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OaHbinb4eHko 1.

KanMbpoBo4HO-3BONIOLMOHHAA WHTepnpeTauuMsa chneuuanbHoM U obuwen Teopum
OTHOCUTENIbHOCTU  (OCHOBbI  KanMGpoOBOYHO-3BOMIOLMOHHOW  Teopun  Mwupo3paHus:
NPOCTpPaHCTBA, BPEMEHW, TAroTeHUs WU pacwmpeHusa BceneHHou). V3gaHue TpeTbe
nepepaboTaHHOE 1 JOMONHEHHOE.

— Kunes, HuT, 2005. — 60 c.

WNanaraeTtca Teopusi, passuBaioLLlas OCHOBHble maeu cneumansHon (CTO) n obwen (OTO)
TEOPUN OTHOCUTENBHOCTU WM MO3BOMAIOLAA MO-HOBOMY OCMLICIUTL M (DU3MYECKU MCTONKOBATb
HEKOTopble UX MONOXeHusa u cregcTeus. NokasaHo, 4To ucnonbsyemble B8 CTO n OTO cuctemsl
oTcyeTa MNPOCTPAHCTBEHHbIX KoopauvHaT u BpemeHun (CO) saensawtcs CO  kannbpoBO4YHO
camoaeopMNPOBaHHBIX UMM camoaedopMUpPYIOLLMXCSt Ten. OTO AenaeT MX paBHOMPAaBHbIMU C
BbiAeneHHon dyHaameHTanbHon CO — CO HepedopMMpyeMOro U HeyBrekaemoro r3nyeckoro
Bakyyma (HEYBNeKaemoro ABWXyLWMMUCSA Tenamm 3ddmpa  Knaccudeckon  ouamkm)  a,
crnefoBaTenbHO, N He OTpuUaeT CyLeCTBOBaHWUA nocnegHero. lNpu STOM SBMEHUs] TATOTEHUS U
pacwupeHuss BceneHHom  0OyCcnoBneHbl  HanMWM4YMEM  COOTBETCTBEHHO MPOCTPAHCTBEHHON
HEOOHOPOAHOCTM W 3BOJIIOLMOHHOM W3MEHYMBOCTU CBOWCTB (uanyeckoro Bakyyma (PB) a,
cnegoBaTenbHO, U (PU3NYECKON  HEOOHOPOAHOCTBID  COOTBETCTBEHHO  MPOCTPaHCTBA U
KOCMOrornyeckoro BpemeHn. CtpemneHve BellecTBa K MUHUMYMY 3HTanbnuu npuBoauT BBUAOY
3TOro, KaK K rpaBMTaLUMOHHOMY, TaK M K 3BOMOLUOHHOMY CaMOCXKaTMO MUKPO- U MakpooOBEeKTOB
BewectBa B abconTHOM npocTpaHcTBe PB. 310 M nposiBnsieTcd B BUAE COOTBETCTBEHHO
TAroTeHUs 1 pacwmpenusi BcenenHon. HeHabnogaemblie B CO 3BONMIOLMOHHO CaMOCKMMAIOLLErocst
BellleCcTBa PeENsATUBMCTCKOE COKpallleHWe paavarnbHbiX pa3smMepoB U HEepaBHOMEPHOE camocxkaTtue
(BCneacTemMe NPOCTPaHCTBEHHOW HeogHopoaHocTu ceoncte ®B) MMKPOOOHLEKTOB BellecTBa Tena
NPUBOAAT K KPWMBU3HE €ero COOCTBEHHOrO MNPOCTPAHCTBA, COAEPXALLero B npedenax CBOEro
ropusoHTa BMAMMOCTU BCe 6eckoHeuyHoe abconioTHoe MNpoCTpaHCTBO. [lokasaHO OTCyTCTBME B
npoLnoM, Tak HasblBaemoro, bonblworo B3pbiBa M BeyHoe cyllecTBoBaHWe BceneHHOW, kak B
npowrnoMm, Tak n B b6yaywem. OBocHOBaHa npuHUMNMaNbHasi HEBO3MOXHOCTb CyLLECTBOBAHUS
«4YepHbIX Ablp». PaboTta npegHasHayeHa ANA LUMPOKOrO Kpyra uyuTaTenen, WHTEePeCyLwnXcs
PU3NKON NPOCTPaAHCTBA, BPEMEHU U TArOTEHUS, a TakKe KOCMOJSIOrnen.
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OT ABTOPA

B nocnegHee BpeMsa nNoABMNOCbL MHOXECTBO paboT, cTasAWMX MN04 COMHEHue
BEPHOCTb OCHOBHbIX nonoxeHun CTO u OTO u ykasblBawOWMX Ha Hanuuve B HUX
pasnu4YHbIX MpoOTMBOpEeYnin. ITU MNPOTUBOPEYUS, KaKk W cama KpuUTUka Teopuu
OTHOCUTENBHOCTK, OBYCMNOBMEHbI, Kak NpaBuio, HeLOCTaTOYHO rNyO0oKUM MOHMMaHWEM
PU3NYECKON CYLLHOCTM W HepasnuyeHnem pasHbix (opM W NpeacTaBreHUun Takux
OCHOBHbIX (PU3NYECKUX MOHATUN, Kak NpoCcTpaHCTBO M BpeMs. OHU BbI3BaHbl Takke WU
He3HaHMeM 3BOSMIOUMOHHBLIX (PU3MYECKMX MPOLECCOB, CKPbITbIX 3@ MaTeMaTU4eCcKon
MoZernbi MPOCTPaHCTBEHHO-BPEMEHHOro KOHTUHyymMa (MBK).

MNpeonaraemass aBTOPOM  KanUMBPOBOYHO-3BOSMIOLMOHHAA Teopus, SBMAIOLWASACH
pasBUTMEM U HOBOW WHTepnpeTaumerd OCHOBHbIX UAEeW W MOMOXEeHUn Teopuu
OTHOCUTENBbHOCTU, BHOCUT HEOOXOAUMYIO SICHOCTb MO 3TUM BOMNPOCaM U NO3BONSET YyUTU
OT NOCTPOEHMSA Ha OCHOBE nocnegHen abcypaHbIX KOCMOOrMYEeCKUX TEOPUN.

B oTnnuvMe OT nONbLITOK MOCTPOEHUSI anbTepHaTUMBHbLIX TEOPUM OTHOCUTENBHOCTU
KanMbpOBOYHbLIX TEOPUN MPOCTPAHCTBA, BPEMEHU U TAroTeHUs (NpeanpUHMMaBLLUUMUCS
MHOIMMW aBTOpamu), aBTOPy AdaHHOW paboTbl yAanocb HaWTU KanubpoBOYHbIE
obocHoBaHuss HenocpencTBeHHo opTtogokcanbHbix CTO m OTO. 3t obocHoBaHMA
BasunpyoTca Ha KanMbpoBOYHOCTU (NPUHLUMNMANBHON HEHabnaaemMocTn B COGCTBEHHOM
CO BelLecTBa) HEMOCPEACTBEHHOTO BAUSHUSA ABWXKEHUS N rpaBuTauumn Ha MeTpudeckme u
dusnyeckne CBOMCTBA MUKPO- W MaKpoOOBLEKTOB BellecTBa, a Takke Ha
KanMbpoBOYHOCTM ANA Mupa nogen asonounn Mukpomupa. pu atom xectkaa CO
Weapuwwuneaa, kak n sce gpyrne CO, nonyvyeHa aBTOPOM He B pesyrnbTaTe peLleHus
Kakmx-nmbo TEH30PHbIX YpaBHEHUW [paBUTAUMOHHOINO MOMs, a BCero nvwb U3
npeanonoXeHmss O BO3MOXHOCTM  M30XOPWUYECKOrO0  paBHOBECHOrO  rpoLecca
KannbpoBOYHOro 9SBOMOLMOHHOIO CaMoCXkKaTusl BellecTBa (Ha YpPOBHE 3rieMeHTapHbIX
yactuy) B abconiTHOM npocTpaHcTBe. W 3TO ABNSeTca ele OOHWUM  BECKUM
AoKa3aTeNbCTBOM BEPHOCTU OCHOBHbLIX MOMOXEHUIA TEOPUN OTHOCUTENBbHOCTH.

HecmoTps Ha kapguHanbHOe W3MEHEeHMe KOCMOMOrMYecKUx npeacTaBneHuin,
npegnaraeMas Teopusi HaxoOuTCA B COMflacMM He TOSMbKO C  KacCu4eckon U
PENATUBUCTCKON (PU3MKOW, HO M C acTpodm3mkon n TpebyeT B OCHOBHOM NULLb HOBOW
WHTepnpeTaumm OOCTUrHYTbIX KOCMOSOrMen pesynbTaToB B WU3yYeHUMU 3IBOSIHOLMK
BceneHHon. OgHako 1 ee, Kak U TEOpU0 OTHOCUTENBbHOCTU, HENb3s paccMaTpmBaTb Kak
HEeYTO OKOHYaTeNbHO YCTosIBLUEECA U He Tpebylowee AanbHenwero passutng. 310 Nullb
elle oaMH pobKMI Lwar Ha NyTU K NOCTMXKEHUIO TavHbl Mupo3aaHus.

HekoTopble NoNoxeHus U cNeacTBUsS NpeanaraeMon Teopum, a Takke BblABUHYTbIE Ha
OCHOBE HUX runoTesbl (OCOBEHHO Te, KOTopble KacalTcs (U3MKM MUKpOMUpa U
KOCMOMOrnMn) paccMoTpeHbl aBTOPOM NULb Ha (Pnnocodpckom U PEeHOMEHONOrM4eCKOM
ypoBHsiX. [MloaToMy oHM TpebyloT nocneaywouwen bonee getanbHOM UX NpopaboTku, M B
nepByo ovepeab, C Lerbio YCTpaHEHNA BO3MOXHbLIX UX B3aUMHbIX NPOTUBOPEYMI.

UTobbl n3bexatb HaBA3biBaHWS cebe OOWenpuHATLIX B3rNs40B Ha Mccnegyemyto
npobnemy, aBTOp MepBOHayanbHO MNONMb30OBaNICA 3anacoM 3HaHWA MO  Teopuu
OTHOCUTENBHOCTU, NOYEPNHYTHLIM MULb U3 HaY4YHO-NOMNYNSAPHOW NUTepaTypbl, U NOSTOMY B
npouecce nccneaoBaHuin BolHyxaeH 6bin BBOOUTb COBCTBEHHYO TEPMUHOMOIMIO, KOTOpas
MO BO3MOXHOCTW 3aTeM Obina oTkoppekTupoBaHa no K. Ménnepy. ABTOp NpUHOCUT CBOU
N3BUHEHWS 3a OCTaBLUMEecs B AaHHOW paboTe HEeCOOTBETCTBUS HEKOTOPbIX TEPMWHOB U
YCMOBHbIX 0603HaYeHUN 0OLLENPUHATBIM.



CMNUCOK ABEPEBUATYPHbIX COKPALLEHUA

CTO - cneumarnbHas Teopust OTHOCUTENbHOCTU

OTO - obLasa Teopnst OTHOCUTENTbHOCTM

KOTM -KannbpoBOYHO-3BOMOLUNOHHAA Teopusi MwuposgaHmss  (NpPOCTPaHCTBA,
BPEMEHMU, TATOTEHNS U paclumpeHna BeceneHHom)

OB - pM3MYEeCcKnin Bakyym

HIMHOB - HaBedeHue MpPoCTPaHCTBEHHOW HEOQHOPOAHOCTU CBOWMCTB (PU3MYECKOro
BaKyyma

OHATIM - pn3myeckn HeogHOpPOAHOE abCONTHOE NPOCTPAHCTBO

OOLLAB - pm3myeckn ogHopoaHas Lwkana abCcontTHOro BpeMEH

MOLLAB - METPUYECKM OAHOPOAHAsA WKana abCcontoTHOro BpemMeHu

LIKBB - LWKana KocMonormyeckoro BpemMmeHn BeceneHHom

MBK - NPOCTPaHCTBEHHO-BPEMEHHOW KOHTUHYYM

BIMNBK - 6asoBbiv [1BK

KBIMNBK - Kocmuyeckmmn bINBK

CO - cMcTema oTcyeTa NPOCTPaAHCTBEHHbLIX KOOPAMHAT U BpeMeHU

COooB - CO dmanyeckoro Bakyyma (dpyHagameHTanbHaa CO)

COE - eBknngosa CO

COK - kocmonorunyeckast CO

coul - CO Weapywwunbaa

COAK - apanTtupytowasica 8 PHAIM COK

COAL - apanTtupytowascs 8 PHAI COLL

KCO - K?nm6poaquo camofedopMmnpoBaHHass unn camogedopmMupyroLascs
CO

OKCO - MPOCTPaAHCTBEHHO OOHOPOAHO KanMBpPOBOYHO camopedopMMpoBaHHas
nnu camogedopmmpyrowasica CO

HKCO - NPOCTPAHCTBEHHO HEOOQHOPOAHO KannmbpoBo4vHO (nonykannbposoyHo [1])
camogedopmMmpoBaHHas unm camogedopmupytoasica CO

HIKCO -NPOCTPaAHCTBEHHO HeogHOPOOHO ncesgokanmbépoBOYHO
camogedopmumpytoasca CO

KKCO - KBa3mkanmbpoBoyHo camogedopmupytowasaca CO

YKCO - YacTu4Ho kannbposoyHo camogedopmupytowasicas CO (OYKCO, HYKCO,
HIMKCO)

nco - niepumansHas CO (MCO, MCOK, MCOAK, NCOLL, NCOALL)

YTCO - YCKOpeHHO nepemetlaroiasca CO

YNCOM - NnceBgopaBHOYycKopeHHO nepeMelatwasca CO Ménnepa

PMCCO - paBHOMepHO camocxkumarowasaca CO

PBCCO - paBHOBECHO (NceBaonHepumansbHo [2]) camockumatowasica CO

3CCO - 3amegneHHo camocxkumatwanca CO (BCOKCO, 3CHKCO, 3CKKCO,

3CYKCO, 3CHYKCO, 3CHITKCO)
YPIMHKCOE - yckopeHHO camopacTtsrmBatowascs obonodkonogobHas HKCOE nonoro
Tena

1
[MpaBunpHee — CO KaaHOPOBOYHO camMO1e(OPMHPOBAHHOTO HIIH K€ CaMOAe(hOPMHUPYIOIIErocs Tea.



KANMMBPOBO4YHO-3BOMOLUMOHHAA MHTEPMNPETALIUA
CNEUMAIIbHOUN N OBLLEN TEOPUN OTHOCUTEJIBHOCTU

B HacTodwen paboTe msnaraldTCcs OCHOBbI KannbpoOBOYHO-IBOSIHOLMOHHOW Teopuu
NPOCTPaHCTBa, BPEMEHU, TATOTEHNA N pacwumpeHna BceneHHon. JTa Teopusa aABnAeTcs
AanbHenwmm passutnem ocHOBHbIX ugern CTO u OTO u nosBonsieT MNO-HOBOMY
OCMbICNNTb N PU3UYECKM UCTONKOBaTb (MHTEpNpeTnpoBaTb) UX HEKOTOPbIE MOMOXEHUS U
cneacTeus.

1. NepBOOCHOBOW BCEro cyLlero ABNSeTCs abComntoTHO XeCTKUA U B6eCCTPYKTYPHbIV
PU3NYECKNA Bakyym (He yBneKaembll OBWKYLIMMUCS Tenamu 3dup Krnaccuyeckom
dusukn). dusmyeckun Bakyym (PB) obnagpaet onpegeneHHbIMU  PU3MYECKUMU
cBoncTBamu, bnarogapsi KOTopbiM 1 obecneymBaeTcsl pacnpoCTpaHeHWe KBasn4acTul, B
3anosiIHEHHOM UM HegedopMUPYEMOM  TPEXMEPHOM  €BKIMAOBOM  abCONOTHOM
npocTpaHcTBe HbLIOTOHAa C KOHEYHOW CKOpPOCTbl. JTO abCcontoTHOe MPOCTPaHCTBO
ABNSAETCA HEecornyTCTBYHOLWMM BeLLeCTBY MUPOBbLIM MPOCTPAHCTBOM, B KOTOPOM WUMEKOT
MECTO U30TPOMHOCTb YaCTOTbl PESIMKTOBOrO U3NYYEeHUS U COXpaHEeHWe HanpaBrneHns ocu
BpalleHUss rmpockona, OAHaKo, OTCYTCTBYeT siBneHue paclupenns BceneHnHon. OHO
paccMaTpuBaeTCs U 34eCb MUb Kak BMECTURuLe BCEX BO3MOXHbIX (hOpM mMatepuu,
KOTOpPOE HEe MOXET HW UCKPUBMATBHCH, HU pacwmpaTecs. OCHOBbIBasiCb Ha abCoMTHON
HenoaBwxHocT ®B B abcomnoTHOM NpoCcTpaHCTBe, B Ooree LWMPOKOM CMbICre nop,
TepMmuHoM PB 3geck Bygem NoHMMaTb He yBNeKaeMmyo OBVXKYLLUMMUCSA TeNamu CrsoLLHYO
cpedy B COBOKYMHOCTM C aTpubyTamMm HbIOTOHOBOW MeXaHukM — abContoTHbIM
NPOCTPAHCTBOM U abConioTHbIM BpemeHeM. ABCONITHOE MPOCTPAHCTBO U METPUYECKU
ooHOpOAHOe abcomnTHoe (KocMonorndeckoe) BpeMs 06pasyloT dyHAaMeHTarbHbIN
NPOCTPaHCTBEHHO-BpeMeHHON KOHTUMHYYM ([BK) ®B a, cneposatenbHo, n cuctemy
oTcYeTa NPOCTPaHCTBEHHbIX KoOpAnHAT 1 BpemeHn (CO) OB.

2. BpemMa — MOHATME, OCHOBAHHOE Ha HanMuMu Yy BCEX MNEepPUOANYECKUX W
KBa3nnepuoamn4eckmx manyeckux npoLeccos MOCTOSIHHOW B3aVMHOW
MPOMOPLMOHANbHOCTM  KOMNUYECTBA MX 3MEeMEHTapHbIX akTOB, COBepLlaeMblX Mexay
KaKMMU-TMGO ABYMSI COObITUAMMW B LIENU NPUYMHHO-CINEACTBEHHbLIX OTHOLUEHUI. [aHHas
MPOMOPLIMOHANBHOCTE MOXET NPOSIBAATLCSA Kak CTPOro TOYHO, HaMpUMep, B KOr€pPeHTHbIX
nmpoueccax MWnM B KakuxX-NMMOO JOpyrux KOMMEKTUBHbIX B3aUMOAEUCTBUSAX, Tak W
cpegHecTatucTuyeckn. HenpepbiBawowasica B npegenax BCero  MNpocTpaHCTBa
MHOroKpaTHasi MOBTOPSEMOCTb aHanorMyHbIX 3NeMEHTapHbIX aKTOB 3TUX MPOLECCOB
obycnaBnuBaeT HeNpepbIBHOCTb U CYETHOCTb (METPONOrMYHOCTL) BPEMEHU, NMPUYUHHO-
CNeACTBEHHbIE OTHOLLUEHUSS — €ero OAHOHanpaBNEeHHOCTb, a YyKasaHHas B3aWMHas
NPOMNOPLMOHANbLHOCTb KONMMYECTBaA 3NEMEHTaPHbIX aKTOB Yy BCeX (hM3NYECKNX MPOLECCOB
— YHMBEpCanbHOCTb BPeMEeHU U, TEM CaMblM, BO3MOXHOCTb pacCMaTpuBaHUS ero Kak
dumanyeckoin kateropmum n opMbl CyLLLECTBOBaHNUA MaTepun. B oTnnymne ot npocTpaHcTBa
(ABnsAoWeroca, BMecTe C 3arofHslen ero cybctaHumen — U3MYEecKUM BaKyymMoMm,
cpefon Ansi caMoopraHvM3auMu CTPYKTYPHbIX 31EMEHTOB MaTepun), Bpems SIBnsieTcs
MWL CPEACTBOM AN YNopsiAaouMBaHMSA COObITUA U ANS  CPaBHEHUSI CKOPOCTEMN
NpoTeKaHUsi MoGbIX PU3NYECKMX MPOLIECCOB. 3a eanHULY oTcYyeTa BPeMEHU MOXET ObiTb
B3AT nepvon nboro ctabunbHOro Nepuoauyeckoro npouecca U, B TOM 4Yucne, nepvop,



BOJMHblI CTAHAAPTHOIO 3NTEKTPOMArHMTHOro B3aMMOAOencTBuUs (,EI,J'II/ITGJ'IbHOCTb OOHOIro aKrta
HenpepbiIBHOIo B3aMMOAENCTBMA KakKnx-nmnobo ANeMeHTapHbIX YacTul, Haxogdawwumxca BO
B3anMMOCBA3aHHOM COCTOFlHVII/I) nnn nepunong BOJIHbl CTaHAAPTHOIO N3ny4YeHu4.

3. lpoueccbl noctynatenbHOro nepemeLleHusi, BpalleHus U paclunpeHns-cxaTus
dunandecknx Ten MoryT conposoxgatbca gedopmaumen B COPB, kak MakpooOBHLEKTOB
(KpucTannmMyecknx peLleTok, AJOMEHOB, MOSIEKYST U aTOMOB), Tak U MUKPOOOBHLEKTOB (4ep
aTOMOB, 3f1lEMEHTapHbIX YacTuL 1 CybaneMeHTapHbIX YacTuL, — KBapKoB) BellecTsa. pu
3TOM AgedopMaumst MUKPOOOBHLEKTOB NPOUCXOOUT Tak, YTO obecneymBaeTcsl M30TPOMHOCTb
4YacToTbl a, crefoBaTeNnbHO, N ANIMTENbHOCTU BPEMEHN B3aMMOLENCTBUS dNIeMEHTapPHbIX
YyacTuL, HaxOAsLMXCA BO B3aMMOCBS3aHHOM COCTOSIHAM BHYTpU atomoB. B cnydvae
Heynpyron gedopmMauun, ConpoBOXJaeMon OANHAKOBLIM U3MEHEHUEM Pa3MepPoB MaKpo-
N MUKPOOOBLEKTOB BELLECTBA, 3TO NPOABNAETCS B Bue onpeaeneHHoro pacnpeneneHus B
abConiTHOM MPOCTPAHCTBE 3HAYEHUS PENATUBUCTCKOro (NopeHueBa) CoKpalleHus
NPOAOSIbHLIX pa3MepoB FOKarbHbIX Y4aCTKOB ABMXYLLEroca Terna. 3To pacnpegeneHue
COOTBETCTBYET pacnpenerieHno BAOMb NepemMeLLatoLeroca Tena 3HavyeHun abcontoTHom
CKOpPOCTWU [OBWXeHus (oTHocuTenbHo ®B) aTnx ero nokanbHbIX yyacTkoB. B cnydae
paclMpeHns unu  ckatna  Tena  pendaTMBUCTCKOMY  COKpPaLLEHWo  pa3mMepoB
nepemeLlalrLlerocsi Tena 3KBMBANEHTHO PENATUBUCTCKOE COOTHOLUEHWE HEOAMHAKOBO
N3MEHSIIOLLINXCA Pa3MepOoB JlOKarbHbIX Y4aCTKOB PacLUMPSAIOLLErocs UK CKMMatoLLLErocs
Tena BAONMb W MNOMEpPeK HanpaeneHuss ux nepemelwleHunda. [lpy  B3aMMHO
HenponoOpUMOHANbHOM W3MEHEHUM pa3MepoB Makpo- M MUKPOOOBHLEKTOB BeLlecTBa,
nMerLweMm MecTo B crydae ynpyroi pgedopmaumm OBMXKYLLErocss Tena, 4YUcTo
peNATUBUCTCKUM ByaeT cokpalleHre NPOoAoSbHbIX pa3MepoB TOSbKO Y MUKPOOOBHEKTOB.

CneoctBnem U1 noaTBEpXOEHUMEM  HanMuuus  PensiTUBUCTCKOrO  COKpaLleHust
NPOAOSIbHBIX pa3MepoB MUKPOOOBLEKTOB ABMSETCS U3OTPOMHOCTb YacTOTbl U3MyYeHUs B
COBCTBEHHOM MPOCTPAHCTBE [OBWXKYLLErOCA MCTOYHMKA W3NyYeHus. ITa M30TPOMHOCTb
MMEeeT MEeCTO B COMYTCTBYHOLLEN NCTOYHUKY n3nydeHns CO npu Nobbix BO3MOXHbIX BUAAX
apwxkeHna ero B COPB. Ha Hen3BexHOCTb pensaTUBMCTCKOrO COKpaLLEeHUs pasmepoB
yKasblBaeT TakKe M HEeBO3MOXHOCTb CXaTua WNU paclunpeHus usnyecknx Ten B
npocTpaHcTBe, obnajatwlemM MNOCTOSHCTBOM BO BpeMeHW CKOpoCTU cBeTa, 6e3s
N3MeHeHNs (pas3oBOro COCTOAHUA UNU aHeprun nx Bewectsa [2]. lNoaTomy, He3aBUCMMO
OT BMaa ABWXeHMs Terna (M HECMOTPS Ha BO3MOXHYIO PM3NYECKYH0 HEOLHOPOAHOCTb €ro
COBCTBEHHOrO0 NPOCTPaHCTBA, MPOSBAAKOLWYOCA B HEOAMHAKOBOW CKOPOCTU NpOTeKaHWus
NOEHTUYHbBIX (PU3NYECKMX MPOLIECCOB B pPasHbIX €ro To4vKax), NOKanbHO W3OTPOMHbLIM
ABNSeTCa M BpeMs, OoTcyUTbiBaeMoe B cobCTBeHHbIXx CO Toyek ABmxKyllerocs Tena
peanbHbIMXU He abConiTHO TOYeYHbIMUM KBAHTOBbIMM 4Yacamun. B aToM nposiBnsieTcs
KBaHTOBbIN (OMCKPETHLIN) XapakTep HeOAHOPOAHOro B MPOCTPAHCTBE PENATUBUCTCKOro
CoKpalwleHua pasmepoB. K ToMy Xe OTO COKpalleHWe pasmMepoB onpeaensieTcd
NHOVBUOYaNbHbIM ABMXEHNEM HE TOMbKO Makpo-, HO U MUKPOOOBEKTOB Tena. YkasaHHas
aedopmaumss MUKPO- U MakpooOBHLEKTOB a, crnefoBaTeNnbHO, M BCEro Tena B LENoMm
ABNSETCA CrNeACTBMEM INEKTPOMArHUTHbIX B3aUMOAEWUCTBUA MexXOy 9dneMeHTapHbIMU
yacTuLamn BeLllecTBa M NPoncxXoauT B npoLecce aganTtaumm 3TUX YacTul, K HenpepbIBHO
00OHOBMIAOLWMMCS YCNOBUAM MX B3aumogenctams [3].

