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B craTbe monpobuo obcyxkmatorcs dynmaMenTasibHbe paboTel B.A. doka mo Teopum TATO-
TEHUA U IIOKa3bIBa€TCdA, YTO €ro OCHOBHEBEIC q)I/I3I/I‘-IeCKI/IG OpencraBJICHUs HaXOOAT OTPaXKEHUE B
PEISITUBUCTCKON TEOPUM I'PABUTAIINN, B KOTOPOI I'PABUTAIMOHHOE II0JIe, KaK 1 BCE APYTUE IO,
paccMaTpUBaETCS B MPOCTPAHCTBE MUHKOBCKOTO.

Abstract
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In this article the fundamental works by V.A. Fock on gravitation theory are discussed in
detail. It is also shown that his basic physical ideas are represented in the relativistic theory of
gravitation where the gravitational field is treated in Minkowski space as any other fields.
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B macrosiein crarbe MBI XOTenu ObI OTIATH HAHb I'TyOOKOIO YBayKeHUs KPYITHEN-
memMy ydyeHomy — akameMuky B.A. doxy, BHeciiemy BBIOAIOIIMIICS BKJIAL B TEOPETU-
YeCKyI0 W MaTeMaTudecKyio ¢usuky. Mbr ocTanoBuMmcs Toinbko Ha paborax B.A. Poka
0 TEOPpUM TSITOTEHUs U TOYHO BOCIPOU3BENEM €0 OCHOBHBIE TOJIOXKEHUS U BBIBOIBI
1o HanboJIee NMPUHININAIBHBIM IIPOOJIEMaM TeOPUU TSATOTEHUS, B CO3IaHUE KOTOPOW OH
BHEC HEOIEHUMBIN BKJIAI.

B.A. ®ok crpemuiics packpbITh GU3NIECKUE MPEACTABICHUS O TATOTEHUU, CKPBITHIE
monm TOKPOBOM  (hOPMAaITbHO-aOCTPAKTHOIO ammapaTa OOIell Teopruu OTHOCUTEILHOCTH
(OTO). D10 eMy B 3HAYMTEILHON CTENEHU YIAJIOCH, ONHAKO IIPX 5TOM OH BBIIIET 34
Tpeesbl SUHIITERHOBCKON 00Iet Teopun oTHocuTenbHocTu. B.A. Pox cumran meobxo-
OUMBIM (71 OCTPOBHBIX CHCTEM) K CHCTeMe ypaBHeHUil ['mibGepra-ONHINTENHA eLre
n0o6aBUTH TapMOHUYECKUE YCIIOBUS B IEKAPTOBBIX (TalMIeeBbIX) KOOPAUHATAX. BBenenue
NEKAPTOBBIX KOOPAWHAT (PaKTUUIECKNM O3HAYAJIO BBENEHUE B TEOPUIO TITOTEHUs WHEPIIN-
aJIbHBIX CHCTEM KOODAWMHAT, UTO U obecnevumBajio abCOIOTHBHIA XapaKTep YCKODeHUS.
Crporo rosopst, OTO Oitamrenina u Teopus Tsarorenns B.A. Poka — 5T0 pasauynble
Teopuu. Hauunoe obcTosTenbcTBO 0cob0 orMedast JI. Mudensn, koropeiin ucan: “Tem ca-
MeIM 1717 Poka BBIOOp rapMOHHYIECKOI'O KOODAUHATHOIO YCAOBUS CTAHOBUTCS HEKOTODBIM
¢yHOaMEeHTaIbHBIM 3aKOHOM IIPUPONBI, H3MEHSIOIINM CaM XapakKTep SHHIITTEHNHOBCKOH 00-
II1eff Teopuy OTHOCHTETBHOCTH H IIPEBPAIIAIOIINM €€ B TeOPHUIO I'DABUTAIIMOHHOI'O IIOJIA,
CIpaBEIINBYIO TOJBKO B HHEPIHATIBHEIX cucTeMax KoopamaaT’. OmMHAKO Ha caMoM [ere,
BBENIEHNE WHEPIUAJBHBIX CUCTEM KOODAWHAT B TEOPHUIO TSATOTEHUS C HEOOXOMUMOCTBIO
TpebyeT KOPEHHOTO OTXONa OT BCell KOHIEHmIuu OOIell Teopuu oTHOcuTenbHOCTH. HO
Ha 5TOM MBI OCTAQHOBHUMCS IIO3IIHEE.

O6paTuMcst Teneps HemocpencTBeHHO K paboram [1] u [2]. IIpexne Bcero ocranoBum-
Csl Ha NIPUHINIIE OTHOCUTEILHOCTH, 6€3 MOHMMAaHUS CyTH KOTOPOI'O HEBO3MOXKHO IIOHST,
YTO TAWTCS 3a CJIOBAMU “00IIas OTHOCHTEIbHOCTH . B.A. Pok mam mpemesbHO SCHYIO
bopMyIUpPOBKY IpHUHIMIA OTHOCUTenbHocTU. Tak, on mucan ([1], crp. 242): "YcTaHoum
Tenepb, YTO NOHUMAETCH B (POPMYNIMPOBKE NPUHLUMA OTHOCUTENBHOCTM MOJ, PaBHOMpPaBUEM CU-
cTem oTcueTa. [lge cuctembl otcueTa () u (2') MOXKHO Ha3BaTb (PU3NYECKM PAaBHOMPABHLIMMU
€C/IW B HUX SIBJIEHUS NPOTEKAlOT OAUHaKOBbIM obpasom. [locnenHee o3HavaeT, yToO ecnin BO3-




MO>XEH MPOLECC, ONUCHIBAEMbIN B KOOPAMHATAX T (PYHKLUAMU

01(2), P2(T) e on(z), (49.703)

TO BO3MOXEH W APYroi NPOLECC, KOTOPbIN ONMUCHIBAETCSA B KOOPAMHATAX (') _TeMM xe cambimu
pyHKUMAMHU

01(x"), (") i on(z'), (49.%04)

n obpaTHo, BCsiKOMy npoueccy Buaa (49.04) Bo BTOpPOW CUCTEME COOTBETCTBYET BO3MOX-

HblIit npouecc Buaa (49.703) B nepeon cucteme.” U manee on momuepkuyt: “Takum obpazom,

MPUHLMUM OTHOCUTENIBHOCTU €CThb YTBEPXKAEHWE O CYLLECTBOBAHUU COOTBETCTBEHHbIX MPOLEC-
COB B CMCTEMAxX OTCYETA ONPEAESIEHHOrO KJACcCa, KAKOBblE CUCTEMbI MPU3HAKOTCA B 3TOM Cly-

yae paBHonpaeHbiMU. /13 3Toro onpeseneHus iCHO, YTO KaK CaMbli MPUHLMUMN OTHOCUTESb-

HOCTW, TaK M paBHOMpPaBUe ABYX CUCTEM OTCUYETa, MPEACTABAAIOT MOHATUSA uandeckue, u

YyTBEPXXAEHUE, UTO TO U APYroe UMEET MECTO, 3akJitouaeT B cebe onpeneneHHyo Gpusnyeckyro

runoTesy, a He ABNSETCS NPOCTO YCNOBHbIM."

Ha SA3BIKE TEOpUM IIOJIA IIPUMHINII OTHOCHUTEJIBHOCTU MOXKHO C(I)OpMy.TH/IpOBaTB TaK:
VPaBHEHUs IO, ONUCHIBaIONIe (GU3WIeCcKne IPOIECCHl, NOXKHBI ObITh (hOpMUHBApPUAH-

THBI OTHOCHUTEJIBLHO TpeobpasoBauuit JIopeHiia oT OOHOW TaIUIEeBON CHCTEMBI KOODPIU-
HAT T K OPYroil cucreme x'.

MMeHHO TaKO€ SCHOE€ IIOHIMAaHIIE (1)H3I/I‘I€CKOﬁ CyTHu TIpUHIOUIIa OTHOCUTEJIIBHOCTU 1
ABMWJIOCH OJIA BA CDOK& NCXOOHBIM IIOJIOKCHUEM MJIA KPUTHUYCCKOI'O aHaJIM3a IIOHATUA
“obrueit oTHOCHTENBbHOCTH” . B aToit cBs3u om mumcan ([1], cTp. 17): “Tepmun “obiuas Te-
opusi OTHOCUTENBHOCTH MM “obLUmMit NPpUHLMN OTHOCUTeNbHOCTH ynoTpebnseTcs (npexae
BCEro CaMMM DWHLLTENHOM) ELLE U B CMbICJIE YCJIOBHOIO HAWMEHOBAHUS A5 TEOPUN TArOTEHMS.
Y>e ocHoBHasi paboTa JitHwTenHa no Teopun Tarotenus (1916 r.) ozarnaeneHa “OcHosbl
obLLen Teopun OTHOCUTENBHOCTH . DTO eLe 6onblue 3anyThIBAET LSO, TaK Kak cioBaM “0b-
Wwmin” n “OoTHOCUTENbHBIN' NPUAAETCA 34eCb HECBOWCTBEHHbIW UM CMbICH. [aK, MNOCKOJNIbKY B
TEopUU TATOTEHUS NPOCTPAHCTBO MPEANONAraeTCcs HEOAHOPOLHLIM, @ OTHOCUTENIbHOCTb CBSi-
3aHa C OLHOPOAHOCTbIO, TO BbIXOAUT, YUTO B OOLLEN TEOPUU OTHOCUTENLHOCTU HET, BOOOLLe
rOBOPSi, HUKAKOW OTHOCUTENLHOCTH."

N nanee om ormeuan ([1], cTp. 244): “lNockonbky Haubonbluas BO3MOXHAs OAHOPOL-
HOCTb BblpakaeTcsi npeobpasosaHusmu JlopeHua, bonee obLLuero NpMHLMNA OTHOCUTENBHOCTH,
Yem TOT, KOTOPbI PAacCMaTpPUBAETCS B OObIYHOW TEOPUM OTHOCUTENBHOCTU, BblITb HE MOXET.
Tem bonee He MOXeT 6bITb OBLLIErO MPUHLMNA OTHOCUTENIBHOCTU, KaK (hU3MYECKOro NPUHLMNA,
KOTOPbIN UMeN 6bl MECTO MO OTHOLLUEHWUIO K MPOU3BOJIbHBIM CUCTeMaM oTcyeTa. YTobbl ysc-
HUTb cebe 3TOT PakT, HEOOXOAMMO YETKO PasnuyaTb MEXAY PU3NYECKUM MPUHLIUMIOM, YTBEP-
XOAIOLLMM CYLLIECTBOBAHWE COOTBETCTBEHHBIX SIBJIEHUA B Pa3HblX CUCTEMAX OTCYETA, M Mpo-
CTbIM TpeboBaHWEM KOBApPUMAHTHOCTU YPaBHEHMWI MPU MEPEXOAe OT OAHOW CUCTEMbl OTCYETA
K APYroi. S1CHO, YTO U3 MPUHLMNA OTHOCUTENBHOCTU BbITEKAET KOBAPUAHTHOCTL YPaBHEHWIA,
HO 0bpaTHOe He MMEET MeCTa: KOBAapPUAHTHOCTbL AuddepeHLManbHbIX YPaBHEHUA BO3MOXKHA U
TOoraa, Koraa npUHUMN OTHOCUTENBHOCTW He BbIMOSHAETCA.”

