 18] ¢ xopomo npoBepeHHBIM
3aKOHOM CHJel Jlopennma W oTBeprHyThl. CuUHTaeTcs, 4TO
YACTHIB! H II0JISl, OTJIHYHBle OT TIPaBUTANMH, LOJKHH 10-
6aBJsITECS K TE€OMeTPHH, HO He BHIBOAHTLCS H3 reOMeTPHH.
MoXHO €Ka3aTh, HTO NPHPOLA OMHCHBAETCS B HAIUH JHH
CMeUlaHHBIM 00pa3oM: 4YacTHYHO ¢ IIOMOLIbIO YHCTOH Treo-
METpHY, YaCTHYHO C TMOMOIUbIO YyKJBIX FeOMeTPHH CYIIHO-
cTed.

OpHako Joruueckass KpalHOCTH — MBICJIb O HHCTO TI€o-
MEeTpHUECKOM OIHCAHHH MNpHpOAbl — He Oblina HOBOH upeell
Jaxe [0 TOro BpPEMEHH, Korja BOOOMIE MOIJH pasjHyaTh
KBAHTOBYIO M KJacCHYecKyio ¢usury. HMspecTHHiEI Marema-
tuk Knuddopn npencrabust 21 despans 1870 r. Kem6-
pUIKCKOMY (unocopckoMy ofmectBy cratbio <O mpo-
CTPaHCTBEHHOil TEOpHH MaTePHH», B KOTOPOH OH BhICKA3aJl
NPEONnoNoKeHHe 0 TOM, YTO «B (H3HUECKOM MHpe He NPOHC-
XOJAHT HHYEro, KPOMe 3TOr0 H3MEeHeHHs (KDHUBH3HB 0OpOCT-
paHcTBa), NOAYHHAIOUErocsi (BO3MOXKHO) 3aKOHY HelphlpbiB-
HOCTH»; JaJjiee OH FOBOPHJN O COOOpaxeHUSX, «KOTOpLie
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yKa3biBalOT HA BO3MOMKHOCTL BBIP@XKEHHA PACCTOSHUA HJH
KOJIMUeCTBA UEPe3 pPacnoaocHerue B HIHUPOKOM CMBICIE TO-
[OJIOTHH, M 3aTeéM BHOBb O KOHEUYHOM OObeMe NpOCTpaH-
cTB4 NOCTOSIHHOH KPHBH3HHL, HO C IBHBIM YIIOMHHAHHEM TOrO
06CTOATENIbCTRBE, HTO «CHeNaHHble 3[eCh TPENNOJOKEHHS O
CBA3HOCTH MPOCTpaHCcTBa (Juulb) mpocredune» [19]. Boun
au Korpa-nu6o po diHmTeliHa, Knudgopna v Pumana —
{ PUMaHOBOil reoMeTPHHM — B3IVIsil Ha (QU3HKY, XOTb 4eM-
HuOynL NONOGHBIH NMpefCTaRJeHHIO0 O (PUBHKEe KaK O reoMer-
pun? Kakosel Obly B3rasae HeroTona Ha Teopuio monst
Ha MRICJIb O TOM, YTO NyCTOe MPOCTPAHCTBO SIBJSIETCSH YHH-
BEPCAJIbHBIM CTpPOMTENBHBIM MaTepHajoM? JlaBHO H3BECTHO
ero mucbMo K bentau: «MHe Kaxkercss Lo TaKOH CTeneHH
abCypIHBIM TOJIO}KEHHE, TNPH KOTOPOM OJHO TeJIO MOKeT
JEeACTROBAThL Ha APYyroe Ha PacCTOSIHHH 4epe3 BakyyM, 0e3
ocpeacTBa 4ero-yub60 HHOro, 4TO s He Beplo, YTOGH
KTO-HUOYZb, B JIOCTAaTOYHOH CcTeneHy CnecoOHBIH MBICTUTb
Ha GHA0COQCKHE TEMBI, MO TMOBEpHTL B 3TO» 1}. Maxkcsest
roeopua: «M3 ero «Bonpocos onTtukus u ero nuceMm bBoilstio
Mbl BHOHM, uTo HbioTOH naBHO clenan nonbTKy 06BsCHHTH
rpaBUTALHIO AaBJIEHHEM Cpellbl M YTO MPHYHHA TOro, 4TO OH
He ony6JuKOBa/ 3THX HCCAEeOBAHHH «COCTOHT JIHUIb B TOM,
YTO OH He CMOI Ha OCHOBAHUH ONHTA H HAaOMIONEHHH 1aTh
yIOBJETBOPHTEJIBbHOE OODBSICHEHHE 3TOH Cpelle H ee TNOBeje-
HUIO TIPH TIPOSIBJICHHH OCHOBHBIX SIBJIEHHH MPHPOIHI».

Hosuiit B3rsfn Ha wpen HpioTOHa ¥ Mx npoucxoxkjedde
CONEPIKHTCST B  HEAABHUX HUCKMOYUTEJBHO HHTEPECHBIX
uccaenopanusix  Pupua [21]. Pupn ocobo  murHpyer
[Marpunuu [22], KoTOpeIl NHUIET O NPOCTpaHCTBE M Bere-
cree: «HTak, npocTPaHcTBO €CTb TO, YTO OBLIO NpexKie
MHpa u Oyner Mmocje Hero, 4To CTOMT BO IJIaBe MHpa, U3
HEro HCXOOHT Y, HakoHew, obpauiaercs B HeutTo... Passe oHO
Torna He siBnsiercss cy6cravuumed? Ecam cybcraHuus ecTb
TO, YTO JIEXKHT B OCHOBE, TO MPOCTPAHCTBO H €CTb CKOpee
BCero CyUHOCTb (Mupa)». Hekoroprie necHu ApeBHeMHAHM-
ckux Bep [23] Takike NMO3BOJAIOT NPEANOJIOKHTBL, YTO 3Ta
Hles — Hest O TOM, 4TO MPHPOAA YePNaeT BCIO CBOIO CTPYK-

1) 31a u crenyoowas uurathl B3ATH M3 3aMetok Ksmwopu [20).
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TYPY H mMOBeAeHHE W3 CBOHCTB MOpOCTPaHCTBal) — oueHb
cTapa.

Mosker JI4 NMPOCTpaHCTBO PacCMATPUBATHCS KAk H3yMH-
TeJlbHOE TBOpPEHHE, 3akJjpdawllee B cebe Bce CBoicTpa?
IlonbiTaeMcs NpoaHaJH3HPOBATH 3TY HJEI0 HE3aBHCHMO OT
€8 UCTOKOB, KaK JIPeBHHUX, TaK H ConeMethIx.

1) [pogeccop T. JI. Yannpatpeiis o6paTua zame BHAMAEHE HA WH-
nuiickue Bepbl B cBS131 ¢ NepBBIMH HMIEAMI, OTHOCSLIMMHCs K <«(DH3UKE
Kak reoMerpHu». B 310il ¢8s131 HaM Xoresock G noGaaroaaputs CeaMu
Hukxunananna, pasbacHHUBLIEr0 HaM COOTBETCTBYWOLiHe TeKCTH: «Co-
rnacHo Benawm, akawa (akasa), yacto nepepogumast KaR «mpocrpan-
€TBO» MM «3MpP», ABJAETCS MepBbIM MPOCTEHLIHM 3JEMEHTOM, H3 KO-
TOPOro Pa3BHUBAIOTCS JIpyrHe 3JIeMeHTH, a2 UMEHHO BO3IyX, OroHb, BOAA
# 3emss. EJHHCTBEHHBIMH MaTePHAJILHHIMH SJEMEHTAMH, YTOMHHAEMBIMH
B Benax, smasiorcst 3Te nsith aeMentoB. Munuiickue dunocodnr npu-
3HaBaJH MATb SJEMEHTOB BBHMAY Toro OOGCTOSTENLCTBA, uTO UEJOBEK
HMeeT Msith NyTeH OOWEeHUs] ¢ BHELIHHM MHPOM: CJYX, OCf3auHe, 3pe-
HHe, BKYC M OOGOHsHHe... (B CBSI3n ¢ 3TUM OH ccwuiaercs na Taittiriya
Upanishad II, i. 3.)». Takum o6pazom, MbB HaXoAuM akallia B Kade-
CTBe MEPBHUHOTO 3J€MEHTAa B ITOM MEPBOHAUAJBHOM, OTHOCSLIEMCH KO
Bpemenu npuMepHo 700 ger do H. 3., HaGpocke ¢usuku. (Bpaxmau xots
¥ Ipe/llleCTBOBAJl aKalla, HO NpeacTasiser Coboi0 YHCTBIH IYX BHe
paMoK QH3HKH.) MBI MOXeM CKa3aTh, UYTO B 3TOi (u3HKe MPOCTPAHCTBO
6bI0 MEPBHUHBIM 3JIEMEHTOM, H3 KOTOPOTO NOJAHO OBUIO MOSIBHTHCH
BCE TIpovee, €CJIM, KOHEUHO, MBI CMOXKem YOeauth ce6si B TOM, uTO aKa-
wWa O03HAYaJ0 HeuTo nofo6Hoe MHPOBOMY NPOCTPAHCTBY B OGHIYHOM
noHuMaHuy. B 3toll cBsizw Mel ofpawaemcs Kk yxke ynomaHytomy [23]
HanboJsiee apTOPHTETHOMY APeBHeMY KOMMeHTaTOpy Ynanmwan, Hlanka-
pauapusa (788—820 rr. H. 3) nuweT: «Axkama spiseTcss TaKOH Belbio,
KoTopast o6najaer cBOHCTBOM 3ByuaHHsl M KOTOpas MpHIAeT IPOCTPAHCTBO
BCeM TeJIeCHBIM CYmHOcTsimM». Casina janee pasbsCHsIET: «...CNOCOGHOCTHL
aKalla Co3[asaTh MPOCTPAHCTBO BCeM (TEJIECHBIM) BeliaM, sIBJsSEeTCS ee
coGcTBeHHBIM crielnguueckum cboficTBoM... W1 3ByK siBasietcss ee cpoii-
CTBOM. DX0, CJIBIIIMMOE 8 TOPHBIX MEMEPaX H B NPOYHX MeCTax, fpel-
nosaraercsi MPHCYIIHM aKallia, W [O3TOMY TOBOPHTCS, UTO 5TO €CTh CBOH-
cTBo akamay. Ecin He cudTath CTPaHHON CCHJIKH HA 3BYK, TO KaXer-
csl, 4TO 3TH OODbACHEeHHN NOINTBEPKIAIOT MONHITKY OTOXIAECTBJIEHHS aKa-
WA ¢ ApOCTPAHCTBOM: (H3HK MOT Obl HAfHCATh — APOCTPAHCTBO naeT
MECTO BCEM BeniaM» BMECTO CJ0B IepeBOUHKA «aKaiua IPHAAeT IPoCTpat-
cTBo BceM BewlaMy». CChUIKa Ha 3BYK TOHATHA, €CJIH BCIOMHHTH O BHI-
Gope naTu JeMEHTOB B COOTBETCTBHHM C NATHIO opranaMu uyscrs. llau-
Kapauapus nuuer: «Otciopa, T. e. M3 aKala, HaXoAHT cBOe OBIThe
Baiito, Bo3nyx, oGnanamouuii IByMsl CBOHCTBaMH — CBOMM OCOGBIM CBOIi-
CTBOM O0CSI3a€MOCTH M CBOICTBOM 3BYYaHH$, NMPHHAJJIEKAIHM YIKE BXO-
nfuell B Hero akawa». Bewio 6bl, moxaJyil, Ype3MepHBIM OXHIaTh, YTO-
6l B Takoli ryGoKOi ApPeBHOCTH JIIOAM 3HAJH, YTO 3BYK Nepepaetcs
yepe3 BO3AYX, HO HE uepes NyCToe NpoctpancTBo. [O eIMHCTBe MatepHi
cM. [lnatona («Tumeii»). — llpunm. ped.]
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B pasgene II Mbl BOCCTAHAB/JIHBaEM B COBPEMEHHBIX
o6o3HaueHusix ypaBHeHuss PalHHUa HCKOHHO eJHHOH Teo-
puu noas. Mcxoauas reopus iniurelina i Makcpesia pac-
CMaTpPHBEET JIULIL JIOKAJbHbIE CBOHCTBA OOBEKTOB, H TO e
HMeeT MeCTO A/ OKOHYaTEeNbHON CHCTeMbl YpaBuenuit Paii-
HHUA.

Jlas toro 41o6el NepeiiTu OT JIOKAJNBHBIX CBOHCTB K IJIO-
GaJbHBIM HJIH TOTIOJNIOTHYECKHM H BMeCTe C TEM COXPaHHTb
npocrory o6Cy:xnenus, B pasnene III Mb BepHeMcs x 6o-
Jiee TIpUBBLIYHOMY [yaJUCTHUECKOMY SI3BIKy METpHKH ILIIOC
nossi. Tam MBI H3JIOKHM HEOOXOLUMHE CBENEHHS W3 TOIO-
Jorud ¥ jaguM Heob6xopumoe o6o6uienne TeopeMnl Taycca
H TEOPHH TapMOHHUYECKHX BEKTOPHbIXx ToJel. Bénbwmas
yacTh HeOGXOAMMOIro MaTeMaTHYeCKOro alnapara yxKe HMe-
€T CBO€ BRIpAXKEHWEe B BHJIE€ HCUHCJIEHHS BHewlHHX nHbde-
pesnanbueix ¢Gopm Kaprana. BoabumimecTBO pesynbTaToB
Mbl 3alHuleM KAK B 3THX 0003HaueHHAX, TAK U B IPUBHU-
HOM TE€H30pHOM BHze. JIWilp HEMHOrHe BHBOAB MNpHOGpe-
TAOT B TEH30pPHOH 3aNHCH TAKOH CJIOXKHBIA BHJ, 4TO MBl OT-
KazblBaeMcsl OT BBELEHHS B HUX OOBIYHBIX 0G03HAaueHHIl.
Mu pokaxkeM, uto ypaBHenusi MakcBesula TpebyloT coxpa-
HEHHsSl TIOTOKa HE3aBHCHMO 4epe3 KaxKIyl pydKy, 4ro
ONpaBAbLIBAET OTOXKAECTBJEHHE 3TOr0 NOTOKA C 3apSNOM.

B pasnene IV paccMarpuBaioTcss 4acTHble MPHMEPH
MHOIOCBsi3HOH METpHKH, He ob6Japarouiell 0CoOOGEHHOCTSMH,
B KOTOpO#i NOSBJSIOTCS KakK 3apsn, tak H Macca. [lpexne
BCCrO JlaeTcsi HeCHHryJaspHast 3sanuck MeTpuru llpapu-
IIKJbAA, YTO JOKA3bIBAET CYUIECTBOBAHHE YAaCTHOrO C/yuas
NPOCTpaHCTBa, He BKJKOYAIOIIEro HU 3apsina, HU MaccH (B
OGLIYHOM CMbICJIE 3THX CJIOB), HO Te€M He MeHee 06Jajalo-
uero mMaccoil. Janee nosyueda perynsipeasi opMa METpHKH
Paiichepa — Hopacrpema. OHa onuceiBaeT cepHIeCKH CHM-
MeTpPHYHOEe TPOCTPAaHCTBO, HE COMEpKAalIee «PEeaJIbHbIX» 3a-
psanoe ¥ Macc, HO TeM He MeHee oGsapawulee OGOUMH 5TH-
Mu croiictBaMu. Hakonen, npunada 3aMrHyTast MaTeMaTi-
Jeckas (opMa HEKOTOpOMy KJaccy MeTPHK, 06Jlagarolinx
GoNBIIUM UHCIOM FOPJOBHH pydek, NpHUEM KaXKAblfl H3 HHX
o6saiaer cBOUMH COGCTBEHHBIMH 3apsafoM B Mmaccoi. Ecum,
TakuM o6pasoM, onpefleUTb HayaJbHbIE YCJIOBHS, TO Gyny-
Hee pasBUTHE NPOCTPAHCTBA ONpEIENHUTCSs, KOHEUHO, ypa-
BHEHUSIMH noJif. JIpyrHMH cJIOBaMH, K 3TOMY CJy4alo MpH-
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MeHHMHBI JoBOAH JitHirelina, Madensna u Todpmana. [Npen-
METOM YHCTOH reoOMeTPOJHHAMHKH SBJSETCS BCcs JHHAMHKA
CHCTEMBI 3apSIIOB M MAcC MPH OTCYTCTBHH CHHI'YJISIpHOCTEH.

Paznen V nocesilileH H370XKeHHIO Npo6JeM, HYKIAK0-
IHUXCS B HajbHEHUIeM HCCJAEeIOBAHUH JIJIS1 ,IPHAAHUS KJac-
CHUecKOHl reoMeTpOJHHAMHKE IOJHOTEH H pacliupeHusd o06-
JIaCTH €€ NMPHMEHHMOCTH.

1. MCKOHHO EAUHAS TEOPUSA NOJISE PAMHUYA
Tenszop Makceenna

[pexkjie BCcero HanmoMHUM COOTHOLIEHHE MEXKAy Hamps-
*KEHHOCTBIO 3JIEKTPOMArsuTHOTO mossi F,, H MakcBeasnoB-
CKHM TE€H30pOM 3HEPrHH-HMIyJbca-naTskenudt T,,. 310
COOTHOUIEHHE HWMeeT YHCTO aJaredpandeckuil xapakrep,
rBBI/U_Iy Yero MOXKHO OrPAHHUHTLCS PACCMOTPEHHEM OJHOMH
KaKOH-u00 TOUKH NMPOCTPAHCTBA-BPEMEHH H JUIl yao6cTBa
HCTIOJIb30BATh KOOPJHHATHHE CHCTEMH, B KOTOPBIX B JaH-
HOfl TOUKe KOMIIOHEHTH METPHYECKOTO TeH30pa g,, MpHHH-
‘MalT 3HAueHHs, TPHCYLIHEe MEeTpHKe MI/IHKOBCKOI‘Q} Kon-
HEHTPUPYS BHHMAHHE HA TeOMETPHH, Mbl GyleM HCIOJb30-
BaTb BMecTO F «reoMerpH30BaHHYIO», HJIH «IIPHBEILEHHYIO>,
nanpstkendocts nonst f= (G%/c?)F, a BMecTo HanpsikeH-
HocTell syekTpHdeckoro B MarauTHoro nosged E w H npu-
BeJlecHHBEIe HamnpsiKeHHoctH € = (G%/c?) u h = (G"%/c?)H,
uMerole pasmepHoctd cm~'. Tlpn paccMOTpeHHH MeTPUKH
MUHKOBCKOTO TPHBEIEHHBIH TEH30p HAMPSKEHHOCTH MO
nMmeer popMy

[0 —e, —e, —e,
e, 0 h, —h, .
f -1
w=le, —h, 0 K, (ex™), {10)

le, h, —h, 0

y

a NyaJbHBId €My TeH30p
1 1 ot
* =5 (— )" [pvofl (1)

otsnvaercs ot f Jsmiub 3amenoil e—h, ' > - e. W3 ten-
30pa HaNpsKEHHOCTH MOJs CTPOATCA JiBa .H3BECTHHX

-
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HHBADHAHTA:

1 v
=5 /. (=1’—e€? 5 cucrewe orcuera Munxoscxoro),

(12)
foEé—fuv*ﬁv(=2e-h B cucTeMe OTcuera MuHKOBCKOro)-
ypaBHEHHH
- 8nG
R, —5€R="20T, =
8=G

B[ (o
.- =2 (fuuf' —  Bufaf)=Z®,  (13)

CBSI3EIBAIOLHE CBEPHYTHIH TEH30p KPHBH3HEL C TEH30DOM
HaTSKEHHE (M Yepe3 HETo ¢ MmoJieM), MO3BOJSIOT CTOSILYIO
CnpaBa BeJHYHHY HasblBaTb paBHBIM 06pPa3OM KakK «IIpH-
Bel€HHBIM», HJIH <«TeOMETPH3OBAHHEIM», TEH30pOM 3Hep-
IMH-HATSXKCHHH, TaK H CBEepHYTHIM TEH30POM KPHUBH3HBHI,
NOCKOJBKY peyb HJOEeT O UYHCTOH TreoMeTpOIHHaMHKE.
B cucreme oTcuetra MHUHKOBCKOro THIWYHBIE KOMIO-
HeHTH (13) paBHH

R()():ROO —R ’_(e '+‘h2)_
—Ry=R"=R!=2% xh="2

Ha ¢ X-KOMIIOHEHTHI HMIyJbCa) =

81:0

ct

(IToTox 9aeKTpOMarHHTHOM

sHepruu uepes | ¢M? NOBEPXHOCTH, HODMAJbHOH OCH X, B TeueHHe
1 cu npomrenurero KoBpemeHu);

Ry=R"=Ri=(—eéite +e —hit+ 1 +h)=
8nCG 8nG
==( o ) (IlaBnenue) =— ( n

OCH X K enuHWYHOH NJIouajKe, HOpMaJbHOH 9TOH OCH X, CO CTOPOHEL
9JIeKTPOMArHHTHOTO TOJS B o6JAacTH X — e u AeliCTByIOWas Ha 06JacTh

x - g);
8nG
Ry=R"=Ri=—2%e,—2hh, === (Cisurosoe ycu-

me) = 8720

) (Cuna, npusoxeHHasi B HanpaBleHUH

(Cuana, npunoxeHHast B HalPABJEHHH OCH X K €JHHHUHON
niomanke, HOPMadbHOH OCH Yy, €O CTOPOHBI 3JEKTPOMArHUTHOIO moJst
B TOUKe y — ¢ W JefiCTBylol(an Ha CPeAy B TOuke y -+ &). 14)
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Nz pupamxenuit (14) odeBHAHA HHBApHAHTHOCTb TEH30PA
SHEPTHU-HATSXKEHHH OTHOCHTENBHO 3aMentl e—>h, h—> —e¢;
ofHAKO B ypasHeHHsIX (I13) 3T0 06CTOATENBLCTBO OTUETIHBO
He BeIpaKeHo. [losToMy JkesarenbHO MepelHcaTh NpHBe-
JEeHHBI!l TeH30p HaTAYKeHHH, HJIH «MaKCBELJOBCKHI KBaaparT
tTen3opa f», B JeBol yactH ypaBHenui (13) B Gosee cum-
METPUYHOM BHJE

Ez(f):fpmfva_*_*fpa*fva, (143)
4TO MOXHO CAeJaTh Ha OCHOBAHHH TOYKIecCTBa')
Ve o | G o5 v
Sl — % frax [ =5 8 ff " =1 (15)

NMoBopoThl AyaJibHOCTH ?)

Tenzop HATAKEHHH, WM MakKCBEJNJOBCKMH KBanpar TeH-
sopa f, obnagaeT CAeQyOUHMH CBOHCTBAMH CHMMETPHH.
3aMeTHM, UYTO [OBa)KOH OpHUMeHeHHas K T omepamnus B3si-
TUA JyaJbHOH BENHUHHBI BHOBL MpUBOAMT K —f, Tax uto
KBaJpaT ONepauuH ¥ paBeH TOXKIECTBEHHOMY mpeolpasopa-
HHI0O €O 3HAaKoM MuHyC. Il03TOMy paccMOTpHUM yros a H
OnpeeHM OMepalHtIo €% ¢ MOMOLLLIO COOTHOLIEHHS

e¥“f=—=1fcosa -+ xfsina. (16)

B cucteme KoopauHAT MUHKOBCKOro 3Ta omepallus OpH-
HHMaeT BHI

Ry wop. = R, cOSa-€,8ina

. OJIMHAKOBO st X 2). (17
exﬂoa‘:_hx&na_‘}"excosa }(ﬂ oro A »¥> 2)- (7)

Sra onepanus KakeTcs Ha MepBHIE B3IJAL MPOCTHIM MOBO-
poTOM, TaK Kak Oyayuyu NPHMEHEHHOH K JIMHEHHO MOJsipH-
30BaHHOl BoJiHe, mnisl Kotopoit |e|=|h| u e _| h, ona no-
BOpAUHBAeT HalpaBJEHHE MOJNAPH3ANMH HA YToJ a BOKPYT
HanpaBJeHHs pacmpocTpaHeHdst 3Toft BosiHHL. OJHako aas
6osee obuiero cayyast nosefi 3TOT onepaTop HE NPHBOIHUT
K CTOJb MPOCTO HHTepIpeTHpyeMoMy peayiabpTaTy. Bouaee
TOro, OH PaBHHIM 06pa3oM 3aTparHBaeT BCce TPH MPOCTPaH-
CTBEHHBIE OCH. JTO He ecTb OGBLIYHBIH MOBOPOT B 3-IPOCT<

1} CM. npumevaure Ha crp. 240.
2) CM. npumeuanHe 2 Ha crp. 222
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aHCTBE, BBHJY uero Mbl GylieM HasblBaTb ero HOB0POTOM
dyasbrocTu. 2TOT onepatop OGnagaeT cBOHCTBOM aiiHTHB-

HOCTH
¥ apX P == ¥ Be¥X o = g% (a-+) (18)

M, B YACTHOCTH, HMEET 3HaYeHHe
e¥ (A —= x. (19)
Tensop, AyaJbHB [yaJbHO MOBEPHYTOMY, Aaer TEH30p
HaNpPsKEHHOCTH
*x(e¥f)=—1Fsina +xfcosa. (20)
Ha ocHoBanuu cootdowenuit (14), (16) u (20) 3zaxmovaem
O C/Ie[yIOUlEM BAayKHOM CBOHCTBe MNOBOPOTa NyasJbHOCTH:

MAKCBEAN0BCKULL K8AOpaT OYaabHO NOBEPHYTO20 NOAS TONC-
decreen ¢ MAKCBEANOBCKUM KBAOPATOM UCXOOHO20 NOAA

T (e*of) =T (f). (21)

lerl 3TOM [OPO3HbL B3ATEIC 3JICKTPHUYECKOEC H Mar"duTHOE
nosst MEHSAXOTCsi, TOorga KakK BCE€ KOMIIOHEHTbI TeH30pa

Ta6ruya 2

Pazxuuue Mexay COGCTBEHHBIMH npeo6pasoBanusiMH JlopeHia
H [OBOPOTaMH AyalbHOCTH

Otumee cobcTBen-
B Hoe npeobpa- [TosBopoTt
€ANINHA 30Banne AYaNbHOCTH
Jlopenna
Komnonentor TeHsopa MakcBeana
MM MaKCBeJJOBCKHE kBajpatr f . . - Mesnsiiotest HeuaMennnt
WuBapranter 2 u £ <f. . . . . .| Henamenun Mensiioren

SHepruu-HaTsKeHHil ocranTca HeuaMmeHHRIMH. Hanpotus,
NOBOPOT  OyaJbHOCTM — H3MeHsieT ~ MHBApPHaHTH  mojselt
(ta6n. 2). Onpepenum

E=e—% (22)

Kax HanpsixKeHHOCTh [OJIAl, OYaJbHO MOBEPHYTOrO HA yro
—a. Torna uHBapuaHTbl nosis npeo6pasyioTcs, Kak MpH
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MOBOPOTE HA Yronm —2a:

B2 = (f cos a — * f sin &) =12 cos 2a — f X fsin 2a,
E W E=1?sin2a+4-f X f cos 2a.
Honyctum, uto o6a uuBapuanta (2 u fX 1) opnope-
MEHHO He O6paIanTcsi B HYJ b, lorga MbBl BHGHpaeM

yros o Tak, 4ToObl omHa HHBAPHAaHTHasi BesuuuHa E X
o6pauiaisacb B HY/Jb:

tg2u=— XL (24)

(23)

Paspemias 3To ypaBHeHHe OTHOCHTeNbHO SinZa u cos2a
C TOYHOCTbIO [0 3HAKa, BEIYHCASEM Jpyrofi HHBAPHAHT,
HaXoJls

B = & [(PR (I X 1" (25)

IMycts B npaBofi 9acTH MMeEET MECTO 3HAK MUHYC, TAK YTO
yron 2¢ Gy[eT ONpefesieH C TOUHOCTBIO JO MMOJOXKHTENBHOrO
HJIH OTPHUATENBLHOTO c/iaraeMoro, kKpatHoro 2x. Torpa Ted-
30p HANPAKEHHOCTH MOJS § ONpENeNsieT YHCTO IAEKTpuUue-
CKOe ToJie, HANpPaBJeHHOE MO OCH X, UJIH MOJYueHHOe H3
Hero nyteM npeoGpazoBanusi JlopeHna (ta6ua. 3). Hazosem

Tabaruya 3

Mpeo6paszoBanus obmero (HeHYJNEBOrO) TEH3Opa HaNPKEHHOCTH
sJeKTpoMarHuTHOro noxst f = (e, h) B JoraJbHOM cHCTeMe
orcueTa MHHKOBCKOro

H INocae xaHoHHYECKOro
HanpszeHBoCTH noast CXOnHbIe nOBOPOTa NYAaJLHOCTH

Ucxonmbie e, h e” u h” B3aumHo mep-
NEHAMKYJSADHBL,  [IpHUeM
e” Gosabure, uem h”

[locne  kanoHuue- e’ u h’ mnapasn- e napajaneibHO OCH X;
cKkoro npeoGpasoBa- | jenbHbl Apyr Apyry | h=10
uusa Jlopenua H OCH X

Takoe npeo6pa3oBaHHe [yaJbHHM [OBOPOTOM HCXOJIHOTO
NOJs1 10 IKCTPEMAAbHO20 TIONS, HIU N0 CYLLECTBEHHO 34eK-
Tpuueckozo. B n3bpanHOll JIOPEHUOBOH CHCTEME, B KOTOPOM
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3T0 M0Jie HalpaBjgeHO BAOJb OCH X B He HMeeT OTJHUYHOH OT
HyJA KOMIIOHEHTH MArHHTHOIo n0oJisi, HaOpsXXEeHHOCTL €ro

paBHa
¢ = [(h? — e%?4-(2e - W] " = [(h* +-€??—2 (e X hP|". (26)

«®Paza» noas

Hcxonsi H3 9KCTPEMANIBHOTO HJIH CYLLECTBEHHO 3JIEKTPH-
yeckoro noJs § Kak OCHOBHOro CTaHgapTa, MH MOJY-
yaeM JeHCTBUTeNILHOE noJie f, OUeBHIHO, ¢ MOMOIIBLIO [I0BO-
poTa AyaJbHOCTH Ha YToJa a:

f—e*°E.

Tpu mpeo6pasopannu JlopeHna KOMIIOHEHTH TpPEX TeH30-
pos f,& u *& npeoGpasyiorcs onunakoBHM o6pasom. [lo
5TOH MpHYHHE Y204 o He MeHsercs. IT0 npedcraeaser co-
60il 6axCHOE NOPeHY-UHBAPUAHTHOE CKAAAPHOE CBOLCTE® HOA
npaocennocruy noas I, DyneM HaswBath yrod o «daszoii»
(complexion) ssieKTpOMarHHTHOTO IOJS.

" B ToM cnyuae, korna noJie T siBssieTCst HYyae8bIM, T. e.

(e-h)=0 u h?—e?=0
H/IH
fxi=0 un =0,

ypaBHeHHs1 (24) nuqisi yryia a CTAHOBSITCSL HepazpeldMBIMH.
B stom cnyuae «daza» me MOXKer GbITh OINpeleseHa YHCTO
JIOKAJBbHEM CriocoboMm.

Ksanpatr tenszopa MakcBenna
H ajareOpanHvyeckHe COOTHOWIECHHSI NJIA KPHBHM3HL:

Bepremcs Temepn K Caydaro, KOTrj2 MoJie HE SBJSETCSH
HYNERHIM. Boigucnum 3/1eCb MAaKCBEJJIOBCKHE KBaapar, UJH
TEH30D SHEPTUH-HATAMKEHUST HCXONHOTO [OJS, HCIONb3ys pa-
BEHCTBO €T0 MAKCBEJJIOBCKOMY KBaapPaTy 3KCTPEMAJLHOTO
noss . fcm. cooTHomenue (21)] WM MaKCBEJNJIOBCKOMY KBajl-
Paty nons, nyasbHOro Mo OTHOWIEHHIO K MPENENbHOMY:

Ty () =T, ()= 2.8~ — 3, - (B),

DM =T h=2x5ex 8- @),
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BosBesem Temepbp B KBaApaT MakCBeJJIOBCKHU kBazipart f
nmyTeM YMHOXEHHS NMepBOro TeH3opa Ha Bropoil. CMemaH-
HEle 1o § u %§ uJeHb, BO3HHKAalOLIMe MPH 3TOM BEIUHCHE-
HuH, oOpaIanTCs B HyJb BBHJY TOXJECTBal)

08, # 7" = Vi B =85 (B X B) (28)

U npegenbHoro cpofictBa EX E=0. 31ecb MB HCIOJb-
3oBaJiH Takxe Toxzaectso (15). B peaysnbrate nns kBagpata
HaXOQHM '

TT =2(8) (5o — # Epa* £ — 8. (B =
= 5. =8 +( X 1’| =
=3 [(h* —e?’ 4-(2e - 0’} =3, [(W’ + e’ —(2e X h)*)|. (29

JlokazaTenncTBO 3TOrO pe3ynbTaTa B clydae HYJEBOTO MOJs
Jaxe emle npoite, H ppuay pasedcts f X =0, ¥ = 0 npa-
Bast yacTb paBeHcTBa (29) obGpaitaetcs B HyJb. HTak, k8ad-
PaT MAKCBEANOBCKO20 TEH30PA IHEPSUU-UMRYALCA-HATSICe-
HULl NponopyLonarer eCuHUuYHOL marpuye. D10 H3ALUHOE H
HHTEPECHOE COOTHOUIEHHE SIBJISAETCH HEeHTPATbHEM B HCKOHHO
enuHoil Teopuu noss Palinnua. Byjgyun sanucansbm uyepes
KOMIIOHEHTH KPHBU3HBI, OHO HMEET BUI

T = RR =8 (§ RaR¥).. (30)

3HaueHHe TIOCTOSIHHOTO KO3((¢HIHEHTa OIpefesieHo 3Jech
nyteM cpaBHeHus cienoB o6eHx yactelt ypaBuenus. K sto-
MY COOTHOLUEHHIO [06aBJs€TCA PABEHCTBO HYJIO Cle[a npH-
BEJIEHHOTO TeH3opa Makcaenna

L=R:=R=0 (31)

[ypaBrenne (4)], uto cnenyer HemocpencTBEHHO H3 ompene-
agenus (13) u ytBepxpenust [cM. coornowenue (14)] o no-

') 310 paBeHCTBO ABAAETCA YAaCTHHM CiydYaeM COOTHOLICHHA

13 VoL l v o,
ApaB — % Ay % B = o 81 A s B7,

CIPaBeIMBOrO 18 JIOGHX JIBYX aHTHCHMMETPHYHHX Ten3opoB A H B
B 4-mpocTpaHCTBe.
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JIO)KHTEJIbHOH OIpeJeJIEHHOCTH TTOTHOCTH SJIEKTpOMaI‘HHT-
HOll SHEPTHH

Zoo==Roo >0 (32)
IlpyruMu CJIOBaMH, BEJHYHHA
0% 5 (F) 0P (33)

jleoTpHL@TENIbHA [Ji1  J1I06Or0  BPEMEHHO-NMOA06HOTO BeK-
topa v. Coornowernus (30)—(32) Bepaxalor anre6panye-
CKHE COOTHOUIeHHs, KOTODHIM MOJUHHSETCS KPUBH3HA B HC-
KOHHO €JHHOH TEOpHH IIOJMH.

Heobxo0umbim  ycloBUEM BO3MOXKHOCTH — BBHIpaYKEHHS
CBEPHYTOTO TEH30pa KPUBU3HH R,, B BULE MACKBEJJIOBCKOTO
KBaJipaTa HEKOTOPOTO aHTHCHMMETPHUHOIO TEH30Pa Hamps-
KeHHocTH noJas f sipasiercst TO, uTOOBl CBEPHYTHIH TEH30p
KPHBH3HBl YIOBJETBOpsil cooTHoweHussM (30)—(32).
tur. 1 311 xKe ycJoBUST NOJTyUeHBl HECKOJIbKO HHBIM MYTEM.

Uz ¢ur. 1 BupHO, uTO COOTBETCTBYyIOLIEE MpeoGpasoBa-
nue Jlopennanpusogut Tensop R,, =<, nenynesoro nons f
K IHAroHaJbHOMY BHIY

{—1

@e+daxeers |- (34)
1

Dr1oT pHaroHaNbHHIR BUA TeH30pa L ¢ HEOGXOOMMOCTHIO OH-
HAKOB /sl Ji1060r0 CHMMETPHYHOTO TEH30PA C HYJIEBBIM
CreioM, KBajpaT KOTOPOro OTJIHYEH OT YIS H nponopuo-

Hajed enuHHuHON Marpuue. Tenzop Rp B paccMaTpupae-
MOH TodYKe ompenessier To, 4To Ha sisbike Ckayrena [24] na-
3pIBaeTCA OsyxauctHol crpykrypoil (cM. Takke [4]) ).
[lpeo6pazosanye moBopoTa B MJOCKOCTH Y2 BOKPYT OCH X
He H3MeHsieT TeH3opa (34); HANPsIXKEHHOCTH 5J1€KTPUHECKOT0
H MAarHuTHOTrO [I0JIeH OCTAIOTCA NMapaJieJJbHBIMH OCH X (CM.
¢ur. 1). Iogo6uas kapTuHa napanseNbHBX BEKTOPOB Ha-
NpPsKEHHOCTH He H3MeHHTCsi M npd npeobpazoBanHu Jlo-
penna B naockocte xI. Inockoctn yz u xT ABAAKOTCA ABY-

MSI AuCTKGMU, onpefesieMBIMH TenzopoM Makceenna T, (f)

1) Mer BoipaaeM npusHatesasHocTs npod. CxayreHy 3a psig co-
HepxKaTeJbHBIX AHCKYCCHE.



242 Y, Musnep u Oxc. Yunrep

H, CNefOBAaTeNbHO, B CBOIO Ouepelb ONpefesisieMbIMH ca-
MM f.

Bynyun 3amicaHHBIM B AHaroHasnbHol ¢opMe, TeH30p
MakcBensia xapakTepHayercst €JHHCTBEHHBIM [apaMeTpoM.
K sToMy napametrpy cienyer no6apHTh JIHIIL YETHIPE [10-
MOJTHHUTENBHBIX Mapamerpa ot obuiero 6-napaMeTpHUECKOro
co6eTrenHoro npeoGpasopanus Jlopenna, MOCKOJbKY MOBO-,
POTEl B MJIOCKOCTAX Yz W xT He NPHBOOAT K H3MEHEHHSIM
3TOro TeH3opa. Takum 06pa30M uaepﬂy'rbm TEH30p KpH-
BUBHEI R,, «3JIEKTPOMATHWTHOH PUMAHOBOH I€OMETPHH» HJIH
«TEOMETPOJHHAMHKHY (Tabs1. 4) XapakTepH3yeTcsi COBOKYIM-
HOCTBIO [ITH MapaMeTPOB, HECMOTPsl HA HaNHyHe B OOLIEM
ciyyae y TeHsopa R,, N€CATH Pa3JHYHEIX KOMIIOHEHT H He-
CMOTPS Tak)Ke HA TOT (PaKT, YTO, Ka3anoch OB, YpaBHEHHS
(29) u (31) HaknagHBAlOT HA 3TH AECATH KOMIOHEHT fe-
¢siTh yeaoBui. OueBHIHO, YTO 5TH HesHHeliHble ajgreGpaunue-
CKHle yPaBHEHHUS HE ABJAIOTCH BCE HE3ABUCHMBIMH.

To, urto cBepHyTBHIA TeH3Op KPHUBH3HHL R,, YIOBJIETBO-
psier ycnoBusim Paiinuua (30)—(32), He TOMbKO Heobxo-
oumo (kak GLWIO NMOKa3aHO BHIIE), HO H OOCTATOUMHO mJNS
B03MOMHOCTU NpedcTasnenus R,, 6 6ule maxceesnosckozo
Ksadpara, uau Ternsopa SﬂeKTpOMGZHuTHOZO noas f,,. Bonee
TOTO, COOTBETCTBYIOLIME TEH30p [OJIs ONPEESeTcsl OTCIOLA
OOHOBHAUHO ¢ TOYHOCTBIO J0 npeoGpazoBaHHs MOBOPOTA
oyanbHOCTH. Takoi TeH30Pp moJisi MBI HAa3EIBAEM MaKCBeA-
A0BCKUM KOPHem OT TeHaopa KPHBH3HE Puuuu R,,. Mul no-
KA3BIBAEM 5TH YTBEPKJEHHS OTAENBHO AJSI CJYYaeB HEHY-
nesoro u Hynesoro (korma R,,R* =0 u B R,, ocraercs
ML TPH HE3ABHCHMBIX mapameTpa) TeHsopa R,,.

1) ToctpoumM «puuyHeBy yacTb» E.” Tensopa KpHBH3HEI
Pumana

= (—BR+WR: — BRE +-BRY): (39)

OHna o6najgaeT TeMH K€ CBOUCTBAMH CHMMETPHH, UTO H TEH-
30p KpuBH3HH PuMaHna, npuueM cBepPTKa [ae€T TOT e TeH-
30p KpuBH3HH PuHyun

E=— g Ri4-2Ri— 5 Ri4-2RB =R =R." (30)

Gsaronapst yenoBHio Ro=0 W npHBOAMT K HEOGXOmMMOM
OpH B3STHU MaKCBEAJOBCKOTO KOPHSi aHTHCHMMETPHH.
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2) OnpenenuM scrpemasvHolll MACKBEAN0BCKULL KOpeHb
£, TeH30pa KPUBM3HB Puyuu (cayuaidl uucroro anekrpuue-
CKOTO MOJIS) ¢ TOYHOCTBLIO JIHLIb O 3HAKA C NMOMOLILIO CO-
OTHOLIEH NS

Ep,vsatz_fiEp,vat_l(RuﬁRaa) Epw{r,E 76 (37)
Jlro6as 3anannas koMOoHeHTa §,, HAXOAHUTCS C TOYHOCTHIO
0 3HaKa OpuU NOACTAHOBKe (g, 1) = (M, v) U H3BJIEUEHHH
kopus B (37). Ilanee to e cooTHouwenue (37) Hcnodb-
3yeTcs AJSl HAXCQKIEHHS] OTHOCHTENbHBIX 3HAKOB Pas/iy-
Hblx koMnonent, E,, U §&.. COBMEeCTHOCTh MNOJYUEHHBIX BbI-

paxKeHuil rapaHTHpyeTcs ycloBusaMH Paiinnua.

Tonpko 4TO W3NOKeHHBIH penent OTHICKAHHA MakCBeJ-
JIOBCKOTO KBaJApaTHOTO KOpHs Haubojee HNPOCTO TNpoBe-
psieTcsl B CMCTeMe oTcyeTa MHUHKOBCKOTO, B KOTOPOH TeH30p
KPHBU3HH Puudy HMeer JHATOHAJBHBIE BHJ

— ()
. — (t)?
ko= ) -9
+(En)?)

3necy £y sBASETCS MOJNOKUTEIbHHIM BeLIECTBEHHBIM Ui~

CJIOM, oNpeJieNleHHBIM, €CIN 3afaH Tensop R,. Mul ucnonp-
3yeM 3TO UHCJAO AJsl onpedeseHusi aHTUCHMMETPHIHOTO
3KCTPEMAaJbHOT 0 TeH30Pa 1o/ §, Bce KOMIIOHEHTH KOTOPOTO,
3a HCKMOUeHHeM &y U §,=—§&,, obpamawTca B pac-
cmaTpuBaeMoil JopeHloBofl cucteMe B HyJ b, Torga pyadn-
HBIl TeH30p o0/ajfaeT eXNHCTBEHHBIMH HEHYJEBHIMH KOM-

MOHEHTaMHU
(% &)y == — (¥ E)pp = —&qy.

Takum o6pasom, 3KCTpeMa/pHOe noJe o6JaaeT CBOHCTBOM
1, f 2
P= g Lt =—(f) =

= (MarHuTHas KOMNOHEHTa MPHBENEHHOTO 3KCTpeMaJbHOro mnoss) 2 —
—(DuekTpuyeckas KOMNOHEHTa HpHBeJIeHHOFO 9KCTPEMaNBHOrO Mo )2=

(RWR” )

EXE=0= (MaFHHTHaﬂ KomnonenTa) X
X (JnekTpuueckas KOMIOHEHTA);

(*EP=4(En)’=—F% *EX*E=0. (39)
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B Tofi Xe caMoil cucteMe MUHKOBCKOTO e[AMHCTBEHHBIE
OTAMYHBIE OT HyJa 3Haueduss KoMmnoHenT Texsopa E (35)
paBHEl

Eo” =— % (RI4-R0) = (o)’
] 1 (40)
Ex® = — 5 (RS 4+ RE) = —(t)' = — (x b)’.

[MosToMy ofumas komrnoHenta TeHdopa E MoxkeT 6HTH
3amucaHa B KOBAPHUAHTHOH Qopme

EGQ"B — Euﬁg*(ﬁ — ¥ E-a,’i * E-‘g. (4‘1)
[NpousBeieHye sTOTC TeH30pa Ha caMoro cebs paBHO

Euﬁﬁj =2 () (— g ¥ By % E ) =

. = (RoR™)* (— b+ # B %5, (42)

BBHLY cBOHCTB (39) skcTpemanbHoro Nosst. YMHO)uM (41) Ha
—1/y u npubasuM kK HeMmMy (42), yMHOXeHHoe Ha
—1o(R"R,)""2, pnsi HUCKIIOYEHHsl UJIEHOB, BKJIOYAIOIUX
nyaneHoe nose. Mel nonyuaeMm cootHowenue (37) fds KOM-
HOOHEHT INPHBEJIGHHOTO TMpemesbHOTO TeH3opa 3JeKTpoMar-
HHTHOro mnoJssi. TeHaopHoe ypaBHeHHE CNpPaBelJIMBO BO BCEX
KOOPJAHUHATHHIX CUCTEMAX, €CJH OHO BBINOJIHAETCS B 3TOR
ynpouatomei pacuer cuUcTeMe. [aKOB anmnapat H3BJeyeHHs
MAKCBEJIJIOBCKOTO KBaAPaTHOTO KOPHS W3 HEHYJeBOTO TeH-
3opa Puuun, T. e. 3 TEH30Pa, KBALPAT KOTOPOro He paBeH
HYJI}0O 1 DpONOpPUHOHAJIeH eNIHHHYHOH MaTpHIe.

Paccmorpum tenepy apyroil cayuaii, Korna CBepHYTHI
TeH30p KPHUBH3HB ABJAETCA HYJEBHIM TE€H30POM

R,R" =0, (43)

HCO caM TeH30p He PaBeH HYJIO ToxkuecTBenHo. Kak M npe-
XKJe, paccMOTPHM 5TOT TeH30p B CHcTeMe oTcueTa MHHKOB-
CKOro, rge KOMITOHEHTH MeTPHYeCKOro TeH3opa g,, MMEIoT
JiopeHnoBbl 3HaueHus. CucTeMa KOOpPAMHAT oONpefessfiercs
TOTla NMPoM3BOJBHO C TOUHOCTHIO [0 LIECTH-NapaMeTpHue-
Ckoro npeo6GpasoBabus Jlopenua. Ilponssenem Takoit noso-
POT B TpexMepHOM NpOCTpaHCTBe (3aTparuBasi TpU MNapa-
MeTpa), koTophlfl AMaroHaJM3HpyeT NPOCTPAHCTBEHHYIO
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gacth R,,; Toria Riz = Ry = Ry = 0. O6pawenue B Hysp
kBaapata R, (cM. Ta6m. 4)

(g * Jlopenu. RwRﬁ" =0 (44)
NPHBOJHT K YCJIOBHSIM BHAA

— R(2)0+ R +R§0 —+ Rby=0 (pemento-BpeMentoe); (45)

— RyoRy1 + Ry Ry +0+0=0 (npocrpanctsenno-
BpEMEHHOE); (46)

— Ry +RL+04+0=0 (npocrparcreento,- .
TIPOCTPAHCTBEHHOE, )} 47)

— RyRp+0+4+0-+0=0 (upocrpancraento,-

NIPOCTPaHCTBEHHOE; ). (48)

U3 cootnowennii tvna (48) Mbl 3akJiouaem, 4To JHIObL OHA
H3 KOMIOHEHT Roi, Ros, Ros MOXET OTNHUAThCA OT HYJIA.
Tlycte 5ToH Henyneroll KoMIOHeHTOH Gyner Ro; H mycTh
och x BHIOpaHa Tak, 4Te Ry fABASETCH OTPHUATENBHOI Be<
andpHoll (—2x?). Torpa koMmnonenta RO' nosmoxutenvna H
COOTBeTCTBYeT MOTOKY BeKTopa IToHHTHHTA B MOJIOXKHTENB-
HOM HanpaBJjieHun och x. Toraa us cootHowenuit (45) — (48)
H Tpebosanus Ry >0 nosoxXuTenbHOH OnNpeneseHHocT!
IVIOTHOCTU 3HEPTHH CJleflyeT, UTC TEH30p KPHBH3HE Puuun
nMeeT BHJ

222 — 2 0 0y Crpoka: O
— 2x2 22 0 0
Ro=|" o 0 00 g0 19
0 0 00 3
ITOT TeH30p MOXKET GbiTh 3amuCaH B BUIE
Rw’ = Qkukv’ (50)
rje BekTep-K siBsieTCs HYJIEBHM:
. kp=(— %, %, O, O), (51)

K2=F K" =0.

Bynyun KoBapHaHTHBIM M CIPaBeJJINBHIM B OAHON M3 CH-
crem orcuera, npeActasienne (50) umeeT cuay B mo0oi
CUCTEME,
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IMpeobpasopanust JlopeHua, cnoco6HOro JAWAroHanu3u-
poBaTh HYJEBOi TeHsop PHuuH, He CYyIeCTBYeT TaK Xe, Kak
ge cyulecTByeT npeoGpasopanus JlopeHua, mesarmouiero Hy-
JIEBOH BEKTOp BPeMeHHO-MOAOOHBIM MM BekTOopa Hamps-
JKeHHOCTH 1osiss e ¥ h, yloBjeTBOPAOIIlEe HYJEBLIM YCJIO-
puam (e-h) =0, he— o2 = 0, oapannenpHeiMH. B cayuae
pHIAeQHHHTHOH METPHKH TeopeMa O BO3MOXKHOCTH JHaroHa-
JIR3ALAH NPOU3BOJILHOTO CHMMEeTPHUYHOTO TeH30pa He HMeeT
MeCTa; BEIAICHEHHEM 3TOro OOCTOSITeNLCTBA MBI 0GA3aHEL
npod. B. Baprmany. 3ta ocofeHHOCTb HH B KOe#l Mepe He
NpensiTCTBYeT H3BJEeUeHHO MAKCBeJJIOBCKOTO KOPHA U3 (49):

0 0 —» 0
0 0 x» 0
f“": % . — 00 (52)
0 0 0 0
nJIn
e = (O, %, O); h = (01 01 K)’ (53)

4re Moxet ObTh UpPoBePeHO NpsiMOfl TOACTAHOBKOH B (hop-
myssl (13) nan (14) nns makceessoBCKoro keanparta. TeH-
3op (49) onuceiBaeT NOTOK SHEPTHW B HANpPaBJEHHH OCH X
€0 CKOpPOCThIO cBeTa, a Qopmyanl (52) unu (b3) pasznaraior
notok extopa IlofiHTusra Ha MHoKuTesu € 1 h. Makcees-
JIOBCKUH KBajgpaTHH KOpPeHb OCTapJisieT HeolpelesJeHHbIM
JIMIIp HanpasJeHue nosaspusauu. IlpuMeHeHHe onepaiuuu
NOBOPOTAa AYaJBLHOCTH € MapaMeTpoM a K HAINPSIKEHHOCTH
(52) noBopauHBaer BeKTOp HOJSIPU3ALMH HA YIoJl 6 BOKPYT
HanpapjeHUs PacnpoCTPaHEHHS, He MEHsAs ee MaKCBeJJIOB-
CKoro kpazpata R,

Tlpasuno H3BJCUEHNST MAKCBEJIOBCKOTO KBaJIp aTHOTO
KODHft W3 HYJeBOro teHaopa Puuun MoXXHO pe3soMHPOBATb
KOBapHaHTHHIM 06pa3oM:

1. MsBnekaeTcsi «oObluHBIi» KBAAPATHHN KOpeHb Ry, Co-
TJlacHe cooTHoweHno (50).

2. Bepercst 4-BekTop Vv, KOTOPH# a) 06ajiaeT MopyJseM,
PaBHBIM efuHULC:

vi=90*=1, (54)
6) Hopmanen BexTopy K

ko*=0 (55)
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H B) B CIeNHaJpHOU CHCTeMe oTcueTa MHHKOBCKOTO, Tie
BHINONHAOTCH paBeHctBa (49) u (52), nanpumep, KMeer

KOMIIOHEHTHI:
v=(0, 0, 1, 0). (56)
3. CTpouTcsl aHTHCHMMETPHUHOE NpOK3Be/ieHHe
Jw=k0,— ko, (57T)
WJH, B TaK HasbiBaeMbIX BHYTpeHHHX 00O3HaueHHfX, *
f=kAv. (57B)

4. Torna npusedennsiii Tenzop noas (57) npedcrasaser
o606l marceesnosckull K6aOPATHLLY KOPeHb OT HYAeB020
Ten3opa R,, u A6A8eTCA ¢ TOUHOCTbIO 00 noeopora Oyaio-
HOCTU EOUHCTBeHHbIM MOKCBEANOBCKUM KBAODATHBIM KOPHEM
us R,.

Kak nerxo Bupers u3 (b1), (54) u (55), mpusenenHoe
noJie I gBasierca HysneBplM B H3OpaHHOH HaMKM CHCTeMe OT-
cueta MunkoBckoro. ITosToMy OHo ocCTaeTcsi HYJEBHIM 110+
JneM B Jo6oil npyro#l cucreMe orcuera. To ke caMoe HUMeeT
MeCTo H liocjie NpHMeHeHHsl onepauud NOBopoTa Ayab-
HOCTH.

Bunsnue Ha [ noBopora ayansHOCTH MOXeT GbIth BIpa-
JKeHo uepe3 coMuoxutend, sxondmue B f. TaxkuM o6pasom,
k ocraercs HensMeHH®IM, a V nopopauupaetrcss Boxpyr k.
OnHake v He onpepedisieTcsl ONHO3HAYHG Beduunpoél . Ho-
Bl BekTOp V' = v 4 (const) k npuBoguT K TOMy Ke moJio
f u ynosnersopsier ycnosuam (54) u (b5) B Toit ke Mmepe,
kKak u v. Bojee Toro, HyXHO GHTb OCTOPOXKHBIM IpPH HC-
NOJIb30BAHUH ONHCATENBHOr0 IOHATHSA <«IOJAPH3ANUN», TAK
KaK OHO B HaueM H3J0XeHHH o0603Hayaer JHlbL OpHeHTa-
{10 NMaphl B3aHMHO OepNeHjHKYJAPHBIX 3-BEKTOpPOB € u h.
Peus se uer o nonspu3anud MOHOXPOMATHUYECKOH HamnpaBs-
JIeHHCH BOJIHB, KOTOpasi He MOMeT OuTh ONpefieseHa NMpH
OTCYTCTBHH CBefieHHii O MoJie B COCEAHHX TOUKaX — laxKe
ecau Obl HMesach BO3MOXKHOCTh TOBOPHTL O MOHOXPOMATH-
yeckoil HanpapJjieHHOH BoJiHe!

llsosakas ces3e noas U Kpusu3Hbl

PestoMupys, MOXHO CKa3aTh, 4TO J1060# npuBefienHbl
TEeH30p 3JIeKTPOMATHUTHOTO NoJsA f,,, 6yIb OH HyJIEBHIM HJH
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peT, BHI3HIBAET IIOfIBJIEHHE KPHUBU3HBL Puyud, YJIOBJETBO-
pmomeﬁ ycnoBusiM Paithpua. O6paTHo, 110608 TeH30p KpH-
puaHbl Puuud, 6ynp OH HYJEBBIM HJIH HET, YAOBJETBOPSAIO-
muit ycnopuaMm Palinkua, o6iagaer MakcBeslJIOBCKHM KBa-
NPATHBIM KOPHEM [;5, OJIHO3HAYHO H3 HEro CJeAyfOuHM ¢
TOUHOCTHIO 0 MOBOpOTa AyasbHOcTH. Kpome Tore, B HeHy-
JI€BOM CJydde KpHUBU3HA PHYYH — il HANPsKeHHOCTDb
nodis — ONpejesseT CTPYKTYpyY, o6Jafamoulyo AByMs JIHCT-
kami A ¥ B B 510000 TOUKE MPOCTPAHCTBA-BPEMEHH.

Jlucrtky He cmolKaroTCs

Kakopa reoMeTpuueckasi CTPYKTypa NpOCTPaHCTBA-Bpe-
MeHH B OJHOH TOUKe N0 CPABHEHHIO CO CTPYKTYPOH B COCEf-
meii? Ha 3To1 Bonpot MAOJXKHO OTBETHTL TeOMeTpHUYecKoe
onucaHue sJekTpoMarHutHoro mnodad. Ilostomy Ham mnpepn-
cTaBjsieTcsd MMOJIE3HBIM [OCTABUTHL BONPOC © TOM, 4YTO IPO-
HCXOJIUT, €CJAH ABHUIaTbCA B JIOKAJbHOH ABYMEPHOH NOBEpX-
HOCTH WJIH B KacaTenbHOoH MoBepXHocTH Jinctka A kK cocefl-
HUM TOYKAM, B KOTOPHIX JIHCTOK A 06s1aflaeT HeCKOJLKO OT-
JIMYHBIMH opHeHTauusiMi. IlpufeM nu MBl TakuM 06pasoM
K CTPOTO ONpejlelleHHO# JIByMEPHOH NMOBEePXHOCTH

X" = x%a(u, v) (58)

WIH e COBOKYNHOCTL JIUCTKOB 006pasyeT CTPYKTYpHI, IO-
JoGHBle CNMUpaJbHLIM JHCJIOKALHUSAM B KPUCTaJjule, TAK UTO
MOXXHO M3 OJIHOU TOYKH HNONACTh B Ji00Y0 APYTYIO, ABUTAACH
COOTBEeTCTBYIOIMM ofpasoM no Juctky A? B stom cayuae
He OyneT cyumlecTBoBate noBepxHoctedl tuna (58). Ilpuso-
BAT nn Tpebosanue oOpa3oBaHHs JHCTKAMH IIOBEPXHOCTH
(58) x ypaBHeHpam Makcrenna? 3ToT Bompoc GBI HAMH
UCCJIefloBaH,  MBl HALWH, YTO Takoe TpeGoBaHHe upe3Mep-
HO }XeCTKO U He MoiKeT GHITh VAOBJIETBOPEHO OOLIMM pelie-
HueMm ypaBueHHH 3JekTpoAnHaMHKH. IlosToMy MBI npen-
Houny wexoAuTh W3 CBOMNCTR ypaBHeHHii Makcremnsia. Ha-
NIPSXKEeHHOCTh 5JIeKTPOMAarHUTHOTO noJis 6bl1a penctanjiena
KaK magceensioBckH#l KopeHb TeHsopa Puuun, npuuewm

fo=eFE,, nm f=etg, (59)

§=(_3KcrpemaanbIﬁ MaKCBEJJIOBCKUIT KOpeHb U3 Rpw),
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y NoJicTaBneHa B ypapuenusi MaxkcseJa

,fm'v*——oy

fP, = (60)

Orcioma npexne Bcero caenyert, uto Pafinnu eme no Hac
BBISICHHJI HCTHHHOE TeOMeTPUUYECKOe cOonepiKaHHe BJeKTPO-
MarHeTH3Ma.

Yemsoipe ypaswenus Marceeara kark caedcmeus mo-
aclecms, YO00BAemMBOPSIEMbLX MEH30POM  KDUSU3HL UAU
MEH30POM IHEPULL~HAMSIHCEH LLIL

Bocemy ypaBHeunit saextpommuamuxu (60) npuuu-
MaloT BUJ

O—f‘”,v—(s*”,v—k*s*” 0xv)cosa+( £ E‘“gy) ina,
Oz——*f*”;yz——(—i * £ a)sma—l— 61)

4—(*5‘”,»—8‘” 0a )cosa
ymﬁ, B Gosee mpoctofi ¢opwme,
R L (62)
8, —p -2 o, (63)

CkoM6uHUpYEM B5TH YpaBHEHHSi TaKHUM TIyTeM, YTOOHI
NpeiCTABUTL PasjiefpHo HHpOpManuio, KaBaeMylo STHMH
YPaBHEHHAMH OTHOCHTE/LHO E u «. Cnavana yMHOXHUM (62)
Ha £, u npocymmupyeMm mo . MHcenoawsys ceoiictBa (39)
BEJUUHHB § U TOXJIECTBO

%8 =0, (64)

KoTOpoe, 6yJyuu cnpaBeiJuBLHIM B CHCTEME oTcueTa Muu-
KOBCKOTO W B TO e BpeMsl KOBapHAHTHHIM, BBIIOJHSAETCS
BO BCeX CucTeMax oTcueTa, NOJiyuaem

Baph”s =0, (65a)
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Hcxonst aHaIOTHYHBIM 06pasoM M3 ypasHeHus (63), Ha-

XoauM
* B %87, =0. (656)

V3 BocoMi ypasHenuft (65a) u (656) nesaBHCHMBI JHIIB
geTbipe, YTO BHJHO NpH nepexoje K Taxkoll KoOpAHHATHOMH
cucTeMe, B KOTOPOH &y M ¥ Ey== —E; HABIAIOTCH eNUH-
CTBEHHHIMH OTJIHYHBIMH OT HYyJAd KoMmnoHeutamu §. B stoll
cHCcTeME KOOPAWHAT BHJIHO, YTO BoCeMb ypaBHenuit (65a)
p (656) 3KBHBaJeHTHBl UETHIPEM HE3aBHCHMBIM YypaBHe-
HUSIM

Eupspv;v"{'"*Eup*Ep-v;vxo. (66)
Towpectso 1)

v 1 s
Eﬂp; v E[J« = 7 (Eup; M + E\!u; » + Ep,v; u) EP' —
o % (ENE*”); o =% E-ap * Ew; y T %— (52); o

H aHaJIOTHYHOe COOTHOLIEHHe, MOJY4Yalouleecsi U3 Hero npu
samene § Ha *§, npuBopat ypasHenue (66) K BHmy

5 (B b, 8, =0, (67)

Bripaxenne B CKOGKAX $SBJfAETCH TeH30POM HAaTsAKeHHUM
Maxcpenga. Ono MoxKeT GHThL OTOXKJAECTBJIEHO ¢ KPHBU3HOM
Puuun, cnep xkotopoil obGpaimiaercs B Hydib, Tak uto (67)
MOKHO Tepenucath B BUOeE
v 1
[R. —gBR] =0. (68)
OnHako 310 ycioBre BooGIe He sIB/seTCS HOBHIM Tpe6opa-
HueM. Buanku nokasad, uro tersop Puuun, Gyfyun noctpo-
€HHEIM U3 MpPOU3B0ABHO20 METPHUECKOro TeH30pa, Toscle-
CT6eHHo yaoBnerBopsier ypaeHeHuo (68). JlaBHO u3BecTHO,
4TO NoJIOBHMHA YypaBHeHHi Maxkcpesana cllefyer W3 3THX
—_—

l) BTOpaﬂ CTPOKa 3TOr0 TOXAECTBa SHBJIAETC UYaCTHBIM Clly4uaeM
TOXXIecTBa

1

2
KOTopoe cripaBeA/MBO AJsi JoOLIX HOBYX @HTHCHMMETPHYHBIX TEH3OpOB
B 4-npoctpaHctBe,

of . 3
A p(Bpu:B+Buﬁ:u+Bﬁp:u)“*AM*B’I Hid
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toxnects buauku. Kakas xe undopmauus o KpuBH3He NPo-
CTpPaHCTBA 3aJI0XKeHa Torja B APYTHX YeTHIPEX ypaBHEHHAX
Makceenna?

Hpyeue uereipe ypaswenus Maxkceeara tpebyior, urobo
HEeKOTOpbILL BEKTOP, ROCTPOCHHBIL U3 KPUBUSHBL U ee Nepsol
npoussolxotl, o6aa0as HYysesblM pPOTOPOM

Ymuokum ypaeHenne (62) na *%;, a (63) —Ha E.
pocyMMHpPYEM IO p; TOrfa, UCHoJb3ys cooTHollenHe (15),

» v v > 4
*CSpEp;v"{"Eﬁp*Ep;\'—i—Sag? 6%:0

nau
Oa

oxP

== g, (69)

e BBENCHO COKpauieHue
* EﬁuEm: v+ Eﬁu * Ew; v
. & .

~
Bektop a, Bhipaxkaetcsi depes kpuBusHy Puuum caexyio-
muM o6pasom:

(70)

LZB:::

po o RER:
o= (— 0" [B] e @

Urobw noayuuts (71), BCnoMHHM Bhipaxkeunue (41) nns
puuunesoll yactu (39) TeH3opa kpUBH3HK Pumana uepes
3KCTpeMaJsipHoe mnose § W 3anulleM CBePHYTYIO INEpPBYIO
KOBapHAHTHYIO NPOM3BOXHYIO 3TOTO TEH30pa:

E™ = % gt k0 P
1 ST T * T [T
=5 (—&"R"+g"R* —g"R" +-¢ R"), =
1 . .
=5 (R*T—R™). (72)

3xecy MBl HCNOJB3OBANH CBOACTBO OO6paIEHHs] B HYJb
BCEX KOMIOHEHT KOBAPUAHTHON NpOU3BOJHOH OT g’ u
yuau toxkaectBa Buauku B Buse R”;; =0, 61arogaps uemy
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u3 BOCHMH mnoayvamomuxcss npu  auddepeHuupoBanun
y/eHOB ocraeTcst Juip jApa. OnpepenuM BeaHYUHY

Frop =5 (—8)" [13p] Ed” =
= g (— ) [ (— Bt — by E) =
= — uq*cx —{—*Eaﬁﬁ‘a—
— )" [10p] 5 (— ERh 8RS — BhRE +-BRY) =
(— &) [13pv] (BuRE — BpRY). (73

I

Sl wl

|

IMocTpouM, HAKOHel, NPON3BefeHHE

Fuﬁ‘(BETaﬁt; = Qg (* Eu[BE + Euﬁ * 'T) =
= 5 (— &) [13] (BLRE — R R T =
— L g eyl R TRE. (74)

Cunenyroutee u3 cootHowetust § X E = 0 npu ero auddepen-
LUPOBAHUH YpaBHEHHE

b Xt e= 5 (5 % 67), =0

6BUTO NpUMeHeHo NPH BHIUUCAeHHH (74) Ha ocHoBaunu (72)
u (73) wuapapy c toxpaectoM (64). Tenephb Buipaxkenue
(71) nonyuaercsi nytem neneHus (74) wua 2(§?)%=
= 1Jy R,.R"*, uTo u Tpe6oBasnoch MOKA3aThb.