M3mMeHeHna npoCTpaHCTBEHHO-BPEMEHHOIO COCTOSHUA 3feMEHTapHbIX 4acTul, TOo
eCTb WX nynbcauuMuM (paclwmpeHne-cxxatue) W OOMNOoSIHUTENbHblE  BpalaTeribHO-



konebaTernbHble OBMWKEHUS (E€CNU 3TU TEPMUHbI BOOOLLE 34eCb YMECTHbI), NPOUCXOOAT BO
B3aMMOCBSA3@aHHOM MX COCTOSIHUM BHYTPM aTOMOB TakK, 4TO He Bbi3biBaloT B CO
OBWXYLLLEroca Terla aHU3oTponuMM [[OMSepoOBCKOro  YyLNMPEHUSA CnekTparnbHbIX JIMHURA
ncrnyckaemoro MU N3nyvyeHns. CnyyamHble  OTKINOHEHUS NHOMBMAOYaNbHbIX
PENATUBUCTCKUX  COKpaLLEeHWA 3feMEeHTapHbIX 4acTuu, aTtoMOB W  MOMeKyn oT
CpeaHeCcTaTUCTUYECKOro MaKpPOCKOMUYECKOro COKpalleHUsi NpOAOSIbHbLIX pPa3MepoB
MakpoOOBLEKTOB He  yhnpyro pensatuBuUCTKM  gedopMmpyemMoro Tena  B3auMHO
ypaBHOBELUMBAKOTCA W, MO3TOMY, HE HapPYLUAKT PENATUBUCTCKYHD 3aKOHOMEPHOCTb 3TOro
MaKpOCKOMNNYECKOro COKpaLLEHUS.

4. BewecTBo (husmyecknx Ten 4yepes oTpuUaTenbHyl0 0bpaTHyH CBA3b HaBOAUT
NPOCTPAHCTBEHHYO HEOAHOPOAHOCTL CBOMCTB PB a, TeM camMbiM, 1 — NPOSABAAIOLLYOCS B
BMOE rpaBUTALMOHHONO Mons  (PU3MYECKYd HEOOHOPOAHOCTb  OKpyXalLllero ux
abconTHOro npoctpaHctBa. [aHHas  HeogHopogHocTb @B 3akniodaeTcs B
HEOOMHAKOBOCTU B pasHblX TOYKAX MPOCTPAHCTBA HECOBCTBEHHbIX® (KOOPAMHATHBIX)
3Ha4eHun ckopocTn ceeTa (V £const(R)) a, cnepoBaTernbHO, N CKOPOCTU pacnpoCcTpaHeHUs
BMPTyarnbHbIX KBasnyactuy (POTOHOB), KOTOPbIMW B3avMOAEWCTBYIOT 3neMeHTapHble
YacTuubl. ATO CBSA3AHO C 3aBMCUMOCTbHO MHTEHCUBHOCTU HaBedeHUsl NPOCTPaHCTBEHHOM
HeogHopogHoctn (HIMH) ceonctB B OT pagnanbHOro pacCcTosiHUA R Mexay LEeHTPOM
TSHKECTU Teria 1 TOYKOW pacrnpoCTpPaHEHUS SNEeKTPOMarHMTHOro n3nyvyeHns (ceeta).

ApanTtauus SnemMeHTapHbIX W cybanemMeHTapHbIX 4YacTuy K Bbl3BaHHbIM HITHOB
YyCMOBUSIM MX B3aMMOLEWCTBMS NPUBOAUT K B3aMMHOMY HEPaBEHCTBY pacCTOSIHUM
B3aMMOOENCTBMA B pPasHbiX TOYKax Tena (Y4acTUYHO KOMMEHCUPYIOLLEMY BIMSIHME Ha
4YacToTbl B3aMMOAENCTBMN B3aMMHOIMO HEpaBEHCTBA B HUX HECOOCTBEHHbIX 3Ha4yeHuin
CKOPOCTW pacnpocTpaHeHus B3auMoAencTBusa). VI B COBOKYNMHOCTM C 3TUM OHa Takke
npuBOoAUT M K HeoguHakoBocTM B COO®B, kak nNpOCTPaHCTBEHHbLIX MNapamMeTpoB
TOMONOMMYECKN HEPA3ITUYMMbBIX MUKPOOOBHEKTOB, HAXOAALLNXCA B OANHAKOBbLIX KBAHTOBbIX
COCTOSIHMAX, TaK U pasmepoB 0bpasyeMblX MU MOEHTUYHBIX MakpoobbekToB. BCé aTo, B
KOHEYHOM c4yeTe, nNpPUBOAMT K HEOOAMHAKOBOCTM 4acToT B3auMOAEWCTBUA  a,
cnegoBaTesibHO, U K HEOOAMHAKOBOCTM B pPasHbIX TOYKax (PU3MYECKM HEeOAHOPOLHOro
abcontoTHoro npocTtpaHcTea (PHAI), kak TeMNoB MOEHTUYHBIX PU3NYECKMUX MPOLIECCOB,
Tak M onpegensgemMblx UMW TEeMMOB Te4yeHMst COOCTBEHHOrO0 BpPEMEHM BeLLecTBa.
CnepgcrBmem aTOro sIBnsieTcs HEOAMHAKOBOCTb B pasHblX Tovkax ®HAIT Takke nHepTHOM
MaccCbl, 3HEPrMm MnokKos MU APYrnx (PU3MYECKMX XapaKTEPUCTUK WOEHTUYHBIX MUKPO- W
MaKpOOObEKTOB.

5. Penatusucrckoe cokpailieHne pasmepos n HIMHPB ogvMHakoBO BRMsAOT, Kak Ha
n3mepsieMble 00BLEKTbl, TaK M Ha 3TaNOHbl AfIMHbI U MepUTENbHbIE WMHCTPYMEHTHI.
MoaToMy B COBCTBEHHOM (OM3MYECKOM MPOCTPAHCTBE, KaK [OBWXKYLLErocd, TakK WU
obnapgatowero rpaBUTaLMOHHBIM MONEM Tena HU PENSTUBUCTCKOE COKpaLLeHMe pa3MepoB
HEeNOABWXHbLIX B HeM OObeKkToB, HU MeTpuyeckas (macwTabHasl)) HeoaHOPOOHOCTb
BeLlecTBa Tena v ABWXYLUUXCHA B €ro rpaBUTaunMoHHOM nore o0bekToB Habnogatbes He
Oyayt. BmecTto npocTpaHCTBEHHO HEOOHOPOLHOro pPENATUBUCTCKONO COKpaLLeHUst
pasamepoB OygeT Habnwgatbca  u3ndeckas  HEOOHOPOAHOCTb  COBGCTBEHHOro

2 To ectp 3HaueHHI CKOPOCTH CB€Ta, ONPEACIACMBIX II0 HCIOABHXXHBIM 4YacaM, HE HaXOAAIIHUMCSA B TOYKE
pacupoCTpaHCHHA CBCTA.



do13nyecKoro NPoCTpaHcTBa Tena (umMeroLiass Mecto M nNpu rmnoTeTUYECKOM OTCYTCTBUMU
rpaBUTALMOHHOIO MONMs a, crnefoBaTenbHO, W MPU  TUNOTETUYECKOM OU3NYECKON
OAHOPOAHOCTM abCOMOTHOrO MPOCTPAHCTBA Y YCKOPEHHO nepemeldatowmxca ten [4]), a
npu pacwupeHnn unn coxatum Tena — TakkKe U PensTUBUCTCKas KpuBU3HA ero
cobcTBEHHOro npocTtpaHcTBa [2]. Bmecto xe BbidaBaHHoW HIMTH®B (rpaBuTaumMOHHbLIM
nonem) MacLwiTabHomn HEeOAHOPOAHOCTM BellecTBa, HepaBHOMEPHO
camogedopmmpoBaHHoro B CO®B, 6yaet B CO Tena, obnagatoLwero rpaBuTalmMoOHHbIM
nonem, HabniogaTbCsa KpuMBM3HA €ro COOGCTBEHHOro U3NYECKM HEOAHOPOAHOro
npoctpaHctBa [2]. Ha BO3MOXHOCTb WHTEpnpeTauum KpuUBU3HbI  COBCTBEHHOIO
NPOCTPaHCTBa BELLECTBA KaK CNneacTBUA HEOQHOPOAHOM AedhopMalmMm 3TOro BELECTBa B
€BKNNMOOBOM MNPOCTPaHCTBE nof AencTBueM usmyeckux nonen [lyaHkape ykasan
3agonro o cosganuna OTO [5-7].

6. BBy 9BONIOLMOHHOIO M3MeHeHus duandeckmnx csomcts ®B n Haxopsulerocs B
HeM BellecTBa, UMeeT MeCTO B3aMMHO NPOMNOPLMOHANbHOE 3BOSIIOLUNOHHOE YMEHbLUEHME
pa3mepoB B abCOMOTHOM NPOCTPAHCTBE BCEX MUKPO- U MAKPOOOBLEKTOB BellecTBa. JTO
yMeHblLUEHME pa3MepoB npuHUMNManbHO He Habnogaetca B CO  3BONOUMOHHO
CaMOCXKMMaloLLerocs Tena BCrneacTene Hanu4ng yKasaHHOM B3aMMHOWN
nponopunoHasnbHocTn. [loatoMy, Hapsgy ¢ BbidBaHHOM HIMH®B HeoguHakoBOCTbLIO
HecobGCTBEHHOro (abCconTHOr0O KOOpAMHATHOMO) 3HAYEeHMs CKOPOCTM CBeTa B pasHbIX
Toykax ®HAI, nmeeT MecTo M 3BOMIOLMOHHOE YMEHbLUEHME 3TOr0 3HAYEHUSI CKOPOCTU
ceeta B CO®PB. 310 ymMeHblUeHWe abCoONITHOM CKOPOCTU CBeTa onpegensercs no
NPONOPLNOHANBHO CUHXPOHU3UPOBAHHOW C HEMOABWXXHBIMU OTHOCUTENBHO 3BOMOLNOHHO
CaMOCXKUMAIOLLIErocs Tena yacamu a, crieqoBaTernbHO, U METPUYECKM OOQHOPOAHON LUKane
abcontoTHoro BpemeHu T (MOLUAB). U oHO aBnsieTcs npuHUmMnuanbHO HeHabriogaembiM
B CO 3BOMIOUMOHHO CaMOCKUMAKLMXCA TeN BCNeacTBME NPOMOPLMOHANbHOCTM Temna
Te4yeHUs nx COBCTBEHHOro BPEMEHN YacToTe B3aUMOLENCTBUN 3rieMEHTapHbIX YacTul, a
Takke — HeHabnaaeMocT B UX COGCTBEHHOM NPOCTPAHCTBE M3MEHEHUIN B aBCONOTHOM
NPOCTPaHCTBE MNPOCTPAHCTBEHHbLIX MapamMeTpoB 3TMX Yactuy. [lpy  OTCyTCTBMM
paguauMoHHbIX MOTEpb W MNpUTOKa 3HEprMm U3BHEe  abConioTHble  3HAYeHus
NHOVBNOYaANbHOW 3HEPrMn 3BOSIIOLUMOHHO CaMoCXkKumatoweroca ¢uU3nM4Yeckoro Tena wu
HEeMOABWMXHbIX OTHOCUTENbHO HEro oO6bLEKToB He OyayT mameHaTbca no MOLWAB, a
MHEPTHOCTU MX Macc ByayT NOCTENEHHO YBENUUMBATLCS [2]. DHEPrus e KBasndacTtul, B
OHTOreHese (TO eCTb B npouecce pacnpocTpaHeHUsi B NPOCTPAHCTBE NEPEHOCMMOro UMu
n3nyyeHus) 6yaet NOCTENEHHO YMeHbLUATbCHA, HECMOTPSA Ha coxpaHeHne B abComnoTHOM
MPOCTPaAHCTBE ANWHbI  BOSMHbI  3TOM0  M3MyYeHUs. IBOMIOLUMOHHOE  YMEHbLUEeHne
nugusungyansHon aHeprum B CO®PB, npuHumnuanbHO HeHabniogaemoe, ogHako, B CO
9BOJIIOLMOHHO CaMoCKMMarLWwmuxes Ten, byger Mmetb MEcTo Takke U Yy MHepuuarbHO
aBmxywimxcs  obbektoB [2]. 3TO TO M nossonseTr paccmatpuBatb PB  kak
9BOJTIOLNOHUPYIOLLYIO («CTaperoLLyo») NCeBOOANCCUNATMBHYIO cpeay.

Mpn cooTBETCTBYKOWEM HENMHENHOM npeobpa3oBaHUM wWKanbl abCcontoTHOro
BpeMeHu, kanubpoBoyHoM and CO 3BOMOLMOHHO CaMOCKUMALEroca Tena, MOXHO
nepenTn K uU3N4eckn o4HOPOAHOW LWKane abcontoTHoro Bpemenn 7' (POLUAB), no
KOTOPOW 3BOMOLMOHHOE M3MEHEHNE HECOOCTBEHHOMO 3HAYEHNA CKOPOCTU CBETA, a Takke
4YacTOTbl W 3HEpPrun KeBasuyacTul B OHToreHese 6yaet oTcyTtcTBoBaTb. OgHako Mo
OOWAB 6ygeT wuMeTb MeCTO 3BOSIIOLMOHHOE YBENIMYEHWE YacTOTbl W 9HEpruu



KBasmyactuy B curoreHese, T0 eCTb B npouecce UX U3NyyYeHus. IOTO YyBenuvyeHue
ABNSETCA MNpPOnopUMOHanbHbIM U3MEHEHUSIM abCONIOTHLIX 3HAYEeHUM WHOAUBUAOYANbHbIX
9HEPrMn  MUKPOOOBEKTOB WM  3JHTanNbNMM  BewecTBa CaMOCXKMMaroLlerocss  Tena,
06yCcnoBneHHbIM 3BOJTHOLMOHHBIM N3MEHEHWEM MHEPTHOCTU X Macchl [2].

7. Mo MOLWAB wnmeeTr wmMecTo coxpaHeHue 6anaHca abCOnTHbIX 3HAYEeHun
NHOVBNOYANbHOW SHEPIMM U IHEPTUN, TEPSEMON IBOSOLMOHHO UMK e Tepaemon nnbo
npnobpeTaemor 06BHLEKTOM B NpoLiecce B3auMOAENCTBUA €ro ¢ Apyrummn obbvektamum (u, B
TOM yucne, BCreacTane pusnyeckon HeoAHOPOOHOCTM abCconTHOro npocTpaHcTea). o
OOLLAB xe nmeet MecTo coxpaHeHne BanaHca nuwb 3PPEKTUBHBIX 3HAYEHUI [2] 3TUX
9Heprnn obnagatowiero Maccom obbekTa n coxpaHeHme abConOTHOMO 3HAYEHUS AHEPrum
KBa3nyacTuL, B OHTOreHese.

B cobctBeHHbIx CO Ten, noctynaTenbHO nepeMeLLarollmxcs, BpallaloLwmxcs unu
TOMbKO  3BOSMMIOLMOHHO  CaMOCKUMAKLLMXCA WU, KpOMe  TOro, HepaBHOMEPHO
AecdopmMmpoBaHHbIX B abCOMOTHOM npocTpaHcTBe u3-3a HIMNH®B, npuvHumnuansHo He
Habnogaembl, Kak MNPOCTPAHCTBEHHAA HEOAHOPOAHOCTb, TakK WU  3BOSMOLMOHHOE
M3MEHEHME MPOCTPAHCTBEHHbLIX MNapaMeTpoB MUKPOOObLEKTOB BelecTsa. [loatomy
MEeTPUYECKN OAHOPOAHOE (MPY HaNMYUK NPONOPLMOHANBbHON CUHXPOHM3aLMK BCEX YacoB)
nx cobcTtBeHHoe Bpemsi Bcerga Oyger v msmyeckn ogHopoaHbiM. BBmay aTtoro npwu
paccmaTpuBaHum cobctBeHHbIX CO dunanvecknx ten dygem ynotpedbnsate B AanbHENLWeM
NULWb TEPMUH OAHOPOOHOCTb BPEMEHU, HE KOHKPEeTU3npys ero kak B CODB.

8. lameHeHne aHeprum KBasn4yacTul B oHTOreHese, Habntogaemoe no MOLWAB, wnnu
Xe B dunoreHese, Habnwogaemoe no POLWIAB, a Ttakke n BnusHue Ha Hee B CO
3BOMOLIMOHHO camMoCXKMMmatoLLerocs Tena rpaBUTaALMOHHOIO nons oyayT
paccMaTpuBaTbCs Kak CNeacTBUsSt ABYX Creaylowmx akTopoB — Hanuuus rnobansHom v
nokanbHbIX  (U3NYeckux  HeogHOpPOAHOCTEM  COBCTBEHHOro  ero  dU3MYeckoro
MPOCTPaHCTBa (CBA3aHHbIX, KaK C ABNEHNEM TArOTEHUSI COOTBETCTBEHHO Y CaMOro Tena u
Yy W3NyyYawwmx KBasmyacTuubl aCTPOHOMMYECKMX OOBEKTOB, Tak M C SBNEHUEM
pacwmpeHna BceneHHoW), M  OOMMAEPOBCKOrO CMELLEHMS 4acTOTbl  U3Ny4YyeHus
aCTPOHOMUYECKNX OOBEKTOB, yOansoLWMXcs OT Tena B ero cO6CTBEHHOM MPOCTPaHCTBE U
Npy 9TOM KBa3UHENOOBWXHbLIX B abCOMOTHOM (MMPOBOM) npocTpaHcTBe. [lpy aTom
JOonnepoBCckoe CMeLleHne YacToTbl ByaeT npeobrnagarolle ckasbiBaTbCA Ha U3MEHEHUU
9HEepruM KeasmyacTuy NUlb MNPU HE CIIMWKOM MarnbiX U NPpU He CrMWKOM 605bLinx
pPacCTOSHUAX A0 UCTOYHWUKOB M3nydveHus. Npu Takmx pacctosHusx byayt crnabbiMn, kak
nokanbHasi  dwu3nyeckas  HeOAHOPOAHOCTb  COBCTBEHHOrO  MPOCTpaHCTBA  Tena
(cBA3bIBAaeMass C HanuuMeMm Yy Hero rpasutaumu), Tak u rnobanbHas dusmyeckas
HEOOQHOPOOHOCTb 3TOro COOCTBEHHOrO MNPOCTPAHCTBA, Bbl3BaHHasi 3BOJSIOLMOHHbBIM
camocxaTtmem BewecTtsa tena B COOB.

9. lMpun nobom BMAE ABMXKEHUS Tena, a Takke Npu HepaBHOMEPHOW ero gedopmanmm
B CO®PB (obycnosneHHon msnyeckon HEOQHOPOOHOCTbI abCOMOTHOIO NPOCTPaHCTBA)
COXpaHsieTca NnokanbHasg B3auMHasi NPornopuUnoHanbHOCTb NepUOAoB BCEX COBMECTHO U
OLHOBPEMEHHO NPOTEeKalLWMX Ha HEM Nepuoanyecknx U3ndecknx npoLeccoB, TO eCTb
nokarnbHasi yHMBepcanbHOCTb BpeMeHN. OTO HabngaeTcs U3 Kaxaon npomssonbHon CO
n, B ToM umcne, ns CO nodon To4kM 3Toro Tena.



10. Onpegensemaa B CO®B anutenbHOCTb BpeMeHUM B3avMOLEWCTBUS MeXay
B3aMMOCBSA3aHHbIMW 3NeMEeHTapHbLIMK YacTuLaMKn BellecTBa Tena 3aBUCUT HE TOMbKO OT
CKOPOCTWU pacnpocTpaHeHus B3aMMOOEWCTBUS, @ U OT CKOPOCTU ABWXKEHUA U CTEneHu
«camogedopmauumy 3TUX Yactuy. Moatomy OT AaHHbIX ¢hakTopoB OyaeT 3aBuceTb U
TeMn TedeHus BpemeHu, otcumTbiBaemoro B CO Touek Tena. Npn aToM n3aMeHeHue Temna
TeyeHus cOBCTBEHHOro kBaHToBOro BpemeHn B CO kaxagon 13 Toyek Tena HabnogaTtbes
He 6yaeT. MNpu HeogHopoaHOCTM cobcTBEeHHOro BpemeHn B CO Tena nsmeHeHne TeMroB
un3nyecknx npoueccoB a, criefoBaTenibHO, U U3MEHEeHMEe TEMMOB TeYeHUs BpeMEHU
Bynet HabnogaTbCca NULWbL B yaaneHHbIX OT HabniogaTensa Toukax aToro Tena.

11. CoxpaHeHne B npouecce nbOro ABMXEHUS Tena, a Takke Hanuune B
rpaBUTALMOHHOM MOMe Tena He TONbKO SoKanbHOWM M30TPOMHOCTU, HO WU JIOKanbHOW
YHMBEPCANbHOCTM BPEMEHW rapaHTUpyeT U NoKanbHYH KannbpoBOYHOCTb KBAHTOBOIO
BpeMeHM — HeHabnigaemMocTb UBMEHEHUSA TeMMa TeYEeHNS ero No COBCTBEHHbIM Yacam.
Mpn unsoxopHom (B CO BellecTBa) npoLecce 9BOMOLUMOHHOIO CaMOCXKaTus 4acoB B
abCconTHOM MPOCTPaAHCTBE 3Ta NoKanbHas KanubpoBOYHOCTb MMEET MECTO Takke W Mo
MOLLAB, nponopuMoHanbHO CUHXPOHU3MPOBAHHOM C 3TUMM 4Yacamu. [loaTomy TO
MOLLULAB un mMoOXeT OblTb OTOXAECTBMEHa CO LKanon KOCMOSIOrMYeCcKOro BpPEMEHMU
BcenenHon (LLKBB).

12. HeHabniopaembiMn 6yayt B cobectBeHHom CO nmwobon Toukm Tenma w
npoucxogswme B COPB nsmeHeHnsa B aton Touke abCoONOTHOM CKOPOCTU CBETa, a Takke
WHEPTHOCTU MacChbl, 3HEPTUN NOKOA N OPYINX PU3NYECKUX XapaKTEPUCTUK HAXOASLLMXCS B
HeWn MUKPO- N MakpoobbekToB. KanmbpoBoyHas MHBapUaAHTHOCTbL COBCTBEHHOIO 3HaYeHUS
CKOpPOCTU cBeTa (OAHO3HAYHO onpefenseMoro no CoOCTBEHHbIM KBAHTOBbIM Yacam
BellecTBa) Bbi3BaHa B3aMMO3aBUCMMOCTbIO W B3aMMHOMW OMpeaensieMOCTbi0 CKOPOCTU
pacnpoCTpaHeHns B3auMOOENCTBUS (PaBHOW CKOPOCTM CBeTa) M Temna TeyYeHus
BpeMeHu. Tak, CKOpOCTb pacnpOCTpaHeHWs B3auMOOENCTBUS 3agaeTcs BO BPEMEHM.
Temn Xe TeyeHUss COOCTBEHHOrO BpeMEHW BellecTBa B CBOK oyepedb 3aBUCUT OT
CKOPOCTW pacrnpocTpaHeHsi B HEM B3aumoaenctsns. Begb ckopocTu npoTekaHus nobbix
PU3NYecknx npoLeccoB, UCMOMb3yeMbIX AN U3MEPEHUs BpeMeHW, MpPOonopLUMOHanbHbI
CKOPOCTW  pacnpocTpaHeHnsa B3aumogenctsus. [loaToMy, 34eCb He  BO3MOXHO
onpefennTtb Kakon u3 3TUX ABYX (U3MYECKUX MnapameTpoB (BpeMsa WM CKOpPOCTb
pacnpocTpaHeH1s B3auUMOAENCTBUA) NEPBUYEH, a Kakon BTopu4deH [8].

