«IJIsT KOTOPBIX BO3MOXHa (u3nuyeckass aganTalldisi H HMeeT MEeCTo
(bHU3UUECKHi TNPUHUHUI OTHOCHTEJSbHOCTH», BbIpa)kKaeTcs mnpeoGpaso-
BaHHsiMu JlopeHna. 3) Hesp3s yTBepK/aTh, 4TO 3aKOHBI IIPHUPOMLI
HCUepNbIBAIOTCS TEH30PHBIMH ‘COOTHOLIEHUsIMHU. VHTerpanbHele cBOii-
CTBa He MeHee BaXHbI, ueM JioKaJjbHble. CyliecTBOBaHHE TapMOHH-
YeCKHX KOODAHHAT €eCTb HMHTerpajpHoe CBOHCTBO (IPOCTPAHCTBA —
BpEeMeHH.

B Hacrosuiee BpeMst BOIPOC O TIPAKTHYECKOM 3HAYEHHWH TapMo-
HUYECKHX KOOpAMHAT He siBJsieTcs crnopHbiM. CrIOpHEIM OCTaeTcsi BO-
npoc 0 HEOGXOJUMOCTH MOHATUS «(PU3HUECKOH OTHOCHUTENbHOCTHY U
0c000# NpPeuMYIIECTBEHHON POJIH «TapMOHHYECKHX KOOPIHHATY.

X. Lsio u B. T'odbdman, onupasicb Ha HOPMYIHPOBKY DHHIUTEH-
Ha, IJ1acsillylo, 4YTOo «00LiHe 3aKOHBI TPUPOLbI JOJKHBI OMHUCHIBATHCS
ypaBHEHHSIMH, CIpaBelJUBHIMH BO BCEX CHCTeMAax KOOPIHMHAT, T. €.
KOBapHaHTHLIMH OTHOCHTEJBHO JIOObIX 3aMeH BooOllle (o6IeKoBa-
puaHTHbIME) » {104, cTp. 19], mHcanu o CylleCTBOBAHHH [BYX MOHH-
MaHHH 3TOTO MPHHLHMNA.

[lepBasi TpakTOBKa IMPUHLMNA [VIACHUT, YTO BHIGOP CHCTEMBI KOOD-
IUHAT He MMeeT OTHOLUEHHS K COJepxkKaHHuio Teopud. B Takom orpa-
HHYEHHOM CMBbIC/Ie, He BBOIS HOBOTO (DU3HUUYECKOT'O <COXEpPKAHU,
MOKHO BBIDA3UuTh Bce 3aKOHBI ()U3MKH B KOBAPDHAHTHOM BHJE.

3o u Toddman nonaraior, yto IDHHIUTEHH NPHUIEPKHUBAJIC
BTOPO#l TPAKTOBKH, a HMEHHO, YTO 3aKOHBI MPHPOIbl 3TO TEOMETPH-
yeckHe YTBepXKJEHHS OTHOCHTEIbHO (hH3HUECKHX OGBEKTOB M UTO
Takue 3aKOHBI JOJI)KHBl COXPaHATH CBOIO CHJY B MPOCTPAHCTBAxX C
NpOU3BOJNbHLIME TeoMeTpusiMu» [104, crp. 20].

B yacTHOH TeOpHH OTHOCHTENBHOCTH Ha TeOMETPHIO HaJIOXKEHBI
anpHOpHBIE OrpaHHYEHHs, COOTBETCTBYIOIIHE JIOPEHI-HHBAPHUAHTHO-
CTH, B TO BPeMsl KaK B OOLIEKOBAPHAHTHOH TEOPUH FeOMETpHUSl orpe-
JleisieTcsl Ha OCHOBAHUHM MOJIEBHIX ypaBHEHHI.

JK. AHmepcoH TmoJsaraj, 4To MeXAY NPHHLUUIOM OTHOCHTE/b-
HOCTH [iJIsl JaHHOTO KJiacca TeOPHUHM U COOTBETCTBYIOLIEH WM Tpynmoil
KOBADHUAHTHOCTH HE CyLIeCTBYeT B3aUMHO OJHO3HAYHOTO COOTBET-
CTBHsI, TOCKOJIBKY BCETHa CYyIIeCTBYeT BO3MOXKHOCTb pacCLIHpeHHs
TPyNnbl KOBAapHAHTHOCTH OT KOHEYHomapaMeTpHuyecKoil rpymmsl JIu
0 Tpynnsl, copepxauiefi Habop NMPOU3BONBHBIX (YHKIUM.