Bektop ag, onpenenentwlit papenctsom (71), cyure-
CTBYeT BO BCAKOM PHMaHOBOM [POCTPAHCTBE, B KOTOPOM
TEH30P KpHBU3HH PuuuM siBAsieTCSl HeHyJeBHIM U Iudde-
pernupyembim. ['eoMerpus Teopun fininreiina — Makce-
Besyla oTsinyaercsl oT 3THX Goslee oOLIMX PHMAHOBBIX NHPO-
CTPAHCTB TeM OOCTOSTENBCTBOM, HTO 370T 8eKTOop (Kak mo-
Kasay Pafinnu) He INPOH3BOJIEH, HO A845eTCs 2padueHToM
«¢asors o gaekrpomaeHutrozo noas. Ortcopa cienyer, uto
PoTop a; fonxken GBITb papeH HYJIO:

apy— g = 0p, ¢y, p="0. (79)



254 Y. Musnep u Iln. Yusrep

O0paruo, ecnu paBen HyJ10 potop (7D), TO KpUBOJHUHENHBI
HHTETpall OT BeKTopa a; 3ajaBaeMoro paseHcTBoM (71),
oT u3bpaHHoii HaMH Touku ( [0 NpPOU3BOJLHOH TOUKH X
daer ckanspHyio «pasy»

o= f a5 d X’ +-a (76)
b

C TOYHOCTBIO IO ANNHUTUBHOH MOCTOSIHHOM g, €CJIH, KOHEYHO,
paccmarpuBaeMas o6JacTh NPOCTPaHCTBAa SIBJSETCA OOHO-
CBA3HOMH, a NYyTb WHTErpHPOBaHUA He NPOXOJUT yepes Tou-
K4, Tae BeauwyuHa R, K obpautaercs B Hysb. Jas MHoro-
CBSI3HHIX MPOCTPAHCTE COOTHoluieHue (7D) cnenyer 3aMe-
HITh TpeGoBanueM, yToObl UHTErpan ot Gg no jioboMy 3aM-
KHyTOMYy NyTH OblJl paReH LeJIOMy KpaTHOMY 2m:

§ aydxt = 2mn (77)

IpH YCJOBHH, YTO 3TOT NYThb He OPOXOAMT Yeped KaKkue-nnbo
HyJleBble TOYKH. DTO YCJIOBHE B COBOKYNHOCTH ¢ TpebGopa-
HueMm Paiinnga

R:=0, Ryp>0,
R = (1 RR) (78)

cocTapasieT Heobxo0umeie U OOCTATOYHULIE YCJIOBUS OmNKCa-
Hus (pu3uku DiHwTeliHa u MakcBeasa faHHOH PHMaHOBOH
reoMerpueil B cllyyae, eClid TeH30pD KpHBM3HM R,, He #B-
Jasietcs HyJieBbiM. Bo3MoikHo, uTo ciyyall HYJeBBIX nosei
TAKXKEe MOXKHG BKJIOYHTL B PacCMOTpeHHe, €CJIH BHECTH Ka-
KOe-TO 0pocToe H3MeHeHHe B (POPMYJIKPOBKY TEOPEMbl; OI-
HaKO 3TOT BOINPOC NOKAa elle He HCCJeoBaH.

Moyemy mMenHo reomerpusi Pafinmya — Pumana?

Hazosem reoMerpuefl Paiinvya — PuMana reomerpuio
aoéoro  4-NpocTPaHCTRa, YAOBJETBOPSIOIIErO  YCJIOBHSM
(77) n (78) u obnanawilero curaarypoll (— + + +).
Ilpu atoMm BcTaer Bonpoc 06 OCHOBAHHSX, HA KOTOPBLIX MO-
WHO Ob10 OBt cunTaTh reoMmerpuio Paiinvya — Pumana oco-
OeHHO eCi1eCTBEHHBIM M 3aC/AYXKHMBAWOIIMM PacCMOTPeHHs
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runoM reomerprl. Ilo-eunuMomy, HanGosee ecTecTBEHHBIM
OTIIPABHBIM NYHKTOM 1J1si 0GCyKIeHHsi 9TOro Bomnpoca Gbii
G6bl BAPHALMOHHBIE NPUHIMI [AJs COOTBETCTBYWOLLeH J1a-
rpaH)Keéof»‘I cKalfpHOH nJoTHOCTH. Kakosu 6w uu Gblin 60-
gee (QyHIaMeHTaJbHble AOCTOMHCTBA reoMeTpuH Paiinnya -—
PuMaHa, HCK/IIOYHTENLHO NPUBJIEKATeNbHO ykKe To obCcTos-
TeJbCTBO, YTO OHA TNPHBOAUT B MYCTOM HCKPUBJEHHOM OpO-
CTPAHCTBE KO BCEMY CTaHZAapTHOMY MeXaHH3My MakKCBeJ-
JIOBCKUX HATSXKEHHH, 3JIEKTPOMATHUTHBIX BOJIH W HOPOXK-
JEHHUsi TPAaBUTALHMOHHBIX CHJ MOJ NeHCTBHEM 2HEPTHH MOJIfl.

[El. 3APAN KAK NOTOK CHJIOBbLIX JIMHUH
B MHOTOCBSA3HOM NMPOCTPAHCTBE

A. 3aexTpomMarsernsm
B PaMKax 3aJaHHOH MeTpPHKHU

TlpencrapnsieTcs, YyTo «HWCKOHHO €HHHAS TEOPHS [OJIS»,
WM TEOMEeTPONMHAMHKA, CBOAMTCH HCKJIOUHTEJNbLHO K OH(-
(pepeHuHaNbHBIM YPABHEHUSIM U ajre6panuecKuM COOTHOLIe-
HUAM 7)1 KpuBH3HBI [cooTHowenus (75) u (78)] (uHaue
TOBOPfl, KAXKeTCsl, YTO OHA HMEeeT HCKJIIOUHTEJLHO JOKAMbHLIH
Xapakrep), NMOCKOJBKY paccMaTpHuBaercsl OJHO CBSI3HOe (1pO-
cTpaHcTBO. Ho Kak TONILKO OONYCKaeTcsi BO3MOXKHOCTH CY-
LIeCTBOBaHUSL JBYX MJIH GoJlee TONMOJIOTUYECKH Pas3JiHyHbBIX
nyTeH, CBSHIBAWOILMX KaKHe-Ju60 fnBe TOUKH (CM. ¢ur. 3),
nosipjsieTcdl HeOOXOMMMOCTh HAJIOXKUTL YCAOsUe Hepuodud-
HocTu

§ oy dxF = 2xn, (79)

<

Ha Ka)XJH{ TOMOJOTHUYECKHH pPa3IHYyHBLIH 3aMKHYTH KOHTYP
C,, He copepwauuii nyJersle TOYKK. JIUIIb NPH yAOBJIETBO-
PeHHH 3TOro YCJOBHSl HaMNpPSKEHHOCTh 3JIEKTPOMATHUTHOTO
nons f= e*° Gyner onHO3HAYHON (GYHKUHEH KOOPOMHAT.
Yenogue (79) umeet mesoKaJbHBIE Xapagtep. Bpuny storo
O6CTOSITENILCTBA BCTAET BONPOC, Kakne OONOAHUTeNbHble He-
JIOKaJIbHble uyepThl NpuHoOpeTaeT (u3KMKa IiiHwTeliHa —

aKCBessla B MHOTOCBSI3BHOM INPOCTPAHCTRBE.

Ina toro yroGH 6ecTu 6 TeOpuo 3apad 6 KaYecTse He-
NOKANbHO20 CAe0cTBUS 3AEKTPOOUHAMUKU §e3 UCTOYHUKOB
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8 MHO20CBSIBHOM NPOCTPOHCTBe, MBl HaXOOUM YHoGHHIM
BHOBL IepedTy oT upeil Oojiee NPHUBLIMHON TeoMeTPodKHa-
MHKH K fI3bIKy TeopHu Makceessla B 3a1aHHOM NPOCTPaH-
CTBEHHO-BPeMeHHOM KOHTHHYyMe. sl coxpaHeHHs Harjspn-
HOCTH TePMHHOJIOTHH MH He OyneM OTPHLAThH BHYTPeHHel
HEJHMHEHHOCTH 3nekTpoaunaMuku. Ilone oGiapaer MioTHO-
CTLIO HEPTHH, HCKPUBJSIOIEN MPOCTPAHCTBO. JTa KPHBU3-
Ha BJIHSIET Ha pacrnpocTpaHeHue I10Jis, U MM03TOMY MoJje Y-
BOCHHOH HaNpsKeHHOCTH pPAaCIpoCTpPaHsieTcs HHaue, ueM
ucxonHoe none. B nanbHefilleM Hcc/eOBAHHH 3Ta HEJU-
HeRHOCTh OYy/eT CKPHBATbCA 3a KyJWCaMH, U MBl OTpaHu-
yUM CBoe BHUMaHHE ypaBHeHUAMH Maxkcpensa u HX cien-
ctBuIMH. OnHaKO 3TH CJENCTBUS OCTaHYTCS CIIPaBeiJiu-
BHIMH U B TOM CJlyuae, KOTHa ypaBHeHus MakcBenna s
HanpsiXKeHHOCTH OynyT NONONHEHH ypaBHEeHHUsMH JDHHIUTEl -
Ha [J1s1 MeTPUKH.

[lonsTHe MHOTOCBfI3HOCTH HMeeT TOMOJIOTHYECKHH Xxa-
pakTep M JIOTHYECKH NpefdlleCTBYeT uuee MeTpuru. Ilo-
3TOMY B pasnejie b MH pe3oMupyeM HeoGXomuMble Hayasb-
Hble TOMNOJOTHHEeCKHe NOHSATHS, BKJIOUas KOHUENLWH He-
NpPepPLIBHOCTH, MHoroo6pa3us, TI'pPaHUObl, TOMOJOTHUYECKOTro
KJaacca, uucaa bBertu, nuddepenuupyeMoro MHOrooGpasus,
KOOpIUHATHOrO BKJOUeHHA. Hu omwo npocTpascTBO, TOMO-
JIOTHYECKH He IKBHBAJIEHTHOE OTKPHITOMY MOANPOCTPAHCTBY
5BKJIMJIOBA NPOCTPAHCTBA, HE MOXKeT OBITb OXBAUEHO HECHH-
TyJASpHbBIM 00pa3oM HECHHTYJSIPHOU KOOpAUHATHOH cHCTe-
MOH. DTO 06CTOATENLCTBO OEJAET HCCJeNOBAHHE TEH30POB,
BEKTOPOB U JPYTHX BeJIHYUH C MOMOUIbIO KOMIOHEHT — B
TPALHLHOHHOM IyXe TEeH30PHOTO HCYHCJIEHUS — MeHee [eii-
CTBEHHHIM, HeM BHYTPeHHULl TUN MCUHCJEHUS, 3HAKOMHI o
BEKTOPHOMY aHa/lu3y B S-NMPOCTPAHCTRE.

B pazgene B ucnonv3oBannl pHyTpenHue o6Go3HadzeHus
Kaptana napsany c¢ o6pldHBIME 0603HAUEHHAMU IS Ompene-
JIeHHs HeoOXOIMMblX NOHATHIR HHpdepeHunanbLHoH reoMer-
pHUK B NPOCTPAHCTBE, €lll€ HE CBA3AHHOM C KaKOH-HGo Mer-
PHKOH: BEKTOPOB, aAHTUCHMMETPHYHHIX TEH30POB, BEKTOD-
HOI'O NPOU3BEICHHS, POTOPA, HE 3aBUCAILEH OT METPHKH MO-
JIOBHHB ypaBuenuii Maxkceesla, teopemnl Crokca, coxpa-
HeHHfl NOTOKa, 3apsjla, BEKTOPHOro MOTEHUMaJa, TeopeMbl
ne-PaMa 1 00ABJEHUS! SJEKTPHYECKOTO ¥ MATHHTHOTO 3apsi-
noB. Konen pasmena B nocesillien BaueHlIMM ponosHu-
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TefbHBIM  CJENCTBHAM, BBbITEKAlOUIMM H3 CYIIECTBOBAHHSA
METPUKH: IYaJbHOCTH, PaCXOAMMOCTH, NH(GhepeHuHanbHEM
onepaTtopaM, COOTHOUIEHHSAM W HHTerpasbHBIM (OPMYJaM,
BKJIIOUYAIONIMM 3TH OIEepaToOpHI.

Pazpnen I' copepXur HcCleZoBarpe 3JEKTPUYECKOTO H
MATHHTHOTO mnoJiefl Ha OAHOH WMAK [ABYX MpPOCTPadCTBEHHO-
qopo6HBIX THIEPNOBEPXHOCTAX KaK HadallbHBEIX YCJOBHI
ypaBHeHHﬁ MaxcBensa. Hafineno HoBoe cBolicTBo 3apsna,
o6si3aHHOe MHOTOCBfI3HOCTH, a CaM 3apsf onucaH ¢ Io-
MOLIBI0 TEOPHH rapMOHHUECKHX BEKTOPHBIX MoJjeil.

Bb. Tonoaorus
Tonoaoeus U TOUEUHBIE MHONCECTEA

Tonosorua ') uzyuaer HekoJHdecTBeHHOe NMOHATHE «6JiH-
3ocTHY. JTO NOHATHE caMo No ce6Ge He onpenesieHo oObiu-
HbIM 06Pa30oM; HaNpPOTHB, TONOJOTHS aKCUOMATHHECKH Onpe-
pender, Yto ceayer NMOHHUMATh IO OKPECTHOCTLIO TOUKH:
QTKPHITOE WK 3aMKHYTOE OANPOCTPaHCTBO. MOKHO 3aiaTh
ClleIyiolllee COOTHOLIEHHE 3TOTO TIOHATHS C «GJIH30CTBLIO»:
1) OxpecTHOCTh TOYKH €CThb HOANPOCTPAHCTBO, COMEpPIKa-
Liee BCe TOYKH, gocTtatodHo Giauskue g x. 2) OTKpuiTOe noj-
MHOMEeCTBO SIBJSIeTCH TakHUM HNOOMHOXECTBOM, BCE TOUKH
KOTOpOro poctatoudo Gau3ku awo6oft u3 ero touek. 3) 3a-
KpeiToe nopgnpocrpadctBo C sBAsieTcs TaKUM TNOAMHOXKE-
CTBOM, BCE TOUKH KOTOPOTO CKOJb YrofHo 6yu3ku K C.

Ilycte nBa nomnpocrpanctBa X; U Xg OynoyT 3KBuBa-
JICHTHEI APYT APYTY KakK MHOXKECTBA, TaK UTO OHH COHEp:Kal
TaKke OJfHHaKoBoe yucsio Touek. Torpa oun GymyT 3KBHBa-
JICHTHHl KaK TOIOJIOTHYECKHE NMPOCTPAHCTBA, T. €. 20MEOMOp-
PHpl, ecniu uMeeTCs B3aHMHO ONHO3HAuHOE NpeoGpasoBaHNe
h muoxectea X, B Xo, HaspBaeMoe 2omeomophuzmon,
NPH KOTOpOM OTKPHITole MOAMHOMXKecTBa X HAXOHSTCS BO
B3aMMHO ONHO3HAYHOM COOTBETCTBHH C OTKPBITHIMH IMOJAMHO-

XKectBaMu Xp. DTH OTKPBIThle MOAMHOXKECTBA ONpPENessioT
—_——

+ 1) CranpapTHeM PYKOBOICTBOM MO TOMOJOTHH TOMEUHBIX MPOCT-
Paucts ansercs xuura Kenm [25]. Kpatkoe usnoxenve stoif Teopunm
M. B mMoMorpadum JI. C. Tlontpsiruna [26]. HauGonee cyiecteHlibe
IPU u3yuenun MHOrooOpasufl ONpPEAENEHHst H TEOPeMbl TONOJOTMH TO-
YeYHLIX npocTpaHcTB MOXHO HaWTu B MoHorpadum Il C. Asekcaun-
Poa [27.

].'7 3ak. 300].
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nousTtHe «6au3zoctu». [losroMy MBI MOXeM cKaldaThk, YTO 20-
meomopuzm h sBASETCA B3aUMHO OMHO3HAYHBIM COOTBET-
crBueM X1 u Xo, Beerja nepeBonsiniiM GJIM3KHe TOUYKH Ofi-
HOTO OpPOCTPAHCTBA B GJIM3KHE TOUKH APYroro, T. e. obaanaer
CBOUCTBOM HENpepHIBHOCTH, KaK 1 o6paTHOe COOTBETCTBHE.

Mp Hamm HeoOXOAMMBIM PacCMaTpHBAThL NMPOCTpaH-
CTBa, TonoJioruiecku Oojiee obuiMe no CPaBHEHHIO ¢ MPOCT-
paHCcTBaMH, NpUHATHIMHE B Qusuke. TeM He MeHee MM orpa-
HUUHMMCH HCMOJb30BAHHEM BeChbMad CIElHaJIbHOro Kiacca
NpOCTPaHCTB, UMeHyeMBIX MHorooGpasuaMu, MoxkHO omnpe-
LeJIUTh n-MHorooGpasue [28], npeactasafioulee coboii T0nO-
A02UMeCKOe NPOCTPAHCTEO, KOTOpoe asasercs 1) aokaabro-
38KAUO0BbIM NPOCTPAHCTEOM N u3meperuti, 2) xaycdopgo-
gbim npocrparcTeom u 3) obaadarowyum cuerHoim 6a3ucom.

1) Jlokarbro-38KAU00661M NPOCTPAHCTBOM 1 U3Mepenni
Ha3bIBAeTCH NPOCTPAHCTBO, KaXKIas TodKa KOTOporo obJsa-
HaeT OKPEeCTHOCTBIO, TOMeOMOD(HOH 7-MEePHOMY 3BKJIUIOBY
OpOCTPAHCTBY.

2) Xaycdopghosbim Ha3HIBAETCS NPOCTPAHCTRBO, KaXKpble
IBE pasJiHuHbIE TOYKH KOTOPOro 06JafaroT pasjiHdHbIMH
OKPecTHOCTAMHU. MOXKHO CKa3aTh, YTO B MPOCTPaHCTBe Xa-«
ycnopga HHKaKHe IBe pasjiHdHble TOYKH He MOoryt OBIThb
MPoU3BOJILHO GJIM3KU NPYT K APYTY; 3TO HHTYUTHBHOE onpe-
IeJieHHe MoxKeT OBITh BhIpaxKeHO 6oJee TOUHO HHBIMH CIIO-
cobGaMu.

3) Tlpocrpadcteo o6aanmaer cuernoim 6a3ucom, ecau
HMeeTCH CUETHOE MHOXECTBO OTKPHBITHIX NPOCTPaHCTB, KaiK-«
noe M3 KOTOPHX SBJSieTCs OGBbenHHEHUEM OTKPHITHIX Mpo-
CTPAHCTB 3TOTO MHOXKECTBA. JTO YCJOBHE HAKJaIbIBaeTcs
IS Toro, YToGH MHOrooGpasue He ObUIO upesaMepHo GOJIb-
LHIHUM.

Ilpumepor mHo2006pa3uil

TpocrefiuuM npuMepoM MHOTOOGpa3uil ABJSAIOTCA 3B-
KJUAOBL MPOCTPAHCTBA. DBKJIHIOBLIM #1-MEpHBIM NpPOCTpaH-
CTBOM R”" Ha3blBaeTcd NPOCTPaHCTBO BCEX COUYETaHUH # Be-
nlecTBeHHLIX yHcenr X = (x!, x2, ..., x") ¢ o6bYHO YymO-
TpeGusieMoll Tonosiorvedl. OTKpHTOE MOANPOCTPAHCTBO MpoO-
crpatncTBa R”, onpenessieMoe Kak

x-x=2(xP <], (80)
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e

Ha3blBAaeTCst  N-MePHEIM wapoM (n-llapoM). IJTo Takxe
ecTh HN-MHOroo6pa3ue, U OHO (aKTHUECKH TOMEOMOpP(HO
¢cBA3aHO € R" npeoBpa3oBanuneM x — x (1 —x-x)7L. JIpyrum
U3BECTHBIM TPHMEPOM MHorooGpasusi siBiseTcst n=¢asa S”.
aBJISIONLasACA MOANPOCTPaHCTBOM R**! u cocrosinas U3 Bcex
TOYeK X, YAOBJIETBOPSAOLIUX YCJIOBHIO
n+1
X X=X (x)P=1. (81)
x=1
M3 8" Moxer OHITH MOJIYUEHO NPOEKTHBHOE AM-NPOCTpPaH-
ctBo P* nyteM OTOXIECTBJIEHHA NPOTHBONOJIOXHEIX TO-
yek S”, T. e. TouKa X B P" cOOTBeTCTBYeT HeyNopsilouyeH-
ol mape (X, —X). Touek X B R"'l, ynoBieTBOpSIOUHX

ST Sl
i

a [}

P ur. 4. lNponséunbie cdepsl.

Vaanas nonsipupie manku chepyl B OTOKAECTBJAR BOIHHKAIINHE TIPH 3TOM [PAHHUH
KaK 9TO OTMeYeHO COOTBETCTBYIOUIMMHM TOuKamu A H B (eM. @), Mb NPUXOAMM K upo-
CTPAHCTBY, KOTOPOE MOXHO Ha3BaT, NPOH3EHHON chepoit Wy, D710 coBMCm uue
MIKET GulTb CReJaHO HATJSAHBIM NPH COBMELICHWH KpaeB yepes LeHTp chephl (cM. ¢),
Tax YTO NOJYHYEHHOE MHOTOOOpasue npeacTapiaseT co0Of fuap € KanajioM, NpocBepien-
HEIM uepes ero uentp. Ecan B cdepe npocBepseHo R TAKUX KaHaNOB, NPHYEM HU OXHMH
M3 HuX He nepecexaeTcs ¢ ApyrdM, Mbl NPHXONHM K R-KpaTHO npouséHHoi cdepe Wkr

W, B HACTHOCTH, K RBYKPaTHO NpoHs¥unoil chepe W, (cm. 6). 3nech usobpaens
AByMepHble MHOrO06pasusi, B TO BpeMs KaK B TeKCTe W), — TpexMepHsie MHOroodpasus.

ycioBuiO X+X = 1. B of1e# TEOPHH OTHOCHTEJBHOCTH MpO-
cTpatcTBa S3 ¥ P? uCNONB30BanuCh B KOCMOJIOTHUECKHX
mopensix [29, 30 [pyroe wmHorooGpasue — 3-top, T3, —
yacro BCTpedaeTcss B TeOpeTHHECKOH (H3HKe B Tex cay-
YafX, KOTNa HaKJaJBIBAlOTCS MNEPUOAHUECKHE TPaHUUYHbIE
ycaopus. Jlanee, n-top npencrarisier co60d NpocTpaHcTBo,
TOYUKH KOTOPOTo CYTb CceMeficTBa Touek B R™ x={x+4
+ 2nm}m, roe m npoGeraer Bce HaGOpPH N [EJNBIX YHCEN
m= (my, ms, ..., m,). B KauecTBe mnociiefnero npHMepa
CKOHCTPYHpyeM mnpoctpaictBo W,, npocteiM oGpa3oM uJ-
JIOCTPUPYIOIEE HEKOTOPBIE TOINOJIOTAYECKHe BO3MOXKHOCTH,
HHTEepecHble B HCCJENIOBAHUAX B CBA3U C HAeell 3apsiga. Me-
xonsa u3 3-chepw S Gymem paccMmarTpusarh JHLIb T€ TOY-
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KU x = (x!, x%, x3, x*), KOTOpLIE YyNOBNETBOPAOT KaK YCJIO«
BUIO X-X = 1, Tak u ycjoeuio |x*| < (1 —eg). Hasee ot0-
MIECTBUM KaXiayw Touky (x!, x2%, x3, 1-—¢) ¢ Toukoi
(x!, x2, x%,— 1 4+ ¢). D10 MOKHO HA3BATH <«NPOH3EHHOH»
cdepoit W,. Bripesas k nap npoTHBOCTOSILIMX 1HAPOB, Ha-
npumep, x*>1—e¢ u x* <1+ g, yNOMSAHYTHIX BbIlllE, BO-
Kpyr B nap touek B 83 [raxkux, uto x = (0,0,0, =1)] u
aHAJOTHYHBEM ©00pa3oM OTOKJECTBIAS TPaHHUH, MOKHG
CKOHCTPYHDPOBaTh k pa3 «npoHaéuuyo» cdepy W, (dur. 4).

Ilpoussedenue mro2000pasui

Ecnun umeerca p-muorcoGpasue IMP u g-muorooGpasue
Me, 10 ML MoxkeM mnocrpouts (p + g)-muorooGpasue
9RP X M9,  TOURKM KOTOPOro  SIBASAOTCA NapaMu (X, y),
rge x ectb kakag-nu6Go touka usz MP, a y— kakas-aubo
Togka u3 M9, DBRNUAOBO 2-npocTpaHCTBo R? sBJseTCH,
HanpuMmep, mnpoussegenueM R!' XR!'; awnasoruuso, R"=
=R X R'X ... XR! (n comHoxutesnefl). 3aMeTHM, uTO
St u T? romeoMOpQHHL:

{x+2nn),—>(x, x2) npu X' ix?=¢é". (82)

[Mu nuueM T!'= S!', tak Kak oOHuHO HET HeoOXoAMMOCTH
pa3nuuaTh roMeoMopduble MHOrooGpasusi, eciH TOJbKO
IpH HX KOHCTPYHPOBAHHH HEeT HyXJ(Hl HMEHOBAaTb TOUKH,
T.e. {x + 2wn}, € T'u (x', x?) € S'] Torna T sensercs npo-
u3BemeHHeM n  okpyxuocteii: 17 =S8!'X S' X ... X SL
MoxHo Takxe BHpeTb, uTo Wi = S2 X St

B u3/oXKeHHBIX NPUMEpPaX MH HE ONPenesMJH TomoJo-
rHIO, WHBLIMH CJOBaMM, MH He Cjejiajii Bol6opa OTKPHITHIX
MHOIKECTB, TaK KaK COOTBETCTBYIOUMH BHIGOD IOBOJIBHO
OUEBHIIEH.

Hupepenyupyemote mrocoobpasus

Huasi paccMotpennst nuddepeHnHaNbHOR reOMeTpUH HaM
notpebyercss Kak noHsTHe MuorooGpasus, Tak H INOHATHS
dugppepenyupyemod  pyHkyuy Ha 3ITOM  MHOTOOGpa3HH.
BeeneM KpuTepun nuQepenuupyeMoctd (Qynxuuii, ompeje-
JieHHbIX Ha MHorooGpasuu M. Takve dYHKUHH Ha3LIBAIOTCH
Aueppeperyupyemoti crpyktypoti na M, a camo M nasbl-
Baercsi Ouppepenyupyemvin muoeoobpasuem. [ns xnacca
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puddepeHUHPYeMBIX  QYHKUMH  yCTaHOBJIEHBI HEKOTOphle
akcHoMH [28].

Ins xaxpolfi Toukn x Ha M cyuwecrsyer -0TKpETas OKPECTHOCTD
U ToukM X ¥ N pellecTBeHHHIX GyHRuui Xx(x), x2(x), .., xn(x), onpe-
nenennbix Ha U B yJOBIeTBOPSIOUIMX CEAYIOUIMM YCJOBHSIM.

a) [IpeoGpazosamne x—> (x1(x), x2(x), .., Xp(x)) oKkpecTHOCTH
U 8 R" snnsiercsi romeoMopHEIM otoGpaxkenveM U Ha OTKpHITOR MHO-
xecteo R, 1ak uto kamxpasn ¢yukiuusa f, onpeneneduas B U, mMoxer
6LlTh BEIPAXKeHa uepe3d X;:

F)y=f (%1 Xy - -5 Xp)- (83)

6) ®yuxnun f(x) ssnsiercs nuddepesuupyeMofi B TouKe, NpHHAL-
nexaileii U, B TOM u toJlbKo B TOM CJydYae, €C/ii OHa OlpelelieHa B
otkpuiToll OKpectnoctH W stoli Touku, mpuuem W conepxures B U,
a f(x1, X2 .-, Xn) OGNanaeT HENpPEePhLIBHBIME NPOH3BOMAKEIMH BCeX NOpSiA-
KoB Mo X; JJsi 3HadeHuit X;, COOTBETCTBYIOLIMX TOUKaM, MpHHAAJEKa-
uum W

Oxkpecrrocts U ¢ dyHKuUMAME Xx; HasbBaeTcs koopdu-
HarHoim eKkAtoueHuem, a Habop dyHkRUME X1 (Xx), x2(x),...,
X,(x) cucremoit sokaavnbix Koopdunar B U. M3 3toro
onpeseseHHs CJEeNyeT, YTo KoopauHata X,(x) sBasetcs
nuddepeHunpyemMoit Qyukuuei.

IlpounmocTtpupyeM onpenenenre auddepeHudpyeMbX
(QYHKUHE HA HEKOTOPHIX H3 YINOMSAHYTHIX BEIlle MHOroobpa-
sufi. Ha n-cdepe Mb MoxKeM onpepenuth X; (x), rae x =
= (X1, Xg, -.., Xp41), Kak nmuddepenuupyeMyr ¢yHKUHIO
Touek x B S™. Torma uekotopeie n u3 3Tux n + 1 dyukuui
OynyT CAyXKHTb KOODAMHATAMH BOKpPyr JnoGoH TOukdH B ya-
CTH «a» HU3JIOKEHHLIX aKCHOM, B TO BPeMsl KakK OCTaJibHbIe
InddepennupyemMble QyHKIUU pawoTed wacTthio «6». B cay-
Yae MPOEKTHBHOro AM-npocTpaHctBa P", TOUKH KoTOpOro
Npencrasnasior coboit mapw Touek (X, —x) B S", MH Ha-
spBaeM f(x) nuddepenuupyemoii dyuxuueidt Ha P?, ecnu
I((x, —x)) sBnsercs puddepenuupyeMoll (QyHKuHeH ot
X€S" B cayuae mnpocrpanctBa Wi, WiIH «IPOA3EHHOIY
cdheprl, MBl paccMaTpHBaeM X1, Xo H X3 Kak jpuddeperuy-
pyeMmele &yHKUMH, Kak ecan Ob oHH OulM 3ajnaHbl Ha
chepe. Beanuuna x* geasierca puddepeHunpyeMolt Jub
B obnactu |x*| < 1—e¢. D1a dyHRUMS He onpeneseHa Ha
rpaHuuax, OTOXKAECTBAseMBIX Jpyr ¢ apyroM. Ilostomy
ClleflyeT HCNoJb3oBaTh HAPYrylo GYHKIMIO, KoTopasi ompe-
lejieHa ¥ MOXeT HasHBaThCs AHDGDEPEHUUPYEMOH, BK1O-
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yas 31y obnacTk OTOXK[ecTBJeHHs. I{ns 3Tof nesu onpe-
fenuMm f(x) paBeHCTBaMHu

f(xX)=1—e—x%(x) npu 0 < xt<1—s¢,
J(X)=—14e—x%(x) nppy —14+eLx*<0

u norpebyeM nuddepenuupyemoctu f(x) npu x* = 0. Jlo-
KaJlbHble KOOPAMHATH BOKPYr J1000H TOUKH MOMKHO BHI-
6paTb U3 yHcaa QyHKOMH Xy, X9, X3, X U [.

HecMotpst Ha To 06GCTOAITENBCTBO, HTO KaXKAOMY TOMO-
JIOTHYECKOMY MHoroo6pa3Hio MoKHO npunucath GoJiee of-
ol nuddepernrpyeMoil ctpyrTypul [31], GymeM B pasnb-
He#llleM COKpalUeHHO Ha3blBaTh NUQ¢epeHnHpyeMble MHO-
roo6pasus npocto MHOrooOpa3wsiMH, & B IOHATHE TOMOJO-
THH BKJIOYAThL Hapsay ¢ Tonoaozueil pudQepenuupyeMyro

CTPYKTYPY.

(84)

B. Nuddepenumnanniag reomerpus
u dopmyaupoBka ypaBueudii MakcBeana

Huppeperyupyemote pynkyuu 1 noas

Ias ycTaHoBieHHS KOJIHUeCTBeHHOH (QopMul (H3HYe-
CKHX 3aKOHOB Mbl BHIHYX/EeHbl HCIOJL30BaTb BEKTOpa U
TeH30pa B HCKPHBJIEHHOM NpPOCTPaHCTBE. B MHOroCBA3HOM
NPOCTPaHCTBE 3HAKOMHIE f3HK TEH30DHOTO adajH3a He
npeacTaBisieTcss CaMBIM YNOGHLIM [s ONHCAHHA 3THX Be-
JguunH. Hyxen HOBWLIH, 8HYyTpennuil, MeTon omnHcaHUs.

Tensopublil aHanu3 ywe He siBjifeTcd Haubojee mnpH-
rogauiM. On TpeOyeT HCNOJb30BAHHSA HECHHTYJIAPHBIX KO-
OpIMHATHHIX CHCTEM, B KOTOPHX MOTYT OHITH 3afaHbl KOM-
NOHEHTH BeKTOPOB H Ten3opoB. O[HAKO, COINACHO orpe-
penennto puddepeHUHpyeMoro MHoroo6pasusi, ofiHa HeCHH-
ryJisipHasi KOODJAHHATHAs CHCTEMa HEeNOCTaToYHa AJis TOro,
yrobbl OXBaTHThH MHOroo6pasne, HE 3KBHBAJIEHTHOE TOINO-
JIOTHYEeCKH OTKPHLITOMY MHOMECTBY B 3BKJHIOBOM [pO-
crpanctie. Jlna  QU3HUECKHX NPUIOMKEHHH CyUIEeCTBEHHO,
yTOOK MOKHO OHIJI0 pPas3siMdgaTh CHHTYJISIPHBIE H PeryJdsp-
Hhle TeHsopHble mnoJis. CHHTYNAPHOCTL NOJS  NPHBOAUT
ofblynio K NOABJEHHIO B jHGb(depPeHiHaNbHBIX ypaBHEHUAX
NAOTHOCTU AOKAGAU30BAHHO20 UCTO4HUKO. TakKOW HCTOYHHK
npeiactaBiisieT co0oH HereoMeTpPHYECKHMe 3apsil HAWM Maccy,
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koTopbie He OBUIM HCKIIOYEHH H3 TeOpHH, HO JIMLIb Hpea-
JIU3HPOBAHHO CBEJIEHH K TOUEUHOMY 3apsiiy HJIH K Touey-
yoit Macce. IloatoMy MBI uckarougem 6ce cuneyaapHOCTU
nosell Lasi TOro, 4roObl HCCJELOBaTh CojepIKaHUe dHCTOH
reoMeTponuHaMuku. PaccMorpuM, Hanpumep, IByMEpHYIO
[OBEPXHOCTL enHHH4YHOH cdephl. Ilonapuabie yrubl 6 u @,
pasbiBaeMble OCHIYHO KOODIHHATAMH, HE MOKPHIBAIOT, OJ-
§ako, 3Toll NOBEPXHOCTH HeCHHIyJspHbHM obpasom: 1) Me-
TPUKa

ds? = df? - sin® 6 d¢? (85)

o6namaeT KOMIOHeHToH g% = sin™2§, obpamawoiyeiics B
GeCKOHEUHOCTL B IIBYX noJdiocax 6 =0 u 6 =n. 2) Bektop-
goe noJie, aBHO He oOyajaloliee CHHTYJAPHBIMH KOMITOHEH~
taMH (vy =1 u v,=0), He ABJSETCA BIOJHE ONpEIeNeH-
HBIM B CMbICJIe HANPaBJEHHS Ha Kam[AOM M3 IOJIIOCOB. ITa
CHHTYJIIPHOCTb BekTopa V = gradf cTaBUT 0oa BONpoc
BO3MOXKXHOCTb HasbiBaTb 0 Koopmuuartoil. 3) Ha mepunuane
I'punBuua yrosn ¢ nperepneBaetT ckadok ot 0 jpo 2w, 4ro
JesaeT 3Ty BEJMUHHY TakMkKe HENPHUrofHOHl B KawecTBe KO-
opnunathl. 4) IlonsapHele yriu o6pa3yiOT KOPPEKTHO onpe-
HleJIeHHbIE  «KOOPAMHATHHE BKJIIOUeHHS» JUub B o6jactH
0<<m 0< o< 2m

HeobxonuMo HHOE <«KOOpOHHATHOE BKJIOUEHHE». YCTa-
HOBUM Ha CeBepHOM mnoJitoce HeGosiblo#l BajMK, HA KOTO-
PHIil HaHeceHa KPaCKa, U HAYHEM €ro JIBUraTh BHH3 MO Me-
punuany I'pumBHua K 10KHOMy noJstocy. Hac unTepecyer
HOBasi KOOpAMHATHAsl CHCTeMa, peryasipHas Bo Bceil 3a-
KpaulenHo#l o6nacti. KosHeuno, HoBas KoopauHaTHasi CH-
CTeMa MoOMKeT oOKa3aTbCsl peryJisipHoi#t U B Oosiee mHPOKOil
OGnactu. PaccMoTpuM, Hanpumep, Touky 6 = 7/2, ¢ ==m/2.
Ilycte 310 Gynet cepepuuiit nosoc HOBOH CHCTEMBI TONAPHBIX
yriios 6" u ¢/, B KOTOpPHX 1) KOOpAHHATLI NPEXKHEro Cerep-
Horo mositoca cytb 6 = w/2, ¢’ = w/2, 2) rpaHuum npex-
Hero mepunuana I'punBHua cy™s 6 =w/2, ¢'=7/2 u ¢/ =
=7/2, ¢’ =3n/2 u 3) npexuuil KUK NONOC UMEET Ko-
Opaunate 6 =w/2 u ¢ = 3n/2. OueBunHo, CyuiecTByeT
O0inpHas o6nacTb, Ha KOTOPOH NepPeKPLIBAIOTCS CTapoe H
HOBoe KooppuHaTHBIE BKJlodepus. boJsiee Toro, B Jo6oit
Hanepen sapannoii Touke céhepsl XOPOIIHM MOBEIEHHEM
O0nanaer no wMemblueli Mepe 00HQ HEeCHHTYJsIpHasl mapa
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koopauHat: 8, ¢ Hau &, ¢’. Ecin Mel He 3HaeM, yTO mpep-
cTaBaalT co0ofl HeCHHryJ/isipHble KOOPIAMHATH, 3HAYHT MH
elie He onpejenuay nuQdepeHLHPYyeMOll CTPYKTYPHl MHO-
roo6pasusi. OpHAKO, Kak TOJBKO Mbl YTOUHHM [OHATHS
nudQepeHpyeMoil (QYHKINH, ONpelesuTcs CMBIch OJuge-
peryupyemozo  TeH30pHO2O  HOAA:  TEH30p  fIBJsIeTCs
puddepeHuHpyeMEM B TOYKE X, €CJIH €ro KOMIIOHEHTHI Mo
OTHOLUEHWIO K (HECHHTYJsIpDHOH) KOOpAMHATHOH cHCTeMe
B OKPECTHOCTH x sIBAsIOTCS IH(depeHuupyeMbiMH (yHK-
IHSIMH B TOYKE X.

BryTpennee npedcTasnenue TeH30pO8

B mnpouseosibHOM pHQdepeHiipyeMOM MHOroo6pasuu
HEBO3MOKHO ONHCATh TaKoe Iojie, Kak noje MakcBenna,
3a5aB ero KOMNOHeHTe F,; B HEKOTOpPOH KOHKDeTHO# ci-
creMe KooppuHat. Ecan e BooOlie HCHONB30BATH KOMIIO-
HEHTH, TO UX CJIefyeT 3a4aTh [0 OTHOUIEHHIO K KOOPJMHA-
TaM HEeCKOJbKHX pPAasJHYHBIX KOOPAHHATHHIX BKJIOYEHHH.
B KaxnoM BKJIIOUEHHH CYL{eCTByeT 3HAuyHMTeJbHas cBoGona
BbiGOpa KOOpAMHATHLIX cHCTeM. [109TOMy KOMMOHEHTHI Ha-
npsixxkeHHOCTH nosnsi MakcBensia B pasiWyHBIX KOOPLHHAT-
HHIX CHCTeMax caMH o cefe He TakK CyL{eCTBEHHHI, KakK
IIOHSITHE, K KOTOPOMY MOXHO OpMiTH, abcTparupysch ot
HMX, — BHyTpeHHee 3nHayenve F HanpsikennoctH nosas Mak-
cBeqsia. ITOT MeTon abcTparupoBaHMsl M3BECTEH H3 aHa-
JM33a JIeKaPTOBHIX BEKTOPOB. YTBEpIKJEHHE, UTO BEKTOP
CKOPOCTH V H3BeCTEH, O3HaudeT BO3MOMKHOCTb 3afaHHs
B Ciyyae HYXIH KOMIOHEHT V B JIIOGOH HeCHHIYJspHOH
cHcTeMe KoopAMHAT. Mubl npepsiaraeM oGoOuiuTe 310T ab-
CTpaKTHBIH GoOpManM3M Ha cayyail MCKPHBJIEHHOTO MIpo-
CTPAHCTBA M TEH30pOB Bellle l-ro paxra.

B BekTOopHOM aHanu3e ynoOHO BBIpaaThb CBfI3b MEXKY
BEKTOPOM V H ero KOMIOHEHTaMM (hopMy/ioi

=", (86)
re KOMNOHEHThl U™ 3aBHCAT OT- BhIOOpa Ga3MCHBIX BEKTO-

poB e,. «<BHyTpennss nvdQepeHnnancHas reoMeTpus» BbI-
pakaerT COOTHOLIeHHe TOro e tuna Oojiee SIBHO B BHIE

V=1, grad x%, (87)



1. Kaaccuueckan ¢usuka kak zeomerpus . 265

a B 6oJee KpaTKux 0603HaYeHUSIX — B BHIE
= U, dx*, (88)

rpe d o3Hauaer rpapueHt. B coBpeMeHHBIX yuebHuKax nuQ-
epeHLHANLHON TeOMeTpyH [32—36] naxe samenserca d
ga d (xak OyreM Mosxe felaTe H Mbl); OLHAKO NOKa YTO
Mbl COXpPaHMM JKHMpHBIH WpHGT B 06O3HAYEHHSX, YTOOH!
nonyepPKHYTb BEKTOPHEIl XapakTep onepauuM rpajdeHTa.
Bynyyy npHMeHeHHOI! K Jjo6oii ynkiuK ToukM | = f(P),
onepaiysi IPafHeHTa BbIPAX4eTCsi BO BHYTPEHHHX 0CO3Ha-
yeHHAX [PHMBBIYHBIM 00pasoM

grad f= % grad x*

HJIN

0
df = 5L dxm, (89)
Kopapuautubie BekTopel, HanpuMep grad f wam df, n v sp-
JAIOTCA JMHEAHBIMM KOMOHHAUMSIMH CPAJHEHTOB KOOpIH-
HAaT M HaseBatorcss nubdepenuuancHEMH  dopMaMu  1-ro
paura, uau l-popmamu.

Bmecto Toro ytoGni B KayectBe OasHCHBIX BEKTOPOB
B HEKOTOPOM KOOPJHHATHOM BKJ/IIOYEHHH HCIOJb30BaTh I'pa-
IMEHTHl KOHKpeTHOro Hafopa KOOpAMHAT, MOXKHO TaKKe
B35ITb B KauecTBe OasHCHBIX BeKTOpPOB Jo0OH npyroil Ha-
60p n JMHEiHO He3aBHCHMHBIX BEKTOPOB ®%. 31ech MHIEKC &
YKa3elBaeT HOMep BeKTOPa, a He ero KOMIOHeHTH. KoMmno-
HEHTH BEKTOpPa V [0 OTHOLIEHHWI0 K 3TOMy Habopy 6asmuc-
HBIX BEKTOPOB MOXHO BHOBb BBHIPA3HTh B BHE pasJiowxke-
HusA

V=1,0% (90)

Komnonents: gradf mam df B 3Toit cHCTeMe HA3HIBAIOTCS
npaddoBeiMu nPOM3BOLHBIMH OT f (Mau f,,) nO OTHOLIe-

HAIO K ®:
gradf=df=f o= 91

Brewnue oudgbdbepenyuansrvie ghopmos

Ilnst onucanusi MAakcBeNJIOBCKOTO nosisi Tpebyercss 06-
PatuTtecss K MCNoOJB3OBaHHMIO Ten30pa OGoJiee  BHICOKOTO
Paura, wam 2-¢popme.. Ilpocreiiwas 2-grpma @ sBasiercs
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BEKTOPHBIM [IPOH3BelleHneM ABYX l-(opm (1 u V), Tak uTo
a=uAv
BO BHYTPEHHHMX O6O3HAUEHMSAX, WJH
Ay == U,y — VI, 92)

Ha NpHUBBIYHOM f3HKE€ TEH3OPHOI'O aHaJuausd, HJH

-

a5 @, dx* Adx" = o, (grad x*) X (grad x")

B ¢opMe, CBfi3niBaiollleil BHyTpeHHUe OOO3HAUEHHMS C mpef-
CcTaBjeHMeM uepe3 KOMIIOHEHTHI.

Onepauus sreuwrneeo npoussedetuss [\ o6obHiaer Bek-
TOPHOE NPOW3BEleHNe Ha CJayyal YMHOMXKEHHsI BEKTOpPOB I
aHTHCHMMETPHYHEX TEH30POB TaKHM 00pa3oM, UTO BHOBb
HOJy4alTcsi AHTHCHMMETPHYHBIE TEH30phl. IJTa Oneparus
HENpUMEHHMa K CHMMETDHUHBIM TeH30paM. BHelusee mpo-
usBenenve’ A onpepnensiercs tpefoBasusmu 1) accouMa-
TUBHOCTH, 2) AMCTPUOYTHBHOCTU, A4 JJisi (POU3BEIEHHS IBYX
BEKTOPOB Takxe 3) aHTHKOMMYTATHBHOCTH, T. €. JJf JIO-
ObIX nBYX 1-dOpM HAM BEKTOpPOB U W V MH Tpebyem

UAV= — VAL (93)

B uactHoctn, uA u = 0.

Bhelunee nmnpou3BefeHue p BEKTOPOB, HJAM JiHHelHAast
KOMOHMHAlMA 3TUX BEKTOpOB, o6pasyer p-dopmy. [lycro
KaXObll BEKTOp BHIpa)KeH uepe3 $a3HCHBE BEKTOPH o
IlpouspeneHye p BEKTOPOB, HJH JIHHeHHash KOMOMHaUHSA
TAKHMX [POM3BELEHHl, MOKeT OHTbL BBIpA)KeHa Kak

a== 2 oy ... OAOA .. AP =
u<a< ... <a, p

= () G 0 OADTA o AW (98)

3nech KOIGh(MUIMEHTH, HJIN TEeH3OpHbLE KOMIOHEHTbL, YIKE
onpeneneny B neppoil cymme. Ilossasiiouimecss BO BTOpOil
CyMMe KOMIIOHEHTbl onpedeastoTcsi yepe3 HHX u3 Tpebo-
BaHusl, uToObl OHH ObIAM (YHKUHSIMH, AHTHCUMMeTpPHY-
HBIMH T10 CBOMM HHJIEKCaM.

Brerinee npou3BeeHHe dx'p dx? = (grad x') X
X (grad x?) reomeTpuueckH O3HayaeT MJIOILALb, 3aKJIIO-
YeHHYI0 Mexkay Oa3HUCHLIMH BEKTOpaMHM, HanpasJeHHbLIMA



I. Kraccuueckas ¢usuka rkax eeomeTpus 267

ppoab oOceil  x'  m  x%.  AmuasnoruyHo, MpOuU3BeleHHe

dx! A dx® A dx® npepcraBisier coGoil o6beM napajielienu-

pejia, TMOCTPOEHHOTO Ha 3THX TpeX OasuCHBIX BeKTOpax.
[TpaBusio KOMMyrauuu p-QopMEr a u g-dbopMbl b

aAb=(—1)"’"bAa (95)

MoxeT ObITH NPoCTo HaiineHo. B 3Ty cxeMmy BHeWHMX nud-
¢epeHnManbibix GopMm QyHKuMH (MHBapuaHThl. — Ped.) n
BEKTOPBl  BKJIIOYAIOTCH COOTBETCTBEHHO Kak O-popMEl H

1-cbopMEL
Brewrnee Oupgpepenyuposanue

Onepatop d, mnepeponasiumii O-¢popmy f B 1-popmy
df = grad f, Moxer ObITb pacnpocrpaseH Ha cayuail dopMm
6os1ee BLICOKOI'O paHra:

a==(p!) ' ay,... apdx“‘/\ e AdXP (96)
C MOMOIIBIO ONpeJeNeHus
da=(p) ' da, ... AAX"A ... Adx'P.  (97)

Ha saswke TEH30PHOr0 aHaJu3d 3TO COOTHOILUEHHE IPHHH-
Maer BHI

P oag, ... Bpt

(da)e ..., = Xy (—1) — 2, (98)
rge P=0 wm -1 B 3aBUHCHMOCTH OT TOTrO, O6PaA3YIOT JH
uHAEKCH @y, ..., B,4; COOTBETCTBEHHO YeTHYIO HJAM He-
YETHYI0 MEpeCTaHOBKY MHJEKCOB 0oy, ..., 0,5 Omnepa-
Wit d, MK BHEULHSSE NpOU3B00HAs, NpPeJCcTaBysier CoOOH
auTHCHMMeTpHYHOe nMdepennuposanue, otobuampllee
o0biynble onepauun rpagvesta u poropa. OnHa JMHelHa:

d(a, + a;)=da, | da,. (99

Byzlyqu NpUMEHEHHOH K MPOHM3BeneHHI0, B KOTOPOM Iep-
BHH COMHOMXMTe/ b SIBJsIETCH p-dopmMoH, ona paer

d(aAb)= (da)Ab +(—1)” aAdb. (100)
nOBTopHOE HpHMeHEHHe ee naert HyJIbZ
d(da)=0. (101)
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1o 06cTOATENCTBO OBIJIO HCNONB3OBAHO NPH Hepexoje or
supaxenus (96) nns BHewHell mmddepeHuHansHOl (op-
Mbl @ K BuipaxeuMmio (97) nnisi ee BHeliHe#l NPOM3BOm.
Hoii da. 3pech GasucHue BeKTopel dx® = grad x* He jaior
BKJIaJld IIpH NPUMEHEHHH K HHM ONepaiMH BHEUIHETO aH-
depennnposanus:

d dxx=rot grad x* =0. (102)

Tako#l mpocTOTH MBI HE MOJIyUMM NpH BHpaxKeHHH TOH e
BueliHe#l ¢opMbl a uepe3d Oojsiee ofbuiyr cucreMy 6asmuc-
HHX BEKTOPOB 0%; TakuM o6pasoMm, dw*=rotw* oO6buHO
He ofpaiaercss 8 HYyJb.

B ypaBHenusix MakcBenna &urypupyioor nBa aHTHCHM-
MEeTPHYHBIX TEH30pa, [,3 M *f,5, MM — B MHBapHaHTHON
TEPMUHOJOTHH — nBe 2-)OpMHL:

1
f=5fpdx*AdxP

u
xi=g % fpdx"A dx%. (103)
Paccmorpum BrelwHiolo npoussopuyio ot f, 7. e, 3-¢opmy
1 /7 of, B )
di =~<ﬁ> dxT AdX“AdA. (104)
2\ ox'

3necy koadbunuent npu TunuuHOo# OGasucHo#t 3-opwme,
takoil, kak dx* Adx* Adx” npu A < p <v, paBen

af P2 af AT af")\ ;
, 5
ox* + ox® + ax" (105)
HJjiM, B JIOKaJIbHOM CHCTEME MPIHKOBCKOI‘O,
divh 0\’ Py V== 1, 21 3)‘
(106)

rotet % (=0, p, v=1, 2, 3).

CorsacHo ypaBHeHHMSIM MakcBessa, 3TH BbipaxenHs
06palalnTCs B HyJb, TAK UTO [OJOBHHA 3THX ypaBHEHUH

npuHuMaeT BUL
. df=0. (107)
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—
AuaJornyHoO, IPH OTCYTCTBHM 3apsifOB jppyras MoJiOBHHA
ypaBHeHnﬂ MakcBenna npuHUMaer BuJl

dxf=0. (108)

Jlas  yILOBJETBOPDEHHMS IMEPBOH CHCTEMBI YpPaBHEHHN
MakcBeJla [0CTaTOUHO [PenCTABHTh HANPSKEHHOCTh I10-
s | Kak potop oT 4-moTteHnuana

f=da,

AR
;—faﬁ dxAdx" = d (g, dx") = da, Adx'=

__Oa.(dadr_l 6a!3 aa“d“di

= Gt Aax = (G ) arnax,
HIM

. 6(1Q Oa, 109)
Jop= oxr AP (

Torpa BHewnsas npousBonHast or f aBromatmuyecku obpa-
1aercss B HyJIb
di=dda=0. (110)

Hureepuposanue. Morusuposka u merod

Kakne unrerpanbubie cBoiictBa 2-gopmer f MOryr GHTB
nonyyens! M3 ee nHQrbepeHUNANBHBIX CBOHCTB? B yem co-
CTOMT pasjiMyHe B 3THX BBIBOJAX, €CcJH 1) MBI 3HAeM JHIIb,
aro df =0, u 2) Ham u3BecTHO, Kpome TOro, yro f = da?
Kax cnenyer, Bepaxasice B Gosee obiieil ¢opme, onperne-
JATb HHTErpasel 0T GopmP?

HurerpupoBanre p-popMbI MO p-MEPHOMY NPOCTPaHCTBY
MOXer GbiTh NPOBELEHO TaK, YTO OHO NPHBENET K CKaJsip-
HOil mu He 3aBHCsAwIell OT CHCTEMbl KOOPAMHAT BEJHYHHE.

OMOUHALMA JIOKAJABLHOH ¢-QOPMbI (¢ # p) M JIOKANLHOTO
P-Meproro ssementa nOBepXHOCTH NPHBOIMT K BeJHuMHe,
O0napaiomedi JoKaNbHOI OpHeHTallMell; ONHAKO He Cyle-
TByer pHBAPMAHTHOrO MeTON@ CJOXKEHHSI BEKTOPOB HJIM
fggmx OPHEHTHPOBAHHLIX BEJHUYHH B PasJiHyHBIX TOUYKAX

M o6pasoM, uyToGbl OH TPUBOAMJ K KOPPEKTHO# CyMMe.
II(‘)):"TOMy cyieflyeT paccMOTpETh JIMLIb MHTerPansl OT p-(hopM
-0 P-MEpHBEIM MOBEPXHOCTSIM.



270 Y. Musnep v JIsc. Yurep

[ToBepXHOCTH HHTErpHpoBaHHMs TpeGylOT 1JI CBOero
ONMCAHMA MOCTPOEHHS OJHOTO MJIM Gojiee p-MepHBIX KOOp-
NMHATHBIX BKJIoyeHH#. PazofbeM NOBePXHOCTb Ha KpHBO-
AMHeHHBle p-MepHHEe napaJjieflenuness B KOJHMYecTBE, Mo
MeHblUell Mepe DPAaBHOM 4YHCJAYy HeOOXOAMMBIX KOOpAHHAT-
HBIX BKaouennii. PaccmorpuM crandaptrbii  edurudnbl
p-mepreiti ky6 IP ¢ KoopauHaTtamu A®

oLV (I (=1, 2, ..., p). 1y
Hanecem toukm [* wa M
C:I?P—>M. (112)

D10 oroGpaxenne C MOXKeT PacCMaTpUBATLCH KAK KPHBO-
JuHeRHbl) napannenenunen B M, HO Mb 6ypeM HA3BIBATH
ero xkybon 8 M, Tak Kak y HAC HET METPHUKH JJs Olipe-
JleNIeHnsl ,HCKPHBJEHHOCTH® H ,IPAMOJHHEHHOCTH. DTOT
Ky0 MOXHO ONHCATH C NOMOILBIO KOOPAMHAT CJe[yOUIHM
o6pasom:

xX=C(! 2, ..., W), (113)

rpe C*— puddepenunpyemble ¢pyukunu. Hanpumep,
X=C*(1—2,% ..., ) (114a)

X=C"(% N, ..., W) (1146)

cyTb Ky6ul B I, ornuvyneie ot C u o6napaioluiie npoTHBOINO-
JIOXHOM opuenTauueii o cpaBuennio ¢ C, B TO BpeMsl Kak

= C (1=, 125 0, L W) (115)

ectb Ky6 B M, ominusbii o1 C, HO UMEIOLIH{ Ty XKe OpHeH-
taiuio. OpHeHrauns Ky6a BaMsleT Ha 3HAK BBIYHCISIEMOrO
HaMy WHTerpana, HO f[pyrue pasjiHuusi Mexny KyGami,
BKJIOYAKIOL{MMH OfHU H Te ke TOYKH B M, He Bausior HA
3HayeHHe 3Toro MHTerpana. Ecam orobpakenue f:[7—>I7.
ABJSIETCS TOMEOMOP(H3MOM, T. €. O6najaeT MNONOKHTEeNb
HbBIM SIKOOMAHOM, TO MH He 6yneM pesath pasianuuii MexkKAY
ky6amn x = C(M, A% ..., A U x=C(f(M, 12, ..., A")
[MoaToMy MEI GyieM rOBOPHTH O6 «OpUeHTUPOBaHHOM KYOC
8 M ». TlogcTaBuM NapaMeTpuyeckoe ypaBHeHue nauleH
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nosepxsoctH (113) B Bhipaxenne (96) nas p-hopMbl a
[oJy4HM OTOOpaxenne

C:a—at, (116)
pepesonsiulee ¢popMmy a na M B popmy a‘ ua I7:
aC:(pD_laa,...ap dX" A ... Adx? (V)=

BRI ox" By ox? 6,
=(pl) aq... ap< e )dk A - A < T )dk P —=

. 6(xa', e xa”) 1 p
= 3 Qa2 A L AL (1)

.
3amenuM aJlemeHT o6veMa dA'A . .. AdA¥Ha 37eMeHT OGBE-
Ma CTaHAAapTHOro enMHuuHoro Ky6a dA'dA®... da¥ wu onpe-
desum VHTErpan oT a 10 OpHeHTHpPoBaHHOMY KyOy C Kak
BEJIMYHMHY

famfue=f 3

aj ap .
ey Q" ) e (1)
C w < ... <op

0y ..., 09

lNosiBnenrie noj 3HAKOM HMHTerpasia sIKOGMaHa rapasTHpyer
HE3aBHCHMOCTb €ro 3Ha4yeHWs a) OT BeIOOpA KOOpIHHAT
x* B M u 6) or Bubopa orobpaxenus [?— M, nenonbaye-
MOro nJif MpejcTaBjeHUs OpPUEHTHpoBaH#oro Ky6a B I,

OnpepnenviB  MHTErpaj no ORHOMY OPHEHTHPOBAHHOMY
KpuBoJiMHEefiHOMY p-KyOy, Mbl [pPEACTABUM Telepb BCHO
p-MepHyi0 noBepxHOCTb B I Kak cyMMy KOHEYHOro yHcsa
TaKUX OPHEHTHPOBAHHBIX p-Ky(OOB:

c=C,+Cy+ ... +Cy. (119)

OkaswiBaercsi, opHako, Gosmee YNOGHBM M BaMHBIM BBIXOL
88 paMKM pacCMOTPeHMsi 3THX I[IOBepXHOCTe# (CM. HIXKe
TCOPHI0 rOMOJIOTHH) M BKJIOYEHHE HECKOJBKO Gosiee OGLIMX
OGBEKTOB, a HMEHHO p-leneil ¢, SBJSIOUHXCS NPOCTO (op-
ManbupiMy  JiMHEfHBIME KOMOHHAUHSIMH KOHe4H020 YHCJA
OPueHTHpOBAHHBIX p-KyGOB:

N
C= %:ls‘Ci. (120)
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Moxer mnoka3aTbCs, UTO €IUHCTBEHHBIMH HEOOXOIHMBbIMy
anre6panueckiMH BeJHYMHAMH SBJSIOTCS 3HAKH «-+»
«—», TaKk YyTo ecqau uepes C 0G03HAUEH OPHEHTHPOBAHHBIH
KyG, onpenesnersblii oroGpawxenuem (113), To —C ecrp
OpHeHTHPOBaHHbIH Ky6, onpenenenublii (114). Onnako wmo-
XeT OKasarbCs, YTO OfMH M TOT e KyO C HEOLHOKpaTHo
BCTpeuaercsi Ha Kpaio MOBEPXHOCTH; MMO3TOMY MBI 3allHllem
nC, rtoe n— MOJOXHUTeJbHOE WM OTpHUATENbHOEe lelog,
YyHCa0 WM HyJb. Ecau B coorHowennn (120) norpeGoBats,
uyToGb BCe KO3 OHIHeHTbl S! ObIIM LeabiMH YHCAAMH, TO
Mu GyneM Ha3plBaTh ¢ LEJOH Lenbio. B cBs3M c uHTErpH-
poBanMeM npejcTabisiercss Gosee 1enecooOpasHEIM NpHILa-
BaTh KO3 (HUIHEeHTaM s¢ 3HaueHHsl JIOGBIX BEIECTBEHHBIX
ypces, TaKk 4to B cooTHowennn (120) MBI HMeeM pesio ¢
geujecTeenroti p-tienvro. Vluterpas ot p-QopMel a 1o p-Mep-
HOJl MOBEPXHOCTH, WJIH p-UEMb €, ONPEEJNHTCS TOTrAd Kak
CyMMa 3JIeMeHTapHbIX BKAanoB Bunpa (118):

N N
fa::Es"fazzsifaC:, (121)
c i=1 ¢, i=1 4P

MMosepxnoctu usu p-yenu u ux epanuys. Teopust”
aomonoeuU

Ocobenno uHTepecHa CBSI3b MEXKAY p-UENbl0 WJAH [10-
BEPXHOCTLIO ¢ M ee rpanuieil dc. dta cBsi3b BechbMa NpocTa
B cayuae ky6a C.

O6o3nauum cuMsosiom C/* j-10 Bepxuiolo rpanep kyb6a C;
tTorpa mist (p — l)-Mepuoro ky6a O6yjeM nmeThb

X=C0, ..., VT L, ML), (122)
[lycte ananornuneiM o6pazoM €/ 0603HauaeT HHKHIOW

rpaHb
X=C0, ..., M0, ML), (123)

OnpepnenumM Tenepr rpaHHIly OpPHEHTHPOBaHHOTO kyba c
KaK Henb

0C = i (—1y ('t —c'). (124)
j=1
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QueBHIHO, p-MepHHE Ky6 o6aapaer (p — l)-mepHoi
rpaHuued. MoXHO npeacTaBHTh B CBOIO OYEpPENb CYLIECTBO-
pauue (p — 2)-MepHO# rpanHMub y srtoit (p — l)-MepHOi
nosepxsocti. OpHako, 6ymyunm 3aMkuyToil, 3Ta IOBEpX-
HOCTb, OYEBHMIHO, He HMeeT BOOOGILe HHKAKOH rpaHMIbL.
K 3TOMY XK€ BHIBOLY MOXKHO NpPHHTH, NBaXKIAhl HCIOAb3YsH

pasuesne (124). Tlonyyennbiit TakuM o6pasoM Anst Ky6oB
pe3y/IbTaT MNPHMEHHM K 0GbeMaM M MOBEPXHOCTAM U BOOO-
e K JIOOBIM p-LiensiM, NnoCTPOEHHBIM M3 KyGOB.

Ta6ruya 5

Mlpumepsl p-ueneil Kak 3aMKHYTHIX (IJHKJOB),
TaK M OTKPBITHIX ')

hl:::: SBnseres an Ee rpanMua,
HOCTb, Onucanne p-uemm, ¢ LeNb BaMKHY- D¢
P TOl (LuKjIoM)?
1 OfTKpuiTast JuHUE . . . . . . Her JIBe KoHeuHbie
: TOUKH
1 3aMKHyTas JUHWS B 9BKJIHLO-
BOM OPOCTPAHCTBE . . . . . . Hda 0
1 3aMKHYTa? JMHHE  BOKpYT
MeHbIiero o6xsara topa . . . » 0
1 3aMKHyTas JIHHUS  BOKpYT
6osbmero ero obxmara . . . . » 0
2 Bepxusg croposa gucka . . Her OKpy®HOCTDb
2 [NosepxHOCTL cheps B MIO-
CKOM 3-TIPOCTPAHCTBE . . . . . la?) 0
2 [ToBepXHOCTH cdephl, BIHCAH-
HOW B FODNOBHHY DyuKH . . . »3) 0
2 [osepxHOCTL TOpa . . . . . . 0
3 O6beM cdepsl B NIOCKOM
3-pocTpaHcTBe . AN Her Cédepa
3 Tpexmephoe 3amkHyTOE HIpO-
CTPAHCTBO . . . . . . . lla 0
—

') Het HeoOX0ZMMOCTH BKAOYATL B ATY TaGAMLY MocAeXHHH CTOAGEL ¢ YKa3aHHEM
Ha orcyrcrBHE BCIOLY I'PaHHUBl Y (p— 1)-MepHO#l IpaHulibl 0¢ p-uMKAa ¢: O (0¢)==U.
%) Ila; k TOMy e OHA 0ZpaHUYLEQEm HEKOTOPHH 00HEM, BHYTPEHHHl 1O OTHO-
Wenwio k cgepe.
K ¢ %) lla; ognako He CyUIeCTByeT KOHEYHOr0 0GheMa, BHYTPEHHETO MO OTHOLIEHHIO
Depe, KOTOpHI! OHa OrpaHuuMBana Ool.