13. CywecTByeT Knacc ocobbiX naeanbHbIX TUMNOB ABMXEHNS U COOTBETCTBYHOLLMX UM
CO gBmXywmxcs Ten Takux, YTO MpPOMCXOoasime B Mnpouecce ABMXKEHUS U3MEHEHUs B
CO®B, kak pa3amepoB Nx OOBLEKTOB, Tak U TEMMNOB TEYEHUSI BPEMEHWN B TOYKAX 3TUX Ten
ABNAITCS rnodanbHO KanMbpoBOYHbIMKU, TO €CTb HeHabngaembiMn B CO aBuyLLeroca
Tena He NnoKanbHOo, a N0 BceMy COBCTBEHHOMY NPOCTPAHCTBY 3TOro Tena, ABNAlLEemMycs
BGeckoHeYHbIM MO0 Xe OrpaHMyYeHHbIM TOPU3OHTOM BUAMMOCTM (NCEBOOrOPU3OHTOM
npownoro unu xe Oyayuwero) [1,2,4,9]. lNpeoGpa3oBaHUa KOOpPAWHAT M BPEMEHM,
COOTBETCTBYIOLLME OAHOTUMHBLIM KanMbpoBouHbIM Aedopmaumsam [BK Ten, obpasyioT
rpynnbl  KanMbpoBOYHO camoaedopMUPOBaHHbLIX UM  camogedopmupytowmxca CO
(KCO). HeHabnogaeMmocTb KanvbpOBOYHLIX U3MEHEHUN He MO3BONseT B COOCTBEHHOM

10



CO nwboro m3 aTMx Ten npssMbIMA MeToAaMu OnpenennTb HaxoguTCcs M OHO
oTHocuTensHO ®B B cocTosiHUM noKOoS wnNu  ABUMXeHUs. A oOycrnosrneHHass 3Tum
HeHabnogaemocTb  abCoONOTHOrO  ABMXKEHUA COBMECTHO C  HeHabnogaemocTbio
N3MEHEeHUN BCcex PU3NYECKNX XapaKTEPUCTUK BELLECTBA Tena U M3MEHEHWI B MPOTEKAHUK
Kaknx-nnbo uanyecknx NpoLeccoB B ero CO6CTBEHHOM NPOCTPaHCTBE, B CBOKO OYepeab,
aenaetr Bce CO aton rpynnbl paBHonpaBHbiMM ¢ CO®B, ogHako U He oTpuuaeT
cywiectBoBaHud, kak camon CO®B, Ttak n ®B (He yBnekaemoro acumpa Knaccmieckom
PU3NKN).

He Bpawatowmeca tena ¢ KCO (3a ucknodeHnem Ten, NpaMOfMHENHO paBHOMEPHO
nepeMeLllalWmnxca B TUMNOTETMYECKU  PU3MYECKM  OOHOPOAHbIX  abCOMOTHBIX
NPOCTpPaHCTBE W BpeMEeHM U, NnoaTomy, obnagatowmx wuHepumanbHeiMm CO (MCO))
HanpaBneHHO WM paguvanbHO HepaBHOMEPHO AedopMUPOBaHbl B  abCOMOTHOM
npocTpaHcTBe. B npouecce cBoero ABWMXEHWA NUOO B TeyYeHWe BpeMeHU 3TU Tena
npeTepneBalT U3MEHEHUA B abCOMKTHOM MNPOCTPAHCTBE HECOOCTBEHHbLIX 3HAYEHWUN
COOTBETCTBEHHO AfMHbI BOOMb HaNpaBreHnsa ABMXXEHUS Unn xXe obbema CBOUX MUKPO- U
MaKpOOOBHEKTOB.

Bpawatowmeca tena ¢ KCO, kpome TOro, MOrytT umeTb UCKpUBIEHNE B aBCOMOTHOM
MNPOCTPaHCTBE CBOMX paguarnbHbIX HanpasfeHuh N B NpoLEecce OBUKEHUSI CKpy4MBaTbCs
Ha Hebonbwon yron 6e3 HapyleHus CBOEeW LEenOCTHOCTM U CBOEW MPOCTPaHCTBEHHON
CTPYKTYpbI @, cnegoBaTeribHO, U C COXpPaHEHMEM E€BKITMAOBOCTU UMM UCXOAHOW KPUBWU3HBbI
CcoBCTBEHHOrO npocTpaHcTBa. BBuay kannbpoBOYHOCTU M3MEHEHWIA, MPOUCXOOALMX C
3TUMK  Tenamn, UX COBCTBEHHble (pm3myeckme npocTpaHCTBa  HabnwgalTces
HEn3MeHHbIMM BO BpemeHU. OHM obnagaloT cTabunbHbIMU YINOBBIMU U JIMHEWHBIMU, Kak
METPUYECKUMU, TaK N (POTOMETPUYECKMMM pasmepamMy HEMNOABWMKHBLIX OOBLEKTOB Ten
(Mpy4yeM TakMMK Xe MO BENUYMHE KAKMMWU OHU ObiMM U B COCTOSHMM MOKOS 3TUX Ten
oTHocuTenosHO ®B) a, cnegosaTenbHO, U CTabUNBLHOM CBOEN KPUBU3HOM.

B cootBetctBUM ¢ 3atum KCO gasnatotca xectkmmm CO M COOTBETCTBYIOT NULLb
nceBOOPaBHOYCKOPEHHO nepemMeljarowmmca  (rmnepbonuyeckn — B TMNOTETUYECKU
13n4eckn ogHOPOAHOM abConTHOM NPOCTPaHCTBE U KBasurmnepbonmnyeckn — B PHAIT)
Tenam, a Takke MHepumanbHO Bpalarwmmcs nmbo nepemeltarowmmes tenam. Kpome
TOr0O, OHM  TakKe  COOTBETCTBYHOT  M30XOPHO  PaBHOBECHO  9BOMOLMOHHO
camMoCKMMaLWKUMCa Ternam, TO eCTb Tefnam, MUKPO- U MaKpooOBLEKTbl KOTOPbIX B
npouecce camMocxKaTusi B3aUMOAEWCTBYIOT TOMbKO MyTeM oOOMeHa OfMHaKoBbIMU
KBAaHTaMW 3Hepruu, 4to npuBoauT K usMeHeHuto B COPB nuwb vMMnynbcoB 3aTUX
MaKpOOOBHEKTOB.

N3-3a nogBepXeHHOCTU 3BOSIIOLMOHHOMY CcaMoCxkKaTuio Bcex, 6e3 UCKnYeHus,
dusnyecknx Ten, nHepumnansHoe ABMXKeHMEe LeHTpa Macc noboro Tena conpoBoXaaeTcy
B CO®B gononHuTenbHbIMW KBa3MpaBHOBECHLIMU paanarbHbIMU OABMKEHUSIMU BCEX €ro
o6bekToB. OgHaKko pagnanbHble OBWXKEHUS HeHabnogaemMbl HU B co6cTBeHHoM CO aToro
Tena, HM B CO moboro gpyroro cusndeckoro tena. dusmyeckme Tena, nMHepumanbHO
nepemMelwarwwmeca Tak B OHAI wn aganTupylowmecs K U3IMEHAOLWENCA BAOSb
TpaekTopun  OBWKEHUS  HanpshkeHHOCTM  rpaBUTAUMOHHOrO  nons,  obnagatoT
apantupyowenca NCO Weapuwwunbga (MCOALL), koTopas npu npeHedpexuTensHO
cnaboMm CcoOBCTBEHHOM rpaBUTALMOHHOM MOfle BbIPOXAAETCA B afanTUMpPYOLLYHCS
kocmonornyeckyto MCO (MCOAK). Baoanu OT gpyrmx UCTOYHUKOB rpaBuTaumm (To ecTb
npy npeHebpexutensHo crnabon  usmyeckom HEOAHOPOAHOCTM  abCoNTHOro
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npocTtpaHctBa) MCOAK, B cBOKW ouvepefb, Bblpoxaaetca B kKocmornorunyeckyiro UNCO
(MCOK). [OswmxeHna  Todek WCOK sasnswotca B COPB no  OOLWIAB
KBasurnnepbonmyeckumn n (B OTAMYME OT MPSAMOSIMHENHbIX rMnepbonnmyecknx ABMXEHUN
TOYEeK HeOoOHOPOAHO KannbpoBOYHO camopedopMupylowmxcs Tern, obnagarowmx
ncesgopaBHoOyckopeHHO nepemewawowmmmcas  CO  Ménnepa (YINCOM) [2,4,10])
HenapannenbHbiMX  Apyr Apyry. OTO CBA3aHO C 3BOSOLUMOHHLIM YMEHbLUEHNEM B
abConTHOM MpPOCTPaHCTBE, KaK MpPOAOSbHbIX, TaK M MNOMNEepeyvHbiX HarnpaBreHuto
OBWKEeHna pasmepoB Tena. Kpome Toro, HecMoTps Ha rmnepbonuYHOCTb OBWKEHUS
ueHTpa macc NCOK, B Hen, B otnudme ot YINCOM, oTcyTcTBYyeT none npoaosibHbIX
HanpaBneHno OBWXKEHUA Tena noTeHuMasrnbHbIX CUM MHEPUMW W MPUCYTCTBYET NULLb
LeHTpanbHO CUMMETPUYHOE NOTEHUNanbHoe none Cuil MHepuuKn, CBA3aHHOE C HannuMem
ABneHus  pacwupeHuss BcenenHon. B cnydae  rMnoTteTMyeckoro - OTCYTCTBUSA
9BOSMIOUMOHHOIO  camMocXkaTns MUKPOOOBLEKTOB BellecTBa a, CcrnegosaTernbHO, U
OTCYTCTBUA ABNeHna pacwmpeHna BceneHnHon, xectkne WCOK BbipoxgawTca B
knaccuyeckmne MCO CTO. Toukn NCO aewmxytca B COPB (INBK koToporo B aTOM criyyae
aBnsieTca npoctpaHcTBoM MwuHkoBckoro), n B nwbon gpyron NCO paBHOMEPHO U
napannenoHo apyr gpyry. >Xectkme YINCOM, kak n UCO, nmeotr Mecto nuwb npu
TMNOTETUYECKOM  OTCYTCTBMM  3BOSIOLUMOHHOIO  camocxkatma  BewectBa.  OHu
COOTBETCTBYIOT runepbonnyeckn ABMXKYLLEMYCS B NpocTpaHcTBe MWHKOBCKOro Teny, a
TaKke MeTPUYEeCKOMYy MNPOCTPaHCTBY M NCeBOOCOOCTBEHHOMY BpeMeHM MOCTynaTesibHO
nepemeLlalLlencs HemHepumnanbHon (K, criegoBaTenbHO, HexecTkon) CO, OBwkeHue
TOYEK HEOTPbLIBHOIO OT CaMoro Tena ¢M3Myeckoro NPOCTPaHCTBa KOTOPOW He SBMSieTCH
CTporo runepbonnyeckmnm.

He nepemellatowmnecs n He BpallaroLimecs B abCosiloTHOM NPOCTPaAHCTBE U NP 3TOM
He OCTbiBalOLME 3BOSIOLUMOHHO CaMoCKMMalluecs dusndeckne Tena obnagatoT
paBHoBecHO camocxumatowenca CO LWeapuywwunsaa (PBCCOLWW). ToyeuyHble 06bekThbl
aTton xecTtkon CO (ycnoBHO abCconoTHO HenoABwKHble B Hen) aBwxytca B ®HAI no
®OLUAB paBHOMepHO 1 npsamMonunHenHo, a no MOLUIAB — nsoramunbTOHMAHHO (TO eCcTb
6e3 n3MeHeHus CBOEro raMmunbTOHMaHa) M Npu 3TOM, HE3aBMCUMO OT BbliOOpa LUKanbl
abconTHOro BpeMeHn, — agmabaTHO, M30XOPHO U PaBHOBECHO (TO €CTb Mpu MOMIHOM
B3aMMHOM ypaBHOBelUMBaHUM AencTByroWmMX Ha HUX B CO®PB cun n He cosepLuaoLmx
paboty npotuBocun) [2]. [lpu  npeHebpexutensHO  criabom  cOBCTBEHHOM
rpaBMTaUMOHHOM  Mofie  3BOSIIOUMOHHO  camocxkumatwuwerocs Tena PBCCOLW
BblpoxgatoTca B KocMmonorudeckyto  PBCCO  (PBCCOK) [2], 3apasaemyio
kocMonornyeckum  J-dneHom [10] ypaBHeHun rpasutauynoHHoro nona OTO wu
COOTBETCTBYIOLLYIO Manon MakpoyacTuue, 3BOSIIOLMOHHO CaMOCXKUMAaloWenca B
NpakTUYecCKn MNyCTOM OKpyXawwem ee abCcomnTHOM npocTpaHcTBe. B oTnuume ot
PBCCOLWI rpaButaunmoHHoe none PBCCOK cBA3aHO C Hanuumem B HEW Inulb
NOTEeHUManbHbIX CUN (TOYHEEe MpUMHUMNMAnbHO He coBepluakwmux paboTy npoTuBocKn)
NHepuuKn, OTBETCTBEHHbLIX 3a fiIBNeHue pacwupeHuss BceneHnHon. Nog gencrtevmemMm aTmx
CVN KBa3MHENOABMXHble B abConTHOM NPOCTpaHCTBE Tena cBOOOAHO MafarT Ha
ropusoHT Buaumoctn PBCCOK mnn PBCCOLL, ogHako He MOryT ero HuKorga 4oCTUYb.

Bce gpyrme PBCCO u, B Tom uucne, esknngosa (PBCCOE) [11], a Takke XecTkue
nNpocTpaHCTBEHHO ofHopogHble (OKCO) u HeogHopogHble CO (HKCO) [9,12],
HenceBOOPAaBHOYCKOPEHHO W  HeuHepuuanbHO Mnepemellarolmnecs M paBHOBECHO
cKumarLwmecs unu pacwupsowmecs, asnatca nuwb runotetmdeckummn KCO. OwHum
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COOTBETCTBYIOT  TenaMm, Ha  MUKPOOOBLEKTbl  KOTOpbIX  AEWUCTBYHOT  pearnbHO
HecyLLleCcTBYyOLWMNe MNOTeHunarnbHble W guccunaTuBHble cunbl, obecneyuBatoLiune
nponopunoHaneHoe u3MeHeHne B CO®PB pasmepoB MUKPO- U MaKPOOOBLEKTOB WX
BELleCcTBa, WM Xe HABNAITCA NUWb  BblpoXaeHusaMn Hexectkux CO Ten ¢
rMNnoTeTn4eCcKkon abCcomnoTHON XECTKOCTbIO BeLecTBa B COOCTBEHHOM MX MPOCTPAHCTBE.

14. Hapsgy ¢ KCO cyuwecTBylOT 4acTU4HO Kanubposo4vHO Aedopmupytowmeca CO
(YKCO) [1], cooTBeTCTBYIOLME Tenam, pa3Mepbl MUKPO- U MaKpoOOLEKTOB BeLlecTBa
KOoTopblx u3MeHsitoTcs B CO®B B3aMMmHO HenponopuuoHanbHo. Beuagy aTton
HeNpPONOPLUMOHANbHOCTU U3MEHEHUE pas3MepoB MakKpOOOBLEKTOB a, criegoBaTernibHO, U
BCEro Tena B Lenom Habniogaemo n B MX COBCTBEHHOM METPUYECKOM MPOCTPaHCTBE.
CobcTBEHHOE MeTpuyeckoe MpPOCTPaHCTBO Tena (B OTNMYME OT  HEemnogBWXKHOIo
OTHOCUTENBHO Tena W, CrneaoBaTeNnbHO, CaMOCKUMAIOWErocs BMECTE€ C HUMM  €ero
COBCTBEHHOrO (PM3NYECKOr0 MPOCTPaAHCTBA) MNPUHLMNMANBHO SABMSAETCA XECTKMM W,
Gnarogapa 9TOMy, YyCTaHaBnMBaeT HecTabunbHble BO BpPEMEHUM MeTpuyeckue u
poTOMETPMYECKNE KOOPAUHATBI U pa3mepbl, kKak 06beKToB caMoro Tena, Tak u nobbix
APpYrux OABWXKYLIMXCS OTHOCUTENbHO Hero obbektoB. Tenamm c¢ YKCO gsnswoTcs
HenceBOPaBHOYCKOPEHHO U HEMHEPLUMAbHO NepemeLlaloLnecs Unm xe spallatoLmnecs
Tena. imu Takke sIBNAOTCA HEPABHOBECHO M HEM3OXOPHO camockumarowmecs B8 CODB
Tena, TO eCTb KaK ynpyro camogedopmMmpyemMble B NPOLIECCE CBOEro ABWXKEHUSA Tena, Tak
N Tena, paguauMoHHO OCTbIBalLME WUNKN Xe pasorpeBarolimMecs 3a CYET MNOrfoLeHus
9Heprnm n3sHe Nnbo BbICBOBOXKAEHMS €€ B NpoLecce XMMUYECKNX, AOEPHbIX U PasnnyHbIX
Opyrnx omnsandecknx peakumm n npespawleHun.

BBuay aHu3oTponuu ckopocTu cBeTa B MeTpuyeckoM npoctpaHcteBe YKCO [1],
SHEpPrMS M UMNYNbC MMKPO- W MaAKPOOOBLEKTOB, KaK HaMpaBfi€HHO  YMnpyro
camoaeopMUpPYIOLLMXCA, Tak U WU30TPOMHO HEPABHOBECHO CaMOCXKMMAaOLMXCA Ten
NMET UNYECKMA CMbICST U MOryT ObiTb TpuBMANbHO oONpedesieHbl TOMbKO B
HEOTPLIBHOM OT Tena dusnyeckoM cobcTBeHHOM npocTpaHcTee YKCO®. Beab Torbko B
HeM, Kak n B pmnsanyeckom npoctpaHctee nbon gpyron CO, cKOpOCTb CBETA B Bakyyme
ABNSETCA M3OTPOMNHON, @ UHTEepBan — UHBAPUAHTHLIM K Npeobpa3oBaHMsIM KOOpAnHaT.

MoaTomMy  guMHammka  MOCTynaTenbHOro  MepeMeLLEHNs  HEepaBHOBECHO U
HenceBOOPAaBHOYCKOPEHHO [OBWXYLLEroCA Tena WM >Xe paclupeHus nmbo coxaTtus
HepaBHOBECHO camocxkumatowieroca B COPB Tena MOXeT aHanuMsMpoBaTbCs, Kpome
CO®B, nmwe B CO pgpyrmx Ten, a Tawkwke B NCeBOOCOOCTBEHHOM KOCMWUYECKOM
(kocmonoruyeckom [1]) npocTtpaHcTBe YKCO, doTOMeTpuyeckme KoopauMHaTbl KOTOPOro
coBnagawT C (POTOMETPUYECKUMM  KOOpAUHATaAMW  METPUYECKOro  COOCTBEHHOrO
npoctpaHctBa YKCO, n B nceBgocobCcTBeHHOM (nceBgokocmornormdeckom [1] — npu
M30TPONHOM camogedopmauun Tena) BpPEeMEHW, OTCYMTbIBAEMOM HEnoABWXKHbIMU B
COBCTBEHHOM METPUYECKOM, a He B COOCTBEHHOM (PM3MYECKOM MPOCTPaHCTBE Yacamu.
3T nceBOoOCOOCTBEHHbIE MNPOCTPAHCTBO M BpemMsi COBMeCTHO obpasytoT [1BK,
noeHtudHbin  NMBK cootBetcTBytowen xectkom CO (YIICOM wnu PBCCO). B

*B OTO, 6naroaaps MCMonb30BaHUI0 YCPEAHEHHOTO (B Npeaenax BCero TeNecHoro yrna) 3HauyeHus
ckopocTu ceeTa c¢*[10], aHepruto 1 umnynbc obbekTa onpeaensitoT nHoraa He B hM3nYECKoM, a B
MeTpudeckom npocTpaHcTBe CO (owmnboyHO paccmaTprMBaeMoM Kak TOXOECTBEHHOE huanyeckomy). 3To
NPVBOAMT, KaK K CyLLLECTBEHHOMY 1 HEOMpPaBAaHHOMY YCIOXHEHUI0 MaTeMaTtudeckoro annapaTta OTO, Tak u
K COOMOAEHNI0 3aKOHOB COXPaHEeHWs NWLLb B HECTaHAapTHON chopme.
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ncesgocobctBeHHoOM npoctpaHcTBe UKCO HabniogalTca He TOMbKO ynpyras unm ke
Tennosas pedopmMmauun Tena. B Hem, B OTNMYME OT METPUYECKOr0 COBCTBEHHOrO
NPOCTpPaHCTBa, «HabngalTcay Takke U HecTabunbHble PENATUBUCTCKME COKpaLLEHUS
METPUYECKMX pa3MepoB OOBHEKTOB CaMoro Tena, He CBA3aHHble C AENCTBUEM KaKnX-Nnbo
CUI 1 ABNAIOLWMECH NULLb KWNHEMATUYECKUM adpdekTom [3].

B Temax ¢ YKCO, kak n B obnagawlowmx rpaBUTALMOHHBIM MOMEM PaBHOBECHO
CaMOCXKMMaKLWMNXCA Tenax, MmeeT MecTo ynpyras gedopmaumsi MX MakpooOBHLEKTOB.
Ogprako, B otnnumne ot PBCCO, cteneHb aTon aechopmauunm HectabmunbHa B COGCTBEHHOM
BpemeHn YKCO, B pesynbTaTe 4ero KpvBuM3HA COBCTBEHHONO METPUYECKOro
npoctpaHcTea YKCO mMoxeT B Te4eHne BpeMEHU naMeHaTbes. M3-3a HexecTkocTn YKCO
3amMeasieHHO (YCKOPEHHO) ABWXKYLUMXCS WK XEe CaMOCKUMAIOLLMXCA Ten B HUX BMECTO
NOTEeHUManbHbIX CUI MHEPUUN (MK XKe Hapsigy C 3TUMKU NPOTMBOCKMNAMM) NPUCYTCTBYIOT
COOTBETCTBEHHO YMEHbLLAKLLNE SHEPTUIO OBVXKYLLMXCA OOBEKTOB NCEBAOANCCUMNATUBHbIE
CUNbl UHEPLMM UINKN XKe «NPUCOEeaNHSALLMEY ee K 3TUM 0ObeKkTam nceBaoaccoumnaTnBHbIE
CUNbl NHEPLUUW.

PeanbHbiM dousmyeckum Tenam (B 3aBUCUMOCTU OT CTPYKTYPbl N OU3NYECKUX CBOUCTB
NX BELLECTBA, a TaKkKe B 3aBMCUMOCTU OT NPOUCXOOALMNX B HUX PU3NYECKNX NPOLECCOB)
MOryT COOTBETCTBOBATb pPa3fuyHble TUMNbl 3amenneHHo camockumarowmxes YKCO
Weapuwunega (3CHKCOLL). A nmeHHo, — ogHopogHo kanmbpoBoyHo (3COYKCOLL),
HeogHopogHO kanmbpoBoyHo (3CHYKCOLL) wnu HeoaHOpPOOHO nceBLOKanMBpOBOYHO
(BCHIMKCOW) camogedopmupytowmecs CO LWeapuywwunbga. 3t 3CHKCOLWL npu
npeHebpexuTenbHo crnabom rpaBuMTaUMOHHOM MOMe WX Ten BbIpoXOalwTcd B
kocmonornyeckme CO 4acTMYHO KanMbpoOBOYHO 3aMeafieHHO CaMOCXKMMAlOLMXCS Ten —
ogHopoaHo kanubposovHo (3COYKCOK), HeogHopogHo kanubpoBoyHo (3CHYKCOK)
nnu HeogHopoaHo ncesaokannbposoyvHo (3CHITKCOK) 3amenneHHo camocxkumarowmecs
CO [1].

15. lMpwn OTCYTCTBUMN HapyLUEHUs1 CTPYKTYpbl (OU3NYECKN OQHOPOAHOrO Tena, a Takke
Npy CTabUMbHbIX 3HAYEHUAX (MK Ke NPU TMNOTETUYECKOM OTCYTCTBUM), KaK ynpyrom ero
aedopmaumm, Tak U KpuBM3HbI ero cobcTBeHHoro npoctpaHctBa B KCO pgaHHOro
aswxyuierocs (M Npy 3ToM HepaBHoMepHO aedopmupyemoro B CODB) Tena He GyneTt
HabnaaTbCa HUKAKMX M3MEHEHUN Ha camMoM Tene. [MnoTeTudeckoe e Temno, YCroBHO
HenoaBWXHOEe W, criegoBaTeNnbHO, U HegedopMMpyemMoe B abContoTHOM MpPOCTpaHCTBe,
kak u Tena apyrux CO atom xe rpynnel, 6yaet B aaHHon KCO HabniopgaTtbes, Haobopor,
HepaBHOMeEPHO aedopmMmupyembiM. W, cnegoBaTenbHO, HEMOABWXKHBLIA B abCONKOTHOM
npoctpaHctBe @®B B  cobctBeHHblx CO  ABMXYWMXCA  MNU - 3BOSMIOLMOHHO
camocXKnmarwmxcs B abcontoTHOM NpocTpaHcTBe Ten byaeT HabnoaaTbCa NOABMXKHBLIM.
K Tomy e, TO4kM abConTHOrO MPOCTPaHCTBA, COBMELLEHHbIE C COOTBETCTBYHOLLMMMU
TOYKaMU ABMXKYLLErocsi Tena B OguH M TOT K€ MOMEHT COOCTBEHHOIO BPEMEHUN 3TUX TOYEK
Tena, ©Oyaoyt coBmeweHbl ¢ HuMM B CO®B B pasHble MOMEHTbl abCOMNTHOMO
(kocmonoruyeckoro) BpemeHn. W noatomy, AaHHbIN 3heKT cnenyeT paccmaTpuBaTb He
npocTo kak Habntogaemyto B KCO gedopmaunto abcontoTHOro (MMpoBOro) NpocTpaHcTBa
OB, a kak gedopmaumo n mnckpuenenune MNBK ®B, Habniogaemble onocpeacTBOBAHHO
yepes KCO lNBK gemxkyLierocs Tena.