['my6okoe mormManue 0CHOB (hu3maeckoit Teopun mo3Bonuiio B.A. doky choenats omHo-
3HAUHBIA BBIBOM: “O6LUMA NPUHLUMN OTHOCUTENIBHOCTH, KaK GU3NUECKUIA NPUHLUM, KOTOPbI
nmen 6bl MECTO MO OTHOLLEHWIO K MPOU3BOJIbHBIM CUCTEMAM OTCYETA, HEBO3MOXKEH."




Hpyrum ¢GyHOAMEHTAIBHBIM BOIPOCOM B TEOPUM TATOTEHUS OBIJI BOIPOC O CyIIe-
CTBOBAHUU TPUBUJIETMPOBAHHBIX cucTeM koopamuaT. [To sTomy mosomy B.A. ok mucan
([1], ctp. 473): “IMo DMHWTENHY, HUKAKUX NPUBUIErMPOBAHHBIX CUCTEM KOOPAMHAT HE CyLLe-
CTBYET, U CUCTEMA KOOPAMHAT OCTAETCS HEONpPeAeNeHHOM A0 KOHLUA. CTOPOHHUKM 3TON TOUKM
3pEHUs BO3BOAST 3TY HEOMNPEAESIEHHOCTb B JOCTOMHCTBO WM YCMATpUBAKOT B Hell ryybokui
CMbICJI, @ UMEHHO Bblpa)KeEHUE HEKOEro “0bLLero npuHUMna OTHOCUTENBHOCTU', B CUNY Yero
W BCA Teopusi JNHLITEHA Ha3BaHa UM “0bLuen Teopuel oTHocuTenbHocTH . C Takoit TOUYKOM
3PEHUA Mbl COrJTACUTBLCA HUKAK HEe MOXeM."

Hanee on ormeuaer ([1], ctp. 475): “Mbl HEOOHOKPATHO MOAYEPKMBANM MPUHLMMNANL-
HOE 3HaueHWe CyLLeCTBOBaHMA NMPUBUIIErMPOBAHHON KOOPAUHATHON CUCTEMbI, ONPeaeNeMOi C
TOYHOCTbIO A0 Npeobpasosanus JlopeHua. OHo NposiBnsieTCs U B ciesytoLleM. Tonbko NpusHaB
€ro, MOXHO FOBOPUTb O NMPaBUJILHOCTU reIMOLEHTPUYECKON cucTembl KonepHuka, B TOM e
CMbICJIE, B KAKOM 3TO ObINI0 BO3MOXHO B MexaHuke HbtoToHa. HenpusHaHue xe npusunerupo-
BaHHbIX KOOPAMHATHBIX CUCTEM BEAET K TON TOUYKE 3PEHUS, COrNIACHO KOTOPON reSIMOLEHTpU-
yeckas cuctema KonepHuka u reoueHTpuueckas cuctema [1Tonomes 6yato 6bl paBHOMpPaBHbI.
Takas Touka 3peHusi NPOTUBOPEUNT AaHHOMY B §49 onpeneneHunio paBHONpPaBNUs CUCTEM OTCUe-
Ta M NpeACTaBiseTCs Ham HenpasuabHon (cM. dopmyist (49.%03) u (49.*04) — aBTopHI).

BoigBuras wumero O CyIIeCTBOBAHUU TPUBUJIETUPOBAHHBIX CHCTEM KOODIWHAT,
B.A. ®ox pyxoBomcTBOBAJICS TITyOOKON (DU3MIECKON WHTYUIMEN, MOCKOIBKY OH SICHO
MIOHUMAJI, YTO TOJIBKO B DTOM CIIy4ae MOXKHO TOBOPUTH 00 “abCOIIOTHOCTH YyCKOpPe-
ust”. Tak, on mucan ([1], ctp. 499): "“lNpenenbHbie Unn UHbIE YCIOBKSA, XapakTepU3ytOLLIME
MPOCTPAHCTBO B LESIOM, COBEPLLUEHHO HEOOXOAMMbI, @ NMO3TOMY U MOHATUE “yCKOpeHUe Mo OT-
HOLLEHUIO K MPOCTPAHCTBY' COXpaHAeT B TOW WS MHOW opme cBon cMbicn. YTo kacaeTcs
napanokca Maxa, TO OH OCHOBaH, Kak M3BECTHO, Ha PACCMOTPEHWUMU BPALLAIOLLErOCS XUAKOIO
Tena, umetoLlero ¢opMmy 3NJMNCOMAA, U HeBpaLLatoLlerocs, umetoLlero dopmy wapa. [lapa-
[OKC BO3HMKAET 3JeCb TONbKO B TOM CJlyyae, €C/iM CYNTATb JIMLLUEHHBIM CMbICNIA MOHATHE
“BpalLieHnst MO OTHOLLEHUIO K MPOCTPAHCTBY', Toraa AeicTBUTENbHO oba Tena (Bpaiuato-
LLieeCs M HEBPALLAIOLLEECs) MPEACTABAIOTCA PaBHOMPABHLIMU, U CTAHOBUTCS HEMOHATHLIM,
NnoYyemy OAHO M3 HWUX LUAPOBMAHO, a Apyroe — HeT. Ho napaAokc ucuesaeT, KONMb CKOPO Mbl
MPU3HAEM 33aKOHHOCTb MOHATUS “YCKOPEHUs1 MO OTHOLUEHUIO K NMPOCTPAHCTRY .

Kak xe B.A. ®ok BeIOMpaeT MpuBUIErTPOBAHHBIE CUCTEMBI KoopauHAaT?! [leTamm3n-
pys Bblpaxenue s tersopa RMY ([1], mom. I'-35), o maxomuT
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Bce stn BBEIPpaXKCHU 3allICaHBl B IIPOM3BOJIBHBIX KOOPpIOMHATAaX. Ecimm umeer mecto
ycaoBue rapMOHUYIHOCTHU
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=507

To '™ = (0, a crnemoBaTeNIbHO, BBIpaxeHmMe miId RMY CymieCTBEHHO VIIPOIIIACTCS:
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Orum cambiM mocturaercs, kak nucain B.A. ®ok ([2], cTp. 382), “To orpomHoe npe-
MMYLLECTBO, KOTOPOE UMEET rapMOHUYECKAs CUCTEMA KOOPAMHAT nepes scemu apyrumu. [ein-
CTBUTENBHO, B FAPMOHUYECKON CUCTEME KOOPAMHAT B KaXKAOE U3 AECATU YPaBHEHUN TArOTe-
HUSt BXOAAT (KaK Mbl y>X€ HEOAHOKPAaTHO OTMeYasnu) BTOPbI€ MPOU3BOAHBIE TOJILKO OT OAHOM
KOMMOHEHTbI (DYHAAMEHTANILHOrO TEH30pa, MPUUYEM 3TW BTOPLIE MPOU3BOLHBLIE FPYNMUPYIOT-
csi B BuAe onepatopa [anambepa’. U mamee o ormewaer ([2], crp. 382): “lNpu nomoLuu
FAPMOHWUECKON CUCTEMbI KOOPAMHAT B YPaBHEHWUSAX TAFOTEHWUS LOCTUrAeTCs ««pasnesieHune
MEepPEMEHHbIX>» B OTHOLIEHUM BbICLLIMX (T.€. BTOpbIX) npoussoaHbix. OHO NpeacTaBnseT aHa-
JIOFUIO C TEM, KOTOPOE AOCTUrAETCs B 334aYax SJIEKTPOAMHAMUKM MYTEM BBEAEHWUS AEKAPTO-
BbIX KOMIMOHEHT BEKTOPHOrO MoTeHumana. B aekapToBbix KOOpAMHATaX U3BECTHbIE YPaBHEHNS
4S5 MOTEHUMASIOB UMEIOT BUL

AA, — — =—dr—=, Ap— ——— =—4 6
-4+ —-——=0. 7
oz’ + c Ot (7)

Takum 0bpazom, Kakaoe U3 3TUX YPaBHEHUN COAEPXKUT TOJIbKO OAHY KOMMOHEHTY AN MOTEH-
umana. Ho ecnv nepeinTu oT AeKapTOBbIX K NPOU3BOJIbHBIM KPUBOJIMHEWHBIM KOOPAMHATAM, TO
Ka)KJO€e U3 ypaBHEHUI, CBS3blBalOLLEE MOTEHLMANbI C TOKOM, ByneT yxe cosep»xaTb, BOObLLE
rOBOPS, HE OZHY, @ HECKONIbKO KPUBOJIMHENHBIX KOMMOHEHT BEKTOPHOro noTeHumana. Pasaene-
HUE NePEMEHHbIX B YPAaBHEHUSIX MOXXHO, CNEAOBATENIbHO, PACCMAaTPUBATh KaK OLHO U3 CBOWCTB
[EKapTOBON KOOPAUHATHOW CUCTEMBI."

YcnoBue rapMOHUYIHOCTH (4) UMeeT MeCTO IS AH00bl KOOPOUHAMMHLIL CUCTEM, &
MOPTOMY YHpOIlleHre TeH3opa RMY mocTturaeTcs B JTOOBIX MPOU3BOJBHBIX KOOPAMHATAX.
[TosToMy TpoOBOOUTH Mapaiesib MEXIY yCJIOBUEM TapMOHUYHOCTU U BBIOOpOM meKap-
TOBBIX KOOPIWHAT B 3JIEKTPOOMHAMUKE He coBceM mnpaBomepuo. Ho B.A. Pok memaer
CTICMYIOIINY BaXXHBIM I1ar: OH (PAKTUIECKU 3AMUCHIBAET YCJIOBUS TapMOHUYHOCTH B [I€-
KapTOBBIX (Ta/inieeBbix) KOOPANHATAX HECMOTPS Ha TO, YTO B PHMAHOBOM IPOCTPAHCTBE
Takux KoopmuHatr HeT. Tak, Hampumep, oH ocob6o ormeuaer ([1], cTp. 296): “... caenaem
OLLHO 3aMeuaHue no Bonpocy o6 onpeneneHnn NpAMON JIMHUM B Teopun TaroTenus. Kak cneany-
eT onpefensTb NPSMYIO: KaK Jlyd CBETa UJIM KaK MPsSIMytO B TOM €BKJIMAOBOM MPOCTPAHCTBE, B
KOTOPOM AEKApTOBLIMU KOOPAWHATAMMU CIY>XWUT FapMOHUYECKUE KOOPAUHATHI X1, Lo, T3? Ham
NPeACTABNAETCA €AMHCTBEHHO MPaBUJIbHBIM BTOPOE onpeaesieHue” .