10. KOCMOJIOTHYECKHE PABOTBHI SMHIITEMHA
(1917—1924)

B pa6ote 1917 r. «O cnenuanbHo#l u oOuie# TEOPHH OTHOCHTEJb-
HOCTH» DUHIUTEHH PacCMOTPes BOMPOC O KOCMOJIOTHYECKHX 3aTPYi-
HeHusix Teopuu HbloToHa. [IepBoe 3aTpymHEHHE — BOMIPOC O CHCTEME
oTcyeTa B KjaaccHueckodl MexaHuke. Kiaccuueckasi MexaHHKa HCXO-
IUT M3 TOTO, YTO MaTepHa/bHble TOUKH, HOCTATOWHO YHAaJEHHHE OT
APYTHX MaTepHa/JbHBIX TOYEK, MBHXKYTCS MPSIMOJHHEHAHO H PaBHO-
MEPHO WJIH e HaXOJATCH B COCTOSIHHH TIOKOSl. DTOT 3aKOH BHINOJ-
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HAGTCS JUlllb MU CHCTEM OTCUETA, ABUIKYUIUXCH HpsiMOJMHEeHHO U
pPaBHOMEPHO ADPYr OTHOCHTeJNbHO jpyra. Kpome Toro, «...TIIETHO
OblI0 Obl MCKaTb B KJIACCHUECKOH MeXaHHKe (a TakXe B CleNHab-
HOH TeOPHH OTHOCHTEJBHOCTH) TO peajbHOe HeuTo, K KOTOpOMY MOXK-
HO ‘GblT0 OBl OBECTH PA3/IMYHOE TIOBEJeHHEe TeJ OTHOCHTENIbHO CHCTEM
orcueta K u K’. (310 Bo3paxkenue npuoOpeTaer ocoboe 3HAUEHHE
B TOM CJyyae, KOTLA COCTOSIHHE IBYXKEHHsl TeJ OTCUeTa TaKoBO, UTO
ILJISI CBOETO COXPAHEHUS OHO He HYXKAAaeTcsl BO BHeLIHeM BO3eHCTBHH,
HalpHUMep, B CJyyae PaBHOMEPHOro BpalleHHsi Tesja OTCYeTa.) ITO
BO3pakeHue mpelBUAes yxke HplOTOH, KOTOPHIH TIIETHO CTPeMHJICH
ocanabuth ero» [26, ctp. 566]. Bropoe 3aTpynHeHHe GblIO TIOAPOGHO
paccmotpeHo 3eenurepoM. 3akoH TsaroteHusi HploroHa nosBosser
ONMpeneNuTh MoJie TATOTEHUS MO pacrnpefesNeHHIo Macc B NMPOCTpaH-
cTBe. ATOT 3aKOH, OXHAKO, HE MPHUBOIHUT K ONpPeJe]eHHBIM KOHEUHbIM
3HAUeHUsIM [JIsi I'PaBUTALMOHHBIX YCKODEHHH, ecJ ToJaraTbh, 4To
noJie TATOTEHUs CO3[LaHO GeckoHeuHoi Maccoil Bcemennoit. Ilpen-
cTaBJIEHHe O CpelHell ONHMHAKOBOH TIOTHOCTH Macc BceseHHolt He-
coBmecTtumo ¢ Teopueit HeioToHa,

«...bousbiie Toro, mocnennsis Tpebyer, uToGBl MHP HMEJN HEYTO
BpOJie HeHTpa, Tle IVIOTHOCTb YHc/aa 3Be3[ Oblia 6bl MaKCHMaJbHOH
H yTOOHl 3Ta MIOTHOCTb YOBIBaJNa C PAaCCTOSIHUEM OT LIEHTpPa Tak, YTo
Ha ‘GeCKOHEUHOCTH MUD OBl Gbl COBCGM MYCTHIM. 3BE3LHBIH MHUP LOJ-
’KeH MpefCTaB/lsATb cO60# KOHEYHBIH 'OCTPOB B OECKOHEYHOM OKeaHe
npocTpaHcTBa» [26, cTp. 583].

DUHIUTEHH OTMeYaeT, YTo 3TO NpeLCTaBleHHUe, He OyAyuu yIOBJe-
TBOPHUTEJBHO €CaMoO 1O cebe, NPUBOLUT K CJEACTBHIO, <UTO CBET, H3-
JiyuaeMbll 3Be3aMH, a TaKKe OT/[eJbHbIE 3B€3[(bl 3BE3JHOH CHCTEMBI
JOJIKHBI HEMpepbIBHO YRAAATbCA B GECKOHEUHOCTb, HMKOr/[a He BO3-
Bpalllasicb U He BCTynas BO B3aHMOJEHCTBHe C IPYTUMH OOBEKTaMH
npupofbl. Takot MHpP, MaTepus KOTOPOro CKOHIIEHTPHPOBaHA B KO-
HeYHOM MPOCTPAHCTBe, AOJIXKEH Obll Obl MeIJIEHHO, HO CHCTEMAaTH-
yecKu omycromaTtbcsi» [26, ctp. 583—584].

3eenurep uaMeHusn 3akoH HbioToHa. OH npemmosoxui, uTo Ha
GOJIBLIMX PACCTOSIHHAX TPOTSIXKEHHe JIBYX Macc yOniBaeT OnicTpee,
yeM M0 3aKOHY /. [ITOTHOCTb MOXKeT OCTaBaThCs MOCTOSHHOM BCIO-
Ay Bo BcesnenHoi, He npuBoAs K GECKOHEUHBIM T10JSIM TATOTEHHS.