N3-3a HecobnoaeHns ogHoBpemMeHHocT B CO Habnogatensa cobbiTUiA, SBRASOLWNXCS
O[HOBPEMEHHbIMW B conyTcTBylowen asmxywemyca teny CO, B kaxgon us asyx NCO
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NMEKT MecTo 060IAHO HabngaeMble COKpaLLEHUS pa3MeEpPOB M 3aMenneHust TeYeHus
BpeMeHn Ha obbekTax, nokoswmxcs B npotmsononoxHelx MCO [8]. OcobeHHO HarnagHo
aT0 nposBndaetca B eBknuaoBbix HKCO yckopeHHO camopacTsarMBaromxcs Mnosbix
(o6ono4vkonogobHbix [9]) Ten (YPIMHKCOE), ropnsoHT BUANMOCTN KOTOPbIX OTHOCUTENBHO
OB pagBmxkeTcAa CO CKOpPOCTbiO cBeTa, a B camon CO BbIpoOXOeH B HENOABMXKHYIO
LeHTpanbHyt0 TouKy, Tak kak npuHagnexut [MBK YPIMHKCOE Tonbko B MOMEHT
abcontoTHOro BpEMEHM, COOTBETCTBYIOLLNN Havany camopacTsrMBaHus
obonoukonogobHoro Tena. lNpu atom B YPMNHKCOE camo o6onoykonogobHoe Teno,
camopacTsarmeawlleecs B abCOMOTHOM MNPOCTPaAHCTBE, KaK MblfbHbIA  My3bIpb,
HabnogaeTcs He NonbIM, a LWapoobpasHbIM.

HecmoTps Ha 310 ¢ ®B 1 ¢ 3anonHeHHbIM MM abCONTHBLIM MPOCTPAHCTBOM Ha CaMOM
aerne, eCTeCTBEHHO, HM4Yero He npoucxoaut. leopmaumsa n kpusnsHa ero NBK asnatoTcs
nuwb HabngaemMbiMU ABNEHUSIMU U TO HE HENOCPEeLCTBEHHO, a OnocpeacTBOBAHHO
yepes3 CUCTEMY OTCYETa KOOpAMHAT U BPEMEHU MEepeMeELLaloLeroca UM 3BOSMKOLMOHHO
camocxunmarowerocs tena. Kak nokasanu Topenn [13] n NeHpoys [14], HenocpeaCTBEHHO
Habrogaemble UCKaXKEHUs1 (OpMbl OBWXKYLLUMXCA Terl CYLWECTBEHHO OTnM4alTcs OT
NCKaXKeHUn, HabngaemMblX OMocpeacTBOBaHHO 4yepe3 cuctemy koopamHat MCO. 3To,
KOHEeYHo, cnpaseanmeo 1 ans scex apyrmux tunos KCO n YKCO un, B TOM uucne, — ans
YCIOBHbIX NMLUb CTATMYECKN camogedopMMpPOBaHHbIX B abcontoTHoM npoctpaHcTee CO.

Bce mnanoxeHHoe 3gecb, oAgHako, He o3HavaeT, 4yTto Habnopgaemble B KCO n YKCO
COBCTBEHHbIE UX MPOCTPAHCTBA SABMISAIOTCH KaKMMU-TO 3dheMepHbIMU MPOCTPaHCTBAMMU.
Kak n abcontoTHOe NpoCTpaHCTBO, 3TO — onaundeckmne npoctpaHcTea. OHM COOTBETCTBYIOT
ABWXyLMMCa unu obnagarwlwmm rpaBuTauuMoHHbIM MOMEeM Tenam B COOTBETCTBUMM C
OOBbEKTMBHBIMX 3aKOHaAMW NPUPOAbl U He SBASATCS MNMOAOM UCKaXXEHHOro BOCMPUATUSA
JencTBMTENbHOCTM Habmnogatenem. A, cnegoBaTenbHO, U Bo3HMKawwass B CO
CaMOCXKMMAIOLLIEroCsl  BelecTBa  «UNM3UA»  OFPaHMYEHHOCTM €ro  NpOoCTpaHCTBa
FOPU3OHTOM BMOUMOCTU SABNAETCA He CYObEeKTMBHbIM BOCNPUATMEM, @ OOBLEKTUBHbLIM
aBneHneM. Tak Kak 3T NpPOCTpaHCTBa cogepxaT O4HU U Te e ob6bekTbl BceneHHon, To
OHM SABNAIOTCA HE M30NMPOBaAHHBIMW, @ B3aUMHO HaNOXeEHHbIMW MpoCcTpaHcTBamu. B
oTnnyne oOT abConlTHOrO NPOCTPaHCTBA, COOTBETCTBYHOLIEE ABMXYLLEMYCS UK
obnapatolemMy rpaBUTaLMOHHBIM NOSIEM Teny ero cobcTBeHHOe NPOCTPaHCTBO BMECTE C
oTcumTbiBaembiM B CO 9aTOro Tena BpeMeHeM SBMSATCSA OCHOBHbIMU  (hbopmamu
CYyLLIeCTBOBaAHNA OBWXKYLLENCA N obnajatoLen rpasutaumen Matepmm, To eCTb KOHKPETHO
— Makpo- 1 MUKpooObeKTOB BelecTBa aToro tena. MHoxecTtso NBK, cooTBeTCTBYOLWMX
OBUXyWMMca 1 obnagawowmm rpaButaumoHHbiM nonem tenam ¢ KCO wnu ¢ YKCO,
MOXHO paccMaTtpmBaTb WU Kak MHOXECTBO pasfunyHbIX NMpeactaBfeHu NpocTpaHcTBa U
BpEMeHM B BuAe B3aMMHO JNMHENHO He npeobpadyembix CO oOpTOroHanbHbIX
NPOCTPAHCTBEHHbIX KOOPANHAT U BPEMEHM.

16. HenoaBmxHOCTb 4YacoB dakTudeckn otoxaectensietca B CTO co cBeplueHnem
cobbITi B ogHom 1 Ton xe Todke MCO. OgHako Yackl MoryT 6biTb HenoasmxkHbiMK B NICO
nnu B ntobon gpyron KCO m He3aBMCMMO OT TOrO NPOUCXOAAT N ABa COObITUSA, MeXay
KOTOPbIMU OUKCUMPYETCS 3TUMU YacaMy NPOMEXYTOK BPEMEHU, B OAHOM U TOW XXe UMK Xe
B ABYX pa3Hbix ee Tovkax. B CO, obnagatowmx ogHOPOAHOCTEI0 COBCTBEHHONO BPEMEHMU
n msnyeckon ogHOPOLAHOCTLIO COBCTBEHHOrO NPOCTPaAHCTBA, UMEET MECTO abCcontoTHas,
a B CO, obnagawowux TOMbKO OOHOPOOHOCTBLID BPEMEHU, MNPOMNOPLMOHAnNbHag
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CUHXPOHU3aUUa HenoaBWXHbIX Yacos [2, 3,9]. [NoaToMy OT nokasaHwin pasHbIX 4acoB B
atnx CO Bcerga MOXHO NepenTyn K nokasaHnaMm Kakmx-nmbo ogHmx nx yacos. Mpu aTom B
CO c dwu3nyeckn HeOAHOPOAHbIM COBCTBEHHBIM MNPOCTPAHCTBOM BaXKHaA, WMEHHO,
dukcaumsi COGbITUIN NO OAHUM M TEM XXEe HENOABWXKHBLIM YacaMm, a He CBepLUeHne cobbITui
B TOYKE, B KOTOPOM 3TN YacCbl HAXOLATCS.

C ydeTom aTOro cnegyet pasnuyatb COOCTBEHHOE BpeMsi TOYEeYHOro obbekta u
cobectBeHHoe BpeMa CO. CobcCcTBeHHbIM BpeMEHeM To4Ye4yHoro obbekTta saBnsieTcd
nyTunogobHoe crtangapTtHoe Bpemsi [10], KOTopoe, He3aBMCUMMO OT 3aKOHa OBWKEHUS
obbekTa B abConMTHOM NPOCTPAHCTBE, HE TOMbKO (PUKCUPYETCS, HO U OTCUUTBIBAETCs Mo
«HEeNoOABMXXHO HaxogsawumMcss Ha Hem» 4Yacam. CobcTBeHHbIM Xe BpemeHem CO
OBWXyLlerocs Tena €BNAeTca KoopAuHaTHoe (koopaumHatonogobHoe) Bpema [10],
KOTopoe MOXeT ukcupoBaTbCa KakMmu-nmbo opgHumm 4Yacamm CO, opaHako,
HENnoCpPeACTBEHHO OTCUYMUTLIBATBCS APYrMMU abCoMOTHO UMW NWWb MNPOMOPLUOHANBHO
CUHXPOHU3NPOBAHHBIMW C HUMW 4acamMu, HENOABWKHO HaXOAAWMMUCS B TO4YKe
CcBepLUeHns codbITuS.

OueBngHOM NS BCEX UCTMHOMW SBMSIETCS HEOOMyCTUMOCTb OTOXAECTBIIEHMS MNYTH,
NPONAEHHOro OO BbEKTOM MeXay HadanbHOW M KOHEYHOM ero ToYKamu no KPUBOW NUHUK, C
KOOPAWHATHBIM PacCTOSHMEM MeXdy 3TMMW TOYKaMKu MO MPAMON NUHUKU. AHANOMM4YHO, U
nyTunogobHoe cTaHgapTHOE BpeMms, onpefenstioliee «Bo3pacT» ToyedHoro obbekra [10],
He MOXET OblTb OTOXOECTBMEHO C KOOPANHATHBIM BpEMEHEM, MO3BOMAIOLWMM OLIEHNBATb
B CO KnHemaTuKy M ANHAMUKY NPOWU3BOSNBHOrO ABWXeHUs 06bekToB. B cooTBeTCTBUM C
9TUM MpPU U3MEHEHUM 3aKOHa OBWXKEHUSA Tena a, cnefoBaTeribHO, U MpU BbI3BAHHOM UM
nepexoge Ttena oT ucxogHom k HoBon CO HeobxoouMMoO MpPOM3BOAWUTL MepepacyeT, Kak
NPOCTPaAHCTBEHHbIX KOOPAWHAT, Tak W paHee 3aperncTpupoBaHHbIX MPOMEXYTKOB
KOOpPAWHATHOro BpeMeHu. iIrHopMpoBaHue 3TOro NpuUBOAUT K Napagokcam, aHanorMyHbIM
napagokcy 6nusHeuos B CTO [15].

17. B cnyyae kanmbpoOBOYHbLIX U3MEHEHWI, MPOUCXOAALLIMX NOL OENCTBMEM KaKoro-
nnbo nons cun unu OBMXKEHus Tena oTHocuTenbHo ®B, ogHOpPOAHOCTb COBCTBEHHOrO
BpeEMEHHU, a Tarke dunandeckasd OAHOPOOHOCTb COBCTBEHHOrO MPOCTPaHCTBa (MMmetowme
MEeCTO Npu rmnotTeTnyeckom otcytcteumn HMH®B 1 npu rmnoteTMyeckoMm COCTOSHUM MOKOS
Tena oTHocuTenbHO ®B) Oo0MmKHbI coxpaHsaTbcsa. B cooTBeTCTBMM C 3TUM, CTPOro
KannbpoBOoYHO camogeopmupyowMMmncsa unn camogedopmmpoBaHHbiMm CO 6yaem
cuntatbh nuwe OKCO, B KOTOPbIX UMeeT MeCTO, Kak OAHOPOAHOCTb UX COBCTBEHHOro
BPEMEHU, TaK M paBHOMEPHOCTb (MacliTabHass OOHOPOAHOCTb MMAN U3OMETPUYHOCTb)
MEeTPUYECKOro n umsmyeckas OAHOPOAHOCTb PU3NYECKOTO UX COOCTBEHHbIX MPOCTPAHCTB.
9T ogHopoaHocTn obecneymnBatoT B kecTkux CO coxpaHeHne COOTBETCTBEHHO 3HAYEHUS
SHEprMn MHepumanbHO OBWXYLLEro ob6bekTta BO BPEMEHM M, KaK HamnpaBfeHus, Tak u
3HadyeHns ero wmmnynbca B npocTpaHcTBe. OHM Takke obecneunmBaldT COXpaHeEHWEe
CTeneHn MHEePTHOCTK ero Macchl, Kak BO BpeMeHu, Tak 1 B npoctpaHctee. Taknmm OKCO
n OYKCO gaBnstoTcs NuLlb rMnoTeTUYECKME COOTBETCTBEHHO XeCcTkne n HexecTkune CO,
nMeroLne MecTo nNpu ycnosHoM otcyTcTeun HIMH®B nnu npu Hannumm gononHUTENbHbIX
rMNOTETUYECKMUX CUMOBBIX MOSIEN, MOMHOCTLIO KOMMEHCUPYHOLWMX MOTEeHUMarnbHble noss,
obycrnoBsneHHble (PU3NYEeCcKoM HEeOOQHOPOOHOCTbIO abCoMTHOrO MPOCTPAHCTBA, a Takke
MNPy YCNOBHOM OTCYTCTBUM 3BOSIIOLMOHHOINO camMocXkaTna MUKPOOOBHLEKTOB BeLLecTBa Unu
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Xe npu MOfHOW KOMMEHcauMM OOYCIMOBMEHHbIX 3TUM 3BOSOLMOHHBIM  MPOLIECCOM
nceBaOoaMCCUMNATUBHBIX CUI KaKUMU-NMBo apyrMmmn cunamu.

9710, Hanpumep, paccmatpmBaemble B CTO knaccuveckme UCO un  eBKNNOOBbI
NPOCTPAHCTBEHHO OAHOPOAHO KanMOPOBOYHO 3aMeanieHHo camocxkumatrowmeca CO
(3COKCOE) [9], B KOTOpPbIX MMET MECTO OAMHAKOBLIA TEMIM TEYEHUA BPEMEHU BO BCEX
TOYKax UX COBCTBEHHOro MPOCTPAHCTBA, OTCYTCTBME KaKUX-NMOO NOTEHUManbHbIX CWA,
OENCTBYIOLMX Ha HEMNOABWXHbIE W NOABWXKHbIE OOBLEKTbl, W MPSAMOSIMHENHOE C
MOCTOSAHHOW CKOPOCTbIO pacnpocTpaHeHne nsnyyeHus. 3to Takke kocmonorndeckme CO,
YaCTMYHO KannbpoBOYHO 3amenrieHHo camocxkumatowmecsd, (3CHKCOK) u, B Tom yvncne,
esknugosbl (3CYHKCOE). B atux KCO, B oTnMune OT nNepBblX, WMEET MecTO
HEMPSIMOSIMHENHOCTb  PacrnpOCTPaHEeHUs, a Takke HENOCTOAHCTBO W aHM30Tponus
CKOpPOCTM cBeTa B COOCTBEHHOM METPUMYECKOM MPOCTPAHCTBE MPU HaNM4YuKM NMOCTOSIHCTBA
N N30TPOMHOCTU CKOPOCTU cBeTa B COBCTBEHHOM pusmyeckoM npocTtpaHcTee [1]. B
otnnumne ot CO, B SCOKCOE, B 3CYHKCOK n B 3CHKCOE umeeT mMecTo gencTeme Ha
NHepumnanbHo ABXYyLLMECH 00beKTbl nceBooANCCUMNAaTUBHBIX nnu xe
nceeoacCcounaTUBHBIX CUIM MHEPLMW, COOTBETCTBEHHO TOPMOS3SILLMX UMK XKEe YCKOPSIOLLMX
OBWXKEHNA 3TUX 06BbeKkToB B AaHHbIX CO.

B HKCO npu ogHopogHOCTM MX COBCTBEHHOrO BPEMEHU MMEET MecTo hmanmyeckas
HEeOQHOPOLHOCTb MX COOBCTBEHHOrO PM3MYECKOro NPOCTPaHCTBA, NposiBNsOLWAnca Buae
rpaBMTAUMOHHOIO Kanuopytowero nons u 3aknyarwascs B HEOAMHAKOBOCTM TEMMOB
NpOTEKaHUs aHanormyHbIX M3MYECKUX MPOLLECCOB a, criefoBaTernibHO, U COBCTBEHHOIO
BPEMEHU B pasHbiX TOYKax 3TOro npoctpaHcTBa. Mmm obnagatoT NpoCTpaHCTBEHHO
HeogHopooHO camofedopMUpoBaHHbIE unu  camogedopmupyroweca Tena. B
cooTtBeTcTBMM C aTM B HKCO, B otnnume ot OKCO, nmeroT Mecto He abcontoTHasd, a
NUWb  NPOMOpPUMOHaNbHas B3auMMHasi CUHXPOHM3aUMsi BCeX COOCTBEHHbLIX 4acoB,
HaxoOsWwmxca B pasHblXx Toykax ee npoctpaHcTBa. B xectkmx HKCO wumeeT mecto
COXpaHeHne B ABHOM BMAE TONbKO MHAMBUAYANbHOW 3HEPrun (raMmmnbTOHMaHa) cBOGOAHO
nagatoLlero (OBwXKyLlerocs no uHepumm) obbekta, a B HexecTkmx HKCO - Tonbko
HOPMMPOBaHHOrO GanaHca ero MHAnBMAyanbHOW 3HEPrMn KU ncesgopaccensaemMon nnMbo
ncesonNpucoeanHIEMon (Bcnencreue HernceBOOPaBHOYCKOPEHHOCTH nnum
HEeWHepUNanbHOCTM NepeMeELLEHNS UMK Xe HEU3OXOPHOCTU camocxkaTusa Hexectkon CO)
9Heprnn, a Takke — COXpaHeHWe CTeneHn MHEPTHOCTU MAacChbl, HO NMLWb Y HEeNOOBUKHbIX
00BbEeKkTOB U OOBEKTOB, ABWXKYLUMXCA MO rPaBUIKBUMNOTEHUMANBHBIM (M30TEMMNOBBLIM)
noBepxHocTaM pfAaHHbix CO. B HKCO T1akke umeeT Mecto coxpaHeHue OanaHca
MMNYNbCOB B3auMMOAENCTBYHOLMX (COyaapsAoLWnNXcs) MakpoobbeKkToB, OOHAKO Nullb B
GECKOHEYHO Manon OKPEeCTHOCTUM MUPOBOM TOYKM B3aUMOOEWCTBUSA. IOTO CBSA3AHO C
dun3n4eckon HeoaHOPOOHOCTbID cobcTBeHHoro npocTtpaHcTBa HKCO, npuBogswen K
HECOXPaHEHMIO MMMYITbCOB NEPEHOCALLNX B3aUMOAENCTBME BMPTYarnbHbIX KBa3ndacTul, u
yactuy, a MNo3TOMy, — M K BO3pacTaHuMi uMMnynbca CcBOOOAHO nagarowero obbekTa.
OKBMBanNeHTHasi KOHTpaBapWaHTHOMW WHEPTHOM Macce nonHad aHepruss CcBOoOOAHO
nagatowero obbekta (BKMOYawWaa W KOMMEKTUBU3UPOBAHHYKD €ro  3Hepruio,
«copepXallytcs» B rpaBuUTauMoOHHOM rone) B npouecce cBOGOAHOrO nageHust He
COXpaHsieTcsl, a yBenuumBaeTcs. OTO CBSA3aHO C BO3pacTaHueM (BMecTe C Bo3pacTaHuem
WHEPTHOCTU Macchbl) AONN NPUXOAALLENCA 00BEKTY KOMMNEKTUBHOM 3Heprun obnagatowero
rpaBMTaUMOHHBIM MOMEM Tena no mepe NpubNMKeHUss aToro obbekTa K LIEeHTpYy macc
BelllecTBa BCeX OOBLEKTOB Tena.
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Hapsigy ¢ cobcTBeHHbIM kKBaHTOBbIM BpemeHeM HKCO no3BonstoT BBECTU B HUX, KaK U
B OKCO, T1akke u” HesaBUCMMOE OT MNPOCTPAHCTBEHHbIX KOOpPAMHAT Bpems,
OTCUYATbIBAEMOE HE MO KBAHTOBbIM (aTOMHbIM) YacaMm, SBASKOWMMCA COBCTBEHHbIMU
YyacamMn B Kaxgown otaenbHou Todyke npoctpaHctBa HKCO, a no acTtpoHoMuyeckum
(obwecuctemMHbiM) YacaMm. [lokasaHusi aCTPOHOMMYECKMX YacoOB MOryT coBnagaTtb C
NoKa3aHWsIMM HEKOTOPbIX KBaHTOBbIX YacoB, HaxXOASAWMUXCA B OTAENbHbIX TO4YKax
npoctpaHctBa HKCO, wunu xe, Boobuie, He coBnagaTb C MNOKa3aHUAMM HU OOHUX
KBaHTOBbIX YacOB, Kak 3TO UMeeT MecTo, Hanpumep, B CO LWeapuwunega (COLW), a 6biTb
nvWwb  NponopumMoHanbHbIMM ~ UM.  3HayYeHWe CKOpOCTM  CBeTa, onpegensemoe
HernocpeACTBEHHO B TOYKe j OTCYeTa BPEMEHW MO ee COBCTBEHHbIM KBAHTOBbLIM Yacam
(cobcTBEHHOE 3HA4YeHMe CKOPOCTU CBeTa), OAMHAKOBO BO BCEX TOYKax MNPOCTpaHCTBa
HKCO. N oHO MOXeT ObITb NPUHATO NPU U3MEPEHNN PacCTOSHUIN B CBETOBbIX eAuHuLax

AONWHbI paBHbIM eauHuLe (;vc =1). o 4yacam Xe, OTCUMTbIBAKOLLMM HE3aBUCUMOE OT

KoopAuHaT acTpoHoMuyeckoe (obuiecnctemHoe) Bpemsi CO, 3HayeHMe CKOpoCTU cBeTa
(nceBoocobcTBEHHOE €e 3HaveHue) HeoamHakoBO B pasHbix Todkax HKCO. Ho 3ato,
CKOPOCTb [ABWXEHUSI OOBEKTOB, 3HAYEHMS] UX MHEPTHOM MacCbl M SHEPrUM, a Takke
OENCTBYIOLLMX Ha HUX Cun, onpedensemble MO aCTPOHOMMYECKMM 4acaMm, Kak U Temn
TeYEeHUs] aCTPOHOMWYECKOrOo BpeMeHu, He OyayT 3aBuMCEeTb OT TOYKM HabnwoaeHus B
HKCO. KeaHToBble 4acbl ansg otcyeta B HKCO He3aBMCMMOro BpemMeHu MoryT ObiTb
MCNONb30BaHbl NUWb NPU  YCNOBUMM MNEPEMEHHON WX KanubpoBKKW, 3aBUCALLEN OT
yCTaHaBNMMBAEMOro Kanuobpylowmm rpaBUTAUMOHHBIM  MONEeM  pacnpegeneHus B
npocTtpaHcTBe HKCO HecobCcTBEHHOMO 3Ha4YeHMs1 CKOPOCTH CBeTa.

B obwem cnydyae cobCTBEHHbIE METpPUYECKME MPOCTPAHCTBA CaMOCKMMAIOLLMXCA W
camopaclmpstowmxca HKCO HeeBknnaoBbl M MOryT ObiTb €BKNMOOBBIMM NUWb B
rmunotetnyecknx HKCO, Hanpumep, B Takmx — kak PBCCOE [11] u YPIMNHKCOE [9].
CooTtBeTcTBYOWMUMM  MaeanbHbiM  usmdyeckum Tenam HKCO aengotca  WCOAK,
Boipoxxgaembsle B MCOK, n PBCCOLL, Bbipoxgaemble B PBCCOK, a Takke pasnuyHble
YIMNCO, u B TOM uucne, Bblpoxgaemble B YINCOM, un pasnnyHble 3CHYKCOL,
Bblpoxxaaemble B SCHYKCOK.

YKCO, obnapawowme o4veHb cnabon HeooHOPOAHOCTb COBCTBEHHOrO BpeMeHu
(NpakTuyeckn HeHabrogaemon Ha GOMbLIMX PACCTOSAHMSX OT LIEHTpa Macc Tena v npu
ManbiX CKOPOCTAX [OBWXEHUA ero Todvek), Oyaem HasbiBaTb KBa3MkannbpoBOYHO
camogedopmupyowmmmncsa CO (KKCO). B atnx CO HesHaunTernbHasi HEO4HOPOLHOCTb
COBCTBEHHOrO BpeMeHM Bcerga COMpoBOXAAETCA W HecTauuoHapHon usmnyeckomn
HEeOAHOPOAHOCTbLIO NX cobcTBeHHOro npoctpaHcTea [1,12]. CO cnabo ocTbiBaOWMX MUK
Xe pagmnaunoHHO HarpeBaeMblX pearibHbIX (PU3NYECKMX TeN, Kak npaBuio, U SBMASKTCA
KKCO. Umetowme mecto B aTux CO, kKak HEOAHOPOAHOCTL COBCTBEHHOIO BPEMEHU, TakK U
dunanyeckad HeOAHOPOAHOCTb COBCTBEHHOrO MPOCTPAHCTBA NPeHedpeXuTensHO Marbl.
Taknmmn KKCO sasnstoTcs, Hanpumep, 3CHIMKCOLL, cooTBeTcTBYylOLME €CTECTBEHHO
ocTbiBaoLWum B cobctBeHHon CO Tenam [1].