Tak B Teopun B.A. ®oka BO3HUKAIOT MEKApPTOBHI KOOPAMHATHEL. PAKTUIECKN HESIBHO
B.A. ®okx mmen memo ¢ mpocTpaHCTBOM MWHKOBCKONO B TajIMJIEEBBIX KOODAWHATAX,
MMEHHO TI0 9TOH NMPUYWHE y HETO U MOSBUINCH TPUBUIETUPOBAHHBIE CUCTEMBI KOOPIUHAT.
CyTb mema, TakuM 0o0pa3oM, HE TOJBKO B TapPMOHUYECKUX YCJIOBUSAX, HO W B TOM, UTO
9THU YCJIOBUS 3AIMCHIBAIOTCS B IEKAPTOBBIX (TaJIMICEBBIX) KOODIMHATAX:

Lt ®)
dxh ’ '

" — mexapTOBLI KOOPIWHATHI IpocTpaHcTBa MuHKOBCKOro. B Takomn dopme 3T ycioBus
HEJIb3sl IPUMEHSTH B Cllydae KPUBOIMHENHBIX KOODOWHAT, HAIpUMep, chepUIecKuX.

C Toukm 3peHus: puMaHOBa, IIPOCTPAHCTBA, TAPMOHUYECKNE YCIIOBUS He OOIIEKOBAPU-
aaTabl. B.A. ok mo sTomy moBomy muieT: “YNOMsSHYyTble AOMONHUTENbHbIE YPABHEHUS
(MMeIOTCsI BBULY MapMOHMUYECKUE YCIIOBUS — aBTOPBI) He ABASIOTCH OYEBUAHO OOLLEKOBA-
puanTHeiMu.” Ho Tak kax B.A. ®ox paxTuuecku, XOTs U HESIBHO, UMEJT OEJIO C TPOCTPaH-
cTBOM MUIHKOBCKOTO B IEKAPTOBBIX (TAMIIEEBBIX) KOOPAMHATAX, CUTYAIMs W3MEHSIETCS
U rapMOHMYeCKue yCIoBus (8) MOryT GBITH MPENCTaBIEHBl B OOIIEKOBAPUAHTHON hopMe.
HeficTBATEIBLHO, €CIN OT HEKAPTOBBIX KOOPAWHAT IPOCTPAHCTBa MUHKOBCKOrO IepenTn
K TIPOM3BOJILHBIM KPUBOJIMHENHBIM KoopauHaTtaMm ”y”, To ypaBHenue (8) mpuHuMaer (cM.
non. A.10) obleKOBAPMAHTHBIN BULL

Dy g = 8,3 (y) + 12 ()3 (y) = 0. (9)

3neck v,5 — cumBombl Kpuctodderns nmpoctpancTsa MurKOBCKOTO B KOopauHaTax "y”.
Ypasuenue (9) moxuo 3amucath (cM. mon. B.14) u B dopme

Oyt = —25)9*(y) , (10)
rae yepes [1 0003HAUEH OIEPaTOp

1 0 0
_ . ~vo . 11
- —g(z) 97 T 92 (11)

Takum 06pa3oM, 3aliCh TApPMOHIYECKOTO YCIIOBHS (8) B IEKAPTOBBIX (rasiuieeBbix) KOOp-

IUHATAX IPOCTPAHCTBA MUHKOBCKOIO ABTOMATHYECKU MPUBOMUT K OOLIEKOBAPHAHTHBIM

ypaBHEHUsM B npoctpascTse Munkosckoro B dpopme (9) mmu (10). Orcrona ciemyet, 4ro

ypaBaeHus (9) sABISIOTCA He KOODAMHATHBIMU YCJIOBUSMME, & IIOJIEBBIMU YDPABHEHUSIMIL.
B.A. ®okx BHIGHpaeT KOOPIUHATEL i, YIOBIETBOPAIONIAE YPABHCHIIO

Oyt =0 (10a),

u TpebyeT, 4TOOBI PEIIeHNE 3TOT0 YPABHEHUS yIOBIETBOPSIIO E€BKIIMIOBOCTU Ha Oec-
KOHEYHOCTH U HEKOTOPBLIM IONOJHUTEIBHBIM yCIIOBAAM. ODTUM IIyTeM OH (DaKTUIeCKH
HAXOIUT MeKapTOBbI KOOPIMHATEHI, MJIs KOTOPBIX cuMBOiel Kpucroddens vz Bcerma
paBHBI HyII0, a mootoMy ypasaerue (10) cBomurcs x ypasuenuto (10a). Ho Takume xo-
OPOMHATHI BO3MOXHBLI B ITPOCTPAHCTBe MMUHKOBCKOTO, & HE B PUMAHOBOM IIPOCTPAHCTBE.



Wnmenno 3mecy B.A. @ok HesBHO MCIOMB30BaI MPOCTPAHCTBO MUHKOBCKOTO U BBIIIET 32
paMKy SWHIITEMHOBCKON OOIel TEOPUU OTHOCUTEJILHOCTH.

B cmywae xpusommmefinerx xKoopmuHaT cuMBombl Kpucroddemns 47 4(y) oTamanbr oT
HyJIsI, & HOYTOMY YCIIOBME TapMOHUYHOCTH y¥Ke Hesb3sl 3amucarbh B dopme (8), a He-
obxonumo 3amuceiBaTh B dopme (9). B.A. dok me momyuan ypasHeHuit Hu B opme
(9), vu B dopme (10), a mosTOMY CaMO MPOCTPAHCTBO MUHKOBCKOTO IIPUCYTCTBOBAJIO
B €r0 PACCYy:KIEHUsIX u pacuerax HesBHO. OH Ies K OEKAPTOBBIM KOOPAWHATAM dYepes
perttenust ypasaerus (10a), yooBIeTBOPSIONINE HEKOTOPLIM NOMOJHUTEIBLHBIM Y CIIOBISIM.

On cTpemMuscs BBECTU IPUBUJIETUPOBAHHBIE CUCTEMBI KOODIUHAT, TOMOOHBIE TEM, Ka-
KIe IMEIOT MECTO B KJIACCUYECKOW MEXaHWKE U CIEeNUAIBHON TEeOPUU OTHOCUTETBHOCTH.
VMeHHO TOMBKO TPHU HAIUYNM TAKUX CACTEM KOODAWHAT U MOXKHO TOBOPUTH 00 abCco-
TIOTHOCTH ycKopeHus. COBEpIIeHHO OYeBUOHO, UTO OCTABAsICh B PaMKax OOIeil Teopun
OTHOCHUTEJILHOCTH, TAKUEe CUCTEMBbI BBECTH HeNb3s. B o0Ilell Teopur OTHOCUTETIBHOCTHU
YCKOpDEHHe, KaK U CKOPOCTb, OTHOCUTENBHBI, MOCKOJIBKY OTCYTCTBYET MOHSITHUE CHUJIBI
rarorenus. Wmenno Bce 310 B.A. Pok xax ¢usumk m He xoren mpuHaTh. OTcioma, B
IPUHIINIE, MOXKHO OBIJIO TPUATH K PACCMOTPEHWMIO T'DABATAIMOHHOIO MO Kak (usudae-
ckoro nosst Tuna Papanes—MaxcBemna B mpocTpancTBe MunkoBckoro. Ha sTom xe myTu
MOXHO OBIJIO B TEOPHUM TSITOTEHUS COXPAHUTH (DyHIAMEHTAJIbHBIE 3aKOHBI MATEPHH —
3aKOHBI COXPAHEHUs HYHEPIUU-UMITYIbCA M MOMEHTA KOIMUECTBA TBUKCHIS.

[Merrames mu B.A. ®ox paccMaTpuBaTh IpaBUTAIMOHHOE TOJIE B pocTpaHcTBe MuH-
koBckoro? Her, Takyio mpiciab oH He pasmersul. On mmcan o6 stom ([2], crp. 409): “Mbi
YMOMWUHAEM 3[€eCb O HEWl TOJILKO B CBSA3W C HAaBNIOAAEMBIM MHOMAA CTPeMeHNEM (KOTOPOro Mbl
OTHIOAb He Pa3fensieM) yNOXUTb TEOPUIO TAFOTEHWUSI B PAMKW EBKIUAOBOrO NMPOCTPaHCTBA .