18 3ax. 3001
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3ananuM p-ilenb B BUMIE
c:@s"Cl. (125)

Onpedenum TOTHA rPAHHIY p-LENMH ¢ MOMOWBIO TPAHHIL Co-
crapisiiomux ee kyGos C; B I ypaBHeHHeM

dc——:gs’ oC,. (126)

Ilpu ofpamesun B HYJb FPAHHIH p-LenH

5Ta LeNb € HAashBAETCH YUKAOM, WIIW 3OMKHYTOL p-yensio.
Hanpumep, 3amkHyTast opHeHTHpYyeMasi NOBEPXHOCTb, pas-
6urasi Ha KyOpl ¥ npeacTaBJeHHAas C NOMOUIBIO LlenH ¢, 3a-
JlaeTcss Kak 3aMKuyTas menb. Kak jnsg 3aMKHyToH Uenn,
TAK W OJ15 He3aMKHYToH LlenM (KakK [Jiss paBHOrO HyJ0 Jc,
TaK W He PaBHOrO HYJI0) U3 Gopmynsl 0C; = 0 M u3 ornpe-
zenenust (125) caenyer, uto rpanulla Jo6ofi Lerm# sig-
JIgeTCsl 3aMKHYTOH LEMNblo, T. €. He uMeeT TPaHUIbL:

00c=0. (128)

HekoTtopeie wuiOCTpALHH 3TOr0 BHIBOAA TPHBOAATCS B
Tabma. b.

ITo onpejenenne MNOHATHS IPAHHUBl YKBHBAJIEHTHO BH-
Bogy obwero Buaa Teopemnl CToKca, a cJefOBaTeNIbHO, Ya-
CTHOTO cJyyasi TeopeMbl ['aycca ¢ ee 3JeKTpoMarHUTHHMU
npuyoennsamMu. DBoJsee peTallbHBIl aHanM3 rpaHuil M uX
B3aHMOOTHOLIEHUH paccMarpuBaercs B anreGpanueckofi
TONOJIOTHM, H3BECTHOH KakK TeopHs romoJiorun ). HekoTophle
UieH 3Toll TEOpPHH HeOOGXOIMMHB UJIsI HCCJIEOBAHHS 3JEK-
TPOJHMHAMHMKH 0e3 HCTO4YHHKOB B MHOIOCBSI3HOM [POCTpaH-
ctBe. B KkauectBe npumepa paccmoTpuM cdepy B 3-npo-
CTpaHCcTBe, NPOBENEHHYIO BOKPYT OIHOH H3 TOPJIOBHHHE PYU-
KH, a B npuMepe c Gosee HH3KOH NPOCTPAHCTBEHHOH pas-

') OcuosHast Teopusi in extenso npuseneda B I ToMe moHorpatni
Dinenbepra u Crunpopa [37]; 11 Tom comepmur paccMorpenne mpakTH-
HYeCKUX METOAOB BbluncieHnH. MeHee mpocTpannoe H3nomeHue teopiiis
BKJIOYasl MpuioiKeHus, Buinonteno 3efideprom u Tpendannem [38] [le-
TaNy ¢ JOMONHKTENbHLIE WHTYHTHBHLIE 3aMeyaHusi cM. B MoHorpagusX
Jledwena [39] u 3efipepra u Tpendanna [40], Crporoe paccmorperie
xybuueckol CHHTYRsipHO TeopuH romoJorud nano Ceppe [41].
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MEpPHOCTBIO (CM. Hr. 3) — OKpYKHOCTh, ONHCAHHYIO B pac-
cMOTPEHHOM 2-NIPOCTPAHCTBE BOKPYr OfHOH M3 TOpPJIOBHH
yukH. B CHJTy CyLIeCTBOBAHHSI PYUKH He CYu4ecrsyer He-
npOTUBOPEHUBO ONpeOeneHHO20 NOHATUS BHYTPEeHHell CcTo-
porbt CepH M OKpyxHOCTH. BooGpamaeMmoe CyllecTso,
3aKJII0YEHHOE, CKaXKeM, Ha BHYTpeHHeil cTOpoHe cdephl, Mo-
skeT BOWTH B DYYKy, cBOGOIHO npolTH yepe3 Hee, BHIIATH
§3 [PYToro Bxoaa, NpoHTH MO HAPYXKHO# CTOpOHE cdepnl H
yBHIETH, UTO [I€1AETCsl BHE €r0 «TIOPbMEI». Takasi xe TOMNO-
Jorvueckasi uHpopManusi MoXeT GbITb YCTaHOBJIEHA B aHa-
nornyHo# ¢dopme OPH paccMoTpeHHH ChepHYecKoil rpaHHLIb
kak nyspipsi. IlycTe 3TOT my3Hlps OyneT cxumaem, Ho He
moxer Jionuyte. OH BTITMBaercs BHYTDPh pYuKH, NpoTa-
KMBAeTCsl CKBO3b TYHHEJb, BBIXOOUT € OPYroH ero CTOPOHEB
¥ pacluupsieTcsl BOKPYT NPOTHBONOJIONKHOH TOpJIOBHHHEL pYyu-
k. [lycTh noJsioxKuTesIbHASI CTOPOHA HCXOMHON M HOBOH cdep
ompenesieHa HampapieHWeM Xakoi-THOO CHIOBOH JIMHHH,
OpoXOsilliefi yepe3 TyHHeNb M MepeceKawuieil obe cdephl.
Onpenesnm Be OPUEHTUPOBAHMBLE TIOBEPXHOCTH, HIH 211enu
€1 M €y, uau Gollee sIBHO €2 W ¢}, [JIs BHIPAXKEHMs] pasmep-
HOCTH (p = 2) »Tux uUenell. Torma MoXHO cKasarth, 4TO
€1 U €2 B3auMHO 2omoaozuuibl. Korpa B Gosee obuiem cay-
yae gBe uend cf W c§f o06pasyloT TPaHHLY KOHEUHOH

(p + 1)-mepHo#l Uenu B CMEBIC/E
och =l —cf, (129)

MBIl TOBOpUM O 20MOAO2U4HOCTU 3Tux Osyx p-yeneil. B mpu-
Mepe, npuBefeHHOM Ha ¢ur. 3, gBe l-memM, UM OKpyXKHO-
CTH, BOKpPYr ABYX TFOPJOBHH NOJHOCTBIO OXBAaThIBAIOT B CO-
BOKYMHOCTH [BYMEPHYI 00JacTh TyHHeNs, MM 2-Lenb C2,

B [IPOTHBONOJIOXKHOCTh 3TOMY OKPYXHOCTH C:,, onvcaHHast

B 2-mpocTpancTse Ha UL, 3 BOKPYr o6JacTH, He BKJAIOYAIO-
el ropsioBHHEL PYUKH, caMa 1o ce6e MOJHOCTBIO OKpyxaer
IPOCTPAHCTBEHHYI0 0614CTh, WIH 2-Lelb €2, BHYTPEHHIOW

N0 OTHOWeHMIO K Heil:
2 e pl
ot =cl. (130)

Ecan 8 srom cayuae samknyras smns g mOMNBepraetcs
OLocTOpoHHEMY HaBJIEHHIO M COOTBETCTBYIOUIEH: Iedopma-

18*
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LMK, TO uepe3 Hee He TPOIKeT pykaB, a OHA cama He CMo-
JKeT BHOBb paclIMPUTBCA B OKPYKHOCTb. BMecTo 3Toro ona
coxMmeTcs M HcyesHer. Ecau B GoJiee oflllem cilyyae p-1MKJ
¢f caMm no cebe MpeacTaBisieT rpavuIy

¢ =adc"t, (131)

TO MOIKHO CKa3aTh, YTO OH 20MOAQ2UHEH HYAIO.

[Be B3aMMHO TOMOJOTrHYHEIE MOBEPXHOCTH (HJIH BOOG-
Ile LlenM) NPHUHAJJEXKAT K ONHOMY H TOMY JKe KJacCy ro-
mosorun. Ilo ompezenenuio, Kaacc roMoOJIOTHH COCTOHT H3
BCeX 3aMKHYTHIX p-leliel, HJM p-IHKJIOB, KOTOpble B3aHMHO
roMoJIoruyHel. Ksace roMoJIoruy, BKJIOYAIOWHME p-LHKA (P,

6ynem o6o3HayaTh yepes {cf}. B Tonosornyecku 3BKIHAOBOM

[IPOCTPAHCTBE BCE P-LMKJH MOTYT OBITH CXKaThl [0 MCUE3HO-
BEHMSI UX, H, TakKiUM 06pa3soM, BCE OHH TOMOJIOTHUHHB HYJIO H
MoTOMy NpPHMHANJEXKAT HYJEBOMY KJaccy roMosioruu {cf} ==

={0}. B MHOrocBsI3HOM NPOCTPAHCTBE P-LUMKJB, BoOOILE
roBOpSi, HE NOMOJIOTHYHBI APYT Apyry. Uuciao auweilno ne-
3Q6UCUMBbLY KJIACCOB TOMOJIOTHH TOPSIKA p

(ef). (), ..., (k) (132)

HasplBaercss p-M  uucaom berru R,, 5TOTO0 TIPOCTPaHCTBA
(Tabs. 6), uncyio Xxe

x=p§0(~1)”R,, (133)

Ha3bIBAETCsl SUJIEPOBOfi XaPaKTePHCTHKOI 3TOr0 mpocTpaH-
CTBA.

PacemoTpum [Be noBepxXHOCTH, npMHALAeXKAIIMEe OLHO-
My KJaccy rOMGJIOTHH, TOXIECTBEHHHle Mex[y co6ofi BO
BCEM, 33 HCKJ/IO4YeHHeM «GOpoNaBKH», WJIH Ny3bipbKa, Ha
OfHO#l H3 HMX. Belutem 3TH noBepxHOCTH Apyr H3
Apyra, H OHH YHHWYTOXKATCH, 38 HCKJIOUEHHEM MNy3bIpbKa.
PesysibTHpyIOIlasi TOBEPXHOCTh, Mof06HAS MaJoil cdhepe
FOMOJIOTHUHA HY/I0. JTO paccyXkieHne 6e3 Tpyna 06006
maeTcss Ha cayyall p-UMKJIOB JoGoro nopsinka. ITostomy
IpH TMOJCYEeTe YHCJIA PasJIHUHBIX  KJI4CCOB  roMOJIOTHH
MBEl  Bcerga or0pachiBaeM TOMOJIOPMUHBIE Hymo KJace
wKI0B. Kak mpasuio, CymecTBYeT GeCKOHEYHOEe MHOMKE"



TaGruye 6

Knaccsi FOMOJIOrHH [c‘”}, {ef)y oo {cﬁ,p} u 9ucaa BeTT Ans ABYX

. CAYyYaeB MPOCTPAHCTB

p_'uux.ru ABAAETCH p-MEpHOH o6nacThio wWid p-Hemblo, i KoTopo#

XapaKkTe€pHO OTCYTCTBHE IpaHuIfbl.

[MpoctpancTso: IByMepHas NOBEPXHOCTb TOPa, NOTPYXEHHAHd B SBKJU-

noBO 3-TIpocTpaHCTBO, Kopoue rosops, 2-top T2 Ero
yucna Bertu paBunl Ry =1, R =2, R,=1. Jiine-
poBa xapakrepuctuka y, == 0.

rolidl(l)all(:;:l‘b:lﬂ Onucanve THIIRYHOIO P-LIMKJAA B 3TOM KJaCCe TOMOJOrHH
{c%} Touka; Bce TOUKM rOMOJOTHYHBI MEXAY COOOI0
(c}} 3amkHyTas KpHpas, MNPOXOIAIAS BOKPYr MEHbINEro
obxsara Topa ')
{c{,} 3amkHyTasi Kpusas BoKyr Gonbinero obxsata ')
{c%} Cam 2-top

Ilpoctpancteo: Hcxona u3 3-MepHOr0 3aMKHYTOrO  INpOCTpaHCTBa

(HarnsagHo roBops, 3-MepHo#f cdepbl B 3IBKIAHLOBOM
4-npocTpaHcTBe), TOMOJOTHYECKH MOIUQULIHpPYEM €ro
Tak, YTOOH 06pasoBaiach OfHa PyYKa ¢ ropioBuHaMu M
u M, TllonyuenHas Takum o6pasoM mNpoH3&Huasa cdepa
W, = §2 X 8! ob6nanaer yucnamu bertu Ry=1, R, =1,
R, =1, R;=1 wu siirepoBoit xapaktepuctuxoil y ==0.

Knaccn
FOMOJIOT MM OmnucaHre TROMYHOLO P-LHKJIA B 3TOM K/4dCCE roMOJNOTrHH
{c% Touka; BCce TOYKH rOMONOTHHHBI Me¥Ay coboiwo
{c'} 3aMkHyTas CHROBas JUHUS, ONHOKPATHO NPOXOAAIIAS
CKBO3b PYHKY %)
{c%} 3aMKHyTass NOBEPXHOCTb BOKPYr TOPJNOBHHBL pyu-
ku M, 3)
{c%} Camo 3-npocTpaHCTBO

D —

1) 3aMkHYyTad KpHBaf, KOTOPYI0 MONHO CTAHYTH K HYMO, MOXeT OblTh NoCipoeHa
C NOMOWIBI0 JBYX T&KHX JHHHUI, OTIHCAHHLIX BO B3AHMHMO HPOTHMBOIMOJNOMHLIX HanNpasJfe-
HMUHX BOKPYT TOpa.

%) BaMkHyTasi JMHHS, KOTOPYI0 MOMKHO CTHHYTb K HYmO, NpPEICTABAAET C€oOOW
AMHeldHYI0 KOMOWHALMIO € TPOTHBONOJOXKHBIMH 3HAKAMH (T. €, PA3HOCTDH) ABYX TAKUX
nunwd, BaMkHyTas KpHBas, MAYWash BOKPYT TOPAOBHHBI M, pyuKkm, Moxer OwTb yHa-
N€HA OTCIOAA M CTAHYTAa K Hynio. TpH H3MepeHHs NMO3BOJSIOT NPOH3BECTH TaKylo Ome-
Paumio, KoTopast HeBO3MOXKMA B MPOCTPAHCTBE HH3LIEH PasMEPHOCTH (cM. (Hr. 3).

%) 3aMkuyras nOBEPXHOCTb, KOTOPast MOXET ObiTh CTAHYTa K Hymo, sBAsieTCS
NMHHEHHOf koMOMHANKeR ABYX TaKHX MOBEPXHOCTEH € MPOTHBONMONOMKHBIMH 3HAKAMH.
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CTBO KJIACCOB TOMOJIOTHM M HHM OOMH M3 HHUX He SBJISIETCHA
Gosiee (pyHIAMEHTAJNbHLIM, yeM OCTaJibHble, IJTO MNOJOXKE-
HHe HAIOMHHAEeT CMEILIEHHs KPHCTaJJIMYeCKOH peLieTKH, Ha-
npuMep npoctoll KyOHYeCKOi#l pelleTKH; 3TH CMeUeHHs ne-
peBOAAT peLIeTKy B COCTOsIHMS], 3KBHBAJEHTHHIE MCXOLHOMY.
MoxHO 3amarte cOBUr @ BLOJB OCH X, JHGO COBWT B Ha-
npaeJleHHH OCH y, JHGO Xo[ KOHEM — CIBHI HA a B Hampae-
JIeHHH OCH X U OLHOBPEMEHHO Ha 20 B HanpapJeHHH OCH
y—u T. 1. O6uwmii ciyuaih gOnyCTHMOrO ABHXKEHHSI MOXKET
OBITH NMpejACTaBJeH B BUe JHMHEHHOH KOMOMHALMM TPeX oc-
HOBHBIX MJIH JIMHEHHO He3aBHCHMBIX [BHKeHMil. OpgHako He
CYILIECTBYET OIHO3HAYHOro BHIOOPA 3THX OCHOBHBIX IBHKe-
HUM{. AHaJorMyHO, NOJ YHCJIOM pPA3JIHUHBIX KJ4CcCOB TOMO-
JIOTHH MBI pazyMeeM YHCJIO JIMHEMHO He3aBHCHMBIX KJaccoB
roMoJIorHH B cienyriouieM cumeicae: CHereMa KiaccoB ro-
MoJIorHn {7} Ha3blBaeTCsi AUHEHO He3aBUCUMOLl B TOM |

TOJIBKO B TOM CJjlydae, e€CJIM COOTHolUeHHe
2s! (ep) ={ Zster } = (0},
i i

rne kKo3QduiyMerTs s¢ — BelleCTBEHHblE 4HC/a, HMEeT Me-
CTO JIMIUb NPHM YCJIOBHM paBEHCTBA BCeX 3THX KoadduliMen-
TOB HYJIO, T. €. B TOM H TOJBKO B TOM CJyude, KOrja Eu-
Kakasi suHefiHas KoMOMHALHs LHUKJOB ¢f He fABJsIeTCs rpa-
Hutieit. B ciyyae JMHeiiHO#l He3aBUCHUMOCTH KJIACCOB FO-
moJsioruu {¢f} Mpl GyneM TOBOPHTb, UTO LMKJBI, MPENCTaB-
JISIIOIIME 3TH KJacChl TOMOJIOTHH, SIBJSIIOTCS HE3Q8UCUMbIMU
yukaramu o,

PaccMoTpeHHBIE OCHOBHEIE COOTHOLUEHHSI MEXKIY Lensi-
MM, UHMKJaMH H TPaHHIAMM MOXKHO KPaTKO H3JOXKHUTbL B
yucto  anrebGpavyeckoii dopme. BBHAY B0O3MOXHOCTH
CJI0XeHHus1 1erneil X COBOKYMHOCTh B MHorooGpasum M o6-
pasyer rpynmy. MbBl MoXeMm TakKike YMHOXKAaTh p-llenh Ha
BelllecTBeHHOe yncno. ClenoBaresbHo, p-uenu 06pasyior
GeckoHeuHOMepHOe BeKTopHOe npoctpanctso Cp,(IM, R), naswi-
BaeMoe epynnoil sewjecrsennblx p-yenel. Uenun c?, ynosne-
TBOpAIOLIHE ycioBHo Oc? = 0, 06pa3yloT NOANpPOCTPAHCTBO
Z,(M,R), naspiBaemoe zpynnoi p-yuxaros. Kampasn
lenb cPf, npeacTasisiomas coboil rpanuuny (cf =dcP*"),
sBasieTcss mMKJoM. CrenosBatesbHO, HaGop BCeX oOTpaHHuH-
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paiolux  p-wkgaos B(M, R) ssnsercs BeKTOPHBIM Mpo-

cTPAHCTBOM, [DEICTABJSIONIMM CcO6of MOANPOCTPAHCTBO
npocrpancTBa Z (M, R). ITpocTpancTBo-yacTHOR

Z,(M, R)

H, (M, R) = H =5
r B, (%, R)
HasBIBaeTCsl p-MepHOll epynnoil eomoaoceut mMHOrooGpa-
sun M ¢ pemectBenEbiME Kosdduimentamu. Uncao bBer-
i R, paBHO pPa3MEPHOCTH BEKTOPHOIO IIPOCTPAHCTBA

(134)

¢ur. 5. llpoextuBHas mrockocTs P? Kak {pu- N
Mep HEOpHEHTHPYEMOro MHOroobpasus. c v

ToukH HNPOEKTHBEON NAOCKOCTH CYTh NAPH NPOTHBOMOJOM-

pHX TOYeKk Ha 2-chepe S2. Ha cxeme Mbl BHIHM BePXHION

no.ny‘cgiEpy ¢? chepnl S H ee 5KkBAaTop. JIBe TOYKH SKBa-

T0pa 82, NMONOGHHIE 0603nAYEHHBIM Hepe3 ¢® Ha CXeMe, CO-

OTBETCTBYIOT B TOUHOCTH OOHOil TOUKE ¢® Ha P2 Anano-

rHUHBIM 00pasoM ofHA AuMKA ¢' Ha P? NoSBARETCS ABAXKIH,

KaK 5T0 BHAHO Ha skBarope cPepsl S$2. PaccmaTtpuBas o, 1
€' M ¢ KaK LenM, T. €. KaKk o6neKkTH, paséureie na 6oap- (o4
woe KOMEYHOE YHCAO Manblx KyboBY, MB BHAMM, 4TO C°

Oc?==2c', ecn¥ €? ¥ ¢! OpPHEHTHpPOBaWH, K&k STO YKa3aHo

cTpeaxamMn Ha cxeme. Tak kak ¢? oGnajaeT rpanuueh 2¢!

B O-cMBICK€ TpanMubl, TO uyuciao bertw R, (P?) paBHO

nrymo, KpuBasi ¢! He obnagaet rpaumues: 0ct==co~ c0==0, Onnako ¢' ABISETCSA rPaHu~

1
re#t 2-uenu -—2——(:2, TaK UTO Ka¥UIblf 1-IHKA fABasieTcsl OTPANHYMBAIOUIMM, M Ry (P?) =0,

Touxa €9 xoueuno, ne obnanaer rpaHuued, OHa CaMa HE ABASETCHs TPANMUEN HHM BAS
ORHOI }-uenH, TAK YTO KMEeeTcs ORMH Knaacc O-uMkJoB {(:0}, OTAMYHLIK OT nyns, H

o (P?)=1.

HM, R) u sABIs€TCS KOHEUHBIM JJIf BCEX KOMIIAKTHBIX

MHOroo0pasmil.

Moxer oOkaszatbesi, YTO B 3aMKHYTOM (KOMITAKTHOM)
n-MHorooGpasum Kaxpas n-uenb o0Jafaer rpanMilell, Tak
uto R, = 0. Takoe MHOroo6pasue Ha3biBaeTCsi HEOPHEHTH-
pyeMbiM; B IpOTHBHOM cayuyae R, =1, u mnorooGpasue
OpHeHTHpYeMO. ITo OOCTOSITENILCTBO MOSICHSIET pa3JHuMe
MeXy NOHSITHeM TrpaHMilbl, BHIPAXKEHHBIM C NOMOILb 0,
Y MOHATHEM O rpaHylle Kak O COBOKYIHOCTH TOYEK Ha
«Kpamo» MHOxecTBa. B MHorooGpasum kaxknpasi Touka o6-
JajjaeT OKpPeCTHOCTBIO, TroMeoMOpdHOH 3IBKJIMOOBY npo-
CTPaHCTBY, TAK YTO B HeM HUKaKasi TOUKA HE MOXET pac-
CMaTpUBaTBCA Ha «Kpaiwy», HIH «TpaHHile», MHOroo6pasus.
Onnako ecan Mbl pa3buBaeM MHQrooGpasve Ha KyGH

N
M=cr= N C}, (135)

i=1
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TO MOKeT 0Ka3aTbCsl HEBO3MOKHBIM BHIGpaTh TaKyl0 OpHeH-
TalMo 3THX KyGOB, 4TOOB! JIMLEBBIE CTOPOHHI BCEX HX [O-
NapHO YHHYTOMKHJIHCH NpH BbiuMcjiennn de. TakoBo movio-
JKeHHMe, KOrfa MHOrooGpasMe sIBJSIETCST HEOPHEHTHPYEMbIM,
Ha ¢ur. 5 nas npuMep, B KOTOPOM BBIYHCAEHHB Yncia bertn
IJIs1 MPOEKTHBHOH mjockoctH P2,

Teopema Crokca

Tenepy MoxHo ciopmysupoBats Teopemy CToKCa AJisi
uuTerpana or p-¢popMbl a no p-Mephoil rpanuue dcrtl

(p + 1)-uenu cP*Y;
faa= [a. (136)
FH! ocP !

Huterpan ot HekoTopoil (opMbl [0 HeNH ONpeensieTcs
¢ nomoubio uHTerpasa (118) no cTaHgapTHOMY e€IMHHY-
HoMy kyGy. Ilostomy pokasatenbctBo TeopeMbl CTOKca
CBOIMTCA K HMHTErPHUPOBAHUIO MO 4aCTsSM Ha 3TOM KyGe [P+i,
IMpoctefilunit cnydail Teopembt CTOKCa COCTOMT B TOM, uTO
Geperca O-dbopMa win GYHKUMS f, rpamHeHT KOTOPOH HH-
TErpupyeTcst N0 KpHUBOH ¢! ¢ KOHHLAMM X; H Xg:

far= [ r=rx0—rw. (137)

Mu npusaaM 3pech, uTo MHTerpaJ ot ¢yHkuMM no 0-xyGy
(no Toyke) paBeH 3Ha4yeHM1O 3TOH (YHKLHMHM B 3TOil TOUKE.
Jus 1-bopMbl, HanpuMep [Jisi HANPSIKEHHOCTH MardUTHOTO
nons h = hdx! B 3-npoctpancree, Teopema CToKca npuHH-
MaeT BM]I

fdhE% f(i"i— ‘”’")dx‘/\dxf: [ rdx. (138)
c? oc?

oxt ox/

c?

Ity dopmyay obbluHo Ha3elBawT Teopemoit Crokca. Pop-
myua (136) Bkmodaet Taxxke TeopeMy laycca, Kak MOKHO
BH/ETb NpPH PaccMOTpeHUMH 2-(opMbi: .

*e:{,«*ei, dx’ Adx, (139)
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B 3ToM Ciay4ae ngs o6beMma ¢3 B 3-npoCTpaHCTBe

()*e]k ()-X-eki O*eﬁ

. y i j k__
fd*e__ 3 f( Y py —+ Py )dx/\deAdx =

— f(o(‘;('xe;z.; f 0*93] +o*el2)dxlAdx2Adx3_

=g f*e,] dxX’Adx/ = f*e (140)

603

DT0 COOTHOMIEHHE NPHHHUMAET OOLIUHBIA BHIX TEOpeMbt
Taycca B IJOCKOM IPOCTPAHCTBE, €C/IM 38MEHHTb ¥ €53
HA €, H T. L.

[punoxcenuss meopembr Cmorca. Iaexmpuueckuii 3apso,
MQ2HUTHBLUL 3aPA0 U BeKTOPHLLL NOTEHyUan

Oco6hlit uHTEpeC NpeiCTaBJASIOT JABa YaCTHHIX cayuas
teopembl Crokca:

1) Ecau c?*! aBasietca 3amikymoii yensto, T. e. IUK-
JoM, a a==a” — p-dopmoii, T0 dopmyna (136) umMeeT BUA

f da? =0, ecin OcP+'==0(. (141)

Cp+1

2) HasuiBaem a’? samrxmymoii gopmoii, ecim da”=0;
1aa nee teopeMa Crokca naet

f a’ =0, ecom da’=0. (142)
aL‘p+1

dTor BTOpO# CilyYall MOXHO BLIPA3UTb B BHIE 3aKOHQ CO-
xpanenus. Ilycte ¢, M €, — roMOJIOTHUHBIE pP-LHKJBL, TakK
uTo ¢, —c,=dc?*\. Torpa coorhpwenne (142) npuunmaer

BUn
f af = fa”—fa”zO. (143)
0cp+1 cp €y

Wsrivu cnosamu, unrezpas or 3amkuyTol Gopmer no 3aMK-
HYroii nosepxnocTu 3aBuUCUT UL OT KAQcCa 20mono2ul
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3101l nogepxHocTy. 3HayeHHe 3TOTO MHTerpaja Ha3bIBaeTCs
nepuodon a Ha {c,} npu coBnajgeHNH KJIacCCOB FOMOJIOTHH €,
u ¢,. Cornacuo ypaBHeHunsim MakcBeana (104) u (108),
kak f, Tak u *f npencrasnsiior coGoil zaMKHyThie (GOPMBL
Ha3zoBem nepuombl 3THX TeH30poB CaeAyoUMM oGpasom!):

f f=4np* = 4 (warnurmuii sapsn) {c2}), (144a)

A

f *F==4ng* = 4x (snextpuuecxuit sapsn {€%}); (1446)
P

3TH yTBepX/eHHs GyayT oGOCHOBaHBl B ClelyIOUIEM napa-
rpade.

Ecau HanpskeHHOCTb 3JEKTPOMATHHUTHOTO MOJsl MOJY-
4aeTcsi M3 BEKTOPHOrO foTeHuMana a = g,dx¥, TO moTOK

CWIOBLIX JIMHMI CKBO3b BCSIKYIO 3aMKHyTyIO (0¢? = 0) mo-
BEPXHOCTh €2 paBeH HYJIO:

[i=[da= [a=o0. (145)
¢ c?

oc?

HMubiMp cnioBaMH, aKT cyw,ecT808aHusL BEKTOPHOZO NOTEH-
YUQAG O3HAYAET, 4TO MOZHUTHGUL 3QpAd He cyujecrsyer.
B kauecTBe pasyMHBIX MPHUMEpPOB KjiacCa rOMOJIOTHH I10-
BEPXHOCTH €2 MOXKHO NPHBECTH a) MPeACTAaBJISIOUINecs
CXOIHBIMHM MOBEPXHOCTH OOJbINETr0 MM MEHbIIEero pasmepa,
B3AThle OJHOBPEMEHHO, T. €. Ha oOWel NpoCTPaHCTBEHHO-
nofo6HoH fOBEPXHOCTH, H 0) aHaJOTHuHblE npeablIyIIHM
noBepxHocTH B CGoJiee paHHMe WM B Gosiee MoO3gHHE MOMEH-
Thl BpeMenH. Bennumnbl  u *f o6e sBasioTCS 3aMKHYTHIMM.
Torna n3 coortnowenus: (143) cnenyer, urto uepes pce 3TH

) 3Beanouka copapa BBEepXY O3HadaeT, 4T0 Mbl H3MepsieM 003
pona 3apsiioB B UHCTO reOMeTPHYECKHX ENUHMLAX AJuHbl. Tak Kak re-
pexon OT reOMeTpHYECKHX eMHHHI HanpsiKeHHoctu mos f (cm~1) k obite-
OPUHSITBIM €AuHuLIaM HanpsikenuocTd nonst F (eaycc wnu e'fcm: - cex)
OCYILECTBJSETCH OYTEM YMHOXKEHUSI Ha Besuuuny c2/G'(e'zem: - cek),
TO ¥ NepexO] OT FeOMeTPHYECKHX €NMHuIL 3apana ¢* (C#) K oGblMNBIM
SMEKTPOCTATUYECKHM eAuHuLaM 3apsifa (2'2° calh/cex) ocyluectsasercs
NYTEM YMHOMKeHHsl Ha Ty K€ BeJHYHHY:

i
q (CGSE) = ‘G——ll’—q (C.M).
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OBEPXHOCTH NPOXONHT OAMH H TOT XK€ NOTOK JIMHMI BHE
3aBHCHMOCTH OT pasmepa noBepxHoctH (3akon [aycca)
y He3aBHCHMO OT MOMeHTa BpeMeHH (3aKOH COXpaHeHHs 3a-
prAa). IlostoMy onpenenenubiii cootHolwenusmu (144) 3a-
psg o6/agaeT TeMM CBOFCTBAMH, KOTOPHIX Mbl OGbIYHO Tpe-
GyeM. UeThipexMepHHl XxapakTep paCcCMOTPEHMSI IO3BOJIMII
oOBeIHHNTLE B OJIHH 3aKOH [Ba 3akoHa, OOLIKHOBEHHO pac-
cMaTpHUBaBLIMXCA nopo3db., Kopoye roBopsi, Ha OCHOBaHMH
ypaBHeHHI'?I; Maxkceenna mbl mokasaliM, uto 3apsin (paccma-
TPMBaeMbii KaK CHJIOBble JIMHHM, BKJIOYEHHBE B TOMOJO-
rH10) NOCTOsIHEH BO BpeMeHH BHE 3aBHCHMOCTH OT OTOEJb-
HHX M3MEHEHHil 3JIEKTPOMArHHTHOTO MoJsf M BHe 3aBHCH-
MOCTH OT W3MEeHeHHil mnpocTpancrBa. B  pgokaszatenbcTBe
9TOr0 3aKOHa COXpaHEHHs] HET gaxe YyNOMHUHaHHSI O Me-
TPUKE.

Insi Gosee geranbHOro OGOCHOBAHUS OTOXKIECTBJCHHUS
(144) paccMOTpHMM [JIOCKOE NPOCTPAHCTBO € OCHYHBLIMU
NpOCTPAHCTBEHHBIMM M BpeMEHHOH KoopaHHaTamM. Torzna
¢opmbl T u *f onuceiBaoT 37ekTpHueckoe W MarHHTHOe
noJisi caenyiouuM o6pasom:

f=— dt Alg; dx)+ (x h),; dx Adx, (146a)
xf=df A\ (R, dx') - (x €); dx' Adx. (1466)

3necs € W NI, — COOTBETCTBEHHO KOMIIOHEHTH  OObIu-
HbIX 3JIKTpUMECKOH M MAarHUTHON HanpsixkeHHocTeldl, a
(*h),y = b, (¥€),=e, uT. 1. B TOM ciyuae, korna ¢? #B-
JISIeTCs1 3aMKHYTOll NMOBEPXHOCTbIO, HanpuMep cdepoll Ha IH-
neprnosepxuoctH T = const, a f— HanpskeHHOCTb JEKTPO-
MarHUTHOTO TNOJISl, MOPOXKAEHHOrO YacTHLed, 3aKIYeHHOH
BHYTpH 3Toi cdephl, TO BeJHYHHB MATHUTHOTO MoHOnoss p*
H 37eKTpUuecKoro 3apsina ¢* 3tofl uyacTHLLI MOTYT ObIThb
Halinensl no QopmyJsam

4mp* = [Yorh);dxiAdei = [1, (1472)
A é

4rg’ = [(x @) dr'Adx' = [ 1. (1476)
c c?

Tlepsre paBencTBa B 3TMX COOTHOIEHMSIX NPeNCTABISIOT
€00ojt 3HakOoMble HaM Bhipa)eHus 3akoHa laycca B mio-
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CKOM MPOCTPaHCTBE; BTOPBIE KE PABEHCTBA CIPaBEIJIHB-
BBHIY TOro OOCTOSITEJIbCTBA, 4TO WJEHH, cOfepxkaiuve dT
B cootHoweHnax (146), He MPHBHOCHAT HHKAKOTO BKJjajla B
HHTErpaj no NOBEPXHOCTH, MogoGHOH ¢Z, Ha koTopoi T mo-
crosiiHo. MlubiMH cnoBamu, Bekrop d7 = grad T opTOroHa-
JieH 060§ noBEpXHOCTH, Ha KOTOpoil T NOCTOAHHG, H mO-
stomy npoekuus d7 Ha 3Ty noBepXHOCTb paBHa Hyiw. Ta-
KUM 00pasoM, Mbl BHAHM, uYTO cooTHouweHHst (144) sie-
JITIOTCA HENOCPEACTBEHHBIM O6OOIUEHNEM MPHBLIYHBIX ypaB-
HeHMH# Ha cly4all HCKPHBJIEHHOTO NPOCTPAHCTBA-BPEMEHH.

IIpumepst npocrpancts, OONYCKAIOWUX CYUECTEOBAHUE
3apada

Urobbl yCTAHOBHTb HEKOTOPYIO CBSI3b MEXKJY BecbMa 00-
(MM S3bIKOM 33aKOHOB COXPaHEHHS B NOCJEAHEM paspele
H NPOCTBIM HHTYHTHBHBIM H306parkeHHeMm 3apajfa Ha ¢ur. 3
B BHAE CHJOBBIX JIHHHMH, «3aXBaueHHbLIX» B TOMOJOTHYE-
CKHEe pYYKH, Uenecoofpa3sHO NpPHBECTH 3Jech J1Ba NPH-
Mepa MpOCTPAHCTB, [JOMYyCKAaIOWHX CYLIECTBOBaHHE 3apsia,
T. €. NMPOCTPAHCTB, BKJIOYAIOWMX OAHH HJH Gojee pyka-
BOB: Ry>> 1. DTHMH npuMepaMH SIBJSIIOTCS MHOrooG6pasus
RX W, u RXT? yxe onpeleieHHble B pasfene b (cm.
1. «[Ipumepnl MHoroo6pasuit». «IlpousBefienne MHoroobpa-
3uil», crp. 2568—260). B menax onpenenenus andgepeHus-
pyemoii crpyktypbl W, (cm. n. «[Iuddepenunpyembie MHO-
rooGpasus», crp. 260), mbl BBenin Ha W dyHkuuio f(x); Ha
W, ucnonbsyem k takux oyukuwuit f; (x), i=1,2, ..,k
Iycte ¢2(r) ectb chepa B W, onpereneHHasi ypaBHEHHEM
fi(x) =r. B nBymepHom anasore W, H3o6pa’keHHOM Ha
¢ur. 4, sTa cepa aBiseTcs ABaXKAb NpOH3EHHON (k = 2).
TunnuHOl noBEpPXHOCTBIO € (r) SABJAETCA  OKPYIKHOCTb,
OKpy:XKaloliasa BHIXOJA OJHO# H3 TPyOOK, CBA3bIBAIOLEH Mpo-
THBOMOJNOXKHbIE CTopoHbl ceprl. THnHYHAsT MOBepXHOCTH
c2(r) oKpyxaeT BXoA B JPYryw TpyGky. B mHorooGpasuH
R X W,, saBisiolleMcss NPOHM3BEAEHHEM AeHCTBHTENLHON
auaan (—oo < T <o) u W, Ha kaxjoil runepnosepx
noctu T = const, nmeercst oToGpaxenue c2(r), kKotopoe Mbl
HazoBeM ti(r, T). Kpome Toro, p-e wuncio bertd
R,(RX W,) nas npousseieHns MHOrooGpasuii pasHO

p-my aucny bBertn R, (W,), otHocsAwmemycs k camoMy MHO®
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roo6pasuio W,. Tenepb paccmorpum na R X W, 2-dopmy
§ unn ¥i. IloTok cHyioBBIX JIMHHE

4rpt(r, T)= f f (148a)
e
nJaH
4ngi(r, )= f xf, (1486)
0%(r,7‘)

o4eBHIHO, 3aBHCHT OT r U T. UTo6b yOemuTbcss B TOM, 4YTO
& o
pi(r, T) wan g;(r, T) B neHCTBHTENBHOCTH 3aBHUCAT JIHLIbL

oT i, HaM cJefyeT a) NoTpe6oBaTh BHINOJHEHHS PaBEHCTBA
di =0 nan dxf=0 u 6) 3ameruth, uTO BCE MOBEPXHOCTH
c(r, T) npuHazpnexkat Kk OLHOMY H TOMY e KJaccy romo-

norun. INosepxnocteio ¢2(0,0) sBasietcs 2-chepa. Ilpy Bos-
pactanun r sta cepa npoxoaur 3-mpocrpancrso c¥R)

0 r <R, KoTopoe TONMOMOrHYECKH TOXKAECTBEHHO OGBEMY
1< 22+ y*+ 22 <2 sskauposa 3-npoctpanctsa. Mcexons
H3 3Toro MbiceHHoro o6pasa 3-npoctpakctBa c3(R) B

OPUBLIYHOM 3BKJHIOBOM 3-mpocTpancTBe RS, HaxOmHMMm rpa-
HHLy npocTpaHcTBa ¢3(R):
oc3(R)=c%(R, 0)—c2(0, 0). (149)

Mub 3akmiouaem, uto c¢Z(r, 0) romosornuna c¢2(0, 0). Ho

CHX MOp He GBbLIO BBEJEHO HHKAKOrGC METPHYECKOTrO MOHA-
THSI, TaK YTO MOXHO npeloctaButb ¢2 (0, T) «OPOH3HTB»

3-noepxnocts ¢3(T) Tak ke, Kak 3T0 ObLIO paHee npo-
Jenano pnig r; Toriaa HaHaem

¢ (T) = (0, T)— ¢2(0, 0), (150)

Tak yro ¢2(0, T) u ¢2(0,0) romosornunnl. [Nogo6ubil xe
noxxos mnokaswiBaet, uto ¢? (r, T) romonoruuno c2(r, 0).
Takum o6pasom, npuxomuM K BHIBOAY, YTO, BOOOLUE TOBOPS,
Bce nosepxroctH €2 (r, T) JJsi KamJOro JLAHHOTO i roMoJo-
TMypn mexJay co6oil. Bosnee Ttoro, ypaBHenns df =0 u

% f=0 cBuaeresbCcTBYIOT O TOM, YTO MEXKAY TOMOJO-
THYHRIME MOBepXHOCTAMHM He CYyHIECTBYeT NOTEPhb MOTOKa
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aunnit. Tlostomy 3apsmel pi(r,T) n q;(r,T) He 3aBucsy
orrul.

IlpuBenerHoe oOCYy}KfeHHE He HCNOAL30BAJO BOOGIye
merpHkH Ha R X W, u nostomy cnpasenjiMBo 1Js JOGoj
METpPHUKH, KOTOpPYyI0 MBI 3axoTHM BBecTH. Hampumep, npn
HEKOTOPOM OIHOM 3HaueHHH T mnpPOCTPaHCTBeHHO-MOAOGHas
runepnoBepxHocte 7 = const MOXeT HMeTh BHJA IABa¥inl
«npoH3éHHOH» chepul (cMm. ¢ur. 4,6). B Gosee nospnui
moMeHT T 06a KOHLlA OJHOH H3 pyyeK MOTYT CIBHHYThLCH,
npubynXKaa aHHUTHJISILHIO, MOAOOHO TOMY KaK 3TO H30-
6paxeHno Ha ¢ur. 3. Ho 1o tex nop, noKa Tonosiorud B Jieil-
CTBHUTEJIBHOCTH He HM3MEHHTCS, CUJIOBble JIHHHM OCTaHYTCH
3aKJIOYEHHBIMH B PYYKy, H NMOTOK 4mg; uepe3 3aMKHyTYyio

nosepxHocTh ¢7(r,T) He Gyner HapylwlaThCs BO3MYIUEHHs-

MH METPHKH.

B 3Tom wuccriefoBaHHM NpPOCTPAHCTBA-BPEMEHH C pyKa-
BaMu R X W, wmbl npednoacocusu cylecTBOBaHHE 3aMKHY-
Toix (popm *f uam f, 415 KOTOpBHIX BEJHUMHBI 3apsiia H MO-
BOMOJISl, coryiacHo cooTHowenusim (148), He paBHB BCe
Hymo. B crnemyroluem NMyHKTE HacCTOSILEro pasjesa, [OCBS-
LUIeHHOM Teopuu pe-PaMa, Mbl yBHAHM, 4YTO CYLUECTBYET
MHOro Takux (opM. DTO MOKHO MOKa3aTh SIBHO Ha [1PO-
creilluemM npumepe R X T3.

Oyukuun x! (=1, 2, 3) He Moryr ObITL OmnpegeJieHbl
HenpepblBHO Ha BCeM Tope 73: HEOGXOOHMO y4eCTh BO3MOX-
HOCTb [MOSIBJIEHHS aAJNTUBHBIX CJaraeMblX, KpPaTHBIX 2.
Onnako epaduentor dx' npencraBnsior coboit nuddepeHLH-
pyeMble BekTOpHBIEe nosisi. B GoJsiee mpoctoMm ciyyae 2-topa
OJMH M3 3THX IPajHeHTOB MOXET OblTh NOJeM €IHHHYHLIX
BEKTOPOB (KpacCHBbIX!), OUEpPUHBAIOIHX MEHbIIHE OKPYKHO-
cTH Topa. Jlpyroe mosie eIHHHYHBIX BEKTOpoB (3eneHHX!)
MOXKeT OBbITb PACMOJIOKEHO NapajyiesbHo 6oJibliell OKpYX-
HOCTH. AHajorH4YHo, MOryT OBbITh ONpeJeNeHbl BeKTOPHHIE
nosis U B npocTpaHcTBe R X T3. VI3 HUX MOXHO moCTpPOHTP
(bopmy

*F=dx2Adx3,

KoTopasi, oueBHmHO, OyleT 3akpwitoit (d % f=0). Ona
OMUCbIBAEl OJHOPOJHOE 3JIEKTPHYECKOE noJie B HampapsJe:
uu x' [cM. cooTHowenue (1466)]. Muterpupys sty 2-¢op°
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o

H

My [0 [OBEPXHOCTH c2(x', T), onpereneHHO# ypaBHEHHSIMH
T = const, x!' = const, nonyyaem 3mauenue

4rg = f dx A dx® = (2r). (151)
g+, 7) .

TakuM 00pazoM, Mbl HEMmocpeACTBEHHO YOGEAHJHCH B TOM,
4TO B 3TOM cJyyae ¢ He 3aBHCHT OT x' H T. MoxHO 6biaG

6Bl CYUMTATb PA3yMHBIM HAa3blBaTh ¢, 3apSOM, MOCKOJNBKY

HEBO3MOXKHO Jierko npencTaBHTb ce6e MeTPHKH, 3aCTaBJsIo-
gielt BCe CHJIOBbIE JIMHHH HCXOJAHTb M3 Manoll of6jacTH mnpo-
crpaHctBa. OpfHako ¢, $IBHO HM3MepSIET MOJIHbIH IMOTOK Ha-

OpSZKEHHOCTH 3JIEKTPHUYECKOro 10Js BOKpYr 3-topa 4depes
3aMKHYTYIO NOBEPXHOCTb ¢7. AHaJIOTHYHO, CYIUECTBYET JBa
ApPYrHX HE3aBHCHMBIX HanpaBJjieHHs Ha 3-Tope, B KaxKIOM
H3 KOTOPBIX NOTOKY MOXeT GbiTb NPHOaHO Jiio6oe Kenae-
Mmoe 3HaueHHe. Torpa sto npocrpaHcTtBo Oyler ob6ianarhb
TpeMs! MPOU3BOJbHBIMU KOHCTAHTAaMH 32 paAa.

Teopema Oe-Pama Ookasvieaer cyujecteosanue 2-gpopm,
obradarouyux 3apaoom

CyuiecTBoBanHe mnpHMepa 3apsAONOAOGHOrC pelleHH:
elie He fBJSETCH JOKA3aTENbCTBOM TOr0 OOCTOSATENLCTBA.
UYTO TakKHe pelleHHs Bcerja BO3MOXHBI B 4-npocTpaHCTiRe
C PyukaMH, T. €. B OPQCTPAHCTBE ¢ yHciaoM DeTtH, paBHBIM
Ry > 1. CywectBoBanie TakMX pelleRHH YCTaHaBJHBAETCH
nepeoti teopemoii de-Pama (cm. [42, 43]). Ecan ¢? npea-
CTaBsisioT co6ofi R, HE3aBHCHMbIX pP-UHKIOB MHOrooGpa-
3ug M, a Q; npexncraBasiioT COGOH R, HexkoTOpHIX Belle-
CTBEHHbIX uMCeJ, TO cyliecTByeT p-¢hopma a’, -obmapaio-
Wag cpoiictBamn 3amrHyTOCTH (daP?=0) n andpdepenum-
Pyemoctn Ha Bcem R H yloBJAeTBOPSIOLIAA YCJIOBHAM

fa”:Q,- (=1, 2 ..., R). (162)
P

13

Y1068 nepeBecTH 3TO Ha A3BIK (PH3HKH, 3aMETHM, 4YTO NPH
A=1 ygu % wama ¢dopma npeacraBiser cobGoii Hanps-
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KEHHOCTh IJEKTPOMATHHTHOTO MNOJSI WM AYaJbHYIO Benu.
yuny nocsiefineil. Uucno Bertu R paBHO uMcaty pyuek, a
Q; = 4np] wian 4 Tg; — MarHUTHOMY HJIH 3JIEKTPHYECKOMy
IIOTOKY 4epes i-10 pyuky. Tounee, Q; sBIsS€TCH NOTOKOM ye-
pe3 TNOBepXHOCTb i-r0 HE3aBHCHMOIO KJjacCa TIOMOJIOTHy,
HJIM, HA $3blKe MaTeMaTHKH, Yepe3 TaK HasblBaeMblil ne-
puod Ha 3ToM Kiacce. CHOBa HanoMHHM IIPOH3BOJIBHOCTE
BHiOOpa R; HE3aBHCHMO OT OCHOBHHIX KJAaCCOB TOMOJIOTHU
2-ro nopsiaka, JHHe#Hble KOMOHHAUMH KOTODHIX AAIOT Bee
Klacch roMojioruu 2-ro nopsiaka. MMetotes cayyau, korma
JOBOJILHO SICHO, YTO JBEe PYYKH XOPOILO pasfeneH:l ApYr
OT Apyra, Tak 470 HejnecooOpasHo Obuio OB HasBath Q,
NOTOKOM Yepe3 OHY Pyuky, a Q2 — NOTOKOM uepes Apyryk.
OnHako MOXKHO TakKe NPHBECTH NPHMEpbl, KOrja ofHa
pyuka Haxoautcs B fapyro#, mpuuem Q= Q;+ Q; u
Q;=Q;— Q2, a Takke npUMEpPH NPYruX KOMOMHALME, He
MeHee €CTECTBEHHBIX, ueM @Q; U Qq, sBJAIOLINECH MepamH
3apsna. Takum obpasoM, TeopeMa ne-PaMa ytBepiknaer,
4yto cyuiectyer pemenne f ypasnennii Makcsenna df =0
usu pewmenne *f ypasnenuit Makcsenna d ¥f =0, koto-
PbIM MOKHO NPOM3BOJBHO NMPHINCATh MArHUTHBIE HAH 3JieK-
TpHUYECKHE 3apsAjbl.

IlotpeGyem Temepb, 4ToObl MAarHHTHBIH 3apan Kaxaod
pyuKu OblJl paB€H HYJI0; MHBIMH CIOBaMH, nycTb nepuoj f
Ha Ka)XXIOM KJjacce romosiorun {¢?} 6yner paBen HyJio:

ff=0 npu Bcex C2 (153)

Torna eropas rteopema Oe-Pama rapantupyer cytue-
CTBOBaHHEe BEKTOPHOro I[OTEHHHMAJa a.

Ecnn f7 ects p-dopma na M, sBadomascs 3aMkHyTOl
(dif = 0) u o6napmaiowas JuiUb HyJEBBIMH nepHOAaMH, TO
17 cnenyer uz nuddepenumpyemoii (p — 1)-popmer

f? = da”". (154)

B 31OM ciyuae, nojOGHOM TOMY, KOLAa CylecTByeT IO
TeHUHasd, tak 4ro ogHa Qopma I Moxker GuITb 3anicaHa B
BHIe potopa OT Apyroi ¢opMui a, hopMa f masbiBaercs K-
3aKTHOI. DK3aKTHOCTH fIBJISIETCS 60Jie€ CHJBHBIM B OTHOLIE®
HMM GopMEl TPEGOBAHHEM, YeM ee 3aMKHYTOCTh (Tabn. 7)¢



Tab6auya 7

AHANOTHH MEKAY NOHATHSAMH LUUKJOB HJH 3aMKHYTHIX uenel
(sanofio6ue 3aMKHYTHIX nOBepXHocTeH) H 3aMRUYTHIX ¢opm!)

IloBepxHoCTH

O6ummit cayyall p-uen#; TOBEPXHOCTH OPH
p=2

310 o3Hauaer, 4TO p-leNb SBJASETCH 3aAMKHY-
Toli, ¥ TOTAa ¢ MasbiBaeTCH p-tukiaoM. B cnyuae
P = 2—3TO 3aMKHyTas NOBEPXHOCTH

P _ ocP+l

P

910 osHauaer, 4TO ¢ ABAAETCH TrpaHnilel

c?*1, orkyma caenyert, uro dc” =0; unaue ro-
Bops, 02 == 0. Opuako u3 coorvomenusi dc” = 0

He caenyer ¢ HeoO6XOAHMMOCTBIO CYHIECTBOBaHMS

P+1 r

HEKOTOPOro ¢ , At KOTOpPOro ¢° €eCTb rpaHdiua

Teopema Crokca

Ilycty 3agana odna uens c?, ssasomancs
g P __ 5 P+l P _ r
rpaHunei: ¢ = oc (npuuem dc” =0uc” —
UMKJ); TOTZa Ha ITOM IMKJE TepHOx f f pa-
» o
BeH HyMO aas kascdod p-popmet I, sBasio-
metica samknyToit (df = 0)

Teopema ge-Pama

19 3ax. 3001,

INycte 3apana 00xa nens c?, apnsowancs
samknytolt (¢’ — uukn; 0c? =0); u nyctb ne-
puon f f pameu Hymo gas kascootd p-Gopmal,

P
Apasomedicss 3aMkHyTol; Torna ¢’

muga; ¢ == ac’ !

CaMa ecThk rpa-



ITpodorxcenye

Popmbl

O6uwit cayuait p-dpopmel; opu p = 1 — Bek-
TOp, MPH p = 2 — aHTHCHMMETpHUHUBIH TEH3op.

Torpa f HaspiBaetcs 3amMxuyTOii hopmoit. Maxk-
CBEJUIOBCKHH TEH30p HANPSKEMHOCTH MOJS Ofiu-
ChIBaeTCH 3aMkHYTOH dopmoii

f=da

Torpa f wuasmiBaetcst 3x3axmruoti GopmoH,
uny, xak rosopst, [ ¢és3s8aem a (manpumep,
4-noteuyuan). Torga U3 cootromenns d2 = 0 cae-
nyeT, uto f aBroMaTHuUeCKH fBJSIETCS 3AMKHYTOI.
Onnako u3 samxuytoctH ¢opmat | ue cuenyer
¢ HeoOXOMMMOCTHI0 CYHIECTBOBAHHA KakoH-mi6o
(p—1)-dpopMet a, mo oTHOWIEHHIO K KoTOpoi f
ABJISETCH POTOPOM MM FpaHuneit

Teopema Ctokca

IycTe 3agana o0wa p-dpopma f, sAeasrowasncs
aksaxTHoOl; = da” ! (tax uto df = 0); Toraa ne-

puon f [ obpamaercs B uyab ua xaxc0oM
P
Pp-1MKJE (0c” = 0)

Teopema me-Pama

Mycts Oynet 3apana odwa p-dopma f, ssas-
omasca samknyTod (df =0) u nycts mepuox

f f obGpamaercs B Hylp HA KQHCOOM p-UUKIE
P
(de? =0); Torna f sBasercs sk3akTHOH opMoil:
f=da’~

1) OnpenenenHoe paHee u HCHOAb3YCMOE 3Aech TOHATHe Hermu oGosHavyaeT auHed-
HyI0 KOMOHHAUHIO KOHeuHOro uyuclia kyoos (dbopma onpeneneum, BaX(HA® B ciryuae OT-
KPHITHIX HJIH HEKOMIAKTHLIX MHOrooGpasufi),
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Honarus, ocnoeannsie na metpuke. yansHoctd
u Ousepeenyus. «Paza» ypasHenuii Maxceerra

Mbl yxe BoeiBeqn TeopeMmy laycca M 3akoH COXpaHe-
Husl 3apajia M3 BOCLMH ypaeHeHHil Makcsenna df =0 u
d*f = 0, He obpamasick B KakoiH-n1H6o0 Mepe K MOHATHAM
METPHKH HJM JJauHBl. Bce GpeMmst 3TOro JoKa3aTesLCcTBa JIO-
JHMJIOCh Ha TonoJioruio. Mel uabernn Kakux-jau0o CCHUIOK
Ha PHMAaHOBY TeOMETpPHIO, paccMaTpHBas noje Maxkceensa

1 v
f=1 f,, A" Adx (155a)
¥ LyaJjbHoe eMy no.e
*f= 2% f,, A" AdX (1556)

K4k [Ba COBEpILIEHHO He3aBHCHMBIX O0O0BbeKTa. ¥YUHTHIBAf
B3aHMHO OJHO3HAYHOE COOTBETCTBHE MEKAY 3THMH JByMS
TOJISIMH, yCT@HABJMBAeMOE NPH MOMOLIM METPHKH, Mbl H3-
BJieKaeM HOBYI0 HH(opMaUHI0 U3 ypaBHeHUH Makcsesna
H HajaraeM IoNOJHHTEJbHBIE orpaHHuenus Ha nose §. Ilo-
STOMY Mbl ONpPEJEJIHM TeNeph AYalbHOCTh H JHBEPreHUHIO
H H3J0XKHUM OCTAJLHYI0O 4YacTh COJlepXKaHug ypaBHeHHH
Makcsenna.

Ceasn (11) mexpny TeH30pOM HANPSIXKEHHOCTH 3JIEKTPO-
marHutrOoro nojs f w0 JyanbHbiM eMmy TeHszopom *f MoxHO
06o6LUINTL Ha CBSI3L MeXAy Jio6o# p-dhopmoil.

a=(p!)_laa,...apdx“’/\ e Adx'P (156)
H ayajnHO# efl (n—p)-(p:)pmoﬁ
xa= X (g ta"rx
[ <ap
B -ne <Bn—p

X oy ooe @By oo Buopl dX"A ... AdxTr-p. (157)

3nech n— pasMepHOCT MHOTOOOpasus, p H (n— p)—
paHry HamMX ABYX GOpM, & — KETEPMUHAHT METPHUECKOTO
TeH30PA L, 8 BEANYHHBI C MOAHATHIMH HHIEKCAMH CyTb
KOHTpABAPHAHTHbIE KOMIOHEHTH HCXOLHOrO TEH30pa:

aa‘ ..‘. ap :gaml ... gapupam . }Lp' (158)

19*
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Ilpumensis onepanuio AyaiLHOTO COTPSMKEHUS K YACTHOMYy
Buay O-popmbl (K NOCTOSHHOMY cKajapy 1), mojydaem
anemenm obvema

x1=|g|"dxA ... Adxn. (159)

Caenytownne obuine ¢opMyabl Jerde BCEro MPOBEPHTL,
HAXOAs AYaJbHYIO BEJUYHHY B OPTOHOPDMHPOB&HHOH CH-
cTeMe OTCYera:

¥ % al =(—1)"P*"""a” (1paman nyanvuas peauuuua); (160)

a”/\%b”:b/\*a:(p!)—'a“‘""’Pba,,__ap*1 (161)

(CBA3p MEWNY BHELIHMM H CKaNSAPHBIM NPOU3BEACHHSMHU);

(xa)A x (xb)=(—1)"aA xb (162)
(cxaasipvoe Mpou3BejeHHe AyajbHbIX (OpPM, BhipaxeHHoe
uepes CKajfipHoe MPOH3BepeHHe caMuX opm).

B 3TMX ypaBHeHHAX S H300pamaeT CHTHATYPy METPHKH:
s=0 Ha nOPOCTPAHCTBEHHO-NMOAOOHBLIX TI'MNEPIOBEPXHO-
CTsIX, Tie METpHKa umeeT BHA + + +; s =1 Ha 4-mosepx-
HOCTAX C METPHKOH -— + + -+; BoOOLIE roBopsl, S eCTb
MAaKCHMAaJIkHOE YHCJIO OPTOTOHAJIbHBIX BEKTOPOB C OTPHUA-
TEJIbHOH HOpPMOH.

OtmetuM, YTOo p-thopma M ayasnbHas eil (opma pasdiH-
Yai10TCs TAaKHM 00pasoM, YTO HHTerpasn

fa (163)

‘p

MoxKeT OBbITb HA3BaH HMHTErpajioM OT KacaTelnbHOH KoMIo-
HEHTHl @ 10 NMOBEPXHOCTH HJHM OT p-UenHd ¢, B TO BpeMs
KaK BeJHYHHA

f *a (164)
n—p

npencTasifer co0OH HHTErpas OT HOPMaibHOH KOMIIOHEH-
TH @ no (n— p)-uenu ¢"7 7.

PaccMOTpHM HANPSKEHHOCTh 3JIGKTPHUECKOTO MO €
sBasolnyiocs  1-¢opmoii B 3-pocTpaHCTBE, H NOCTPOHM
AyaJibHYIO el BeanuuHy, wian 2-¢opmy. Bosnmem ee BHell-
HIOI0 NMPOH3BOAHYI0 H noayuuMm 3-popmy. Hakomnen, BHOBD
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e

npoH3BENEM JyanbHoe conpskenne M nonyddM O-dopmy
paH cKajap. DTOT cKansp NpEeACTaBisieT co6off AuBEpreH-
[MIO 3JIEKTPHYECKOrO MOJs, YTO MOXKHO MpOLIE BCEro YBH-
feTh, 3aNHCaB H3JIOXKEHHYIO [OC/NEI0BATENLHOCTL Onepauui
B IITOCKOM TPOCTPAaHCTBE:

e=¢,dx",
¥ e==e, dx* A\dx® -} lpa anaiornuubix useHa,
dxe= —g%— A AAXCAAX® -+ [pa ananoruunsix wiena== -(165)
= (div e) dx! Adx? A dx?,

¥»dxe=dive.

O606u1as 3T AEHCTBHS HA CAy4Yall HCKPHUBJEHHOTO Hpo-
CTPAHCTBa H Ha p-(GOPME NPOM3BOJLHHEX PAHroOB, BBOEHM
B Teopuio (opM OGOOLIEHRYI Ousepeenyuto, wiau Ko-Ough-
geperyuarsnyo onepauuio 8, nepesoafilylo p-popmy a
B (p— 1)-opmy:

b= 8af =(—1)"""" "t v d x a”, (166)
rie 3HaK «k» BBeAeH /sl YNPOLIEHHS (HOPMYJHPOBKH
TeopeMbl I'puna. B cnyuae (p—1)-dopmbl a u p-bopmu b
9Ta TeOpeMa CBA3BIBACT n-KpaTHblil HHTErpasn ABYyX CKa-
JSpOB 1O BceMy MHoroob6pasmioo IR uIH 1m0 ero uyacrtu

¢ (n— 1)-KpaTHBIM HHTErpajoM OT HOPMAJLHOTO BEKTOpa
a¥b=aAxb no rpaguue stoil o6aacTu

faxb= [a@%b)= [oxaa— [&bxa. (167)
on N n n
Otpuuarensunii oneparop Ilanambepa
A=3d+d8(=—,V2 wm — ,[1% nan ckannpa). (168)

nepesoaut p-gopmy B p-GopMmy. B uactHocTH, OH nepe-
BOJUT CKaJAp ¢ B CKaJjasp

Ap=8dyp=—divgradg=—g¢k . (169)

CeoiictBa auddeperunasbubix oneparopos d, & u A pe-
giomupylotes B TabJa. 8.
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C moMowbI0 Onepanyn AMBEPreHunH 8 MoJHOe Cojep-
KaHue ypaBHeHHH Makcenyia MoxeT OHIThL TENepb KpaTko

3dMuCaHo B BUJIe
df — 0= Bf. (170)

I'. BuiGop pemieunii ypaBHenuit Maxcsensia
C NOMOMILID HAYAJLHBIX YCJOBME,
3apsan U BOJHOBOE YHCSAO

Pasauunble opmysuposku 3a0auu HAYQAABHLLX YCA0BULL,
Pestome uccaedosarnus

XOpollo H3IBECTHO, YTO JOCTATOYHO 3a1aTh HA NPOCTpaH-
CTBEHHO-NOAOGHOH NOBEPXHOCTH, oO6GJagalouell MeTpHKOH,
Te WM HHble 3HAYeHHUs] HampsKeHHOCTeHl 3JIeKTPHYECKOro
M MarHHTHOTO moJieH, yIOBJIETBOPSIIOLIHE YPABHEHHSIM
dive=0 u divh =0, yrofn MOXKHO ObUIO TPOFOIKHUTEL
3TH noJasi B 6ynyllee H OpPOLLIOe C [OMOIIBIO YDaBHEHHMH
MaxkcBensial). DT0oT THN 3agaHUS HAYaJbHHX YCJIOBH
ABASIETCH eCTeCTBEHHHM AHAJOroM 3ajJaHus  3HayeHHIt

X M X WM X U p B HEKOTOpPHH MOMEHT BpeMehH, He-
o6xXoUMBIX AJ9 [pPeaCKa3aHHsl JIBHXKEHHS KIacCHyecKoi
yacTHubl. VIHOII BHIOOD [OTNOJHUTEJIbHBLIX 3HAveHuil fe-
JaeTcsl B JiarpanxeBoll ¢opMyJsHpPoBKe. B npuMexenun
K yacTulle B mochenneM chayuae TtpefyeTcs 3alakde x B
HauaJbHBIH ¥ KOHEUHHI MOMEHTBI, TpHYEM He Tpebyercs

pHKakoil mHbopMauuu o6 x uau p. B cnyuae Makeseasos-
CKOro mnoJif JarpanxeBa (opMyJinpoBKa Tpelyer 3agaHus
Ha IBYX NPOCTPAHCTBEHHO-NOJOOHEIX CHIIEPNOBEPXHOCTSIX
T=Ty u T=T, nu6o HanpsIKeHHOCTH MArHUTHOrO NOJS,
Jub0 HANPSKEHHOCTH 3JIEKTPUUIECKOT'O MMOJisi, HO He TOHM M
apyroft cpasy. ITOT «IBYXMOBEPXHOCTHBIl» THN TIpaHHy-
HBX YCJOBHE ynoOeH NpH paCCMOTPEHMM KJacCHUECKOro
JEeUCTBHA JUIS MOJIE NP MHTErpUPOBAHMH TNO NpOCTPaH-
CTBEHHO-BPEMEHHOMY IMPOMEKYTKY MEXNy 3THMH [QBYMS
NOBEPXHOCTAMH HJIM XKe B TOM CJiydae, Koraa Tpebyercs
onpellesinTh KBAHTOBLIH (peliHMaHOBCKHI MPONArartop — am-
NJUTyJly BEPOSITHOCTH mnepexona oT Kouourypaunn Ci Ha
o1 k xonburypaunu C, Ha op. Ilpy KOHEUHOM paznuuMy

1) Tlopo6uas 3amaya mnpeicrabnser co6ofl H3BECTHOE NPHIOKEHHES
cranjiapTHoil Teopun Komu — Kosanesckoit (cm. [44]).
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MEXJy ABYMS KOBDEMEHAMH H3BECTHO, KaK HCCIeIOBaTy
KJIaCCHYECKYI0O KpPaeBYl0 3apayy B TJIOCKOM IPOCTPAHCTBe
1 B HEKOTOPBIX THIIAX HCKPHBJIEHHBIX NPOCTPAHCTB (CM.
HHXKE), HO He B oOlieM Ciy4dae HCKPHBJIEHHOTO MPOCTPaH-
crBa. OjlHaKo, KOrja paccMaTpHBaEMbe JBE NOBEPXHOCTH
TakK GJM3KH Jpyr K APYyry, UTO TPaHHYHBIE 3HAUEHUS Mo-
TYT paccMaTpHBAThCR KaK 3afaiolide HanpRKEHHOCTh
MarHuTHOrO MOJiA M €€ MEPBYI0 MPOM3BOAHYIO MO KOBpe-
MeHH, 3ajaya IABYXMNOBEPXHOCTHOTO THNA CBOAMTCA K 3afllaye
C TpaHMYHBIMH 3HAYEHUSAMH Ha OJHOH NOBEpXHOCTH. Ta-
KHM o0pa3oM, Mbl BOpelb OyleM OrpaHHYMBAaTbCs PaccMo-
TpenueMm snbo cayuyas A, nubo cnyuas b:

A) Ha o sanannt h n Qh/éT, a Takxe Ry 3JIEKTPIueCKHX 3apAnos Wid
MOTOKOB Yepe3 PYUKH §; pas W uaBceria. (17147)
B) Ha ¢ 3apmanst h u e. (171B)

[IpoananusnpyeM chHayana CBA3b MeEXJAY HEKOTOpO#
dopmoil B 4-mpOCTpPaHCTBE M €e NpOEKIHeH HJM CleaoM
Ha 3-MPOCTPAHCTBO, 3aTe€M CBA3b MEXJy METPHUKOH Ha ru-
[EPNOBEPXHOCTH H METPHKOH B 4-IpOCTPAHCTBE H, HAKO-
Hell, Bblpa3sMM ypasHeHuss Makceenna uyepes (GopMH Ha
runeprnoBepxHocTH. Mel yBuauM, 4to noaxoaw (171A) u
(171b) B paBHO#l Mepe NPHroJHbl JJf OJHO3HAYHOIO Ol
penenenusa 3BoJiloLHH cHCTeMBl B OyaymeM. Hakouwen, Mbt
KpPaTKO 3aTpOHEM BONPOC O KOHKPETHIALMHM HadaJjibHbIX
JIaHHBIX, OJIHAKO HE HEMOCPEACTBEHHO B NPOCTPAHCTBEHHO-
nono6HOM BHAe, Kak B ciydyasx (171A) u (171B), a my-
TEM €CTECTBEHHOro 0606uenus anannsa Pypbe Ha coyuail
HCKPHBJIEHHOTO NPOCTPAHCTBA.