18. Beugy HeHabniogaemoctn B CO TOYEYHOro Tena M3MEHEHUs Temna TeYeHus
COBCTBEHHOrO KBaHTOBOrO (CTaHO4APTHOrO) BPEMEHW MOCne nepeMelleHns Tena B
dunaundeckn HeogHopogHoM npocTtpaHcTee HKCO, B CO aToro tena 6yaet Habnogatbca
N3MEHEeHNEe TEeMMOB TeYEHUs BPEMEHU U NMpOoTeKaHna (pU3nYeckmx NpoLieccoB B OPYrux
Toykax HKCO. B cBsasn ¢ atum notpebyeTtcs nepepacyeT ONUTENbHOCTWU, Kak paHee
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MPOrHO3MPOBaHHbLIX MPOMEXYTKOB BpeMeHu A0 Oyayuimx cobbiTui, Tak U NMPOMEXYTKOB
npoLueaLero BpeMeHn ¢ y4eTOM HOBOW B3aUMHOW KannbpoBKM TEMNOB TEYEHUS BPEMEHU
Mo Yacam gaHHOro tena n o6bekToB, Haxoaswmxcsa B gpyrnx Todkax HKCO. 3toro moxHo
nsbexaTb NUWb MPU UCMNOMb30BaHUM HE KBAHTOBbIX, @ ACTPOHOMWYECKMX 4YacoB,
OTCUYMTbIBAOLLNX HE3ABUCMMOE OT NPOCTpPaHCTBEHHbIX koopanHat HKCO obuwecncrtemHoe
BpeMS N hakTUYECKM BbINOSTHAKOLWMX (PYHKLNIO aBTOMaTMYECKN nepekanmbpoBbiBaeMbIX C
y4yeToM (M3NYEeCKOn HEeOOHOPOOHOCTU MNPOCTPaHCTBA COOCTBEHHbIX KBAHTOBbLIX 4YacoB
Tena, n, TeMm cambiM, obecneymBaroLMX NO3MLMOHHYIO nepeHopmupoBky B CO Tena (B
COOTBETCTBMM C MO3ULMOHHO MW3MEHUBLUENCH ANUTENbHOCTLIO 3TaNOHHOrO KBaHTa
COBCTBEHHOIO BPEMEHW) QHEPrMM U Opyrux 3aBUCALLMX OT Temna TedeHUs BpemMeHu
PU3NYECKNX MNapamMeTpoB U XapaKTepuUCTUK oO0bekToB. B cnyyae HeoOaHOPOOHOCTU
cobcTBeHHOro BpemeHu, nmetowenn mecto B UKCO, notpebyeTtcsa Takke u HenpepbiBHas
CobbITUMHAsA NePEHOPMUPOBKA BPEMEHM A, CnefoBaTeflbHO, U (PU3NYECKMX NapamMeTPOoB n
XapakTepUCTUK HabnigaemMblXx OOBLEKTOB W, MPUYEM HE TOMbKO MpPU MNEepeEMELLEHNN
ToyeyHoro Tena B npocTtpaHcTtBe UKCO, HO U npu ero HenoaBWMXXHOCTU B HeW. Tem
cambiM, B HYKCO u13-3a Hanuunsa gomsamyeckon HeOAHOPOAHOCTHU, Kak MPOCTPaHCTBA, TaK U
BpeMEHN TpebyeTcsa  HenpepbiBHAs  MNO3ULMOHHO-COObITMIHAA  NepeHoOpMUpPOBKa
PU3nNYeCcKnx NnapameTpoB 1 XapaKTepUCTUK HabngaemMbix 06beKTOB. Mpy nepemeLeHmm
Tena B obnactu npoctpaHctea KKCO co cnabown ero punsmyeckon HEOAHOPOAHOCTLIO, a
Takke npu cnabon HeogHopoaHocTu cobctBeHHoro BpemeHn KKCO mameHeHue Temna
TeYeHUs BpeMeHM MO KBAHTOBbIM YacaM Tena B Toykax npocTtpaHctBa KKCO 6yget
npakTuyeckn HeHabnwogaemblM. W, cnegoBaTenbHO, He noTpebyeTca npoBedeHue, Kak
nepepacdeTa OfIMTENBbHOCTM MPOMEXYTKOB BPEMEHU, Tak M MEPEHOPMUPOBKMA 3HAYEHUN
mM3nYEeCKNX NapamMeTpoB N XapaKTEPUCTUK HaBMogaeMbIX OO BEKTOB.

19. OKCO n HKCO wnmetoT cnegyrowime obuine cBOMCTBA U 3aKOHOMEPHOCTU:

— MrHoBeHHOCTb B CO rmnoTteTrnyeckoro abConoTHO XXECTKOro Tefnia pacnpocTpaHeHns
HaNPsHKEHHOCTU CUMOBOro NoNd B COOCTBEHHOM €ro NpocTpaHCTBe (PPOHT HaBeOeHus
UMW CHATUA HanpsbkeHHocTn cunosoro nons B CO®B coBnagaet ¢ pOHTOM
cobctBeHHoro BpemeHn CO Tena) a, cnefoBaTenbHO, U nepexos abComnTHO XXEeCTKOro
Tena OT HeMHepLuManbHOro UM HepaBHOBECHOIO COOTBETCTBEHHO K MHEpLManbHOMY Mn
paBHOBECHOMY ABWXeHuo 6e3 penakcaunn [3];

— otcytctBue, B otimume ot OYKCO wmn HYKCO, kakmx-nubo Habnogaembix
M3MEHEHUN B COBCTBEHHOM MpPOCTpPaHCTBE, OOYCrOBEHHOE pPaBHOMEPHOCTbID W
COXpaHEHMEM €BKITMAOBOCTU WM UCXOOHOW KPUBU3HbLI 3TOr0 NPOCTpaHcTBa (YrnoBble w
NVHENHble, KaKk MeTpuyeckume, Tak u doToMeTpuyeckne pasmepbl nokosiwmxcs B CO
00bekToB HabnaalTca B HEM HEU3MEHHbIMU U TakMMWU Xe MO BeNUYUHE Kak U B
COCTOSIHUM NOKOs1 HabngaTens n 3Tnx 06 bLEKTOB OTHOCUTENBHO ®PB);

— obycrnoBneHHasi 0gHOPOAHOCTbO cobcTBeHHoro BpemeHn CO He3aBMCUMOCTb OT
Ha4yanbHOr0O MOMEHTa BPEMEHU npoTeKaHna IbbIX 3aKOHOMEPHbIX dU3NYECKNX
MPOLIECCOB MPU OA4HMX W TEX XE HavalnbHbIX UX YCroBusX (B TOM 4uCre — TpaekTopun
pacnpoctpaHeHus cBeTa Mexay nobbimm Todkamm CO  [4,9,11], anutenbHoOCTU
NPOMEXyTKa BpPEMEHM, 3a KOTOPbIA CBET MNPOXOAUT MO NIOOMY 3aMKHYTOMY WK
Pa3OMKHYTOMY MNyTW, U CMELLEHUS CheKTpa u3nydeHus oT HenoaBwkHblix B HKCO
NCTOYHMKOB cBeTa [2,4,11]);

— M30TPOMHOCTb YacCTOTbl U3MNy4eHns HENOABWKHbIX B CO MCTOYHMKOB;
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— WN30TPOMHOCTb CKOPOCTM CBETa B Bakyyme (MMEeT MEeCTO B XXECTKO CBA3aHHOM C
Ternom ero u3n4eckom NpocTpaHcTBe, HecMoTps Ha HIMTH®B);

— JNoKanbHOe 3Ha4yeHMe CKOpOCTM CBeTa B Bakyyme (U3MepeHHOoe COBCTBEHHbIMU
yacamu, HEMNOABWXHbIMW B TOYKE pPACMPOCTPAHEHUS CBETa B MOMEHT W3MeEpPEHUs)
OLMHAKOBO BO BCEX TOYKax cobcTBeHHoro npoctpaHctBa CO; npu ucnonb3oBaHun B
KayecTBe 3TafloHOB AfMHbI N BPEMEHU COOTBETCTBEHHO ASIMHbI BOSIHbI M 4YacTOTbl CBeTa
OHO SAABNSAETCHA HEM3MEHHbLIM U BO BpeMeHu 1, npudem He Tonbko B OKCO u B HKCO, Ho 1
B OYKCO n B HYKCO; npu atom 3Ha4yeHus cCKopocTu cBeTa B Apyrux Ttodkax HKCO,
Habnogaemoe U3 Kakom-MbO ee TOYKM, OTNMYAKTCH OT 3HAYeHUs CKOPOCTU CBeTa B
TOYKe Habnogatens, a COOTHOWeHUs HabngaeMblXx 3HaAYEeHWn CKOPOCTEenW cBeTa
onpefensT NPonopUMOHanbHOCTb TEMMOB TEYEHUSA BPEMEHUN B 3TUX TOYKAX;

— OOMHAKOBOCTb 3aKOHOB npupoabl BO Bcex CO, npuHagnexawmx K OgHOM N TON Xe
rpynne CO, 3a ucknoyeHnem CODB, koTopas BxoauT B rpynnbl Bcex Tmnos CO n B
KOTOPOW KONMMYECTBEHHbIE U3MEHEHUS OTAENbHbLIX (MU3NYECKUX SABMEHUN NEPEXoaAT B
KayeCTBEHHble W3MEHEHMUS, 3aKmyalLlmMecs B UCYE3HOBEHUWN (BbIPOXAEHMM) 3TUX
ABMNEHUN;

— nogobHOCTb 3aKOHOB MpMpoAbl BO BCex peanbHo cyuwectByowmnx CO, 3a
NCKITIOYEHNEM 3aKOHOB, OTpaXaloLmMx Hanuume ocobbix (cneumduyecknx) puandeckmnx
ABNEHUN, NPUCYLLMX TONbKO KOHKPEeTHbIM TunaMm CO 1 oByCrnoBneHHbIX HanMynem B 3TUX
CO cooTBETCTBYHOLWMX NPOCTPAHCTBEHHbLIX Kanubpytowwmnx nonen (B YKCO - Takke
Hanu4ynem BpeMeHHOro kannbpytoLero Non4d, 3agaroLero NceBAOANCCUNATUBHBLIE UMK XKe
ncesgoaccounaTUBHbBIE CUITbl UHEPLMK).

20. Beuay otcytcTBus obycnaBnmBaemMblx HexecTkocTblo CO nceBaognccnnaTmBHbIX
UNU NCeBOo0acCoUMATMBHBLIX CUIT  MHEepUMM, a Takke BCneacTBMe OAHOPOAHOCTU
COOCTBEHHOrO BpEeMEHMW, UWHAMBMAYyanbHasi 3Heprus (ramunNbTOHMAH) MHEepUMarnbHO
OBWXKYLLMXCS U, B TOM Yncne, cBOOOAHO nagaroLwmx B none TaroteHns 06beKToB, a Takke
doTtoHoB B OKCO n HKCO He m3meHsieTcsa B npouecce nx asmxkeHnda. OgHako B HKCO
n3-3a HepaBeHCTBA TEMMOB MNpPOTEKaHWA COOCTBEHHOrO KBAHTOBOrO (CTaHAApTHOrO)
BPEMEHN B pasHblX TOYKax ee Pr3n4eCcKkn HeoQHOPOAHOro NPOCTPaHCTBA BENUYMHA STON
9Heprum B HUX OyaeT HabnwaaTbCa HEOOMHAKOBOW. Tak 3HEPrnsa U3ny4yeHHOro B TOYKE j

doToHa, Habnogaemas B HeW paBHOWM j’w B APYron MNpou3BOSIbHOM TOYKe i OaHHOW
HKCO 6yget paBHa:

c?

i j

j Ve r, _ 41t

We =75 iWe = di
iVe j

w.=v 'ch, (1)

i

¢ jlc
rae: /v, MU v, — 4acToTbl M3Ny4eHus), a djtsdfj W dt — NpupalLLeHns BpeMeHN Mexay
KakKuMuU-nmbo OBYMS COObITUSIMM B TO4YKe j, Habnogaemble No coBCTBEHHbIM Yacam

COOTBETCTBEHHO TOYEK j W i; v, — CKOPOCTb CBeTa B To4yke j, Habniogaemas no

J

vV, =ECc= 1); ?/ — coBCTBEHHOE KBAHTOBOE BpeMA TOYKU

C

[&
COGCTBEHHBbIM YacaM TOYKM i (jfvs’
J-
B oTnnume oT ramunbTOHMaHa, BenuyuHa umnynbca ¢oTtoHa B HKCO He Oypet
3aBUCeTb OT TOYKM HabnaeHus:

P ()
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OfHaKO M He OyadeT COXpaHATbCA B MNPOLIECCe PacnpOCTPaHEHUsI U3MyYeHus BBUAY
dm3nyeckon HeogHopoaHocTU cobeTBeHHoro npocTtpaHctBa HKCO. Wcexogs w3
YHMBEPCANbHOCTU MOHATUSA MMMYbCa, OOQUHAKOBO NPUMEHUMOrO Kak Ansi (OOTOHOB, TaK M
ansa obnagatowero Maccon ob6beKTa, MMMYNbC NOCMEeAHEro Takke He AOMKEH 3aBUCETb
oT Toukn HabnoaeHma B HKCO. B cooTBeTCTBME C 3TUM ramMuUIibTOHMAH U METpUYECKOe
3HadeHne umnynbca obbekTa 4, pagnanbHO ABMXyLlerocs B obnagatowen KpMBM3HOM
cobctBeHHoro npoctpaHctBa HKCO, Gyayt onpemenatbCa B COOCTBEHHOM BpPEMEHU
Toyek HKCO cnegytowwimm obpasom:

T S S S S S S R SRR
Wy Y g Vo= M Y =V D =8 S (3)
i —_
. ) . v o/
— . L =J . JA4_ i g — . 9
j'g/)‘l_ij Y4 jVA_ij Y 4 i - Vi 'ﬂr - jgrr Vi 'f‘lr’ (4)
.o,
ive j
roe:
d't ‘W
i i i Vg iVa
P ="m, ——=m, = =.'9U (5)
At 4 47 2 2 4
J J dS» J {V IV J

J Je Jj e
— BpeMeHHaaA KOHTpaBapunaHTHaA KOMMNOHEHTaA TEeH30pa 3Heprun-nmMmnyrbca, AsnArolanca
MosiHOM 3Hepr|/1el7| ji@éA TOYeYyHoro oobekTa A U aKBMBaNEHTHasa ero KOHTpaBapVIaHTHOVI

pensaTUBMUCTCKON Macce;
dr, . y, dr, v,

Jo_J J_ gy

My = T (6)
J v" d .ft J grr

P ="m, —L=
J T Ar A de J
— paguanbHas  KOHTpaBapuaHTHasi  KOMMOHeHTa  TeH3opa  3HEPrUM-UMMynbCea,
sBRsiOLLAnCca paauanbHbIM OTOMETPUYECKUM UMMYIbCOM TOYEYHOro 06beKTa A U TOXe,
Kak 1 MeTPUYECKUIA MMNYMbC, He3aBUCMMasi MO BEMWYUHE OT Touku HabnoaeHns B HKCO;

W=y, -(aj’;% /aij)»j’;@A — BPeMeHHasi KoBapuaHTHasi KOMMOHEeHTa TeH3opa

SHeprmn-nmnynbca, ABnNALOWaAACA raMmiibTOHMaHOM obbekta 4 N 3KBUBANEHTHaAdA €ro
KOBapMaHTHOW pensaTUBMUCTCKOW Macce;

JX =—Tm | vI- Vi = -, v, |y, —narpaHxmaH obbekTa 4;

i

J

nogobHas KIacCMYecKoW KOHTpaBapuaHTHas W KOBapuaHTHas HepensiTYBUCTCKME

WHEPTHbIE MaccChl (Macchl MOKOS1), SBMSIOLMECH Mepamy COOTBETCTBEHHO BPEMEHHO U

OTHOCUTESIbHOM NMPOCTPAHCTBEHHON MHEPTHOCTEN TOYEYHOTO 06bEKTa A, HAXOAALLErocs B
Touke j HKCO;

jfmA=jfﬁ1A =/, — 3HA4YEHUsA KOHTPaBapVMaHTHOW N KOBapWaHTHOW HEPEenATUBUCTCKUX

my=im,/ v, W [m,=im, v, — Habrniogaemble 13 Npou3sBonbHoi Toukm i HKCO

mMacc obbekTa 4, paBHble ApYr Apyry npyv HabniogeHUn UX HenocpeacTBEHHO U3 TOYKU j
MECTOHaxXoXAeHnss obbekTa 1 Mo3TOMY TOXOECTBEHHble CODOCTBEHHOMY 3HAYEHUIO €ero
mMaccbl 77i,, ABNSAOLWENCA Mepon KONMMYEeCTBEHHOrO M KauyeCTBEHHOro cocTaBa, a Takke

TepMOANHAMMUYECKOrO COCTOSIHUS BELLECTBA;
: C\1/2
V.= (1—;vA/;vc) — (byHKUMS, XxapaKTepuayoLas, Kak pensaTMBUCTCKOE COKpalleHue

ONWHbI, TaK N PeNsSTUBUCTCKOE 3aMearneHe Temna BpeMeHu ABuxyLlerocs obbekTa 4;
dr (Oor)n dr (a?) — COOTBETCTBYIOLLME ApYr ApYry npupaleHus ootomeTpudeckoro [10] u
METPUYECKOro paguarnbHbIX OTPE3KOB;
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lg, = vl n g, =(0r/0r)’— cOOTBETCTBEHHO BPEMEHHAS! 1 paauaribHasi KOMMOHEHTbI

nuHenHoro anemeHTa [10] MNBK Tena, obnagatowero HKCO.

W, cnepoBaTenbHO, 3HAYeHUs1 KOHTPaBapUaHTHOM U KOBaApWUaHTHOM MaccC TOYEYHOro
obbeKkTa A4, Kak 1 3HA4YEHUSA ero CKOPOCTU OBMXKEHUSA, a TaKKe raMUnNbTOHMaHa 1 NOJSTHOM
9Heprnn, 3aBUCAT OT TouykM HabnogeHna obbekta B HKCO, octaBasce npu 3TOM
HEM3MEHHbIM ANna HabnogaTens, nepemMeLlarolerocs B NpocTpaHCTBE BMECTE C 3TUM
obbekToMm:

i~

i i i _ i

imy=ym,y=m, = \/ij"/'WOA = \//'mA'j WUy s s
rae jw,, =m, v, W P, =,/ v, — COOTBETCTBEHHO MHAMBUAYANbHAs 1 NOMHAs SHEPrm
MOKOSI TOYeYHOro obbekTa A, 3aBUCALIME, KaK W 7i,, OT Ka4eCTBEHHOro cocTaBa U

TemnepaTtypbl ero BeLlecTBa.

A 3TO 3HAuMT, YTO Npu HAbNLEHUM U3 OQHOW M TOW e TodkM npoctpaHcTtBa HKCO
3HA4YeHNss KOHTpPaBapMaHTHOW UK KOBAapMaHTHOM MacC MOKOS TO4Ye4YHOro obbekta B
npouecce ero nepemMelleHnss 6yayt nameHaTbcs. OHM CTaHYT TakKMMK Xe, KakK 3Ha4yeHus
COOTBETCTBEHHO KOHTpaBapuvaHTHOM WU KOBapMaHTHOM MacC MOEHTUYHbIX €My OOBLEKTOB,
HenoABWXKHO Haxoadwmxcs B Tex Toukax HKCO, B kOTOpbIX B onpederieHHble MOMEHTbI
BPEMEHN HaxoguTCs M caM OBWXKYLMNACA O0BbekT. W, cnepoBaTenbHO, 3TU 3HAYeHus
3aBUCAT OT MecTa HaxoxaeHus obbekta B HKCO 1 He 3aBUCAT OT CKOPOCTWU ABMXEHUS
obbekTa.

B oTnuume oT ramunbTOHMaHa ;WA, TaK Ha3blBaeéMasd, CTaHaapTHadA (I'IOI'IyTHO

Habnogaemaa M duUKcMpyemass No HEMNOABMXHbIM B TOYKE HaXOXAEHUA obbekTa W,
cnepoBaTenibHO, Kaxapblin pa3 HoBbiM Yacam HKCO) aHeprus [10]:

1

_ Wi i,
JE = m e U =y
jc

AIBNSAETCS KanMbpoBOYHO-MHBAPMAHTHOWN BENNYMHOWN, OOQHAKO, KaK U NOoMnHas 3Heprus /."%A,

He COXpaHsieTCA MpuM OAHOPOAHOCTM BPEMEHM B MPOLECCEe WMHEpPUUArbHOrO OBWKEHUS
obbekTa M KOH(POPMHO npeobpasyeTcss He MO TEM Xe 3aBUCMMOCTSAM, YTO U SHeprus
Ge3maccoBbIX KBasn4yactul. JTa aHeprust He umeet ocoboro dmamyeckoro cmbicna. Ee
BBEAEHME COMPSHKEHO C HAapyLUEHMEM MpuHUMna dukcaumm cobbiTUii N0 OOHUM U TEM Xe
Yacawm.

21. B CO co crauuoHapHon uandeckon HEOQAHOPOAHOCTbLID PaBHOMEPHOro
COBCTBEHHOrO  NPOCTPaHCTBa WUMEKT MECTO YyCTaHaBNMBaemble  Kanubpylowmnm
(rpaBMTaLMOHHBIM) MOMEM CTauMoOHapHble pacnpefeneHns B 3TOM MNPOCTPaHCTBE
PU3NYECKNX XapaKTepUCTUK. A UMEHHO, HabngaemMble N3 NPOU3BOSIBHOM TOYKM i 3TOrO
NPOCTPaHCTBa NPOCTPAHCTBEHHbIE pacnpeneneHns 3HadyeHnsa CKOpoCTU CBeTa B Bakyyme

;VL, N 3aBUCUMbIX OT HEe Temrna TeYeHNs BPEMEHWU, KOBAapMaHTHOM U KOHTpaBapWUaHTHOM

Macc, VIH,EIMBMLlyaHbHOVI N MNOMHOW 3QHEpPrnn MnokKos WAEHTUYHbIX 00beKkToB, a Takke

SHEPIrnmn CbOTOHOB, n3anyyvyaemMmbix NOSHTUYHbIMUA NUCTOYHNUKaMW:
dit,=dit,/ v, (7)
‘m,=im /v,

J jle? ;’/hA:;mA';vc (8)
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WOA WOA /.v 62[ - Q%A//vc (9)
W =w, v, % S,y (10)

i’y il Ve

[BmxeHne wu FpaBVITaLl,VIFl BNNSAKOT Ha npOTeKaHme dom3ndecknx npoueccoB a,
cnegoBaTesibHO, M Ha OBWXEHWE U3MYECKUX Ten, aHanormyHbiM obpasom — 4epes
N3MEHEeHne 4acToTbl B3aUMOAENCTBUSA ArIEMEHTapHbIX YacTuy, nx BellecTsa. [1oaTomy To
WHepTHaa W rpaBUTaUMOHHAA MacCbl TOXOECTBEHHO OKBMBANEHTHbl Apyr Apyry a,
cnegoBaTeribHO, U He MMEET HMKaKoro ocoboro nnm caMoCcTOSATENbHOIO 3Ha4YeHus nodas
N3 KOHKPETHbIX MPUYUH (PU3N4YecKkon HEeOAHOPOAHOCTM NPOCTPaHCTBa Tena. To nn 3To
HenHepumnanbHoe [OBWXEHWE Tena WM Xe HENPEPbIBHbIN MNPOLECC 3BOSOLMOHHOIO
camocxatma ero B abConTHOM MPOCTPaHCTBE, TO NM HanuuMe B MNPOCTPAHCTBE
obycnosneHHoro HINH®B rpaBuTauMoOHHOro Nosns, To M COBMECTHOE AENCTBUE BCEX ITUX
GakTopoB. 3HaA4YeHUs ATUX PUINYECKUX XapaKTepUCTUK B (MCMOMNb3yeMoM OObI4HO B
ypaBHeHusix rpasutauynoHHoro nons OTO) HesaBuCMMOM OT KOOpAWMHAT 4acoBs
acTpoHoMmu4yeckom (obwecnctemHom koopauHaTHoM [10]) Bpemenn * HKCO sasnstoTcs
cnegyroLwmmu:

dit,=dt,/iv,=dit,-(v.)v,), (11)
;m mA/lvc m, - (:vc/;vc), (12)
A/WOA:jWOA'ch:‘WOA (/vc/lvc)’ (13)
;wq.:;wavc—w (jvc/lvc), (14)

roe: v, =const(r;)#1 U v, — 3HAYEHWUs1 CKOPOCTM CBETA COOTBETCTBEHHO B TOYKAX j U i,

onpegensemble B acTpoHoMuyeckom (koopauHaTHoMm) BpemeHn HKCO u, noatomy,
Hes3aBUCUMblE OT KOOpAMHaT Todek uX HabnogeHus. B cooTBeTCTBUM C  3TUM
onpegensemble B  acTpoHomuyeckom BpeMeHn HKCO  koHTpaBapuaHTHass w
KOBapuMaHTHasa MHEPTHbIE MacCbl MAEHTUYHBIX OOBHEKTOB, HAXOAAWMNXCHA B pa3HbIX TOYKaX
npocTtpaHcTBa HKCO, kak u gpyrne nx domsmyeckne xapakTepucTukn, He 3aBUCAT OT TOYKU
HabnoaeHns, 0OAHAKO, 3aBUCAT OT KOOPAMHAT TOYEK HaXOXAeHUs1 3TUX OO bEKTOB.