«Tak,— nuier dHHMITEHH,— MOXHO OCBOGOLUTLCS OT Henpusr-
HOTO NpeJCTaBJeHHsI O TOM, 4TO MaTepHAJbHHI MHUP o6samaeT Ka-
KuM-To neHTpoM. IIpaBna, 310 0cBOGOXKAEHHE OT ONMMCAHHBIX BHIIIE
NPUHUMNHAJIbHEIX TPYXHOCTEH MNOCTHTaeTcss IUEHOH H3MEHEeHHS H
yc/loxHenus: 3akoHa HploTOHa, KOTOphie He MMEIT HH 3KCmepHMell-
TaJIbHOTO, HH TEOPETHYECKOro 060CHOBaHHS. MOXKHO yKa3aTb CKOJIb-
KO YrOJXHO 32KOHOB, MPHUBOMSIIKX K TOMY K€ pe3y/bTaTy, Tpuuyem
HeT OCHOBAHMH MPEANOYecTb CQIUH LPYroMy; KaxIblfl H3 3THX 3aKO-
HOB, KaK ¥ 3akoH HploToHa, H2 060cHOBaH OOGLIMMH TeOpeTHYeCKHMH
npunuunamu» [26, crp. 584]. [Manee DitHmTedin aHaiu3HpyeT BO3-
MOXKHOCTb KOHEYHOTO M BCE XK( HEOIDAHHYEHHOro MHpa.

223



CyauTb 0 reoMeTpHYECKOH CTPYKType NpPOCTPAHCTBA, COMIACHO
of1reit TeopHy OTHOCHTEILHOCTH, MOXKHO JIHIIb, TIOJarasi H3BECTHBI M
cocTosinue maTtepuu. Eciu mpencTaBuTh ceGe, 4TO MHpP 10 CBOMM
reoMeTpHYecKHM CBOHCTBaM NOJOOEH MOBEPXHOCTH, B HEKOTOPHIX Ya-
CTAX HCKDUBJEHHOH, HO He OTKJOHSIOUIEHCS 3HAUUTENbHO OT ILIO-
CKOCTH, TO TaKOH KBa3WEeBKJIHUAOBBII MHUP Obl1 Obl MPOCTPAHCTBEHHO
6eckoHeyHblM. CpenHsiss NMJIOTHOCTb MaTePHH B KBa3HEBKJIHIOBOM
MHpe IOJIXKHa paBHATbcA HyJ10. «Ho eciu cpenHsisi maoTHOCTL Ma-
TepHH B MHpe Jaxke OYeHb MaJjo OTIUYaeTcs OT HYJs, TO MHp He
MOXKeT 6bITb KBAa3UEBK/JIHIOBLIM, DoJsbllle TOro, BHIUHCIEHHS TOKA-
3HIBAIOT, 4YTO NPH PaBHOMEPHO pacmpeleseHHOH MaTepHH MHUP C He-
00XOAMMOCTbIO JOJXKEeH GHITb CHepUUECKHM (MM DJIHNTHYECKHM).
Tak kKak B [efCTBUTENbHOCTH B OTHENbHBIX 06JaCTsIX MaTepHsi pac-
npejeseHa HepaBHOMEPHO, TO PeasibHbIi MHD B OTHEJNbHBIX YacTsX
OyleT OTKJIOHATHCS OT chepHyeckoro; oH GyHeT KBa3uchepHuecKuM.
OnHako OoH ROJKeH ObTh KOHEUHBIM. Teopusi gaeT mpocroe COOTHO-
LIeHHe MeXAY NPOCTPAHCTBEHHOM TPOTAXKEHHOCTHIO MUpaA H CPemxHel
IJIOTHOCTBIO MaTepuu B HeM» {26, cTp. H88].

B 1918 r. B cTaThe «3aKOH COXpAHEHHS JHEPTHM B OOLIEH TEOPHH
OTHOCHTEJIbHOCTH» DHHIUTElH, cchiasich Ha paboty 1917 r., mocss-
[IEHHYI0 BOIPOCAM KOCMOJIOTHH, BHOBb TOIUYEPKHYJ, 4TO € TOYKH
3peHusl obluieil TeOpHH OTHOCHTEJIbHOCTH NMOHHMAaHHE MHPA B LEJOM
KakK NpUGIUKEHHO eBKJIHIOBCKOT'O BLI3bIBaeT COMHeHus. MUp B aToM
cJlyyae JoJIKeH GHITh MyCTBhIM.

Mel OMKHBL CYHTATh, YTO 4eM OOblIHe 06JACTH paccMaTpH-
BaeM, TeM MeHee MOJIKHA OTJHYATbCS OT HYJSA CPefHsis MIOTHOCThb
Haxofseiicss B HUX BECOMOH MaTepHH.