Honarue npoekyuu uau creda

B Muoroo6pasun M MOKHO OmNpENeSHTL rUmepHnoBepX-
HOCTb © C NOMOLIBLID YPaBHEHHS BHIA q;(x) =0, roe ¢ sB-
Jgercss (yHKIHed, YHOBICTBOPRIOLUEH yCJOBHIO d@ =+
Ha o. Ilpu xenannu MoxHO BHIOpaTh B KauectBe ¢ OIHY
H3 HAIIUX KOOPOMHAT M Ha3saTh ee I uau x° PaccMmoTpuM
Tenepb ONEPalHio, TO3BOJAIOUIYIO MOJYYHTH H3 BCSKOIO
KOBAapHaHTHOrO, TeH30pa Ha 4-MHOroo6pazuun M cooTBeT-
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cTBylOLINE TeH30p Ha 3-noBepxHocTH o. B uacTHOM ciy-
yae, Korna ¢(x) saBuseTCsi HEKOTOpPOil CKaJsipHOH (YHK-
upeit Ha M, ee npoexyueil, wan caredom, Ha © ABAAETCSH
dyukuus ¢°(x), onpereneHHas MR X HAa G COTHOLUEHHEM

®(xX)=¢(x), x Haa. (172)

Buipaxasn ¢ uepes koopauuHare kak ¢ (7, x!, x?, x%), rne o
3aaeTca ypaBHEHHEM

X (x)=T(x)=T,, x Ha g, (173)
cootHowenye (172) MoxHO mnepenucats B 0COGEHHO mnpo-
CTOM BHJE

oo (x!, x%, X)) =o(T, x', X%, X%). (174)

Ananoruuuno, pas p-gopmsl
a=(p) " @y, ..., (X% XL, 2 XAXA L AdXP (175)
Mbl TIONYYMM C/A€0 a° BEKTOpa a Ha ¢, MOACTaBJAA B CO-

otHowmenue (175) snauenuss x°==T, dx°=0. ITopo6GubHM
we o6pa3soM KBajparuyHas Qopma

ds?=g, dx"dx’ (s, v==0, 1, 2, 3) (176)
Ha ¢ CBOJAUTCA K BHAY
df =g;° dr' dx/ = (dsf =g, dx’ dx’ (i, j=1, 2, 3),(177)

OTKyJa CJACAYyHT 3HAYeHUsT KOMMOHEHT METPHYECKOTO
‘Tensopa g,;,° , UCTN0Jb3yeMOro Ha 3-MHOr006pasuu o.
-

Buewnsisi npousBosnan d° ua o He BkmouwaeT audde-
PeHIHpPOBAHUA 1O X, ONHAKO TOKJAECTBO

d’a’ = (da)’ (178)

TapaHTHPYeT HAM OTCYTCTBHE HeJopasyMeHHi mnpH HanH-
cauun d Bmecto d’.

Tenepp MOXHO ONPENeNHTL OMHECEHHbIE K NpOCMpat-
CmeenHO-n0000HOIL 2unepnoeepxHocmu s JLYaJbHYIO Ma2-
Rummuyr HanpsXXeHHOCTh ¥h M [yanbHYI0 JAEKmMPULECKYO
HATpA:KE€HHOCTL % € ¢ MOMOLILIO ypaBHEHNH

*h=F, (179a)
*e==(xf). (1796)
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3necy Mbl Hamucasy xh U xe, Tak 410 € 1 h 6yayT Bekro.
pamu uau l-hopmamn obbluHoro poja Ha o. Mcnombzg-
BAHHOE 371€€b JyaJbHOE CONpPAKEHHE OCHOBHIBAETCH yg
METpPHKE gj; Ha o W MOXeT OuHTb 00603HauEHO uepes x ;

3TO NO3BOJIIET HAM ONpPCIACJIHTH

h= %1’ (180a)
e = x, (x ). (1806)

OTH COOTHOLIEHHR COBMECTHH ¢ cooTHowenuamu (179) Gna-
rofaps TOXKIECTBY %.%.,= 1. M Hukorna une 6yneM npmn-
MEHATh X%, kK Gopme una M, Tak uyro, ecim MH OTGpOCHM
HHIEKC Y %,, KAK 3TO ClenaHo B cooTHoweHnuax (179),
cMmbicyT OyZleT siceH 43 Koutekcta. VYla ypasnenuit Mak-
ceemna df = 0=dxf wa M u u3 toxmecrsa (178) nosy-
yaeM ciell ypaBHenufi MakcBenya Ha o: df° =0 = d(xf).
C nomoubio onpenesennii (180) u o6o3Hauenuit Taba. 8
credy ypasrenuil Maxkcseanra ra npoCTpaHCTEEHHO-NOO06-
Holi 2unepnosepxHOCTY MOXHO TNpHAaTbhb BHJ

5.h=0=28.e. (181)

O6biyHo MBI 6ygeM OTGpachiBaTh MHIAEKC ¢ y &, Tak Kak H3
KOHTEKCTa OYJeT SICHO, YTO peub HAET O NPOCTPaHCTBEHHO-
HOJO0GHOH rUIePNOBEPXHOCTH. MBI HCMOJNBL3YEM HHOEKCHI
y & H ¥, TaKk Kak OHH He ABJSIOTCS NMPOCTO €elaMH Ha ©
COOTBETCTBYIOIMX onepauuii Ha N; vnaye roBops, nis 8 UAH
% He cyinecTByeT Toxkjectsa Tima (178); nanpumep, x,
ecth l-(popma, B 1o BpeMs kak (xf)° ectb 2-¢opma.

Ypasrenus Maxceeana 8 3-meproti opme

BLIPa3uTh HaNPSAXKEHHOCTb 3JNEKTPOMArnuTHOTro nons f
yepe3 3-MEpHBIE HaNPAXKEHHOCTU noss e nh OGyler mpolue,
€C/IH YTOYHHTHL BHIGOp KoopJnHaThl KOBpeMeHu T mo cpaBs-
nennio ¢ BHIGopOM €€ B npelblayuieM paspese. [lyctb
6yneT KOBDEMEHEM, W3MEpSieMbIM BJOJb CeoJe3nyecKol,
BOCCTAHOBJIEHHOH HOPMAJbHO K NPOCTPaHCTBEHHO-110J006-
HOM TMOEepPHOBEPXHOCTH cp. TOrma oo 3afaeicf ypaBHeHHEM
T(x) =0 u Takxke ecTb NPOCTPAHCTBEHHO-monoOHas TH-
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;nepHOBerHOCTb. Ksanpatnunas ¢opma ds? Moxer GuiTb
gamucaHa B BHIe
; ds? = — (d7)? 4 dI?, (182)

igne di2 — nosiokuTeNbHO ~ ONpEJeJIeHHAas  KBaJpaTHYHask
popma, 3alanHas MeTpuKoil Ha o,. Hawa cucrema reo-

Je3HYECKH MapasyieibHbIX TNOBEPXHOCTEN o, MOXeT npo-

JBHHYTb Hac B 4-MpOCTpaHCTBe JIMIUb HA HE3HAYHTENbHBIH
untepsan no T (cm. [47, 48]), Ho B 3-mpocTpaHcTBax o,

MB TEM HE MEHEEe HMEEM BIIOJHE ONPEeIeNIEHHYI0 O06HIYIO
tonoJoruio. Y3 onpenenennit € 1 h Mb 3Haem, uto F uxi
Ha ¢ JOJIKHH HMEThL BHJL

f=x,h—d7 Ae, (183a)

*f=x.e4+dT A=, (1836)

e € 1 % cyTb l-Gopmbl, HyskKJaloiHecs eme B onpeje-
eanu. Korna Mol ucnosnb3yem T u mo6ble KOOpAHHATHL Xx*
(i=1,2,3) na gpB KayecTse KOOpAMHAT X* B 4-mpocTpan-
gee (0=20,1,2,3), roe x°=T, KOMOOHEHTH METPHKH
5Ka3blBAlOTCA PAaBHBIMH: goo = —1, go; = 0. Torna us co-

draowrenu#t (157) m (183) Bomucnum xf u x(x1f) = —1.
Takum o6Gpa3om Mbl HaxoIHM, 4To € = € u %==h, Tak uro

f=x,h—d7 Ae, (184a)
xf=x,e+dT AN (1846)

Tak kax d u d° cBsusanb Mexay co6oit GopmyJiok
d=d" +dT A (185)

3T BbIpaXKEHHUS MOXKHO MOJACTaBUTHL B ypaBHeHnsi Makc-
Bejyia df =0=d xf mapsiy c coorHowenusmM (184a),
(1846) u (100); Torma uainem

& (% ) dT /\(—(,—‘ZT- % h4d'e)=0,  (186a)
@ (% ) +dTA(5 * e —d'h)=0.  (1866)

3necs 0/0T — npon3BOJHAS BIOJbL I'€ONE3NUECKOH JIMHUH,
Hopmaapuo#t k o. Cosepxamne d7 B ypaBreHuax (186)
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uJeHbl JOJKHB OOpaTHTLCA B HYJb HE3aBHCHMO OT JApPY-
FUX 4YJIEHOB, TaK YTO MH MOJXKEM Nepenucath ypaBHe-
nua (186) B Buge 3-mepubix ypaBuenuit (tabia. 9), pac-
cmarpuBasi 7 B kauecTBe napamerpa u orGpachBasi o

o(xh)

3h =0, U — g, (187a)
ge—0, 209 gn (1876)

Mbl namucanu specs 8h=0 Bmecro dxh=0 u3 ypaBue-
Hus (186a) paau cOaMxeuHdss C NPUBBIUHBIM BHAOM 3-Mep-
HbHIX ypaBHeHHii MakcbeJsJa.

Popmysuposka b z300auu ¢ HOUANBHBIMU YCAOBUAMU

YpaBuerus (187a) u (1876) npuBei€HB Tenepb K BHAY,
yno6uoMmy nas npuMmeneuus teopemsl Komwm — Kosasnes-
ckoil. TouHee roBops, ypaBHEHHA

(% h)

—57 =—4dx(xe), (188a)
0
€ —dx(xh) (1886)

OpeACTaBasioT co6ofl IIECTh YPaBHEHUH, paspelIeHHbIX
OTHOCUTEJILHO®IIPOM3BOAHEX MO BPEMEHH, /s HIECTH HE-
usBecTHbIX (pyvKiuil — KOMIIOHEHT %€ u ¥ h. Oum omnpe-
LessioT %€ M ¥ h OfHO3HAYHO NPH 3aJaudd HadaJibHBIX
3HauenMii € M xh wa runepnosepxHoctu ¢, Lciu,
KpOME€ TOTO, 3TH HA4aJbHbIE 3HAYEHMS YJOBJETBOPSIOT
ypaBHEHHAM

dxh=0=dxe (189)

Ha ©o, TO 3TH Xe TpeboBanusi oOpaiieHus B HyJb aUBep-
reduuii 6YOYyT YOOBJETBOPATBCS U Ha G, BCAENCTBHE YypaB-
wenuit (188a) n (1886):

d@rh) . o(dke
o7 =0 =—%7" (190)

IloKasatesbCTBO 3TOr0 OGCTOSTENLCTBA CBA3aHO € TEM
dakrom, uto d = d° kommyTupyer ¢ 0/0T u uro d2 = 0.
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Teopema pe-Pama rapautHpyerT HaM BO3MOXHOCTb Haxo-
*JEHMsl TaKMX HayaJjbHbIX 3HadeHMil xh v xe Ha oo, KOTO-
puie: 1) yrOBJETBOPSIOT OUBEpreHUMasbHBIM TpeGoBaHMsIM
(189), 2) obnapaior nwObIMH TPeOYEMHMH 3HAUEHMSIMH
MAardHUTHOrO W 3JIEKTPHUYECKOro 3apsjioB

4mp;= [%h (191a)
2
4|
4ngt = f*e (1916)
o

pa R, uwe3aBHCHMBIX pydKax Ha op. [lpuuaTHeM Takex
Ha4aJbHBIX JAHHBIX rapaHTHpyeTcsi!) cylecTBoBaHMe B
TEYEeHHE HEKOTOpPOro KOHEYHOro BPEMEHH BCJIEL 33 G OfHO-
3HAYHOTO PpeleHHd ypaBuenMil MakcBensia 6e3 HCTOYHH-
KOB, IOCTOSIHHO HMHTHPYIOLIEro HaJiHuHe BHIGPAHHBIX HAMM
3aps/0B.

Dopmyaruposka A zadauu ¢ HAYAABHBIMU YCAOBUSAMU

Jlo cux mop MBl paccMmaTpHBaJiM ciiyyad, korma e v h
OulIM 3aJaHbl Ha o; ofpaTUMCsi Temeph K JAPYyromy BO3-
MOXKHOMY €Jyudalo, Korga: |) HaM pa3 M HaBcerga H3Be-
CTEH 3NEKTPHYECKMH 3apsin ¢; M, KpoMe Toro, 2) MH

3HaeM Ha ¢ 3vauyenns BesuydH xh n dxh/0T B kauectse
npepespioil MHGOpMaUMM O HAIPFAMXKEHHOCTH MAarHMTHOIO
noasi Ha aBYX Oeckomeuno OJIH3KHUX [IPOCTPAHCTBEHHO-IIO-
JOGHBIX MMOBEPXHOLTAX — HH(OPMALUHU TOTO XK€ THMA, 4TO
W HCIOJb3yeMasi MpM JiarpaHkeBoil (HOpMyJMPOBKe KBaH-
TOBOH MEXaHMKH.

Hauanbuble pamHble AOJXKHB yOOBJICTBOPSTH JHBEP-
reHUHalbHEM YCJIOBHAM

dxh=0, (192)

1} TeopeMa Komwn — KoBanesckofi TpefyeT aHanHTHUHOCTH, B TO
BpeMsi Kak TeopeMa ne-Pama onHpaercs JHUWL Ha Aubdepenunpye-
MOCTb HauaJIbHHIX 3HaueHHil e W h. J{ns mcnpaBAeHHst 3TOr0 HERoOCTATKA
B NOKa3aTeJbCTBE MOXHO HCHOJAb30BaTh TEOpeMY CyLIeCTBOBaHHA
®ypec-Bproa [49] (cm. Takxke [46]).
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d (1;71) =0, (193)

a Takxe TpeOOBagMI0 MOCTOAHCTBA BO BPEMEHHM MAarHuT-
HOTO IOTOKa, €CJIM OH CYILECTBYET, 4yepe3 BCe PYYKH
oxh
—&7— =0 (194)
3
B takom ciygae Mbl OJHO3HAYHO ONPEJEJINM HaNpPAXKEH-
HOCTb 3JIEKTPUYECKOTO TNoJf € Ha MOPOCTPAHCTBEHHO-IO-
no0Hofl MOBEPXHOCTM HA OCHOBAHMHM TPEX HCTOYHUKOB
uudopManuu

5e =0, (195)
g% h
f e = 4rg’, (197)
&2

HanmpHMep, ¢ MOMOWIbIO pasiiokeHHs Qypbe, OMHUCAHHOrO
B chenywowmeM paszfene (taba. 10). 3uas kak e, tak u h,
MBI BHOBb NPHXOZHM K 33jJaue ¢ HaYaJIbHRIMH yCJIOBHSIMH,
KOTOpas yXK€ BCTpedanaChb HaM M KOTopasi 06JiaflaeT enuH-
CTBEHHBIM DPEINEHHEM Ui HEKOTOPOro KOHEUHOTO BPEMEHH,
CNIEAYIOUIero 32 Co.

Ob6obuienue anaarusa Pypoe Ha UCKPUBAEHHOE
npocTPancTso

[Ipd paccMOTpEHHM 3MEKTPOAHHAMHKYU B HCKPHBJIEHHOM
IPOCTPAHCTBE €CTECTBEHHEE BCEro BbIOWPATh HadalbHEE
JauHee B BUae QYHKUMI OT KOOpOuHAT Wa o6, Kak 3T0 cie-
aaso B (I7IA) m (171B). O6 o0OGbuHOM pasznoXeHnH
dypre 3peck HeT W peud. OpHako adann3 Pypbe MOXKHO
0000LIHTE HA MCKPHBJEHHOE W fa)€ Ha MHOroCBA3HOE
OpOCTPAHCTBO, YTO NOJE3HO NPHM pPACCMOTPEHHH YaCTHHIX
cjayyaeB NOCTOSHHOH HJM NOYTH MOCTOSIHHOH MO OTHOIIEe-
HHI0 K COOTBETCTBYIOLMM 06Pa3oM BHIOPAHHON KOOpAHHATE
koBpeMeHH T METpPHKH. DTOT NMOAXON NO3BOJISET BHIPAXkKaTh
HayaJibHble JaHHble yepe3 koadbuuneHts Pypre.



Tabruya 1

Kiaccudukanus BelieCTBEHHBIX HECHHTYJISIPHBIX BEKTODHBIX noJelt B KOMIAKTHOM 3-IpOCTPaHCTRBE,
obGrapamueM NOJONHTEJbHO onpelesieHHON MeTpPHUKON

[lonepeusblM BOJHAM NPUIHCHIBAETCS NPABAf UJU JEBas NOJSPH3ALHA B 3aBUCHMOCTH OT TOrO, NOJOKUTENBH
HAX OTPULATEJBHO CKaJfApPHOE BOJHOBOE uucjo k.

Tun BexTOpHOro moast

TNPOROALHOE rnionepeutoe KYJNIOHOBCKOE {rapMOHHYeckoe)
Cumson L X C
OnpereneHue AL ==x*L *dX = kX dC=0=2C
dL=0 83X =0
[kl >0
ConocrasJaeHue ¢ cob- L, Ly, --- Xy, Xy - - Ca Cpy - - -, CRz
CTBEHHBIMU  3HAUCHHAMH 9 o B
HAH ¢ TIOBEPXHOCTAMH o Ry ot ky ks, - Sa Sps + + -» Spy
Peayabtat A (8L) = %2 (8L) AX = £2X AC =0
Totenuuan Ckansp ¢ 2—dopma Y Her
Cesisb  MOTERIMANA p=x"18L Y=%X=k""dX —
C noxeM
Ceazp mOAA ¢ mOTeH- ( L=z d:p X = k"“'a\‘( g Y
qyanoM
Ypaprenus nas 1no- Ap == x%p #8Y = kY —_
TeHIuana dy =0
Ynpomaer A4 HOTEH- JiE: Her —_
nMaf bccaenoBaHue?
L
Hopmuposxa fL *L = f XxX=1 f * Cp = 4nd
stl
L fLm"Ln::amu fLm*xn—“"O fLm'FCb:O
Cransiproe X f X = Ll =0 fx”’ = X = ¥mp f X *Cp=0
NPOH3BEACHUE C
C j.crz“"l‘7z""—U fCa*X,,=0 fca*cazs"‘/Rauuﬂ.
f C,*Cprs

~4n (£ 1)g (£ Dy/r
(ga a (ay)by)
(£)p
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PaccMoTpuM " Ha TPOCTPAHCTBEHHO-NOAOOHOH HOBEpPXHO-
CTH © HAavajbHble 3HAYEHHS, HANPHMED HaNPAKEHHOCTH
5JIEKTPHYECKOro TOJIS € WIH MarsuTHoro noss h, wim so-
obue moboro BektopHoro noas uanr l-gopmer v. Co-
rnaco pabore Xomxka [34], MOXHO ONHO3HAUHO NpEJCTa-
BHTh V KaK CYMMy TpeX COCTaBJAIOIIHX, OXapaKTepuso-
BaHHbIX B Taba. 10 kax npoloavuas, nonepesnas u eap-
MOHUneCKas WJH, KaKk Mpl OyleM TOBOPHThR HHAYE, KYAO-
Hosckas, coctaBasompe. OrpasgrunMcs  pacCMOTPEHHEM
TpexMmepHoro chaydasi. Torma nomo6HO TOMy, KaK 3TO clie-
Jgano B Tabn. 10, Moxkuo OGyjger oTOpOCHTH HMHIEKCH O, OT-
paxalue MnpoCTPAHCTBEHHO-NIONOCHBI XapakTep onepa-
unii poropa d° u mupeprenumn . Jns npoctoTe uccie-
noBauusi OyneM CYHMTaTh NPOCTPAHCTBO 3aMKHYTHIM.

ITpononbuoe mone uMeer paBHHE HyJIO POTOP, HO MNO-
TOK €ro He COXpPaufercd, TaK KaK OHO 00janaer OTJHYHOM
OT HyJi [MBEpresuueil. DJIeKTPHUECKOE M MarsMTHOE 1oJs
3TOr0 THNA COOTBETCTBYIOT pacnpeiesieHMsM PeasibHhIX 3a-
pAIOB W MarsuTHEIX MmouonoJeil. IlostoMy B nanbueiinieM
MBI HCKJIOYaeM 3TO MoJie u3 PacCMOTPEeHHS.

ITonepeunoe nosie ob6nagaer paBHHIME HYJIO NHBEPreH-
nueifl M NOTOKOM uepe3 JoGyI0 PyuKy, ONHAKO €ro poTop
OT/IMYEH OT HyJfi. DTO nose MOXKeT OBITb pAasJoKEHO Mo
cobcrsenntim cocTosinuam X, KaxKiaoe U3 KOTOpwX 06Jia-
IlaeT  XaPaKTePHUCTHUECKHUM CKAAAPHbIM BONHOBHIM YHCJIOM
ko (+0):

*dX,, (=rotX,)=£X,. (198)

ITpn nonoxutespHOM £ Mp! TOBOPHM O COCTOSIHMM C npa-
BOH noJdpu3aunefl, TpH OTPHIATEJBHOM R— 0 COCTOSIHHH
C JIeROll moJisipu3aLyeii.

IapMonnueckoe, nan kynoHoBckoe mnoJe, o6sagaer pas-
HBIMH HYJIIO JIMBEPre’unell © poTOpPOM; ONHAKO €ro MoToK
xXoTsi Obl uepe3 ONHY PyuKy OTJMYeH oT HyJs. Takoe Bek-
TOPHOE noJie MOXeT OBbITh €IMHCTBEHHBIM 06pasoM npen-
CTABJIEHO B BHJIE JHHEHHOH KOMOWHALMK XApakTepucru4e-
ckux eapmoruueckux sekTopubix noaeldl Cola=1,2, ...
Ro), npruem C, coobuiaer a-i#i pyuke eauHHuHBIH 3apal
H HE BHOCHT HHKAKOTO BKJIajia B NOTOKW uepe3 gpyrue pyd-
KH, T. €. B OTJIHYHBIe OT Ry OCHOBHBIE JIHHEHHO HE3aBH-
CHMBlE KJIACCHl FOMOJIOTHH.
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B ofiemM cayyae BEeKTOPHOE TOJe B HCKPHUBJICHHOM
MHOTOCBSI3HOM ~ 3-MpOCTpAHCTBE MOXKeT OplTh NPelcTaB-
JIeHO B BhJe pasjoxenus Pyphpe:

P,
v=20L,+ 26X, + 2_1 Q.C.. (199)

COOTHOLLIEHNS OPTOrOHAJBHOCTH H YCJOBHS HOPMHPOBKH,
KOoTOpEE npuBeleHH B Tabn. 10, mo3BONSIOT ONPERENUTDb
Bce KO3((HUMEHTH 3TOr0 PasjOXkKeHHs € NOMOLUBIO COOT-
HOLLUEHMH CJELYIOUEero THna:

En= [ Xn*V. (200)

Mur He craBuM 3pech nepen coboif 3amauy BBIBECTH
oGiiee pasnoxenue (199), HO OTMETHM HEKOTOPHIE COOTHO-
menns. 1) BHyTpenHee npounsBerenHe NByX BEKTOPHHIX MO-
JeH

(a, D)= faxb (201)

ABJACTCA IOJIOXKHTENBHO ONPE[CJICHHBIM, TaK YTO HMEET
MECTO HepaBEeHCTBO

(a, a) >0, (202)

€CJIH TOJIBKO BEKTOD a OTJIHUEH OT HyJd. 2) CIel0BATENBHO,
Habop Bcex BeKTOpHHIX nojseil mnn l-dopm, obnagarowmx
KOHeuHbIMKE HOpMaMu, obpasyer rrabGepToBO NpOCTpas-
crBo. 3) Onepatopel A u xd fABAsIOTCR camoconpsiKeH-
HBIMH TIPH HMX JNEHCTBHM Ha BEKTOPH B 3-NpOCTpaHcTBe
(cm. Taba. 9) wu, takuMm oGpaszoM, 06ganalT CcOGCTBEH-
HBIMM 3HAUEHHSIMK K MNOJHBIMH CHCTEMAMHK COOCTBEHHBIX
dyukuuit. 4) U3 cpoiicrea

(v, Av)=(3v, &v)-+(dv, dv) >0 (203)

crejyer, uYTO COOCTBEHHBIE 3HAYEHHS A CyTh HEOTpHNA-
TenpHHe uucaa k% 5) Ecam 3apaso kakoe-amn6o merpu-
BHaJbHOE PEUICHHE yPABHEHHS

. Av =Ry (204)
20*
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npu k>0, TO OHO MOXeT ObiTh PasGHTO HA JBE UACTH

v=a-+b,
a=Fk 2d3dv, (205)
b=~k"%&dv,

KOTOpbI€ YJAOBJETBOPSIIOT OLHOMY M TOMY K€ IpOCTpaH-
CcTBeHHO-nojo06uoMy Bapuanty (204) BONHOBOro ypaBue-
guA. OpHa u3 3THX vacrell NpPONOJbHAA, APYras xe-—
nonepevHas:

da=0, (206)

b =0. (207)
6) Ilna Tex coOcTBEHHBIX 3HAYEHHH A, KOTOpHE COOTBET-
CTBYIOT OTJMYHOMY OT HYJA mnonepeydoMy noswo b, mo-
®keT ObITh MOCTPOEH POTOP 3TOrO MOJs
c=Fk "xdb(=~£""r0th), (208)
Takof, uto
E'sxdc(=Fk""rotc) =~k "Ab=b. (209)

M3 b u € MOXHO NOCTPOMTH NOJS C NPABOH M JEeBOH no-
JIAPU3ALUAMM:

X,=b-+c,
ElxdX, (=k "rotX,)=X, (210)
H
. X_=b—c¢,
E'xdX_(=—k"rotX_)=X_, (211)

KOTOphHIE HEe MOryT OniTs 00a paBubl nyJ0. Hanpumep,
paccMOTPUM B IJIOCKOM TNPOCTPAHCTBE IIONEPEUYHOE MOJIE
uan 1-¢popmy

b =dx?sin kx!,

c=~Fk 'rotb="~F""xdb=dx?cos kx!,

M3 KOTOPOH MH [OCTPDOMM NOJASi ¢ KPYyroBOH nosspusa-
nuedn
X =dx?sin kx! = dx® cos kxl. (212)
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C65136 2apMOHUHECKO20 NOASL ¢ OOBIMHOL KapMUHOL
ANEKMPUUECKUX CUAOBBX AUHLILL

lapMOHRUYECKHE, HNH KyJOHOBCKHE, NOJis CBOHCTBEeHHHI
AUIIL  MHOTOCBSI3HOMY [POCTpPaHCTBY ¢ uuciom berrn
R,>1. na »tux nonefl xapaxktepHa KapTHHa CHJO-
BHIX JIMHRH, nomo6uas wu3o0paxenHod Ha ¢wur. 3. Pac-
CMOTPHM Cliydall npoctpadcrsa ¢ BecbMa OOJbIIMM pajny-
COM KPHBH3HBI, T. €. TIOYTH JIOCKOTO BCIOLY, 3a HCKJIIOue-
HHMEM HENOCPeNCTBEHHHIX OKpecTHOCTeH (+)- M (—)-rop-
JIOBHH THIHYHBIX pyuek a, b, ..., o6najarmux HCKIIOUR-
TeJIbHO MaJbIMU panguycamu R, Ry, ....Tlyctb nporsken-
HOCTh CBSI3M 4epe3 PyuKy MeXIy NapHbpMH rOpJOBHHAMM
OHOH KM TOH e pyuykn Oyner BecbMa MaJla — Takxke MO-
panka R, R, ... . Ilycte noroku 4wg,, 4wngy, ... npoxoast
uepes COOTBETCTBYIOmME pydkH. B 310l ouenp uacrHOH
MOJeNu noJie NOYTH BCIOLY BHINISIIUT Tak, KakK ecjin 6Bl OHO
ObIJIO MOPOKIECHO Rp napaMM PaBHLIX M NPOTHBONOJOMXKHBIX
no 3HaKy 3apsAMoB:

r r _

e=¢,C,+¢C,+ ... ~q, 3—:—3— +q
‘ (213)

a

SJleKTPOCTaTH‘{eCKaﬂ SHEPrus noJsei
1
‘S—E f exe (2 1 4)

cklanbiBaercss 1) u3 coGCTBEHHO-3HEPreTHUECKMX UJIEHOB

nopsinka
22

22
qa qb
_E;+ﬁb—+ “ea (215)

U 2) U3 4JeHOB B3aMMOJAEHCTBHMSI BHia
-1 1

qu: (f;—:b+ - _r;"b+ +r;}-b_) +oe (216)

Ha sromM o0OCHOBaHMH MOXHO HenoCpeaCTBEHHO IOJYYHUTDL
HHTErpajJ oOT [OpPOu3BEeNEHUd OTAEJbHBIX TapMOHHYECKHX

qaopM.
f C,%Cypy (217)
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Kak 3170 nokasaso B Ttabs. 10. Moxuo sugerb, uro 3TH
rapmonnyeckne ¢opmbl COCTaBJSIOT BECh MEXaHH3M OIH-
CaHHSl KAOCCU4eCK020 3apsija BHOJHE HenpOTHBOPEUHBLIM
1 cBOOOIHHM OT pacxonrMocTell 06pasoM.

Koapppuyuentor Dypoe rkax nauarvreie Oarnmusie;
Sunamuueckue ypasHeHus OAs ux U3MEHEHUs

Mul 3aksouaem, uto IJsi 3alaHAsl HAuaIbHBIX 3Haye-
Hull e v h Ha npocTpaHCTBEHHO-MOLOGHON NOBEPXHOCTH ©
HOCTATOYHO 3HaTh Ko3(@uLMeHT Pypbe CAELYIOLHX pas-
JIOXKEHHUH:

o
|

m+ 2 qa a’
(218)
h

aMs aMs

hoX,.

Bo BTOpOM BRIpaMKeHMH MBI OTOPOCHJIM YJI€H C MarHUTHHIM
MOHONOJIEM KaK He INPeJCTaBJsOIKi HHTEpeca.
HameHeHre MAarHUTHOrO [MOJS HMEET CaMblil TpocToft
Xapakrtep, ecnin MeTpPHKa He H3MeHsieTcs TPH BO3PACTAHHH
reoJle3NUEeCKH HOPMaJpHOH KOOpAnHaTH KoBpeMmeHH 7. To-
ria JgrHaMmpueckue ypasHenus (188) npunumaror Henoc-
PEACTBEHHO HMHTETPHPYEMYIO POpMYy:
) dg;
ar
d
= kol (219)

dh,,
AT

1 . . ,
= 5 (€m + ihp)o €XP (— ik, T) 4 Komna. comp.,

=0, q; = const,

— ke

. (220)
By == 5 (€ — i) €XP(— ik, T) -+ Komma. conp.

3neck oGoOlieHVe NPUBBIYHOTO PA3JIOKEHHs IIOJs Ha
B3aMMHO OPTOrOHaJIbHbie COCTOSHHSI WMEeT NMPocToil W oue-
BHJIHBIH BHZ,
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Takofl mpoctoTel He Oygmer, eCliH MeTPHKA CJIOXKHBIM
o6pa3oM H3MeHseTcs Bo Bpemenu. Torja MeHsiorcs Camu
OpTOroHaNbHbIE COCTOSIHMS, M B pe3ysnbTaTe AHHAMHUYECKHE
ypasrenns (219) npro6peTaroT HoBBIE UJeHBI:

B — et 3y K + 3y Lyl

dh,,
ar — knen—+ 2 Kmnh‘m

KOoTOphie MOryT ObTh O€3 -Tpyna HHTEPNPETHPOBAHH Kak
1) nepenaua 3HEPrHM NONEPEYHOMY TMOJIO HJM IHOJOLIe-
HEE 3HEPTrHM U3 [MONEPEYHOro NoJiA KYJOHOBCKHM [OJIEM
BCJEJETBHE NEPEMENIEHHs] 3apAN0B HJH JPYyrHX H3MEHe-
HUH METPHKHM W 2) Kak Nepekauka, HIHM paccesHune, sHep-
MM OT ONHOrO MONEPEYHOro KojeGaHusi WM OT CaMoH MeT-
PHKHM K JPYTOMY COCTOSTHMIO MOJsi ‘BCJIEJCTBHE H3MEHEeHMH
merpuky. [leficTBHTENBHO, JNOKaNbHAA [JOTHOCTE 3SHEPrHH
SJIEKTPOMardNTHOrO nojsi Moxker OBITH onpeneneHa OAHO-
apauHpM o6paszoMm. OnHakKo 3TOro HeNnb3s ckKa3atbh 00 HH-
Terpanphoil nonesoit suepruy (cm. [30], ctp. 380). He cyme-
cTByer 0GBYHOro Habopa NPOCTPAHCTBEHHHIX W BpeMeHHO
KOOpPJIHHAT, K KOTOPLIM MOXHO 6blJI0 OB BOOGIIE HAAEATHCS
OTHECTH KOMITOHEHTH! MOJIHOTO 4-BEKTOPA SHEPrHH-UMIYJIbCA.
Bosee Toro, JokannbHBle 3aKOHBI COXpPaHEHHS TIPH HHTETPH-
POBaHUK N0 3aMKHYTOMY NPOCTPaHCTBY, NOLOGHOMY paccMma-
TPHBAeMOMY 3/ieCb, He NPHBOAAT HU K Y€My JIOCTOHHOMy
BHEMAauusi, kpoMme TpuBHankHOro Toxkznectea 0= 0. Cne-
JoBaTeNbHO, HeoOXOOHMO TNPOSBASTE OCTOPOXKHOCTH TPH
ynorpe6GneHun HOHSITHSI MEPEXOJa 3IHEPTHH OT O[HOTO CO-
CTOSIHKMA K JAPYroMy. DTa OCTOPOXKHOCTH HHMKOMM 00pa3oM
He [peyMeHbIIAeT 3HAYEHUs HH JIHHAMHUYECKHX ypaBHe-
Hni (221), ®u ciencTBuit M3 HMX, KacaloUiuxcs HHTepec-
HeHulel CBA3H MEXAY COCTOSHHSIMM Nons W MoaHQHKa-
LHAMH METPHKH.

(221)

1V. 3APSJl U MACCA KAK TEOMETPHYECKHE ACINEKTDI

Mgl TO7BKO YTO 3aBEpPUINJM DPaACCMOTPEHHE BOMNpoca
O BJHSIHMM HA 3JIEKTPOMArHHTHOE MOJ€ KDPHUBM3HH H MHO-
FOCBSI3HOCTH METPHKH, He 3ajaBascb BOIPOCOM O [ef-
CTBHHM 3TOr0 NOJSI HA METPHKY (MM He HMed HYMKIBl B Ta-
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kol nocrasoBke Bonpoca). OnHako peanncTHyeckoe Hc-
C/EeOBaHKE KJIACCHUECKHMX 3apsjla M Macch (B CMBIC]e
taba. 1) TpeOyer yuera Ttaxkoro OGOWAHOro B3ammonel-
crpusi. [lo sTofl npuumse 1) paccMOTpHM NpOCTPaHCTBEH-
HO-NONOOHYI0 TOBEPXHOCTh 6 H NOCTAPAEMCH y3HaTh, Ka-
KHe HayaJbHple NAHHBIE [OJ2KHB OBITH 3a/laHBl Ha 3TOM
TIOBEPXHOCTH M KaKHM YCJIOBHAM OHH JOJDKHH YLOBJETBO-
pATH AJS OJTHO3HAYHOro onpejfenenus Oyayllero HM3MeHe-
HHSI KQK 3JIEKTPOMArHMTHOrO NO/si, TAK U METPHKH; 2) Hc-
cnenyem cBofictBa pewennii IIBapuumspia u Palicaepa—
HopacrpeMa xax pemenuii 3»THX ypaBHEHMH, paiommux
MacCel W Macchl BMECTe€ C 3apsiioM; 3) yKaXKeM TOYHOe
pelleHVe HaNOXKEHHBIX HA HayalbHbIE JaHHHE YCJIOBRHE,
o6obuiaroniee pemesne Pafichepa — Hopaerpema ma cny-
yall npoCTpaHCTBa, COAEePKallero MHOro 3apsiioB M Macc,
KOTOPHIE NMOKOSITCH B MoMeHT HabJsionenusi, n 4) 3aMeTHM,
UTO TaKHe pellleHus B BHJAE pyYeK HApsAy C reoHamu
00pasyioT ABa MeToia NOCTPOCHHS BO3MYILEHMH B nyCTOM
NPOCTPAHCTBE U MOryT 06pa3oBaTh MHOXKeCTBO KOMOHHa-
unit.

HayaanHbie paHHbie
H CyllecTBOBaHHE pPeLUCHUil ypaBHEHHH
MakcBeana — diniurefina

PaccmOTpUM  NPOCTPAHCTBEHHO-NOAOGHYIO noBepx-
HocTh o. [TyeTh cnen merpuueckoro Tensopa dI2 npumer ua
well Hanepen 3ajiaHHple 3HAYEHHS KaK (yHKIUA TOUKH

diZ=g,°dx’ dx*. (222)

[Tycte Taxkke e u h o6nanaior Hanepen 3alaHHBIMH 3HA-
yenusiMu Ha o. Torna, BooGuie roBops, HE CymECTBYeT
HPUEMJIEMOro PeIleHHs HM 1715 ypassenuil Maxcpesana, um
Ions ypaBHenni OfiuiiTefina. YpasHeunss Makceenna Oy-
nyT obnafaTh KOPPEKTHBIMH DELIEHHSMH B TOM H TOJBKO
TOM cnydae, ecqn OyayT yIOBJeTBOpeHH ycnosus (189),
HajaraeMple Ha HavyaJbHBlE 3HAUCHHS:

: 5.6 ==0=3h. (223)

Amasoruyso, ypaBHeHust nons DiiHmTedHa OyILyT HMeTb
KOPPEKTHEE DelIeHHs B TOM M TOJNBKO TOM CJjyyae, €C/H
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6ynyT YIOBJIETBODEHHl oONpejeseHnble TPeOGOBaHUS OTHOCH-
TeNBHO HAUANBHBIX yCAOBRH [CM. HMKe coOTHoUIeHus (224)
(225)]. Honyckas, 4ro 3TH yCJOBHMSA, a PaBHO M ypaBHe-
gus (223) ynosJjieTBopeHbl, Mbl NPHXOAMM K CYyILECTBOBaA-
HHIO B TEYEHHE HEKOTOPOro KOHEYHOro BPEMEHM pelIeHHSA
ob6benHHEHHBIX YpaBHenuil JHulITeiHa ¥ Makcsesnna c 3a-
paHee 3aJaHHPIMHM HavYa/bHBIMH 3HAYCHHAMU.

3anaua C HayYaJbHbIMKM YCJOBHAMK B 0Ouiell Teopum ot-
HOCHTENBHOCTH NOAPOGHO HCCAelOBaHa JIMIIHEpPOBHiEM
[50, 51), a Teopema cymecrBoBanusi, He Tpebywlias aHa-
JUTHYHOCTH, Onna nana Qypec-Bproa [52]. B ofmeit teo-
pHK OTHOCHTENBHOCTH ueThlpe ypaBHeHusi Ifimiurelina, co-
nepxkamue R?— /3R, cocrasasor tpe6osanus, wnaia-
2aemble HO HAYQAbHbIE 3HAuerus, nOOOBHO COOTHOWEHUAM
(223) & Teopuu a3arekrpomaeHeTusma,— TpeGOBaHUS, CBSi-
3plBAIOLINE CKOPOCTh M3MEHEHHS BO BPEMEHH KPHBH3HHL
Ha o ¢ BekTopoM IlofiHTHHra W MAKCBENJOBCKOH TJIOTHO-
CThIO SHEPrum:

(Pl —#P), = — 2(g®)" [ije] 1" = — 2| x (e AR)],,  (224)
P —P'P;+ RY=2(ee +hh')=
=2%(exe-+hxh). (225)

Mur npunepixuBaemcs 3xecs o603nauenuil Pypec-Bproa [53],
KOTOpasi JOKasaJa CylleCTBOBAHKE pelIeHui ypaBHEHMI
(224) w (225) B OTCyTCTBHE 3JE€KTPCMATHHTHOrO MOJs. 3a-
HanguM noBepxHOCTh ¢ Kak x'=7T=0 wu 3anuuemM
Bow=—V?% gu=Vv, (i=1, 2, 3). Torna g, = g% naer
metpuky dI? Ha o, HCNOJL3YEMYIO HJSi NOIHATHS MHIEK-
COB ¥ OnpejiesieHHs KOBAapHAHTHHIX NPOMSBOIHHIX B ypaB-
HeHuAX (224) n (228). Ilpn 2=xm' onpenensem

1= 5 (g®)" [ijk] (2262)
&=+ " (V Yo — fy )n (2266)

1 —1 — dgi
Py=5Q0+) b [V laol—’

7,0 ’r]’ﬁ
o 73?+5;7 V—("’li;j‘}"ﬂj;i)-l (227)
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P=P.. (228)

Takum o6pasoM, P;; sBisieTcs nO CymecTBy NPOH3BOIHOM
OT METPHKH MO BPEMEHH, B TO BPEMs Kak R® sBasercs
ckanapHOl KpuBM3HOH MeTpukm g¥) Ha o. POpmyJH (226)
nepeBoaaT ypassenust (180) B KOMIOHEHTHI OTHOCHTENIBHO
BBIOpAHHAIX 37€Ch KOOPAMHAT.

Pewenns Isapmwunnnpa v Paficnepa — Hopactpema

Merpuka Hlpapummnena sBasercs CaMblM TPHBLHIYHBIM
[IpEMEpOM pelleHHs ypaBHEHHH NoJsT M, TAKHM 06pasoM,
ynosnerBopenusi Tpe6opanuit (224) u (225), HaNOXKEHHBIX
Ha HavYaJbHBE 3HaueHNs. B sToM ciyuae HanpsXKEHHOCTH
IMEKTPUUECKOr0 W MarHuTHOro NnOsjeH paBHBL HYJIO:

e=0==h. (229)
Merpuka

ds2==—(1————)d7‘2+
2\t o 2 (102 2 2
+(1~7—) drr - (d0+sin?0de?)  (230)
ynoBnetBopsier ypaBHenusiv noas R,,= 0. B nporusono-

JIOXKHOCTh 3TOMY TE€H30D KPHBHM3HH PHuuM pmad MeTpHKH
Ha TPOCTPAHCTBEHHO-NOAOGHOH nosepxnoctn I = const ne
paBeH HYJIO:

2m*

rd

R — L

: (231)

rd
HO BCe 2Xe oénauaeT paBHbIM HYJIO cJeloM:
R®=o. (232)

B cuny noctosiHCTBA METPHKH 00palanTcs B HYJIb TAKKE
n peanuvdn P;,. Takum o6pasoM, TpeGosamus (224) wu
(225), Hajaraemble Ha HavyasJbHble 3HAYEHHUS, NOJHOCTHIO
yhosseTBopsitorcsi pewenvem UlBapuimuneza.
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Ha nepBblii BSIJISiA MOXKET MOKA34ThCA, YTO METPHKA
Isapuunipga o0JsiafaeT CHHTYJASPHOCTBIO B TOYKE [ =
= 2m*. Opsako Tew30p KpHBH3HE Puuun (231) He nmeer
ocoOeHHOCTH B 3TOH TOYKE, KK M MOJHBIH TEH30D KpH-
BU3HH PHMaHa B COOTBeTCTBYIOUIEM CMEIIAHHOM KOBA-
PHAHTHO-KOHTPABApPHAHTHOM Npeacrapfienrr. Jlis sBHOro
npelCTaBJieHnsl YACTH 3TOH PEryJisipHOCTH NpOU3BefieM Mpe-
ofpa3oBabie KOOpDAMHAT, YyiKe IpejJiaraBuleecs MHOTMMH
asropamu (cM. [30], ctp. 344, a rakxke [54—56]) 1):

r= (1 + ’2”7)2 b. (233)

Torga MeTpuKa NpHHMUMAaeT BHA

L .
ds=—( —2% | a7+ (1 + 5 (@ +d2.  (238)
P
14 %
3aecn

dQ? = db? 4-sin? 6 dg? (235)

npencTanisier COG0I0 METPHKY eIHHHYHON ceprl. DTOT BH-
BOJL MOXHO HCTOJIKOBATH Clienyionum o6pasoM. IlponsBons

1)Bo Bcex 5THX CJy4asix DPeryJisipu3alus yCTPaHSIeT CHHIYJISIPHOCTD
JIMIIp B NPOCTPAHCTBEHHOH YacTH METPHKH, HO HE BO BpPeMeHHOH, a Mo-
TOMYy oHa He AOCTHraeT LeJH BO BCEX ONMCAHHHIX B TeKCTe CJlyYasix
perynsipusanuy, DitHITeHH u Posen, nNojarasi, YTO HeJb3sl yCTPaHUTD
9Ty CHHTYJISSPHOCTE B TNIPOCTPAHCTBEHHOH YacTH METPHKH OPOCTHIM Mpe-
ofpa3oBaHHeM KOODAHHAT, H3MEHMJIM TaKKe 3HZK [PaBUTAIHOHHOH mO-
CTOSIHHOH. D70, KOHEYHo, MPHBOAHT K OTPULATENHPHOMY 3HAYEHHIO 5JIeK-
TPOMArHUTHOIO BKJlaga B MacCy 4 K OTPHIATEJLHOMY 3HAUEHMIO 3Hep-
THH 3JIEKTPOMarHMTHOrO 1NOJisi BOOGUIE, YTO MPOTHBOPEYHT ONHTY. JiiH-
wrefiH u Po3er H306pasuiir cBoe npeoGpa3oBaHHe peryJisipu3anui ¢ Ho-
MOHIBIO MPOCTPAHCTBA, MOYTH IJIOCKOIO, 33 HCKJIOYEHHEM OKPECTHOCTH
YaCTHL, W 3€PKaJIbHOrO NPOCTPAHCTBA, GJIM3KOr0 M NapallfiellbHOTO mep-
BOMY [pPOCTPAHCTBY H COEAMHEHHOrO € MHM MOCTHKOM dYepe3 LUBApl-
WHJIbAOBCKY ocobeHHocTb. CorsiacHo sTofi MoJenH 3apsia WJH 3apsijibl
B NepBUYHOM OPOCTPaAHCTBe He 06si3aHbl gaBaThb B cyMMe HVIbL, Hanpo-
THB, PAaCCMOTpPEHHE ¢ HNOMOHUIbI0 rapMoHndeckuX (opM 1) He mpHNHCH-
BaeT MpPOCTPAHCTBY TAKOIO CBOHCTBA 3epKajIbHOCTH; 2) Kacaercs Bcex
TOUEK MPOCTPAHCTBA PaBHEIM o6pa3oM; 3) OpHBOAHT K uaee ol HCTHH-
HOHl HeNpepbIBHOCTH 3JIEKTPHYECKHX CHJIOBBHIX JHHHH Ha BceM NPoTs-
MEHHH pYyuku U 4) €CTecTBEHHO, KacaeTcs 3aMKHYTOro NPOCTPaHCTBAE;
He cojepiKauiero JIMINHHX CHJIOBHIX JIMHHE, KOTOPblEe NOJIKHEI OKaHyH-
BaTthCst Ha GeCKOHEYHOCTH.
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npeoGpa3opanne (233), Mpl nepeonpenenusiu guddepeniiu-
pyeMylo CTPYKTYpPy paccMaTpPHBAaeMOro HaMM MHOrooGpa-
3usl TakuM 06pasoM, 4To OJugpepernyupyemoil Qynxyueil
credyer Tenepy C4UTATL p, @ He r, TaK YTo MeTpuka df? Ha
NpocTpaHCTBeHHO-N0JO6HOK noBepxHoctd T =0 He uMeer
Tenepp OCOGEHHOCTH HA LIBAPLUIIMJBIOBCKOM panuyce. [Ipo-
CTPAHCTBEHHO-BpeMEHHdn MeTpuka ds? ocrtaercsi, ORHAKO,
CHHTYNSIPHOH, TaK KaK g, Ha LIBAPLUIMIBAOBCKOM pajauyce

ofGpaulaercst B HYJb, U g'T— 0o . Mbl He 3HaeM, KaK SBHbIM
06pa3oM YyCTPaHHMTh 3Ty CHHIYJAPHOCTb IJisi BCEX BpEMEH,
HO, COIJIacHO TEeOPUH HayaJbHHIX 3HayeHull JIuuHeposuua
u Dypec-bproa, MOXKHO yraJuTh ee Ha HEKOTOPHIH HeoMNpe-
AeNeHHblll, HO He PABHBI HYJIO UHTEPBaJ BPeMEHU. ITO
MOJKHO 3aKJIOUHTH H3 TOro oGCTOATENBCTBA, UTO YCJIOBHSA
(224) u (225), manaraemble Ha HayaJibHEIE 3HAYEHHSI, OCTA-
BJSAIOT BEJIMUMHY g,,= — V? cOBeplIeHHO HeonpejeneHHoH
Ha HcxoasoH noBepxHoctH. [losTOMy B KauecTBe Hauyasb-
HBIX YCJIOBMII BHGepeM ciepyloniye:

dst=— V2dT* 4-dP, (236)

dP=(1 +-'£)“ (de? 2 dD), (237)
0gpy

—7-=0. (238)

Hanpumep, moxkuo nonoxute V = 1. Tak kxak or V Tpe-
6yeTcs JIMUIb CBOHCTBO AU(MQEpPEHIMPYEMOCTH, 4 He aHaJH-
THYHOCTH, MOXKHO Takxke, Kak B (234), nosiokuts V = V ;.
npu 3HayeHusix p, GNUBKHX C BHEIIHEH CTOPOHB! K 0OCOOOH
NOBEPXHOCTH p = m *[2 (Ha MaJOM OT HEe PACCTOSHHU €);
onnako V Boibupaercss nuddepeHuUpyeMBIM H OTJUYHBIM
OT HyJisi MpYU 3HAYEHUAX p BHYTPH 3TOH obnaacth. Ecnu g4
3ajaH0 Ha HayaabHOW moBepxuocTH T =0 nox6usiM o6pa-
30M, TO MOJYYaeMoe MPH UHTErpHpPOBaHUM YpaBHEHHH DitH-
wTelHa peluerne 6yaeT No MeHblled Mepe aCHMITOTHYECKH
crabunpupiM. OHo 6yreT CyllecTBOBaTh M coBnagath [H7]
¢ pemennem Hlpapummunpia Ass koBpemernn T, ckogib yroa-
uo GoJbioro npu p—>co. bosee Toro, npu mo6oM (HUKCH-
POBaHHOM pg > m */2 MoxeT OblTh HalJeHO TAKOro THMA pe-
LIEHUE, CYLIECTBYIOLLEe MpPH BCEX p > po, MO KpaiiHel mepe
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B TeueHue JIOCOro Hamepel 3aZaHHOrO BPEMEHH, CKaikeM
1010 jet,

ITH XKe apryMesTol MOryT OHITh paBHHIM 06pasoM HC-
NOJIb30BAHH U B TOM CJjiyuae, KOT[a LEHTP NPUTsSKeHus o6-
Jiaziaer He TOJIBKO Maccoll, HO u 3apsgoM. Bynem ucxomutsb
u3 pellenus sTOH 3ajauM, fassoro Paficeepom 1 Hopaerpe-
moM [58, 59]. Ouo orauvaercs or peuienusi IllBapumunbaa
(230) smump 3amenoit B Hem MHOXUTens (1—2m*[r) Ha

1 — 2m* q": )
r r

HanpsixxeHHOCTb 1Ya/IbBHOTO 3JIEKTPUUYECKOT'O MOJISI B 3TOM
clyyae paBHa

*e=¢q"sin 0 db A\de. (239)
3anuiwemM Toria
- N g
r_p[(1+ =) 492] (240)
H l'lOJ'[y‘Il/IM JisA MeTpl/IKl/I
ds’=— VindT?*+ dl%, (241)
rpe
2 (1 _m* =g RS A
‘/R’N—'(1 492 ),/[(1 + 2? ) —_(29) ] (242)
H

ar=[(1+ —’2”9—)2 — (59—)2] AP +-p2dQD).  (243)

CHHIYyJISIDHOCTD ~ 1LPOCH PAHCMEBEHHO-6PEMERHOI  METPHKH,
06yc/noBJeBHYIO OOpalllenueM B HYJb Vpy 0Opu 2p==

1
=(m** — ¢**)", MOXHO BHOBb YCTPaHHTb MyTeM BHIOM3-
MeHeHUSl grr=— V2 Ha HEKOTOpOH HauasibHOH NOBepX-
HOCTH, 6JM3KOH K 3TOMY KPHTHYeCKOMY 3Ha4yeHu1o p. Jlas
BHINOJHEHUS! STOH peryJisipusanun Heo6X0JAMMO noTpe6o-
BaTh, YTOOBH MacCa MmpeBhlllaJia TO MUHUMAJBLHOE 3Haue-
HHe, KOTOpOe O6Ilas TeOpHS OTHOCHTEJBHOCTH CBSI3bIBAE€T
C paccMaTpUBaeMbIM 33PSAIOM:
m (cm) > g* (cm)
WU

m(2) > G "q=(3,88 - 10° z/CGSE) g (CGSE). (244)
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IT0 ycaoBHe COBEPUIEHHO HECOBMECTHMMO CO CBOHCTBamu
«ONeTHX» YacTull, HabJiolaeMblX Ha onerTe. IT0 06CTON-
TeJILCTBO BHOBB MOAYEPKHBaeT TOT (akT, YTO Mbl HMeeM
371€Ch JI€JIO UCKJIOUHUTENBHO C OMHUCAHUEM KAQACCUYECKUX 3a-
psiza U Maccel, KOTOPble HENOCPEeACTBEHHO He HMEKT HH-
yero o611ero co CBOHCTBAMH 3JIeMEHTAPHBIX YaCTHIL.

Iloka yto MBH MoOKa3saJjiu, KakuM 06pa30oM MOXKeT OHTh
ycTpaHeHa CHHTYJsipHasi nioBepxuocTh B Merpuke lllBapu-
UIMJIbJIa, HO, OYEBHIHO, B COOTHoulenusnx (237) u (243) Bce
ke coxpassercss ocobesnocts npu p—>0. Teneppr MHl yBH-
IIMM, YTO €€ HeJib35l Ha3BaTh CHHTYJISPHOCTBIO, €CJIM MBl MpPH
3TOM HE CKJIOHHH TakKiKe Ha3BaThb CHUHIYJISIPHBIM MOBeLeHHE
MeTpHKH npu p—>—0co. IlpeoGpasosauue

Z __ 1, (m** — )"
(m** — )" 2

(245)

nepeBoJiuT Bce MHOrooGpasue p> (0 B HejoOM B caMoe cebs
B3aHMHO OQHO3HAYHBIM H COXPAHAIOU{UM METpUKy o6GpasoM.
ITostomy oKpecTHOCTB p=(0 BO BCEX CMHCJaxX 3KBHUBA-
JIeHTHa OKPeCTHOCTH p=00. HayanwHas NOBEPXHOCTH
T =0 sBasiercsi nOAHbLM PUMAHOBHM MHOrooGpasueM, uTO
03HaYaeT BO3MOXHOCTh HEOTrPAHMUYEHHOTO NPOJOJIKEHHS
Kaxno0il reopesnueckoll JsuHHM. HecMOTps Ha 3TO, MOXKHO
6b110 6Bl MOTpPe6OBaTL 60OJiee CHJBHOIO CBOMCTBA [JisT KOH-
KPerusandu BCeOOLIero MOHSITUA <HECHHTYJAPHOCTH». Mo-
®KHO OblIO 6B MOTPe6OBATH JIMGO 3aMKHYTOCTH MHOrootpa-
3us, Ju60 HaJHYUs JIHUIb OAHOH o6JacTH (p— o0 uAu
p—>0), B XOTOPO# NPOCTPAHCTBO SIBJISIETCS ACHMNTOTHYECKU
nnockuM. Takoro poga npumep MOXKHO NOCTPOUTB, HCXOIA
u3 pewlenns UIBapummnena (237) Ges 3apsina. Mul 3aBep-
UM onpefiesiesue oroOpaxesus J, MOJOKUB

71lsT, (246)
6L — 0, (247)
o> ot (248)

Oro6paxenne J He comepXHUT TOria (UKCHPOBAHHBIX TO-
YeK, H MBI MOXK€M OTOXJEeCTBHUTb TOUKY X C TOUKOH Jx cTeM,
ytoObl MOJNYYUTH HOBOe MHOroo6pasue, oGiajawllee JHilib



I. Kaaccuneckan ¢usuxka xax zeomerpus 319

OIHOH aCUMITOTHYECKH TWJIOCKOH o6nacTeio p ~> + oo . Ilo-
pepxuocTb T = 0 31010 MHOrOOGPAa3Ha TOMOJOrHYECKH SKBH-
BaJieHTH2 [POeKTHBHOH J-moBepxHoctd P3 (cMm. pas-
nen 111,B), us xotopoil ylajneHa ofHA TOYKA — KTOYKA
oo ». DTy TPOUENYPY HENb3s NPUMEHHTHL K pelresuio Paiic-
nepa — Hopncrpema, Tak Kak, x0T MeTpHKa MHBapHaHTHA
otHocHTENbHO J, HaNPSKEHHOCTh 3JEKTPOMArHHTHOIO TOJS
MeHsleT 3HaK, YTO NPOTHBOPEUYHT TAKOMY OTOXKHAECTBJIEHHIO.
Bpemesndsi 3aBUCHUMOCTB 3TOH peryiaspuoil MopHHUKanun
pewtennst [lpapuummabna 6e3 sapsana uccaenosanace Ja6-
menoM [60] ¢ Tousoctsio 10 nepsoro nopsaaka no 12 Ou Ha-
ues, 4to 06J1acTh KPHTHUECKOH cheppl HaYyHMHAeT yMeHb-
maThes.

Cayyaii MHOrMX 3apsifioB U Macc

Hauansuee ycnous Paiichepa — Hopncrpema (239) n
(241)—(243) MoxkHO 060o6uMTE Ha caydyaii N ropJoBux
pyuek, KOTOPHIM NPUNHCHBAIT 3apsAgbl H Macchl cJaenyo-
oM obpasom. Ilonaras

ds? = — V2dT? (2 — P (dx*+-dy* 4 d2?), (249)

—:: oy Op :
*e=[ijk] (cp Ly axi)dx’/\dxk, (250)
08y
S (251)

npu T==0, sapagum V kax J06yl0 HECHHTYJSPHYIO 0O-
JIOXKHTENLHO ONpeleeHHYI0 (DYHKUMIO; MYCTh NpPH TOM
KaK ¥, TaK M ¢ YIOBJETBOPSIOT YypaBHeHu:o JlanJaca
B MJIOCKOM TNPOCTPAHCTBE:
0 0? 0?
(6}52 + oy? + dzz)fz 0. (252)
Otu payasibHHle 3HAYEHUs] NPUAANYT HAYAJLHOH NOBEpX-

HOCTH CBOHCTBa MOJIHOIO pHMaHOBa MHOrooGpagus, €C/u
MBIl BhIOepeM

x=14+y%, ¢=MWi, (253)

the rp=ir—1r,| u a,>(B,, a=1,2, .., N Touku
Fo—=(x, Yo zg), KOHEYHO, HCKJIIOUAIOTCSI U3 MHOrooGpasus,
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Orpanuuenue a, > |B,| cienyer u3 Toro ¢akra, 4To Mer-
puka Oplia Onl cuHryasipuodi mpu (x2—¢?) =0 B Kakop
yrogHo touke. TpeGoBanue NOSHOTHL TaKKe UCKAIOYAET OT-
puyare ibHole MOCCHL, KAaK U MyJbTHIOJbHEE YJEHB B X Hg.
BesnunHb o u B CBSI3anel COOTBETCTBEHHO ¢ MacCoH U ¢ 3a-
PANOM, HO He palOT HeMOCPEeACTBEHHO 3THX Macc M 3aps-
noB !'). B yacTHOM cJayyae, KOrfa sapsiibl OTCYTCTBYIOT (T. e,
¢ =0), Mbpl NPHXOZHM K KJiacCy 3anay, HCCJeLOBAHHAIX
JIumneposuuem [62]. Tlockonbky TpebyloTesi Jiulib MIHO-
BeHHO-CTATHYECKHe pelleHUs YCJOBHH, HaJjaraeMblX Ha
HauaJpHple 3HaueHHst, MHOXKUTeNb, NOMOGHBIH (%2— ¢?)2
MOXHO HCIOJIB30BaTh A npexactaBienus dx? + dy? + dz2
B (opmysie (249) B BUIe KakOi-JIHMO0 TPexMepHOH METPHKH.
Torna ycnoBus, HaJlaraeMple Ha HayaJipHple 3HayeHHsl, CBO-
JIATCR K YPABHEHUIO

B+ Ry =0 (254)

nac nopobHoe Ke YpaBHeHHE JJisi ¢ BMECTO YpaBHeHHS

(252). 3nec — A 1 R ~— COOTBETCTBEHHO JianJiacuaH U CcKa-
JiipHas KpHBH3HA, BRIpa)KeHHBlE Yepe3 mnepBOHAYAJBHYIO
METPHKY.

CB#3b ¢ reoHaMHu

AnextpomaruuTHele reousl [14] mnpencrasBasior €060
OOBEKTH], COCTOALIME W3 3JIEKTPOMAarHUTHOrO H3JIyYeHHUS,
yIepKHBaeMOro ero COGCTBEHHBIM TIpPaBHTALHOHHEIM [pH-
TseHueM. B o6JjiacTH pacnoJioxeHHsl reoHa MeTPHKa CHJib-
HO H3MeHeHa, HO TOMOJOrHs NPOCTPAHCTBa BCe Ke H30-
MOp¢Ha OOBYHOH TOMOJIOrMH 3BKJHIOBOrO MPOCTPAHCTBA.
KoporkoBoJiHOBOe  M3JiydeHHe, HampabJieHHOe HeMocpen-
CTBEHBHO Ha reoH, MPOXOAMT CKBO3b HEro, UCMHTaB 60Jiee
WJIH MeHee CHSibLHOE OTKJOHEHHe NPH CTOJIKHOBEHHH. B mpo-
THMOJIOXKHOCTL 3TOMY, KOPOTKOBOJIHOBOe U3JiyueHHe, Ha-
npasJieHHOe Ha ORHY TOPJIOBHHY DYUYKH, BHIHLET U3 e€e OpPY-
roii ropsosusbl. HecmMoTps Ha 37O passiuuue B CBOHCTBAX,

%
') O cpsi3u m, U o, a TakKe 06 HCCIEAOBAHUSX 3aBUCHMOCTH He-

KOTOPHX pemleHHfl 3TOr0 THN@ OT BPEMEHH CM. CTaThl0 JIMHAKBHCTA H
Yunepa [61].
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06a o6bekTa B paBHOH Mepe HCKPHBJSIOT MPOCTPAHCTBO H
HEe pasinyalTcs MeXay coOol Kak MacCel B CMEIC/Ae HX
rpPaBHTALHOHHOrO TPUTAXeHHUS 110 3aKoHy 1/r2.