Beuay yyactusa B cosgaHum usmyeckon HeogHopogHoctn ®B B nobon KOHKpeTHOM
TOYKe MpocTpaHCcTBa Bcex pusmyeckux ten BceneHHOW, 3Ta 3aBUCMMOCTb B HEKOTOPOW
cTeneHn cornacyetca ¢ npuHuunom Maxa [10]. OgHako npucyTCcTBME B MPOCTPaHCTBE
CTOPOHHEro BellecTBa NWb YCUNMBAET MHEPTHOCTb MacCbl MPOBHOro u3nyeckoro
Tena, Tak Kak Npu nomeLleHun ero B rmnotetmyeckoe abCcontoTHO MycToe NMpOCTPaHCTBO
3Ha4yeHue ero NHepTHOW Macchbl He ByaeT HyneBbIM.

22. B CO®B, kak u B nobon pgpyron runotetmdeckon CO ¢ Habnwogaemon
HepaBHOMEPHOCTbIO camogedopmMauunm B cobcTBeHHOM  ee NpoCTpaHCcTBe
MUKPOOOBHEKTOB BELLECTBA, KOBapWaHTHasi M KOHTpaBapuaHTHasi MaccCbl, WMMyIbC,
raMunbTOHMAH W TMONHAas 3Heprnsa ToveyHoro obbekTa, B OoTnuumMe oT peanbHbix CO
BELleCTBa, B KOTOPbIX 3Ta HepaBHOMEPHOCTb Aecdopmauum NpuHUUNMANbBHO He
HabnogaeTcs, 3aBUCAT HE TONMbKO OT CKOPOCTU pacnpocTpaHeHUsi B3auMOAEWUCTBUSA B
TOYKE HaXOXAeHUs 0bbekTa, HO U OT CTEMNEHM «CaMOCKaTUA» MUKPOOOBHEKTOB BELLECTBA:

AL R.V,) AL, \R.V,) RV
ﬂ(j,a)m(Rj’Va):,B(i,y)m(R,-,Vy)- ( ) /,a( J )_ ( )

Jj2a a

i,;/(K’V;/) Al B T ’

J

(19)
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roe: AL (R,V,) v AL;(R.,V,) — HenoABep>KeHHble 3BOMOLMOHHOMY pPensaTUBUCTCKOMY
COKpalleHUI0 MepuanaHanbHble pasmepbl UAEHTUYHbIX MUKPOOOBLEKTOB B  TOYKaXx
COOTBETCTBEHHO C paguycamu R; U R; B MOMEHTbl abComnoTHOro BpeMeHU, B KOTOpble
ckopoctn asmxeHns B COPB Touyek j 1 i paBHbl COOTBETCTBEHHO V, U V,;

Al — COGCTBEHHbIN pasMep WMOEHTUYHbIX MUKPOOOBLEKTOB, Habnogaembix B
HegedopmmpoBaHHoM coctosHuM B HKCO camocxumarowerocs u  obnagarowero
rpaBUTaALMOHHbLIM MONeM Tena;

— (botomeTpuyecknin paguyc Toukmn j B HKCO aTtoro Ttena.

Tak Kak BenMynHa CTeneHn caMmocxkaTus BeLlecTBa 3aBUCUT OT B3aUMHOMW KannbpoBKku
atanoHoB AnuHbl B HKCO mn B CO®B, 10 OoT aton kanubposkn 6yayT 3aBuceTb U
onpefensieMmble KOHOPMHbIMW MNpeobpa3oBaHUsMN COOTHOLIEHUS Habnogaemblx B
HKCO n B CO®B 3HayeHW KOHTpaBapWaHTHOW MHEPTHOM MaccChl, raMUIIbTOHMAHa U
nmnynsca obbekTa 4:

=B Ve M—jvcij mA_mA, (16)

W ﬂjm J (‘WA jvpv j ).}/pv/jvc’ (17)

jm jP ]/pv.(j Ar_ WA jvp‘/j c)’ (18)

ﬂjm J Am t,i<1m’ (19)

roe: My, — wMacca TOYeYdYHOoro obbekta A, onpeaendatoLwas KONMMMYECTBEHHbIN U

Ka4yeCTBEHHbIN COCTaB, a Takke TepMOANHAMMYECKOE COCTOSIHME ero BellecTBa M paBHas
WHEPTHOM Macce aHanorn4yHoro toyeyHoro obvekta B mupoBon Toudke MNBK CO®PB, ans
KOTOPOW MpuHATa edvHMYHasa KanubpoBka onpefenstowmx ee napameTpos: V=1, £,=1
(R =r);

v, =dr, /d; t—— v V.V, — Habniopaemas B Touke i HKCO meTpuyeckasi ckopocTb

OBWXEHNS HenoaBMKHOro oTHocuTenbHo ®B 0b0bekTa, HaxoasLerocs B AaHHbIA MOMEHT
BpemeHu B Touke j HKCO;

V; — Habmopaemasa B CO®B ckopocTb ABWXeHUst Touku ;j obnapatowero HKCO
SBOJ‘IEOLI,MOHHO camocmmmarou.lerocsq Tena;

Y o :( ; pv/]’ 2) — yHKUMNA v ANS HENOABWXHbIX OTHOCUTENBHO PB 06HEKTOB;
jWA szA'j ch 'FA = (MA'/ Vc /:Bjm )FA ) (20)
PL= MV, T, =(M -V, /ﬁjm-jVj)rA, (21)
jPAm :/MA/ VAm 'FA ( Am /IB]m J ) (22)
— COOTBETCTBEHHO raMWUIbTOHWAH, pa,u,maanaﬂ N MepvamaHanbHas cocTasnsoLmne
nvnynbca obbekta 4 B CO®B; 2, u £, — COOTBETCTBEHHO paguanbHas u

MepuanaHanbHasa cocTaBnsowme MetTpudeckoro nmnynsca obbvekta 4 8 HKCO.
: : ~1/2
r, :(1—;.Vj/j‘.Vf) — dyHKUMS, onpeaensaiollas pensaTuBMCTCKoe npesbilieHne B8 COOB

COKpallleHMs1 pa3mepa 00bekTa A BOOMb HanpaBneHUst ero ABMXXEHUS N PENSITUBUCTCKOE
3amenrneHve npoTekarwLmMx Ha HeM (PU3NYECKMX NPOLLECCOB;

23. Beugy oTcyTCcTBUSA B BaKyyMHOM MPOCTPAHCTBE Tena BelwecTBa, TOPMO3SLLEro
OBWXKeHne oOBLEeKTOB, a, criefoBaTenbHO, U FPagueHToOB JaBfieHUs U TemnepaTtypbl, Ha
NHepLUManbHO ABWXKYLUMICA TOYeYHbIM 06bekT B BakyymHoM ®HAI, 6yayT aencresosaTb
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TOnbko uYeTblpe cunbl [1]. A MMeHHO — nceBooAucCUNATMBHAs cuna 9BOMOLMOHHOMO
TOPMOXEHUSA OBUXKEHUSA OOBbeKTa C MMMYSIbCOBOW HANPSXKEHHOCTbIO:

“F V.V, V.,V
= J 4 = alnﬁm(R’T) = — ¢ <0 J <0 = - ¢’ 0 J c0 :jVCO .EO :—chom, (23)

=

J P, or Voo Bow 1. 7.
noTeHuManbHasa rpaBMTaunoHHasl cuna, Bbi3BaHHast huanyeckon HeogHopoaHOCTLIO OB,
a TeM camblM, W 3anoSfIHEHHOrO MM aBCONKTHOrNO MPOCTPAHCTBA, C rAMUIIbTOHMAHHOM

HanpA>XeHHOCTbIO:

PE oln\ V./p. Oln V. Oln|E .
T ) PULIB) ot ),

B MYyCTOM MPOCTPAHCTBE UEHTpasnbHO (Cepuyeckn) CUMMETPUYHOIO rpaBUTaLMOHHOIO
nonga pasHom [1]:
_ 1om{t-r,/r)_ om|(R, R )R, +R,) 2R, _ -7, + const(R.T),(25)
2 oR OR R*=R; 28, -1 1-r/r,
nceegokopuonimcoBa (NCeBOOrMpPOCKONMYEcKas) rpaBuMTaLMOHHasi cuna nepsBoro poaa,
Bbl3BaHHadA, Kak M NoTeHuuManbHas cuna, puan4yeckon HeoaHOPOOHOCTbH abConoTHOro
npoCcTpaHCcTBa:

F,=-V,xKx;P, (26)
1 ncesaokopumnosincoBa (ﬂCGBﬂ,OFleOCKOHVl‘-leCKaﬂ) rpaBnUTaulmMoOHHaNA Cusia BTOPOro poaa:
Ci F.=V, X((Q_l)/Rz)'ij P, (27)

Bbl3BaHHAA aHM30OMETPUYHOCTbK (MacwTabHOW HEOAHOPOOHOCTbID) BellecTBa B
abCcontTHOM MPOCTPAHCTBE:

Vi- vl
O- 8lni/61nr : _ Ve 2, ms . (28)
3emR/omr) -(@(7F)ar) -2 V- (V2 +2,70)
roe B criydae LieHTpanbHO (Chepryeckn) CMMMETPUYHOTO rpaBUTaLMOHHOIO NoN4:
-1/2
r,
GlnR: 1 N (29)
Olnr ¥, T
onpegenseT KBasucTaTUYeCcKyo HepaBHOMEPHOCTb Aedopmauun BeLwecTsa, a:
2
B A SN ) M N YR AR o o)
V2= 2y (T

— OWHaMWYECKY0 HepaBHOMEPHOCTb AedopMaunn BellecTBa B MYCTOM MPOCTPAHCTBE,
00yCroBMEHHYIO PENATUBUCTCKMM MPEBbLILEHVEM COKPALLEHNA pasMepoB HEMOABMKHbIX
B METPUMYECKOM MNPOCTpaHCTBE OOBLEKTOB BOOMb HaMpaBfeHUsT WX OBWXEHUSA B
abCcontoTHOM NPOCTPAHCTBE;

re=c-Vel/H~=V./H, — pagnyc ropusoHTa BWOMMOCTM METPUYECKOro npocTpaHcTBa
9BOSIIOLUMOHHO caMocxkumatoweroca Tena unm BewectBa (c=1); H, — NOCTOSAHHAA
Xabbna;

Ve n Ve — onpepensiemble no MOLLAB ckopocT cBeTa COOTBETCTBEHHO B TOYKE j U B
Touke ropusoHTa suammocT CO BellecTBa B rMNOTETUHECKME MOMEHTbI BpemeHun Tj, U
T, COOTBETCTBYHOLUME OOWHAKOBOW B3aMMHOM KanubpoBKe B  3TMX  TO4YKax
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MepuanaHanbHbIX METPUYECKUX OTPE3KOB:  fo,=ALJAI=Ry/r=im iVe/;iVe=1 W B NycTOM
npoctpaHcTee PBCCO npuHumMatoLve cnegyroLne 3HaueHus:

Veo= Vel B =1=1, 11, Feo = 1= 75
Vo=c=1 n E, =V, /r.=—AA/3=-H,
— COOTBETCTBEHHO CKOPOCTb CBeTa W WUMMYNbCOBasg  HarnpshkKeHHOCTb  CUJibl
9BOJSIIOLMOHHOIO TOPMOXEHUS OBWXEHUA B TUMNOTETUYECKOW TOouKke (r;=w), B KOTOPOW
dT,/dr=0;
re=const(t) W Rg#const(T) — rpaBUTALMOHHBIN PafnyC 3BOSIOLMOHHO CaMOCXKMMaloLLLEerocs
Tena COOTBETCTBEHHO B COBCTBEHHOM €ro NpoCTpaHCTBE U B abCOMOTHOM NPOCTPaHCTBE;
A — KOCMOrormyeckas NoCTosiHHasa ypasHeHUn rpasutaynoHHoro nons OTO [10];
v =M
— 2 _ 0" c0 _ _ 4
jWOA_jMA'ch —MA'cho’ < _MA.A/VCO =
Om 0
— OKBMBaneHTHas KOBapWaHTHOM Macce T[MOKOS WHOMBMAOYyanbHas 3HEeprus Mnokos
ToYe4yHoro obbekTa A4 B Touke j [2];

M =const(T,R), BBUAOY OBWKEHUS Terna B 6€3B034yLLIHOM NPOCTPaHCTBe;

[1]

ijs = ‘:0 ' rj

I .
(ﬁ) exp[‘zo(T_Tco)]:‘:'o'Rj:_He'Rj (31)

c c
— CKOpOCTb ABWXeHusa B abcontoTHom npoctpaHctBe no MOLLUAB Tovek meTpudeckoro
NpOCTpaHCTBa 3BOSOLUNOHHO cCaMoCKMMaroLLeroca Tena unm sewlectea [1];
a(”?) — npuvpalleHne MeTPUYECKOro pagunarnbHOro oTpe3ka B MNCeBOOCOOCTBEHHOM

KOCMWYECKOM NPOCTPAHCTBE CaMOCXKMMaloLLEeroca Tena.
MceBooauccunatMBHas cuna  SBOSIOUMOHHOIO  TOPMOXEHUS  OBWXKEHUS W
noTeHUumanbHas rpaBUTALMOHHAA cuna MMEKT OAHY M Tyxe (U3NYecKyo npupoay,
3aKMI0YaloLWYCa B WU3MEHEHUU YCNOBUA B3aUMOAEWCTBUSA IfIEMEHTAPHbIX YacTul
BELLleCTBa COOTBETCTBEHHO BO BPEMEHM M B NpoCTpaHCcTBe. [lepBasi N3 HUX OTBEYaeT 3a
Hanuune sABnNeHus  pacwupeHus BceneHHon  (pa3beraHvss  oT  Habnopgatens
aCTPOHOMUYECKMX Ten), a BTopasi — 3a Hanuuune seneHunsa TaroteHna B CO BellecTBa,
NPOCTPAHCTBEHHO HEOAHOPOAHO (aHU3OMETPUYECKMN) IBOMOLIMOHHO CaMOCKMMaIOLLErocs
B abCOMOTHOM MpPOCTpPAHCTBE M MNpM  ITOM  HABOAALWEro MPOCTPAHCTBEHHYHO
HeogHopoaHOCTb U cBoncTB PB. U, cnegoBaTenbHO, ABNEHME pacwmpeHuns BceneHHon,
OTCyTCTBYlOLLEe, Kak n npeanonaran Bennb [10,16,17], B HeconyTCTBYOLWEN BELLECTBY
dyHaameHTanbHon CO, MOXHO  o6ycnoBuTb  PU3NYECKON  HEOOHOPOLHOCTbLIO
KocMornornyeckoro (abcontoTHOr0) BpeMeHW, SABMSIOLErocs MeTPUYecKM OAHOPOAHbLIM
ans PBCCOK n PBCCOL. AsneHune xe TAroTeHUs, BbI3BAHHOE CTPEMIIEHMEM BCEWN
COBOKYMHOCTW BellecTBa (Kak HENOABWMXKHOro, Tak M CcBOBOAHO najawouero) K
OOCTMXKEHUI0 COCTOSIHUSI C  MUHUMYMOM  9HTanbnNuu, MoOXeT ObiTb 06ycrnoBneHo
dm3n4eckon HeogHOPOOHOCTbI, Kak abCoMTHOrO MPOCTPaHCTBA, Tak U COBCTBEHHOIO
npocTpaHcTBa BewecTBa. Beuay atoro none TaroteHna 6onee eCTECTBEHHO
Xapaktepu3oBaTb He MHEPTHOMACCOBOW, KakK 3TO NMPUHATO B TeOpuM TAroteHna HbloToHa,
a ramMurbTOHMAHHOW HanpsbKeHHOCTbl. Beaob TONbKO ee 3HaveHwe (Kak M 3HadveHue
MMnynbca) He 3aBWCUT OT WUCMonb3yeMoun LWkanbl abcontoTHoro BpemeHn (MOLLAB,
®OLAB, unsouHepTHOM [2] nnu nobon gpyron), U NUWb OHA OENCTBYET HE TONbKO Ha
obnapatowme maccor 06beKTbl, HO U Ha 6e3maccoBble KBasnvacTuLbl — POTOHBLI.
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Cuna, pencteywowaa B CO®B no MOLWAB Ha npou3BOSIbHO OBWXYLUMACA B
LUeHTpanbHO CUMMETPUYHOM rPaBUTALMOHHOM MOfle TOYEYHbI OOBLEKT A, MOXeT ObITb
pasnoxeHa B obLeM criyyae Ha AeBATb OCHOBHbIX ee COCTaBnALwmXx [2]:

1 .djﬁA: Ve _d(jWA/jVC):

iFa=
jﬂAN ar jﬁAN dR
=(e_jFA+"’;FA)+ (”?/FA+"P§FA)+ (C_}FA+"C_}FA)+ (CiFA+’C§FA)+f F,, (32)
rae:  P,=Buw,P. W W,= B W, — OhdeKTMBHbIE (TO €CTb HEMPEPLIBHO

nepeHoOpMUpyMble OTAESNIbHO B KaXXOOW TOYKe B COOTBETCTBUM C KanvbpoBKOMW 3TanoHa
ANUHbI abCoMTHOrO NPOCTPAHCTBA MO 3TaNOHY AfMHbI COBCTBEHHOrO MPOCTPaHCTBA
Tena), 3Ha4yeHnsi COOTBETCTBEHHO UMMYIbCa U raMUIbTOHWAHa ToYevHoro obbekTa 4 [2];
Buo—=ALy /ALy — pedopmaums obbekta 4 B CO®PB B HOpmanbHOM HarnpasneHuto
OBWXEHNSA ceyeHunn;

“F, wn "™F, — cunbl COMNPOTMBNEHWUS [ENCTBMIO Ha OOBLEKT COOTBETCTBEHHO

3BOJIOLMOHHOTO TOPMOXEHUSI U rpaBUTaLmMmM, OBYCIOBIEHHbIE B3aUMOLEVICTBUEM €ro C
ApPYruMK oGbekTamu 6e3 nepepacnpeeneHus Mexay HUMWU SHEPTUM U NPU PaBHOBECHOM
ABWKEHUN  ypaBHOBELUMBAlOWME MPOTUBOCWIIbI  COOTBETCTBEHHO  3BOJOLIMOHHOTO
TopMoXxeHus n rpasutaumm ('F=-“F,, 7°F = ="F));

“JF, wm "CF, — cunbl COMPOTMBNEHWS AEACTBMIO Ha TOuYeYHbli  OBbekT

NceBaoOKOPUONTUCOBLIX MPOTUBOCKIT MEpPBOro M BTOPOro poja, HecoBeplUalolne, Kak u
camMun ceBOOKOPUONNCOBLI NPOTMBOCUMBI, PaboTbl U, Kak U OHW, OTCYTCTBYHOLLUME MpK
pagvanbHOM ABUXEHUN OObEKTa;

B _ ijA

4 dR
- cuna, obycrnosrieHHass B3aMMO4enCTBMEM, COMNMPOBOXAAIOLIMMCA HE 3BOSIOLMOHHBIM U,
crneposartenbHo, HabnogaembiMm B CO BewlecTBa M3MEHEHMEM 3Heprum obbekTa, u
paBHas Hynio, KaK Npu paBHOBECHOM, TaK 1 Npu HepumanbHom ero AsmxeHusix B COPB;
B=W, + AW, =W, -V, P, — 0anaHc ramunbTOHMaHa oObekTa W  3Hepruu

(33)

AW, ==V, P,, NnoTepsiHHo nm BcneacTaue asontouun ®B 1 BelecTsa.
MNpwu pagmansHoM asmxeHun obvekTa (iV.,=0; ;V.=V.):

rev —_ —_ —_ d ‘PA
(=B -5, P ERE (34)

W, omE|
Vv, or

J

meEE
J'FA -

(35)

24. B 3CHYKCOLW n 3CHKKCOLWI camocxkumarowmxcs Ten npu OTCYTCTBMM B UX
MPOCTPaHCTBE TOPMO3SLLIEro OBWKeHMe OObEeKTOB BelecTBa a, CregoBaTeNibHO, U
rpagueHToB AasrieHuss U TemnepaTypbl (7, =const(t)) Ha MHepuManbHO OBWXKYLLMIACA
TOYEYHbI OOBEKT TOXE AENCTBYIOT TONbKO YeTbipe cunbl [1]. A MMEHHO — CBSA3aHHble C
Habl04aEMOCTLIO YCKOPSIIOLLEroCa paclUMpPEHNa NN 3aMeansaoLLerocs cxatms Tena B
COOGCTBEHHOM €ro MeTpUYEeCKOM MPOCTPAHCTBE COOTBETCTBEHHO NCeBAOAMCCUNATUBHAA
wnn  (He 3amegnqwowas, a, HaobopoT, yckopsdwwas OBWKeHMe  obbekTa)
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ncesgoaccounaTuBHas NPOTUBOCUNBI UHepuuu, obnapatouime NMNYNbCOBOW
HanpsbKeHHOCTbIo [1]:

i— Ko

v, .V

i .
iR .

c

\,-"5\ -

noTeHUManbHas rpaBUMHEPLUMOHHAA cuna, oOTBedvarolwas B obuwem crnydae, Kak 3a
SIBMIEHNE TArOTEHUS, TaK N 3a siBfieHne paclumpeHnsa BceneHHon, BbiaBaHHast huanyeckom
HEeO4HOPOAHOCTLIO COBCTBEHHOIrO NPOCTPaHCTBa Tena un obnagarwasi raMuiibTOHMAHHON
HaNPSKEHHOCTbIO:

, oln'v 8ln‘ 7’5\
= _grad(infwy, )= - = -2
W or or
a Takke ncesgokopuonucosa® (NMceBOOrMpOCKONMYeckasl) rpPaBUMHEPLMOHHAs cuna
nepBoOro poAa, Bbi3BaHHAasl, Kak W nNoTeHunanbHasi, (PU3n4eckon HeOoQHOPOLAHOCTLIO

NpoCTpaHCcTBa:

(37)

cl{: _ ~
(/[ FA):_./I‘VA xkx; P, (38)
M nceBOoOKOpUONMcoBa  (MCEBAOMMPOCKONMYECKas!) rpaBUMHEPLMOHHAs curia BTOPOro

pona, Bbi3BaHHas KpVIBVI3HOIZ coB6CTBEHHOIO NpPpoOCTpaHCTBa Tena.

c2; i r - or r -
(jFA)zijx(a)—l)—zijA=ijx(——l)—zijA. (39)
r or r
3pecb: w=,/g, =0r/0r — COOTHOLIEHWEe MexXay npupaLleHnaMn MeTPUYECKOro |

doTOMETPUNYECKOrO paamanbHbiX PacCTOAHWUIA;

;\76 — HabniogaemMmoe No KBaHTOBLIM YacaM U3 TOYKM i 3HAYEHME B TOYKE j CKOPOCTU CcBeTa

B COBCTBEHHOM du13nyeckom NnpoCTpaHCcTBe 3CHYKCOL, HenpepbIBHO
nepeHopmMupyemMoe B COOTBETCTBMM C HEMPEPLIBHOW KarnmnbpOBKOWM HEXECTKOro aTarnoHa
ONMHBI - PU3MYECKOrO MPOCTPAHCTBA MO KECTKOMY 3TanoHy AJIMHblI  METPUYECKOro
npocTpaHcTBa (7, =r, # const(t));

(—]exp [ |, (40)
r,

‘B npouecce rl/lnep6on|/|qe0|<oro CXXaTunda nnn paclimpeHnda tena (BCG TOYKM KOTOPOro cosepLluaroT B
NpoCTpaHCcTBE MwuHKoBCKOro rmnep60nmquKoe ,D,BI/I)KeHI/Ie) MHTEepBan oT MUPOBbLIX TOYEK C KoopaAnHaTamMun

-1
(T, R, —G ") Bo MMpOBLIX ToYek Tera (T', R) ocTaeTcsi HenameHHbIM [9]. MoaTomy Takoe cxaTue

(paclumpeHmne) MOXeT MHTEePMNPETUPOBATLCH — KaK NCeBAOBpaLLeHMe 3TOro Tena B NPoCTpaHCTBe
MWHKOBCKOIO BOKPYT NCEBA00CH, SIBMSIOLWENCA reOMeTPUYECKUM MECTOM MUPOBLIX TOYEK C KoopAMHaTaMm

-1
(T, R, - Gj ). MceBOokopronMcoBa cuna MHepLK NepBOro poaa, Bbi3aBaHHas 3TUM NCeBAOBPaLLEHNEM,

MoXeT ObITb 06yCrnoBneHa, kak U KOpUoONMCcoBa cuna MHepLuum, nsn4eckon HEOLHOPOSHOCTbLIO
CcoBCTBEHHOrO NPOCTpaHcTBa Tena. A TeM camblM, OHa MOXET GbiTb 00YCroBreHa U HANMYMEM B 3TOM
MpOCTpaHCTBE NOTEHLMANbHBLIX CUM MHEPLMK. DTa cuna paBHa HyMo NyLb NpY paguanbHOM OBUKEHUM
obbekToB. U, cnepoBaTtensHo, B OTAMYME OT KOPUONUCOBOW CUTbl MHEPLUK, OHA OTCYTCTBYET Npu B3aMMHON
napanenbHOCTU BEKTOPOB CKOPOCTU OTHOCUTENBHOMO ABWKEHUS 06bEKTa U raMUIbTOHUAHHOW
HanpsKEHHOCTW NOTEHLNAMBHOMO MOS CUI MHEPLUK, @ HE NPU X OPTOrOHANbHOCTY.
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— CcKopocTb cBeTa Ha ropusoHTe Bugumoctn 3CHYKCOLL, onpepensemas B ee
d13nM4eCcKoM NPOCTPaHCTBE NO HE3AaBUCMMOMY OT TOYKM HAbMAEeHUA aCTPOHOMUYECKOMY
(obiecuctemHomy) Bpemenu [1];

n= f(7) — napameTp, ycTaHaBnMBaloLLMii NPOCTPAHCTBEHHO-BPEMEHHOE pacrnpeaeneHmne

conyTcTBYloLLEel COBCTBEHHOMY (DU3NYECKOMY NPOCTPAHCTBY Tena HanpsXXeHHOCTU:

_ —> T " n
G,=F,/M,=2n-r, -rc-[(1+n)rc +(1—n)rj ] -exp I;a’?c (41)
Tk €
cunbl, pencteyowen B COPB no ®OLIAB Ha npou3BOSbHBLIA TOYEYHbIN OOBLEKT j
camocxXnmarowerocst Tena (n=const);
7, =const(t) W 7, #const(t) — onpeaensieMble MO XECTKO CBSI3aHHOA C TErOM W €ro

COBCTBEHHbIM  (PM3MYECKMM  MNPOCTPAHCTBOM  €BKMMAOBOM  KOOpAWHATHOW  ceTke
HenepeHopMupyemble MakpoMeTpuyeckne («MONekynsapHble») paavanbHble KoopauHaThl
COOTBECTBEHHO TOYEYHOro OObEeKkTa W ropusoHTa BUMAMMOCTU  (MOTEHUMarnbHO
Habnofaemblx  COObITWIA), HEW3MEHHOCTb 3HaYeHWWH KooauHaT 7,  rapaHTupyet

npuHuunnuanbHyro HEMn3MeHHOCTb W OAWHAKOBOCTb B 3TON cucTeme KoopauHat
MOIEeKYyIAapHOro obbema, Kak Bcex MOJeKyJql rasa, Tak MU BCeX nObIX MAEHTUYHbIX
MOIneKyrn, a Kaxgoe 3Ha4deHune 74 npun 3STOM COOTBETCTBYET BCEeM coBMNagarolnm

(oaHoBpeMeHHbIM) cobbiTuaM B cobcTtBeHHON CO BelecTtBa Tena [1];

IWou=im,- V] =M, v, — SHEPrUsi NOKOS TOYEYHOro OB6bekTa A B Touke j (hU3NYECKOro
NPOCTpaHCTBa, Habnogaemas no Yacam TOUKH i

OF=0F W OF — MNpupalleHuss B COBMajalwlMe MOMEHTbl BpemeHn (7 = const(F))

METPUYECKUX paamarnbHbiX OTPE3KOB COOTBETCTBEHHO B METPUYECKOM M B (PU3NYECKOM
cobcTBeHHOM npocTtpaHcTee 3CHYKCOLL.