B pa6ore [2] (cTp. 409) o ormeuasn: “llpu pelueHnn ypaBHeHUn IMHLITENHA Mbl NOJTb-
30BaJINCb KOOPAMHATHOW CUCTEMOW, KOTOPYIO Mbl Ha3blBaNX FapMOHUYECKON, HO KOTOpas 3a-
CNyXuBaeT HasgaHus uHepumansHon'. W mamee om mummier ([2], ctp. 409): “Ham kaxeT-
CAl, UTO BO3MOXHOCTb BBEAEHUSI B ODLLIEN TEOPUM OTHOCUTENIBHOCTMW, OLHO3HAYHbLIM O6pa3om
onpeneneHHON UHepLUUANbHOW KOOPAMHATHON CUCTEMbI 3acnyXuBaeT ObITb oTMeueHHoi" . Ho,
KaK MBI yXKe OTMEYAJIN, CyThb Iejla He CTONIBKO B YCJIOBHSX TapMOHUYHOCTH, a IIPEXKIE
BCEr0 B TOM, YTO 5TH YCJIOBUS 3AIUCBIBAIOTCS B IEKAPTOBBIX (TallliIeeBbIX) KOODAUHA-
Tax, 4TO, O CYIIECTBY, U O3HAYAET HCIIOJIB30BAHNIE MHEPIMAIBLHON CHCTEMBI KOOPIUHAT
B IIPOCTPAHCTBE MUHKOBCKOTrO, MOCKOJIBKY B PUMAaHOBOM NPOCTPAHCTBE MHEPUUATHHON
CHCTEMBI KOOPIWHAT B MPUHIUIE HEe MOXeT ObITb. B IPOM3BONBHBEIX KOOpAMHATAX IIPO-
cTparcTBa MUIHKOBCKOTO BO3HUKAKOT CUJIbI MHEPINH, OOSI3aHHBIE MOSBICHUIO CHMBOJIOB
Kpucrodpdens v;;(y). B rammmeesprx xoopmmaarax cumsombr Kpuctoddens obparma-
IOTCS B HYJIb U CHWJIbl WHEPIUU OTCYTCTBYIOT, a ypaBHeHue (9) CBOOUTCS K YCIIOBUIO
rapMOHUYHOCTH (8) B IEKApTOBLIX KOoOpOuMHATaX. VIMEHHO Ha 5TOM OCHOBAHUY M MOXKHO
yacTuuHo coriacutbes ¢ B.A. dokom ([1], cTp. 306): “IMpoussonbHble npeobpasoBanHus Ko-
OPAMHAT, NOCPEACTBOM KOTOPbIX BBOAATCA (PUKTUBHbIE NONA TArOTEHUS, HAPYLLIAIOT YCOBUS
FapMOHWYHOCTM W MpenenbHble ycnosus. [103ToOMy MOXHO CuMTaTb, UTO BBEAEHWUE FAPMOHM-
YECKUX KOOPAMHAT UCKJIOYAeT BCe PUKTUBHbBIE MOS TArOTEHUs' .

Bo-nepBeIx, por3BoIbHbIE IPeOOpa30OBaHUsl, KAK Mbl HOKasanu (CM. mom. A), mpespa-
I[A}0T TaPMOHUYECKUE YCJIOBUS B IEKAPTOBBIX KoOpaumHaTaX (8) B OOLIEKOBAPMAHTHBIE



ypaserus (9). Bo-BTopbix, BEIOOD HEKAPTOBBIX KOOPAUHAT NENCTBUTEILHO MPEBPAIAeT
ypasrerue (9) B (8), mockomeky cumBoiel Kpumcroddens v); B IeKapTOBBIX KOODIH-
HaTax paBHBl Hysa0. OOpaieHume B Hy/JIb CHMBOJOB Kpucroddens B mpocTpaHCTBe
MUHKOBCKOTO MENCTBUTENIBHO YCTPaHSET CUJIbl WHEPIWUM, T.e. UCKIOYAET BCe (DUK-
tuable mons Tsarorenus. Hamee B.A. Pox ([1], crp. 475) mummer: “Takum obpasom,
MPUHLMUN OTHOCUTENIBHOCTH, Bblpa)kaeMblil npeobpazoBaHusimu JlopeHua, BO3MOXEH U B HEOA-
HOPOAHOM NPOCTPAHCTBE, OOLLUIA XKe MPUHLUM OTHOCUTENIbHOCTH HeBo3MOxeH . Ecam ocrta-
BAThCs B PUMAHOBOM IIPOCTPAHCTBE, a B obuiein Teopun orHocurensroctun (OTO) mpy-
rOro MPOCTPAHCTBA W HET, TO MEPBas YAaCTh YTBEPKIECHUS MTPOTUBOPEUYUT TPABUILHOMY
BeiBomy B.A. ®oka, “uTo B 06LUEN TEOPUM OTHOCUTENBHOCTMU HET, BOODLLIE rOBOPS, HUKAKOWA
OTHOCUTENBLHOCTH .

Ho ecou mpussats Bo BHmManue, uto B.A. Pok pakTuuecku numesn memo ¢ IeKapTOBbI-
MU (TaIUIeeBBIME) KOOPAMHATAMUI MPOCTPAHCTBA MUHKOBCKOTO, TO 5TO yTBEPXKIEHUE
IPaBWJIBHO, IIOCKOJIBKY IIEPEXOd OT ONHOW WHEPIHMAJIBLHOW CHCTEMBI K OPYTON OCYyIlle-

CTBIIIETCSI C TIOMOIBIO TipeobpasoBanust Jlopenma. Ho sTo osmauaer, uro B.A. dok B
monckax ¢uzuaeckonn uctubl Boimen 3a npeneinst OTO. Bee 510 0cobo sicHO BumHO B
PeITUBUCTCKON Teopun rpasuTamuu [3]. Mbl mamee mokazkeMm Ha IpUMepe IOITyYeHUS
CTPOTOrO PEIleHNs YPABHEHUN TATOTEHUS IIJIS OIHOU COCPENOTOUYEHHOU MAacChl caM (DakKT
UCTIONTb30BaHust cuMBOIOB Kpuctobdens B mpocTpancTBe MUHKOBCKOTO MPU HATTUCAHUI
TapMOHMYECKUX VCIIOBUHN B CHEPUUIECKUX KOOPAMHATAX.

Nurepsan B pumasoBoMm mpoctpancTse ([1], crp. 279) mmeer Bum

1
ds® = AV?2dt* — WdO'Q, rze (12)
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do® = F*d 1 +p°(d©? + sin® Odd?). (13)

WNuTepBan B mpocTpancTBe MUHKOBCKOTO B cepmuecknx KOOpaumHATaxX OyIoeT paBeH

$2 %2
d¥? = c2dt* —dr —r (d©? + sin® ©dd?). (14)
OTcrona HEMOCPENCTBEHHO CIIEyeT
X2 2
Yoo=1, y11=—1, Yoo=—7, 33 =—7 sin“O . (15)

Wcnonw3yst BeIpaxeHnue miisi cuMBojia Kpuctobderns B mpocTpancTBe MUHKOBCKOTO
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BCE OCTaJIbHBIE CUMBOJIBI KpucToddens paBHBI HYIIIO.



Ha ocuoBanun (17) ypasrerue (9) minst v = 1 npunnMaer Bun

d 2 *
d;<%>:27’F, (18)

IIpU 3TOM MBI SIBHO KCIIOIB30BaIn CUMBOIBI Kpuctoddemns ’y;\,,. Beens HOByIO mepemen-
HYIO

dr=Fdr, (19)

ypasaerue (18) moxuO 3amucars B Gopme

d Qd'}k’ ,
=2 2
dr ('0 d'r’) " (20)

HO 3TO KaK pa3 M coBmamaeT ¢ ypasHeHumsMmu (57.14) paGorsr [1] (cTp. 280) B.A. do-
ka. Takum obpaszom B.A. Dok dpaxTmueckm mCHoOIb3yeT TPOCTPAHCTBO MUHKOBCKOTO
B cdepuueckux koopaumaaTtax (14), a rapMmoHmyeckoe ycioBue (8) — B IEKapTOBBIX
(ranmieeBbIX) KOODAMHATAX MPOCTPAHCTBA MUHKOBCKOTO.

Mer monyunnu ypassenue (20) mHa ocHOBe ypaBHeHus B dopme (9), Korma IpUIIIOCH
SIBHO MCIIOJTB30BaTh cUMBOIBI Kpuctoddens npoctpancTBa MUHKOBCKOTO B chepuIecKnX
KoopauHaTax. ToT Xe pesy/lbTaT MOXKHO IOJIyYUTh, €CIU UCIO/IL30BaTh YDABHEHUE B

7,0

dopme (10). deiicTBUTENBHO, M NEKAPTOBLIX (TAIMIIEEBBIX) KOOPAUHAT Yy’ CUMBOJIIBL
Kpucrodpdemns 'yc’:ﬁ(y) BCe paBHBI HymO, u ypasHeHue (10) mpuHIMaeT BuI

3 8yk> ~0. (21)

0y = ———-2 (g
/—g(z) 07" 0z°

WNmenno Takoe ypaBmenme wucmonb3dyer B.A. ®ok. Cremyer 0co60 TOMUIEPKHYTH, UTO
9TO ypaBHEHHE BO3HUKAET TOJIBKO B TOM CJIydae, KOTOa BCE yéﬁ(y) PaBHBI HYJIIO. OJTO

obcrosrensecTBO B.A. ®okom He Obio oTMeueno. [IpuHuMAas BO BHUMAaHUE BBIPAKEHUS
(12) u (13), maxonum

Fp* | 0 Fr* . 11 p*sin® ; 533 r
Voo = gasin®, gh = rsin®, g = =T, g7 = —Fsin®, g )

3
B kauectBe 2" BoiGepem mepemenubie 20 = y® = ct, 7,0, . Ha ocmopanuu (22), a
Tak:Ke IPUHIMAas BO BHUMAHWE TO OOCTOATENLCTBO, uTo GyEHKmmm V, F u p 3aBucar
3
TOJIBKO OT T, ypaBHenue (21) mpurumaer dhopmy
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BBeneMm HOByIO mepeMeHHYIO 7

Fdr=dr,



Torna ypasHeHue (23) IPUHEMAET BIL

or \" or ] Tsino 00 90 ) " sinZ0 992

~0. (24)

[Tpssmoit mOOCTAaHOBKOM MOXKHO yOEmUTHCS, UTO Cllemyrorme (yHKIIN:

y'(r,0,8) = 7 (r)sinOcos® ,
y2(1,0,8) = 7 (r)sin@sin® (25)
y3(,;i’ @7 (I)) = ';i (T) cos ©

*
YIOBIETBOPSIOT (24), ecim TONBKO T (1) SBIISETCS PEIIeHUeM YDaBHEHUS

d [ ,dr )
— | p"—= ]| =2,
dr dr

T.e. IUIs T MBI IPUILUIN OISATH K YPABHEHHIO (20). Eciau npu nomyuenun ypasaerus (20)
u3 ypaBHeHUi (9) OPUXOOUTCS MPSIMO UCIONB30BaTh cUMBOIBI Kpucrtodderns mpocTpas-
cTBa MUHKOBCKOTO, TO IIPU HAXOXKIEHUN 3TUX ypaBHeHUil u3 ypasHeruil (10) sTor dakT
HECKOJIKO CKDBIT U IPOSIBIIAETCS. TOJIBKO HA CTANUU BbIBOHA ypaBHeHuil (21).

Umen B.A. Poka 0 cyiecTBOBaHUU WHEPIUAIBHBIX CHCTEM KOOpPOUHAT, 00 abco-
JTIIOTHOCTU yCKOPEHUs ‘OTHOCUTEIBHO IMPOCTPAHCTBA , O HEOOXOMUMOCTHU MOCTPOCHUS
TIOJTHON CHUCTEMbI yPABHEHUN TEOPUU TITOTEHUs, O (DOPMUHBAPUAHTHOCTHU YPABHEHUI
TEOPUU TATOTEHUs] OTHOCUTEIBHO Tpeobpa3oBaHuil JIopeHIla TOYHO peanum3yroTcs B pe-
ngTuBucTckoil Teopun rpasutamun (3] (PTT).