3T 1Ba MeTOona KOHCTPYHPOBAHMsi peLIeHHi ypaBHeHHH
reOMeTpOofMHAaMHUKH, OTBEYAIOLNX HaJHYHIO Macchl, He 10JIXK-
Hbl HCMOJIb30BaThCsi MOPO3Hb. MOXHO paccmaipuBaTh
O00beKT, COAepamuii Kak LHPKYJHpPYIOLLYI0 palnaluio,
TAaK U TOPJOBHHBEl pyueK, CBSiI3aHHBble MeXAY CO00I0 u 06pa-
mlarouiHecst APYr okoJio apyra 6GJaropaps B3aHMHOMY Tpa-
BHTALIHOHHOMY MpuTSXKeHnw. Kpome Toro, nBHXeHHe nocra-
TOYHOrO YHCJia TOpJIOBHH pyueK, 00JiajfalolLHX OIHHAKOBBIM
sapsaoM, MO NOYTH COBMAjaKIHM opGuTtaM OyleT HMHTH-
poBaTth TOK. OHO MOXKeT NOPOAMTH MarHUTHOE NoJie, 1OCTa-
TOYHO CHJIbHOE JJIS TOro, YTOOH OKas3aTh CYINECTBEHHOE,
a MoxeT ObiTh, H Npeo6iajarollee BO3LEHCTBHe Ha CTPYK-
TYpy npocTpaHcTBa. Takum 06pa3oM, HCKPHUBJIEHHOe MYCTOe
MPOCTPAaHCTBO MOXKeT MNOCAYXHTh MaTepHaJOM [Jifi MOCTpoe-
HHS MHOXECTBa OOBEKTOB, CJAHIIKOM OCLIHPHOrO AJIs1 HCYep-
MBBalOUIEro HX MccJefOBaHMSt H Jaxe AJs1 OPOCTOro mepe-
UHCJIEHUS.

¥Ypasuenus Osuscerus

Maccrl # 3apsgsl B npenJiaraeMofl 31eCh TEOpUM CYTh
0OGBeKTH, He OTJiMyaluldecs OT [0JieH; OHH He SBJISIIOTCH
daxe ocoObIMM TOukaMH 3THX noned. Ilostomy mpencra-
BJISIETCS OYEBHOHBEIM, UTO YPaBHEHUS THX MOJeH NOKHBL
onpenenaTh ABUMKeHHe Macc H 3apsgoB. OnHako HaMm cie-
LyeT notpeboBath, YTOOB 3TO [IBHXKEHHe CGOTBETCTBOBAJO
B JOJI)KHOM [pefesie HHOTOHOBCKOMY 3aKOHY CHJI THrOTe-
HUsi U 3aKOHY cHiel JIopeHIla, Tak Kak 3TH 3aKOHBl OTpa-
¥KalT caMbple OCHOBHBIE W XOPOLIO MpOBEPEHHblE CBOHCTBA
UAEeaJU3HPOBAHHBIX KJACCHUECKHX TOYeYHBIX 4YacTull. B reo-
MeTPOOMHAMHKe Macca W 3apsii He NpelCTaBasIOTCS B HIe-
anu3nupoBaHHOH (opMe Kak CBONCTBa TOYEUHLLX YACTHI; UX,
CKOpee, MOXKHO Ha3BaTh INPOSBJEHHSIMH TeOMeTPHYECKOH
CTPYKTyphl nOpoctpancTBa. JlNis o6CyXHeHHst YpaBHEHH
IBH)XEHHS ClleflyeT paccMaTpuBaTh MPOCTPAHCTBO-BpEMs
npH moMowH, mpuGopa ¢ MeHplIeR pa3pelialoilel CHIOH, YeM
npex e, H TaKUM 00pasOM CBOIMTH BCIO CTPYKTYPY MacChl
Hiu 3apsifia K TOYKe, 3aKOH [BHXKeHHUS KOTOPOH MOXKeT
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3aTeM cCpaBHuBaThCsl ¢ 3akonamu HeioTowa u Jlopenua.
Hanpumep, Bcsi 06/1aCTh BOKPYT OZHOH TOPJIOBHHBL PYYKH
(noxo6Ho H306paxKeHHOH Ha ¢ur. 3) MOxKeT OBITh Ha-
38aHO ONHOH TOYKOH X, aHaJlorMyHas e 06JaCTh BOKPYr
Apyro#l ropJIOBHHBI — TOUYKOH Xg. CoedMHSIOUIYI0 06e 3TH 06-
JacTu TPyGKY MBI MONIPOCTY HTHOpHpYeM. AHAJIOTHYHO MOXK-
HO H€aJIM3HPOBATh FEOH, a TaKKe OOGDBEKT, MOCTPOEHHBIH H3
pamuauuu u pydek. Torfa mporoo6pasue ma ¢ur. 3 6y-
LeT cuneyaspuoim oGpaszoM orobpaKaTbCs Ha TONOJOrHYE-
CKH 3BKJIHIOBO MPOCTPAHCTBO, U MeTpHKa B NOcjenHeM Oy-
IET COLEepIKaTh CHUHTYJSIPHOCTH X3 U xo. [1on06GHBEIM 3Ke 06-
pa3oM paccmaTpHuBaercs 6OJibllee YHCJIO MAacC W 3apsiioB;
Npy NpPeNCTABJEHHH KaXXZOTO W3 HHX B BHAE TOYKH MEI
oNycKaeM BCe [eTaJM HX BHYTpPeHHEH CTPYKTYpbl M Hepexo-
IUM K Mpefesly, B KOTOPOM HX JIBHUXKeHHE CTaHOBHTCSI cpaB-
HMMBIM C OBHKEHHEM TOYeK NMop peHcTBHeM cusl HeloTona
u Jlopenua. OnpenesienHas TakuM o6pa3oM 3ajfaya W ecTh
Ta npobJieMa, KOTOpYIO Tak MOAPOGHO HcclenoBasu IiH-
wreidd, Mudensn u l'opdman. Bmecre ¢ apyrumu ucelieno-
BaTeJIIMH OHHU 86l600AT ypaBHEHUSI MEXaHUYECKOrO ABHKEHHS
cUHryJispeoCcTeii !) u3 ypaBeenuil nosis. Mel MOXeM, clefo-
BaTeJbHO, 3aKJIIOUHTh, YTO PacCMOTpPeHHblE 34eCh 06 beKTH —
3apsiibl H Maccel, MOCTPOEHHBIE K3 OLHOr0 TOJIBKO HCKPHB-
JIEHHOTO MyCTOr0 MPOCTPAHCTBA, — YIOBJETBOPSIIOT B COOT-
BETCTBYIOIleM Mpefese ypasBuenusiMm Hbiotona u Jlopenua.

OTCyTCTBHE B YMCTO KJiaccHuecKoii (usuke
BCeX eQUHMI], KpOMe eIHHHMLB! JJIHHBI

Yucro reoMeTpHyecKMi xapakrep KJaccHuyecko# (hH3UKHU
nposiBJisieTCs B (pakTe H3MepeHHs KPHUBM3HBl MPOCTPAHCTBA
B cmM 2%, 3JIeKTPOMATHMTHBIX HampsiKeHHocTed B cm~l, zaps-
IOB B cm H Macc B cMm. Jlis Kakux-MGO MHBIX €IUHUIL,
KpOMe eIMHHIB LJIMHBEL, He OcTaercs Mecta. Mpl MO3BOJIMM
ce6e NPUBECTH POTECKHHIH MPHMEP KOPOJEBCTBa, B KOTO-

1) dimurreit, Mudempny u Todpdman [64] pacemarpuBasy b
CHHIYJISIPHOCTH, CBSI3aHHBIE C He3apsKeHHBLIMH KOHEUHbLIMH MacCaMH NpH
MendiennoM asuxenun; Mubensn n Wlunn [65] paccMorpenn cunrynsip-
HOCTH, CBfI3@HHbI® C GECKOHEYUHO MaJIbiMH He3apsKeHHbLIMH MacCaMH,
NBHIKYILHMHCS C TIPOU3BOJIBHBIMH CcKopocTsmu; Heis [66] (cM. Taxoke
[67]) wuccienoBan CHHTYJISPHOCTH, OTBEYAIOLMIE 3aPAMEHHLIM MaJlbiM
MaccaM npu MPOHSBOJILHBIX CKOPOCTSX,
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poM H3MepEHHBIE K CeBepy paccTosiiusi Obliu Obl CBSILIEHHE!
W BBIPAXKaJUCh B MHJIAX, B TO BpeMs KakK pacCTOosHUs Ha
BOCTOK M 3amall, a TaKke BHM3 M BBepX — B ¢yrax. buliu
651 HeOOXOOHUMBl CMelMaJibHBle HaBBHIKM [Jig BBIUHCHIE-
HUs pacCTOsSIHME MO auarosaJlid, HCXOAsl U3 3Ha4YeHH# KOoop-
JUHAT, I0Ka He OGHapyXuJoch Obl, YTO HyKHa JIULIL OXHA
MHUPOBast MOCTOSIHHAsl IJIsi MOCTPOEHUSi TEOPHH TaKUX BBI-
uyucyiennit. I[locsie sToro 6vlJ10 6Bl yaeseH0 MHOrO BHUMAaHHS
«00DbSICHEHUIO» TOr0 06CTOSITENLCTBA, YTO B IPHPOLE Cylue-
CTBYeT €CTECTBEHHOe «COOTHOUIeHHe»: 5280 ¢yToB B ORHOH
MuJie. DTa NPHUTYa, BO3IMOXKHO, Ge3o6HaHee NOJOOHHX MOMbI-
TOK «OODbfiCHEHMsi», [MOYeMy CKOpPOCTb CBeTa paBHA
3-10 cm/cex. U, KoHeuHO, MPUBLIYHOH ABJISETCA MBICJbL O
TOM, YTO MOCTOsiHHAS Dosbumana & siBisiercd NpoCTO MHO-
XKUTeJleM NepeBola IBYX CJyyYalHBIX eIHHHIL SHEPrMH IpyT
B Apyra. MeHee NpPUBHMHO AYMaTh, YTO TPaMMbl U CAHTH-
MeTphl ABJSIOTCS IBYMS 3KBHBAJIEHTHBIMHU €IMHUIIAMH H3Me-
pesMs JMMHBI M UTO LIBAPIIKJIBAOBCKUH pamuyc o6GbekTa

__Gm

A
B, C2

=m" (cx) (255)

SIBJISIETCS YHCTO FeOMeTPHUECKHM CMoCO60M OMUCAHUST MepH]
ero uHepuuy. Mpl BHesH TakkKe, UTO KAQCCULECKAS INEKTPO-
Juranuxa nonoGHeIM 3Ke 06pa3oM He HYKEAeTCH B KaKHX-
Jubo efMHHLAX, KPOME OJIMHBEL, B CBOEM MpPOCTEeilIeM BHIpa-
)kennu. HanpsizkenHOCTh NOJSI siBJISETCS NPOCTO MPOsiBJiE-
HHEM HCKPHBJIEHHOTO MycToro npocrpauctsa. Kinaccuueckas
¢usuka (B cMblcie Tabs. 1) CBOAMTCS K UHUCTOH reOMeTpuH.

V. NPOBJIEMbBl KM MNMEPCIEKTHBbl TEOMETPOIHHAMHKH

B jiornyecko# CTPYKTYype reoMeTPoAHHAMHUKH ele Tpe-
6yercsl yCTpaBUTh HEKOTOphle MpoGeJibl, H MOYTH BCe, YTO
ocraeTcs cAesaTh AJiS MCOOJb30BaHHA GOrarcTBa 3TOH Teo-
puy, fiBJsieTcs neJioM Oyayllero.

Cayyait HyJeBbIX noJiei

Anre6pauueckue cootnollenus (4) u (5) HCKOHHO epu-
HOI TeOpHH MOJS OBLIM BHIBELEHB CAMBIM 06mUM 06pasoMm,
HO nugdepenuyalbhsle ypaBHenust (7) u (8) BuiBemenno! B

21*
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NPeNIoJIOKEeHHH O HepaBeHcTBe HyJ0 TeHsopa Puyun. [leso
B TOM, YTO €CJiH HapyILIMTCs 3TO YOpOLlalolllee TPEeRNONIo-
Kenue, T. e. Teusop R, (u F,,) GyneT paBeH HyJIO, TO C He-

06X0AMMOCTHIO ONHOBPeMeHHO 06paTsiTCst B HyJb 06a WHBa-
pHaHTa 3JIEKTPOMAarHUTHOrO TOJIS:

e -h=0, h2—e2=0. (256)

B nauHBIl MOMEHT BPeMeHH 3TO ycJyioBue Oyier mMpoCTO BHI-
HNOJIHATBCA JIRIIL HA HEKOTOPHX HW30JHPOBAHHBIX JIMHHSX
B nipoctpaucTee. [Ipy Bo3pacTanny BpeMeHH 5TH JIMHUH Oy-
LYT ONMHCHIBATH MOBEPXHOCTH B MPOCTPaHCTBe-BpeMeHH:

xb=xP (&, ). (257)

Ha takux noBepxnoCTsiX ypaBHenue (7) He faeT Onpene-
JICHHOrO ~ 3HayeHHs BeKTOpa @g — rpajMenTa  «Qasbl»

3JIEKTPOMArHMTHOTO noJisi. §IBJisieTCst Jiu onpefiesienHof cama
«(asa» a? MoryT Ju ypaBHeHHS HCKOHHO €IHHOH Teo-
pud noJsis EoiThb cOpMYyaAHPOBaHBEl TaK, YTOOB COXpaHATh
CHJY Ha Takux noBepxHocTtsx? HakyaneiBaeT JiM CyiecTBO-
BaHHe 3THX MOBEPXHOCTell KakHe-HM60 [IOMOJHUTEJbHBIE
TOMNOJIOrHYeCKite YCJIOBHS HJH YCJIOBHS MEPUOIHUYHOCTH Ha
TeH3op kpusBu3un Puuuu? Bosuukaior au kaxkue-Ju6o oco-
6ple nmpoGJeMpl Npu obpawesy B HYJb HEBapHauToB (256)
He TOJILKO Ha NOBEPXHOCTSX B MPOCTPAHCTBe-BpeMeHH, HO H
B Ob6nactax Gospllueil pasmepHocTH? Bee 3TH Bompockl, oue-
BUIHO, CBfI3aHpl MexkKIY cOGOM.

IMoyemy cywecreyer aulllb OJUH BMJ 3apsja?

Bropas rpynma Bonpocos kacaercs 3apsifa. Wurtepnpe-
Talus 3apsja ¢ NOMOLUBK CHJIOBBIX JIMHHH, «3aXBayeHHBIX»
TonoJiorveil, Mo3poJifAeT BCeM 3apsigaM OHThL B paBHOH Mepe
KaK YHCTO MarHMTHBIMM, TaK H YHCTO 3JeKTPHYECKHMH.
Onnako XOpouIO U3BECTHO, YTO 3THU JIBEé BO3MOIKHOCTH pas-
JnYaTcs Jiuilp Ha3BauMaMH. [IpeoGpazoBaHue LyaJibHOCTY

F—xf, xF—=xxf=—1
nau
h'—e, e=—h, (258)

epeHMEHOBLIBAET BCe MaTHUTHBIE 3aPsfbl B 3JIEKTPHUECKHE
B COOTBETC1BMM ¢ OOCBIYHBIMU MpaBHJaMH. 3apsabl, CBS3aH-
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HBle CO BCEMH pYyYKamy, WAy KJaccaMy TrOMOJIOTHH pas-
MEPHOCTH IBa, MOTYT OHITh BHOBbL NEPEHMEHOBAHHl B YHCTO
SJEKTPHUECKHEe 3aPsilibl, eCJIi B HCXOLHOH cucTeMe OTcyeTta
Kaxabil M3 HWUX npencTaBasier co0ow cmecs snekTpuye-
CKOTO 3apsifa e; ¥ MarHUTHOTO MOHOMNOJS p; TPH YCJIOBHH,
YTO HX OTHOLIEHHEe OJMHAKOBO JJIsl BCEX PYUEK

e cosd
= (259)

Torpa moBopoT AYaJbHOCTH

§ = o' (260)

nepeBOANT HaC K TPAaRMUMOHHEIM o6o3nauennsiM. Opnako
3TC INeperMeHOBAHHE BCeX 3apsiioB B 3JEKTpHHEeCcKHe BO3-
MOXKHO JIMIIL UPH CTPOrO OAMHAKOBOU BeJHYMHE OTHOUie-
Husn (2b9) 3THX IBYX DPOJOB 3apsiJloB [Jist BCeX KJACCOB IO-
MOJIOTHH HWJIM PydYeK B HCXOIHOI CHCTeMe OTCUeTa AYyallb-
HocTd. MoxkHO Jiu nepeOpMysnHpOBAThH 3TO YCJOBHE ADY-
rumM obpasom?

B cayyae mMagnoctn obaacrelf, B KOTOPHIX IIPOCTPAHCTBO
CYILECTREHHO HCKPUBJIEHO, NO CPABHEHHIO € PACCTOSSHUAMU
MeXAY PasJHYHBIMHE FOPJOBHHAMHU pyYeK MMeeT MeCTO NpH-
6nuauTenLHasl JIOKanusanps TUOHYHOro 3apsina. PaccMor-
PHM €ro B JIOKaJbHOH JIOPEHIIOBOH CHCTEMe, B KOTOPOH 3TOT
3apsii B KakoH-To MoOMeHT NokouTcs. B 3Tofl cucreme noge
B HEIOCPejCcTBEHHOH ONMM30CTH K 3aPAny NPAKTHYECKH SB-
J5eTcsl YucTo 3JaekrpuyeckuM. CreroBaTesbHO, TH60 BOKPYT
TOpJIOBMHHE pyuekK, nu60 rany6oko B ero Tpybke cyliecTByeT
NOBEPXHOCTh, Ha KOTOpO# «(asa» a BCIOAY pPaBHA HYJIO
HJU YHCay, LesoMy KpaTHOMY 2%. DoJiee Toro, Mbl 0xXUgaeM,
YTO TNOBEPXHOCTHL G = 2wn OCTAeTCsl CBS3aHHOH C KpaeM
TOpPJIOBHHEl PYYeK €AMHBIM o6pa3oM NpPH BO3pacTaHHU Bpe-
MeHd. Jleno o6CTOMT NomoOHLIM ke 00pa3oM u AJs 060k
npyroit pyuku ¢ HoMepom i. I1ocKONbKY XapaxkTtepHas «da-
38»  Oyapac. == o) BIONHE oOlpeliefieHa B KaXIOM CHydae,
yCJIOBHE, MPH KOTOPOM BCe 3apsiibl MOXXHO Ha3BaTh 3J€K-
TPUYECKHMH, HMEET BUJL

(i) 0 __ IosoxuTeNIbHOE HJH OTPHUATEND- -
2 —o = 2w {HOE YHC/IO WM HYJEB . (261)
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310 ycioBHe HANOMHHAGT OJHO M3 TpeGoBaHMil mepuo-
JMYHOCTH

§ a, dx* = 2w - (Llenoe uncio) (262)

[cootHomenne (77)], nanmaraeMoe HCKOHHO €AHHOH TEOPHEil
[oJisi Ha TeH30p Kpueu3Hnl Puuun. Hecmorps Ha 310 06-
CTOSITENILCTBO, MBI HEe BHIUM cIlocofa, MO3BOJSIOLIETO BHi-
gectn (261) us (252). IlostoMy HaM HesicHO, fIBJISIETCs JH
TpeboBanue, 4To0OLl BCE 3apsAbl GLLIM 3JEKTPUYECKHUMH, CO-
CTABHOH YacCTbIO CYUIECTBYIOLIEH YiKe TEOPUH HJIM €ro He-
06X0gHMO HOGAaBUTb K 3TOH TEOPUH.

Jlns papencTBa BCeX MAarHWTHLIX MOHOMNOJeH HYMO!)
JOCTATOYHO, COFJacHO cooTHollieHuto (145), uTto6wl Hanps-
JKEHHOCTh MOJIS CJIEN0BaJia U3 BEKTOPHOro 4-motenipana

f=da (263)
HJH

. da, oay, 064

Jo=F o (64

D10 mpennoJokKeHHe BLIXOAUT 3a PaMKH ypaBHenui Makc-
BeJUIa, TaK Kak B pasfede 111, I' Mmul y6enusucs, B CymecTro-
BaHWH pellieHuil ypaBHeHHH MakcBessa, onucCLIBaOIMX Of-
HOBPEMEHHOe MPUCYTCTBUE 3JIEKTPUYECKOrO U MAarHUTHOTO
3apspa. OnHaKko B 3TOM CJyuae 3JIEKTPOMArHeTH3M paccMma-
TPUBAJICS B paMKax 3apaHee 3a0aHHOi MeTPURH. JIullib 3TH
HAeH [NOMOrarT MOHSATH, YTO UCKJOYEHHEe MArHUTHHX MOHO-
noJicii — WJH CyLIecTBOBaHMe 4-ioTeHIHana — ABJsieTcs He-
3aBHCHMBEIM HAM JONOJHUTENBLHEIM TpebOBaHHeM MO OTHO-
LIEHXIO K CaMHM YpaBHenusiMm MakcBesnia.,

Korma ke Mul obpaiaeMcsi K NOJHLIM OGbeIWHEHHLIM
ypaBHenusiM JifHliTeliHa — MakcBensa W 3amedyaeM, HYTO
KpHBH3Ha PHUYYH TNOAHOCTLIO ONPENeNsieTcss HANPAKEHHO-
CTBIO I10JIF, TO CTAHOBHTCH HESiCHHIM, NOYEMY YCJOBHE pa-
BEHCTBA HYJIIO MAarHUTHEIX MOHOIOJIEH, WIH CYUIECTBOBAHHE
4-noTeHIHasa, QOJXKHO N00aBJASTLCS B KayecTse JONOJHH-
TEJILHOTO YCJI0BHS. Doslee TOTO, He U3BECTHO TAKOTO IPHMepa
pellleHHil CHCTeMBbl ypaBHenHd Difnilitefina — Makcseasa, B

1) OtHocHTeNbAO yGEenHTEJNLHOTO 3KCNEPHMEHTaNbHOrO JI0Ka3aTellb-
CTBAa OTCYTCTBHSI B DpHpoJe CBOGOAHBIX MarHWUTHBIX MoHonoseii cm. [68].
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KOTOPOM MATHHTHLIE MOHONOJIMM He MOrau Owl ObIThL YycTpa-
HeHH NyTeM NOBOpOTa AyaJsbHOCTH. (QUeBUIHO, BaXKHHIM I
NPUHIHNNAJLELIM BOTIPOCOM fIBNSeTCH BONPOC O HeOOXoIM-
MOCTH HeHCTBHTENLHOro HOOaBJeHHS YTBEPIKACHHS O Cylle-
cTBOBARMU 4-norTeHurana K ypaprenuam (4), (B), (7) #
(8) wuckonro enuHofi Teopun noas. Ham ke 4-norennman
MoxKeT OBITL BHIBELEH M3 3THX YDABHEHHiI?

Bosnukaer u npyroit sonpoc. Moryt Ju ypasHeHHs reo-
merponvuaMuka (4), (8), (7) u (8) BMecre unu- 6e3 Bepo-
SITHOTO AONOJHUTENLHOTO YCI0BUSA O 4-NoTeHnHajge GHTh
BHIBEJIEHB] U3 OJHOrO-eIHHCTBEHHOrO BAPHALMOHHOIO TPHH-
uuna? B cBg3n ¢ 3THMM 6HJIa npoienaHa HeKoTopas pa-
6ota [69—71], omHako caMa MOCTAHOBKAa 3TOTO BONPOCA HE
Gulna eule paxe chopMysHposaHa B JuTeparype.

IlepeiizeM Ttenmeps, OT BONpoca Haugydlledl ¢GopMyJan-
POBKM YpaBHeHHH mosis K 3ajxaye Haugyyuiero subopa tpe-
GopanHil, HajJaraeMblx Ha HauyanbHbHEe 3HauyeHus. B cayuae
YUCTOTO 3JEKTPOMATHHTHOrO MOJsS Y¥Ke JaBHO Ownljio oOHa-
pyxeno, uro tpeboeanne divh=-—3h=0 na wucxoguoi
TUNepPNOBEPXHOCTH aBTOMATHYECKH YIOBJETBOpSieTcsl MNpPH
BLIGOPE B KauecTBe HAYAJLHEIX JaHHLIX He caMux h, a 3-no-
TeHI[Ha/Ma a, o6ecneyHBaIOMIEro HykHule ceoiictea h. B cay-
yae CaMOCOrJIaCOBaHHEIX YPABHEHHH reoMeTPOJHHAMHKU MEI
CTANIKMBAEMCS € HeJHMHEeHHBIMHM TpeOoBaHusiMH (224) wu
(225), HanOXEHHLIMH HA HauaJbHble 3HAYEHUS B OTHOLUe-
Hui Pj;, 1pon3BofHON 0T MeTpHKH o Bpemenu. CyuiecTsyer
J4 4T0-1M60 Bpoge NPOM3BOJILHO OIPENesieMoro Cynepro-
TeHnHuana, noJo6HOro a, KOTOpHIfi INOpoxaaer tensop P
B €BOIO ouepelb aBTOMAaTHYECKH YIORJETBOPSIOIIHHE Tpe6o-
pauuaMm (224) u (225)? Ecan 310 TaK, TO CBOHCTBA 3TOrO
CcyneproTeHiMana nposicHuNu Gbl B 3HAYUTENHLHOH Mepe Bo-
npoc 06 BCTHHHO HE3aBHCHMEIX NEPeMEHHBIX B reOMeTPOIH-
HaMHKe. ITO TPOSICHEHHE CYIIECTBEHHO [JIfi TOHUMAHUS
CYHIHOCTH HCKOHHO eXHMHON Teopuu IIoas, Jjasi HauboJgiee
JieficTBEHHLIX €e NPHJIOXKEHUH H /Il BHECEHHMs SICHOCTH B
caMo MOHSITHE ee KBaHTOBaHMS.

BosuuKaer elle ofuH NpPHHUMNNaJAbLHLI BOmpoc. B ajek-
TPOOIMHAMHKE MhLl MoxeM 6parnh JUHEHHYI0O KOMOHMHAIMIO
JIBYX pellileHHil B KauecTse HoBoro pellenns. I'eomerponu-
HaMUKa e, KOHQUHO, HenuHefHa. CylIeCcTBYeT JM, HeCMo-
TPsi Ha 3TO OGCTOATENLCTBO, CNOCO6 KOMOAHUPOBAHMS ABYX
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pellenuil AJia MOJYyYyeHUs] TpeTbero? [lyisi MOUCKOB TaKoro
npasuya KOMOMHMPOBAHHSI NPEJCTABJAALTCS CYLIECTBEHHBLIM
hccjenoBaTh HenpepulBHOe GeCKOHEYHOMEDPHOE IIPOCTpaH-
ctB0 uctopuii nosedr. Ilocse Toro Kak BO3HHKMA 3Ta TpoO-
6nema, npo¢. B. Baprmap sio6e3do ykasasa Haw, YTO Me-
tonul Cogyca JIn [73, 74] MoryT okaszatncsi AOCTATOYHBLIMH
JUlst MOJIYYEHUst HCUepPNBLIBAIOILErO OTBETa Ha 3TOT BOMPOC.

K ykasasHEIM HaMM DPHHIMOHANLHEIM 0po6seMaM o Hy-
JIEBBIX NOJISIX, O CYHIECTBOBAHMM 4-IIOTEHIMANE, O BO3MONK-
HOM CYHIECTBOBAHHH CYNepnoTeHHHa a H O CBOHCTBAX KOM-
OUHHPYEMOCTH B 6eCKOHEYHOMEPHOM TMPOCTPAHCTBE HCTOPH
nojer chaepyer AO6aBUTL MHOIO BOIIPOCOB O CJAEACTBUSX
3TOH KJacCHYeCKOH TeOpHH, KOTOPHX MH 3[€eCh JUIlL CJerka
KOcHemcn 1),

1) Hackosnbko OOLIMPHO TOIOJOTHYECKH MBICJHMOE pas-
HOOOpasne pyuyek M MHOTOCBSI3HOCTH NPOCTPAHCTRA?

2) Kakue HOBple fIBJIEHHS NPOUCXOISAT B TOM CJyyae,
KOT[lA IeTEPMUHHPOBAHHOE H3MEHEHHE METPHKH BO BPeMeH!
MPUBOAMUT B ONpeleseHHbII MOMEHT K CJAUSIHUIO UJU COoelu-
HEHHIO TOPJOBMH pY4eK WMJM K IPYTHMM H3MEHEHHSIM B TO-
TIOJIOTHH?

3) Karkum 06pasoM MOXKHO CTPOMTL 3aMKHYThHIE MaTe-
MAaTHYECKHE BLIpAXKEHHS [JiS METPUKH [IPOCTPAHCTB, COLEP-
JKaluX BO3MOXKHO O0Jibillee GOraTCTBO TeOMETpoAMHaMUYe-
CKHX OO0bEKTOB — I'DABHUTAINOHHLEIX BOJH, PYyYeK, YEapHBLIX
BOJIH, «3aXBayeHHOH» B pPYYKM palvaunud U KoMOGuHaLHi
3THX 06BEKTOR?

He orpanuunBasick 3THMH yBJEKATEJLHHIMU OpobJe-
MaMH, BHUMaHue HCCJeloBaTessl HeM3OexxHo obparturcsl K
emle 6oJee ray60KMM BONpPOCaM O TOM, KakoBa MOpPUpOAa
KBAHTOBOH TeOMeTPOAMHAMHMKH?Z) M KaKHe HIEH [LOJKHbI
OrITh fo6GaBJieHbl K KBAaHTOROH reoMeTpoinHaMHKe AJI OIH-
CanHS OPHPOIELL

Mu xotuM BBIpa3uThH Hallly npH3HaTesNbHOCTL B. Bapr-
many, Il. Beprmany, X. Iseperry 1 M. ®upuy 3a muckyc-

'} CMm. crateio Ilayspa n Yuiepa [63], comepxaluyio taGnauy ana-
JIOTHH MeXJy rFeOMETPOJIMHAMUKON W THAPOAUMHAMHKOH, a TaKike NpoG-
JIeM, NOJICKa3kiBaeMLIX 3TOH aHaJIOTHeH.

I 22) lg] 37Ol cBR3M cM. cTaThd OBeperra [75], Musunepa u Yuiepa
, 2, 76). ’ ’ .
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cup  (Qusuyeckoro xapakrepa, a takke Il Konnopy,
JK. )Kesuvo, JIx. A. Crayreny, /1. Cneuncepy, I'. Tporrepy
¥ MHOTUM JIPYIMM KOJJIETaM 3a pa3bscHeHHe MareMatHvue-
CKOH CTOPOHH T'eOMeTPOAMHAMHUKH.
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1I. 0 NTPUPOJLE KBAHTOBON
FEOMETPOOHHAMHKH

Hxc. Yuaep
J. Wheeler, Ann. of Phys, 2, 604~614 (1957)

B npenwyinefi crathe ¢ NOMOUIBIO OFHOTO TONLKO HCKPHBJIEHHOTO
nycTOro mpocrpaHcTBa GBUIM ONMKCaHbl KJIaCCHYeCKHe rpaBHTALHOHHOE H
3JIeKTPOMarHUTHOe NOJIs, 3apsift u Macca. Ilpexie ueM nepefiTH K KBaH-
TOBaHUI0 NOMOGHOH uMCTOH TeoMeTpOAMHaMUKH JiHuTeliHa — Makce-
BeJJIa, 3eCh NpelNpPHHUMAETCH nonbiTka ) BHISICHATH HEKOTOpHIE BaXK-
deiluine OxXHJaeMHle CBOHCTBA KBRaHTOBaHHOH TreOMETPOJHHAMHKH H
2) OLEHHTh BO3MOXKHYIO POJIb 3TOH TEOpPHH B MOHHMaHHH npoOJeMsl
3JIeMeHTapHBIX YacTHU Ge3 NpHBJieueHHst KakMX 6ol TO HH GRUIO JOMOJ
HUTENBHBIX runotes. OGHapyXeHo, yTo (AYKTYALMH TPaBHTALHOHHOIO ¥
NOJsi NPHBOAT K KaYeCTBEHHO HOBBIM CJEICTBHSIM Ha pacCTOAHUSX

nopsijiKa (hG/cs)l/’ = 1,6 -10-. Ouu npuBOHST K BO3MOXKHOCTH BHp-
TyaJIbHBIX MOPOXKJEHHS H YHHYTOXKCHHS llap BO BCEM NpocTpaHcTiBe, 00-
JaJlatolHX 3JIEKTPHYECKHMH 3apsiiaMH NOpsaKa ~(hc)'? n sueprusimu
nopsimka (AcS/G) = (2,18-10-5 ¢) -2 = 2,4 102 mc2,

OGcyxaercs BOMpoc O TOM, B KaKOH Mepe MOXKHO OTOXKIECTBHTH
STH 3apsfibki C HelMepeHOPMHPOBAHHBIMM, HJIM <roJbIMH», 3apagaMH B
TeopHH asektpona. Jns BoiacHenns Gynyllell POJH KBaHTOBOH reomer-
POMMHAMHKH PeLIZIOLIHM SABJSETCss BONPOC: MOSBJHETCS JIH CNHH Kak
HepsOexHbfl TeOMeTpHYecKHii CNyTHHK KBAHTOBAHUA MWJH OH Hapsany
C OpOYHMH CBOHCTBAMM [OJKeH ObiTh N00aBJIEH K 3TOMY YHCTO reo-
METPUYECKOMY ONHCaHHIO MPHPOJLI?

Corqacho npenppyuiedi cratwe [1], knaccuyeckue rpasu-
TALMOHHOE M 3JIeKTPOMAarBUTHOE MNOJsi, 3apaJ M Macca Mo-
ryT OGLITh OMHCAHBl HCKJIOYUTEJNLHO C [OMOIILI0 BapHaHTa
Pailnyua puMaHOBOil Te€OMETPUH HCKPHUBJEHHOI'O NYCTOro
npoctpanctea. I1py TakoM onmcanuu Mbl HUYero He go6as-
JsieM K oOuIeIpHHSTHIM ypaBHeHusM Makcpenysa H DiH-
mreiina. HanoMHUM JIHIIL, YTO YKa3aHHLIE YPABHEHHS, KaK
370 BHepeHe OnIO Nokasano PaiinuyeM, Moryt OHTH NpH-
BeJleHH K «UCKOHHO €IHHOH (opMe», rac QurypupyoT b
reoMerpuuecKue BeJHYHHLL. Mul Takxke OTOpachHBaeM MOJI-
YaJIUBO MPHHMMABIIEECS 10 CHX MOP OpeanofioxeHue o6 ofl-
HOCBA3HOCTH MPOCTPAHCTBA, jJs NPHHATHSA KOTOPOro ypa-
BHEHHS JilHIITeliHa — Magkcpensa caMd o cebe He LaIOT
ocnosanuil. Torga kKiaccuueckull 3apsii NpOSBIASETCS B BHJE
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«3aKJIIOYEHHOTO» B MHOTOCBA3HYIO METPUKY TNOTOKA CHJIO-
Bux auHuil. TakuM o6pasoM, Mul NPHXOAMM K HCKJIIOUH-
TEJILHO LAJI€KO UAYHIEMY ONUCAHUIO KJacCHYecKOH (PH3HKH,
HMEIOLEMY TEM HE MeHee HHUCTO FeOMETPHYECKHH xapaktep
H OCHOBAHHOMY Ha HanboJjiee CTPOTO YCTAHOBJIEHHBIX ITPHH-
IMNnax 3JeKTPOLUHAMHUKHA U 00Iel TeOPUY OTHOCUTENLHOCTH.
ITH NPUHILUNL TPUHUMAIOTCH HAMK 6€3 U3MeHeHHH, U K HUM
He N00aBJAKETCH HUKAKHUX HOBBIX THIIOTE3.

[TosiBnsiloMecss NpH TAKOM pPACCMOTPEHHH 3apin H
Macca YIOBJIETBOPSIOT HEPABEHCTBY

m>G g =(3,9-10° ¢/CGSE) ¢ (1)

¥ SIBJSIIOTCS HEKBAHTOBAHHBIMM, TAK YTO HE HMMEIOT Herno-
CPEeNCTBEHHOrO OTHOLUEHHSI K KBAHTOBAHHLIM 3apsigaM H
MaccaM JeMeHTapHHX YacTHIL.

B KakoM e OTHOLIEHHH JAPYr K APYTY CTOSIT TOrAa
reoMeTpPOIMHAMHKA U MHD 3JeMEeHTaPHEIX YacTHII?

Jlns oTBeTa Ha 3TOT BONPOC MOXKHO OLLIO OH JOIOJHUTL
YUCTYIO TeOMETPOAMHAMMKY 3JeKTPOHHO-NO3UTPOHHEIM, Me-
30HHEIMM, HEATPUHHEIM H WHOTO pojia NOoJAsSMH. Mu npuiijau
Obl TOrIA KO BceM OOGBIYHEIM 3ATPYLHEHHUSM TEODUM NOJS H
Oul 66l BLIHYXKIEHBLI BBECTH B (DH3HYECKYIO TEOPHIO KOH-
CTAHTLl CBSi3H M BeJMYMHH XAPaKTEPHLIX MAacCC B KayecTse
npocTefilinX HeOOBSACHEHHLIX COCTABHBIX yacteil. Takum o06-
pasoM, Owliy OBl MOTePsiHBl YepTHl, XapaKTEpPH3YIOUIHe reo-
METPOIMHAMHUKY KaK ONUCAHHE NPUPOILl HA KAACCUHECKOM
ypoBHE, KOTOpLle MOXKHO pe3IOMHPOBAThL  CJEAYIOLMM
ob6paszom: 1) IlpocrpancTeo-BpeMsi He ecTb apena LJs
dusuky, 310 6Ca Kaaccuueckas ¢usuka. 2) He cyme-
CTBYET HYXKIAWILUXCS B OObSICHEHHH «MHUPOBLIX KOHCTAHT»:
un ¢, ui G. CKOpoCcTh CBETa — 3TO BCErO JIMIIL MHOXHUTEJbL
nepexona MeXAY ABYMsi HCTOPUYECKH CJIOXKHBIIMMHCS efi-
HMIIAMH JIJHHLl, CBETOBOH CEKYHIOH H CAHTHMETPOM, TOYHO
Tak ke Kak unucyo 5280 sipasieTcss MHOXKHUTENEM Mepexosa oT
¢yroB K MunaM. AHAJOrMYHO, HHEPTHAS MAcca BHIpAXKAeTCs
C MOMOIIEIO TEOMETPHYECKOH BReJMYHHBL — MIBAPIIIHIIBIOR-
CKOTO Pafinyca, KOTOPHIH MOXKHO H3MePSATh NGO B CAHTHMET-
pax, Ju6o B CTAPHX eIMHUIAX, KOTOPHIM, MOAOOHO MHJAM,
npucBoeHo ocoGoe HanMmeHosaline — rpaMm. C Touku 3pe-
HUs OOweHd TeopUH OTHOCHTENLHOCTH OTHOIIEHHE MEKAY
STHUMK [ByMs emuHuuaMu pauns Gfc? =0,74- 10728 cmfe
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SIBJSIeTCH CJAYYABHLIM ¥ CJOXKHJIOCH HCTOPHUECKH TaK IKe,
Kak ¥ uncqao 5280. B knaccnueckoll reoMeTpoanHaMuke Qu-
rypupyer Juwb AgauHa. 3) He cymecrsyeT «KOHCTaHT
CBfI3M», KAK HeT M HE3aBUCHUMO CYILIECTBYIOHIHX NO-
JieH, B3aHMOLeHCTBYIOLUMX APYT C APYroM. DBEKTPOMATHKET-
HOe [oJie He sipJisieTCsl 0COOLIM OO'b€KTOM; OHO MOXKeT OblTh
NPOCTO BHIPAXKEHO uepe3 nepBHle MPON3BOJAHLIE TeH30pa
KpHBU3HL Puuyup.

Canenyer nu TpeGOBAThL OTKAa3a OT 3THX OTJHUYHTENLHLIX
ocobenHocTell reoMeTpogMHamMuku? 3HaeT JH KTO-HHOyIbL
(Gu3MKy HacToOJbLKO, 4yTOObl CKa3aTb, 4TO 3aKOHOMEPHO-
¢TH, ycra"osgenabe MakcpensioM u SHHIITEAHOM, CYTh 3a-
6ayKIeHusl B onMcaHun npupoau? Kak MoxHO TpeGOBAaTh,
yTOOLI 100aBJSJINCL KBAHTOBAHHLIE NOJS M KOHCTAHTH CBS-
3H, €CJIM HUKTO elle He MPoaHAJM3NpoBaJs CJIeACTBHIl KBaH-
TOBAHHA HCXOQHOH (POPMYJHPOBKHM YHCTOH TIeOMETPOJHHA-
MHKH DHHITena — Makcseana? IlyeTo sty Bompoch no-
CJYyKAT OCHOBaHMeM nJisi 60Jiee KOHKPEeTHOrO PaccMOTpeHHd
KBaHTOBO# reoMeTpoarHaMuku!

TlpaMo#i nyTh nepexona OT KJacCHUecKO# TEOPHH K KBaH-
ToBoH naer dopmynaHposka defiuMana. Bupaxkeunne

il
(Coa| Co) = S exp (1) @

npencrassasier co6oi KMoy, HeOOXOANMEIN [J1S1 OILEHKH BCeX
HMeIomUX (QU3NUeCKHH CMBIC/ BEJUYUH: AMIIUTYIH Bepo-
ATHOCTH Nlepexona OT HeKOTOpol KoHpurypannu C; Ha npo-
CTpaHCTBeHHO-nOgo6HOH runepnosepxHoctd o K Cy HA o9
3neck H cuMBoan3upyeT J0Oyi0 HCTOPHIO -H3MEHEHHS CH-
CTEMEI MEXKIY o1 H S, OOJMANAIOILYIO B KAUeCTBe TPAHHUHBIX
3navennii kougpurypauusamu C, n Co. Bemnunna I, apasercs
KJIACCHYECKMM JIEHCTBHEM, CBSI3aHHHM € 3TOH HCTOpHeil.
Cumpon g 0603HaYaeT CyMMHPOBaHHe C OJMHAKOBLIMH Be-

caMy MO BCeM HCTOPHAM, KaK JONYyCTHMHM, TaK ¥ Heaony-
CTHUMBIM C KJIACCHYECKOP TOUKH 3peHHs, NPH TAKOH HOpMmu-
poBke, 4ToOH (QyHKIMs pacnpocrpaHeHus (2) Oulia yHu-
TapHoil.

Jns npakTHdeckofi peasu3ainuy 3TOH NpPOrpaMMbl ele
HEeOCTATOYHO MPENNOJIOKUTh, UTO B MPHHIMIC BCS KBAHTO-
Basi TeOMeTPOANIHAMHKA COflepKuTca B perente (2)! Mu3suep
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cienan nmepBbift pewatommil mwar [2]!) Ha 3TOM BaXKHOM
nyTdH. BojoTh 10 3aBepileHus NMOJHOrO HCCJENOBAHHST MOXK-
HO OLEHUTL NOPSAACK BeJHYMHBI, OMNpefeseHHoii 0o aHa-
Jorup ¢ 0OLIYHOI KBaHTOBOH 3JeKTpoanHaMukoi. Pasy
skcnoneHTl PeifHMaHa — [1ofireAca KauecTBEHHO MOXKHO
3anucaTth B BHIE

Uy [l (G + el (e o
h Nf 855G \ox) T eme 0x) (—g)"d'x. @)
paCCMOTpI/IM H3MeEeHeHne 3T0oro HHTerpaJIa, BLI3LIBAeMOe Ba-
pnannsiMi Ag THIHYHOH KOMIOHEHTH METPHKH g,, ¥ Bapu-
aruaMn AA THOMYHON KOMMOHEHTHl JEKTPOMAarHHUTHOTO MO-

Tennana A, B 06JaCTH NPOCTPAHCTBA-KOBPEMEHH C pa3Me-
pamu nopsmxa L >< LXLXL:

A (gun) =5~ (5igr) L @@+ (55 ) P 0AP. (@

Mb! BupaMM, 4TO U3MeHedus noJaf B Takux o0JacTsx AaioT
BKJan B CyMMy [0 HCTOPHSIM, He BHOCS HCKaxKaloiuefl
untepdepennnn [A(dasza) ~ 1 pad)], ecan ToABKO OHU HMEIOT
NOPsJIOK BEJMYNHLEL He Oasee ykasaHHoro B tabs. 1. K Toit

Ta6auya 1
INMopspoxk Beauyunnl pAyrryausit noas

3necs nns KpatkocTn uepe3 L* of6o3Hauena BeJIMUHHA
(hGc3)' = 1,6 -107% cu

3nex;ggxs;g:lTHble rpaBHTaﬂllOHHble BEAHY UIIh
IMorenuuan . . . AA~(hc)'/’/L Ag ~ L¥L
- i
Hanpsokentocts . . AF ~ (he)®[L2 A (Ycxopenne) ~ c2L*[L?
KpuBrsna 1npo-
cTpaHeTBA . . . . . — AR ~ L¥|L3

e caMOH oOueHkKe MOXHO NPUiiTH, paccMarpuBasi KBaHT
SHEPruM, 3akJlouyeHHHH B obsacru ¢ pa3MepaMu nopan-

1) Cn. paGory Jpeperta [3] no noBofly MeTOAa NPHJIOKEHHS KBAH-
TOBOr0 NOCTYJaTa K CHCTEMe, aHaJIOrHYHO reoMeTpONHHAMHKe W siB-
Jsiowedics 3aMknyToil B cefe 4 He UOABEPKeHHOH BHewHemy HabJo-
Jenio,
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ka L. DTa sueprus 6yner nopsika hc/L, njaoTHOCTb SHEPTHN —
nopsiaka hc/L*, Tak uTo HanpsXKeHHOCTb NO NOpPSAKY Besu-
ypHe pasHa (he): [L?, roe B cayyae HeoOXOZUMOCTH CJie-
JiyeT YYecThb COOTBETCTBYIOIIMI MHOXHTENb [Js Nepexoia
K OOLIENpPHHATLIM eJUHULAM.

Kax ¢nykTyanuu MeTpPUKH, TaK M cTaTHYeckHe BapHa-
UMM METPUKH (aHTacTH4eckd MaJil B aTOMHHX MAcCIUTa-
6ax 1 naxke B 06JIACTAX MOPSAKA XapPaKTEPHOH KOMITOHOB-
ckoit nnune L, = h/mc 3nekTpona:

2G L*\2 -
AgcTa-r.N?zl%N(Lm) ~10 44'
L* - (©)
qumym. ~I ~10 ™.

Bosee Toro, 3To craTtudeckoe noJe He yBeJWUHBAeTCs 10
NOPALKY BEJUYNHBI TPH INepexone K o0jacTaM € MeHb-
WUMH 10 NOPRJAKY BeJHUWHH pa3MepaMH BCJEICTBHE OT-
CYTCTBHSI JIOKAJHU3YEMOCTH SHEPruM M MACCH  3JEKTpO-
Ha. HanpoTus, soupcieHHbe 31ech QJyKTyallud MeTpHKH
He 3aBUCAT OT CTeleHd OJM30CTH K 4YacTHIe M, nojgoGHO
GQayKkTyauusM 3JeKTPOMATHUTHOTO [10JI, CBS3aHBI JIWIIL C
pasmepamu obnacth HabsmofeHus. B aToMHLIX MacTabax
METPHKA TNPEJCTABJSETCA MJOCKON, KaK OKeaH JeTSHIeMy
BHICOKO Haj HuM nuyoTy. Yem GoJsbllie MBI DpHOJMKaeMcs
K HeMy, TeM GoJbille cTeneHb Heperyasipuoctn. Hakoneu, ra
paccrosiHusx nopsangka L * QJayKTyanuy KOMIOHEHT METPUKH
g,v MHOCTUTalOT NO NOPSNKY BEJNMYMHEL CaMHX g,,. 3Iech
XapaKTep TNPOCTPAHCTBA MNpEeTepPNeBaeT CyLIECTBEHHOE W3-
MEHeHue, 4TO cxeMaTHueckd nsobpaxkeHo Ha ¢wur. 1. Pas-
BUBACTCH MHOrOCBSI3HOCTh, KaK 3TO KMMEeT MecTo Ha Io-
BEpPXHOCTH OKeaHa, rhe pasbupalorcs Bosuel. KoHeuHo, HeT
HeOoOXOAMMOCTH NpenjiaraTh Meton HabJuomeHuss 3THX
¢aykTyami ggaa Toro, 4To6bl 3aMETHTb, HACKOJbKO HEIo-
CpencTBeHno U Hen36eKHO OHHM CJedyIOT M3 KBaHTOBOIl Teo-
pun Metpuku. 3pech cioBO «HabJojeHe» BooOile He JOJXK-
HO HCMOJbL30BaThcs. MOXKHO MPOCTO cKa3aThb, 4TO 1) GyHK-
1M pacnpocTpaHeHHs BHIPAXkKAeTCs KaK CyMMa 110 HCTOPHAM,
2) kaxpas wucropust (TpPaekTopus) MpeacTasisier cOGOK
HEKOTOpYIO MOCJe[0BATEJbHOCTL KOH(pUIypannii n 3) cuM-
BQaMyecky n300paykeHHBH Ha Gur. 1 THN KoHQUrypauuu
BHOCHT CyHIecTBeHHLIl BKJak B CyMMy MO HcTopusM. Torpa

22 3ax. 3001,
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TEPMHUH «(QJIYyKTyalsiy CJAYIKHT JIHMIIL COKpameHHeM 17
o003HayeHnss KOHQUrypamuil, BHOCAIIMX HAHOOBLIUIME BRJAaK
B CYMMYy [O HCTOPHSIM.

Hapsany ¢ ¢aykTyaunsiMH MeTPURH MPOHCXOOAT (BJyK-
Tyaluy 3JIEKTPOMArHHTHOTO nonsi. B pe3ynbTaTe 3TOro TH-
NPYHOE MHOTOCBS3HOE NPOCTPAHCTBO, nNOR06Hoe u300pa-
XKeHHOMY Ha ¢ur. 1,8, npnobpeTaer HEKOTOPHIH pe3yJbTH-

®ur. 1. Binsuue JokanbHo# GuyKTyauuu
METPHKH Ha NosBJIEHHE MHOroCBA3HOCTH.

Ha cxeme & pepxmusisi 4acTh MPOCTPAHCTBA HE OTOPBaHa
OT HWXKHEH, KaK MOorao 6b mOKAa3aTLCsl HA OCHOBAHUH
PACCMOTPEHHSI ORHOrO CEYEHMS] 3ITOCO TPOCTPAHCTBA;
TOSTOMY IYHKTHPHHE JTHHHH CHMBONHYECKH H300PANAT
CBSI3b MEX(1y ABYMSl 06nacTsiMH, Kak 3T0 oOHapyXH-
noch 65l MPH MOCTPOEHMM CEHEHMSI B APYTOM MECTe.

pytoupil NOTOK 3JIeKTPHYeckHX CHJIOBLIX JIMHHH uepes «pyu-
Ky». DTH JUHHN CKOHLEHTPUPOBaHH Gyaromaps TONOJOTHH
NpPOCTPAHCTBA; BCE 3TO BHITVIANT TaK, Kak eCan Ob Ha Of-
HOM KOHIE PyYKH CYHIECTBOBAJ NOJOKHTEJLHLIA 3apsill, a
Ha APYyroM — OTPUILATEJNbHBIH.

s onedrks TUNMYHOrO 3apsja, CBS3aHHOrO ¢ pPyyKoH,
o6o3Haunm Maciutab pasMepa pyyku uepe3 L. Torma o6-
J1acThb, Yepe3 KOTOPYIO MPOXOAMT MOTOK, OyuneT nopsixka L2
GnykTyalus HANPAMKEHHOCTH NOJS N0 MOPSIKY BeJHYMHBL
pasua (fic)k/L2, CrepoBaTejibHO, TNOJIHEIA TOTOK M 3apsif
OynyT nopslika .

4 pnyxr. ~ (EC) b~ 12e (6)

He3aBUCHMO OT pa3MepOB pPYUKH.

CyllecTBOBaHMe TaKuX Nap 3apsinoB TpefyeTcsl caMbiMH
OCHOBHBLIMY NOJIO}KCHHUAMH KBAHTOBOH TEOPHH H reoMerpo-
quHaMuKOl Makcpenna — Dituirreiina. OIHAKO MOJyyYeH-
Hbl{l 3apsjl By B Kakod Mepe He NOXOXK Ha 3apsij 3JeMeH-
TapHO YaCTUILL

1) Tunnusbifi 3apsan B DaHHOM CJjydYae Ha OfMH TOpS-
JOK GoJibille 3j1eMeHTApPHOTO KBaHTa 3apsja.
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2) DtoT 3apAn He siBjsieTcsl KBaHToBaHHHIM. Hampotus,
B CyMM€ [0 HCTOPHMSIM CJEAyeT y4ecTh KOH(HUrypaumuH co
BCceMH 3HaueHHsIMH 3apsana. OpgHaKo BKJIALL B 3Ty CyMMy
B3aMMHO YHHYTOXKAIOTCH 32 CYeT JECTPYKTHBHOH HHTep-
(epeHIMH, KOrga 3apsjl NPeBLIIaeT MO NOPSIAKY BEJMYHHLL
G payxr. B COOTHOWIEHUH (6).

3) Macca 3JIeKTPOMArHHUTHOTO NOJSI, CBA3aHHOTO C OJi-
HOHM Takofl PyukoH THNMYHLIX pa3MepoB L~ L* wuwmeer no-
PAOOK

Y2
CIE e OFP L~ () =22:1072, (@)
cL a
COBEpIIeHHO HeCpaBHHMBIH € MaccaMH 3JleMEeHTapHbIX Ya-
CTHIL.

4) HauGonee BaxHBIM fBJSETCS TO OOCTOATEJLCTRO,
yTO 3TH (QJYKTyaliOHHLIE 3apsiibl fABJSIOTCS CBOACTBaMM
BCEro NPOCTPAaHCTBa, a He yacTuil!).

Ha ¢ur. 2 cuMBOJIMUECKH MpeACTaBjeHa THOHYHAS KOH-
¢urypaums, nawomasi OCHOBHOW BKjaj B CyMMy 00 HCTO-
pusiMm. B 3Tolf KOH(HUrypamwu BCIOLY BO3HHKAKT rOpJO-
BHHLI py4Y€K, pas3fesieHHble THIOMYHEIMH ITIPOMEKYTKAMM H
obsafatolyie THIMYHLIMH pa3MepaMM NOPSIKa XapakTep-
HoM pymHbl L*. V300pakeuHasi cpaBa B yBeJIMUEHHOM BH-
€ ropJOBHHA PYYkH oOHapyXKHBaeT UCXOASLINE M3 Hee XKe
CHJIOBBIE JIMHMH, KaKHe aHaJIorMyHBIM 00pa3oM BBIXOAAT
M3 Jo0oii Apyrol TropJIOBHHLI PYUYKH HJM BXOASIT B Hee.
Besi aTa kaptMHa MoxeT OBLITL KPaTKO OIHCaHa CJenylo-
muM obpasom. 1) KeantoBanue teopnu MakcBeqna u Dids-
WITefiHa NPHBOOMT K NEeHOOOpasHOM CTPyKType NpOCTpaH-
crBa. IlpoctpaneTBo o6sagaer He TOJBKO MAKPOKPHBH3HOMH
B MacwiTabax BceseHHOH, HO H MUKDOKPUBU3HOH MaciuTa-
6a L*. 2) B BakyyMe NOCTOSHHO O6GPasyloTCs W AHHWTHJIN-
pyloT BHpTyasbHble maphl 3apsigoB. 3) C 3THMH napamu
ACCOLMUPYIOTCS 3aPsiLbl U OCOOEHHO MACCHI 3JIEKTPOMATHUT-
HOfI mpmpojbl, MHOro OOJILilye, YeM M3BeCTHHE HaM M3 ¢u-
3UKH 3JIEMEHTA PHBEIX YaCTHIL

1y PaccmotpenHasi 3nech W pamnee [4] cTpykTypa MPOTHBOMOJOKHA
«CTPYKType THNa WBeHilapcKoro chipa», onHcamnoil Besmndanre [5] u
00s13aHHO} JIMIub CYLECTBYIOI(HM B FOTOBOM BHJE <HCTHHHBIM Maccams,
KOTOpBle Mbi 3/€CE HE pacCMaTpHBaEM,
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Ha nepBbfi B3rasii MOXKeT MOKa3aTbCsi, YTO MJOTHOCTD
IHEPrMH BaKyyMa, ONHCAHHOTO BHIE, HOJXKHa ObITH CO-
BEPIIEHHO HEPA3YMHO BEJIMKA. YMHOXasi BEJMUMHY MaCCh-
sHeprun  BfcL*, npuxopsiulefics Ha THINMYHYIO PyuKy, Ha

o 0= z 4
s 2 ° g_
/’0 a\\
¥ o 0\\\
e 'I aQ @ o II a
4 l\\ p /I
o } \\\ < ’é :
0 {0 ) :
_ I _
=10 "cm-———l -0 3 o

@ ur. 2. Pa3pes nps NOCTOAHHOM BPEMEHH 4epe3 HCTOPHIO noJel Toro
THURA, KoTophiH Jjaer GoabiioH BKJIAX B CyMMy MO HCTOPHAM B (elin-
MaHOBCKOM IMponaratope.

Menkue KQYKKH \1306[)8)!(3!0’[ TOPNIOBUHHLI PYYEK, CBR3AHHLIC ¢ MUOCQCBSI3HQOCTHIO NPQ
cTpaKcTBa., TuHHYHAs pydka CBu3aua ¢ (QJYKTyauueil, 110106HOH nsobpaxenHoil na
dur. 1, ¥ ofsanaeT pasMepami MOPSAKA (hG/ca)’/2=l,6 - 10738 ¢, MHOrO MempIIMMM,
UeM BCE HRNOCPEeACTBCHHO OTHOCHUlMeCH K ﬂpOGJ\GMe 3JeMEATAPHBIX YACTHI PACCTOSHUA
(npme=3,9 - 107! ¢x). C Tvnnumoit pyuKoil, Takoh, Kak @, CBSSMBAETCS HE TOJLKO
0oJbLIAs KQUBH3MA [IPOCTPAHCTBA, MO M (DIYKTYauMsi 3JEKTPOMATHWTHOrQ [MQJig, KaK
3TO HAMKCTPUPYETCH CUJOBRIMH JAKWHHAMM Ha@ YBEAWYCHHOM M306pa)KEHMM a cnpasa.

YyHCJio BUPTYaJbHHX nap B einHune o6beMa TopsigKa
1/L*3, MOXHO TOJYYNTh TAKYIO OTPOMHYIO MJIOTHOCTb MAacchl
h cs 22.1075;

Pl T RGE T (16- 1078 o)

—5.-10% gfem?,  (8)

4YyTO pgaxxe oagHa 1<y6nqecxaﬂ KOMIOTOHOBAa MOJHUHA BOJHLI
COLEPMHUT MacCy, GOJbIIYI0O Macch Bcefl n3BeCTHOH Bce-
JIeHHOH:
oLy =5,0-10%.(3,87-107")°=2,9-10%¢,
2R
MBce.neuH. ~ _—Bgﬂ"’(lﬁ"j - 10%8 2/CM) X (9)

X (0,94 - 10*® cufnem) - 5 - 10° aem~6 - 10% a.
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9rta TpynHocTh ne HoBa. Ona npencraBasier coboft mpo-
GaeMy HyJneBOH 3Heprum 3JjektpoMaruutHoro noas. Ilpo-
CyMMHPOBAB 3HEPrUI0 THOMYHOTO OCHMAIsSTOpa nods '[ehe
[0 BCEM 4AacTOTAM BIVIOTh O IJIMHBI BOJIHLI ¢fw~ L*, Ha
KOTOpOil MHKDOKPHBHM3HA COBEPIlleHHO HapyillaeT CBOMCTBA
OCLHJLISTOPA NOJs, npuaeM kK Macce-sHeprun (8). O6biuno
NLITAIOTCA He peliaTh 3Ty npobjemy, a o6XoauTh ee, BLIUH-
Tasi HyJIeByIO 3Hepry1o. B crenmnansbHON TeOpHH OTHOCHTEJb-
HOCTH TaKas Mpollefypa 3aKOHHA; OJHAKO B oOllell Teopuu
OTHOCHTEJILHOCTH OTCYTCTBYET MPOW3BOJ BO BBEJEHHH aijiH-
THBHOH NOCTOSIHHOH SHEpPruM, W 3Ta Mpouenypa Yyxe He
MoxkeT ObiThb onpaBmaHa. DoJsiee Toro, BeUHTAEMbIH YJCH
He $BJsieTcs MOCTOSHHBIM, HO 3aBHCHT OT KpPHMBH3HH
NpOCTPAHCTBA.

Ho cux mop Mbl mpeHeGperasu BKjajoM TpaBHTAalLUM B
NJOTHOCTL 3Hepruy M Macch. OnHako B THOMYHOI pyuke
dayKTyanru 3MeKTPOMArHATHLIX noJieil ype3BbiyailHO BeJH-
KH, ¥ UX T'PaBUTAllMOHHLIM B3aWMOAelicTBUEM HeJib3st fpe-
HeGperaTb. XapakTepHas 3JeKTPOMAarHUTHasi Macca-3Heprus

Ha OIHY PYUYKy paBHa
he \':
m, ~(ﬁ) : (10)

U cpelHee pACCTOSIHHE MEXIY HBYyMsl TAaKHMH BO3MYylle-

HHSIMH rosis uMeeT nopsanok L* ~ (hG[c®):. U3 3Tol olen-

KH cJenyeT, yTo FPaBUTANMOHHAA SHEPTHUs B3aUMONeHCTBHS

IBYyX COCEIHHX PYUYEK COCTABJSECT MO MNOPSAKY ‘BEJHUHHbI
Gm“l’

ErpaB.N_T’ (11)

Pesysbripyloliee yMeHbilieH#e NOJHON Macchl naphl coceji-
HUX DyuYeK HAa BEJHNYHUHY

Erpaa. he\'s
=~ (%) 12
HMeeT TOT K€ CAMBIH NOPSLOK BEJHUMHH, UTO U [OJOXKH-
TeJbHAs 3JIEKTPOMAarHUTHasi Macca ABYX TAKHX KOHLEHTpa-
uuit speprun. Muaue roBops, o6cTosTenbcTBa OGaronpusit-
CTBYIOT JIOKaJbHOH KomMnencayuu 3J€KTPOMarHuTHON 5Hep-
Tuy rpaeuTanMoHHOl sueprueil. Dosee Toro, npu Takoii Jo-
KaJlbHOl KOMIMEHCALWH COCEeHME PYUKH He OKashBalT rpa-
BUTAI[MOHHOTO NOPUTSXKCHUST Ha OTHAJIeHHbIE CKOMJIEHHS

Mypas. =
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macceli-3Heprun. Ocraercss OTKPBHITHIM BoNpoc O TOM, MpPH-
BeJIeT JIM 3TO K BO3MOXKHOCTH NOJYUEHHSI COCTOSIHHS BaKy-
yMa C pAaBHOH HyJIO pe3yNbTHPYIOUIeH NJIOTHOCTLIO 3Hep-
rud. Bo BCAKOM cayyae, Mbl IPHXOJMM K 3aKJIOUEHHIO, YTO
Jonyujenue cywecTeosanus GAykTyayuli meTpuku u epa-
BUTALUOHHBIX B83aUMO0elCTBULl ABARETCA CYWECTBEHHBIM 8
21060M nocaedosaresbHoMm NOOX00e K KOMREeHCAYUOHHOL
npobreme — npobjieMe KOMNEHCAIHH «O0ECKOHEUHBIX® 3HEp-
rufl, crosiiedl B IleHTpe BHUMAaHHS (U3HKH NOJed H 3J1eMeH-
TAapHLIX wacTuil ).

O6masi Teopuss OTHOCHTEJILHOCTH YTBEpPIKIAaeT, uTO He-
BO3MOXHO TNpHUNHCATh BINOJHe ONpPeleJeHHOro CMbICIa
IHepaul INEeKTPOMASHUTHOZO NOAR 8 UCKPUBAGHHOM RpO-
crparcree [6]. B reoMeTpoiuHaMMKe ONpelesieHHbI{I CMBICT
HMEET TOJBKO CYMMa 3SHEPTHH 3JeKTPOMATHHTHOrO NOJs H
rPaBUTALHOHHON 3HEPTHH, K TOMY JKE JHIlb B aCHMNITOTH-
YeCKH IUIOCKOM HJIH, BO3MOXHO, TaKXe B 3aMKHYTOM
npoctpacTBe [7]. DT0 06CTOSTEJNbCTBO MOAKpENJsieT 3a-
KJIOUeHe O He3aKOHHOCTH NpeHeOpexKeHHs rpaBHTalHeil
B KaKoM 6bl TO HH OBIJIO YyIOBJETBOPHTENLHOM PacCMOTpe-
HUH IJIOTHOCTH HYJICBOH 3HEPrHH BaKyyMa.

Mbi He yTBep:KAaeM, yTO HAIIJIN JOKA3ATEJNbCTBO TOTO,
YTO KBAHTOBAS FEOMETPOAMHAMUKA B FPAHHIAX ee MPHMEHU-
MOCTH pellna NpobseMy KOMIEHCAaluH. DTO MOXKET GHTh
[OPOBEPEHC TOJBKO TNYTeM YIJYOJEHHOrO HCCJeIOBAHNS,
MeTOfbl KOTOPOro HaXOASTCH MOKAa YTO B CTAHH YCTaHOBJE-
uus [2]%).