DfHIUTEHH nosaraeT BEPOSITHHIM, UTO MHD B MPOCTPAHCTBEHHOM
OTHOILLEHUH KBasuchepHueckuil. «B atom ciyuae KoHeuHOro Mupa,—
nueT DHHIITeHH,— BO3HUKAET HHTEPECHHIH BOMPOC O TOM, COpaBej:
JIUBH JIH 3aKOHBl COXPaHEHHS [JIs MHpa KaK LEeJOro, KOTODPHIH ¢ He-
06X01UMOCTbIO [OJIKEH paccMaTPHUBATbCs KaK «H30JHPOBaHHAs CH-
crema». I[Ipu 3TOM MBI MOXKEM OTPaHHYHTHLCS MOHUMAHHEM MHpa Kak
KBa3nohepHYecKoro, MOCKOJBKY M3 MOC/AeIHero npu HoOaBjeHUU
COOTBETCTBYIOIIEr0 YCJOBHSI CHUMMETPHHM BBHIT€KaeT KBa3HUJJIHNTH-
yeckuit mup» [26, cTp. 654]. diHWMTeiH NOKa3blBaeT, yTo AJs 3aM-
KHYTOr0O MHpa B LEJOM HMIIYyJbC paBeH HyJ0. 3HayeHHe IOJ-
HOH dHEpPTHH He 3aBHCHT OT BHIOOpA CHCTEMHI KOOpDJHMHAT M BpeMe-
uu. B 1919 r. B crathe «['paBuTanyoHHble MoJist U 3JeMEHTapHBIE
YacCTHIB MaTepuu» ODHRHIUTEHH npejnosaral, 4YTO TEOPETHUECKH
MOKHO IOCTPOHTb MaTepHI0 U3 TPaBUTALHOHHOIO M 3JIEKTPOMArHHT-
HOTO MOJIEd ¥ YTO 3Ta BO3MOXKHOCTb OCBOGOXKAAeT OT HEOO6XO0JH-
MOCTH BBeJeHHsI 0060 MOCTOSTHHOM /11 PelleHHs KOCMOJIOTHYEeCKOH
npo6yeMBl.

B 1917 r. #immreitn onybaukoBas pabory «Bompocel Kocmoso-
TH{ ¥ o0uiasi TeopHUs OTHOCHTEJNbHOCTH», MOJOXKHBILYIO HayaJjo pe-
JIITUBUCTCKOH KOCMOJIOT'HHU.
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Kak usBecTno, ypaBuenue [lyaccona B COBOKYNMHOCTH C ypaBHe-
HHEM [BHXKEHHSI MaTepHa/bLHOH TOYKH He BIOJHE 3aMEHSIeT TEOPHIO
najbHojeicTBusag HbloToHa, mocko/bKy HEOOXOAMMO N0GaBUTH YCJIO-
BHE, YTO B TIPOCTPAHCTBEHHOH GECKOHEYHOCTH MOTEHIIHAJ CTPEMHTCS
K ONpejeJeHHOMY MNpefeny. «AHAJOrHYHO OGCTOHT JeJN0 B TEOpHHU
TATOTEHHA, CAeAyIolefl M3 oO6INero NPHHIMNA OTHOCHTEJIbHOCTH;
3fech Takxke K JuddepeHnalbHbIM YPaBHSHUAM JOJXKHBI ObIThH 10-
OaBjieHbl T'DaHHYHble YCJIOBHS JJIsI NPOCTPAHCTBEHHOH GeCKOHeu-
HOCTH, €cJIH MBI Ha CaMOM JeJe paccMaTpuBaeM MHpP GECKOHEUHO
MPOTSKEHHBIM B mpocTpaHcTBe» [26, ctp. 601}

OfHIITEHH aHANH3UPYET YCJIOBHE CYIECTBOBAHHSI TIOCTOSIHHOTO
npeneaa LA MoTeHUMana ¢ B MPOCTPAHCTBEHHOH GECKOHEUHOCTH U
1I0Ka3blBaeT, YTO BO3HHKAIOLINE MPU 3TOM TPYAHOCTH HEMPeoNOJHMbI
B pamkax teopud Hriotona. On Bunmousmensier ypaBuenue [lyacco-
Ha, MpUIAB €My BHJ

Ap — Ap = 4nKp,

rie A — yHHBepcaJsbHasl MOCTOSIHHAS.

4n
Pemenne ypaBhHeHus @ = —-}\—Kpo COOTBETCTBYET OE€CKOHEUHO

MPOTSKEHHOMY NPOCTPAHCTBY, B 'CPEJHEM pPaBHOMEPHO 3aMOJIHEH-
HOMYy MaTepuei.

DTl H MpefsaraeT Mocjaef0BaTh MO MPOHAEHHOMY MM CAMHM
M3BHJIUCTOMY H HEPOBHOMY TYTH, fOJIaras, 4To Tak CTaHeT HHTepec-
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KOHTHUHYYM B OTHOLUEHUHM CBOMX MPOCTPAHCTBEHHHIX pa3MepOB MO-
€T paccMaTpPUBATHCH KaK 3aMKHYTHII KOHTHHYYM, HMEIIIHH KO-
HEYHBIH MPOCTPAHCTBEHHBIA 00beM.

B sTo0#t paboTe DHHIITEAH KPUTHUECKH OLIEHWJ HafileHHble UM YyaB-
HeHWs1 rpaBuTalud. Kax H3BecTHO, 3TH YpaBHEHHS] MMEIOT BUI

Gu = —#(Tus = g T) M
rie
8 [my po) (vB ?lgV=—g _ [uv]olgV—¢
L Y B Y M R

CBEPHYTHI!l TEH30p KPHMBM3HBI MPOCTPAHCTBEHHO-BPEMEHHOrO KOHTHHYYMa;
guv — METPHUECKHH TEH30D,

G = Gg; ()

Ty — TeH30p SHEPIHH M HMMYJIbCa, %ﬂa&gmnﬁca (dyHKUMeH COCTOSHHUS
o T

Cpellll H HCUESAONWMH B BAKYyMe; X = —1 — OCTOHHASL TACOTEHHS
(4

8 V. HU. ®paurdypt
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«TeopeTHueckoe nmpeicTaB/jeHne O peajJbHOM MHpe, COIVIACHO Ha-
WM pacCyXAeHusMm, Obljio Gbl ciaenylouiuM. Xapakrep KpHUBHU3HBI
MPOCTPAHCTBA B COOTBETCTBHH C paclipeneNeHHeM MaTepHH 3aBHCHT
OT MecTa M BpEeMEeHH; OJJHAKO 3TO MPOCTPAHCTBO B IEJIOM MOXKHO
NPUONHKEHHO TNpPENCTaBUTb B BHIe C(HEPHYECKOro NPOCTPAHCTBA»
[26, cTp. 612].