[Tpu moctpoenun PTI' kax kmaccuveckoir TeOpUU TPABUTAIIMOHHOIO TIOJS MBI MCXO-
MU U3 CIEOYIONIMX OOIuX (GU3MIECKUX MPEICTABICHUN, BOCXOMSIIIINX K TOUKE 3PEHUS
[Tyanxape. [IpocTparncTBO-BpeMsi OTKPBIBAETCS IIYyTEM U3YUEHUSI CBONCTB U 3aKOHOB Pa3-
BUTHUsI MaTepuajbHOro mupa. [IpocTpancTBO-BpeMs Kak HEOTHEMIIEMas CYIIHOCTb MaTe-
pum oTpaxaeT OOIIMe CBOWCTBA, MPUCYIIUE JIFOO0OMY Bumy MaTepuu. Takmmum oOmmMnm
CBOMCTBAMI MAaTEPUU SBJISIOTCS WHTETPAJbHBIE 3aKOHBI COXPAHEHUsS YHEPTUU-UMITYIIbCA,
7 MOMEHTA KOJUYeCTBa NBIKeHUsI. VIMEHHO OHEM U TpPemompenesnin ICEBIOEBKIIUIO-
BY CTPYKTYpPy IPOCTPAHCTBA-BPEMEHU KaK YHUBEPCAIBHYIO. XOTs ICEBIOECBKINIOBA
CTPYKTypa MPOCTPAHCTBA-BPEMEHU U OTKPBLIACH IMyTEeM U3YUYCHUs MNBUKEHUS MATEPUN
(0COGEHHO BIIEKTPOMArHETU3MA), HO B CIIIy YHUBEPCAJIBHOCTH U HE3aBUCUMOCTH €€ OT
dhopM MaTepunm OHa MOXKET PACCMATPUBATHCI aOCTPAKTHO, B OTPBHIBE OT MATEPUM, KaK
cBoeoOpa3Has apeHa, Ha (OHE KOTOPOM IPOTEKAIOT BCe (GU3WUIECKUE SBJIIEHUS IIPUPO-
net. [Ipy TakoMm mpencTaBlIeHUEN TCEBIOEBKINIOBA CTPYKTYpa IMPOCTPAHCTBA-BPEMEHN
Kak Obl MBICJIEHHO MMEET MEeCTO M B OTCYTCTBUH BCEH MaTepuu. TakuMm IMyTeM mIo-
CTUTAETCS OTHENeHNe OOIIMX CBOWCTB MAaTEPUM, HAIIEOIINX OTPAXKEHUE B CTPYKTYpe
IPOCTPAHCTBA-BPEMEHH, OT NPYTUX CBOWCTB, NMPUCYIINX HAHHOMY KOHKPETHOMY BUIY
MaTEPUN.

YHuBepCaIbHO B3aMMONENCTBYIOIINE TOJs (TaKue, HAIPUMeED, KakK TSITOTEHUE ), IMEIO-
IIIeCs] B TPUPOIE, BCErIa MOTYT HAWTH OTPaXKEHNe B CTPYKTYPe MPOCTPAHCTBa-BPEMEHN,



HO yXe B Bume 3G(OEKTUBHOTO MPOCTPAHCTBA-BPEMEHHU, OOSI3aHHOTO HAJUYMAIO TaHHOTO
YHUBEPCAIILHOTO TIOJIS.

Nmenno B PTT apdexTuBHOE PUMaHOBO MPOCTPAHCTBO CO3MaeTcs Giiaromaps CyIiie-
CTBOBAHUIO YHUBEPCAIILHOTO T'PABUTAIMOHHOTO TOJIsI B MpOCTpaHcTBe MUHKOBCKOTO.

Ecnu npenmonoXuTh, 9TO TPOCTPAHCTBO-BPEMSI MCKPUBJIEHO U B OTCYTCTBHUHU BCEX
dopMm MaTepuu, TO, B IPUHINIE, HEBO3MOXHO C TOYKU 3PEHUS DU3UKU HAUTHU TPUIUHY
9TOW MCKPUBJIEHHOCTHU, MOCKOIBKY 0e3 MaTepun HET U (PU3UKIN.

B ocuoBy PTI' momoxeHo mpemmonioxkeHue, IYTO UCTOYHUKOM T'PABUTAIIMOHHOTO IIO-
JIsI SIBIISIETCST COXPAHSIOIINNCS TEH30D SHEPIUU-UMITYyJIbCa BCEH MATepuu, BKJIOYAs U
TPaBUTAIIMOHHOE TIOJIE.

['paBuTanmonHoe mOJIE, KAK W BCE NPYTHe OIS MAaTEPUU, PA3BUBAECTCS B MPOCTPAH-
ctBe MunKOBCcKoro. ['paBuTanunontoe nose obmamaer cnuaamMu “2” m “0” u, 9To 0cobeH-
HO CYIIIECTBEHHO, OHO HMeeT MAacCy IOKOs M, PrMaHOBO mpoCTpaHCTBO BO3HHKAeT Kak
5(GEKTUBHOE MPOCTPAHCTBO MU3-3a NEACTBUS I'PABUTAMUOHHOINO mOjs. CHibl MHEPIIN
7 TPABUTAIMN PAa3desieHbl: OHM UMEIT pa3Hyio mpupomy. [lomnas cuctema ypaBHEHUI
PTTI" obriekoBapuaHTHA OTHOCUTEIBHO MTPOM3BOJIBHBIX KOOPAUHATHBIX MPe0Opa30BAHUN 1
opMUHBapUaHTHA OTHOCUTEIBLHO Npeobpasoanuii Jloperma. B aTy cucremy ypaBHeHUII
HETMIOCPENICTBEHHO BXOMUT METPUIECKUI TE€H30p MpPOoCTpaHcTBa MUHKOBCKOTO. Y paBHEHUS
(9) ABAAIOTCS CIEACTBUSMU YDABHEHUI TPABUTAIMOHHOTO TIOJIS U YDABHEHUN [IBUKEHUS
BEIIIECTBA.

B PTT' peanmusyercs mpuunun Maxa — wmHepImaibHas CUCTEMa KOOPIWHAT OIpee-
JIsIeTCSl pacIpeneeHneM BellecTBa u rpasuTanuonHoro nojis. B PTI' yckopenue mmeer
abCcomIOTHBIN cMbIC. [Ipm Bbrumcimenun sddextoB rpaBuranuun B CONHEYHON CHCTe-
Me B ypaBHerusx PTI (B ramueeBbIX KOOpAMHATAX MHEPIMAIBHOI CHCTEMbI) MOXKHO
npenebpeub BIUSHUEM MACCHI TPABUTOHA, U TOTHA HPUOIMKEHHAsS CACTEMa YDPaBHEHUI
COBIAMAET C CUCTEMON ypaBHeHHH, koTopyioo m3ydaia B.A. doxk.

Pemmast sty cucremy ypasuenunit, B.A. ®ox paspaboran u3siHbil 1 5)PEKTUBHBINT
METOI HAXOXKIEHUS MOCTHBIOTOHOBCKOTO TPUOIMKEHUs. DTO CTAII0 BO3MOXKHBIM OJIaro-
naps yOadHOMY BBIOODY B KadeCcTBe HE3aBUCUMOU II€DEMEHHOH IJIOTHOCTH TeH3opa gH,
a TaKXe MCIIOIb30BAaHUI0 TAPMOHUYECKUX YCJIOBUH B MEKAPTOBBIX KoopawHaTax. MeHHO
B CIJIy 9TUX OOCTOSITEIBCTB UPE3BBIUANHO YIPOCTUIICS BECh BBIYUCIUTEIBHBIN ITPOIIECC,
TIOCKOJIBKY YK€ BO BTOPOM NIPUOIMKEHNN U3 BCEX MECATHU KOMIIOHEHT gHY ocTajlach TOIb-
ko omna kommorenTa §%° [3]. Takoe HalimeHHOEe TeXHUYECKOE YTIPOIIEHUE, OKa3bIBACTCH,
kax 910 Bumuo m3 PTI', uMmeer mom coboit Gpu3mueckyio OCHOBY: BO-TIEPBBIX, IEPEMEHHAs
g"” ectecTtBeHHO BO3HUKaeT nipu nocTpoeHuun PTT', Bo-BTOpBIX, B mepBOM NpUOIMXKEHIT
no (G Bce KOMIIOHEHTHI (,,, COOTBETCTBYIOIINE CHEPHUECKH CHMMETPUIHOMY CTATH-
YEeCKOMY TIOJIIO, CO3MIaBaeMOMY TEeJIOM Macchl M, OmpemenstoTcs TOIBKO €IUHCTBEHHON
KOMTIOHeHTOll Tem3opa BemiecTBa 10 [3], u uHTepBam 5DMEKTUBHOTO pUMaHOBA MPO-
CTPAHCTBA MMEET BUI

oM oM
d32:c2<1— G>dt2—<1+ G>(dx2+dy2+d22).

cr c2r

Bausaue macchl rpaBUTOHA CYIIIECTBEHHO, KOT/Ia PAIUYC Tejaa MPUOIMKAETCS K Pa-
muycy [lpapummnbna. B HemHeprmaabHOW cucTeMe KOOPAWHAT IMpeHeOperaTth MacCou
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rPABUTOHA TAK¥Ke HeJIb3sl. 3aMeTHM, YTO maxe ecin GOpMAaIbHO OMYCTUTh MACCy T'DABU-
ToHa, TOo cucteMma ypaBHeHuint PTI' coBmamaeT ¢ cucTeMoit ypaBHEHUN, KOTOPYIO U3y U
B.A. ®ok, TOMBKO B TaamiieeBbIX KOOPAWMHATAX WHEPIUAIBLHON CUCTEMBI, B JIIOOON OPY-
rofl cucTeMe, HAIPUMED, HEMHEPIIUAJLHOW, OHU YIKE CYIIECTBEHHO OTIUYAIOTCSI. DTO
MPOUCXOOUT MOTOMY, 4TO cucTeMa ypauenuin B.A. doka mHe obiekoBapuaHTHA, TOrIa
kak cucteMa ypaBuHeHuit PTI' obmekoBapumantaa. PTI' m3menser mnpencrapnenus o6
sBosronnu Beesennont u xonnarce. BBemeHne Macchl TPaBUTOHA UMEET MPUHIUNIAAIBHOE
3HAUEHUE IS DAHHOW TEOPUU, TOCKOJIBKY TOJBKO C €€ BBEIEHUEM BO3MOXKHO MOCTPOUTH
TEOpUI0, B KOTOPOH T'PaBUTAIMOHHOE IIOJIE€ PACCMATPUBAETCS KaK (U3UIecKoe TOjie B
npocTparncTBe MUHKOBCKOTO.