Onunako ecnu OyOeT yCTAaHOBJEHA TaKas KOMIEHCAlys
sHepruy, TO Mbl OyaeM HMeTb CBOOGOLHYIO OT PacXOIHMO-
CTell KBAHTOBYI0 TEOPHIO KOHTHHYYMa, NOAOGHYIO KOTOPOH
MBIl ellle HHKOTZA He HMeJIH.

SIBnsieTcst JH Takoe mNpefiCTaBJjeHHE, KAK KOHTHHYYM,
COBEpLIEHHO HECOBMECTHMBIM C MHPOM (PM3HKH 3/€eMeHTap-
HbiX yacTHI? HauHeMm ¢ asekTpoHOB. B Teopuu 3/eKTpOHOB
NPOBOJHTCS Pa3/iHuMe Mex/Jy MacCoil H 3apsAOM <I0JOro»
3/MEKTPOHA H Maccofi H 3apsoM 3KCIepHMEHTAJbHO Ha-
6/I01AEMOFO 3JEKTPOHA. MHOXKHTeNH nepexofa OT OJHOH

'} 310 obcrositeasctBo ocobenno mnoxuepkusaercs H. Bopom 8
JEKIHAX H JHCKYCCHSX,
?) Cm. npumeyanue Ha ctp. 336,
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—

peJIHUMHBl K IPYTOfl SBJSIOTCH pacxougsluuMHuCs (HO TOJIb-
ko JorapHbMHUecKH pacxoxgsummMucs). Beuay 31oil pacxo-
JUMOCTH HHOTIA CUHTAETCsi, YTO TOJbKO NEepeHOpMHPOBaH-
uas TeopHs HMeeT Quanyeckudl cmbica. OgHako ecad npen-
cTaBJeHHE O KOHTHHYYMe HMEeT CMLICJ, TO pPas3yMHO Npe-
nojnaraTtb, 4TO MHOXHTEJH mnepexoja He OeCKOHEYHHl, HO
suib OYeHb BeJHKH. Ecau aprymentoM jorapu¢muueckoit
(pyHKI_[HH fABJIfeTCHA OTHOWIEHHe IBYyX BOJIHOBLIX 4YHCeJ, TO
Mbi [pHIEEM He K OeCKOHeYHOMY BepxHeMy npenenay, a K
L*-1, BBHIY TOro OOGCTOSATENLCTBA, YTO MPH TAKMX BOJHOBHIX
yyHcaaX MHKPOMHOXKeCTBEHHAsi CBSI3HOCTb  [IPOCTPAHCTBA
BHOCHT CYylECTBEHHbIE H3MeHeHHs B OOLIENpHHATYIO Teo-
puto. Tako#i jorapugm nosiBasercss B IIaBHOM YJi€He CTaH-
JApTHOTO BLIpAKeHHsi JJIf 3JIEKTPOMAarHHTHOH cOOCTBeHHOMH
SHeprHH MK coGCTBEHHOH macchl dm snektpona [8]:

wm 3 e kMaKc_)
o~ g In (P ). (13)
CienyeT OXKHUIATb, UTO HMIYJLC Ryace, HOJKEH OBITL paBeH

BEJMYHHE NOPSAKA L¥Y k TOMY K€ MbI JOJKHH OyleM
no6asuth K (13) BHIpaxeHWe HHOH MaTeMaTHYECKOH CTPyK-
TYpPH AJ5 TOro, yToObl MpenCTaBHTL BKAAL B IHEPrHIo, 06s-
34HHBLIH BOJIHOBBIM 4HCJIAM OT Ryae. 40 00. ViMes B Bupy
MOPSAJKH BeJUUHHEL

k 1083
. . ot~ € (14)

MBEl HEe MOXKEM YTBEPIKIATb, WTo coornomreune (13) Hecos-
MECTHMO CO B3[JIIHOM Ha 3J€KTPOMATHHTHOE NPOHCXOXK[e-
Hie Bcefl SHepr¥M JeKTpPOHA, YTO JOJIFO€ BPEMS OTCTaMBaJl
Jlopesil.

ITosToMy Mbl BbIHYXKIEHB pacCMATPHBATb 3JIEKTPOH HE
Gojee H He MeHee KaK KOJJEKTHBHOE COCTOsSiHHE BO3My-
LieHHst neHooOpa3HOi CPelibl, CHMBOJHUYECKH H306paXKeHHOM
Ha ¢ur. 2. ITO KOJJIEKTHBHOE BO3MyLIEHHe NPEeICTABJEHO
Ha Qur. 2 Kak HEKOTOPOE YNJIOTHEHWE B pacnpelesieHHN py-
YeK BHYTPH Kpyra, NpOBEJleHHOTo iTpuxoBo# anuued. [o-
nojHuTeIbHOE BO3pACTAaHHWE KOHUEHTpPAuMH  3JeKTpoMar-
HUTHLIX MacchHl H 3HEPTHH BHYTPH 3JIEKTPOHA

mo C;_'Z“ = 1,57 - 10* 2fcm® (15)

3
Lm
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HUYTOKHO MAJIO IO CPABHEHHIO C KOHIEHTpAalMeH 3JeKTpPo.
MarHUTHOH  3HEpPTUH, YyXe HMeoueldcs B BaKyyMe
5.10% e/cm® [cm. coorHowenne (8)] Mubimu clloBamH, €O
rJIaCHO HACTOSILIEMY HOBOMY TOJKOBAaHHIO B3rasgos Jlo-
PEHIlA, 3JIEKTPOH HE SBJIAETCSH eCTeCTBEHHBIM HCXOJHBIN
NYHKTOM B OMKCAHMM NPHpoIb. B caMoMm zese on mnpencta-
BjsieT co00K NONPaBKY MEPBOrc MNOPsSJiKa K (QH3HKE Ba-
KyyMma. Bakyywm, npeicrapiasiounii co6oil nepsoe npHb6ankKe-
HHe B TPAKTOBKE 3a/aul, C €r0 OrpOMHBIMH KOHICHTpPAalH-
SIMH 3JIEKTPOMAaTHATHOH 3HEpruy U MHOTOCBSI3HOH TOMOJIOTH-
efl cJelyeT paccMOTpeTh HO0 TNepexona K TEeOPHH BO3MY-
uenn. C 3Toll TOUKH 3peHMs YOHUBHTENLHBIM JOCTHXKEHHEeM
«BBHIUMTATENbHONY (U3NKK SsBJAsieTC €e cnocobHOCTL pac-
CMaTpUBaTh TaKoH HIHMPOKHHA Kpyr BOINPOCOB, KAaKOil OHAa
JEeUCTBHTENILHO paccMaTPUBAET, HE Mesi B CBOEM paclops-
JKEHHM YIOBJETBOPHUTENbHOI TEOPHUH 3apsiia ¥ Macchl 3J€K-
tpora. Tounocth ee npeacka3aHuil, KAK W €e pacXOANMOCTH,
CBSI3aHbl, C TOYKH 3peHUs Hacrosiuell paGoTh, ¢ MaJIOCTbIO
xapakTepHoll Jauuel L ~L* ¢usuku BakyymMa no cpaBHe-
Hul0 ¢ AauHo# L~ L, GU3HKN 3JeKTpoHA.

CoryiacHo KBAHTOBOH TEOPHH 3JIEKTPOHA 3apal 3KCIepH-
MEHTaJIbHO HAOJIOAAEeMOTro 3JeKTPoHa MaJ TOo CPaBHEHHUIO
¢ 3apsiIOM «rojioro» 3jekTpoHa. HecMoTps Ha neproe Boe-
yaTjieHne, S5TOT pe3yJbTaT He MPOTHROPEUNT ATOMH3MY
3JICKTPUYECKOro 3apsjla, JaXke ecyid 3apsjly «TrOJIoro» 3J€K-
TPOHA TMPHMHCAHO €IMHCTBEHHOe 3HaueHWe, TeOpHs ONHCHI-
BaeT 3KCNepHMEHTANbHHI 3apsaa KaK HeUTo BPoJe cpegHero
3HAUEHHs, KOTOPOE HE TOJbKO He AOJKHO ObiTh, HO U Jel-
CTBUTEJIbHO  He  SIBJIsieTcs LeJBIM KPATHEIM  <T'OJIOTO»
3apsiga. CreloBaTesbHO, HET OYEBHIHONO NPOTHBOpEUns
MeXIy KBaHTOBAHHHEIM 3apsiIOM € KBAHTOBAHHLIX KOJJIEK-
THBHHIX BO3MYLUCHHII H HEKBAHTOBAHHBLIM 3apsiJOM NOPSAKA
Goavie. ~ (ic)E  p1na «rosbIX» yacTyiL.

B Ttoii mnHTepnperanuu ujaen JlopeHua, miofpoTBOPHOCTDL
KOTOPOrO MBIl MBITAEMCS N0KA3aTh, SHEPIHSl B Macca 3J1eKTpo-
Ha pacCMATPHMBAIOTCST KAk HM3IIas XapakTepHas SHeprus
YCTOHUHMBOTO KOJJICKTHBHOTO BO3MYIIeHHsi NOjsi DHHLITEH-
Ha — Makceesqsa. TloueMy 3Ta Macca-3Heprus JOJIKHA
O6LiTh MaJja MO CPABHEHHIO C €IMHCTBCHHOH XapakTepHoi
Maccoii-3Hepruei, GUrypupyomel B KBaHTOBOH reoMeTpo-
Anuamuke; 1y = (hic/G)t = 2,18-107% 2? B rtaba. 2 wmul
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Ta6ruya 2

PacxoMUIEHHS MEX(y HaGJI0faeMbIMH BEJIHYHHAMH M dJeMeHTap-
HBIMH OLEHKAMH, NOJIYYEHHbIMH Ha OCHOBE HaHGojee eCTeCTBEH-
HBIX €JMHHI, JUIMHBI H SHEPrHH 1) s QHUSHKH 3NEKTPOHOB
H 2) Jasi CBEPXNPOBOJHMOCTH

dusuxa CaepxIipoBo-
SJleKTpOHOB JAUWMOCTH
—11 - —3
Ha6monaempe|l0™ " 10" el  107° cm
Paccrosuus
—33 —8
Owunaemepie 10 M 107" e
— 27 - —
Ha6anonaemobie 107%; 107°—107"* 38
3HayeHuss  MacChl-
sHepruM s
OxujiaeMpie 107" 2 10 38

NpOBOJAMM COMOCTaBJeHHe 3TOH npobJieMH ¢ JAPYrHM 3ara-
JIOYHLIM SIBJIEHHEM — CBEPXNPOBOAHMOCTLIO. M3BecTHO, 4TO
CBEPXNPOBOAMMOCTE MNpefcTaBaseT 000K  KOJIJIEKTHBHOE
siBJIEHHe, CBSI3aHHOe €O CJaObiMH OCTaTOYHBIMU B3auMojeii-
creusimu [9]. OueBuiHO, HeT OCHOBaHHiI OXHjaTb KakKoil-
JIHOO HEenoCpejCTBEHHOH aHAJOTHH MeXAy nojeM JiHurred-
Ha — MakcBessia M nosieM, CyLeCTBYIOUWM B KPHCTaJJH-
Yyeckoji peuwletke. TeM He MeHee cJenyeT HacTauBaTh Ha
TOM, YTOOBI HE OCTaJOCh HHM OLHOH HeHCCJel0BaHHOH BO3-
MOXHOCTH B NMOHCKaX CrelHaJbHLIX SBJEHHH, CBS3aHHBIX C
NPOXOXKJEeHHEM 3HEPrHH yepe3 NpocTpaHCTBo. Toria mnpu-
Iercd pPaccMOTpeThb COOTHOLIeHHe MexXay 3(¢eKTHBHOH
4acToToH M 3(QEKTHBHLIM BOJIHOBHIM YHC/IOM (¢ur. 3), Ko-
Topoe JOKHO ObITh JIMHEHHLIM B IUIOCKOM NPOCTPaHCTBe.
Onnako BO3MyllleHHS ¢ BeCbMa MaJsofi JJIMHOH BOJIHBI, IO~
psapka 10738 cm OynyT uyyBCTBOBATh MHKPOKPHBH3HY NpoO-
CTPaHCTBa M He CMOTYT paclpoCTPaHATLCH HOPMAaJbHO. JTO
Oyner uMeTh MecTo M B cJyyae BO3MYyLIeHHMiI € BeCbMa
Gosbioii pyMHOH BOMHEL, cpaBHMMO#I ¢ panuycoM Bcesen-
HOll. CiepoBaTe/IbHO, TEepBOHAYaJbHO  JIOKATH30BaHHbIE
BO3Myuienus OynyT nopsepratbes aucnepcuu. OLHAKO, eCiH
BHCnepcHOHHAsi KpHBasi MMeeT TOuKy neperuba, Kak 3To
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H306paxkeHo Ha (PUr. 3, TO BO3MYIILEHHs, cofepxaliue OJH3-
KHe- K TOYKe neperufa JIJUHBH BOJH, OYLYT COXDaHfTb B
JUHEHOM nNpUOJHYXKeHHH CBOI0 KOMIAKTHOCTb B TeuyeHHe
JOJroro BPEMEHH H Jaxke MOryT pacCMaTpPHBATBCH Kak
BroJiHe CTaOuJibHble NPH BLHIXOJE 3a paMKH 3JieMeHTapHOro
npubnuKeHusi, JONYCKAIOIero Cynepno3uuuio. Jlerko 3amu-
caTb MaTeMaTHYeCKoe BbipaKeHue AHMCIePCHOHHOH KPHBOIi,
TouKa nepernfa KOTOPOH pacnoJyioXkeHa NPH  BOJIHOBHIX

Odnacme xozepenmyocmu
_/ 6dnu3u mousy nepezuda, 10%em™

(Sp@enmusnas vacmoma)/e

Jppexmusnoe 6oNHOBOE Yueno

P ur. 3. Cxemarudeckoe npejacTaBieHUe Xa-
paKktepa pacnpocTpaHeHus BO3MYILEHUii B mpo-
CTpaHCcTBe, 00Ja1aloIeM KaK MaKpOKPUBU3HNOH
B Maciutabax BcesieHHOM, TaKk U MUKPOKPUBH3~

ot nopsizika sieMentapuoil guubl (BG/c3)%,
TUNWYHON N8 rpaBUTALHOHHBIX (JYKTYaILuil.

ynciax nopsingka 1011—10% cu™!, xapakTepHHIX pJs QHIHKH
3JIeKTpoHOB. B HacTOsiLiee BpeMs ellle OTCYTCTBYeT BO3MOXK-
HOCTb INPOBEPKH 3THX Huel. Mbl nbTaeMcs 37eCb BbLIAC-
HUTb HE COOTBETCTBHE YHCTOfi KBAaHTOBOH reOMeTpOLHHA-
MHKH (H3HKE 3JeMeHTapHLIX YacTHI, a BO3MOXKHOCTL JO-
Ka3aTeJIbCTBA e€ HeCOOTBETCTBUS ITOH (PH3HKe,

Ml He BHIMM HHKaKOTO NPOCTOrG MYyTH, CBOGOXHOro OT
IeTaJbHBIX HCCJe[JOBaHHH, KOTOPHH onposepran Ob BO3-
MOXKHOCTb NPHUBEJECHHS] B COOTBETCTBHE MacC 3JeKTPOHa H
LPYrMX 3jeMEHTapHbHIX 4YacTHLl H XapaKTepHHX Bo36Yy-
MJIEHHbIX COCTOSIHMH KOJIEKTMBHBIX BO3MYIUECHHII METPHKH,
KaK 3T0 CHMBOJHYECKH H300pa)ke€HO Ha ¢wr, 2,
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Yro Xe KacaeTcs sifepHBIX CHJI, TO BO3HHKaeT BOMPOC,
GynyT JIM [iBa JIOKAJIH30BAHHEIX KOJLIEKTHBHBIX BOSMYIIEHHS
p3auMOJIEHCTBOBATL MeXY COOOI0 Yepe3 YHCThle 3JIEKTPO-
MAUHHTHOE H T'PaBHTAlHOHHOE MOJS € CHUJIOH, JOCTaTOYHOH
nJisi OGBACHEHHS CBA3H LBYX HYKJIOHOB? B aToii cBsI3H Ha-
HOMHHM TO OOCTOSITENILCTBO, 4TO HabJslogaeMasi CHJa 3TOrO
p3aHMOJEHCTBUS JIHLIb HA OJWH WJH JBa NoOpsifKa OoJbliie
OOLIMHLIX 3JeKTPOCTaTHYeCKHX B3auMojeiicreuil. HanomMHum
TaKkKe, YTO XMMHYECKHM CcHJaM MexXJy aToOMaMH [oJroe
BpeMsi IPUMHKCHIBAJIH NPHPOJY, OTJHYHYIO OT NPHPObI JI€K-
TpUUYECKHX CHJI, MOKa He Obljla OOHapy»XeHa CBA3b MeXay
puMH (B 3HauHTesbHON Mepe Ousaropaps k. H. Jleioucy
n I1. Je6Gato). BecbMa TpynHoli mpeicTaBjsieTcs Onpoeep-
JKeHHe BO3MOXKHOCTH YHCTO reoMeTpOjHHaMHYecKoro ofbsc-
HEeHHf SIHePHbIX CHJI.

3arpoHyB BonpoChH O NOpsigKax BeJHYHH MacC 4actHil
0 A7EPHBIX CHJaX, Mbl NPHXOAMM K IOCJefHeMy U peluaro-
meMy Bonpocy — npobnemMe cniHa. Kakum o6pa3om KiaccH-
yeckasi TeopHsi, paccMaTpuBawllasi NOJsl ¢ LeJLHMH 3Haye-
HHSMHM CMHHa, cnoco0Ha Tocje KBAaHTOBAHUS NPHBECTH K
cnuny /;, Kak 310 Tpebyercs MJsi OOBSCHEHHS] CBOUCTB
He[TPUHO, 3/JeKTpoHa u npyrux ¢pepmuonor? Ccamoro Haua-
Jia [laysiu roBopuJ 0 cnyHe Kak O «HEeKJaCCHYeCcKOH JIBy3Hau-
HocTHy. CopepxXuTcd JH YTO-HHOYAb B npolecce ¢eilHMa-
HOBCKOH (POPMYJHPOBKH CYMM MO HCTODHSIM HJIH B ABYX
BLIOOpaX OpHEHTAlMH KaxJOoro 3JeMeHTapHOYo INpOoCTpaH-
CTBEHHO-BpPEMEeHHOro ofbeMa WIM B KaKHX-JHOO JPyrux
onepanuax yero-aufo Takoro, uTo cenaso 66l Heo6XONUMbIM
BReJleHHEe HeKJ1acCHYeCKOH ABY3HA4YHOCTH Takoro popa? Eciu
3TO He Oyjer HMeTb MeCTa, TO 4UCTAA KEAHTOBAs 2e0merpo-
Ounamuxa GoAMHA PACCMATPUBATLCS Kak cxema, Hedocra-
TOYnas OAfl NOCTPOEHUS OCHOBbL (DUILKL 3INEeMEeHTAPHbLX
“acruy. TlosToMy BONpPOC O NPOUCXOKAEHUH CNHHA SBJISETCH
PelialoluM npH oLeHKe BO3MOXROCTeH KBaHTOBO#H reoMeTpo-
JHHAMHKH.
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I11. KOCMOJIOTHUSA U UHTEPNPETALUSA
ACTPOHOMUWYECKHUX JAHHBIX 1)

Hoc. Max-Burtu

§ 1. Beepnenne

JlanHasi paboTa nocBsilieHa TpeM npobieMam KOCMOJIO-
ruH, a HMEHHO, TPHMEHHMOCTH MoJesnH oxHoponHo#l Bcesen-
HoBl K Habumopaemoit BeeneHHOH, cOBpeMeHHOMY COCTOSIHHIO
BOMpoca o pacilipeHHH BceseHHOH W pacnpeliesieHHIO B Mpo-
CTPAHCTBE BHETaJaKTHYeCKHX pajguOMCTOUHHKOB kJacca II.

B nensx cokpauieHHs U3J0XKeHHs Ta YacTb MateMaTHye-
CKHX BLIKJIAJIOK, KOTOPYIO MOXHO HaHTH B yueOHHMKaX, 3/1ech
He H3Jaraercsi, a COOTBETCTBYOLLMe (GOPMYJIH NpPHBOAATCH
B [lpunoxenun. O6cyknaeMele BONPOCH NO BO3MOXKHOCTH
o6bepuHent: oflias teopus otHocutenbHocTH (A. A. Ppuj-
MaH 4 ap.), Teopus craunuoHapHoii Bcemennoit (P. Xofiss)
H TeOpHS KUHeMaTHyecKoro peJsituBuaMa (Mwin) obeyx-
faioTcs opHoOBpeMeHHO. [leficTBuTesbHO, (OpMYJbl, € 1O-
MOIIBIO KOTOPLIX NPOBOAHTCS CpaBHEHHE TeOpHH ¢ Habuo-
ICHUAAMH, HAacTOJbKO OJH3KH, YTO BCE TPH TEOPHH MOTYT
paccMaTpuBaThCsi BMeCTe. -

§ 2. OpHOPOAHOCTH

Heo6xonumo paszanuath Mexny HabumopaeMmoit Bceenen-
HOH, HaceJIeHHOH raJJakTHKaMH, U MOAeanio BceeseHHO, 3a-
NOJIHEHHOH HleasbHOR xunkoctblo. llpencrassenue, 4To
pacnpepeneHHe rajakTHK CTaTHCTHYECKH OJHOPOJAHO B Ha-
O6mopaemoli HaMu uyacTH BceseHHol, ocHoBano Ha paBore
Xa66aa (1930 r.) [1].

[MopcuuThiBas YHCAO TaJaKTHK [0 HEKOTOPHX NOCIeno-
BaTeJIbHBIX T'PaHHL SPKOCTH WJH BHAWMOH BEJIHYMIL, Kak
TOBOPSIT acTPOHOMH, Xa66J1 noJsaral, 4To OH yCTAHOBHJI 1J151

1) Ioknaa, NOATOTOBJEHHBIH ANs KOH(epeHUMH N0 TIpPaBUTANUH
B Pyaitomone — Ilapmxe, 21-—27 nions 1959 r.
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YHCJIa rallakTHK N, Y KOTOPHIX TpaHHila 9TOH SPKOCTH HHXKe
HEKOTOPOro 3HAYEHHS #1, JOBOJILHO TOYHOE COOTHONIEHHE

1g N=10,6m -} const. €))

31y dopMyJay clenoBasio Gbl OXKHAATH NPH YCJIOBHH, YTO
BCe TajlakTHKH 00/1a7a10T ONMHAKOBOIl COOCTBeHHOH spKO-
CTbIO M pacrnpefesieHbl paBHOMEPHO B NOKOSILIEMCS COCTOSi-
HHH B 3BKJHJOBOM NpPOCTpaHCTBe. DTO 3aKJioYeHHe GHIIO
NONBEPTHYTO CEPbe3HOH KPHTHKe Ha TOM OCHOBAHHH, 4YTO
XaOO0JIOBCKHe Npepnesnb siPKOCTH BeCbMa HeonpefeJleHHbL
Bbuo Takxke nokaszaHo, YTO pacnpefiesieHHe TaJaKTHK Ha
oTonjacTUHKe He HOCHT CJayyalHbli Xapakrep H 4TO 3TH
O0ODBEKTH HMeIOT TeHJeHIHI0 O0pa30BblBAlb CKOMJIEHHS
Yaile, yeM MOXKHO ObIo Obl OXHIaTb, UCXOASl U3 CJy4daii-
HOro pacnpepenenus [2—4]. OpuH U3 acTpodU3NKOB 3alle
TakK JaJjeKo, 4TO CTasJ yTBepXpaaTh, OyATO Ol 3aK/JII0YeHHS,
OCHOBaHHble Ha NpejanojsaraeMofl cnpaBefJIMBOCTH COOTHO-
wenust (1), B naGmopaeMoll yactH BceseHnolt momkHH
ObiTh OTBeprHyTH [5]. XOTSl 3Ta TOuKa 3peHHs U SABJISETCH
KpaHHell, He0oOXOZMMO NpPH3HATb, YTO OJHOPOLHOCTbL B pac-
npeneseHHd TajakTHK B HaOmopaeMo#i uactd BcesleHHOH
HMeeT MecTO JIHIib B TOM cJydae, eclH efHHHLa oO6beMa
Oyper  BhiOpama  AocTatoyHo  OoJibUIof,  HampuMmep
3,5- 108 napcex B nuamerpe [6] MenHbuine o6beMb GyayT
HMeTb OUeHbL HepaBHOMEpHOe pacnpejejieHHe MaTepuH, B 3a-
BUCHMOCTH OT TOro, OynyT usau He OyLyT OHH COBEpXaTb
cKonJieHusi raaakTvk. Elne MeHbIlue oGbeMbl MOpsiika pas-
MepoB rajlakTHK MoryT BooOlle He copepXaTb BellecTBa.
Kopoue roeopsi, cienys Oopry [6], «opnruM u3 naubonee
YIMBUTEJIbHEIX cBoiicTB (HaGuonaemoil) Bcenennofi siB-
JsieTCH ee HeOJHOPOJLHOCTLY.

HanpoTur, B MOjeJu OLHOPOLHOMN Bcenennoi MaTepus
CTPOrO OMHOPOJHA B CJAEeAYIOLLEM CMEIC/Ie: B AAHHHIH MOMEHT
{ IIOTHOGCTL H JaBJieHHe MaTepHUH OAHHAKOBH B At060M 06b-
eMe, Kak Obl BeJIUK HJIH MaJ OH Hu Obul. Takum o6Gpasom, B
HacTosilliee BpeMsl MaTepHsi BPsj JH MOXeET pacCcMaTpH-
BaTLCAd KakK XKHIKOCTb, «4acTHIAMH» KOTOPOH sBJSIOTCS
rajaktuky. B caMom Jiese, Takoe NpejCTaBJeHHe HPOTHBO-
peumsio 6n TrHUNOTe3e, Ha KOTOpOH Oasupyercsi TeopHs
KpacHoro cmeliennsi. Jlulip HEKOTOpHeE yacTHOH € OCO-
6LIMH MHPOBBIMH JIHHMSIMH CYHTAIOTCS B TaKOil MOJeJM HC-
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TOYHHKAMH H3JIy4YeHHS], 4aCTHIH K€ ¢ MHPOBBIMH JIHHHSIMH
ApPYTHX THNOB PaCCMaTPHBAIOTCA Kak «HeBujuMbie». Ho aT0
Goiio OB HeJsleno, ecyin Obl KaxJjasi «4acTdula» MaTepHH B
Mmojesu BceseHHOH paccMaTpuBasiach Kak rajiakthka. Cie-
foBatesbHo, OyjeM CuMTaThb, YTO MAaTePHIO B MOJENH OIHO-
ponHoit BceJieHHOl cirefyeT npejiCTaBUTH KAK HEKOTOPbIi
5¢)GeKTHBHBIH ras. JTOT ra3 BO3HMK B pe3yJibTaTe HEKOTO-
poro BOOOPaXKaeMOro MrHOBEHHOIO pacfiajia COLEpKHMOro
BCeX rajlakTHK Ha COOTBETCTBYIOUIMe aTOMbl, KOTODHE TakK-
sKe MTHOBEHHO PacCiipOCTPaHHJIUCH paBHOMEPHO B NMPOCTPaH-
crBe. B sToM npouecce pacnana notepsiHa BaxkHasi (u-
3yuecKas XapaKTEPHCTHKa raJaKTHKH — MOMEHT KoJuue-
cTBa ABHXKeHHS!).

C 2T0fi TOYKH 3peHHA NJIOTHOCTb, BXOJSIAs B ypaBHe-
mug (A.16) wm (A.18), ectb nyioTHocTh 3(dEKTHBHOrO
rasa, ¥ fiaBjiedne, HaiifienHoe ¢ nomoiteio (A.17) u (A.19),
JIOJIXKHO J[aBaTh YacTh 3HepruH Habmopaemoi BcesneHHO#,
HaxoAsuylocsi B (popMe MaTepHH C PaBHOH HYJ0 Maccoi
NOKOsi. ODKBHBAJIEHT IJIOTHOCTH p/¢® 3TOro  JaBJjieHHS
JacT Mepy BHYTpPeHHell 3Heprum 3Be3[l H MeX3Be3[HBIX
ra3oBLiX 00J1aKOB, BpalllaTeNIbHYIO, KHHETHYECKYIO H
NOTEHIMAJLHYIO 3HEPrHH TaJlakKTHK, H HX COAEPIKHMOro,
KOHEYHO, KpOMe KHHeTHYeCcKOi IHepTriH obllero paciiupents,
S5KBHBAJIEHT IVIOTHOCTH [ABJIEHHS pajuaudd H T. A. BesaTa
SHEPrusi NpejnojiaraeTcs pacnpeleNeHHOH PaBHOMEpPHO B
KaXKablil 1aHHbIl MOMeHT MeXJy BceMH yacTHuamu 3agdek-
THBHOTO raza. DTOT ra3 HaXOAHTCA B ABUXKeHHH, KaXKpas
€ro 4acCTb ABHXKeTCS] OTHOCHTEeNbHO JAPYTUX uacTeil, npuuem
BHI STOro [BHIKEHHsS ONpefiefisieTCsi CHeuHasbHON 3aBHCH-
Moctpio MacuitabHoro ¢akrtopa R ot Bpemenn f. Opgnopon-
HOCTL *NPOCTPAHCTBA IS NOAOOHO JBHXKYIUIHXCH CHOTeM
MOXKeT GBITb OnpedesieHa KaK MNOCTOSHCTBO BCeX CBONCTB
raza B Kax/Ablii MOMeHT BpeMeHH { B Jilo6oM o6beMe Mpo-
CTpaHcTBA.

$lcHO, ¥TO 3TO CpaBenJIHBO [JIsl MJIOTHOCTH W JABJEHHS,
€CJIM CcuMTaTh npaBubHbiMU ypaBHeHus (A.16) u (A.17)
unn (A.18) u (A.19). Ho Mbl HOMXKHB pPacpoCTPAHHTL 3TO

) B cBsiau ¢ 3TUM BCTAe€T BOMPOC: MOXKET J# abCOMOTHOE Bpa-
Hende B Modenu Heojguopoiuoii Beesennoit K. Teneas [7), A. JI 3euan-
MaHoBa [8], O. Xekmana u 3. Uliokuura [9] 6uiTe CcBA3aHO C NOAOGHBIM
MOMeHTOM KONMYECTBA JIBHMKEHMS.
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onpejiesieHue TaKxke Ha CBOHCTBA HCTOYHHKOB H3JyYeHH,
T. €. Ha HX COOCTBEHHYIO CBETHMOCTb (abCoJoTHbIe BeJH-
YHHB), HAa NJOTHOCTH NOTOKOB HX DPajHOM3JIyYeHHS M Ha
NJOTHOCTb YHCJIA UCTOYHHKOB. JTO SIBAsIETCS 0GOOLeHHEM
NOHATHH, BBEeJleHHLIX B TEOPHH CTalHoHapHO#l BceseHHoi.
B aroii Teopun napamerp a B (A.13)— (A.15) nonaraercs
NPONOPUHOHAJLHLIM RS, 4TOGH IJIOTHOCTH YHCJA HCTOYHH-
KOB cfieJlate noctosHHoii. Ho a He oOsizaTennHo Mmensietcsi
NOJOOHLIM crennajbHLM 00pa3oM, H, KpOMe TOro, Mbl He
o0s3aHbl CBA3LIBATH €e H3MeHEeHHe € KakKuM-1u0o npouec-
COM TOpOXKjeHHs. MCTOYHHKH - MOTYT co3pjaBaTbhCAd M Hcue-
3aTb [IPOCTO B pe3yJsbTarte OOBYHBIX (DH3HYECKUX NPOLECCOB;
HanpuMep, B HabuaonaeMoli BceseHHOI CTOJIKHOBEHHSI MeXK-
Jly TaJakTHKaMH MOTyT NPHUBOAHTb K O00pa3oBaHHIO HCTOY-
HUKOB paJiMOH3JIyuYeHHs, KOTOphle HCYe3aloT, KOrAa CTOJIK-
HOBEHHE OKaHYHBaeTcs.

Ecmu U ectb opra u3 ¢GHU3HYeCKHX XapaKTepHCTHK HC-
TOYHHKOB H3/yYyeHHsl, BCeOOIMH I1OCTyJaT OXHOPOLHOCTH
npexpnoaraet, yto U nodXHO GHTbL ONHOH H TOl Xe (yHK-
n4ell BpeMeHH { JJIs1 BCeX HCTOYHHKOB. JTa Hjes MNOJCKa-
3biBaeTcs (QopMynaMH /sl NJOTHOCTH W JAaBJjienusi sddek-
THBHOIO rasa, KOTopble copep:kKaT OpfHY JHlib (YHKIHIO
R(t). dusuyeckue XapaKTepHCTHKH, KOTOPHle 3aBHCAT TOJb-
KO OT BPeMeHH U He MEHAIOTCH OT o0beKTa K 00bekTy, 00-
JapaioT, Kak Mol ckaxkeMm, «U-ceoiictBoM». Ha6miopatednb
B Touke O He MOXeT BHeTb BCIO BcesneHHY0 0nHOBpeMeHHO,
OH JOJDKEH XJaTb, MOKa H3JyyeHue AOHIET 10 Hero, Hecsl
¢ co0oll HHGOPMALHIO O NOJOXKEHHH Belllell, TaM, rlie OHO
610 ucnyuieso. Ha ¢ur. 1 nokasaHo ceueHue gByx cdepu-
4eCKHX CJIOEB Pa3JHYHbIX (HOCTOSIHHBIX) PajiHyCOB fg; W T.
MoMeHTH HCNyCKaHHSi H3JyYyeHHsi OT HCTOYHHKOB B [BYX
c10siX 0003HauHM 4yepe3 fg M f COOTBETCTBEHHO; 3TH MO-
MEHTHl BPEMeHH JIOJIKHLI ObITb Pa3JHYHH, €CJH H3JyyeHHe
OT 3THUX cJoeB (M JIOOHX Apyrux) pocturaer Touku O on-
HOBpeMeHHO B MOMeHT BpeMerH f. Takum o6pazom, cBoi-
ctBo U npunumaet 3nauvenuss U(f;) uw U(f) nns ucrounukos
B [IBYX cJOsiXx U B oflueM ciydae 3TH 3HaueHus U He coBna-
naiot. CrepoBartenbHO, HabJlofaTesb perucTpUpyeT CJIOXK-
HYI0O H HEOJHODOJAHYIO KapTHHY NOJIOXKEHUS Bellled B yKa-
3aHHOH Mojenn BcesienHofi, npudeM BkJaj Kaxuoi
060JIOYKH NpefcTaB/sieT, TaK CKasarb, 3KCTPAKT TOro, 4To



JIT Kocmorozus U unTepnpeTayusa QCTpOHOMUHeCKuX OGHHbLX 353

NPOMCXOAMIIO B HEKOTODEI MOMEHT BpeMenH B HCTOpHH Bce-
jieHHOH. BaxHBIM cyieiCTBHEM 3THX Hpefl ABJISeTCS TO, YTO
U(t) moxHo paccmatpuBaTh Kak U(3), rpe 8— KkpacHoe
cmellenue, Habmojaemoe B Touke O OT HCTOUHHKOB B CJIOE T.

Croi r

Crod

dur. 1,

1o ciepyer us coorHoliennss (A.5), KoTopoe ycranasju-
BaeT CBSI3b MeXJy BpeMeHeM Hcnyckanusi f u nHabuiozae-
MBIM KPaCHBLIM CMellleHHeM O.

§ 3. MNpoGnema paclMpeHms

OnuuieM cefiuac KpaTKO onpejefienye U3 HaGJIOLaTelb-
HbIX JaHHBIX napaMerpa Xa66Jsia ¥ mapaMeTpa yCKOPeHHS:
hy u hg onpepensiembix pasenctBaMu (A.7). BHumanue 6bi10
COCPeLOTOYEHO Ha CKOIVIEHHAX TaJlakTHK, H Obuio ¢oTorpa-
¢uyeckn u3MepeHO KpacHOe CMelleHHe [Js1 OTHeJbHBX ra-
JakTuk B 18 ckonmenusix emioTh o & = 0,2 {10]. C muoro
MeHblIe TOYHOCTbIO OBLTM H3MePEeHbl BHAMMbIE BEJHYHHHI
HanGoJslee SIPKHX raJakTHK B CKOMIJIeHHsX.3aTeM GbLIO Npef-
fIOJOXKEHO: a) 4TO CBETHMOCTb HanboJsiee APKHX rajJakTHK B
Ka) /oM CKONJIeHHH OJHHAKOBa U 0) UTO CNEKTpafbHO-3Hep-
reTHYeCKHe KPHBHIE 3THX TaJaKTHK OJMHAKOBLL YTOYHEHHE
TEOPHH JONycKaeT 3aBHCHMOCTb 3THX BEJIMYHH OT BPEMEHH
U, TakuM oOpasom, nenaer ux «U-cBoficTBamMu» B yKasaH-
HOM Brillie cMbicie. M3 ypasuenuit (A.11) u (A.12) wuckiio-
Yaercs ¢oroMmerpuuyeckoe pacctosiie D W ycraHap/imBaercs

23 3ak. 3001,
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COOTHOILLEHHe MeXAy HabJiofaeMbIMH § H M, cripaBelJ/IHBO€
JIO BeJTHYHHBI Nopsifka 32. AHaJjM3 AaHHBIX MO cnoco6y Hau-
MeHbIIHX KBaJPaToOB NOKAa3blBaeT, YTO napamerp Hp OTpH-
naTeJsieH, XOTsl €ro TOYHOe 3HaueHHe Heu3BecTHO. MMelollue-
Cs1 JaHHbIE NPHBOJSAT K COOTHOILEHHIO

h2:*‘q0h%’ (2)

rie @¢o— BeposiTHO, GoJivlite 1,5 H MOXeT ObITb NoOpsinKa
5[10—12}. Orpunarenvuuiil 3HaK ke nopreepxkjpaercs Goro-
JIEKTPHYECKHMH HAGJIOAEHHSMH ORHOrO H3 CKOMJIEHHH ra-
JIaKTHK, a7 Kotoporo & Hafifero pasubiM 0,4 [13, 14} Tlo
atoMy Metony ¢o = 1,0 = 0,5, uTo mpUBOAMT K TOMY, YTO CO-
OTHOLIeHHe Mexay ¢oToMeTpuueckHM paccrosnueMm D
H CKOPOCTbIO ¢8 JHHeHHO C TOYHOCTHbIO HO BEJHYHH BTO-
poro nopsinka no 8 {cMm. coornomenue (A.11)]; ato siBasiercs
HAHTEPECHBIM TOATBEPK/EeHHEM MEPBOHAYANbHOH THIOTE3Ll
Xa66na. OTpHuuaTelbHBI 3HAK NapaMeTpa YCKODeHHSsI 03-
HayaeT, uTO paciinpenne BceseHHON B HaCTOALLYIO 3MOXY
3aMeJISIeTCs.

UYucsenHoe 3Ha¥eHHe caMoro napamerpa XaO6aa Ay, ko-
TOpHI faj Gbl CYLECTBYIOILYIO B HACTOsILlee BpeMsl CKOPOCTb
pacllipeHus, He MOXeT OLITh HAIEHO TOJILKO U3 COOTHOMIE-
HUA MeXJy KpacCHBLIM CMellleHUeM H BHJAMUMbLIMH BeJTHYHHaMH.
Heo6xopMMO NMpHMEHHTb HEKOTOPLIH mpolecc KaJuOpoBKH,
C NOMOUILI0 KOTOPOTO MOXHO He3aBHUCHMO HafiTH (oToMeT-
pHUECKOe paCCTOsIHHE, COOTBETCTBYIOIlee HEKOTOpOMY 3a-
JAHHOMY 3HAYEHHIO KpacHOro cMellieHusi. buicTpoe usMene-
HHe MHEHHH MO JaHHOMY BOMNpOCY NPOH30LLIO B NOC/eLHHE
ceMp Jier. Ilpunstoe 3Hauéuwe Hh; H3MEHHJIOCH C
17,8- 10718 cex! (= 540 rm/cex - meeanapcex) B 1952 r. Ha
2,43- 10718 cex™ (=75 km/cex - meeanapcex) B 1959 r. [15].
H3MmeneHune HIKaJbl paccTosiHuil, CBSA3aHHOE C NOJOOHOHU mne-
peolleHKOH, O3HAYaeT YBedHYeHHe BCeX PacCTOSHHUIl, COOT-
BETCTBEHHO YMEHbIIEHHIO 3HAuYeHHi h.

DT pe3yJbTaThl, H B OCOOEHHOCTH OTPHLATEJbHOE 3Ha-
yeHHe Ho, BhisBaJH psifi Bo3paxenuil. [lockonbky he paenO
HYJI0O B MozeJiH MujHa M NOJOXHTeJILHO B CTalMOHAPHOM
MOJEJH, 3aKJIOUeHH s, ceJlaHHble U3 HaGAIofaTebHbIX faH-
HBEIX, HECOMHEHHO HENPHATHLI CTOPOHHHKAM 3THX TeOpHil.
CnpaBenJiiBO 3aMedaroT, YTO J[aHHble HaOJIoJleHHil He-
TouHbl. Ho Beab GOJBLIIMHCTBO ACTPOHOMHYECKHX [aHHBIX
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TaKxe HeTOouHbl B OoJibllled wWiIH MeHblled crenenu! Ho
fnoKa KpPHTHKH He CMOTYT NpPeJOCTaBHThL (oJiee TOUHbIE JaH-
Hule, § He BHXXY OCHOBaWHH K TOMY, YTOGHl OTBEpPrHYTH 3a-
KJIIOYEHUS, CeJlaHHble Ha OCHOBAHMH WMEIOUIHXCsl Haburo-
pennil. Bo3pakeHns OCHOBHIBAIOTCS TakXe Ha TOM, YTo hg
nepecTaHeT ObITh OTpHUIATe/bHOH BeJHYHMHOMH, eCJH npenmno-
JIOXXUTh, YTO BHYTPEHHsIS CBeTHMOCTb CaMbIX SPKHUX UYJIEHOB
B CKOINIEHHH TrajlakKTHK CHCTeMaTH4ecKH BO3pacTaer mo
Mepe TOro, Kak Mbl epeXonuM Ko Bce GOJIBLIMM 3HaYeHHSIM
KPACHOTO CMellleHHs1 H, CJIeJOBaTesbHO, OTOJBHIAeTCs BCe
fallee M Jiajsiee Ha3aj BO BpeMeHH. JTO yTBepXKAeHHEe CBO-
JMTCH K TOMY, YTO COOTBETCTBYIOLUMM 0GpazoM BbIGpaHHOE
orpunaresnsHoe 3Hauenne W; B (A.12) moxer cnenats hs
PaBHBIM HYJIO WJIH NOJOXKHTEJNbHLIM, YTO BIIOJIHE ClipaBeli-
aueo. Ho onsite-traku orcyrcrByioT ybeauTeNbHble HabJIO-
JlaTeJIbHHE JlaHHble, KOTOpble onpaenalu Obl NOJOGHBIH BH-
6op. OcTpoyMHO# ajbTepHATHBON GblJI0 OB IPERNIONOKEHHE,
gro a(dekT ABJsIeTCs pe3yabTaToM oT6opa — cjabble cKol-
JeHHsI ¢ GOJIBUIMM KPACHBIM CMelieHHeM BHGUPAIOTCS NpH
HU3MepeHHAX NPOCTO NOTOMY, YTO CaMble SipKHe YjeHBl B HHX
o6ianaT HeoOblMHO OGoJbuioit ceetumocThio {12, 16]. B
3TOM cJlyyae ONNThb-TAKH cJefoBano Obl MOATBEPAMTH Ha-
O/lofeHUsIMH HaJlyne NofgoCHoro or@opa.

ditumireiinosckue ypasHenns noas (A.16) u (A17) u
NpenlecTBYIOIHe ONpee/ieHHs: napamMeTpoB he H Ay No3BO-
JSIOT OIpeReJUTh KOCMOJIOTHYECKYIO TIOCTOSIHHYIO M Kpi-
BU3HY TNpocTpaHcTBa. [lpeanosioikHM, Kak 3TO OGBIYHO pe-
JlaeTcs, 4To p/c? B HacToslLlee BpeMsi NMpeHeOpeXHMO MaJjo
N0 CpaBHEHHIO C NMpUHMMaeMOH B HaCTosilllee BpeMsi IJIOT-
HOCTbIO fo. [TOC/IEIHIO MOXHO OTOKIECTBHTb C IPHHHMae-
MOH HEHE CpefiHell MJOTHOCTBIO MaTepHH B HalbJjrofaeMoil
Bcenennoii. Ilpu uikase paccTosiHHH, COOTBETCTBYloLlei
hy = 243-10"18 cex!, nocienHas oOLEeHKa MNJOTHOCTH o,
nannHas Ooprtom, ectb 3,1-1073 2/cau® [6). Takum oOpa3oM,
4nGpo=4,4-102h u, ecsiu Ry ectb NpUHHMaeMoe B Ha-
CTosiliee BpeMs 3HauyeHHe Macuitabnoro ¢akropa, ypaBHe-
Hust (A.16) u (A.17) nator ~

A= 3hy+4rGpy=(— 3¢, 44,4 - 107°) K, 3)

A M B 4nGpy=(— gy — 1 4+-4,4- 10) K. (@)

R

23#
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3HayerHe ¢y NMPUMEPHO paBHO 3 M, CJIE€NOBATEJbLHO, KOCMO-
JlorHyeckas NocTosiHHas H k GyayT OTpUOATeJbHBIMU. SICHO
TakK¥Xe, YTO JJIA TOro, ytoboul craeflatb A paBHBIM HYJIO H
HMeTb AeJ10 C NPOCTPAHCTRBOM HYJIEBOIl HJH NOJOXHUTENLHO
KPHBH3HbI, COBpEMeHHOe 3HadeHHe NJIOTHOCTH HAaI0 YBeJH-
yuTk npuMepro B 200 unu Gosee pas. OopT cuHTaeT BO3-
MOXHBIM, 4TO €ro 3HaueHde MJIOTHOCTH MOXeT ObITb YBeJsH-
YEeHO B «eCATh Wik Gosee» pa3. OpHako 3TO elle BeCbMa
naJseko ot MHoXuTeas 200. VTak, Mbl 3akJouaeM, YTO NOKa
He OYAyT NOJyueHb! HOBBLIe HaGJIOfAaTeNbHBElE JaHHBIE AJIs1
nepecMOTpPa 3HAYEHHS] pg, CYLIECTBYIOIIMM JHAHHBIM Jyulle
BCEro YJIOBJETBOpSieT OTPHIaTeJbHasi KOCMOJOrHyeckas no-
CTOSIHHAs M OTKPBITOE IPOCTPaHCTRO runep6oJHYeCKOro THTIA.
OrpunartensHoe 3HaveHHe A o3HayaeT, uto Bo Bcesen-
HOIl cylilecTRyeT yHHBepcaJibHasa cuia (cM. [22], § 6.5), Ko-
TOopasi MpensiTCTBYyeT rajakTukam pa3feraThcs. ITa cuia Jo-
NOJTHSIeT B3aMMHOe IPABHTAIHOHHOE MPUTSAMKEHHE [aJaKTHK.
OTH [Be CWJIbl MeXXAY HHMH OTBETCTBEHHBbI 3a 3aMeJieHHe
pacuiupenusi. Ho ecnmu ycTpaHuTE TNepBYIO M3 3THX CHJ
(A-cuny), UPHHSB aNPHOPH, YTO KOCMOJIOTHYECKasi TIOCTOSIH-
HAs paBHa HYJI0, BCS OTBETCTBEHHOCTb 3a 3aMejJieHde Iia-
gaeT Ha rpasurtauuio. Torpa, 4toGbl NMOJYYHTH JOCTATOYHO
6oJIpllIoe TPABUTAIMOHHOE TpPHTAXKEHHe, HeOGXORMMO yBe-
JIHYUTh CPe/inio0 MuoTHocTh Matepuu B 200 pas, Kak 6blIO
OTMeYeHO BbIILE, H 3TO NeHCTBUTEJBHO HeJaeTcs TeMH, KTO
CYHTAET, YTO KOCMOJIOrHYeCKas TOCTOsiHHAsT A foJ>kHa GbITh
paBHO# HyJ10'). .
HecooTeeTcTBHe MeXAy HAG/IOAaeMBIM H BBIYHCJIEHHBIM
3HAYEHHAIMH pp B TeOpHH cTanHOHapHo#i Bcemennofi Heus-
6exxro. Ilpu k=0 uz (A.18) momyuaem 4wGp=1,5h]

smecto 4,4-10-2h%. Bror pa3pblE MOXeT ObITb JHKBHAHPO-
BaH TyTeM NPeANoJoXKeHHs, YTO HabJojaeMoe 3HayeHuHe
IVIOTHOCTH Haj0 YMHOXHTb npumepHo ma 30. 3pech
MH HMeeM HONOJHHTENbHYI TPYAHOCTb Hapsily ¢ Tpen-
CKa3aHHLIM 3TOH TeOpHeH IOJOXHTEJbHBIM 3HAYeHHeM Ia-
pameTpa yCKOPEeHHS.

1) Tak, Xoiye u Csupefigx [11], nonaras A= 0, wHaxonsrt, yto
4nGpo = SqOh;".
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§ 4. Pacnpenenienye HCTOYHMKOB pajaMonsiydenus xaacca ll

Cunepnytowas npobieMa, KOTOpyI0 HEOGXOAHMO OGCYIHTD,
3aKJI0YaeTcsl B pacrnpeneNeHdH c1a6bhlX HCTOYHUKOR pajHo-
H3JyYeHusl, Ha3BaHHbIX B pafoTaxX apcTpasHiCKUX aBTOPOB
[17] uctounukamu Kaacca I1. KopoTko rorops, Ha6/1104a/IHCh
clleiylollie pe3yJibTaThl: Ha HCCIeROBaHHON YacTH He6Ga 00-
napyxerno 1003 ucrounmka knacca II, u u3 Hux Jullip He-
Gosiblllasi 4acThb OTOXJecTBJIeHa onThyeckH. Korzpa Ttakue
HCTOYHHKH YRA€TCH OTOXKAECTBHTH, OHH YaCTO OKa3biBaloTCH
rajlakTHKaMH ocoGoro popa. KouawdgecTBo 3Heprud, nosy-
YeHHOE OT UCTOUHHKA PaJHOHU3NyuUeHHs B eMHULIY BpeMeHH
yepea €NMHHULY NJOLladu B TOYKe HaG/IOfeHHs H B eJHHHY-
HOM HHTepBajle YacTOT, Ha3bIBAETCH MJOTHOCTBIO NOTOKA U
BBIpaXKaeTcs B BaTTax Ha KeajpaTHblil Merp Ha repu. OG-
mee yncsao N ucTOUHMKOE Kiacca Il B HekoTophIX nocaepo-
BaTeJbLHBIX Npefesax IIOTHOCTH HOTOKZ S MOXKHO NpescTa-
BUTb Ciepyioluell Tabaunei:

S, 107 % em-m %2yt 7 10 20 40 80 160
N.oooeuuee.o.. 92 754 218 63 19 4

Jlerko nokasaTh, 4TQ 3MIHpHYECKOE COOTHOILIEHHe MeXay
N u S umeer BUL
3

N=/(const)S 2, (5)

tie p pasno npumepro 0,31). TlpH u3yueHHH HCTOYHHKOB,
6nu3kux K kaaccy I, Gblno HaiijieHo, YTO H3JyYeHHE FHep-
TMH Ha pajuoyactorax Mensiercss kak (Hacrora)* B Kaxk-
oM HHTepBajse 4YacTOT, Ile X — KOHCTaHTa, Ha3blBaeMasi
ClieKTpaJibHbIM HHJEKCOM; ee 3HauyeHHe JexXHuT mexny —0,6
u—1,2[19]

[Npu nonblTKax HHTEpnpeTanHd 3THX JAHHBIX C [OMO-
b0 MojesH ofaHOpORHOH BceesenHoil, kak coryacHo oflue#
TEOPHH OTHOCHUTEJLHOCTH, TaK U B TEOPHH CTallioHapHo# Bee-
JIEHHOI1, He0OXOAUMO AONYCTHTh, YTO HCTOYHHKH Kjaacca II
Ha caMoMm [ieJle SRJAIOTCH raJakTHKaMH H YYacTBYIOT B

1) B pa6orax KamOpumickoil rpynnbl Opeinodaraercs, YTO ¢ Mo-
Xer OuTh paBHbiM 1,4 wnu naxe 24. (Cwm. [18])
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ofmem pacuivpenuu. anee, nago UMeTh B BHLY, YTO KaxK-
Ablil ucTouHuK kiacca II umeer cBoo ocobylo MHPOBRYIO JiH-
Huto. OTCYTCTBHe ONTHYECKHUX OTOMXIECTBJIEHHII O3Hauyaert,
YTO HCTOYHHKH B COJIbIIHHCTRBE HACTOJIBKO YJaJIeHBbl, YTo fe-
JIaloT HEBO3MOXKHBIM NOAOGHOe oToXxpecTeienue. OHH, mO-
BHJAMMOMY, SIBJSIIOTCH CWJIBHBIMH HCTOYHHKaMH, BO3MOIKHO
CPaBHMMBIMH C apaMu CTAJKHBAIOMUXCH rajlakTHK, TaKux,
kak, ranpumMep, NGCI1275 nau A B coszpesnuu JleGens. Ipn
3THX NPEANOJOXKEHUAX Mbl NPOU3BEAEM NOJACYET HHCJA HC-
TOUYHHUKORB, OOJiajlalolluX BbIOPaHHBIMH MHPOBBLIMH JIMHHSIMH
B Mopenn Bcenennoit (A.]1) u noneltaeMCsi CBA3aTb 3TO
HICJO ¢ NOCJIeJ0OBaTeJbHOCTbIO 3HAYEHHUH IJIOTHOCTeH [0-
TOKa C nomotbio popmyJs (A.15).

[TapameTp a AJf HCTOYHHKOE paJuMOU3JIyYeHHs KJac-
ca Il paccmatpuraercs o6napatoum U-ceoficteom. Cute-
JIOBATENBbHO, OH ARJsercs (YHKUHell BpEMEHH H, C TCOUKH
3penusi HaOJulopatess, Tak)ke (YHKIMe[l KpacHOTO CMelne-
HUsI, COOTBETCTBYIOLIEro CJOK, B KOTODOM HaXOIHTCH
ucTOYHMK. [lIOTHOCTL YuCsIa HCTOYHHMKOB, ONpefesseMas
dopmyJsioii  (A.14), MeHsercsi He TOJNBLKO TNpPU H3MEHEHHH
MaciTabroro (akropa, HJH, YTO SKBHBAJEHTHO, NPH H3Me-
HeHHH KPacHOrO CMellleHHs], 0 Mepe TOro Kak Mbl epexoHM
OT CJI0S K CJOK; OJOTHOCTh HYHCJa HCTOMHHKOB CaMa
uaMeHsercs Gaarofaps H3MEHEHHIO .

Hcrounukd B THNHYHOM cJoe r (CM. qmr 1) npeanosna-
raioTcs OJMHAKOBBIMH M MOAYHHAIOLIUMHCS 3aKOHY HCIYCKa-
uua (Hacrora) *. CrneKTpaJibHbBI HEAEKC TaKXKe NpefiioJa-
raeTci OJMHAKOBBIM JJIsi HCTOUHHKOE BO BCEX CJOSIX.
OnHaKO MOXeT CJIYyYHTHCH, YTO HCTOUHHKH B CJIOE€ r NOABEp-
3KeHbl OJHOPOIHBIM BEKOBbIM H3MEHEHUSIM WHTEHCHMBHOCTH
H3JTy4YeHHs. DTO MOXET ObITb YYTEHO, ecJiH NPEeLNOJIOKHTE,
YTO 3HEprusi M3JYy4eHHs B CJIOE r W B WHTEpPBaJe 4acToT OT

f. no f.+ df, ectb
c)f;df,=CQ®)fidf, (6)

3peck mpepnosaraercsi, 4HTO MHOXHTeab C  o6Jaapaer
U-croficTBOM H MOMKeT ObITb NpEeACTaBJIEH B BHE PAna Mo
crenensaM 8. DTO uaJjgyyYyeHHe nOCTUTHeT Habusiopartess, vMes
untepsan yactor ot [ po f+ of, rne fo =f(1 +8) u df, =
= (1 4 3)df; ero wHTeHCHBHOCTbL OGyleT yMeHbllieHa B 1/D?
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pa3. Takum olpasom, HaGmonaTesab 3aperuCTPHPYeT MJIOT-
HOCTH NOTOK&, NPOTIOpPLHOHATBHYIO

c@UEN pryp )

Ho | v df dukcupoBanb XapakTepoM HCIOJNB3yEMOro ofpe-
JiesileHHOro HabJuofaTtesibHoro npuéopa, TO ke camoe MOXK-
HO CKa3aTb OTHOCHTeJbHO HCTOYHHKOB BO BCeX cjosx. Ta-
KHM 06pa3oM, KO3 GUIHEHTH ponopHHOHAJBLHOCTH MOTYT
OLITh HCKJIOYEHB IyTeM pacCMOTPEHUsSt HMCTOYHHKOB B CO-
celHEM CJIoe I, KaK «cTaHgaptHoM» cjoe. Ecau tenepn S,
S, — NJIOTHOCTH NOTOKa HCTOYHHKOR B CJOAX pPalMyCoOB r
W Iy COOTBETCTBeHHO, TO uMeem [20}'):

.8 c@E)y (43 p? g
Ss Cg) (143 % D2’ ®

[lpexze yeM nepexoguTb K NOJNYyYeHHIO GOPMYJH, CBS-
auBawleii N u S, nyreM KOMOHHHPOBaHHSI COOTHOLIEHHH
(A.15) u (8), none3Ho B3NJIAHYTb Ha Mojedb Bcesennofi,
KoTopylo HcnodsbayoT HaGmonatenu [17, 21). [Mpunnmaercs,
uTO BCce MCTOUHHKH Kiaacca II o6manaroT opurakopoii Moll-
Hocteio (87-m2-2y7'), a caMH MCTOYHHKH paccMaTpH-
BalOTCHl KaK HaxoAsllHecs B NOKoe H 0ecnopsifoyHo pac-
npeneseHHbie ¢ MOCTOSHHOM IVIOTHOCTBIO YHCJIA HCTOYHHKOB
B 3BKJHMIOBOM NPOCTPAHCTBE KjaccHyecKoii mexaHnuku. Ecan
S u S, — nJOTHOCTH NOTOKA, M3MepeHHble HalGJOnaTeseM
JJIsi HCTOYHHKOB Ha 3BKJMJAOBOM paccrosiuud | H [, coot-
BETCTRBEHHO, TO

p p
Sz?» Ss="'l§‘o
s
Ecnu no €cTb TUIOTHOCTH YHCJA HCTOYHHKOB, TO HHCJO HX
BHYTpH cdepsl panuyca ! ¢ LeHTPOM B Touke Habuojenus
paBro

_ Amny g
N-———3 B,

'} B astoit pabore npenmonaraercs, uto cooTHoweuus (3.05) u
(3.06) ummeror MecTo ¢ MOCTOsHHBIM p(= —Xx— 1),
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CuoiefoBaTefIbHO, COOTHOLIEHHEe MeXIy NpeAebHOH NJ0T+
HOCTbIO noToka S u uyucjoM N MoxeT OBITh BBIpaXKeHO Of-
HOil U3 ABYX GopMyJ:

v r)s ()" o

Kaxpoe u3 5THX BbIpaKe€HUH MOIKHO NOTOM CpaBHHTH
¢ sunupuyeckoll dopmynoil (5), a adgekr HeHyJeBOrosHa-
YEeHHS | MOXKHO YYeCTb COOTBETCTBYIOLIHM H3MeHEeHHEM,
HanpuMmep, B MHOXHTeJse ![anop™.

BospakeHuss npoTHE 3ToHl CTaTH4eCKOHl HBIOTOHOROMH
Bceenennoii 3akiouaioress B ciepyiouieM. Pacnpefienenue
JNOJKHO CTPEMHTBCH K HYJIIO Ha KOHEYHOM pPacCTOSIHHH OT
nabmonartessi; B NPOTHBHOM cyyuae HeGo Oblio OB parHO-
MePHO OCBelleHO, YTO He HMeeT MeCTd B AeHCTBUTENLHOCTH.
Bosee Toro, eciin Kamapifi HCTOYHHK SIBJISIETCS TaJlakTHKON,
TaKasl OrpaHuyYeHHAasi CcHCTeMa HCTOYHUKOB HeMEeLJIeHHO
ckajmack Obl  («KoaJanc») noj HAeHCTBHeM B3aHMHOTO
IpaBHTAllHOHHOTO NPHTAMKEHHS COCTABJAIOUMX €e uacTel.
Bce cnekrpasbHble JuHHM OblIM Gbl CMeLIGHH K (pHOJE-
TOBOMY KOHIly BMecTO KpacHoro. J{pyroe BaXnoe BO3pa-
KeHue 3akjlyaercs B TOM, 4TO 3Ta TEOpHS OTBJeKder
BHHMAHHE Ha YCJOMKHEHHe, a MMEHHO Ha OTKJIOHEHHE OT
«3aKOHa -—3/2», BBIPaXKEHHOr0 B HEHYJICBOM 3HAYEHHH [.
Beab HMeHHO (AKT CYLIECTBOBAHHA COOTHOLIEHHS MEKLY
N u S, xoropoe Tak 6/IM3KO anpPOKCHMHPYET «3aKOH —3/2»,
SIBJISETCS] OCHOBHOH 3arajikoii, KOTOPYIO ciejiyeT OO0bscC-
HUTb B IIEPBRYIO ouepeib.

Ocrarasss 3T0T cnocol NOAXORa, BepHeMCs K MOJeJH
onnoponuoil Beenennoil, B kortopoil nctouduku kmacca Il
npuHUMalOT yuactve B ofilem pacuiupenud. [lnornocTth
Yyucja WCTOYHHKOB B CJIoSIX r H Iy OylieT COOTBeT-
CTBEHHO N H n,. Tak Kak CJol ry HaXOAHTCH OJIH3KO
K nab/ofaTesi0, TO NJOTHOCTb YHC/Ta MCTOYHHKOB BO BCeX
TOYKax o6beMa, OrpaHHYEHHOIO 3THM CJIOeM, MOXKeT CuH-
TaThCA PaBHOH N, Takum oOpasoM, u3 (A.14) umeem

=i@L1;§Z*‘_§£, (10. a)
— % (-} 3) . (10. 6)

$
RS
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rae B KayeCTBe oy MOXKHO NpPHHSTh 3HAYE€HHE @, COOTBeT-
CTEyIOLee HYJeBOMY KpacHoMy cMeujendtio. Korma «
SABJAETCST KOHCTaHTOH, HW3MeHeHHWe £ C POCTOM & HPOHCXO-
JIHUT TOJAbKO Onarofaps pacimupenulo BceesenHofi n faercs

COOTHOUIEHHEM
LI 1__.8_ 3
ns_(l IBS)' (10. B)

Yt100b! BOCHPON3BeCTH 3MIHPHYECKUH 3aKoH (B), [onyCTUM,
4YTO YHCJIO HCTOYHUKOB, 3ajgaraemoe dopmyraoit (A. 15),
B o0beMe, BHellHel TIpaHullefi KOTOPOTro CJYIKHUT CJoO#
paauyca r, NPONOPUMOHAJLHO OTHOUIEHHIO NJIOTHOCTEH
N0TOKa, onpefeiseMoMy cooTHoueHueM (8). 3anuiiem

34

47:nSD2 S 2
N=grmeAls) (h

rope A —unc/ieHHass KOHCTaHTa HOPMHUPOBKH, KOTOPYIO
HyXHBO onpepnenuTs. Tenepb npoaudgepennupyem (11) no
r v ucnosb3yeM coorHoweHus (A.15), (A.10) u (8). Or-

crona HaipeM
n o {143 )3
= (T =

P2\ P

__ F (T8 g;a%u(l:i) C(?)s))s_-;i r 1+kTS 12
—_F_s(l“l“?'s) (C(?’)- 1+k_r3 ts ' ( )

4
rape

1 kr?

1—x 1 de\rdd 1
4

afeck F, ectb anauenue F npu 8 = d,, a KoHcTauTta A no-
lobpana Tak, yToObl NOJNYYHTb n = H, npu & = d;. Dop-
Mysa (12) npuMmeHHMa, KOHEWHO, TOJNBKO IJIfi r > g WM
8> 3. DTo COOTHOLIEHHE TOKA3HBAET, YTO N H & JONIKHBI
MEHATLCA BMecTe ¢ 8, eCJId HYIKHO NOJYUYHTH 3MIHPUUECKHH
3akon (5). Ecnu 310 — «3akon —3/2», 70 B (12) p=0.

Yr1o6bl noKaszaTh, KaK n MeHsieTcs ¢ 8, HeoOXOIHMO MC-
NOJb30BaTh HEKOTOPYIO KOHKPETHYIO MOJiesb, KOTopas OBl
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NO3BOJIsJIa BBINOJHUTL HHTerpupoBanve B (A.4). Ilpo-
crefinlell MOZeJbIO TaKoro popa siBjsiercs Mopens Muspa
(A.2), B xoTopo#, ecsiu W HET OTpHIATENBHOrO0 napameTpa
VCKOpeHUS, TO OH 1O KpaiiHell Mepe paseH Hymo. onycTum

(t.-t), 10”em
5
so—2 4 4
30
8
26

'

dur. 2.