Jlornyecku 31O mpencTaBieHyue HENPOTHBOPEYHBO, MJsi DHHIUTeH-
Ha CYILEeCTBEHHO U TO, YTO CHO SIBJISIETCS] €CTECTBEHHBIM C TOYKH 3pP2-
HUsT 0011ell TEOPHH OTHOCHTENbHOCTH.

«Mbl,— numer diHITEHH,— He GyfeM 3lecb paccCMaTpuUBaTh BO-
npoc O TOM, TPHEMJIeMO JIH 3TO INpEeACTaBJeHHe C TOYKH 3pEHHs
COBP&MEHHbIX aCTPOHOMHMYECKHX 3HaHui. [IpaBja, /st TOro, YTOOHI
NPUATH K 3TOMY HeNpOTHBOPEYHBOMY TIPEACTABJIEHHIO, Mbl JLOJIXKHLI
OblJIK BCe Ke BBECTH HOBOe 0000lIeHe YPaBHEHHH IPABUTAIMOHHOTO
I10J151, HEONpAaBAbLIBAEMOE HAIUUMH [eHCTBUTEIbHBIMU 3HAHHUSIMH O
1siroTeHun» {26, cTp. 612]. To, uTo MomoXKHUTENbHAsT KPUBH3HA MNpO-
CTPAHCTBA, KOTOpasi o6yc/oBNeHa MaTepHel, MoayJaercsi ¥ MpH OT-
CYTCTBHH KOCMOJIOTHYECKOTO UJIeHa, SIBJsIETCs IJIsi DUHIUTEHHA BeChb-
Ma BaXHBIM apryMeHToM. KocMonoruueckuil uneH BBeNeH [Jst o6ec-
NeYeHHs: KBa3HCTATHUECKOrO pacrpeieseHusi MaTepuH.

Takum myteM GblJI0 MOJOXKEHO HAYaJO PEJISITHBUCTCKOH KOCMO-
JIOTHHU.

B 1921 r. Dfinwreiin onaTh BepHyJcs K BbicKazanHo# B 1917 r.
Hiee O TOM, YTO KBA3HUCTAaTHUECKOE paclnpefeseHHe MaTepHH COOT-
BETCTBYET ()aKTHYECKH MAJIBIM CKOPOCTSIM 3Be3[L.

«JIJist TMOCTpPOEHHS YXOBIETBOPUTENBHOH KOHUENUHH MNOJS g pv
KOCMHYECKHX Pa3MepoB, NO-BUIHMOMY, BaxKeH TOT (akKT, UTO OTHO-
CUTEeJbHble CKOPOCTH 3B€3J MaJsbl MO CPABHEHUIO CO CKOPOCTbIO CBe-
Ta. JleficTBUTE/IbHO, OTCIOfA CJENyeT, UTO INPH COOTBETCTBYIOILEM
BbIGOpE KOODIHHATHOH CHCTEMBI, 44 INOYTH NOCTOsIHHA BOo Bcenen-
HOH, Mo KpaiiHeil Mepe B TOIl ee YacTH, B KOTOPOIl UMeeTCsl MaTePUs»
[28, ctp. 77, 78]. lanee DitHmTelin yKa3blBaeT, UTO KaXKeTCsl ecTe-
CTBEHHBIM JOMNYIIeHHe O HaJHYHMU 3Be3] BO Bcex uacTax BceneHHoi.
HenocrosiHCcTBO g44 CBSI3aHO € TeM, UTO BElIeCTBO He pachpeneneHd
HernpepuiBHO. DTO pacmpejeseHue MOXHO 3aMEHHTh YCIOBHBIM pac-
npepe/ieHUeM TOCTOSIHHOA MJIOTHOCTH, B Takod BceneHHo#l umeer
MeCTO reoMeTpHyecKasi SKBHBAJEHTHOCTb BCEX TPOCTPAHCTBEHHBIX
TOYEeK W HamnpaBJeHUN.

«OcoGeHHO mpuBNeKaTeNbHBIM B 3TOH CXeMe SIBJISIETCS TO, YTO
BcenenHast oka3plBaeTcsi NpOCTPAHCTBEHHO OrPAHHYEHHO# H, corJyac-
HO HalleMy NPEenoJOXKEHHIO O NOCTOSIHCTBE INIOTHOCTH o, o6Jamaer
MOCTOSTHHOH KpPHMBH3HOH, GYyAyuH chepuuecKoil HIx 3SJJTHUITHUYECKON.
B atoM cnyyae rpaHHyHble YCJIOBHS Ha GECKOHEUHOCTH, CTOJb He-
YIZOOHBIE C TOUKH 3peHMs1 0OOuiell TeOpHH OTHOCHTEJIBHOCTH, 3aMEHSs-
I0TCsl TOpa3fo GoJiee eCTeCTBEHHBIMH YCIOBHSIMU /sl 3aMKHYTO# TIO-
BepxHocTu» [28, cTp. 78].