[Tonesbie mpencTaBieHns: ¢ HEOOXOMMMOCTBIO TPeOYIOT BBEIEHUSI MACChl TPABUTOHA W,
Kak cienctBue, B ypaBHeHusx PTI' mosBiseTrcss m MeTpUUecKuii T€H30pP MPOCTPAHCTBA
MunkoBckoro. IMeHHO 5TO 06CTOSTEIBCTBO U MO3BOJISIET (PUKCUPOBATH MHEPIUAIBLHYIO
CUCTEMY W TE€M CaMbIM YCTAHOBUTH CBS3b WHEPIIUAIBHON CUCTEMBI C PaCIpeIeIeHueM
BEIIECTBA W T'PABUTAIIMOHHOTO IO, T.e. peain3oBaTh mnpuHnun Maxa: mHepIuaib-
Hasl CHCTeMa OIpenesseTcsl paclpelelleHneM MaTepun. bes BeriecTBa HE MOXKET CyIIle-
CTBOBaTh TpaBuTamnuonHoe mose. Hamumuwme B ypaBuenusx PTI' meTpumueckoro Tenzopa
IpocTpaHcTBa MUHKOBCKOTO TIO3BOJISIET OMHO3HAYHBIM 0OOpPA30M BBIUMCIUTH T'DaBUATAIU-
ouubiit 3ddext. Cormacao PTI' mHepumambHbIe cuCTEeMBI Tak ke, KAaK B CIENUATIBHON
TEOPUU OTHOCUTETLHOCTH, MMEIOT abCOIOTHBIA CMBICII.

PTI' BosBpaiiaeT B GU3UKy HWHEPIUAIBHBIE CUCTEMBI KOODAWHAT, KOTOPBIE OBbLIN
orBepruyTel OTO, Tak kKak B 9TOIl TeOpum OHU HE CYIIECTBYIOT. DUWHIITERH B 1955 ro-
my mucait: “CyliecTBeHHOe AOCTUXXEHUEe ObLLeil Teopuu OTHOCUTENBHOCTM 3aK/OUaeTCs B
TOM, UTO OHa u3baBuna ¢Hu3nMKy OT HEOOXOAMMOCTU BBOAUTb KKUHEPUMAJIBHYIO CUCTEMY>>
(Mnu ««uHepumanbHble cuctembr»s)”. Nuepunansusie cucremsl B PTIY BosHukaroT ms-3a
pPacCMOTpPEHUsT TPABUTAIIMOHHOTO OIS KakK (PU3MIECKOTO TOJs, Pa3BUBAIOIIETOCS KakK
U BCe Npyrue MO MaTepuu B TpocTpaHcTBe MuHKoBcKoro. bimaromaps sTomy mo-
710 U co3maeTcs 3hPEeKTUBHOE PUMAHOBO ITPOCTPAHCTBO TOJIEBOTO TpoucxoxaeHus. [Ipu
TAKOM TIONXONE IOTHOCTBHIO COXPAHSIETCS MeCITUIapaMeTPUUECKas TPYIa [IBUXKCHUS
mpocTpaHcTBa-BpeMeHu — rpymmna I[lyankape. VIMeHHO mOsTOMY B TEOpuUur MMEIOT MECTO
3aKOHBI COXPAHEHUS SHEPTUU-UMITYJIHCA U MOMEHTA KOJMYeCTBA IBUKEHUS BEIIECTBA U
TPABUTAIIMOHHOTO TIOJS BMECTE B3SITHIX.

CrenuanbHas TeOpPUs OTHOCUTEILHOCTU TOYHO BBIMOHSIETCS IS BCEX (DU3MIECKUX
moJielt, B TOM YHUCJe U s TpaBUTAMOHHOrO. [losToMy cioBo ‘“crerumanibHas’ MOXKHO
ObLT0 OBI W OMYyCTUTH U THUCATH MPOCTO — TEOPHUs OTHOCUTEIHLHOCTU, TOHUMAs IO
5TuM OPMUHBAPUAHTHOCTb YPABHEHUIN OTHOCUTENBHO mpeobpasoBanuii Jlopenma. bomee
O0IIIero MPUHIINATIA, OTHOCUTEIBHOCTH, Ue€M 3TOT, He MOxeT ObiTh. [lepelimem Temepb K
M3YYEHUIO SBOJIONNEN BCeeHHOM 1 KoJlTarmca.

Cormacao PTT ommoponuas um m3orponHas Bcemennas spiasercs “mmockoir” m pas3Bu-
BAETCs IUKJINIECKA OT HEKOTOPON MAKCUMAJIBLHON IDIOTHOCTHU [0 MUHUMAJIBHOW U T.I.
Hs omuoponuoit m3oTponHon Bceemennont ypasuenus PTI' B ramummeeBbIX KoOpmamHATaX
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I/IHepHI/IaHBHOﬁ CUCTEMBI MIPUHUMAKT BUI

2

1dR 8rG w 3R
) === ——(1- 2R® 26
Rdr 3 POt ! (26)
1d’°R 4G P 1
Bl et Py _ou(1- =) . 27
R dr? 3 <p+ c2> w( R6> 2
3meck G — rpaBUTANMOHHAS TOCTOSHHAS; R — MacimTabHBIN GakTop.
1 (myc?
S 2
T (28)

W3 ypapmenns (26) BUOHO, YTO HpM yMEHBIICHHE IR OTPUIATENBHBIN UICH »; B
IIPaBOM YacTHU YpPaBHEHUS pacTeT HO abCOIOTHON BelmdwHe ObICTpee, UeM IIJIOTHOCTD
BeIleCTBa Ul PAAUAIIMOHHO MOMWHaHTHOUW cTamguu. Ho Tax kak jeBas 4acThb ypaBHe-
Hus (26) MONOXUTENbHA, CKATHE IOIKHO OCTAHOBUTHCS MPHU HEKOTOPOM MUHUMAJIEHOM
3HaueHun R,,;,, OTBEYAIOIIeM 3HAYUECHUIO Cfl—f = 0. [Ipu yBenuuenuu R oTpuIATETbHBIN
qjleH W B OPaBON YacTW YPaBHEHUS CTAHOBUTCS OOMbIIE, UeM INIOTHOCTH BEIIeCTBa Ha
CTaauM NOMWHAHTHOCTHU HEPEJIITUBACTCKOM MaTEPUH, MO3TOMY B CIITY TOJIOXKUTEITHHON
7eBOil yacTu ypaBHeHus (26) mpomsoiimeT OCTAHOBKA DACIIMPEHUS HPU 3HAYCHUN Ry,
OTBEYAIOIIEM 3HAYEHUIO Cfl—f = 0. Takum obpazom, omHOpOmHAs U M30TPONHAas Bcemen-
Hasl pa3BUBAETCS LUKINMIECKN OT HEKOTOPONM MAaKCHMAaJIbHOM IIJIOTHOCTHU BEIIECTBa IO
MUHUMAJIBHON Ppnin, PABHON

1 (my?\’

Pmin = 167G A ;

Mg — Macca TPaBUTOHA, (29)

3aTeM OMATh MO0 MakcuMaibHOW u T.n. OTcooma ciemyer, 9TO HuUKakoro BoJsbmioro
B3pBIBA, B NIPUHIMIE, HEe MO0 ObiThb. U3 ypaBhenus (26) mpum R >> 1 ciemyer, 9TO
IJIOTHOCTDb BEIIleCTBa BO BceseHHON paBHA

1 [myc?
= pPe 30
o) = pelr) + ro—= (72 (30)
3mech p.(T) — KpuTHyeckas IIIOTHOCTH, ompeneiseMas “moctosHHon” Xabbma H,
3H?(T) 1 dR
(T)=——=, H(t)=—=-—. 31
pulr) = S Hn) = 5 (1)

Bxomsiiast B ypasaenue (26) Bemuunsa R, MOXKeT ObITH BBIDAXKEHA UePE3 MAKCHMAIIb-
HYIO IUIOTHOCTH BelllecTBa BO BcerenHOMI

Ryue = o5 2 (32)
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rme E paBHO
1/3

e\ 10
E=174-10* M

(167G)%prmaz ’ (33)

Prmaz DAKTUIECKU SBIISIETCS WHTETDAJIOM IBUKEHIUSL.

3 ypaBrenuit (26) u (27) MOXKHO MOIIyYNTh BBIPAXKEHUE I TApAMeTPa 3aMeIJIeHIs
Bceenennoit ¢(7). Ha coBpemeHHOII cTAmuu MOMUHAHTHOCTH HEPEJSITUBUCTCKON MATEpPUN
(mnaBieHne p paBHO HYIIIO)

1 R 1 1 [(my?

2
="m et ) (34

Cootromerue (34) maeT BO3MOXKHOCTB OIPENEINTH MACCY IPABUTOHA MM, [0 IOBYM Ha-
6J’IIOI[&€MBIM BeJIMYMHAM H n q. OHa OKAa3bIBAaCTCs OI'PaHNYICHA CJ'IG,HYIOHII/IM HEpaBCH-
cTBOM [4]:

my < 4,5-107%r . (35)

Ha ocuoBanun (30) u (35) BumHO, 4TO COBpeMeHHas IIIOTHOCTL p(7) Gnu3ka K KPUTH-
YeCKOH TJIOTHOCTH ., omnpenessemMon “nocrosuuonn’ Xabbma. OTcona ¢ HeOOXOMIMOCTHIO
CJIemyeT CYIIIeCTBOBaHME BO BcemeHHOW OGOMNBINION CKPBITOW MAacChl “TEeMHOW MaTepuu’,
YTO COIJIACYETCS C COBPEMEHHBIMU HAOJIONATEIbHBIMU NAHHBIMU. BpeMms paciiupeHus
Bcenennoit 0T MaKCUMAaJIBHOW TJIOTHOCTU Prge 0O MUHUMAIBHOU pnin OMPENETISIETCS B
OCHOBHOM CTAa[Uell JOMUHAHTHOCTU HEPENIITUBUCTCKON MATEPUU U PABHO [5]

2 wh

. =
3 mgc

Tmaz = (36)

C roukn 3penus PTI', kpacHoe cmerienune mpoucxonuT He m3-3a s>ddekra Hommme-
pa, a BCIEOCTBUE M3MEHEHUsI T'PABUTAIMOHHOTO TIOJsS BO BPEMEHU, IMOCKOIBKY BEIIIECTBO
Bcenennoit mokonTcss B MHEPUUAIBLHON crcTeMe KoopauHAT. VHepnumaabHas CUCTEMa BbI-
nmenena camont [Ipupomoit. Criemyer Tak:xke ormeruTh, uTo B orianune or OTO, cormacuo
PTT' rpaBuTanmonHOe TOJIE HE MOXKET CYIIIECTBOBATH 0€3 TOPOXKIAIOIIETO €r0 BEIIeCTBA.
[Tonm BerriecTBOM MMeeTCSI B BUMY BCS MaTepUs, 38 UCKIOUEHUEM I'DABUTAIMOHHOTO TIOJIS.