Cuna, pencteytowan B SCHYKCOLL Ha npoM3BOSIbHO OBUXKYLLMACA TOYEYHbIN OOBHEKT,
MOXET OblTb pasnoXeHa Ha BOCEMb OCHOBHbIX €€ COCTaBMSALLNX, aHaNOMMYHbIX BOCbMMU
COCTaBNAOLWNM CUNbl, OenCTByoWen Ha 3ToT 06bekt B CO®B, 3a wucknoyeHuem
otcytctByowen B 3CHYUKCOLU cunbl conpoTuBneHns nceBooaMCCUNATUBHOM UK
nceefoaccoLMaTMBHON cune nHepuun. MNpy 3TOM HOPMMPOBaHHEIM MO @, U v, BanaHc

raMunbTOHMaHa obbeKTa N 3HepPruu:

A (42)
NPUOBPETEHHON NN NOTEPAHHON OOBEKTOM BCNEACTBME HEPABHOBECHOCTM CaMocXkKaTus
3CHYKCOLW, (daktnyeckn paBHbIA €ro ramunbTOHMaHy, oOrnpeaeneHHoMy B
nceesgocobCcTBeHHOM kocMuyeckoM npoctpaHcTBe 3CHYKCOLU no HenoaBMXHBLIM B 3TOM

e NpoCTpaHCTBe Yacam):

g i _ . A.j ms
ij=f.wA = L = -
\/_jgrr.jgtt J
COXpaHSAETCA TONMbKO Y WHEepuManbHO OBWXKYLUUXCA UM Yy MOKOALWMXCS B (DU3NYECKOM
npoctpaHctee 3CHUKCOL obvektos (d b, =0). 3aech: 'V, =-'v, 1 'v, - ckOpocT

(43)

- - *
A% w v

i i i D iy i > i
Wy +A/.WA /.wA—/P Vo (/'WA+A/'PA. v,
*

Ve i Ve

m.
OBWKEHNA TOYEeK COOTBETCTBEHHO METPUYECKOro MpPOCTPaHCTBa B (PU3MYECKOM WU
domandeckoro npocTpaHcTea B MeTpudeckom npoctpaHctee 3CHYKCOL. B PBCCOL, B
otnnymne ot 3CHYKCOLW n 3CHKKCOLL, ncesgoanccmnatmeHas (ncesgoaccoumaTmBHas)
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cuna MHepumum OTCYTCTBYeT U, MNO3TOMY, Ha WHepuManbHO ABWXKYLUMACA OOBbEKT
AEVNCTBYIOT NLWLb NOTEHUManbHas U NCEBAOKOPUONNCOBbLI FPaBUMHEPLIMOHHBIE CUMbI.

25. lanambepoBa nceBgocuna MHEpUUKW, He ypaBHOBELLMBAKOLWASA, a NMWb YCITIOBHO
KOMMeHcupyowaa B U3NYeCckn OAHOPOAHOM MNPOCTPAHCTBE YCKOPSIOLWYIO OBUXEHMEe
Tena cuny, MoXeT ObITb Bblpa)keHa Yepes3 napaMeTpbl ABMKEHMS crieayowmm obpasom:

"F=—dP/dt =y’ X =—v-dP/dX=—H#-dIny/dx, (44)
roe: i = const(t) ;
7 =i(l-v?/c*)" =fic*\[y> =1 - uMnynbC ABMKYLLEroCs Tena;

%zn?c2(1—v2/cz)7”2 =pic’y - TaMUNbTOHWAH Tena, 3KBMBANEHTHbI B (U3NYECKU
OAHOPOAHOM NpoCTpaHCcTBE (ve=const(x)=c) ero PENATUBUCTCKON mMacce
Mm=niy=-c> (AN Nydlero MOHUMaHUS  (OU3NYECKOTO  CMbICNa  BBOOVMBIX
XapakTepUCTUK 30eCb HE YYUTLIBAETCS NPUHATOE paHee yCrioBue, Y4To c=1);

y=(1-/c*)"* - napameTp, ONpeaensiowmn pensTUBUCTCKOE COKpalleHne pa3mMepoB
OBWXYyLLEerocs Tena a, cnegoBaTternbHO, — U ero CKOPOCTb ABWXKEHUS;

diny/dx =—"F/# ="F/mc*> =c -y’X — raMUnbTOHNAHHasA UHTEHCMBHOCTb MCEeBOOCUNbI
NHEPLUUN, IKBUBAIIEHTHAS YCKOPEHWUIO OBWKEHWUSI KMaccu4eckon OU3NKU, HOPMUPOBaHHOMY
Mo KBaapaTy CKOPOCTU ABWKEHUs!, X/v’ =dInv/dX (OTHOCUTENbHOMY MPOCTPAHCTBEHHOMY
YCKOPEHMWIO).

Kak n npy wHepumanbHOM [ABWXEHUW yOAnsioLWMXCS acTPOHOMMYECKMX OOBLEKTOB
pacwmpsitowiencss BeceneHHon, Tak m npu cBobogHOM NageHun Tena B Mnosfie TAroTEHUs
(ABnAOWMMCA NUWb MHEepUMAanbHbIM, HO HEPaBHOBECHBbIM ABWXXEHWEM Tena B (U3N4ECKU
HeO4HOPOAHOM MPOCTpPaHCTBE) AanambepoBa NceBaocuna MHepLINK:

f”*F:_*W.d(ln )=_*% V. d* In *vc+*v (45)

r & dt V.=V

KOMMEHCUpYeT rpaBUTaLMOHHYO MpoTUBOCUIY [2] (SBNSAOLLYOCH, HA caMOM [ere, Takke
NnceBaOoOCUITON):

* * * * C) 2 * _ 3rr2 2.
e, (d(w,) ey, 1w d(vi-e?) wlr, =27 H? /&%) 6)
‘\ dr dr 2 ¢? dr 23 Ny Jr—r?H /2
“w=const r _rg r—r He C
Mo3aToMy, NPK HEM3MEHHOCTM COBCTBEHHOTO 3HAYeHMs Macchl CBOBOAHO NaaaroLLero Tena
( = const) ero 0BLIEPENATUBACTCKMIA FaMAMBLTOHWAH, OnpedensieMbliii B (U3NYECKU

HeOOQHOPOAOHOM MPOCTPaHCTBE, (KOBapMaHTHaFI KOMNOHEHTa TEeH30pa SHepFVII/I-VIMI'IyJ'Ibca)

*W = I’IN’IC'*VC]/ OCTaeTCd HEU3MEHHbLIM.
dIn'w/df =dIn'v, /dF +dIny /dF =—(" F+" F)'w=0. (47)

W, cnepoBaTenbHO, Npy HeCBOOOOHOM MepeMeLleHnM Tena B rpaBUTALMOHHOM Mose, Ha
caMOM [Jerne, BbIMOMHSETCA He 4YMCTO MexaHuyeckas paborta, a paboTta, cBA3aHHas C
N3MEHEHNEM IPaBUTEPMOAMHAMUYECKOTO COCTOSIHUA Tena.

Takum o006pa3oM, ramMuribTOHMAH, Kak W MOMHas 3Heprust (M SKBMBANEHTHas en
KOHTpaBapuaHTHasi Macca) MOXEeT OnpedensTb, Kak rpaBUTALMOHHbIE, TaK U WHEPTHble
CBOWCTBa BellecTBa. JTO MNOATBEPXOAET LienecoobpasHocTb ucnosb3oBaHnsa B OTO
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CKansPHOrO MOTEHUMana rpaBUTaLMOHHOMO Monst y, =In'v_, Hapsay C MUCMOMb3oBaHMeM
CTaHOapTHOTO  CKamnspHoro  noTeHuMana 'y, =(—*g,,—1)c2/2:(*vf—c2)/2 [10],
ONPEAENnSIOLLEro  HaMPsHKEHHOCTb  MPABUTALMOHHBLIX  MPOTUBOCMN MO  OTHOLLEHUIO K
KOHTPaBapPWaHTHOI PENSTUBICTCKOM Macce M=y -c/ v, = w/ v’

o'z, )i or="v2 0z, I o7). (48)

lNonHas QHEprma Tena (KOHTpaBapl/laHTHaﬂ KOMMNOHEHTA TEH30pa 3HeprMV|-V|Mnynbca),
KOTOpOVI SKBMBArNeHTHa KOHTpaBapnaHTHaA MHEPTHaA Macca.

* o * > ok 2 2 % 2

U=w+ v, - F=mc =wc /v, (49)
Kpome *W, BKIlOYaeT B cebs eue " KoOnnektmeBm3nmpoBaHHyO B rpaBMTalMOHHOM Mone
SQHEPIruto *Vq . 9/;]), ABNAOLLYHOCA (6J'|ar0/:|,ap$| Hann4ynio rpaBMTepMOﬂ,VIHaMVI‘-leCKOM

oTpuuatenbHon obpaTHOW CBA3W) agAUTUBHOW KOMMEHcaumen MynbTUNINKaTUBHOIO
npeobpa3oBaHnsa 3Heprun Tena npu KBasmctaTu4eckoM UM paBHOBECHOM NepeHoce ero
BOOMb rpagveHTa HanpsiXeHHOCTUM rPaBUTALMOHHOrO MNOMS W KOTOPYH  MOXHO
paccMaTpuBaTb KakK SHEPruio rpaBUTauUMOHHOW B3aMMOCBA3W, KakK MWKPO-, Tak MU
MaKpoOOBHEKTOB ero BellecTea. 340ech:

*vq =dq/d't= c\/1+*g” = \/cz—*vf (50)
u: P2=m-v, -c(cz—*v;—*vz)_l/2 =iy, -c(*vf,—*v2 )_1/2 (51)
— COOTBETCTBEHHO  CKOPOCTb  FpaBUTAUMOHHOINO  CMelleHuss  cobbiTUM  BAOMb
OPTOroHanbHOW  MPOCTPaAHCTBY-BPEMEHU OCU  FpaBUTALMOHHOM  MNapameTpuyecKom
KoopAuHaTbl — COBUIOBOIO KOOPAMHATHOrO BpeMeHu ¢, obecrnedvvBalollero nepexop ot
aCTPOHOMUYECKOrO BPEMEHU WMWN Xe OT KBAHTOBOrO BpPEMEHU Kakon-nnbo ucxogHowm
TOMKM i Tena K KBaHTOBOMY BpemeHu nobor Apyron Touke ;j Tena, U NpoeKuus
06006LLEeHHOro MMnynbca Tena Ha 3Ty oCb (rpaBuuMMnynbC). paBUTaUUOHHOE CMeLleHne
BpeMeHn (cobblTuin) ycTaHaBnuBaeT CBA3b MexXAy Temnamu TeyeHuss COBCTBEHHOro
(KBQHTOBOro) BpeMEHU B pasHbIX TOYKax (PU3NYECKM HEeOO4HOPOOHOro MPOCTPaHCTBA W,
aHanormyHo WHTepBany s Mexay MUPOBbIMA TOYKaMu COObITUR, MOXeT OblTb, Kak
MPOCTPAHCTBEHHONOAOOHBIM (NpU /v.<c), Tak uU BpemMeHunogobHbiM (mpu /v>c). MNpn
MHepuManbHOM [OBWXEHWWM Tera B rpaBUTAUMOHHOM [MOfie BbLIMOSHAETCA criegyouiee
paBEHCTBO:

VAP =2 -dY,, (52)

obecneumBatoLlee npeo6pasoBaHme B MéXaHU4eCKyr 3Hepruto BHyTpeHHeVI QHEprnun Tena
6e3 nameHeHnsa ero VIH,EI,VIBVIﬂ,yaJ'IbHOVI QHEPInnN — raMmnsibTOHMaHa.

26. MNpu:

:ﬁcz(l/n)-,ll—rg/rc (53)
M n=const(7.) 3CHYKCOLI o6rnagatoT CTauMOHApHOM KPUBM3HOW COBCTBEHHOTO

METPMYECKOro NPOCTPaHCTBA, a TaKKe CTaLMOHapHOW, OOHaKo He B (hM3ndeckoMm, a B
METPMYECKOM  MpPOCTpaHcTBE  (DU3MYECKO  HEeOOHOPOAHOCTbHD  COGCTBEHHOrO
npocTpaHcTBa. W, crnegoBaTenbHO, OHM  06nagalT  OOHOPOAHOCTBIO  TONbKO
aCTPOHOMMYEcKoro (06LLECUCTEMHOIO KOOPAMHATHOIO) COBCTBEHHOrO BPEMEHU U NULLb
NCceBA00AHOPOAHOCTbI0 COOGCTBEHHOIO KBAHTOBOrO BPEMEHW, OTCUYUTLIBAEMOrO Mo
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HEeNoABWXHbIM B (U3NYECKOM, a He B MeTpudeckoMm npocTtpaHcTBe 4acam [1]. B
COOTBETCTBMN C 3TUM [JaHHble HexecTkue CO, obnaparowme coxpaHeHnem OGanaHca
9HEpPrMn  TONMbKO B aCTPOHOMMYECKOM  BpPEMEHW,  SABMASTCA  HEOOHOPOAHO
ncesgokanubpoBoyHo  gedopmupyembimm - 3CCOLWL  (BCHIKCOW). B  nyctom
npoctpaHctee atnx CO umeeT MmecTo Takas xe, kak u y PBCCOL, B3auMmocBssb
onpegensembix N0 UX aCTPOHOMUYECKOMY BPEMEHU KOMMOHEHT NMHEeNHoro anemMeHTa [10]
cobcTtBeHHoro MNMBK:

g, g =-1 (o7 =1), (54)
yTOo oObecrneynBaeT COXpaHEHWe He TOMbKO HOPMWPOBAHHOrO, HO W abConTHOro
3HadyeHns ©OanaHca aHeprun (43) u — cpopmanbHO Takoe e, kak M y PBCCOLL,
CTauMoHapHoe pacrnpefernieHme B METPUYECKOM MPOCTPaHCTBE ramMuIibTOHMaHHOW
HanpsKEHHOCTW MNOTEeHUMANbHbIX CUIM:

3

P (2/3)A-r | (55)

21’2\/1—(rg/;f)—(/1/3)r2

Mpn n=co: ;’\76:0 n Hexectkas 3CHIMKCOLW BbipoxgaeTcs B He obnagatoLlyto

Tennootaayeir® runoteTudeckyio xectkyto PBCCOLL. B cOOTBETCTBUM C 9TUM CKOPOCTb
cBeTa Ha ropu3oHTe BUAMMOCTU aCTPOHOMMYECKOro Temna, eCTeCTBEHHO OCTbIBaloLLEro
npyM  OTCYTCTBUM UCTOYHUMKOB  BOCMPOM3BOACTBA €ro  3SHepruu, [AorkHa ObiTb
NPOoNoOpLMOHANbLHOM CBETUMOCTU (SPKOCTU) aToro Tena. W, cnegosaTernbHO, OHa OOMMKHA
3aBUCETb, KaK OT TENNONPOBOAHOCTM TeNa 1 Niowanm ero noBepxHOCTU, Tak N OT ApYrux
hakTopoB, ONpefensiowmMx ero paguauuoHHYy TennooThayy B OKpyxawllee
NpoOCTpaHCTBO. JTO yKasbiBaeT Ha dopmupoBaHne 3CHITKCOW npu n>1 He TONbKO
NpUHUMNMAnNLHO  HeHabniogaemMbliM  9BOMOUMOHHBIM -+ CaMOCXKaTMeEM  OOHOPOOHOro
dusundeckoro Tena B COPB, HO n ero camocxatnem, HabnogaemMmbiM B METPUYECKOM
COBCTBEHHOM MPOCTPaHCTBE W BbI3BAHHOM €CTECTBEHHbIM (TO €CTb CaMOMPOU3BOSIbHbIM)
OCTblBaHMEM €ero BellecTBa. OTO OCTbiBaHWE B COOTBETCTBMM CO BTOPbIM Ha4vanom
TepMOAMHaMUKN BbI3BAHO CTPEMISIEHMEM CUCTEMbl BCeX OOBLEKTOB MaTepun (Bknto4as
BELLECTBO U UCMYLLEHHOE UM U3NyYeHUE) K COCTOSHUIO C MakCUMYyMOM 3HTPOMUU.

Takum obpasom, metpuka MNBK dumsnyeckoro tena npuHUMNManbHO OXBaTbiBAaeT BCE
noTeHuuanbHble CuMbl, CBA3aHHble C W3MEHEHWEeM 3Heprun MOoKosA BellecTBa B
COBCTBEHHOM (U3NYECKOM MNPOCTPaHCTBE 3TOr0 Tena, U B TOM 4uUCre, U Curbl,
o0ycrnoBrneHHble  HanuMynMemM B 3TOM  3aroflHEHHOM  BELLEeCTBOM  NPOCTPaHCTBe
KBa3MpaBHOBECHbLIX pacnpefeneHnin OaBreHuss U TemnepaTypbl a, crnefoBaTernbHO, U
rpagueHToB nocrnegHux. JTO MPOSABSETCs B MNPOMNOPLMOHANLHOCTU NOTEeHUnarbHON
cunbl, OencTBylOLWen Ha ObObekT, Ha camMoM [ferne, He ero HOMWHanbHOW Macce, a
WHANBMOYANbHON 3HEPruun, 3aBMCUMOWN, Kak OT YIfOBOW CKOPOCTU BpaLLeHud, Tak u OT
AaBneHus u ot Temnepatypbl 06bekTa. OgHako noTeHumanbHble Cunbl, onpeaensiemMble B
CO®B u B 3CHIKCOW B cootBetctBUM C (24) wn (37), sBnAlTCA NULWb
rpaBUMHEPLMOHHBIMW COCTaBnAOWMMKM 3TOM cunbl. Begb HM B (24), HM B (37) He
y4nTbIBaETCA 3aBUCMMOCTb OT [AaBrfieHus U OT TemnepaTypbl maccel (M w m) a,

cnegosaTenbHO, — U 3HepruM nokost (;Wo, M [w,,) Obbekta mocne MpUHATUS UM

> HecMOTpsl Ha OTCYTCTBHE TEIUIOOTAuH H CKOJIb YTOIHO GJIM3KYIO K HYJIIO aGCONIOTHYIO TEMIIEPATyPy HA BHEIIHE
MOBEPXHOCTH TAKOTO TEJa, €ro HEellb3sl pPACCMATPUBATh KaK aOCOJIIOTHO OCTHIBIICE, TAaK KAK [0 MEPE MPHUOIIKCHUS K
[EHTPY TeJa ero TeMIIepaTypa BO3pacTaeT A0 CKOJIb YTOAHO OOJBIIOr0 KOHEYHOTO 3HAYCHHUS.
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TemnepaTtypbl OKpyxawLllen cpefbl. [Ona onpegeneHvs BbI3BaHHbIX rpagveHTamu
AaBneHns n TemnepaTtypbl B Tene W B 3anOfiHEHHOM ra3oobpasHbiM BeLeCTBOM €ero
NPOCTPaHCTBE COCTaBMALWMX MOTeHUMansHoM cunbl, gencteyowen B ero [BK Ha
00beKTbl, HeobXoAMMO YCTaHOBUTb B3aUMOCBSA3b MeXAy 3TMMWU pacnpefeneHnamm
AaBneHua n Temnepartypbl U MeTpuyeckum TeH3opoM [1BK Tena. Npu 3TOM nokarnbHble
rpaguveHTbl  Temnepatypbl, Kak W  foKanbHble  rpaBUTAUMOHHbIE  PagUEHTHI,
obycnoBneHHble HEO4HOPOOHOCTBLIO BeLLeCTBa Tena, onpedenslT Takke M NoKanbHble,
TO €CTb He nog4vnHsLnecs obLen 3akOHOMEPHOCTN, PU3NYecKkne HeOAHOPOAHOCTU, Kak
COBCTBEHHOro MpoCTpaHCcTBa, Tak M cobcTBeHHOro BpemeHwn Tena. OpgHako cnegyet
MveTb B BUOY TO, YTO, B OTNINYME OT rPaBUMHEPLIMOHHBLIX CUI, MOTEeHUMarnbHble CUbl,
obycnoBneHHble rpagneHTaMu AaBrieHus 1 TemnepaTypbl, Bbi3BaHbl B3auMOOENCTBUEM
obbekTa ¢ HaxogsAWUMCH B MPOCTPAHCTBE Tera BeLWecTBOM W, criegoBaTenbHO, NPUBOAAT
K HeuHepuuanbHOCTU [OBUMXeHUs obbekta. [loaToMy, HecMoTpAa Ha KOCBEHHYH
3aBUCMMOCTb TeH30pa KpmBU3HbI [1BK Tena ot pacnpeneneHns gasneHusa n Temnepatypbl
B Tene, 3TN Cunbl, B OTNNYME OT rPaBUNHEPLIMOHHBLIX CUM, BCE Xe, OOMKHbI onpeaenaTbes
HEeHyneBbIM TEH30POM 3HEPrnn-uMnynbca obbekTa, YTo N03BoNAeT aganTMBHOCTL (24,30)
NX CNOXEHUS C rpaBUMHEPLMOHHBLIMU CUNaAMU.

27. Bengy otcytctBusa B nyctom (6e3so3gyLluHom) npoctpaHctBe PBCCOLL genicteus
Kaknx-nmbo cun COMNpPOTMBIIEHUS OBWXEHUIO MOTepu 3aHeprun (Mnn >xe npuobpeteHue
n3BHe ee) npu cBOOGOAHOM NageHWM Tena OTCYTCTBYIOT, a YBeNU4eHue CKOPOCTU
OBVWXEHUA Tena CBA3aHO C HecoXpaHeHWeM uMnynbca B (PU3NYECKN HEeoOHOPOOHOM
npoctpaHcTBe. [loaToMy uvHAMBMAOyanbHas SHeprus (ramunbTOHMAaH) 3TOro Tena B
npouecce ero csobogHoro nageHus B PBCCOLL coxpaHsieTcs,, a camo cBobogHoe
nageHve Temna sBNSETCA WHepuuanbHbIM OBWKEHWeM. B cooTBeTCcTBMM C 3TUM MU
6narogapsa otcytctBuo B PBCCOLU pgencteus Ha uvHepumanbHO OBWXKyLLUMECHA Tena
nceBAOANCCUMNATMBHBIX UMW NCeBA0aCcCOLMAaTUBHBLIX CUM, MUPOBLIMU NNMHUAMU CBOBOAHO
nagawwmnx Ten, a TaKkke Ter, MHepuuanbHO ABWXYLLMXCA MO CTaumoHapHbIM opbutam
(MMeloLLMM NULLIL CMELLLEHNEe CBOEro nepurenus) 9BnsrTcs, Kak 31o yctaHosneHo B OTO,
cTaumoHapHble reogesundeckme nuHum  6asosoro [BK  (BIMNBK). PaBHomMepHOe
npoctpaHcTBo BINIBK HenogBmXHO OTHOCUTENbHO LEHTpa MacC HaxoOsLerocss B HeMm
BeLecTBa M Xo4 BPEMEHU B HeM onpefenserca HenoABWXHbIMM B 3TOM MPOCTPaHCTBE
Yacamu.