B sroit paGore DHHIUTEHH BHABHIAeT TPH apryMeHTa IIPOTHB KOH-
LenuuH TMPOCTPAHCTBEHHO O€CKOHeuHOH BceneHHo#H, OXHOBpeMeHHO
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cayxKaliye apryMeHTaMH B MOJb3y MpeACTaBJEHHH OrpaHHYEHHOH
B npocTpaHcree Bcenennoil.

HHrepecHo, uto Ha mepBoe MeCTO JDHHIUTEHH BbIABHUTA€T TOT
(dakr, 4YTO C TOYKH 3pEHHsI TEODHH OTHOCHTENBHOCTH YCJIOBHS IJIsI
3aMKHYTOH MOBEPXHOCTH IPOILE, YeM IDAHUYHBIE YCJIOBHs Ha GECKO-
HEYHOCTH B CJlyuae KBAa3HEBK/IMIOBOH CTPYKTypH BceneHHOM.

BTopeiM aprymMeHTOM CJyXKHT TO, YTO HAed Maxa Hesb3s corna-
COBaTh C KOHLENIHe# KBa3UEBKJHAOBOH GeckoHeuHo#l BceseHHOH.
TpeTbuM aprymMeHTOM CJAYXKHT TO, UTO XOTsl MPEANOJOKEHHE O PaB-
HOH HyJI0 CPeiHel MJIOTHOCTH Bo BcesleHHO# JOrMYecKH U BO3MOXK-
HO, OHO MeHee BEepOsITHO, UeM NpPeanoyoxeH’e 06 OTIHYHOR OT HYJNs
KOHEUHOH cpelHeH MJOTHOCTH MaTepud. B Tom ke roay B Aokxnaze
«["'eomerpust u onbiT» DHUHIITEHH CTAaBUT B NEPBYIO oOuepelb BTO-
po¥i apryMeHT, oTMeuasi, YTO 3TOT aPTryMEeHT He NPOU3BOAUT HHKAKO-
ro BIeYaTJeHHsi Ha MHOTHX (GU3HKOB H acTpoHomoB. Kakasi u3 BO3-
MOXKHOCTEH HYJ/eBOH IJIOTHOCTH WJIH MJIOTHOCTH, OTJHYHOH OT HYJ,
ocyllleCTBJIeHA B NPHPOJE, MOXKET PElINTb TOJbKO onuT. Miiosop-
HOHU Ka)keTcsi DUHUITEHHY OnNpeleseHue Cpefrell MIOTHOCTH MyTeM
Ha6I0JeHHUs JOCTYMHOH HalleMy BOCIPHATHIO uacTu BceneHHOH.
Bosnee nepcrnek1iBeH, X0oTs1 ¥ BCTpeuaeT TakkKe GOJblIHe TPYLHOCTH,
Apyroi myTh. KpoMe pacxoxaeHuil cjieqCcTBH#A 0OLle#l TEOPHUH OTHO-
CHTEJNBHOCTH OT cjejcTenil Teopun HploToHa B 3¢ dexrax, nposs.s-
IOIMXCsT BOIM3H TSIKEJbIX Macce, AJs MPOCTPAHCTBEHHO KOHEUHOTO
MHpa «MMeeTcsi BTOpoe pacxoxjeHue c teopueil HploToHa, KoTOpOE
Ha $3bIKe MOCJeqHell MOXHO BbIPA3HTb TaK: IPaBHTALMOHHOE MOJie
o6/agaeT TakUMH CBOHCTBaMH, KakK ecjqu Gbl KPOMe BECOMBIX Macc
OHO CO3JaBasioch Takxke paBHOMEPHO DaclpeliejieHHOH B NPOCTpaH-
CTBe IIOTHOCTBIO MAcChl, UMeIOLIed OTpHLATeJbHBIH 3HaK. Tak Kak
3Ta (PUKTHUBHAS MJOTHOCTbL MAacChl KpaiHe MaJja, TO ee MOXHO 3aMe-
THTb TOJIbKO B CJlydae oueHi GOJIBIIKHX pPaBHTHPYIOKX Macc. [Ipen-
MOJIOKHUM, YTO MBI IPUMEPHO 3HaeM CTAaTHCTHYECKOe pacrnpeleseHue
3Be3 B ['anakTuke, a Takxe HX MacCch. Toria Ha OCHOBE 3aKoHA
HbioToHa MBI MOXKeM paccyhTaTh I'DABUTALMOHHOE 110JI€ H T€ Cpel-
HHE CKODOCTH 3Be€3Jl, KOTOPHEe OHH HOJKHB HUMeTb JJsi TOTO, YTOOHI
B [anakTike He npowu3olles KOJJanc, BCJAeACTBHE B3aHMHOTO MNpH-
TsI2KEHMs] 8B€3Jl, H OHAa coxpaHsya Gbl CBOH pa3mepnl. Ecam Gwl Te-
Nepb CPelHHEe CKOPOCTH 3BE3J — KCTOPbie MOTYT ObiTb H3MEPEHH —
0OKa3ajuch B JEHCTBHTENLHOCTH MEHbLIE BbIYMCJACHHBIX, Mbl Obl HMe-
JI¥ yKa3aHHe Ha TO, YTO Ha OOJbIIMX PAcCTOSHUSIX peasbHble MpH-
TAXEHHUs] MeHbile, yeM cJjeayer u3 3akoHa Hbilotona. M3 Takoro
pacxoxjeHuss MOXHO Oblj10 Obl KOCBEHHbIM 00pasoM [0Ka3aTb KO-
HEYHOCTh MHpa H JaiKe OLEHHUTh €ro MPOCTPAHCTBEHHHIE Pa3Mephl»
[28, cTp. 89].