[Tepeitmem k paccmorpenuto kojutamnca. Cormacao PTI' kommame HeBO3MOXKeH, a IIo-
9TOMY HE MOLYT CyIIeCTBOBaTH U ‘depHble ObIphl’ . CuTyarus 30ech KapaIuHAIBHO
ormmmaaercss o OTO, mockombKy m3-3a HAJIUMYMS MACChI TPABUTOHA PEIleHUe YPaBHEHUN
PTT' B obmactu, 6muskont k chepe lBapumunabna, CyIecTBEHHO OTINYAETCS OT pellle-
vus HIBapummnbna. s chepudeckn CuMMETPUYHOTO CTATUIECKOTO Tejla WHTEPBAIl B
3 HEKTUBHOM PUMAHOBOM IIPOCTPAHCTBE MMEET BUI

ds® = U(2)dt* — V(2)dz* — 2*(d6* + sin® Odd?) . (37)

Ecnu nepeiiTy B CHHXPOHHYIO CUCTEMY CBOOOMHO MAHAOIINX MPOOHBIX YACTUIL, TMEIOIIINX
Ha 0eCKOHEYHOCTHU HYJIEBYIO CKOPOCTH, C IOMOIIBIO NPeoOpa30oBaHUN

V(1-"0)
=t de | ———=
T —1—/2 U

1/2 1/2

, R:t+/dzﬁ , (38)
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TO IIOJIYYUM CJeOYIOIIEE BBIPpaXKEHNE OJIsI MHTEPBaJla:
ds® = dr* — (1 — U)dR? — 2*(d©* + sin® ©d®?) . (39)
PanuanbhHas cKOpOCTBH YACTUIILI, TAMAOIIE BHOOIb PaIMyca, PaBHA

dz 1-U (40)
dr uv -’
s cheprueckyn CUMMETPUYHOTO CTATUYECKOTO Tejla MeTpudecKre KO3DOUIMeHTHl pu-
MAaHOBa MPOCTPAHCTBA UMEIOT B obiactu, 6mu3kon k chepe HIBaprmunpna, ciaemyromimia
Buzn [6]:
z—z z
U(z) = —=2 + qm;M?, V(z) = ——. (41)
z zZ— 24
3mecb ¢ — HEKOTOpask TOJOXKUTEIbHAs MOCTOSHHAS.
[Moncrasnsas (41) B (40), nomyuaem

dz 1

~

dr — _\/amgM

(42)

OTcrona O4eBHIOHO, YTO HAJIMYME MACChl TDABUTOHA M, IPUBOOUT K SBJIEHUIO OTTAJ-
KWBaHN YaCTHUIl BeIlecTBa OT cdeprl, omm3koi k chepe HIBapmmmnena. Touka z = 2z,
aBsgeTcs TOoukor moBopoTa. Cdepa pammyca z = z; CTAHOBUTCS CHHIYJIIDHOH, IIpH-
geM 5Ty OCOOEHHOCTBH HEJIb3s YCTPAHUTH BBIOOPOM CHCTEMBI KoopawHaT. [lockombky
BHEIITHeE PeIlleHrne HeOOXOMUMO CIIUTH C BHYTPEHHUM DPEIEHUEM, TO 3TO O3HAYAET, UTO
cdepa ¢ pammycoM z = z, He MOXKET HAXOOWTHCS BHE BeIlleCTBa. B IPOTHBHOM CiIydae
HEBO3MOXKHO OBLIIO OBl OCYILIECTBUTBH CIINBAHUE PEILICHUI.

C mouku 3penus OTO, obbekTrl Gombiiux Mmacc (M > 3Mg), eciu npu 3BOIONUK
OHM HE TIOTEPSUIN 3HAUYUTETBHYI YacTh MAacChl, 00S3aTeNIbHO MOJIXKHBI CTATh UepPHBIMU
neipamMu’ . IIpu ceprudeckn CUMMETPUYHON AKKPENUM BEIIeCTBA HA “UEPHYIO OBIPY~
JINIIb HeOOIbIIas YacTh MacChHI ITOKOS MTAJAIOIIero BEIleCTBA MOXKET UATH Ha M3IIyUeHue,
MIOCKOJTBKY KayKOasl YaCTUIIA BEIeCTBa, Mamas, YHOCUT BCIO SHEPTUIO B “UEPHYIO NBIPY .

C rmouku 3penust PTI, “gepHble ObIpbl’ B MPUHIWIE HEBO3MOXHBI, 8 MO3TOMY O0b-
eKTHI OOJIBIINX MAacC, BCTPEYAIOIINecs B IIPUPONE M HAXOMSIINECS Ha 3aKJITI0UNTEIHEHON
CTAOUU SBOJIIOIUU, HE SBIAIOTCS ‘UePHBIMU NblpaMu’ . BbimesreHune SHEPrUU MpPU aK-
KpEIuy BellleCTBa Ha Takme OOBEKTHI CBI3aHO C IMANEHNEM BeIeCTBA Ha IIOBEPXHOCTH
00BbeKTa, T.e. B DTOM ClIy4ae HEMCTBYET TOT K€ MEXaHW3M BBIOCICHUS HHEPIUU, UTO
7 TPU AKKPEIU! BeIeCTBAa Ha HEATPOHHYIO 3BE3My. ODTO O3HAYAEeT, UTO u mpu chepu-
YeCKU CUMMETPUYHON aKKPEIuu HOKHO ObITh 3HAUMTESbHOE BblmejeHue sHepruu. [Ipm
9TOM, KOHEUHO, HEOOXOMUMO yUNTHIBATH YMEHBIIIEHNE YHOCUMOW SHEPTUU U3-32 KPACHOTO
CMEIIIEHUS.

Cremyer OTMETHUTB, YTO MOCKOIBKY 3(PGdeKTuBHOE puMaHOBO mpocTpancTtBo B PTT
BO3HIKAET HA OCHOBE (HDU3MYECKOrO I'PABUTAIMIOHHOIO IIOJIsI, KOTOPOE OIMCHIBAETCS B
mpocTpaHcTBe MMHKOBCKOrO, TO OTCIOAA CJENyeT, UYTO OHO MMeeT IIPOCTYIO TOIOJIOTHUIO
1 ompenenseTcs B omHoir Kapre. B Teopun Tsrorenus B.A. Poka, maxe miis 0OCTPOBHBIX
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cucteM, QyHIAMEHTAIbHAS POJIb YCJIOBUS TapPMOHUYHOCTHU B MIEKAPTOBBIX KOODIMHATAX
cKopee Obllla MHTYUTHUBHO yralgaHa, deM HOKa3aHa.

Bo-niepBBIX, yCliOBHEe rapMOHMYHOCTU BO3HUKJIO KAaK TEXHUYIECKOE CPEACTBO, YIIPOIIa-
foirtee ypaBHeHus | mimsbepra—OiuHInTeitna. Ho 9T0 ympoleHne mocTuraeTcs B JIIOOBIX
KPUBOJIMHENHBIX KOOPAWHATAX PUMAaHOBa MpOCTpaHcTBa. [loueMy mx HeoOXommMo 3amu-
CBIBATH B IEKAPTOBLIX (FAMIIeeBBIX) KOOpAUHATAX! Bemb TAKMX KOOpOMHAT B PUMAHO-
BOM IPOCTPAHCTBE HET. 3Mech MPOSBUIACH TiIyOokas pusmueckas natyurms B.A. Poka,
OCHOBaHHAsI Ha SICHOM IIOHMMAaHWM, YTO YCKOPEHMe abCOIIIOTHO, OHO HE MOXKeT ObITH OT-
HOoCcHTenbHBIM. MMenHO mosTomy B Teopun Tsrorenus B.A. ®oka, mo kpaitneir mepe mis
OCTPOBHBIX CHCTEM, BOSHUKJIN MPUBUICTUPOBAHHBIE CUCTEMBI KOOPIMHAT, MOMOOHBIE TEM,
KakKme MMEIOT MeCTO B chenuajabHoil Teopun oTHocuTenbHOCTH. PakTmdecku B.A. Pox
UMeJl [IeJI0 ¢ TPOCTPAHCTBOM MWHKOBCKOTO B TaJIMJICEBBIX KOODIMHATAX.

Bo-BTOpEIX, MOUEMYy HENTB3sT OBIJIO OBl B3Th BMECTO yCJIOBUS TapPMOHUYHOCTU KaKWe-
aub0 Opyrue YCJIOBUS W 3alMCaTh WX TakKXkKe B IEKApTOBBIX KoopaumHaTax! I[louemy
MMEHHO YCJIOBAE TapMOHUYHOCTU B MEKAPTOBBIX KOOPAMHATAX NPUOOPETAeT B TEOPUHI
rarorernus B.A. Poka dymmamenrtanbuyo ponb! OHE Benb He SBIISIOTCS CJEICTBUS-
MU TPUHINIA HAUMEHBINIETO NeMCTBUsI, OHU TPUBHOCSATCS CO CTOPOHBI. VIMEHHO mosToMy
B.A. ®ok He cunTas rapMOHIYECKUe yCI0BUs yHUBEpcATbHBIMU. OH 0c060 OTMedas, 4TO
“rapMoHUYecKMe KOOPAMHATbLI CYLLECTBYIOT He Ans ntobbix pacnpeaeneHuin macc.” Bce sTo
nposicasercss B PTT, rie obiekoBapuanTHble ypaBHeHus (9) TOYHO CIEAYIOT U3 MPUHI-
12 HANMEHBIIIEro NeACTBUS KaK MoJieBble ypaBHeHus. OHI YHUBEPCAJIBHBI U CIIPABEITIBEI
11t JTI000T0 pacIpeniesieHnsl BellecTBa. B 9ToM X OT/Im4me OT TapMOHUYECKUX YCIIOBUM,
kotopeie B.A. @Ok mpuMeHST TOIBKO MJISI OCTPOBHBIX CHCTEM.