JUIS NPOCTOTHI, YTO KO3(D(HIMEHT HHTEHCHBHOCTH H3Jyde-
uug C ecTb KoHcTanTa. lorpa coorHouwesue (12) npunm-
MaeT BHUJL,

7-3x—p(l+x)
() R ()
ng ( 143 243 Bs
L4 x 4 @G—x) (143
XTrxre—aarey s 14
B sroii Momeam npu x = —| mnoJyuaeTrcs CpPaBHUTEJBHO

npocrasi GopMysa, H 3TO 3HAueHHe X NpHHATO Ha ¢ur. 2,
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KpuBasi a nokassiBaeT Xxoj lg(n/ng) B 3aBHCHMOCTH OT 3
JUIA 3MnupHyeckoro 3akoHa (5) npu p = 0,3, kpurasa 6 of-
HOCHTCSH K «3axkoHy —3/2» npu p =0, a KpHBas 8 — K CJ1y-
yaio (10 8), B KOTOpoM n MeHsiercss TOJNLKO OGaarogaps
pacwupenuto. Bo Bcex tpex cayuasx 8,= +0,004. Cpag-
HEHHe KPUBBIX 6 M 6 MOKa3bIBaeT, YTO CYLUIeCTBOBaHHE «3a-
KoHa —3/2» pJia pacnpejiesieHHsl B OPOCTPAHCTBe HCTOYHHU-
KOB pazuousjiyueHus kJyacca Il npennonaraer, 4to OHH
OBLIH CYLUECTBeHHO 0oJiee MHOTOYMCJIEHHBI B [IPOULJIOM, YeM
B Hacrosiliee BpeMmsi. [loJiokuTeJbHOE 3HAYeHHE [ MPOCTO
JlenaeT 3TO BHYTpeHHee Bo3pacTanue GoJiee SIPKO BBIpA-
KEHHBIM,

Taxkum o6pa3oM, NOHHKEHHYIO MJIOTHOCTH GoJee CHJlb-
HEIX HCTOYHHKOB PajHOM3JydeHHsl 10 CPAaBHEHHMIO CO CTATH-
yecKoil B HauieM OGJyuxaiitieM okpyxeHnd [17] moXHO
6bio 6bl MpedBHIETh B KaXioM ciayyae. MomeHT B mpo-
HJIOM, K KOTOPOMY OTHOCHTCSI KaKOe-JJHGO KOHKpETHOe
3HayeHue M, MOXKeT OBITb BBIYHCIAEH W3  COOTBET-
cTeyiollero & M BpeMeHH paclpocTpaHeHus fo— 1 u3Jy-
yenHs oT HcrouHuKa. Vcnonb3ys coothouenun (A.2),
(A.5) u (A.7), nonmyuaeM Bpems, pasnoe &hi(l + )},
ngs Mopesnd Musina. Hexkoropele M3 3THX JaHHBIX NpHBE-
neHbl Ha ¢ur. 2 ans hy = 2,43 10°® cexl. Takum o6pa-
3oM, 2,2-10° ner toMy Hazan (8 = 0,2) nJIOTHOCTH 4YHCJIa
HCTOYHHKOB, NpeCKa3blBaeMElE. KPUBLIMH @, 6 W 8, JOJIKHEL
OBl OTHOCHTLCH APYr K Apyry Kak 12:3,5:1,7.

Cootnoutenre (12) nokasblBaeT Takike, YTO IJIOTHOCTb
YHCJla UCTOYHHKOB OyJeT MeHsITbCH B pe3yJbTaTe OAHOTO
JIMlib paciuupenus (a = ap) NPH HEKOTOPHIX ChelHaJbHBIX
ycaopusix. Onun U3 NOROOHBIX CJyYaeE MOXKHO OXapakTe-
pusoerate HabopoMm x = +1, k=0, n =0 u C = const.
XoTs H3BECTHO, UTO UCTOYHHMKH paiHouajgyuyeHuss Kiacca II
He HMEIT CHeKTpaJbHbBIX WHAEKCOB, PABHBIX eJHHHLE, 3TOT
pe3yJibTaT TeM He MeHee HMHTepeceH, TaK KaK OH NOKa3bl-
BaeT, KaK COOTBETCTBEHHO BLIOpaHHBI 3aKOH HCOYCKaHUSA
JUISi UCTOYHHUKOB H3JyYyeHHs] MOT OBl BOCHPOU3BECTH «3aKOH
—3/2», naxe ecqH MCTOYHHKH OYeHb JafeKd OT fNpeChBa-
HUS B COCTOSIHMHM MOKOSl B CTaTHYeCKOH HbIOTOHOBOH Bce-
JenHo#. MOXHO TaKike poKa3arb, YTO, KOrZa X He paBeH
€JlMHHIle, YCJOBHE & = ap MOXKeT ObITh ofecriedeHo TOJBKO
npennojioxenueM, uro R(f) 3aBucut or x u C. ,prmMn
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cnopaMi, pacuMpenue BceesenHoil 3aBucesio 6B OT 3aKOHa
HCTIYCKaHHsl PajMOM3JyyeHUs HCTOUHUKaMu KJaacca II, uyro
BpAJ JIH AONYCTHMO.

AdpdekT nepeMeHHON HHTEHCHMBHOCTH H3JIyYEHHS] MOXKeT
OBITh NPOMJIIIOCTPUPOBaH CHefylomuM obpa3zoM. [Tomoxum,
uyTo MCTOYHHKH KJjacca Il pacrnosoxeHbl CpaBHHTENBHO
6aM3Ko or Halmopartens W yTo cooTHowlenue (12) orpa-
HUYEHO TOJMbKO Nepeoil cTenedbio &8 Ecan p=0,
C=1+4+Cdud~0, 10

=146 —2x—2C) ¥+ ...,

ng
L =142(1—x—C)¥+ ...,
%o

KakuMH 6bl HM OB R W KOHCTaHTa KPUBU3HH. [ljoTHOCTB
YHCaa HCTOUHHKOB OYIEeT MeHATbCSl TOJBKO  BCJAELCTBHE
pacuiMpeHHsl ¢ TOYHOCTBIO RO RAHHOro npubJHiKeRHs 0O 8§,
ecau ')

(15)

Ci=1—ux.

Tak xak x orpunarenbho, C; SBJASIETCH NOJOKUTENbHOMN
REJMYHHOH W (akTop MHTeHCHBHOCTH pacter ¢ d. Cnenosa-
TeJbHO, BCE HCTOUYHHKH Oojiee HMHTEHCHBHO H3JyYyajd B
OpolULIoM, YeM Telepb. Jlpyras ajbTepHaTHRA 33KJII0YAETCS
B TIpPeANONOXKEHHH, YTO HCTOYHHKH pajnou3JyueHHs KJjacca
Il pacnosoxerb! Tak 6JH3KO OT HabBJIOfaTeNs, 4TO HX KpacC-
Hoe CMenieHHe npakTuuecku pasuo Hyaw. Ho Torpa Tor
(bakxT, YTO ONTHYECKHX OTOXKAECTBJIEHHH OYyeHb MaJo, CTaHo-
BUTCH COBEPLIEHHO HENOHATHBIM.

[Mpubaukenubie GopmyJibl (15) nokaselRawT Takxe, Ho-
yemy [lpucrep {29] cmor 3ak/IOYHTB, 4TO €CJIH 71 MeHsieTCs
kak (1 + 8)® u C — KOHCTaHTa, TO «3aKOH —3/2» BoOCHpoO-
usdpoautTca noytd touno. Ilosmoxkup C;p =0 u x=—0,8,
HMeeM:

%%(1 +6,68) ~ (1 4-8)°5. (16)

I'unortesa Ilpucrepa 3ak/aoyaercss B TOM, YTO BCE MCTOY-
HHKM panuousnyyenusi Kiaacca Il mnpepcrasasior coGofl
crankMpamolecs: rajakTikd. OQHaxko 3Td HMHTeprnpeTamus

1) Bror pe3ysbTaT 6L HaiineH npyruM cnocoGom aBropom B [20],
rje 3T0 COOTBETCTBYET Cayuaro p = const, by = —I,
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CTaHOBHUTCSI TeM MeHee npaBaononobHoil, uyeM OCoJblue
HCTOUHHKOB OTOXKJECTBJSAIOTCS C KPaTHO-LEHTPUPOBAHHbIMU
SJJIMITHUECKUMHU TaJlaKTHKaMH.

Orcrofna cnenyer BHIBOJ: €CaM MaciTaOHbl ¢HaKTop H
KpUBM3HA [POH3BOJIbHLL, a MCTOUHMKM Kjaacca 11 ABJIAIOTCH
ralakTHKaMHl, He HaXONSIIUMHMCSH B HENOCPEJICTBEHHON
611M30CTH K HAaGJMIONATENIO, TO NOJKHA UMETh MECTO HEeKOTO-
pasi 3aBHCHMOCThL @ OT 8, eC/iM pacnpelesieHHe MCTOYHHKOB
B DPOCTPAHCTBE TIIOJIUMHSIETCA «3aKOHy —3/2», npuueM
5TO TAKXKE€ CHPaBeiJIMBO, KOIQa [ OTJHWYHO oT Hynss. Ta-
kMM 00pa3oM, IJIOTHOCTh YUC/A HMCTOYHHKOB B IIPOLILIOM
OTJIMYAETCS] OT €e 3HaueHHsl B HAcCTosulee BPeMsi B OKpeCT-
HocTi HaGoNaTesisl; 3TO pasJjiMule He MOXKET OHTh yUTEHO
ONHHM pacluupenueM BceJseHHOM.

OCHOBHOE JIONYILIEHUE TEOPUM cTaLUOHapHOH Bcenennoi
3aKJI04aeTcA B TOM, 4YTO OTHOLIEHHe [JIOTHOCTel uucna
HCTOYHUKOB fi/n; BcerZa paBHsercst eaunuune. Kpome Toro,
HHKakue obue BEKOBble 3(QiheKTH He IONYCKAKWTCsl TEO-
pueii, u, c1enOBaTeNbHO, KO3GGULUMEHT HHTEHCHBHOCTH H3-
gyuennsi C pomken ObTh KOHCTaHTOH. Ho Temepb oTHole-
Hue nfng; MOKeT GHITL BBIUMCIEHO NSl CTAMOHAPHOH MO-
neau (A.3) u3 coorHoumenuii (12) u (13), npuuem B pe-
3yJbTare NOJYYHM

7—3¢+p(1-x)

no (13N T2 L3\ 24+ @B—x)b 1
=115 &) oo
CpaBuenne ¢ (14) mnokasbiBaeT, KCTaTH CKa3aTh, Kak
CHJILHO U3MEHEHHe MOIejH MeHsieT GOpMyJay s IJIOTHO-
CTH uyucaa HcTouHMKOB. Ecau 6bl mpaBasi uacTb paBHSJIach
€[IMHUIle, OHA ONpENesIEeHHO He JIO/kHA Oblna Obl 3aBHCETH
o7 8. Ho 310 He MOXeT OLITh JOCTUTHYTO JIJISl TIPOU3BOJIb-
HOH KOMOMHAUMM BeJInuMH u u x. Takum 06pasoM, Mbl 3a-
KJIOYaeM, 4TO IMIHPUUECKOe npaBuso (5) He MoxkeT OHIThb
BOCIPOM3BEEHO Teopueit crauuonapHoii Bcesnennoil.

§ 5. BuiBoabl

Kak oObluHO, KOFma TeOpHS COINOCTABJNETCS C Cypo-
BbiMp aKTaMM 3IKCIlepUMeHTa WM HaOMOJeHHsl, Hapsny
C OTBeTaMM BO3HHKaeT CTOJbKO XK€ HOBBIX BOIPOCOB.

Ecnp opuopomHocte B HaGmonaemoii  Bceesensoi
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NpeACTABJAAETCA TONLKO KPYNHOMACIUTAGHHM SIBJIEHUEM,
TEOPETHKaM CJelyeT Tenepb BEPHYTBbC K IOCTPOEHHIO
Monesn Bcenennoii, kKoTopas sABJSETCA OJHOPONHOH B
60J1LIIOM, HO CTAHOBUTCS! HEOIHOPONHOH, KOrJla OOBEM 3Je-
MEeHTd NPOCTPaHCTBA CTAHOBUTCS MEHBIIE, UeM OIpejesieH-
HOe MuHHMaJjbiHoe 3Hauenue. Ho ecsn TeM He MeHee mpu-
MEHATb OJHOPOAHBIE MOJEJH, TO CJEAYET COCPENOTOUYHMTE
BHUMaHHE HA Te€X M3 HHX, KOTOpHE COOTBETCTBYIOT THIiep-
60JIHueCKOMY NPOCTPAHCTBY H OTPUIIATENLHON KOCMOJOTH-
yeckodl koHcTaHnte. PenstuBuctckue Mopenn Bcenennoii
NOJOGHOrO poja CYHIECTBYIOT, U YacTh H3 HMX YIOBJIETBO-
pseT YCJOBHIO HYJIEBOro nabBjenus. ITockosbky 310 yeno-
BUe MOXKeT OHITb 3KCTPanoJIMPOBAaHO B OT/[AJEHHOE Ipo-
1I1J710e, a TaKXKe NPOAOJIXKEHO B OTHaJiEeHHOe Oynyllee — JiBe
OueHb COMHHTEJIbHHIE IKCTPANOJSIUH — 3TH MOJEJIH HUMEIOT
Macmtabubie ¢GakTophl R, KOTOpHE SABJSIOTCA 3JJHITHUE-
ckuMu Gyuknusimu f. Macmrabuuii dbaxkrop R Bo3pacraer
OT HYJi1 1O MAaKCHMaJbHOTO 3HAau€HHs, a TIOTOM CHOBA
yMeHblaeTcs 1o Hyasi. TakuM 06pa3oM, 3TM MOJENH OTHO-
cATCA K THUINY OCHMJWIMPYIOIIUX, HJM LUKJIMYECKH MOBTO-
psaroumnxces.

Ho s nymaio, uto 66110 6B HIIIO30PHLIM NIPETEHIOBATH,
KaK 3TO JeJiaeTcsl B TEOPUU CTAaNMOHAapHOH BceseHno#l u B
TEOPUH KHHEMATHUECKOrO pesisiTUBH3Ma, YTO MOXKeT OBITh
BEIOpaHa OfHA €IUHCTBEHHAS! BEChbMa CIielHaJibHas MOJE/b
BceseHHO# AJig TOro, 4YToObLl TNPEeACTaBUTh HabJI0AEMYIO
Bcenennyro.

Ham 0630p nomHsa Takke psifi GU3HUECKUX INpobjeM,
panpuMmep, npo6semMy: MOXKeT JiH YHUBepcajbHasy CuJa
NpUTSAKEHUs, TpelNCcTaBJieHHas OTPHLATENbHOI KOCMOJIOrH-
YeCKOH KOHCTaHTOH, OBITL MHTEpPHPETHPOBAHA JAPYyTUMH
criocobamMu? MOXKHO Jin TpencraButh ceGe ¢usnueckuil
nponecc u3Jiy4eHHsl PaJMOBOJH HCTOUHMKaMH kiacca I,
KOTOpHI{l NpencKasbBag Gul HX GOJiblee KOJHYECTBO B HPO-
uIJIoM, yeM B HactosiueM? BeposTtHo, 3To ycHJeHue B
IPOLUJIOM CBSI3aHO C TeM (PAKTOM, UTO TaJIaKTHKH paHblie
6blin Giinske NPyr K Ipyry. B aToM cMEic/e MOKHO cKa-
3athb, uTo Ilpucrep [29] oTBeTHN Ha Haul Bompoc, ecau e€ro
Tunoresa, 4ro OOJBIIMHCTBO UCTOUHHUKOB Kjaacca II sB-
JSIIOTCS  CTaJIKUBAKOILMMMCS TaJlaKTHKaMH, MOXKeT ObiThb
NPHUHATA.
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CTOpOHHMKH TeOpuM crauMoHapHo# BcenenHofi mnoJa-
10T, YTO HeOOXOAMME!I HOBble Buabl HaGmomenuii [30], nna
o uTOObl «TIPOBEPHTH» MX TEOPHIO MO CpaBHEHHIO C 00-
eii Teopueil OTHOCUTENBHOCTH. AcCTpoHOMEI-HAGJIOATENH
1, 31] Toke, NO-BUAMMOMY, CKJIOHSIOTCH K MBICJM, YTO
‘0T BOIPOC BCE €llle OCTAETCS! OTKPHITHIM. [leHCTBUTENBHO,
1956 r. 6bUIO K3BECTHO, YUTO TeOpHs CTalluOHapHO#i Bce-
*HHO# NpENCKa3kiBaeT HeNpaBuJbHBIL 3HAK I IapaMert-
1 yckopenusi. Mbl ykasaju, 4TO TpeICcKashlBaeMas Ccpel-
s TJIOTHOCTb MaTepUH OKa3bIBAETCS CJUIIKOM BHICOKOH.

Hakonen, oy H3 pe3ydbTaToOB HacTosled pabOTH 3a-
JAUascs B YKa3aHuM Ha TO, 4TO TeOpMUsl CTAnMOHApHOM
'CEJIEHHOH He MOXKET BOCIPOM3BECTH 3IMIUpPHUECKH{ 32KOH
acripejiesieHusi UCTOUHMKOB pajMOM3JiyueHHsi kJyacca Ll.
IJBULLY 9TUX COOGpaXkeHuii HEACHO, KakuM OOGPa3oM Halib-
efillile «IPOBEPKU» MOIJM Obl YCHJIHTHL IO3ULUU TEOPHH
tauuoHapHo#l Bcenennofi. CooTBeTcrBylouiasi el MOKEJNb
Jcenenno#l npocto He corjiacyercss ¢ HaGJlONEHHsIMH, TOTHA
{aK HeKOTOphle Monesau BcesienHo#l, BhTekamue u3 oouel
‘€OpHH OTHOCHTEJILHOCTH, HAGJIONEHHSIM YIOBJETBOPSIOT.

NPUJIITOXEHMUNE

SOPMYJIbl U ONPENEJIEHHMS, CIIPABEJJIUBbIE B OBLUEN
TEOPHH OTHOCHTEJIbHOCTH, TEOPUH CTALIMOHAPHOM
BCEJIEHHOM H TEOPHH KHHEMATHYECKOIO
PENATHBH3IMA

Merpuka B Momean onHoponuofi Beenennoit (cm. [22]
§ 8.2; ]23])

ds? — d? — R:z(t) dr?4-r? dﬂ?—{;{:j S;nzﬂdqa? . A1)
(1+) '
iléeoppm KHIEMaTHUECKOro peistuBu3Ma (Mopeis MuiiHa)
4 20k R=ct, k=—1. (A. 2)
Mopnens craunonapuoii Beesnennoit [26]:
R=Re"™ ™, k=0, (A. 3)

ne Ry v T noCTOSIHHHL.



368 Ilsc. Mak-Burru

Ocobast muposass auHus: reopesnueckas JMHMS, s
KoTopoit (r, 8, ¢) nocrosinun |[10].

Hcmounurku u3ayueHust npepnosararoTcsl HUMeERUlMMy
O0COGLIE MUPOBHIE JIMHWMM.

Habawoameas B Touxke r==0 HaxonuTcss Ha 0co6oj
MMPOBOHl JIMHHH M TPOM3BOAMT BCe€ CBOH HAGJIOJEHUS
B MOMEHT BpeMeHM f.

¥Ypasuenue Osuscenus pJs u3JyYeHUs1 OT HCTOUHHKA,
Haxopfauerocss B Touke (r, 6, ¢) B TUNHYHOM choe r (CM:
¢ur. 1), ects (]18], ctp. 145):

to

0
dt dr
cwa(t):‘fM1+kr2'_ (A4—)

t

H3asnyuenue nenyckaeTess HCTOYHUKOM B MOMEHT BpeMEHH £
H jocTuraet "HabJjloparesi B MOMEHT £

Kpacroe cmewjeHue wnanyueHusi OT UCTOUHMKA, H3Me-
pennoe nabaonarenem ([22], ctp. 146), ects

. Rt _ R
8= R(t)~1—~R———1, (A. 5)
ecau R — Bospacraronias QyHKuus BpeMeHu f.
TMapamemp Xab6aa («nocmosinnas» Xabbaa) u napa-
Memp YCHOpeHus:: eCiu R TpencraBuTh B BHAE Pa3foxe-
HMS1 B PSJl IO CTENEHAM BPEMEHH pacnpocTpanenns (f,— f)
U3JyueHus: oT HCTOUHHKA, TO (A.D) npuHumaer Buj (CM.
[22], ypaBhenne (9.201))
2

b by (tg— B+ A L, (A6)

rae koncranta Xab6Ja W napametp yCKOpeHnﬂ cooTBeT-
CTBEHHO pPaBHH

Ry R;
hl—""—" .,122—5;

=T (A.7)

3lech IUTPUX O3HAYaeT NPOM3BOAHYIO no ppeMeHH f. Jlnd
mopenn Musna

h =7‘- By =0, (A. 8)
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a I MoJlesin craumonapHoit Beenennoit —

1
hl—":’Tt h2:%:+h?' (A 9)

Domomempunecrkoe paccmosiue uctounuka ([22], § 8.5,
ypasuenue (9.210)). Onepauns, onpenessionias ero uame-
peHHe, COCTOUT B U3MePeHHH BMAMMOH BesnuuHbL HHTEH-
CHBHOCThL MCTOYHHKA yOuBaeT kaxk 1/D? rpe

D=Ro(1+3)1—:;5ﬁ/7' (A. 10)
nJaun 0
I 24 h,
D——zl—<1+—2,§—3+ ) (A 11)

Bupaxaa D uepes nabMONeHHYI0 BUIUMYKO BeJIHUHHY M
MCTOYHHKA U €€ TEOPETHYECK YO aGCOMOTHYIO Beqnuuny M,
([22], § 8.6, cTp. 164, [27]), umeem

lgD=0,2{m—Kd—(M,~+ W3)]+1, (A.12)

rne K3 ects K-nompaska u W3 ecth nonpaeka k M,
€CJM UMEIOT MEeCTO BEKOBHE H3MEHEeHMHs] COGCTBEHHON CBe-
TUMOCTH HCTOUHMKA.

Yucao uemounuros uszayuenuss B ciaoe r o (em. [22],
§ 8.7):

r2dr
dN=ua A+ kr2jay * (A. 13)

[l10THOCTE YMC/Aa MCTOUHMKOB M3JAyYeHMs (MX YHCJIO HA
euHuIy o6beMa B cJioe r) paBHa

a 1-4-3)3
n:FZ_‘_}éia, (A. 14)

rje o — IJIOTHOCTb YHCJA MCTOUHHUKOB B MOMEHT BpEMEHH,
Korpa R = 1. Eciu o usMensiercs co Bpemenem, 10 obiiee
YUCNO UCTOYHMKOB BHYTPL <JIOSl pajguyca r B LOJAX T€-
JaecHoro yraa 4w/Q veGecuofi cdeps pasHO

4z . ardr -
N:vo (m. (A. 15)

24 3ak. 3001,
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1. $OPMY/JIbl, KOTOPBIMH TEOPHH PA3JIMYAIOTCH

JiHwmennosckue ypagueHuss o6meli TEOPUH OTHOCH-
TesbHOCTH (Teopust A. A. dpunmana) psaa IJOTHOCTH § K
nNasjesnsi p sddekruBnoro rasa ([22], § 8.2) umeroT Bua

3(k2+ R?)

8nGp = 7 \ (A. 16)
_ r\_ 2R R” ke?
8:0(5)=—"g — @ — A @1

rne G — rpaBUTanMONHAast U A — KOCMOJIOrHYeCKas NocTos -
HHlE.

Jasi npumenenust 3Tux ypaBHeHMH K mopenn Muana
caenyer nonoxuth 8xGp, 8xG(pfc?) 1 A paBHBRIMH HYJIO.
B teopnn craunonapuoii Bcenenuoir 8=Gp u 8xG (p/c?)
paBHB! HyJi0, HO A = 3/T2(> 0). 210 cootBeTCTBYET BCeswi-
Hoit ne-Cutrepa.

Ypasuenus noas 6 meopun cmayuonaproii Beesenroi
umerT sun |28]

,2
gnGp — SR (A. 18)

wo(2)= -5 s aw

roe 3c/a — yuuBepCanbHasi KOHCTAHT2, BHECEHHas Bpe-
MeHHO-TIOLOGHBEIM BEKTOPOM «pOXKIEeHUS MaTepuu»:
3(c/a) (1, 0, 0, 0). INonyuennoe peuenue (A.3) atux ypa-
BHeHu# neJiaeT IIOTHOCTL p MOCTOsiHHOM M plc? = 0.
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IV. MPOBEPKA KOCMOJIOTHH HABJIWOAEHUSIMH 1y

&. Xoiiae
F. Hoyle, Proc. Phys. Soc, 77, Pt. 1, 1—16 (1961)

KocMosioruueckue TeOpHH Pe3Ko pasfefiaioTcsi Ha [Ba  KJjacca.
B TeopusX onHOro knacca npejckasbiBaercs, 4to Beesnennas o6pasona-
Jach CTPOro OnpeilefieHHOE KOHEUHOe BpeMsi TOMY Ha3al; B TeopHfX
JKe Jpyroro Kaacca 3toro He tpebyercs, CyuiecTsyiolllie MeTOAB Ha-
6moneHks NO3BOJAIOT NPOH3BECTH BLIGOP MeXKJAy STHMH ABYMS THNAMH
Teopuil. B wacTHOCTH, TAKHMH MeToaMu fBJISIOTCS:

1) Teomerpuseckan nposepxa. Dtn uabmofeHus NO3BOJISIOT MCCITe-
JOBaTh NpeAnosiaraeMylo PasHHIY MeXIy CYLIeCTBYIOIIMM COCTOSIHHEM
BcesienHoit (onpesleineMblM NO JIOKaALHLIM HAGIONeHUsIM) H YCJIOBHAMY
Bo Bcenennofi B npouwiom (onpenensieMbMH NO HaGJIOfeHHsIM BechMa
yiajieHHHX 00BeKTOB).

2) Ilposepra roxarvwoll ssorroyut. Tlpouutoe BceeserHolt posixuo
ObiITh TAKHM, YTOOLl NPHBECTH K ee COBpeMEHHOMY coctosimto. Ilpume-
HHTEJIbHO K OOpa3oBaHMIO TaNakTHK, MX BO3pAacTy, a TaKKe K IIPOHC-
XOXKAEHHIO KOCMHYECKHX Jiyuell M KOCMHYECKHX PajHOBOJH 3TO NPoOCTOe
ycioBre umMeer raybokuit cMmEici. B cBsian ¢ 3THM aByMs npobliieMaMu
0yneT paccMOTPeHO CoBpeMeHHOe COCTOsiHHe BOnpoca.

Kak npasnJo, B Hayke UMEIOT JIeJI0 C H30JHPOBAHHEIMU
CHCTEMaMM, KOTOpDBIE PaCcCMaTPUBAIOTCA  3aKJIOYEHHBIMH
BHYTPH HEKOTOpPOro COCyJa-— BO3MOXHO BecbMa 6OJb-
wioro. B kocMosioruu, onHako, UMET neno co Beeit Bce-
JICHHOH, TaK 4TO Jiro6asi MBIC/L O KaKHX-TO paMKax, BHYTpH
KOTOPHIX 3aKJIIOUueHa CHCTeMa, HOJXKHa ObITh OTGpolIeHa.
Torna HacTynamor 3aTpyidHeHMsl [aKe MJis NPOCTHIX TIPH-
BBHUHEIX KOHLennuil. IlpennosoxmM, 9TO nPOCTPaHCTBO
6eCKOHEUHO, KaK 3TO NPHHMUMAETCst BO MHOIMX KOCMOJIOTH-
yeckux Moneqsnx. Kak rorna crnenyer ¢opMmynupoBath coO-
XpaHeHHe 3Hepruu? ITOT BONPOC SIBJSETCS YacThiO JBYX
Gosiee ob6mux Bornpocos: Hackosbko naneko mpocTHpaercs
YHHUBepcasbHasi IPUTONHOCTb 3aKOHOB (U3HKH, BHIBEINEHHBLIX
U3 JIOKaJbHBIX HabmoneHuii? HackoJibKo yHHBepcaJibHH

1) 44-a1 IsTpuesckas niekuus, npountaHHasi B (®uauueckom o6ule-
cree 21 mapra 1960 r.
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Hallll MPENCTABJIEHUS] O paclpe/leIeHHd MaTepud, OCHOBaH-
HHle Ha JIOKaNbHEIX HaGJIOfEHHX?

CoBpemeHHass (hU3HKA yBEPEHHO [A€T YTBEPAWTENLHELH
OTBET Ha NEPBH BONPOC. 32KOHH HOCAT NOJNEBOH Xxapak-
TEP, 2 3TO 3HAUUT, YTO €CJIH NOJHOCTbIO H3BECTHA CHTYa-
st B «6eCKOHEUHO MajioM» o6beMe NPOCTPaHCTBa-BpeMe-
HH, TO HU3BEeCTHA H CcUTyauusa BO Bcedl Bceesennoil. Ompnako
BaXHO, 4YTOOGH cuTyanuss B OECKOHEUYHO MajoM o6neMe
jopMmysnupoBanack co Bceit 0OmIHOCTbIO. CJMIIKOM Yacrto
MBl [IOBOJILCTBYEMCSl NpHHSATHEM (DOPMYNUPOBOK Ha s3BIKE
YACTHBIX CJIyudeB, KOTOPble SIBAAKOTCS TOJLKO MPUBLIYHEIMH
cnyuaamu. IlpuMmepoM 3tomy cayxut <¢OpMyJNHPOBKa 3a-
KOHa COXpaHEeHWs] HEPrHH CO CCHUIKOH HA H30JHPOBAHHYIO
cucreMy. Ofliee xe yTBepKIEHHE U COXpaHEHHH 3HEPrUM
JOJIUKHO BBIBOJMTbLCSI He u3 Hien 06 H30/MPOBAHHOH CH-
CTEME, 3@ W3 HYJeBOH JHUBEpPreHIHM TEH30pa 3SHEPruM-UM-
nynbca. Hmenno mnocsenusis  ¢dopMyaupoBka obaanaer
YHHUBEPCANbLHOH NPHMEHHMOCTHIO.

UTo kacaercss BTOPOro BONpoca, TO TOL JIOKAJbHEM
HabJI0eHHeM noipasyMeBaercss HaGjiojeHue He GyKBasb-
HO O6ecKOHeyHO MaJjoro o6beMa, Kak B cjayuae ¢OopMyu-
POBKH (PU3HUECKUX 33KOHOB, a [Mana3OH, JNOCTYNHLIH Ha-
MM TejseckonaM. PacrpenesieHne ranakTHK CTaHOBUTCA
HAacTo/IbKO OJH3KUM K OJHOPOJHOMY Ha PacCTOSIHUH BCErO
gulle okono 1/10 «papuyca pefictBMs» HauGonee MOLIHBIX
TEJIECKOMNOB, 4TO MOCAEAYIollee TNOCTYJHPOBAHHE OIHOPOL-
HOCTH B KOCMOJIOTHUECKUX MOJENSIX SIBJASIETCS] €CTeCTBEH-
HBIM OTBETOM Ha BTOPOH BompOC.

Pa36uenne npocTpaHcTBa-BpEMEHH Ha 3J€MeHTapHbIE
06beMBl MOXKHO IPOHM3BOAMTH TaK, YTO B JIOGOH MOMEHT
BpeMelHd rajakTHkKu OynyT paclipelie/ieHH B [pPOCTpPaHCTBE
paBHOMEPHO NPH yCJOBHHU, UYTO TEM CAMBIM NOJPa3yMeBaeTCst
yCpellHeHHe TI0 NPOCTPAHCTBEHHHIM OOBEMaM € MPOTSIKEH-
HoctaiMu mopsinka 100 mezanapcek, 1. e. npumepuo 1/10
«paghyca NeHdcTBUSI» HauGoJjee MOLIHBIX TEJECKOIOB.

WnbiMu ciioBaMu, Habawonartenb, KOTOPHII HIHOpHpyeT
IeTajbHble (GOPMHL W pacnpefenenne OGuuxkalminx rasnak-
THK, HE CMOXET pa3JjiMiaTh CBOEr0 MECTONOJOMKEHHST B INPO-
ctpancre. Habmonaresr ve orpaHMueH OJHUM MOMEHTOM
BpeMeHH. EMy /103BOJieHO cpaBHHBaThb CBOHM Ha6JloNeHHA
B pas/inyHble BPEeMeHa, H BCE e OH He MOXKeT OTJM4YMTH

25 3ak. 3001
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CBOe COGCTBEHHOE MOJIOKEHHE OT NOJOXKEHHS JI0GOTro Apy-
roro Ha6jwopartessi, HCHOJb3YWOLIEro Te e caMble Ipo-
CTPAHCTBEHHO-BPEMEHHblE KOOPAHHATE. TakuM o6pasom, oT-
BET U Ha BTOPOH BONPOC ONSITH ABJAETCS YTBEDPIAHTEJbHEIM,

OoHOPONHOCTL HE TOJBKO NOApPa3yMeBaeT, 4To HabJio-
JlaTeslb He MOXKeT BBIIEJNTb CBOe TOJIOXKEHHE, OH HeCcloco-
6eH Takike BHIEAMTb U KaKOe-NHGO IPEUMyIECTBEHHOe
HarnpaBJieHHe B MPOCTPAHCTBE: CBOCTBA OGLEKTOB, KOTOphIe
OH BUIMT B Jir0OOH NaHHOH YacTu NPOCTPAHCTBA, OKa3b-
BalOTCsl aHAJOTHUHBIMH T€M CBOHCTBAM, KOTOPbie OH HAaXo-
IuT B Mo6o# Apyro#l «uacty HeGa». 31€Chb ONATHL-TAKU NOJ-
pasyMeBaeTcsl, 4YTO OH HrHopupyer Oauxkafiine OOBEKTH
BPOJI€ 3Be3]l B €ro COOCTBEHHO¥ TraJjlaKTHKE.

HHorpa cnpamMBaiot: OTKYHa Mbl MOXKEM 3HATh, YTO
NPOCTPAHCTBEHHO-BPEMEHHAs! CUCTEMa KOOPAMHAT € 3THM
CBOHCTBOM OIHOPOLHOCTH HMeeT peasbHbli cMbica? Benp
BO3MOXKHO, YTO BHE NPENEJOB JAOCTHKUMOCTU HALKUX HaH-
6osiee CUJILHBIX TEJIECKONOB paclpelesieHHe TajakTHK CTa-
HOBUTCSL Pe3KO HeONHOpPOAHBIM. Bo3amMoxno, uto HabJionae-
Masl OJIHOPOIHOCTb fABJsieTcsl 60Jee UM MeHee Cay4daliHOH?

HiMeetcst nBa oTBeta Ha 370 BO3paxenne. OIuH OTBET
HEOXKUJAHHO TIPAaKTHYeCKHil, a JIpyroil — NpUHIUDHANIL-
gbiii. Hayka 3anuMaercsi He NOKa3aTesbCTBOM CIIpaBELJIH-
BOCTH [HIIOTE3, a HA060pPOT — NOKA3aTeJbCTBOM HX HECO-
crosiTesbHOCTH. Korna nabusiofieHHe NPOTUBOPEYUT TEOPUH,
TO NO KpaiiHell Mepe OJlHA U3 FHIIOTE3, HA KOTOPHIX OCHO-
BaHa TeOpHs, NOJkHA OHITbL OTBeprHyTta. Hayka nocturaer
nporpecca uepe3 INpOIECC OTPUIIAHHS, a8 HE uUepe3 INPOIecC
JIoKa3aTenbcTBa. B TakOM ciayvae Hamia LeJb OJKHA CO-
CTOSITb B CPaBHEHHMH CJENCTBHil U3 NOCTyJaTa OJHOPOJHO-
cTH ¢ HabawonesusMu. Ecan nMeer MecTo corJjiacue ¢ Ha-
GJIOIEHUSIMU, TO BCE OCTAeTcsl Ha CBOMX Mecrtax, W60 HH
OjlHa HAyYHast TeOPHUsl HEe MOXKET CHenaTb GOJblIero, 4yem
o6bsiciuTh Bce ¢akthl! Ho ecan umeercs Hecornacue c Ha-
6JIOlEHUAMH, TO MBI JIOJKHB y3HATb, KAKOH M3 HAUIMX
yTBEPIUTENbHHIX OTBETOB Ha IIOCTaBJ€HHBLIE BHayaje [Ba
BOIpoca Ow JOXKeH. M, ecyii UCKMIOUUTL TOT HENpPHSITHHIN
cayuail, yTo MH B KOpHe ommnbaeMcs B NOHUMaHHM TIPUPO-
nb ¢usuyeckoro 3Hapus, ommubka 3akawyasiach G B IO-
CcTyjiate omHopomHOcTH. Torma Mel ObliM OBl BbLIHYKIEHH
npeanosiarath, YTo HeT TaKOi CHCTEeMBI KOOPAMHAT, B KOTO-
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poil o6ilee NPOCTPAHCTBEHHOE paclpesieIeHHe TalakTuk
OAHOPOIHO. DT0 60 6Bl 3aK/IIOUEHHEM, UMEIOIUM BeckMa
rny60okoe 3HadeHue.

Orciona BeITEKaeT, YTO Halil MOCTYJAAT OMHOPOIHOCTH
HY3KHO NpOaHaNH3NPOBAaTh, €CJAH 3TO BO3MOKHO, BIUIOTH [0
TOil CTaiMu, KOTJa BO3MOXHO HeENOCPeNCTBEHHOE CpaBHEHHE
Habnwonenuit ¢ teopuell. HacToluuBeIl KPpUTHK MOXKET BO3-
pasuTh, YTO MOCKOMBKY MOCTY/NAT OLHOPOAHOCTH OCHOBaH Ha
Habnlonennt, TO Kak Ke HabaloieHHe MOXKeT NaBaTh YTo-
anbo ellle KpoMe MOATBepKAeHUst 3TOro nocrynara? He 6y-
netr au 310 taBronorueil? ITogo6HO# KpuTHKE MOXKHO MOX-
BEprHyThH 106yl oTpachb Hayku. Ha 310 orBeuaror, non-
YepKUBasl, UYTO TEOPETHUECKUE FHIOoTe3bl B NEHCTBUTENBHOCTH
(popMyJHUPYIOTCSl HA OCHOBE OINBITHBHIX JAHHBIX, KOTOpHIE fIB-
asiorcst Gosiee OrpaHMUEHHBIMH, HEXeJH T€, KOTOphle HC-
NOJIL3YIOTCA 1151 TIPOBEPKHU CaelcTBHEl u3 teopuu. K mocry-
JaTy OJHOPOAHOCTH IMPHIJIH — 3TO HCTOPHYECKHUiT ¢akKT, —
NOACYMTHIBAS YHCJO rajlaKTHK MO pa3/iyHbIM HAMPaBJAEHUSIM
M Ha Pas3JHuYHBIX PACCTONHHAX. DBUIH OPHHATH BO BHMMaHHE
Jgulik ocoGennoctu Haubosiee KPynHOro maciitaba caMHX
rajakTHK, Takue, Kak ux obmias crpykrypuas c¢opma. Ho,
npuiins TakuM 006pasoM K HOCTYJATy OJHOPONHOCTH,
MOXKHO MNONHITATLCS YTOUHWUTH HabJlonaTesnbHble HaHHBIE.
Mo:kHO paccMOTpeTh CBOMCTBa, KOTOPHE 3aBUCST OT HHMAM-
BUAYaJLHBIX 3B€3], W, B YaCTHOCTH, CBOHCTBa, KOTOPLIe 3a-
BHCAT OT 3BOJIONUM 3Be3ll. Kak MH Teneps MOKaXkKeM, 3TO
NPUBOJUT K TOPasSHTENRHOMY pacluupeHHio HabaonaTeb-
HBIX JaHHHIX.

IlepBoHauanbHble HabJONEHNS OTHOCHJHCH K pPacCCTOsi-
HusM nopsnka H00—1000 mezanapcex. DBosiouun 3Be3[
nojpa3yMeBaeT pPACCMOTPEHHE (U3MUECKUX TIPOLECCOB,
IEeHCTBOBABIIMX Ha NPOTsXKeHUN OGosnee yem 100 ser, Bos-
MoxkHO gpaxe 2-101° ser. Takue BpeMeHHBIE HMHTEPBAJIBI
NPEBPaLIaloTCs B PAaCCTOSIHUSI NYTEM YMHOMEHHSI Ha CKO-
POCTE CBeTa — B 3TOM cjiyuyae MBI CpaBHMBaeM abCOJIOTHHIE
paccTOSIHMSI B CMEIC/IE TEOPHM OTHOCUTEJBHOCTH. B pesysasb-
Tare nosyualoTcs BeaumuuHbl nopsinka 5000 meeanapcek.
CnefoBateitHo, BBOISI B paccMOTPeHHE  acTPODHUIHKY
3Be3HO¥ SBOJIIOLUHM, MBI NMPHXOJUM K BPEMEHHO-NIOAOOHBIM
paccrosiHuAM, KOTOphle NPEBHILIAIOT NEpBOHAyYanbHHE M1PO-
CTpaHCcTBeHHO-BpeMeHHble paccrosinust B 10 pas. Curyanus

25*
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TaKOBa, YTO KOT[a MBI KacaeMCs acTpogU3NKi 3Be3f, Naxke
6nM3KUX K HaM, TO MBl BKJIOYaeM B PacCMOTpeHHE COOLI-
THS, KOTOPhIE MMEJM MECTO B NPOCTPAHCTBEHHO-BPEMEHHHIX
TOYKax, ropasfo 6ojaee ymajieHHBIX OT HacC, HEXeNu Te Co-
6uITHSI, KOTOpHE MBI HaGJmoaeM B caMBIX CaabBIX ranak-
THKaX, Hab/IOgaeMHX B CaMBle MOIIHHE TENeCKorb!

B npunnune ste o6cTosTenbcTBa OGDBSCHSAIOT, MOYEMY
BKJIOUEHHe acTpodu3nuecKux HabuoneHuil B KOCMOJOTHIO
o6Gecreyuso roJiesHoe U Jajleko Hayllee pacluupelue mep-
BOHaYaJbHHX JAaHHBX. KpoMe p[aHHBIX, OrpaHUYEHHHIX
CPaBHHUTEJIEHO MaJjiOfi 4acTblo CBETOBOTO KOHYyca, MH Ofna-
naeM uHbopMmanuefi (npapna, H4 KOUM 06Pa30M He NOJHOH)
O cOGHITHAX B GoJee Wil MeHee LMAUHIPHUECKOM OOBEME
NPOCTPAaHCTBa-BpeMEHH, MPHUEM MPOCTPAHCTBEHHBIH pafuyc
uuanHapa cocrasaser npuMepHo 1000 sezanapcex, a Bpe-
MeHHO-TIoONOGHas ghuHa — okodsio S000 mezanapcek.

IlocTynaT ONHOPONHOCTH TPUBOAMT K INANE€KO MIYIIHM
BBIBOAM, B OCOGEHHOCTH TIPU YIPOILEHHM BHIKJALOK B KOC-
MOJIOTMH, Ha 4TO BMepBhle GHJIO yKasaHo Jlemartpom, a 3a-
TeMm, He3aBucuMoO — PofepTconoM u  YokepoMm. ['naBHBL
pe3yabTaT MOCTyJiaTa BIOMHE MOMKeT OHITh BHIpAXKeH CJie-
dywolmuMu caoBaMH. B 3apmaBHHOH npocTpaHcTBeHHO-Bpe-
MEHHOIl CHCTeMe KOOPAMHAT, ISl KOTOpOH uMeeT MecCto
OJTHOPOJIHOCTb, PacCMOTPUM 3aIaHHHEH MOMEHT BpeMEHH.
BosbmeM MHOXKecTBO ranakTHK. CuMTasi TajJakTHKM TOYeu-
HBIMM MaccaMM, TOJy4aeM, YTO 3TO MHOMKECTBO 3ajder pe-
ueTky Touek. Te Ke rajakTMKH Tak¥Ke 3alalOT PEIIETKY
B rocjenylounye 3HayeHusi BpeMeHU. Bee 3TH peruerkd Oju-
HAKOBHl, €C/IM He cuHTaTh MacmtabHoro ¢akropa R(f), 3a-
BHcsilllero oT Bpemenu f. Pelerka npocTo pacluupsercs
UM COKpAallaercsi B COOTBETCTBHU € Te€M, pacTer HJAH
ymeneliaercsi R(f) co BpemeHem f. B 3toil cBasu Gyner
cuuTaTh ! BO3PacCTalOUMM B TOM CMBIC/i€, YTO CBET pacIpo-
ctpansierca (or ucrouHuka). (Mur seiGupaeM 3HaK ! Ta-
KMM, YTO €CJli CBETOBOH CUTHaj nokupaer P B MoMeHT [ 1
nocruraer P, B momeHT fy, 1O f3 > [,. BMecre ¢ TeM MhI
JIOJIXKHH TIpefCcTaBasTh ce6e PasMepsl siU€eK COBpeMenHOH
pelnerky, cocrapasiomue npumepuo 100 meeanapcex,
HHaue HIes ONHOPOAHOCTH HenpuMeHMMa. Peuerkn co 3Ha-
YUTEJbHO MEHLIIMMH suefKaMH MOTYT 3BOJIOHHOHMPOBATH
B0 BpeMeHH Gosee obmuM 06pasoM.)
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lentpanrsHoii Tpo6/ieMOl KOCMOJOTHH fIBJSIETCSL OIpe-
penenue 3aBucHmoctd R(£) or f. YpaBHenus oOIiiell Teo-
puH OTHOCHTEJILHOCTH o6ecrieunBarT TpeGyeMEle MaTeMary-
yecKue cpencrBa. Teopust OTHOCUTENILHOCTH HA€T YypaBHe-
Husl, KOTOPHIE SBJAAIOTCS (OPMajbHBIMH B OJHOM BaxKHOM
oTHouleHuH. B ypaBHeHHsIX (uUrypHpyeT TEH30p 3HEPIHH-
AMINYAbCa. DTOT TEH30P [OMKEH KOHCTPYUPOBAThCes U3 du-
3UYECKHUX COO6pa)KeHMil, KOTophle caMu 1o cefe JieKaT BHE
TEOPHUH OTHOCUTEJBHOCTH. B 3TOT TEH30p BHOCAT CBOM BKJAL
Bce (DU3MUECKHE TIOJS: TI'PABHUTALNOHHOE, 3JIEKTPOMAarHuT-
HOE, SIIEPHOE...

Ecaun Gpare Ty (opMy TeH30pa 3HEPTHH-HMIIYJkCaA, KO-
TOpylo naer o6kuHafA (U3UKa CerOAHsIIIHEro JHA, TO OKasH-
BAeTCsl, UTO BO3MOXKHO HEKOTOpOe CTaTHUeckoe pernenue R,
nezaBucumoe ot f. Takoe peurenne 6b/10 Hafiieno DUHIITEI-
HOM e€llle B MEpPHOJ YCTaHOBJeHHS! ofuiell TeOpuM OTHOCH-
tenbHocTH. CHauvaja pQyManu, 4YTO 3TO pellleHHe OIUCH-
Baer Bcenennyio. Ho korma Ovi10 OTKPHTO KpacHoe CMe-
UlEHHE B CIEKTPAX OTLAJIEHHHIX FajlakTHK, TO CTaJlo SICHO,
4yTO 3T0 He Tak. A noJyyeHuss KpacHOro CMEIIEHHS He-
o6xonnmo, yto6e R Bo3pacrano ¢ f. Oka3anock BO3MOXK-
HBIM HalTu pelueHusi, KOTopeie Bean cebsi COOTBETCTBYIO-
nuM ob6pa3oM. Bce owu o6aamanu TeM 3aMeuaTeNbHHM
cBofictBoM, yro R o6paillajock B HyAb ISl KOHEUHOTO f.
WHBEIMU cnoBaMu, €ClH MBl [POCJAENNM 3BOJIOIMIO HA3aj
N0 BPEMEHH, TO JOHJleM 4yepe3 KOHEeuHbH NpOMEXyYTOK Bpe-
MeHu 5o R = 0; nonpocty roBopsi, TOUKM Halle§l peLIeTKH
COXMYTCH, @ IUIOTHOCTL MaTepuy YCTPEMHTCSi K GeCKOHeu-
Hoctu (teopus A. A. ®punmMana).

Peuwlenne ypaBuenuns nas R(f) mnonayuaerca ¢ ABYMsl
NOCTOSHHBIMH HHTErpUpOBaHus. B pomoanenne K HUM
yMeeTcsl TaKXe BO3MOXKHOCTH BKJIOUEHUS B ypaBHeHHe
DiiHmTeHa WieHa C KOCMOJIOTHYECKOH MNOCTOSHHOM A, Tak
Y10 B 3TOM cjiyyae R 3aBucut oT A. ITockoneky R onpeje-
JIsieT KPAacHOe CMeIeHHEe CIIeKTPa OTHaJeHHBIX TrajlakTHK,
B MpPHHIMIE MOXKHO OIPEIENIUTL BCe 3TH TMOCTOSIHHBIE U3
Habnwoonenuii, T. e. U3 CpaBHeHHn HabJoneHudl ranakTHK Ha
pasAuuHbLIX PacCTOSHHAX € KX KPaCHBIM CMeHleHHeM.
K coxanenuto, TpynHoctH B oT6ope HabJoLAaTeNLHOTO Ma-
Tepuasia, KOTOphle MBI OGCYIMM HHIKE, [OKa 4YTO HE NI4T
BO3MOXKHOCTH OCYILUECTBHTL 3Ty MNPOLEAYPY YIOBJETBOpH-

[y



378 &, Xoiire

TeJeHEIM 06pasoM. TeM He MeHee HEKOTOPHE mporpece
BO3MOK€EH.

Pacemorpum caywait A = 0. Ilycrs £ =0 npu R = G,
T. €. NPUMEM 33 HYyJb BpeM$si, COOTBETCTBYIOLIee CHHIYJsip-
HOMY COCTOSIHHIO, YNOMsIHYyTOMY BHe. Yemy paBHo TOorna
HHHElIHee 3HayeHne f? B COOTBETCTBUH € NYyYIUHMHM JaH-
HBIMH, KOTOPBIMH MHl pacrojiaraeM, ! He MOXKET Cylle-
cTBeHHO npeBnilnath 100 zer. Mul yxke BHIeNH, YTO 3aKJIO-
yeHHE O BPEMEHH TAKOrO MOPsifKa MOMKHO MOJYUUTH MPAMO
u3 acrpopusnueckux coobpaxenuil. Ho umeercs au kakoe-
J60 yKasaHue Ha CHHIYJsipHOe cocTosinie Bceenennoit? Ort-
Ber 6ysieT orpunareabibim. Haubonee craprle 3Be3nn B Ha-
well [anaxktuke, no-eBuaMMoMy, 06s1a1al0T BO3PacTOM OKO-
go 1,5-10 ser. Takoil Bo3pacT mnpocTHpaercs yKe 3a
CUHTYJSIPHOE COCTOSIHIE, YTO CPa3y MNPUBOIMUT K IPOTHBO-
peuuio.

INpotuBopeune ycrpausiercs, ecau A+ 0. Ho B 3tOoM
chyuae BO3HMKAeT BO3MOXKHOCTh N06aBouHOH acTpodusuue-
ckoil npoBepkH. MOMKHO MOKa3aTh, 4TO TaJaKTHKH CKOH-
NEHCUPOBAJINChE U3  MeEXKraJlakTHuecKofl  ra3oo6pasHoii
cpenwl JMIIb Ha onpelieneHHod (pase pacuupenus Bceenewn-
Ho#i. DTta Qasa Tenepb npoinena. CaenoBaTeNbHO, 3TOT
BAPUAHT KOCMOJIOTMM MOXKeT OBITb ONPOBEPrHYT, €cau
6yler OTKPHITO O6Gpa30BaHue HOBBIX TaJakTHK B Hally
3TIOXY.

JlanHHe 3fech enle HeornpeneneHHu. Hexortopele actpo-
HOMEI [10J1araloT, YTO Halld HECOMHEHHLIE NPHU3HAKH 00-
pa3oBaHUsl HOBHIX TaJlakTHK; JPYTHe OTPHIAIOT 3T0. ITH
70Ka3aTeqbCTBa Mul O6CYyAMM HHiKe, B GoJiee MOAXOAAIIEM
MecTe.

Yeaopue R — 0 cTOJABR CYLIECTBEHHO, YTO €CTECTBEHHO
CNpOCUTh, HEeHCTBUTENBHO JiH CYLIECTBYET YBEPEHHOCTL B
ToM, uto Bcenennasi ob6pasoBasack B CTOJIb CHHTYJISIPHOM
coctosiui, He MoxKeT /au Ham NOCTYJAAT OIHOPOLHOCTH
ObITL [EHCTBUTENBHO OTBETCTBEHHEIM 323 O€CClOpHHIE 3a-
KJ10ueHua?

XekMan u HIlokuHr HegaBHO MOKa3aJiH, Y4TO YC/OBHS
R —0 wMoxuo usGexaTb I1E€HOIO OTKa3a OT MOpOCTpaH-
CTBEHHO¥ H30TPONHMH TMPOCTPAHCTBa, XOTS H OCT&BasCh B
paMKax OJHOPONHOCTHM mpocTpascTBa. HHeiMp  cioBamu,
Hawl HabsropaTenb BCe ellle HE pa3juyaeT CBOEro IoJioxKe-

.
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HHUSI B NPOCTPAHCTBE, HO MOXKeT OOHAPYXKUThb B HEM Ipea-
nOuTHTEJIbHEIE HarpapjeHusi. Takoe oTCTymJieHHe OT MOCTY-
fnaTa ONHOPONHOCTH JOmNyckaeT, uto Bceesennas oGaanaer
abconOTHEIM BpanienveM. Ilpu sToM B ypaBHeHHs TMONsI
BXOASIT HOBBIE UYi€HB. OTH WI€Hn H [NPEensiTCTBYIOT
maclutabHoMy Qakropy R pellerku CTPoro CTPEMHUTHCS
K HYJIO0.

Xekman u Hlokupr ckaousioress K Momeau BceenenHoil,
B KOTOpO#l R mnepuomuyecku U3MeHsieTcsl (OCHMJJHPYET)
MeX]y KOHEYHBIMH 3HaueHusiMu Ry U R,. (Ipyro# Bo3-
MOXKHOCTBIO fIBJSIETCS Haua/jo 3BojionHH Bcenennofi, Hauu-
Hasi ¢ GECKOHEYHO IUCHEPTHPOBaHHOro coctosnusn. CxkaTtne
NMPOUCXOAMJIO B TeueHHe O6eCKOHEYHO O6OJBLIOTO nepuona,
noka R jpocturso MHHMMaaeHoro 3Hauenusi Ry. Ilocse arto-
ro R nauano Bospacrath onsatk g0 6eckoneunoctu.) Ilos:ke
Mbl O6CYIHM BO3MOXKHOCTH MPOBEPKH TeOpUM XeKMaHa —
Iliokunra.

TEOPUSI CTALLUOHAPHOH BCEJIEHHOHM

Ecnu nponosxaTe CTPOro NpUOEPKHUBATRCH MOCTyaaTa
OIIHOPOMHOCTH H CTapaThCa INPEJOTBPaTUTL CTpeMJyeHHe R
K HYJI0, TO €IWHCTBEHHOH BO3MOMKHOCThIO $iB/ISIETCSI MOIHU-
({uKanus TeH3opa SHepruu-uMmnysanca. CHauana BO3HHKaeT
BOMPOC: CYHIECTBYIOT JIM I10Jif, HE H3BECTHEIE COBPEMEHHOM
¢usuke? HHUKAKOro onpeneneHHOro OTBeTa, pasyMeercs,
JaTh HeJNb3s, HO €CTh OIpeleJieHHble YKasaHusi B [OJb3Y
CYIIECTBOBAHHA TaKux rnoJiedl. Pu3nKa MNOCTOAHHO IMOMOJ-
HSI€TCsl HOBBIMH MOJIIMH, H MaJIOBEPOSITHO, YTOOH TOCJE-
Hsisl HX PasHOBHIHOCTb yiKe Oblia OTKpHTa. Bosee Heonpe-
JlefieHeH BTOPO¥ BONPOC: BO3MOIKHO JiH, 4TOGBl HOBOE roJie
BHOCWIO 3HAUMTENBHBIH BKJaj B TE€H30p 3HEPTUH-UMITYJ/b~
ca? Bo3MOXHOCTH Ba)KHbIXx H3MEHEHHH B KOCMOJOLUU 3a-
BHCSIT OT YTBEPIMTEJNBLHOIO OTBETa Ha 3TOT BOMPOC.

Cnenyer 3aMeTHMTh B 3TOH CBfI3H, YTO XOTsl B IIPHH-
Lurie BO3MOXKHO OTKPHIBATb 3aKOHEI (QU3HKH Habjawone-
HHSIMH B npefenax JHllb BeCbMa MaJioro NpocTPaHCTBEHHO-
BpeMeHHOTo o6beMa, HanpuMmep B 3eMHOH Ja6opaTopuu, HO
3TO MOMKET OKas3aThCsi BeCcbMa TPYAHEIM jesioM. Ecan Owl
CYLIECTBOBaHME TATOTEHHUS HE NPUBMEKJO Halilero BHUMA-
HHSl CBOUMH NPOSIBJAEHUSAMH MaKPOCKONHYECKOrO B KOCMUYe~
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ckoro macmraba BHe JgabopaTopuu, TO OTKPHITHE FPaBHUTa-
uuyu Oblsio OBl 1€JJOM TOHKHM W TPYAHBIM. XOTSl 3TO M 3By-
YHT HECKOJIbKO MPOHHYECKH, HO CpaBUTALMsi BHOCUT ropas-
Jo Oojiee BaxKHBIH BKAam B KOCMOJIOFHIO, 4eM [OJsl, OT-
KpHTHE c GoJibliedl JerkocTbio. He MoXKeT JM cyliecTBo-
BaTh ellle Kakoe-HUOyahb noJie, KOTOpPoe elle TpyaHee o6Ha-
PYXHuThL B J1aBOPAaTOPUU M KOTOpPOe TaKKe HMEET BAXKHOE
3HAUYCHHe B KOCMOJIOTHM?

Ileproit pa6oToii mo 3ToMy BoOMpocy SIBWIOCH Hallle Hc-
cnenosanne [l], rme Ovifio TOKAa3aHO, YTO MOMKHO MOCTY-
JIMPOBATh T110Jie, KOTOPOE B 3HAUHTEJBLHOH Mepe HU3MEHHT
CTPYKTYpPY ypaBHeHHHl DiHIUTeilHa, B pe3yJbTaTe 4ero Oy-
€T ycTpaHeHo cTpeMJyenHne R K HYJI0 [Jsi ji0OBX KOHeu-
HHIX 3HayeHu#H f. HOBBIM pellleHHeM $iBJSIETCSI BhIp arKeHue
R = exp(Ht), rne H — noctrosuHas, CBsA3aHHAsT C KOH-
CTAHTOH B3aUMONEHCTBUSI HOBOTO TOJsl. TakuM o06paszom,
R—>0 Ttoabko mnpu f—>—oco. AHajoruyHble pesynbTaTHl
6risnt moayuens nozxke Mak-Kpu [2].

B nepuon nepBeix nHammx paSor u pador Mak-Kpu
YKCJIO BO3MOXKHOCTEH IJ5si BBeJeHHUsi HOBOro mnoJjs tpebye-
MOr0 BHj@ Kasajoch kpaifiHe G6osabiiuM. Ho HECKOJBKO
nozxke M. Ilpaiic, dopmynupys 3amauy ¢ noMomiblo Bapua-
[UOHHOTO TPHUHLKNE, TOKa3aJ, YTo €c/M peub HaeT O Mo-
Jisix 11pocTOro ftHna, To cBoboma BEIGOPa OKA3BIBAETCSI [O-
pasno MeHbllell, 4YeM Mpexnosarajiocs paHee. B camom
nene, (GopMyJMpOBKAa CKaJspHOH TeopHM ONHO3HAuHA, 34
HCKJIOYeHHEM 3HAuYeHHWs1 KOHCTAHTH B3auMopefictBusi. Ilpm
OIHOM TOJBKO VCJIOBHM, 4TO KOHCTAHTA B3auMoJeHCTBUSA
He pPaBHA HYJI0, yKe TNOJYYaercsi 3aMevartefibHBil pe3ysb-
Tar, uto R = exp(H!). Bcenennasg pomxna obaajgath reo-
MeTpHell, OTKpPBITOH TIPHMEPHO COpPOK JeT Hasapy ne-Cur-
TEpOM.

Xotsi R Bce emie caeayeT paccMaTpUBaThL B KAaueCTBE
MacmTabHoro (hakTopa pemeTrky, HeoGXOoUMa HEKOTOpas
OCTOPOXKHOCTH [PH HHTeprpeTrauuun R [4as NPOULUIBIX
3m0X. Mp cumrtaem JJisl HarJasigHOCTH TAJIaKTHKHM TOYed-
HEIMH MaccaMu B pelierke. OIHAKO TafakTHKH, TIpUHApJe-
JKallue K HBHelIHefl pelleTKe, He 00s3aTesbHO CyIECTBO-
Baju B mnpounioM, u6o no Mepe yraybJsedus B HpoLLIOe
rajJlakTHKH OJHa 3a Jpyro¥l BHI&NAIOT W3 peleTku. Ta-
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gkuM o6pasoM, R—0 npu t-—>—oo ne tpebyer crpeMse-
HHsl IWIOTHOCTH Mace K GeckonewHocTH. PakTHUYECKH ypaB-
pgeHHsi TPeGYIOT TIOCTOSIHCTBA CpejHell MJIOTHOCTH MacC BO
BCe BPEMeHa; 3To NPOUCXOQHUT B CHJIy TOrO, YTO HOBOe TOJiEe
NPUBOIMT K HENPEepLIBHOMY nNOPOXKIeHHo MaTtepuu. [lo-
CTOAIHCTBO K€ INIOTHOCTH MacChl BHIBOJUTCST U3 [IPUpABHU-
BAHHSI HYJIO JIUBEPrEHUMH TEH30Pa HepPruH-uMIyJdbca (Ko-
Topbifl Teneps BKJAouaeT B cebsi HOBOe ToOJE) U fBJAAETCS
TE€M CAMBIM BHIpAXKeHHEM 3AKOHA COXPAHEHUs! SHepruH.

ViKe cyllecTByIONIHE raJlakTHKH DPAa3fieTaiTcsi B COOT-
BETCTBUH ¢ BO3pacTanueM Macurtaba: R = exp(Ht). Onna-
KO U3 BHOBb CO3[dBa€MOro MaTrepuana MOTYT KOHIEHCH-
poBaThCsi HOBEIE [aJaKTHKH. JTH HOBBlE KOHEHCalluh Co-
31a10T TENEHUHUI0 K POCTY TMPOCTPAHCTBEHHOH MJOTHOCTH
rajJakTHK, B TO BpeMsl Kak paciiipeHHe co3naeT KOMIEeHCH-
pyWOILYI TEHAEHIHIO K yMeHbIleHHio 3Toif njortHoctu. Ilo-
JioXKeHHe Belle#l B 0607 naHHHIA MOMEHT BpeMEHM Ipen-
craBisieT co60f KOMIIpoMHCC Mexny KOHAeHcanMeii u pas-
JIETOM, M eCc/JH HOBHlE KOHjeHcanuu o6pasyrTcsi paBHO-
MEpPHO, TO MPOTHBONONOXKHEE 3¢ ¢ekTH OYAYyT. COXPaHATh
crayuoHapHoctb. Maes o toMm, uto Bo Bcesennoy coxpa-
HsleTcst Nono6HOe yc/ioBHe CTALHOHAPHOIO COCTOSIHHUS,
SIBASIETCSl  OCHOBHRIM moctyaaTtoM DBougu u Toapa [3).
Hx nocrynar siBasiercs o6Go6LienueM THIOTE3Bl OQHOPOI-
Hoctu. Ho BMecTo mpocTOoro yTBepiKaeHusi 0 HeBO3MOKHOCTH
T8 Kakoro-nnbo nabaiwonarenss onpeaesuTh CBOE NOJOKEHHE
B npoctpanctBe bBougw w  Tompg mocrynupylor, dto
HHKAKOE MHOXKECTBO HAa6JofeHu#i, OTHOCSIHXCH TOJIBKO
K OCpelHeHHRIM 1o GoapmiuM  o6beMaMm  BenNYHHAM
(xapakrepuulii pazmep 100 mecanapcex) He MoXKeT omnpene-
JIUTh 300Xy, T. €. He CYUECTBYET KpynHOMacuitabHOR
ool Bceesennoff, kKoropas wmorsia Ol TOCJHYKHTH
yacamu gas HabmopnaTtensi. CBfi3b 3TOH TOYKM 3pEHHS
¢ Teopuefl noJist yxKe 6blJIa OTMEUEHA BHIIIE.

Tlopoxknenue MaTepuH cjenyeT NpeacTasisTh cebe Kag
npoucxogsiee npocrefitnum o6pazoM: 3jeMeHTapHHeE ua-
cTHUbI co3jaloTes B npoctpancTse. He Moxker OHtb peun
OTHOCHUTEJILHO HEeNnoCPeACTBCHHOTO MOPOXKAEHUS OpraHu3o-
BaHHBIX CTPYKTYyp Hamonobue rajakTuk. IlogofHble ciox-
HElE OPTA4HM30BAHHbBIe CTPYKTYPHl NOJIKHBI 06Pa3OBEIBAThCS
NyTeM SIBHHIX ACTPOGU3HUYECKUX MPOLECCOB, U MX HENpPepHiB-
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Hoe o6Gpa3oBanue TIPU MNOMOLM TAKHX OPOLECCOB NOJXKHQ
OHITh ‘pemanmmM TpeGOBaHNeM, HHaue yBEJMYEHHE Xapak-
TepHOro Macuraba pemeTkH a0 GeCKOHEYHOCTH Yy¥Ke K Ha-
CTOSIIIEMY BpEeMeHH yMEHBLIHJOo Ghl HX MPOCTPAHCTBEHHYIO
IJI0THOCTE A0 HyJds. OTcloga B TeOpHM CTANHOHAPHOTO CO-
CTOSIHHS BCe HabJiofaeMble O0ObEeKTH HOJKHHE HAXOIUTBCH
B COCTOSIHMH HeNpepHBHOH perenepauuu. 1o TpeboBaHue
NoaBepraer TeOpHio CypoBOH HabNaTeNbHOH MPOBEPKE.
B stoM cMbicsie maunasi Teopusi npeiactaeaset coboro 6ia-
TOTNPHUSTHHIA TIpUMep [Jis1 BO3MOXKHOCTH 60jiee SIBHBIX o
pa3sHo06pa3HBIX ONPOBEPIKEHMH, YeM 3TO HMEET MeCTO IJifi
IPYTHX KOCMOJIOTHYECKHX MOJeJieH.