B 1922 r. nosiBusnace pabora PpupmaHna, KopeHHBIM 06pa3om
HU3MeHMBIIAg OTHOWIeHHe JfHIITelHA K KOCMOJIOTHUYECKOH npobse-
Me. DHHIITEAH BHaYaJieé CYHUTAJ], YTG KOCMOJOTHUECKOE pelleHHe
YPaBHEHHS MONA JAOMKHO OpITh CTaTHYHBIM, HO 3aTE€M MpPHU3HAJ pe-
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syabratel @punmana BepHbiMH. Monenb cranuoHapHoil BcesenHoit
Tenepb NoTepsija CBOE HCKIIOYHUTENbHOE 3HAayeHHe u Morsa ObITb
3aMeHeHa MoJenblo pacuiupsionleiics Bcenenno#n. IlpencraBienne
0 3aMKHYTOH MOJes U MOrJ0o GbiTh 3aMeHEeHO NpefcTaBjieHneM 06 OT-
KpbiToll Mofeau. CTana HEHYXHOM M KOCMOJOTHYECKAS] MMOCTOSHHAS.
Pewenne rpaBHUTALHOHHHX YypaBHeHMA OfHIUTeHHa, HailleHHOe
®puaMaHOM, OCHOBAHO 11a (IPEANOJOKEHEH O TOJHOH OLHOPOJTHOCTH
W M30TPOMNUHU pacnpejiesleHnust MaTepHu B MPOCTPAHCTBE.

Ilpn yxkasaHHOM MpeNNOJIOKEHHMH MOXHO paccMaTpUBaTh NBa
BapuaHTa: 1) COOTBETCTBYIOMIMH MPOCTPAHCTBY I[OCTOSTHHOM 10JO-
JKUTEJBHON KPHUBU3HBI (3aKphITasi MOJAENb), 2) COOTBETCTBYIOIIHI
NPOCTPAHCTBY NOCTOSIHHOH OTPHUIATEJNbHOH KPUBH3HBI  (OTKphHITAs
Mozenb). BemectBo npepnoJiaraetcsi HENOABHXKHBIM OTHOCHTEJBHO
CrenuaJbHO BHIOPAHHOH NPOCTPAHCTBEHHON KOOPAUHATHOH CHCTEMBI,
BpeMS MpeANoJaraeTcss OPTOrOHAJbHBIM K BBENEHHOMY MpOCTpaH-
CTBY. ¥YpaBHeHHs TsAroTeHusi OfnwmTefiHa PpuaMan 3anuceBaer
B BHIE

Rik - % gi/dR + }\'gik = - %Tik (iy k = 11 2) 3) 4)) (A)

rfie g — IPABUTAMOHHbIE MOTEHUHAbI, T, — TEH30p MaTepHH, % —
noctosiHuasi, R=g* Ry.

Tensop
R — a2nVg _ 0111 Ve {ik}__ ] {ik} i+ {ioc} {kc}. (B)
ox; 0x,. Xg o oxs O g)la
3zaech {ik} -— cumBoa Kpuctoddesnss Broporo poza.
o

Tensop matepuu T onpefensieTcsi paBeHCTBAMH

©

{Tik =0, ecnu { ¥ k OIHOBPDEMEHHO He paBHbI 4
Ty = C*p8uss

rle p— IVIOTHOCTb MaTepuy; ¢ — (yHAaMeHTaJbHasi CKOPOCTb. ITHM
BBHIpaXKEeHBI MPeANONOKEHHsT NEpBOro KJacca.

B nepeoii paGote «O KpHBH3HE NPOCTPAHCTBA» paCCMaTPHUBAETCH
Ciyyail MOJIOXKUTEJIbHOH KPHUBU3HBL

[pennosoxenus ®puamaHa BbIPAXKAIOTCA B CJIEYIOLIEM:

1) Unrtepsan ds, onpeje/sieMblii paBeHCTBOM ds® = g dx; dx;, 3anu-
CbiBaeTcsl B BUJE

ds® = R?(dx} + sin® x, dx; 4 sin® x, sin® x, dx3) + 2g,,dx, dx, +
40Xy 0Ky
+ 285 dxg Xy + 285, dxp dxy + g4y dxj,
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3necb R ectb (yHKUHS (BpeMeHH) X, ¥ IIPONOPLUHOHAJIBHO PamHycy KpH-
BH3HBI IPOCTPAHCTBA; X; M X, M3MeHsioTcs B HHTepBaste (0, m), a x; —
B HHTepBase (0, 2m).