Ypapaenus (9) MCKIIOUAIOT M3 TEH30PHOIO T'PABUTAIMOHHOIO OIS IIPEICTABICHUS
co cnmaamu “1” m“0’” m ocraBiagooT npencrasieHus co cnumuavu 2”7 u 70”. B PTT
CUJIBI WHEPIUM U TPABUTAINN PA3METEHBbI, OHN COBEPIIEHHO pa3Hoil mpuponbl. Cuiibl
MHEPIUYM MOXKHO YHUUTOXUTH BBIOOPOM MHEPIIUMAIBLHOW CUCTEMbI KOOPIWHAT, TOTIA KaK
TPABUTAIMOHHOE TIOJIe KaK (U3UUIECKYIO PEaIbHOCTb HUKOTMA HEJIb3s YHUUTOXKUTDL BbI-
60poM cucTeMbl KoopawHatT. M3BecTHOE PABEHCTBO MHEPTHOW U T'PABUTAIIMOHHOW MACC
SIBJISIETCSI TIPSIMBIM CIIEICTBUAEM TPENIONOKEHNUS, ITO UCTOYHUKOM T'PABUTAIIMOHHOTO TIO-
JIsI SIBIISIETCST COXPAHSIOIIUNCS TEH30D SHEPIUU-UMITYyJIbCa BCEH MATepuu, BKJIOYAs U
TpaBUTAIMOHHOE TIOoNie. MIMEHHO MOSTOMY PaBEHCTBO MHEPTHON U TSIKEJIOW MacC He MO-
XKET SIBISATBCS apryMEHTOM B TOIB3Yy OOIIEro MPUHINMIIA OTHOCUTETHBHOCTU, TTOCKOIBKY
[IPUYNHA PABEHCTBA MACC COBEPIIEHO IPYyTras.

Pa6orer B.A. ®oka upesBbUAHO COmEPKATENBHBI, 1 UMEHHO €ro (pu3mdueckue Tmo-
JIOKEHUSI, KOTOPBbIE OH 3aKJIaNbIBAJl B OCHOBY TEOPHUHU TSITOTEHUs, HAIIIN IIOJTHOE OT-
paxenune B PTI', omHako mpm 5TOM HPUILIOCH MOTHOCTBIO OTKA3ATHCS OT KOHIICTIIUIU
OTO u BBecTH mpenCTaBIEHNE O TPABUTAIMOHHOM IIOJI€ KaK O (DU3MIECKOM TIOJIe THUIa
dapanes—Maxkcpemta B nmpoctpancTtBe Munkosckoro. [Tockonbky B.A. ®ox npu passu-
TUU TEOPUHU TSITOTEHUs COBEPIINJ DS MPUHIUIUAIBHBIX I1ar0B, KOTOPBIE BBIXOMMIIN
3a PaAMKI 3MHIITENHOBCKOU OOl TeOPUU OTHOCUTENIBHOCTU M yIIyOnanu Gpu3nmdecKyio
CYTh TEOpUU, MBI COWIM HEOOXOMMMBIM HEONHOKDATHO, B KaXIOM CiIydae, 0cob0 IIOI-
YEePKHYThb 5TH OOCTOSTEIHCTBA.
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HonosiaeHe A

3anuiremM rapMOHIYECKOe yCIOBUE B NEKAPTOBBIX (TaJMiIeeBbIX) KOODAUHATAX:

ogt
= " () = /—g9"" (x) . Al
oo~ 0 97(2) = V99" (z) (A.1)
3pmech r# — mexapToOBBI KOODAMHATHL B mekapToBbIX (rasmieeBbIx) KOODAUHATAX IIPO-
cTpaHcTBa MUHKOBCKOTO
v(z) = dety,, = —1. (A.2)

CormacHO TE€H30PHOMY 3aKOHY NPeOoOpPa30BAHUsS, MMEEM

L )

g (z) = . . , A3
() o 0 ) (A.3)
Yy — TIPOM3BOJIbHBIE KOOPIWHATEL.
Banummem ypasaerue (A.1) B dbopme
N Oy™ 99" (x)
g () = —  ——— . A4
nd (ﬂf) Ot 8yT ( )
Il manbHEMINUX BBHIYUCICHUE TPUBEIeM (OPMYIIBL
0%z oyr 0 1 1 \
Yaply) = : ) = ——F——=7.Y) - A.b
W oy o oy ( —'y(y)) ~(v) ) o
[Toncrasnssa (A.3) B mpasyto wacTb (A.4), momydaem
o 1 dz” 0§ 1 _ 5 0%
0,g" (z) = '8“.86‘—’_ gﬂéaéﬁzo. (A.6)
—y) v Y —(y) VY
MHOXUTENb BTOPOTO WjIeHA 3amuineM B dhopme
0*zv oxv 0Oy°  0%*” oY
— . . = o . AT
oy*oy?  Oy° Ox™ Oy*0y”® 8y"%’3 () (A7)
[Moncrasiss 510 BeIpakenue B (A.6), momyduaem
i 1 oz¥ (0g* . ..,
Oug"” (z) = g (a « T 7as()g ﬁ) =0, (A.8)
—(y) Y\
T.e. MMeeM . 5
~ v xl/ ~g
0u9" (2) = ——="52Dag™ (y) = 0. (A.9)
—(y) %Y
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3mecs D, — KoBapuaHTHas MPOM3BOMHAsS B mpocTpancTBe MunakoBckoro. Wrak, Ha-

9 ,,7

MI yCTAHOBJICHO, YTO INIOTHOCTEH TeH30pa (y) B IPOM3BOIIBHBIX KOOPOMHATAX Y
VIOBIIETBOPSIET OOIIEKOBADUAHTHOMY YPaBHEHUIO

D,g" = 0,5 (y) + 7as(®)3**(v) = 0, (4.10)

€CJIM MCXOMHOe rapMoHmYeckoe ycyoBue (A.l) sammcaHo B NEKapTOBBIX (TaJIMIIEEBBIX)
KOODIMHATAX .

HHomonueune b

Banumem ypasuenue (A.10) B Heckombko apyroit dopme. s 5Toil menu, uCnoab3yst
ompenesieHue mis cuMBonia Kpucrodderns

Ihs(y) = %g”"(ﬁagaﬁ + 0590 — OsGap) ; (5.1)
HallneM
TasW)3™(y) = V=g (g”"g“ﬂﬁagaﬁ - %g”"g“ﬁ&rgaﬁ> : (5.2)
[TpuruMas BO BHUMAaHUE PaBEHCTBA
1

80 A 8&90”1:_”0 aﬁ&aa? B.3
=0V 979" 0agop (5.3)

1 (e}
I = 29 %0 gap =

nepenumeM (5.2) B Bune

v a% av vo 8~0—V
Y )T (W) = —v=g0g” — ¢ O/ =g = ——

oy

C yuerom sToro paserctsa ypasHerue (A.10) mpurumaer Bun

(Ths(y) — vhs()g™ = 0. (B.5)

9 ,,7 7 0

Ecnmu ot kxoopmuuatr "y’ mepedTum K OPYTUM KPUBOJIWHEWHBIM KOOpOWHATAM 2", TO
cuMBoOJibl Kpuctoddens mpuauMaoT BUg

oyr 0z2% 92, 0%2° G_y’\

I — . . _— . b.
/J,l/(y) 920 8'3]“ 8'3]” a,@(z) + 8’!]“8’!]” 020 ( 6)
Hcnonb3syst 5TO BBIpaXKeHUe, HAXONIM
oy 0%z Oyt Oy
FA uy — o aB . af . B
L)) = 55 [0+ g g 0™ () (5.7
Ha ocuoBanun (5.4) Boipaxenne (B.7) sammmem B dhopme
1 0 (.. oy 0%y oy 9227 Oyt Oy
F)x v — uo uo . . af ]
w(¥)9™ () V=g 0zt ( 82") 9 9o 90 oyrdy” 0z« 028 97)
(B.8)
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[TponuddepentmpoBaB paBeHCTBO

0= oy
oy 0za  °

no z°, momydmv
9%z Oy* Oy’ = 027 Oyt

dyrdyr 8z 028 Oyt 920028

YunrbiBas 5TO paBeHCTBO, B TpeTheM uieHe (B.8) maxomuwm

I, ()g (y) = — e (g@)

0z°

/_g(z) ozM

[Toncrasnss sro Bepaxerue B (5), momydaeMm

1 0 (waﬁy’\
—g(z) 9"

Bsong ob6o3zmauenne
A

Lo (e
[—g(z) 02" 027 )’

MBI MOXKEM 3amucarh ypasaerue (12) B dopme

Uy

Oyt = =725 9* (v) -

M,) = =705 (v) .

(B.11)

(B.12)

(5.13)

(B.14)

Takum o6pasoMm, BmecTo ypasaeHus (A.10) HaMM MOIy9eHO TO e ypaBHeHue B (hopme

(B.14). Cornacro (B.14) ypaBrenue rapmonmunoctu Poka

Oy =0

(5.15)

“MeeT MeCTO, eciaum cuMBOJIbl Kpuctoddemns 72/3 BCIOMIYy PaBHBI HYJTI0. JTO BO3MOXKHO,

eciu MHTepBall do B IPOCTPaHCTBe MUHKOBCKOIO MMeET BUI
do? = v, dztdz”

o€ 7Yy — IIPOM3BOJIBHBIE IIOCTOAHHBIE YHCJIA.
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A.A. Jloryuos, M.A. MecTBupuIisusim.
Wueprmanibubie cucTeMbl U OOIINN MPUHIMII OTHOCUTEILHOCTH B TEOPUU
TATOTEHUS.

Opurusan-MakeT HOOTOTOBIIEH ¢ HOMOMIBIO cucTeMbl IATRX.
Penaxtop H.B.Exemna.

IMomnucano x neyaTn 03.02.99. dopmar 60 x 84/8.
Odcernas neuars. [lewsr. 2,3, Yw.-m3m.a. 1,8. Tupax 150. 3akas 19.
Wunexc 3649. JIP Ne020498 17.04.97.

THII P® NucturyT Qusukum BHICOKUX SHEPTUI
142284, TIporBuro MockoBckoit 061.



Nunexc 3649

MIPEINIPUHT 995, noBDo, 1999