HABJIIOLEHH S

Jas pesioMe pasjIMYHHIX KOCMOJIOTHYECKHX TEOPHH, Mbl
NepexoNuM TEeNePb K IMIABHOH TeMe NAHHOH JeRIHH — Npo-
BePKEe PAa3JiMYHBIX KOCMOJIOTHH HAGMI0neHUsIMHE.

Ipobarempt uikasvt s8pesieHu 1 B803pACTQ

Bospact HauOosee crapeix 3Be3jn B Hamel [anakruke
COCTaBJISIET, MO-BHAMMOMY, 1o kpafineil Mepe 1,5-1010 ser
unu paxe 2100 zer. Ecau npHHATE HBIHENIHIOW OIEHKY
pacCTOsIHHH MexXJy TrajiakTHKaMmHu, To TpeGoBanue, uTOOH
Haila [anakTuka siBasmiack Gojee mononoi, ueMm Bcsi Bee-
JIEHHAsl, J€eJaeT HEBO3MOXKHBIM OOBIUHBIE KOCMOJOTHH C
A = 0. Hckmouaercs Takxke Momeds ocuuaaupyouteil Bee-
genHo¥ Xekmana u llokunra. B stom cayuae ucneltanue
BHIEPIKUBAIOT TOJBLKO KocMojsioruss Jlematpa ¢ A+ 0 n
Teopus cranuoHapuo#i BceserHoil.

OpHaKo eCTh MNOJO3PeHHE, 4YTO HHHEMHss OleHKa
mKaJjgel paccTosiHuél Bo Bcenennoil siasiercs omm6GouHOIL.
Dra mKasa OOBYHO BHIpaaercsi depe3 OBICTPOTY pocTa
CKOpOCTH, OmpejefsieMOll Mo KPacHOMY CMelleHHio, € pac-
CTOSIHHEM, T. €. uepe3 —cCAv/v, Tle €~ CKOPOCTh CBETa, &
—Av — U3MepsiEMOE KPACHOEe CMeIlleHHe YacTOTHl CBETOBHIX
BOJIH NIPU NepBOHAuaJbHOH uyactoTe v. CoBpeMeHHAsi OLEH-
Ka OBICTPOTH POCTA COCTaBJSIET

cA ~
. — TV =T75— 100 xu - cex™ meeanapcer™'.
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Jlasi TeX paluanbHBIX PacCTOsIHME 7, TPH KOTOPHIX €llle He
CKA3bIBAETCH HEIBKJMIOBOCTb, MOMKHO HanucaThb

= Hr.

Ecnu r BHpaxkaTb B Meranapcekax, a ¢ B Km/cek, TO TO-
crosiiHas Xa66sa H ecTe Kak pas3 TONBKO YTO YIOMSIHYTasl
pesiMuMHa, T. e. 7b—100 wkm/cek - mazanapcek. D1a ke Be-
JMuMHa QUrypupyer B Teopum crannonapuoii Bcenenno#
R = exp(Hf). Tlocrossnunass Xa66na HMeeT pa3MeEpHOCTH,
ofpaTHyi0 BpeMenu, T. €. B enuuuuax C.G.S.

H'=3.10" cerc ~ 10" sem.

B OO6GBIYHBIX KOCMOJIOTHUECKMX TeOpHUSAX, [je TIpHHH-
maeTcs A =0, H!' npencrasnser co6Goil Bepxuuil npenen
Bo3pacta BeeseHno#i; B OCUMANHPYIOLLEH KOCMOJOTHUECKOH
momenu Ttuna Xekmana u llliokuara Bpewms, npomemuee
MOCJIE TIOCJEHEr0 MHHHMyMa, 6ynet Menbme 2/3- H-1, T.e.
Menee = 7- 10° saer. Ilockonbky 1o cooOpaKeHHsiM, KOTO-
pele ML BCKOPE MNpHUBeneM, He0OXOAMMO MpPHHATh, 4TOOHI
BO3PAacCThl TAJaKTHK ObUIN MEHbINe, Y4eM YKa3aHHOE BpeMs,
TO B TAKOM CJiyyae BO3HHKAET pPAacXOXKJEeHHE TPUMEPHO B
3 pasa.

Has criaceHusi 3THX KOCMOJIOTHUECKMX TeOpuH Heo6Xo-
IUMO YIBOMTH WM JHaxe yTpouth 3Hauenue H-1. Tlo-
CKOJILKY Av/v €cTh TOYHO H3MepsieMas BeJAMUYMHA, TO MO=
no6unit nepecmorp H-! Tpe6yeT COOTBETCTBYIOLLEIO VB«
JUYEHUs1 OLeHKH paccTosinuil r. B mocsegHue roibl OUEHKH
pacCTOSIHWi HAa CcaMOM JieJle 3HAYUTENLHO BHIPOCJH, OT-
KyJa MOXKHO [peIrnoJioXuUTe, 4YT0 JajbHefimmil poct B
3 pasa M KouM o6Gpa3oMm He uckJiwueH. Mmeercs, oguako,
OHO BAXHOe COoOOpaxKeHHe, HECKOJBLKO JHCKpEIHTHPYIO-
ulee TaKyl TOYKY 3peHust. BupuMeii yraoBoll pasmep 0
rajsaktukyu, HabmwojgaeMo#l BO (hPOHT, CEsI3aH C €€ peaJib-
HEIM (HU3HYECKHM [uaMeTpoM d M PACCTOsIHUEM r COOTHO-
meHueM 6 = d/r npH yCJOBHH, YTO I ONAThL-TAKH HE HACTOJb-
KO BeJHUKO, UTOOBH HE3BKAMIOBOCTH urpasia podab. Ilo-
CKOJIbKY § MOXKHO M3MEpPUTh € XOpomeH TOYHOCTBIO, OI[€HKa
IJisl r nogpasyMeBaeT OUeHKy phs d. Torpga, mpu HeIHENI-
HHX OUEHKaX WIKajabl PacCTosiikiél r nuaMerpH d rajakTHK,
CTPYKTypa KOTOPbIX HalOMHHAeT Halily, OKa3blBaloTCsa
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nogo6HEIMH OTIPeNeJIEHHEIM HE3ABHCHMO JHaMeTpaM Hallej
Fanaktukyn u Oausnexanux rajaktuk thana M3l m MS8|,
Ho ecamn Ovl 3Hauenust ¢ aJisi YOAJEHHHX CaJaKTHK GbLay
6Bl cUCTeMATHUECKU MEPECMOTPEHBl B CTOPOHY YBEJHYEHUs
B 3 pa3a, TO 3TO YIOBJETBOpUTENbHOE CoTJiacHe Gulio 6w,
oueBHIHO, HapylleHo. V3BecTHBle U3 HE38BHCHMHIX OILEHOK
pasMeprl 6iH3sieXalMX TajJakKTHK oOKa3ajuch OGwvl  aHo-
MaJbHO MaJbIMH.

CuoBa of6pamjasick K OCUMJJHMPYIONIEH Mopmenu, 3aMe-
THUM, YTO MOMKET BO3HHUKHYTh HeIOYMEHME, IOYEMY BCE ra-
JIAKTHKH IOJKHB KOHIEHCHPOBATLCSl B 310XH, Oojee mosp-
HHe, ueM (ha3a MOCJAEIHETO0 MUHHMYMa. 3TO OOBsiCHsETCSH
ONAThL-TAKH acTpodusvueckuMu coolGpaxkenusamu. Bonopon
npespallaercs B reauyl BHyTpu 3Be3n. Ho Torpa sicho, yro
Bcesennasi He Morsia 6wl UCHBITaTh MHOXECTBO GecKOHeu-
HBIX TyJbCanHii 6e3 Toro, 4roGel CropanHe BOIOPOLA BHY-
TPU 3Be3]] He CMEHAJOChH HEKOTOPHIM OOPATHEIM MHPOIECCOM
npeo6pa3oBanys reauss B Bogopon. Takol o6paTHHfl npo-
necc TpebyerT COCTOSIHMSI ¢ BHICOKOH MJIOTHOCTBIO U BRICO-
KOH TeMnepaTypoH, npu KOTOpPOM Bcsi Mmatepusi BceseHHoil
IJIOTHO CXKATa. IDTO 03HAUAET HEBO3MOXKHOCTh CYIIECTBO-
BaHusi OTAEJbHBIX FafakTHK B ¢a3ze MuHuMyMma. Bee ranak-
THKH, KOTOpble MEl Tellepk HA6JI01a€eM, JOMKHE TeM CaMBIM
BO3HHKATh KAaK YINOpPSIIOHYEHHBIE CTPYKTYPH B 3M0Xu, GoJee
No3Hue, YeM 310Xa MOCJEeAHEro MHHHMyMa.

Crout no6aBuTh, YTO pa)e [JONYIIEHHE O COCTOSIHUH
maTepuu BceneHBOH ¢ BBEICOKO¥ TJIOTHOCTRIO H BBLICOKOH
TeMHepaTypoﬁ C OYEBHIHOCTBIO He O3HAYAeT BO3MOKHOCTH
JeficTBUTENBHOTO TIpeBpailenusi rejus o6paTHO B BOLOPOL.
Brionne BO3MOXHO, 4TO U3 COOOparKeHHH sigepHOH (GH3IUKH
Mopedb ocumannpymoonieil BceesenHo#t 6yner oTrBeprayTa.
ATOT BOIPOC BCE €llle OCTAETCS OTKPHITHIM.

Ilpp cOBpeMEHHEIX JAHHHIX JIMIIB JBE KOCMOJIOTHYE-
CKHE TEOPHM YIOBJIETBOPSIOT KPHTEPHIO BO3PACTA: TEOPHS$
CTAIIMOHAPHOTO COCTOSIHMsIM KoCMOJiorusi Jlematpa cA + 0.
ITosoxedne B 3THX JIBYX CJAYd4afiX, OJHAKO, COBEPUICHHO
pasnuuHoe. B kocMmosioruu JleM3aTpa Bce rajlakTHKM CKOH-
JIEHCHPOBAJINCE B OJHY N@HHYIO 3M0XY, B MOMEHT, KOINa
CKOPOCTh pacliiupenusi R mpoluia yepe3 MHHHMAaJbHOE 3HA-
uyenne. TakuM o06pa3oM, Bce TajakTHKH o06/ajaloT BO3pa-
CTOM, CpPaBHUMBIM ¢ Bo3pacToM Haulefi [ajakTuku, cka-
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xeM, 1,5-10" zer. CoBepuieHHO HHOe NOJOXKEHUWe HMeeT
MECTO B TEOpPUH CTaunuMoHapHO# BcenenHoii.

Bcenomunas, uto R gBasiercss MacuiTaGHBIM (aKTOpOM,
JIerKO BHETb, YTO IUJIOTHOCTb B MpPOCTPAHCTBE, CKaxeM, Q
yXKe CYILEeCTBYIOIUUX FaJaKTHK YyMEHbIIAeTCsl CO BpeMeHeM

¢ Guicrporoit 3QR/R. Hdas R = exp(Ht) 3To cocrasnisieT
kak pa3 3HQ. UYrobu noamep:kuBaTh CUTYalHIO CTalMO-
HAPHOrO COCTOSIHUS, MNOJIKHEI, OYEBHAHO, pPOXKAATLCS HO-
BBIE TAJNIAKTHKH C TaKUM Ke TtemnoMm, T. €. 3HQ, B equHuIe
o6beMa 3a efuHuIly Bpemenu. [lanee, 0603Hauasi uyepes
g(t)dt nnoTHOCTH TanakTHk ¢ BO3pacToM oT f no f+ df,
[oJiyuyaeM

Q=[ q@at,
[}
a TakixKe

q(t+at=q(O)—3q(t) & dt.
YTO pgaet ’

. R
q=—3q = —3Hqg,

OTKYAA JIETKO BUIETb, YTO ¢ yOniBaeT co BpeMeHeM { noO
sakony exp(—3Ht). Ilogcramnasigs »TO BhipaX<eHHe B BHI-
HIeyNOMSAHYTHIH HHTerpan mis Q, noJyyaem

q=3HQ exp(— 3HY).

Orcioga MOXHO OXHAATH CYIIECTBOBAHUS TaJaKTHK BCEX
BO3PACTOB, HAYMHasl C TaJlakKTHK TOJBKO YTO 3apOAMBIIHX-
cfl, BIVIOTL [0 TaJakTHK C Bo3pactoMm {—>co. QpHako, mo-
CKOJILKY TNpPOCTPAHCTBEHHAS MJIOTHOCTb yMEHbL1aeTcsl Obl+
CTPO, TNOCJIEe TOTO KaK BO3pacT ! npesbicuT H~!, Mbl He HOMK-
HBl OKHMJATh, 4TO OOHAPYXKHUM OOJiee YeM OIHY rajakTHKY
¢ Bo3pactom > H,
Cpenuuii BO3pacT BCEX TaJaKTHK COCTABJISET

Q™ [ tquar.
0
Jlerko HafiTu, uto 3To cocTamasier (3H)-l. Takum ofpa-

80M, NpH COBPEMEHHOH OlLEHKe nJ H cpennnit BO3pacr
cocrapasier He Oosee uyem 4-10° ser, Otcioga B TeopuH
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cranvonapHoit BcesieHHOH OOJBIIMHCTBO TaMaKTHK JIOJK-
HO O6HTH ropa3no 6oJiee MOJOAEBIM, uYeM Hamia [ anak-
TUKA.

Ilpexpe yeM paccMOTpeThb BHIBOABL M3 3THX MNPOCTHIX
3aKJ/IOYEeHHl, cjeayer 3aMeTUTb, YTO aHaJIOTHYHEIE apry-
MEHTH HPUrOAHH MO OTHOLIEHHI0 K o00BekTtaM Ji06org
TUNa, COXPAHSIOIMM CBOI HHIWBHAYAJBHOCTL TOCHE BO3-
HUKHOBEHHSI. [IJIOTHOCTH KOPOTKOXKHBYIIMX OOBEKTOB —
HampUMep, HCTOUHHKOB  PajMOM3Jy4€HHs] — yMEeHblaeTcs
Orictpee, ueM 3QR/R. Takum o6pa3oMm, 4TOOH NOAAEPIKU-
BAThb CTANMOHAPHOE COCTOfIHWE, TaKue OOBEKTH JOJKHBI
NOPOXKAATBCA CO CKOPOCThIO, npepocxoasiedi 3HQ. Korna
Xe BpeMsi XHU3HHU OOBEKTOB BO MHOTO pa3 HHIKE, uYeMm
(3H)~!, To CcKOpOCTL NOpPOXACHUS Oyner 1o CYILIECTBY
KOHTPOJIMPOBATLCSI 32KOHOM €CTeCTBEHHOro pacnajga ca-
MHX O0BLEKTOB, a He paclupenueMm BceneHHOI.

BosBpauwasice K raizakTHkKaM, oTMETHM, YTO MOXKHO 6e3s
TPyAa MOHSITh, YTO NOApa3yMeBaeTCs NOA POXIEHHWEM ra-
JIAKTHK, NpU YCAOBUL, 4TO peuv uler O BCex 20AQKTUKAX
emecte 63aTvix. HoBLie TasaKTUKH JOMKHE CO3IABATHCH
M3 ra3a, pacnpelenieHHOro MO MEeXralakTHYeCKOMY IMpo-
CTPAHCTBY — r'as3a, KOTOPHH MOCTOSIHHO BOCCO3Oaercsl Mpo-
[1ECCOM TMOPOXKIEHHS.

OpHako npobgeMa cTaHOBUTCST OoJiee CJIOXKHOH, ecqu
paccMaTpuBaTE JMIIbL TAJAKTHKH JaHHOTO CTPYKTYPHOTO
tuna. CoBepIIEHHO BEPHO, YTO €CJHH CUHUTATH KaXKABIH THI
FaJiakTUKH 4eM-TO BPOAE OTHENbHOTO BHAA JKHBOTHEIX —
KOTOPHIH HHKOT/la He MOIKEeT MNPEBPATUThCS B ApPyrofl, —
TO AoJDKHA OLiTh BBHABHHYTA B TOYHOCTU TAKAas ¥Ke€ HHTEp-
nperanusi OTHOCUTENLHO OOpAa30BaHHUsT TAJAKTUK KaxKaoro
tuna. Torma Kawpawifi THUOD TaJNaKTHK JOOJKeH O6pa3oBbi-
BATHCA B OTIAEJIBHOCTH M3 MeXKrajakTHuecKoll cpenwl. ba-
aze [4], Ha naw B3rasin 6€3 HOMIKHOTO AaHANH3A CAEJAHHBIX
UM NpPeaNoNOXKEHUH, YTBepxkKAam, 4To Ge3yCHemHOCTh €ro
NONHTOK HabmiofaTh rasakTHKH TUna E, BHOBL KOHIEHCHU-
pyomuecs U3 MeXKranakTHueckKOil Cpenbl, JOKa3HBaeT He-
MPUTOAHOCTE TEOpHH CcTanuoHapHo# BceneHHo#i. dtu  ap-
rymeHTH Daane HepaBHO noeropusi Dok, He nomseprapiiuil
KPUTHYECKOMY aHAJU3Y BCIO npobaemy.

- Ecnu o6rekt tuna A usmeHsietcs B 06bekT Tuna B ue-
pe3 npouecc acTpodu3nueCcKoH 3BOJIOLMH, TO caMa 1o cebe
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acTpodH3UUecKasi 3BOJIONHS BH3BBaeT oOpasoBaHue o6b-
ektoB THna B. Takum o6pa3om, ecju rajakTHKH NOABED-
FKEHHl BOJIIONUH B CMBICJE

A-B->C—->D->E,

TO BOBCe He Tpelbyercs Kakoi-u60 HernocpeacTBeHHOM
KOHIEHCalUH TaJjiakTHK Tuna E H3  MeXrajlakTHuecKCi
cpennl.

Ipupona crapuii A, B, C u D naMmu BLIllle HAMEPEHHO
He YTOUHSIACh, MOCKOJBKY TOUYHOE OTOXKAECTBJIEHHE STHX
cTajuil HEeCYLUIeCTBEHHO JMJIsI JIOTUKH paccyxkpeHuil. B pa-
G6ote Moprana [B] nenaercsl MONBITKA NPOBECTH CJEYIOLIEE
OTOXKECTBJICHHE:

B=Sc, C=Sb, D=Sa.

Torpa cranus A npeacrasiser co6oif NMepsOHAauaAbHO He-
3HAYUTEJBHYIO H TPOCTEHLIYI0 TalaKTHYeCKYl0 KOHJeHca-
UI0.

B a31oii KapTuHe AcTpOQU3NYECKOH 3BOJMOIMM Bce elle
CripaBe/UTHBO YTBEPXKJE€HUWEe, YTO CPEJHHH BO3pacT rajiak-
tuk tuna E posmxen cocrasaath (3H) ™' = 4-10° aer. On-
HaKO 3TO He ecThb BO3pacT Haubosiee crapblx 3Be3j, HOO
Hanbosiee cTaphie 3Be3nbl NpHHaanexar kK craaun A. Cuu-
Tasl, yTO Kaxnas cramusi gautcs speMs (3H)-!, u npunu-
Masi yNOMSIHYTOe Bbille [PEABAPUTENbHOE OTOXKJECTRJE-
HHe, MPUXOAMM K CHUTYyalluH, NpeACTaBJieHHOH B Taba. |.

Tabauya 1
) ITpocTeinne
LI TaJaKTHKH Gopbi Sc Sb Sa E
Bospact HaunGosee CTapmix
3Be3]; B CpelHeil ranaktuke
(B10° zem) . . . . . .. . 4 8 12 16 20

B HeKOTOpPBIX UYACTHHIX CayuasiXx Bo3pacThl Haubosee
cTapHX 3Be3J MOryT OHTb, KOHEYHO, BEIINE 3HAYEHHH, NpH-
BEIEHHHX B Tabu. l. D10, NO-BUAMMOMY, HMEET MECTO s
Hamell I'anakTUKK, XOTS pacxoxAeHHEe BEJUYHH HE CJHLI-
KOM BeJIMKO. BospacTel camblx crapbix 2Be3fi B8 [anakTuke
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BpsA Ju cocTapiasior Oosee 15« 10% zer. Torpa poctaroung
6Liii0 6 BCEro JiMINb HE3HAUWTEJBbHOE€ HW3MEHEHHE BeJH-
uinbl H, yTo6L 9TH 3Hauenus NPHILIM B COOTBeTCTBHE. (D10
He NpuBejo OB K yNOMSIHYTOH BHIINE TPYOHOCTH, COCTOS-
el B aHOMaNBHOM YMEHBLLIEHHH JHHEHHBIX pa3MepoB Ha-
meil u GaM3gexaliux TrajakTHK NP 3HAUUTEJIbHOM YBeJu-
YeHHH BeguunHer H-1)

Bo wusfexanue BO3MOXKHHIX HeNOpa3yMeHUil, yIOMs-
HEM, YTO PAaCCMOTPEHHBbIE 3JIECh IJJIUNTHUECKHE TANAKTHKU
SBJASIOTCS TAK Ha3HBAEMBHIMH CHCAQHTCKUMM — 3JLIMITHYe-
CKHUMH, a He MajbiMi OGBEKTAMH, THNA CNYTHUKOB TYMaH-
HoctH M31.

Aprymenranuss Moprasa B T0JAb3y  3BOJIEOLHMOHHOH
CxeMbl YMOMSIHYTOro BEILIE THIIA OCHOBAaHA Ha HWHTErpasib-
HOM CN€KTpe TajiakTHK. AHaJIOTHUHBlE ApryMEHTHl MOJy-
YAIOTCHA TaKXKe M3 YCPEOHEHHBIX XapaKTePHCTHK [BETa.
3Be3qbl AEp CNHpaJbHBIX rajiakTUK Tuna Sb u Sa, no-su-
JMMOMY, aHAJOCMYHLI 3Be3jaM ranakTik Tuna E; oaHakxo
HHTErpasbHbE XaPAKTEPUCTUKH IBeTa CTaHOBATCS Bce 06o-
Jiee KpacHBLIMH BAOJBb nocjenosatenbnocta Sb, Sa, E. Co-
r1acHo HEeAaBHHM TeopeTudeckuM patoram (Kpsmnue u
Xoiib [6]), uBeT rpynnel 3B€3n C BO3PacToM HEHCTBUTENb-
HO J0/1%K€H HM3MEHSIThCS B CTOPOHY KPacHOro, Tak 4YTO Ha
caMoM Jlejie HaOJIofeHusl HaXOASITCS B Ka4YeCTBEHHOM CO-
IJIaCHH ¢ BO3PACTHOHM NOC/E€I0BATENHHOCTHIO, ITPHBENEHHOM
B Hameil Tabnuue. BoJsee Toro, npegsaputesbHbie KOJHUE-
CTBEHHLIE ONEHKH, NPOU3BEIEHHBbIE HA OCHOBE IBETOBOMU Xa-
PaKTePHUCTHKH, OYEHb XOpOLIO COryacylTcsl ¢ NpHBEJEH-
HEIMH B Tabu. | 3paueHusivu Bo3pactoB. OgHako HeJb3s
NepecueHuBaTh 3TH  NpenBapHTeNbHEIE pe3yibTarhl. Ha
IBET fJEP COUPAJLHBIX TYMAHHOCTEHl MOrsio MNOBJIHATH
rajio, coctosiiiee u3 rojy6GulX 3Be3[ THMa WIAPOBBIX CKOM-
gennfl. Jlo yuvera Ttakux 3¢ (HEKTOB NPHAABATL CJIHLIKOM
foJblIOe 3HAYE€HHE KpuTepuio nseta GuJo OH NpexaeBpe-
MEHHBIM.

Camuie y6enuTesibHBIE [0Ka3aTEJNbCTBA CYIleCTBOBZHNA
CPaBHUTEJBHO MOJIOAHX TallaKTHK, BEPOSITHO, NOJYYHJIH
bBepbumku Ha OCHOBAHWM HUCCJAENOBAHUS JIMHAMHUKH CKOIl-
JIEHUS TaJIaKTHK, [JaBHBIM 00pa30M CrndpasibHOro THINA
B co3eaguu I'epkyneca (Depbumx u Bepbumx [7]). 10
ckongenue obJanaer B nejoM (opmoit 6yken V, uto He-
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COMHEHHO CBHAETEJNBCTBYET O MOJOAOCTH cKomlJjeHus. B ca-
MOM Jiejie, U3MEPEeHHS CKOopocTell aBHMIKEHHMS OTAEJbHDLIX
rajiakTHK NOKAa3bIBaeT, YTO 3TO CKOIJIEHHE HAaXOAUTCS B CO-
CTOSIHHM pacnaja, eCcyid TONbKO UCKJIIOUUTh, YTO [aJaKTHKH
06J1aJ1210T HeNpaBAonon00HO GOJBIION Maccoil Kaxjaas I
B 3TOM CKOIUICHMHM HelpaBaonoioOHO MHoro Aug@dy3Horo
BeIleCTBA; HO €CJIH CKOIUIEHUe [eHCTBUTENBHO pasJieTaercs,
TO BCHA CTPYKTYpa AO/MKHE GBITH MOJIOAOH.

Hwmerotes u gpyrue (GakTophl, KOTOPHIE AEHCTBYIOT B TOM
K€ HanpapjeHud. [MraHTCKue SJUIMNTHYECKHEe TaiaKTHKH
OKa3HBAIOTCSl cHCTeMaTHuecKu OoJice MacCUBHBIMH H 0osiee
SIPKUMH, HeXenHn CnupasbHble, Kak Oyaro Obl CVIIECTBYeT
NpoOLECC HX pocTa BAoJAb Hamieidl NoclieaoBareqbHOCTH. Bo-
Jiee TOro, ofueil OCOGEHHOCTBIO BCEro NO0Jisi FaJaKTUK $IB-
JFEeTCsl TO, YTo COHUPAJbHLIE rajakTUKE OOHaAPYKHBAIOTCH
B M&JLIX TpYNHAX, B KOTOPHX KaXeTcsl TOCMOACTBYIOLIEH
OllHA WJH, BO3MOXHO, ABE THUTAHTCKHE S3JJIUNTHYECKHE ra-
JAKTHKH. DTO HABOAHT Ha MEIC/b, YTO CHHpasibHHE rajak-
THKM B TaKUX IPYMOIax CKOHIEHCHPOBAJUCHL U3 MeXKrajak-
TUYECKOH cpelnbE uepe3 TNoCPeAcTBO TOCMOACTByIOIEH 3J-
JUNTHUeCKOfi rasaktukd. Bepbumk u Xoitns [8] paccmo-
TpeJu BO3MOKHBIH MeXaHHU3M MNOAOGHOro mpolecca.

B 3axumouenne jfaHHOH AHCKyccHH O (POpMHPOBAHHH HO-
BHIX FaJaKTHK MOCTABHM BOMNPOC: UMEIOTCS JIH HOKa3aTedib-
cTBa 00pa3oBaHus B OGOJBIIHX KOJHUYECTBAX MPHMHTHBHBIX
raJiakTHK, BO3MOXHO rajlakTuk COBCeM MaJjiofi macch? He-
nasuo b. A. BopounosbiM-BenbsimuunosbiM (1958 1.) ony6-
JIMKOBAH KaTaJOT CTPaHHHX 0GbeKTOB, 0TOOpAHHHX W3 na-
JIOMAPCKHUX CHUMKOB. ¥YJUBHUTEJLHO OCOGEHHOCTBIO 3TOrO
KaTaJora sIBJsieTcsl HEOKUAAHHO GOJbLiAs JIOJisl CTPaHHBIX
00BLEKTOB: BIUIOTE OO0 OGBEKTOB 15-f BeNMUYHHH 3Ta A0S
poxogut a0 3—4Y obuero uyucna Gosee wJaH MeHee HOp-
MaJbHBEIX rajdakTuk. ECJaM cuuTath, 4To BpeMsl KHU3HH 3THX
CTPaHHHIX OOBEKTOB HE INpeBHIIIaeT B GOJBUIHHCTBE CJY-
yaeB npumepHo 10® ner, To cremyer, uTO YHCJO CTPaHHLIX
OGBEKTOB, KOTOPBLI€ BO3HUKaJH 33 WHTEpBaJ BpeMeHH
4-10° ner, nonxno GbITH MO Kpafineil Mepe Nopsiika BCEro
yucJa rajgakTtuk.

[loka HUYEro HEM3BECTHO OTHOCHUTEJBbHO aBCOIOTHHIX
BEJIMYMH U PACCTOSHUI N0 3TUX O0GBEKTOB, HO HMEETCs Be-
POSITHOCTL, UTO 3TH OOBEKThl He SIBJASIOTCSt TMTAHTCKUMHU
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cucTeMamu. BeposiTHO, OHM fBJSIOTCS JOBOJIBHO CJaGhiMy
U cpaBuuTeJbHo Gimskumu. Ecom 3To Tak, To npocTpap-
CTBEHHA MJIOTHOCTH CTPaHHHBIX OGHEKTOB, BO3HUKABIIHUX 33
Bpems 4+ 10° zer, nomkua 66T N€HCTBHTENRHO BeCbMd BHI-
cokoil. BrosiHe MoxKeT 0Ka3aThCsl, UTO 4acTh HX SIBJferCy
NPUMUTHUBHLIMYM TallaKTHKAMH THIA A, CyleCTBOBaHHE Ko-
TophIX TpeGyeTcs Teopueil cTannonapHol Beenennoil.

T'eomerpuueckas nposepka KOCMOAOSUU

Ilo cux mop MBI OrpaHUYHBAJIUCH PaccMOTpPEHHEM CTOJIb
MaJLiX PpaccTOsSHUL oT HabJwoparesns, 4YTO NPUTOAHOCTEH
9BKJIMOBOH reoMeTpur He Hapymajack. OJHAKO HE3IBKJIN-
JIOBOCTh CTAHOBUTCS! CYINECTBCHHOH MNpH yBeJUUYeHHH pac-
CTOSIHMH, NPHYEM COOTBETCTBYIOIIHE 3(h(heKTH NoJaydYarTcs
pasJuYHBIMH B pasHHX KocMogsorusix. Otciona na6mone-
HHUSl, KOTOpble OOHapYXKHBAWT XapaKTep He3BKJ/HI0BLIX
3((exTOB, CMOTYT CJAYXHTL JOKa3aTeNbCTBOM TOH HJH
WHOH KOCMOJIOTHH HJIH HEKOTOPHIX ee ocoGeHHOCTeil.

K nanHOMy BONpPOCY HMEeT OTHOLUEHHE CBfI3L MEXKAY
pacCTOSIHHEM M KPACHHIM CMelleHHeM. 3[eCh He3BKINI0-
BOCTL O3HauaeT BBEJEeHHE UJIEHOB BTOPOro MNOpSiAKA MaJo-
cTH. BBOAS AJIMHBEL BOJIH BMECTO YACTOT, HMEEM

¢ Ak

Iy :Hr+Kr2,

HCKJI0Yag Ciayvyall TeopuH cTauuoHapHoit Bcesiennoi, rae
K = 0. MoxHo au mnokasarn, uro K = 0?

dakTUYeCKH, KOHEUHO, aCTPOHOMEI He uaMepsior r. OHu
U3MepsAT HabaonaeMyo BeJUUHHY M rajiakTHKH, CBSI3aH-
HY10 C 7 COOTHOLIEHHEM

M=251gL—21gr —21g(1 +i£~) - const.,

rae L — ucnyckarenbpHasi CIOCOGHOCTL TaJakTHKH —(u3Me-
psieMast, HanpuMep, B enununax csetumoctu Cosnna). Kos-
cTapTa B 3TOM COOTHOUIEHMM 3a[aeT MNPOCTO Hauajo OT-
cueTa BPEMEHH.

Ecau MB HMeEEM A€J10 TOJIBKO € rFajiakTHUKaMH, obnajgalo-
LIMMH OHOH ¥ TOH K€ BEJMYHHOH L, TO MEI MOMKEeM pellud:b
5TH ypaBHeHHs M Boipa3uts M uepes Ai/L. IlosyueHHas 1a-
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KHM 06pa3oM CBAI3L NPUBOAMTCA Ha QHr. | Kak AJsa Teopuu
cranuoHaphoil Bcenenno#i, tTak M AJisl M3BECTHOI KOCMOJIO-
ruueckoil mMojesn IDfiHwreiina — ne-Currepa (kortopas siB-
Jf€TCs O0coOBIM NpPHMEpOM Cpedy MHOTHX JpPYIHX C HyJe-
BOH KocMoJsioruyeckoil moctosinHofil). Kpusasy, cooTBeTcTBYIO-
mas Kocmonoruu JlemsTpa, NpoxoguT OMH3KO K CHAYYA0

0

-30

=35
2 0 2 4 6 8 10 12 14 16
Mg, npouseonensie efuruyel

dur. 1. Bugnmaa seaMuMHa KaK QYHKIHSA KPacHOrO

CMEIEHAS 1a8 HCTOYHHKA CTAHJAPTHOH MHTEHCHBHOCTH,

corsacuo teopun JHumreiina — ne-CHrrepa (kpHBas [)
H TeopuH cranuoHapHoit Bcesenno#t (kpusas 2).

cTanuMoHapuoil BceneHHOH, Tak 4YTO HACTOSIIME KpUTEpUil
Heyno6eH 1Jist OTAe/eHHS BEIBONOB JIBYX NMOCHENHUX yNOMs-
HYTHIX TEOPHH.

Kak M, tak u AA/A — Beauunnnl uaMepsaemeuie. Cieqona-
TeJbHO, 3/1eCh Mbl HMEEM pelaliylo NPOBEPKY, KOTOpasi
NnocJay¥XHT BEIOOpY Mexay Teopuell Jilninrefina — ne-Cur-
Tepa, Teopueil Jlematpa u Teopueil cTaunonapHoit Bcesen-
HOI, ecall mbL ysepeuvt 8 TOM, 4T0 L OelicTeureavno oduna-
KORO Oas 8cex nHabawdaemwbx eanraxktux. Ho Kak pas 3nech
M BO3SHUKAET TPYIHOCTh. [alaKTHKH CHJILHO OTJHYAIOTCS MO
cBouM 3pauyenasaM L. Ha6awopenue cpaBHUTENBLHO GIM3KUX
rajiakTHK TOBOPHT, BHOpouYeM, O TOM, 4To L cTpemutcs X
BepxHeMy 3HaueHuIo, GiauskoMy 10% spefcex. Ecau ua ca-
MOM JfieJle HMeeTcs BEpXHHil Ipenen M ecJu MBI BCerjga

26%
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HMEEM JEJI0 C TajlakKTHKAMH, OTHOCSIUMMHCS K BEPXHeMy
npejesy, TO L Gyner mefictBuTesnsHo noctosiHHoN. WMenno
Ha 3TOi TUMOTE3e OCHOBHIBAIOT CcBoM patoThl Xab6Js, a 3a
HUM u CaHneiuk.

OpnHako NMOYTH HaBEepHOE BepXHHIl MNperneNl He ABJSIETCS
KecTkuM, DoJiee TOro, uMeeT MECTO CEJNEKTHBHEIN 3ddext
npu pocte |AA/A| Gnaromaps oT6Opy rajdakTHK €O Bce
fonpliuMyd 3HaueHusIMH L. UTto6wl uaMepats AA/A, HYXHo
NOJYYUTL CIEKTP, AJS YEro »KejaTeJbHO NMPONYCKaTh Yepes
cnekTporpad BO3MOXKHO 6oJpine CBeTOBBIX Jsydedl. Ecre-
CTBEHHO, YTO 3TO CKJOHSIET HA6/10aTelsl B NOJAb3Y OTHICKa-
HUsI HauboJsiee IPKUX TAJAKTHK, a NMOCKOABKY YHCJO Tafak-
THK C paccTtosiHeM OBICTPO pacreT, TO Ipu pocte 0T16u-
palTcs ckopee Bcero ofpasubl ¢ Hanbosibliedl SIPKOCTLIO H,
TJIENOBATEIBLHO, ¢ OOJBIIHMHU BeanHHaMulAMM

31oT 3QPeKT oTpaxkKaercsl Ha KPUBOH, NPEACTABIASIONIEH
HabGmogateasuee gandHble. OgHAaKo BaXKHO 3HATh, 0 KakKoii
crenenn? Ecau cucrematuueckas owmOka mis |AAA| = 0,4
COCTABJISIET BEJNUYHMHY, CYLIECTBEHHO MEHBLIYVIO ONHOH «Ha-
6aronaeMOll BETHYHHBI®, T. €. OOHOH eIuHUUH aasi M, torpa
NoJiydeHHbIE [0 HACTOSIUIEr0 BPEMeHH pe3yJbTaThl HpOTH-
Bopeuusin Gbl KaK TEOPHHW cTanuoHapHOH BcernenHo#, Tak u
teopun Jlemstpa. OHu roBopunu 6Bl TOTA2 B MOJBL3Y TEO-
pun THna iHmreitna — ae-Currepa (npu HyJeBOH KocMo-
JIOTHYECKOH TNOCTOSIHHOH), HO, NOCKOJLKY MBI HE MOXKEM
6LITL B 3TOM YBEPEHBI, MOJIOXKEHNUE TAaK U OCTaeTcsl Ha MepT-
BOIl TOUKE.

s sdgekTuBHOro mporpecca B AAHHOM HanpabJeHHH
COBEpLIEHHO fIcCHA HeOoOXOAUMOCTh OTGOpa rajiakTHK IpH
NMOMOILUK KpUTEepHsi, CBOGOAHOTO OT YNOMAHYTOH CEJIEKTUB-
HOCTH. B 3TOM HampaBieHuu yiKe chesaH psaj [Openio-
KeHuid. MeToBl, NOJHOCTLI0 OCHOBAHHBEIE HA ONTHYECKOH
ACTPOHOMHH, BpAn JAW OynyT ynosaerBopuresnbHeiMH. Of-
HaKo ropasgo OodibliM€ HaNeXgbl BO3JAraloTcsli Ha BO3-
MOXKHOCTEL HCTOJb30BaHUs AAHHBIX PagHOACTPOHOMHH.

Hau6osnee MOWHLIE W3 H3BECTHEIX UCTOYHHUKOB PajHOU3-
JyueHusl — 3T0 0coOhlil 06GBEKT B co3pe3aun Jlebens, sB-
JSIOUINECSH, MO MHEHHIO MHOTHX aCTPOHOMOB, Mapoil crad-
KHBAIOIMNAXCA TaJaKTHK. IJTOT OOBEKT CONEPIKHT upe3BH-
yalHO ropsfunii ras, H3JYYaloWM# HHTEHCHBHBIE SIpKHE
CNeKTpaJibHbIe JUHUH, 0COGEeHHO JUHUI 3727 gBakabl HOHH-
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sopanioro kucaopoaa (Ou). Avanorvunnii 06BEKT, pacno-
JIOXKEHHHII Ha ropasao 6osiee NanekoM paCcrosTHUH, 6wl
661 o6HapyeH KakK HCTOUHHK pPaniou3JjydeHusi. Y Hero
TAKIKE MOXKHO XOpOLIO H3MepuTh AMA, uG0 pesnarb 310
JieTye B (jiyyae HCOYCKaHHMA SPKOil JMHMH, YeM JJisl U3Jy-
YEeHHsI HOPMAJLHON TaJIaKTHKH.

Takas nporpamMMa 6oijia BHIIOJIHEHA HeaaBHO Bosaronom
1 MuukosckuM. B KauecTBe HCTOUHHKA paAHOU3JIyYEHUS
BHIGpan o6bekT Ne 295 mo Kam6pumkckomy katanory 3C.
H3MepeHHass JAJIMHA BOJHB OJHOH 3aperucTpupoBanuoi
apkol nunuu naet |AAJA| = 0,4614, ecau snUHEST HHTeprpe-
THpvercs Kak aurus 3727 pas Oy.

Bpsin nu HafexHBIM SIBASETCsl TPEAINOJOKEeHHE, 4YTo
CTOJIb HeoObIuHblE OOBEKTH 06Jadi0T CTAaHJapTHBIMH 3Ha-
yenuamyu L. OgHaKo 1Mo CcHacTauBOM CJay4afiHOCTH HCTOYHHK
paauousayuenusa 295 3C okassiBaercst CBI3aHHHIM CO CKOII-
JIEHHEM rajiakTHK, IPHUEM cpeiHee 3HaueHue L, ckaxew, nyist
JIECSITH CAMBIX SIPKUX TaJIaKTHK U3 3TOCO CKOIJIEHHS, MOMKeT
OPUHHUMATLCS PaBHBIM CpeAHEMY 3HaueHHo L Jyst jecsitu
CAMHX SIPKMX FajJlaKTHK B JPYTUX CKOILJIEHHSIX.

B nanHoM ciyvyae MBI HaMepeBaeMcCsl HCNOJB30BATH HC-
TOUHMKHM pajWOH3JIyUEHHsT B KauyecTBe KpHTepus or6opa
CKOMJIEHHUH TaJjakTHK, H3ferag TeM caMbIM TPYIOHOCTEM OfIl-
THUeckoro Meroza oT6opa. VcrouHuku paaMoussyueHust
NMOMOrawT Takxke TPH uaMepeHuu AAfA, NOCKOJIBKY H3Jyye-
HHE KOHIEHTPUPYETCS! B OHHON MM HECKOJALKUX SPKHX JIM-
HUSIX.

HenocraTok yKasawHOrO MeTOna 32akJ/J4aercd B TOM,
YTo TPYAUO TOJYYUTH ITPHEMJEMOE UMCJIO  CJAVHAEB.
A 310 HeoGXOAMMO [JiSl YCTpaHeHHs1 HOPMAaJbHOTO CTAaTH-
CTHUeCKOro pasz6poca, Tpucyuero suaueHuaMm L ans ckon-
Jgenuil ranakTuk. Ecnu 61 6bsio wafiieno OKoJI0 JECATH
AHAJIOTUUHBIX CJYYaeB, TO CTATHCTHYEeCKUil pa3tpoc Oua Ghi
B OCHOBHOM YCTpaHEH U MOXHO Oblo Gbl TPOBECTH HpO-
BEpKy, Noka3aHnylo Ha ¢ur. 1. s nosyueHus npHMepHo
IecATKa caydaen Oblio Obi, BEPOSITHO, HEOOXOIHMO pacCMo-
TpeTh paAHOUCTOMHUKH, 3HauuTesibHO Gosiee caaboie, He-
wesim uerounuk 295 3C. Ho toraa crano 66l BechbMa 3atpya-
HUTEJbHHM TOYHO H3MCPATH HOJIOKEHHe, a 6e3 3Toro Heob-
X0OAUMOE AJ51 MeToAa ONTHYECKOe OTOXKAeCTBJEHHE HCTOY-
HUKOB BecbMa TPYAHO. TakuMm o6pas3oM, npelicTaBJsiercs
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BECHMa MaJIOBEPOSITHRIM, 4TOGB B OGmukaiimeMm Oyayuem
6LiTM OGHApYXKeHH MHOTHe aHaJoruuhbie ciayqau. [osy-
Yyaercsl, 4TO TPYHOHOCTH, CBfI3aHHAsI C CEJIEKTUBHOCTLIO, Kak
OBl 3aMeHs1eTCsl TPYAHOCTLIO CTATHCTHKH.

Ecnu Tenepr o6paTuThcd K UHOMY THHY T€OMETPHYECKOM
MPOBEPKU KOCMOJIOrMYECKUX MojeJiell, TO HAll NOCTyJat
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E-S 2] o ~ o)
T T T 1 I

g N, npousaonsisie eBunuysl

(73}
)

¥
L

i 1 i L It i
S 1 15 20 25 30 35
My, npouagonbrsie eBunuyb)

g

<

@®ur. 2. Uncno o6bEKTOB HA eIMHHYHBIH
HHTEpBaJ BUIHMOI BEJHUHHH KaK QYHKIMS
BHIMMOH BEJHUMHB ISl TEOPHH JDHHIITEH-
Ha — ne-Cutrepa (kpHsad I) U Teopu CTa-
nHonapHoil BcenenHolt (kpusas 2).

OIZHOPOJIHOCTH, COBMECTHO CO 3HAHHEM HE3BKJMWAOBLIX Xa-
PAKTEPUCTHK MOJEJIH, NO3BOJSET NPOM3BECTH NOACYET YH-
cesl 00beKTOB Kak $yHkuHu AA/A ¥ kak ¢yHkuun M. Pe-
3yJALTATH TEOPHH CTAUHOHApHOI BceesienHofi H Teopun DUn-
wreiina — ge-CuTrepa .ipeacTaBjieHH Ha ¢ur. 2 (4UCI0
06BeKTOB B 3aBucuMocTu or M). JIBe Teopuu coBnagaior
JIO Tex Mop, MMOKa pPacCTOSIHHE HE CTAHOBUTCH AOCTATOMHBIM
JUISl TIPOSIBJIEHUS] HE3BKJIMIOBOCTH.

Yto KacaeTcs Teopuu cTaudonapHoil BcesnenHoil, To 1H
COOGpaXKeHUsT MOTYT OJHO3HAYHO HPUMEHSTLCS K JIOGOMY
THNY OGBEKTOB: raJlaAKTHKAM HJIH HUCTOYHUKAM pPaJIHOH3Jyye-
HUSI, IPY OIHOM JHIIL YCJAOBHH, YTO OGBEKT AOCTATOUHO HACTO
BCTpeuaercss (T. €. uTO CpeAHsiS MNPOCTPAHCTBEHHAS MJOT-
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HOCTh HE HOJIXKHa OBbITb HAMHOTO MeEHblle, YeM INJIOTHOCT,
paBHas OJHOMY OOBEKTY B KyDOe co cropouoii 100 meeanap-
cex). OnHako B caydae teopuu JiiHmreiina — ne-Cutrepa
HEOOXOJUMO NPEANOJIOKEHHE, YTO OTHOIIEHWE MNpOCTpaH-
CTBEHHOU IJIOTHOCTH OOGBEKTOB KO BCEll NPOCTPaHCTBEHHO
IJIOTHOCTH MACC OCTaeTCsl HEU3MEHHBIM [Jig BCEX 300X.
OnHako 370 He HMeeT MecTa AJIS CJyuasi, KOrjaa Yucio o0b-
€KTOB H3MeHsleTCsl KaK KBalpaT OpOCTPAHCTBEHHOH IJIOTHO-
CTH MacChl — KaK 3TO MOIKET OKa3aTbCd B Cjlydae HCTOYHH-
KOB pPaJHOM3JIYYEHHUs, €CJIH HMCTOUYHHKH palHOW3JyYeHUS] B
caMoM jJeJie BO3HHMKAIOT IJIABHBIM 006Pa30M NPH CTOJKHOBE-
HUH MeXKy raJJaktuikaMHu.

Kanaccuueckolf nonbITKOH MOONCYUTATL YHUCJIO TAJIAKTHK C
HeJbio TMPOBEPKH KOCMOJIOTHH fiBasinack pabora XaG6uia,
K coxaJsenuio, ee pe3yabTath OGHJN KpaliHe HeyGenUuTeh-
HeiMid. C Tex nmop acTpoHOMB! B 06LieM He OHIJIH CKJIOHHBI
npojeiatsk CToJib GOJLIIYI0 paGoTy Mo TaKOH NpoBepKe, NO-
CKOJIBKY BMOJIHE BEPOSITHO, 4TO J06asg HOBas MporpaMma
TaKXKe He YBEHYAETCSl YCIEeXOM.

B ciayuae HCTOUHHKOB pafMOHM3JIyU€HHH MOJOXKEHHe 60-
Jee GJATONPHATHO, MOCKOJBKY YHCJIO UCTOYHHKOB, MNOjJc-
KalUX cYeTy, ropasfo MeHslle, yeM rajaktHk. OnHako Bo3-
HUKAIOT YCJIOXKHEHHUSI B CHJly TOro (pakta, 4to paguoactpo-
HOMB HE MOrYT OMEPHPOBATH C KAXKJABIM HCTOYHHKOM B OT-
JeJbHOCTH (MCTOUYHHKU PA[UOH3JIyYEHHS! HMEIOT 1€HIEHIHIO
NepeKpHBATLCA B JIY4e€ «PajUO3peHHsl»). D10 06CTOsATE N b-
CTBO He JIOMYCKAeT HeNOCPeACTBEHHOIO MPUMEHEHHST [ua-
rPAMMH, [pPEJCTABJEHHON Ha ¢ur. 2 K HabJIIOJIEHUSIM pa-
nuousnyuenus;, PapuvoactpoHOMy ocTaercss NPH NOMOLIH
KPHBHIX Ha (DUI. 2 pemaTtsh, Kak MoA00HOE pacnpenejieHue
yrcyia OOBEKTOB MOMXeT MOBJHATL Ha ero KOHKPeTHoe
oGopynosanue. [locme storo oH MOXer cpaBHHBATH CBOM
TeopeTHuYecKHe BEIBOJH, OCHOBAHHHIE HA PasyIMYHBIX KOCMO-
JIOTHYECKHUX TEOpUSIX, C pe3yJibTaraMu HaGJIIo/leHuil.

B a3toii o6a1actin Hanbosiee o6MIHpHBIE HAGIIONEHHS NIPO-
pejens PailjeM u ero corpynuukamu. Hopeilnve peayiib-
taTh, KOTopeie coobmuau Paiine u oep [9], comepxar
noacuer npuMepHo 2000 MCTOUHHMKOB IIPH AJIHHE BOJIHH 1,9 a1,
DTH pe3yJibTATH COBMECTHMB C 3BKJIHJOBOI TreoMeTpHeii.
Cpenu caMbIX SPKHX UCTOYHHKOB MMEIOTCS JOBOJBHO 60/ib-
e GAYKTyaudd ydcaa o0bekToB [lpu stoM He sicHo, mo-
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JIy4aeTcs JIM 3TO BCJEICTBHE KOMOWHALHMU CTATHCTHYECKHX
IPUYUH HIH HHCTPYMEHTAJNBHHX OlHOGOK WIH 3/1€Ch BJIUSAIOT
cBOficTBa, (Pu3NYECKU TpUCYyLIHe OMMKARIINM HCTOUHHKAM.

OTcrona MOXKHO CeNaTh BHIBOJ, YTO HAGMIONEHUS elle He
NpPOHHKIM BINIOTH [0 [OOCTATOYHO OGOJNBIIHX PaccTOSHUI,
yro6bl MOTJIM NPOSIBUTLCST UCKOMHEIE 3¢hexTh. B Hacrosuee
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& ur. 3. 3aBHCcHMOCTD BHINMOro anaMerpa A0 ucrouHuka

¢ dab6COMOTHLIM nxaMeTpoM D OT KpacHOTO CMelleHHs

B teopun JitHmrteitna — ne-Curtepa (kpuBas /) H TEOpPHH
crauHonaproit Bcenennoit (kpusas 2).

Bpemss B KomOpuaxke mnposogurcs pabora, kKotopasi, BO3-
MO>KHO, MO3BOJIUT OOHAPYKUTh 3TH YCKOJIb3alolllie He3BKJIH-
10BH 3 deKThL.

[To-BupuMomy, Haubosiee 3HAUUTEJLHAS FreoMeTpuYecKas
pasuMna Mmexkjuy Teopueil cranumoHapHoil BceesnenHoit u Teo-
pueil Dfinwreiina — ne-CuiTepa 3akjwouaercs B H3Mepe-
HUU BUJAMMEIX YIJIOBHIX JHAMETPOB, CKa)XeM, Al npu pas-
JUYHBIX AA/A It MCTOYHHKOB ¢ (PUKCHPOBAHHBIMH (DU3HYUE-
CKUMH pasmepaMu (manpuMmep, ans cdep pguamerpom D).
PesyabraTel coNOCTaBJieHUS TNpHBeAeHH Ha ¢ur. 3. Jad
ciyuas teopun ipwiteiiia — ge-CuTrepa BechbMa NpUMe-
yaTtesleH MUHUMYM 3HaYeHHH Af. DTOT MHHHMYM NpHMEpPHO
B TPH pPa3a BHILLE Mpe/ebHOr0 3HaUEHHUS, BHTEKAIOLEro U3
Teopuu cranncHaptoii Beenennoit. Eciu okaxercs, 4to Cy-
LIECTBYIOT PAZHOUCTOYHUKH (PUKCHPOBAHHOIO AMaMeTpa, TO
aHajiu3 TOro cBOfcTBAa MOXKET yKasarth NyTb jJis Bbifopa
MeX/y TEOPHSIMH, TOCKOJBKY peajibHHe YHCJIeHHHIE 3Haue-
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HUst AG JieXKaT KakK pas B 00J1aCcTH, JIOCTYNHOH HU3MEpeHHsIM.
Jlnis MCTOYHHMKOB UaMETPOM MOPS[AKa UCTOYHHKA B- CO3BE3-
mun Jlebenss MuguManpHOe 3Hauenue Af 1o Teopuu IifH-
wteilHa — ne-CUurTepa cocTaBjsier okoJo 157,

APYIHE ACTPO®H3HUYECKHE METOIBI NPOBEPKH
JlaHHble 0 KOHIEHCALMH FallakTUK 00J] AEHCTBHEM YHCTO

IPAaBHTALHOHHHX CHJI B Pa3HBIX KOCMOJIOTHYECKHX MOIEJSIX
cBefieHn B TabJa. 2.

Tabruya 2
PoctT Manbx daykryanult naoTHocTH
Kocmonorust 0O BAMSIHUEM YUCTO T'PABMTALMOHHBIX CHJ
OcuuansTopHsie Mojean Konpencauyu mnpoucxopfit  Io-
. CTOSIHHO
Teopust Jiumreiina — ne-Cur- Konpencauus mpomncxoidr HO-
Tepa CTOSIHHO
Ilpyrue KOCMOJOTHH € Hy- KonneHncanus HHKOrJia He wuMeer
J1eBOH  KOCMOJOrHuecKoi mo- | Mecra
CTOSIHHOH
Kocmoaorus  Jlematpa mnpu Kongencauns B HEKOTOPYIO oHpe-
HEeHyneBoit KOCMOJIOTHUECKOH | feNeHHyl SHOXY (COOTBETCTBYET
MOCTOAHHOMH MVHHMaJnbHOH CKOPOCTH pacliHpe-
HH#)
Teoprs craudoHapHOH Bce- KonpeHcallis HHKOrjga HE HMeet
newHoit MecTa

Bosnukaer npejactaBieHue, 4To caefyer BBECTH Herpa-
BUTALMOHHHE CHJILI, €CJIM TEOPHUA craldoHapHoi Bcenenuoii
NOJIKHA BHIIEPKATH TPeOOBaHWe O Hajuuud (GopMHpOBa-
Husl ranakTvk. Ecan 6w mexranmaxrtuueckuil ras 6w rops-
YUM, TO JIOKaJIbHOE OxJiaXKJeHue rasoBoro o6Jjaka [aBajo
6H 3(PdeKT KOHIEHCANUHN BCJIEJACTBHE [ABJICHHS, OKA3LIBAE-
Moro 6ojiee TOPSYNMH OKpyxkamliumu o6jacramu. [locne
CcxKaTusl, KaK TOJIBKO 00pasyeTcs MOBHILIEHHAY MJIOTHOCTD,
rpaBuTaUMs, HECOMHEHHO, MOXKeT CTaTh JOMHHHpYIOLLEH CH-
noM.
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MeskranakTHyecKdil ras Moxer OBIThL OUE€HbL TOPSYUM B
TEOPUH CTAIMOHAPHOTO COCTOSIHUSA, HO HE B JIPYTUX KOCMOJIO-
ruyeckux Mojeasix. B nocsentem cinyuae BeedsienHast mosik-
Ha paclmupsThesl U3 (GasH € BHICOKOl [IUIOTHOCTBIO, MNpH
KOTOPOH KHHeTHuecKasiTeMmeparypa Iy U TeMnepartypa us-
Jayuerus: T, DOJKHBL [OJNATATHCS OJUHAKOBHMH, MOCKOIb-
KY TIPH BBICOKHX NJOTHOCTSX UMEET MECTO CHJLHOE B3aHMO-
nefcTBUE MEXIY H3JyueHueM W BewiecTBoM. Jlanee, Jerko
MOKa3aTh, YTO BCJeAcTBHe pacuiupenusi Beenennoit Ty na
0aeT CO CKOPOCTLIO, OONbIIEeH UJIH PAaBHOH CKOPOCTH YMeHb-
medust Tyy, (paBencTso wMeJsio 66 MecTo, eciu Gbl YaCTUIEL
IBUTAJINCh KAK YAbLTPAape/SiTUBHCTCKHE; B MPOTHUBHOM CJy-
yae MnoJlyyaeM HepaBeHCTBO).

CrenoBaresbHo, MB OxHAaeM, 4To Ty, < Ty, a mo-

CKONBKY T 45, HE MOXKeET NpeBHmathL npumepso 10°K, otciona
CJIEAYET, UTO OT MEPBOHAYAJIBLHOH (Pa3bl BHICOKON MJIOTHOCTH
BeesieHnoill He MOIJIO COXPAHHUTBLCS JIO HACTOSILIENO BpPEMEHU
Kakoro-in6o samertoro suauenusi T, (IIpaBaa, sunaueune

TKP_.HOKaJIbHO MOXET TMOBHIIATECH 3a CUCT JIYYUCTOrO Ha-

rpeBa 3Be€3JaMH, OOHAKO 3TO MOXKET IMOBHICHTbH 3HAUYEHHS
Ty p.ilIb HO HECKOJNBKHX TBICSY rPAJYCOB, YTO COBEPLIEHHO
HEJIOCTATOUHO JJif nesieil fanHo#l nuckyccuu. Hac moryt
HHTEepecoBaTh JIMIIL TEMIEpaTyph, npepnmanomue 106°K).

B cuayyae teopuu cranuoHapHoii BceneHHO# npuunHOii
Harpera MoxkeT OhITh 0co6asi IpUpPoJa NOPOKIAEMOro Bellle-
crtBa. Ecoim npu 3ToM peun uiet o HelTpoHax, TO IPH UX pac-
naje Bolgeasercs OpUMepHo okoJio 3107 gpele temnna;
3TO OKa3b[BAETCS JOCTATOMHBIM ISl TIOBbIIeHUS Ty, O 3Ha-
yeHul, 6au3kux K 10°° K,

Bcsl npuBAEKATEIBHOCTE paccykJaeHHid 06 oXJaaxkaeHHH
3aKJI0YaeTCsl B TOM, YTO €CTeCTBeHHHIi1 Macuital sl pas-
Mepa KoHueHcauMii ©Oyner Ttorpa (uUKcHpoBaH. Bxamouast
CKOPOCThb 3BYKa Vgs B COOTHOLIEHHE Uil KPACHOrO cMelie-
HUST

V.= Hr,,

MBl NOJYYHM SHaUeHHe r,, KOTOpoe mpejcTaBJsier coGoH
ecrectBenHHil MaciiTal. [TockoJasky VaB_~T;{;) L, TO rc~T:{;_
Ipu T, = 10°°K, H'=3-107 cek, r = 30 meeanapcex.
Takum o6pa3zoM, TemJOTa HEHTPOHHOrO pacrnajga JIOPKHA



1V. Iposepra kocmoroeuu HOGAOOEHUAMU 399

BHOCHTL B paclpejeiieHue Bellectsa Bo BcesenHolt vepery-
JIIPHOCTH, MPHYEM MAKCHMaJIBHBIH Macwital 3THX Hepery-
Jasipgocteit cocrasasier npuMepHo 30 mezanapcex.

JlauHoe 3HaueHHe BecbMa YJOBJCTBOPHTEJBHO CorMia-
cyercs ¢ gabmopenusMu. Kak MBl Bujenu BHauaje, IJif
HOJYyuEHUsl OLHOPOJHOCTH B cpelfHeM HeoOXOJHMMO paccMa-
TPUBATL paclpejelieHde Belectsa B Maciitabe OKoJO
100 meecanapcex. Dto coraacyercs ¢ BeauunHoll 30 meea-
napcexk s MakCUMAaJbHOTO sacinTaba HeperyJspHoOCTe.

B 10poTHBOMOJIOKHOCTE 3TOMY, HEYIOBJIETBOPUTENBLHAS
0COBEHHOCTE YHCTO TPABHTANHOHHOTO KOHAEHCAIHOHHOIO
npoliecca 3akJIOuaercs B TOM, UYTO OH He [aeT KaKoro-jaubo
pa3Mepa KoHpeHcanud. KoHaeHcanuH, BO3HHKAIOILHE [0
YHCTO TPABHUTANHOHHBIM MPUYHHAM, COTJIACHO JIPYTHM KOC-
MOJIOTMYECKHM MOJEJNSIM MOryT OHTH J1000ii BEJUYHHHL.

Bce ckazaHHoe MoXeT ObITh CBfI3aHO ¢ HaOGJIOJEHHEM.
Ecan B mpocTpaHcTBe HMMEETCH ras ¥ ecju oH obJagaer
BeChMa BHICOKOH KHHETHYECKOU TeMIlepaTypoil, TO JNOJIKHO
CYILIECTBOBATH €Jia00e HCTyCKAHUE JOBOJIBHO MKECTKHUX PEHT-
renoBekux Jyueit. IpuT,, = 10°°K peHTreHOBCKHe KBAHTHI

o6aanant sgepruefi ~b0 k38, T. €. cBOGOJHO TNPOXOIAT
ckBo3bL Hamy [anakrtuky. CuenoBatennHo, B Hebe JOMKHO
Habuiofartbest cnaboe peHTreHOBCKOe cBeueHue. Teoperude-
cKuil TopmcueT maer I NOTOKA  SHEPIHH  OLEHKY
1007—107% spe/cm?- cex, 4yTO He NpPEBHINAET NpefeNa YyB-
CTBUTEJILHOCTH Halux Npu6opos.

Moxer oOkasaThbesl, KOHeUHO, uTo T, HMeeT GoJsiee HU3KOE
sqaveHue, 3HaueHue 107°K 6wy1o0 6B1 4OCTATOUHBIM, 4TOGLI
NpUBECTH K KOHJEHcalWsM B Macuitabe WHIMBHIYAJNBLHOM
rajakTuka. KBaHTHI B 3TOM CJyyae JIOJKHBI TNPUXOLHTLCSH
pa auanasol 500 38; nogo6GHoe H3jyUYeHHe NOrJoLLajloch Gbi
B Mex3BesqnoM rase. [IpoGilema ux oGHapyKeHus Torna
He 6o1a Obl CTOJIb SICHOH.

11 BBIBOABI HCIIOCPEICTBEHHO CBSI3aHbl C HALICH o6Lleil
toukoil 3penusi. Ecin mMarepust HenpepuiBHO co3paercs, TO-
rja OHa BIOJIHE MOXKET MOPOXKAATBCH TaKke B GOpMax, KO-
Tophie MPHBOJST K KBAHTAM BHICOKOH 3Heprud. Hanpumep,
ecJi CO3/J1al0TCA BMECTE BELeCTBO M aAHTHBELLECTBO, TO cJle-
JyeT OKUAATL NOABJEHHS T-Tyueil, OOI3aHHBIX AHHUTHJIS-
uny. Habmonesue nonoGHBIX PEHTrEHOBCKHX HJIM y-KBaH-
TOB BHICOKMX 3HEPTHil SBHJIOCH OB CHJABHHIM MOATBEPNKAE:
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HHEM TEOPHH CTallHOHaPHOH BceseHHoH, NOCKONBKY UX mpu-
cyTcTBHE Oblsio Obl TPYAHO OGBSCHHTL HA OCHOBAHHH JIpy-
rHX KocMonormyeckux mopeneil. HaoGopor, eciu He 6yner
00HAPYKEHO HMKAKHX INPOSIBJICHUH BBICOKOI 3HEpPruH, CBg-
32aHHBIX C NpPONECCOM MOPONKAEHHS BELIeCcTBa, TOrAa 3apo-
LUTCS. COMHEHHE B BHIBOJAX TEOPHH cTAaUMOHapHOH Bceesien-
Hoit. B uvacruoctd, torga 6biio 6m TPYJAHO OOBACHUTL BOS3-
HUKHOBEHHE T'aJIaKTHK.

B HeKoTOPOil CTemeHy MOXHO CYHTATb, YTO CYLIECTBO-
BAHHE KOCMHYECKHX JIydyell U pEeNSITHBUCTCKUX 3JIEKTPOHOB
yXKe JaeT YKa3aHHe Ha Hajuuue NpOoLecCOB BLICOKOH 3Hep-
ruy. Bonpoc cocTout B TOM, NPOUCXOAST JIU 3TH NPOLECCH
BHE raNakTHK HJIM BHYTpH HuUX? 34ech Mu yraybasemcs
B HOBBIH KJace npoGJieM: MOTYT JIH BCe€ KOCMHYECKHe JIydyu
pOXKAATbCA BHYTPH TrajakTuk? Moryr Ju OHH ylIepxKu-
BATbCSl BHYTpH rajakTuk? [loueMy Bce HCTOYHUKH panuo-
u3JyyeHuss 06JanaloT NPUMEPHO OJMHAKOBBIM YACTOTHHIM
cnektpoM? PaccMoTpeHHe 3THX BONpPOCOB YBeJO Onbl Hac
CJUIIKOM JaJieKo OT rJaBHOH TeMbl MNAHHOH JIeKIHH.
JocTatouno ckasaTh, UTO €CJIH 3TH NPOSIBJEHHS MPONECCOB
BBICOKOHl 3HEPTHH OKAXKYTCSl CKOpEe MeXKraJlaKTHYeCKHMH,
yeM MEX3BE3NHKIMH, TO HX 3HAYeHHE AN KOCcMoJjoruu Oy-
Je1 QyHIaMeHTAJbHBIM M TOCAA KOCMOJIOrHYecKue Habuo-
JleHus o6oraTsresl CoBepPUIEHHO HOBHIMH HabJI0laTeIbHBIMU
OJAaHHBIMH,
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