2) B cuny npHHATOH OPTOTOHATBHOCTH BpPEMEHH M NPOCTPAHCTBA g4,

Zas, 8, OOpaIaloTCs B HYJIb.
KBajpar sJieMeHTapHOrO HMHTepBasia, B CHJy NpPHBEAEHHBIX NPEANoJo-

JKEHHH, NPUHUMaeT BUJ
ds® = R?(dx; + sin®x, dx; + sin®x, sin®x, dx3) + M*dx;. (D)

3xech R 3aBUCHT TOJBKO OT X,; M — QYHKUHS (Xy, Xg, Xg, X,).
Ecmu B dopmysie aus ds® mosokKHTb R He 3aBHCALIMM OT BpeMeHH
u paBubIM — R?/c?, a M=1, To noayuum Bcenennyio DitHuTefiHa

2 . .
dv® = — B? (dx} 4 sin®x, dx; -+ sin® x, sin® x, dx3) + dx.
C

[Tpu 3amene R? wma — R?/c?, a M —mua cosx,, noayunm Bcenennyio
Ie Currepa

2
de® = — % (dx} - sin® x; dxj + sin®x, sin® x, dx3) + cos? x, dx;.

dpuaMaH HCCMeNoBal Kak CTallHOHApHBI clyualt R=const, Tak u ciy-
yail HecTaUoOHApHBI R =R (f).

B cranuoHapHOM ciyyae BbIpakeHMe /IS KBaJpaTa 3JieMeHTa NJIHHbI
Ha ctepe NPUBOAUT K OGOGIIEHHBIM pellleHnsiM DfHITeliHa M fe Currepa.

B sToit paGore PDpunman HcciefoBal OCOGEHHO MHTEPECHHIH ciydai
HeCTalMOHAPHOT'O MHpa.

M B 3TOM CTyyae ecTb (YHKLUHUS TOMbKO X,. MOXHO, COOTBETCTBEHHO
U3MeHsisl X,, 6e3 OrpaHHueHHsi OOGLIHOCTH NOJIOXHTb M=1.

Benuunny ds® MOXKHO BHIpasuTh B (opme

ds* = — &2—2‘@-@& + sin® x,; dxj -+ sin® x, sin® x, dx3) + dx;.
C

Kak o6bluno, @puaman onpelenseTr R U p U3 ypaBHEHHH

Rik——;-gsz + Ay = —xTw (i, k=1, 2, 3, 4).

YpaBHeHUs, B KOTOpbIX i=R = 1, 2, 3, JalOT COOTHOLIEHHe

R’? 2RR" c?
T TR TR0 @)

a ypaBHeHHe, B KOTOpOM i=k=4, [aeT paBeHCTBO
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3R2 3¢
= 4= = — h=xc’p, (5)

7 d
R — dR . . R = &’R |

dxg . dxi

X, 3aMeHSIOT B LeJIiX ynoGcTBa Ha f.
Wnrerpuposanue ypaBHenusi (4) anBOﬂHT K YpaBHEHHIO

—_— 3
1 (dR\?2 R+ 3c? “R
£ pmy T ©
c2 \ dt R
rae A —I'[pOHBBO.HbHaﬂ MOCTOsIHHAA.
Pentasi ypaBHeHHe OTHOCHTEJbHO R, HaxomuM

R

t:ig——f—-—dx—l—B, (M
¢ a A—x—[——x—xi‘

rie B u a — nocrosiHHbIE.
W3 ypaBHeHusi (5) ompenessiem p:

= 3A/%R3.
IMTocrosiyHas
A = xM/6r2.

B 1924 r. A. A. ®puaman HccaefoBaN BO3MOXKHOCTb MHpa C
MOCTOSIHHOM OTPHIATENbHOM KPHUBH3HOH npocrpaHcrBa. OH pasnu-
4aeT u B 3TOH pabore ABa ciaydasi: 1) cayua#i cTaOHapHOrO MHDa,
2) cayuali HeCTaLHOHApHOrO MHpa, KPHBH3HA KOTOPOTO NMOCTOSIHHA
B MPOCTPAHCTBE, HO MEHSETCS BO BPEMEHH.

MupHI ¢ oTpHIATENbHO! CTALMOHAPHON KPUBH3HON HE JIOMYCKAIOT
TMOJIOKHUTENbHOM MJIOTHOCTH BEIeCTBA, MJIOTHOCTb JOJKHA OBITb HJIH
OTpHLATEJbHOH, WM HyJeBOH. B KauecTBe KOCMOJIOTMYECKHX ypaB-
HeHu# DiHmTedHA 32 OcHOBY GepyT ypaBuenus (4, B, C).

HurepBany ds? ®punaman npujgaer BUL
R? (dx} + dx} + dx3)

— + M2 dx,

3

ds? =

rne R — ¢yukuust BpemeHu; M — QyHKuMsA OT BCEX UETHIPEX MHPO-
BbIX KoopauHaT. [locrosiHHast OTpuuaTesnbHass KpUBU3Ha NMPOCTPaH-
cTBA mpomopunoHaabHa — 1/R2.

PaGotel Dfinitefina 1 PpHAMaHa 3aJ0XKHJIH OCHOBBI PeNSiTHBM-
CTCKOM KOCMoOJIOrHHM, GypHO€ pasBHTHE KOTOPOil MNepemsieranoch C
06IIMM pa3BUTHEM TEOPETHUECKOH U IKCHEPHMEHTaJbHOH (DU3UKH.
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