BHyTpeHHASA 3Heprus 1, B TOM YUCIE, KNHETUYECKAs SHEPIUS XaOTUYECKOro ABMKEHUSA
MUKPO- U MaKpoOObEKTOB BellecTBa B npoLecce cBOOOAHOro nageHus Tena u3 TOYKW k

(/v, =0) nepexoauT B KUHETUYECKYHO SHEPIUI0 HaNpaBneHHOro Ux AsuxeHns B BIMBK:
i

cin i i i J
(A/‘WA):kWOA_jWOA_kWOA 1- ;
kvc

c

(56)

_i _
=;Wall

6e3 Habntogaemoro (kak B xectkon CO BINBK, tTak n 8 CO nagatowero tena) uameHeHus
ero nHauBmayanbHOW 3HEpPrMM u CoBCTBEHHOro 3HayveHusi Temnepartypbl. B npouecce
BblHYXAeHHoro TopmoxeHuss Tena B CO BIIBK npoucxoaut ob6paTHbIn nepexon,
KMHETUYECKOM SHEpPrMm  HampaBfeHHOro OBWXKEHUS B KMHETMYECKYID  3HEepruwto
XaoTUYECKOro [ABWMXKEHUA MUKPO- UM  MaKpOOObEeKTOB BellecTBa Tena, HO yxe C
Habnogaembim B nobon na CO m3aMeHeHneM TemnepaTtypbl Tena, nocne ocTbiBaHUSA
npuHnmatowero B8 CO BINBK HOBbLIN ypOBeHb CBOEN WHAMBUAYaNbHOW 3HEpruu, B
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cobectBeHHon CO Tena Habnwgaemoun, O4HAKO, TakOW e MO BENUYMHE Kak U OO0 €ero
nageHusi. PasHuua sHepruii nokos Tena B Toukax BMBK (npu i, = const(t,r))

onpenensieT, TeEM cambiM, U NOTEHLUMANbHYIO 3HEPruio Nons TAroteHus. B cooTBeTcTBUM C
9TUM none TAroTeHusa saBnseTca U kanubpyowmm nonem BIBK, ycraHaenusawowmm B
NPOCTpaHCTBE oOnpedeneHHoe pacnpegeneHne HecobCTBEHHOro  (KOOpAMHaTHOrO)
3Ha4YeHUsa CKOPOCTU CBeTa M 3aBUCALLUMX OT Hee 3HayYeHWU Temna TeyYeHUs BPeEMEHU U
PU3NYECKNX XxapakTepucTmK BeLLecTBa.

B otnunume ot xectkmx CO, COOTBETCTBYHOLUMX MCEBOOPABHOYCKOPEHHO WIM Xe
paBHOBECHO nepemellarwmmMca Tenam, WHepuuanbHO nepeMeLLawnMcs UM xe
BpallalowmmMca Tenam, a Takke paBHOBECHO CaMOCXKMMALWMMCHA Ternam, B HEeXeCTKUX
CO Ha wHepumnanbHO [OBMXyLWMECA B MYyCTOM MPOCTpaHCTBE OOBLEKTbl, Kpome
noTeHUManbHbIX U NCEeBOOKOPUONUCOBLIX MPaBUMHEPLIMOHHBIX CUM, OENCTBYIOT TakkKe U
ncesgoaMccuMnaTUBHbIE MNU NCEBAOACCOUMATUBHbIE CUMbl UHEPLMU. DTU CUIMbl Bbl3BaHbI
HepaBHOBECHOCTbIO (a Takke U HenceBoOpPaBHOYCKOPEHHOCTLIO U HEMHEPLMANbHOCTbLIO)
nepeMeLleHnss NnNn xe HepaBHOBECHOCTbIO CamoCKaTus Ten, obrnagatoLmnx HEeXeCTKUMU
CO.

Moatomy B nycTomM npocTpaHcTBe Hexectkon CO Tena MUPOBbIMU  MNHUSMU
NHepuManbHO ABMXYLLMXCA O0O0BbeKkToB 6yayT HecTauuoHapHble reogesvyeckne fvHUK
MNMBK atoro Tena, onpedensieMble He TOMbKO MPOCTPAHCTBEHHBLIMW, HO U BPEMEHHbLIMU
noTeHuuanamu, To ecTb C y4eTOM TOPMOXEHUS UIN Xe YCKOPEHUS ABUXKEHUS 06beKkToB
COOTBETCTBEHHO  MCEBAOAUCCUMNATUBHLIMX UMW NCEeBAOACCOLUMATUBHLIMU  CUMaMU
NHepumMn. 3TN CUMbl, He BbI3BaHHblE HaNU4YMeM B OKPECTHOCTU ABWXYyLlerocs obbekTa
BeLLlecTBa UNKN Kakoro-nmbo HerpaBUMHepUManbHOrO U3NYECKOro nond, B OoTnudme oT
AnCCUNaTUBHBIX CUM BbI3bIBAEMOrO BELLECTBOM TOPMOXEHUSA OBMXKEHUS, 3a0al0TCS, Kak U
noTeHumanbHble CUnbl, TEH30pOM KpuBU3HbI [MBK. OgHako Ons HUX TEeH30p KPUBU3HbI
onpefensieT He raMUIIbTOHWAHHYI0, KaK A5 NPOCTPAHCTBEHHbIX MNOTEHUManbHbIX Cun, a
MMMYNbCOBYIO HaMNpPsXKeHHOCTb. JTO ele pa3 ykasbiBaeT Ha bGonee ecTtecTBeHHOe
ncnonodoaHne B OTO ramunbTOHMAHHOMW (@ He MHEPTHOMAcCCOBOMW) HanpsXeHHOCTU
MPOCTPaHCTBEHHbIX NOTEHUMANbHbIX CUT.

28. B YKCO Harpyska nceBOogucCuMnaTUBHbBIX WMAW MNCEBLOOACCOLMATMBHBIX CUI
MHEpUMN, a TaKKe MNCEeBOOKOPUOSIMCOBLIX UM MOTEHUManbHbIX FPaBUMHEPLMOHHBIX CUN
paccpegoTodyeHa Mo BceMy oOb6beMy BellecTBa U COCpefoTOYMeHa NUlb Ha YpPOBHE
aneMeHTapHbIX N YacTtuy. NoaToMy npu MHepumanbHOM ABUMXEHUWM Tena, npu KoTopom
9T CuUMbl HMYEM He YypaBHOBELUEHbl, W He BO3HWKaeT ynpyroM pedopmauum ero
BELLeCTBa M CBA3AHHOIMO C Hen «ollyuwleHnay auckomdopTta. 310 nposisnserca B CO
WHepumanbHO OBuXywerocsa Tena, obrnagawowero npeHebpexntenoHo cnabbiv
COOCTBEHHbIM TArOTEHMEM, B HaNUYMM COCTOSHWA HEBECOMOCTU U B OTCYTCTBUM
COCPEAOTOYEHHbIX Ha MOSMEKYNAPHOM YPOBHE CUM COMPOTUBIIEHUA MHEpUManbHOMY
OBWKEHN0. HecMoTpa Ha  paBEHCTBO  Hymw MpyM  PaBHOBECHOM  OBWXKEHWUU
pPaBHOAEWNCTBYIOLLEN CUMbl BCEX CWUI, NpunaraemblXx K LiEHTpaM Macc MakpooObekToB
BellecTBa Tena, nNpu Hem, HaobopoT, MMeeT MeCTO Kak ynpyras gedopmaums 3TuUx
MaKkpoOOBLEKTOB BeLLECTBA, TaK M CBSI3@aHHOE C HEW OlyLeHMe TSKEeCTU, a Takke
BbITeCHEHME HenoaBwxHbIX B CO aToro Tena razoodpasHbiX, XXUAKMUX U CbiMy4Ynx BELLeCTB
nMerLwmMn 6onbLINN yaenbHbI BeC 06bekTaMu. OTO 00yCrnoBMNeHO ypaBHOBELUNBAHUEM
B CO Tena rpaBMMHEPUUOHHBLIX NoTeHumanbHbiX cun, a B COPB rpaBMTaUMOHHbLIX CUM U
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CWI 3BOJIIOLMOHHOIO TOPMOXEHMUS OBWKEHWUSI BaH-Oep-BaanbCOBbIMU CUITAaMU YNPYrocTHy,
COCPeaOTOMEHHBIMW HA MOJEKYNSIPHOM YpOBHE (M MpUM 3TOM  KOMMEHCUPYIOLLMMM
OeNCTBME MNEPBbIX NULWb B CpeaHEM 3a OnpefeneHHbl NMPOMEXYTOK BPEMEHW, BBUAY
KBAHTOBOrO M3MEHEHUs1 MMnynbca Monekyn u atomoB). [powvcxopasiiasi, BCneacteve
3TOro, Aedopmauus MOSEKyn BeLlecTBa M SBMSETCH OTBETCTBEHHOW 3a OLllyllieHue
TSHKECTU Unun auckomdopTa.

29. NHepumanbHoe ABwXeHne Tena (HEB3aMMOAEWCTBYHOLLErNO HU C YEM C MOMOLLbIO
YyacTuL UnM KBasmyacTumL) B obLLeM criydyae COnpoBOXAAETCA UBMEHEHNEM HamnpaBreHns
M BENMYUHbI BEeKTopa €ro 4eTblpeXMEepHOro WuMmnyrbca TOMbKO MO4 AeWCTBUEM
9BOMOUNOHHOIO TopMOXeHnst B CODB unu xe noa AencTtBuMemM nceBaoaUCCUNATUBHBIX
UM ncesgoaccounaTmMBHbIX CUN MHepuum B HexecTtkmx CO. [Mpu atom ycnosue
COXpaHeHUs BCex YeTbIpex NpoeKkuumn 3Toro nMmnynbca npu nmsny4eckon HeoaHOPOOHOCTHU
COBCTBEHHOrO  MpoOCTpaHCTBa M COBCTBEHHOrO BPEeMEHM Tena 3ajaeTcd B
obuiekoBapnaHTHon (TeH3opHoW) dopme. BoinonHeHue ero ans tena c xectkon CO
NMeeT MecTo B ero CO6CTBEHHOM NPOCTPAHCTBE U COOCTBEHHOM BpeMeHW. Y Tena Xe C
HexecTkom CO OHO BbLINOMHAETCA NWWb B NCEBOOCOOCTBEHHOM  KOCMWYECKOM
NpoCTpaHCTBE M B NCeBOOCOOCTBEHHOM aCTPOHOMUYECKOM BpeMeHMU, obpasylolmx ero
kocmumyeckun BINBK (KBIMBK). B cooTBeTCTBUM C 3TMM KOCMWYECKMMU MUPOBLIMU
NMNHUAMW  MHEepUManbHO [OBUXYLLMXCA Ten aBnaiTca reogesumyeckne nuHum KBIBK.
KOMMNOHeHTbl NuHenHoro anemMmeHta B nyctom npocTtpaHcTBe KBIBK u npupalieHuns
KoOpAWHAT U BPEMEHM B HEM MpU MHepuManbHOM ABWXKEHUW LIEeHTpa Macc BCero ero
BeLLeCcTBa OnpeaensatoTcs No cnegyowmm 3aBUCUMOCTAM:

(@('s)y =*gﬁ(l ' _J (o)) + B ()] + (@8] +sin* 9-(dg) |- (a5}, 87)

p + V&4
R = N ) )
g, ="="g,(1+ 92/ g,). (59)
d(’r,)=dr, ~(}5,, /o, (60)
a(71)=° t_(’ ) ‘)w 4 (61)

52 52 )
(/ ms// c )
roe B NyCToM NpoCTpaHCTBE:

(62)

Cunbl nHepuumn B CO HenceBOOpPaBHOYCKOPEHHO U HeuHepuuarbHO NOCTynaTenbHO
nepemeLlarLnXcs, HepaBHOMEPHO BpaLLatoLmxcs nnu HepaBHOBECHO
camocxnmarowmxca B8 COPB Ten moryT ObiTb Bbi3BaHbl TPEMS CrieayrowmMmn doaktopamm
— YCTpaHUMOW PU3NYECKON HEOAHOPOOHOCTLIO N YCTPAHUMOW KPUBU3HOW COBCTBEHHOMO
npocTtpaHcTBa CO, a Takke Hannumem B HexecTknx CO aBneHunin nceBgoanccmnaTuBHOMO
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TOPMOXEHUA UMM  NCEeBO0ACCOLUMATUBHOINO YCKOPEHUS AOBWXKEHWA npobHbix Ten. B
COOTBETCTBMM C 3TUM NPOTUBOCUINA MHEPUMM MOXET ObITb pasnoxeHa Ha 4yeTblpe ee
cocTaBnswowme — noteHumansHyto (37), AgBe ncesgokopuonucosbl (38,39) wu
ncesgoaMcCMnNaTUBHYIO UNKU nceBgoaccoumatTmBHyo (36) cunbl. Kak n rpaButaynoHHas
cuna, noTeHuwanbHas cuna WHepuuu Bbi3BaHa  HEOAWHAKOBOCTbK  YCrOBUM
B3aUMOLENCTBUSA 3fEMEHTapHbIX YacTul B pasHbIX TOYKax OBWXKYLLErocs Tena u ero
PU3nYeckn HeogHOPOAHOro COBCTBEHHOrO MpPOCTpaHCcTBa. M aTo 4eTko nposiBnsieTcs B
HeagdOAUTUBHOCTU €€ CIOXEHUs C rpaBuUTaLMOHHOW cuno. B aTom wn 3akntovaetcs
NepBOMNpPUYNHA SKBUBANEHTHOCTN NOTEHUMAaNbHOW W, aHarorM4yHo, nceBgoKOpPUONNCOBBLIX
CUN  WHepuMM COOTBETCTBYIOLMM [pPaBUTALUMOHHBIM CUMaM, COBMECTHO C HUMWU
obpasyoLnM rpaBUMHEPLNOHHBIE CUMbl (BKOYatoLWwme B cebsa Kak cumbl TATOTEHUS, Tak K
CUNbl NHEpUNKN, OTBETCTBEHHbIE 3a paclumpeHue BceneHHon). Kpome Toro, MMeeT MecTo
TaKke W 3KBMBANEHTHOCTb MCEBAOAUCCUMNATUBHOM WM MNCeBO0acCoOLUMaTUBHON CuUN
WHepUUn MNCeBAOAUCCUMNATUBHOM  CUMEe  9BOJSIOLMOHHOIO  TOPMOXEHUS  OBUKEHUS
dusnyeckux Ten B abconoTHOM NpocTpaHcTBe. BBuay 3TOro B3auMHO 3KBMBANEHTHBIMMA
ABNAIOTCA TaKXKe MHEPTHasA U rpaBUTaLMOHHAA Macchl Tena.

Kak v rpaBuTauMOHHbIE CUMbl U CUMbl 3BONIOLMOHHOIO TOPMOXEHUSA ABWXEHUSA, CUTbI
MHEpUMM He CBs3aHbl C B3aumogenctsmem mexay cobor MUKPO- U MakpoOObeKTOB
BelecTBa M, NO3TOMY, Kak U OHW, HE NOAYMHSAIOTCA TpeTbeMy 3akoHy HbioToHa. Beugy
9TOr0 NPW HanNUuMM CUN  UHEpUMU, SBRSIOWMXCH, KaK W rpaBUTaALMOHHbIE CUMbl,
paccpefoTOYEHHbIMW MPOTMBOCUIAaMUK, PaBEHCTBO AEWUCTBUIO MPOTUBOOENCTBUS UMeeT
MecTo nuwb B HECKOHEYHO Marnow OKpecTHOCTU nobon Toukm Tena. [pu aToM, Yem
Bonblue paccTosHWe Mexay HOpMarbHbIMU HanpaBneHuo OeWCTBUSA CUN MIOCKOCTSAMU,
Tem Oonblle pasHuua Mexay CUron OenCTBUS, MPUMNOXEHHON K OOHOW U3 HWUX, U CUIOWN
NPOTUBOAENCTBUSA, MPUMNOXKEHHON K APYrOM MNNOCKOCTMU.

dusmyeckas CyLWHOCTb SBMEHUS WHepuMu (TO eCTb He MrHOBEHHOro W3MeEHEeHUs
HanpaBneHuss WNM CKOPOCTU [OBWXKEHUS Tena MpUMOXEHHbIMU K HeMy cunammu)
3aKnyaeTcs B KBAHTOBOM XapakTepe nepedaun 3Heprm M uMmnynbca B npouecce
B3aMMOLENCTBUN U B HEBO3MOXHOCTU OOCTMXKEHUA BECKOHEYHO BONbLLION YacTOTbl 3TUX
B3aUMOLENCTBUN MexAy 3neMeHTapHbIMM YacTuuamu BeLLecTBa, Kak MOHYXJatoLlero,
Tak W MNOHYXXOaeMoro K [ABWXeHuo Terna. Bce 9To HenocpeOCTBEHHO CBA3aHO M C
KOHEYHOCTbIO CKOPOCTU pacnpoCTpaHeHUs 3reKkTPoOMarHUTHOro B3aummopencTsus. [pu
MrHOBEHHOCTU B3aMMOOENCTBUS UHEPTHOCTb Yy BellecTBa oTcyTcTBoBana 6bl. Cam xe
NPUBOASLLMIA K B3aUMHOMY OTTarkuBaHuto (Unv, HaobopoT, K NpuTankuBaHuo) Ten, a Tem
caMbIM, U K POCTY UMMynbCa MOHYXJAaeMoro K ABWXEHU Tena npouecc ux obmeHa
KBAHTaMW 3HEpPrn He BCTPeYaeT HUKaKoro npoTuBoAencTBusA. W OH unaeTt Tem
WHTEHCMBHee, YeM Bonblue Bbl3BaHHasi rpagMeHToOM ynpyron aecopmaumm tTena pasHuua
4YaCTOTbl MEXaTOMHbIX U MEXMOMEKYIAPHbLIX B3aMMOOEWCTBUMA, a TaKke — pasHuua
BENUYMH nepegaBaeMblX UMW WMNYNbCOB B HarpasfieHMM U MPOTUB HanpasneHus
JencTBUA cUnbl.

Cvnbl MHepuun, Kak M rpaBUTALUOHHBIE CUIbl, HE HapywawT WHepuManbHOCTU
OBMXeHUs Tena. PaBeHCTBO e Hynio paBHOOENCTBYIOLLEN NPUNOXEHHbIX K Terny cun
nMeeT MecTo npu paBHOBeCHOCTU ABMxeHusa Tena (B CO BewecTBa Npu HEU3MEHHOCTU
WHTEHCMBHOCTU OBWXEHWUS Tena, 3aKroyarLlencss B NOCTOAHCTBE HOPMUPOBAHHOIO Mo
CKOPOCTU CBeTa B BaKyymMe 3Ha4yeHWs ero CKOPOCTW), a He npu WHepuunarbHOCTU
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ABwxeHna tena. MoaTomMy nepsBbin 3akOH HblOTOHa (hakTU4eckn pacnagaeTcs Ha [Ba
3aKoHa, KOTopble MOryT ObITb CHOPMYNUPOBaHbI CrieayroLwumM obpasom:

1) «BcAkoe Teno npogorkaeT yAepXuBaTbCA B CBOEM COCTOSIHAM MOKOS WMn
NPSIMONMIMHENHOTO PAaBHOBECHOMO [ABMXEHUSA, NOKa M MOCKOMbKYy OHO He nobyxaaetcs
N3MEHUTb 3TO COCTOSAHWE PaBHOAEWCTBYIOLLEN MPUMOXEHHbIX K Teny Cun, NONHOCTbIO
B3aUMHO He KOMMEHCUPYIOLWMXCH BBUOY HEPABEHCTBA AENCTBUIO NPOTUBOOAENCTBUSAY.

2) «Bcsakoe Teno npogormkaeT yaepXuBaTbCA B CBOEM COCTOSIHUM WHEPLMAnbHOro
OBWXXEHUS, MOKa W MOCKOSMbKY OHO He MOHYXAAeTCd U3MEHUTb 3TO COCTOSIHWE cunamu,
00yCcnoBrneHHbIMM ero B3aMMOAEWCTBMEM C APYruMU Ternamu Unv Xe pagvauyoHHbIM
ncnyckaHnem unu nornoweHnemM um cBobOAHbIX KBAHTOB SHEPrMu, U B TOM 4ucne, B
npouecce ero B3aMMOAEWNCTBUS C OMNEKTPOMAarHUTHbIMU MONAMU. ITU CUIbl NPUBOOAT K
HecoxpaHeHuio obuwero 6anaHca ramMunbTOHMAHa W 3Hepruu, TepsieMon Ternom
9BOMUNOHHO B CODB nnu xe tepsemon nnu npnobpetaeMon UM nceBao3IBOSTHOLMOHHO
B HexxecTkux CO (BcrneacTsue HemHepumanbHOCTU nepemelteHus HexecTkux CO unm xe
HepaBHOBeCHOCTM wux camocxkatua B CO®B). OHum Bbi3BaHbl B3anMoOOENCTBUEM
aneMeHTapHbIX YacTuL, BeLecTBa 1, cregoBaTeNnbHO, COBEpPLUAT paboTy. STUM TO OHU K
OTNMYaKOTCH, KakK OT rpaBUMHEPUMOHHBIX MOTEHUManbHbIX U NCEeBOOKOPUOIIUCOBLIX
NPOTMBOCUS, TaK MU OT 3BOSMIOLMOHHBLIX NCEBOOAUCCUMATUBHBIX NPOTUBOCUN (B HEXECTKUX
CO nceBmoavccUNaTMBHBLIX WM MCEBA0ACCOUMATUBHBIX MPOTUBOCUN WHEpUMU), He
coBepLuarLmnx paboTy 1, NO3TOMY, HEe HapyLUaKLNX UHEPLNANBHOCTU ABUXKEHNS Tenay.

30. MNpeobpasoBaHnsa pagmarnbHbIX KOOPAMHAT, BPEMEHN N HECOBCTBEHHOIO 3Ha4YeHUs
CKOPOCTW cBeTa Npu nepexofe OT abCoMTHOro NPOCTpaHcTBa 1 abCoNOTHOrO BpeEMEHN
(otcuntbiBAemoro no ®OLWAB (67) nnn no MOLWAB (67)) Kk nceBAoCoOGCTBEHHOMY
KOCMWUYECKOMY NPOCTPAHCTBY M K MNCEBAOCOOCTBEHHOMY aCTPOHOMMUYECKOMY BpPEMEHU
(0"t) Tena (9BOMIOLMOHHO CaMOCXKMMalOLLEero, Kak B abConNtoTHOM NPOCTPaHCTBE, Tak U B
COBCTBEHHOM METPUYECKOM MNPOCTPaHCTBE U, NoaTtomMy, obnagatwero 3CHYKCOL), a
Takke npu obpaTtHom nepexoge k CO®PB oT ero HeCOOCTBEHHOM pPaBHOMEPHO
ckumatowenca COW  (PMCCOLW), aksumBaneHTHon PBCCOLW, wumeoT B nyctom
NPOCTPaHCTBE CrieayoLwmnn Bua:

L 1R 1o O =

r=—
45, RS T’
- —_ 2
L R Jexpl =228 T |1 (1=, Jexp| 225 T || (63)
4R c’ ¢ 2 c c’ c 2
5=t | {0 v a7 )- ez, )|, 0
HO CO h‘0
*va:I‘VCO ’ 1_p2 ’ (65)
_ 2
wy, =2 1P (66)
nVcO l_pn
np
R= f =V, -5I’=Rg-§(1+,.mo)2=7;'o-p-,V;-exp :(5’1 +¢(r)j . (67)
i—do g n C
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n-c

OI'=T/-T, =-T, exp &, *p_""(P(r) <0, (68)

A = ot
oI =T, -T, :?1n(50 0T ):,__ln(_‘:'o 'Tco)"'¢7(”)+ P (69)
= = 2 Ve
R, (R-R, )R
V.=V exp(5,-6T)=4—% ( o, (70)
. \R+R,
2
I+, V.
rl/c':er’O ' 0 ’ (71)
1+ V.,
—_ — 3 np
_r cho__ R __‘zo'R__‘:’O'rg(R"_Rg) __ers_ rVpy (72)
rc rlyer er, 57‘7—', rl/c 4R§(R_Rg )R VI/C nfvc ’
or)=p v ar, 73)
R, =r,(1+.V,,) " exp(E,6T), (74)
5=,
P ", T,=(T)-1/Z,), T; n T, — KanubpoBOYHblE NapameTpbl, MO3BOMSIOLME

COOTBETCTBEHHO cABMraTb Havano otcyeta BpemeHn B PMCCOLU u obecneunBatb B
no6or MOMEHT BpeMeHM W B MOOM TOYKe MNycTOro nNPOCTPaHCTBa HOPMUPOBKY
pagunanbHbIX KOOPAMHAT B aGCOMOTHOM NPOCTPaHCTBE, NPW KOTOPOMN R=r;

"v,, — Habnogaemas n3 nponssonbHom Toukn n PMCCOLL ckopocTb ABWKEHUS YyCNOBHO

HenoABWXHOIO B abCOMOTHOM MPOCTPaHCTBE a, criefoBaTternibHO, U OTHocuTenbHO OB
o0bekTa, HaxoasLWerocs B To4ke ¢ POTOMETPUYECKUM PaaNyCoM .

MHTEHCMBHOCTb ABWXKEHUSA (3HAYEHWEe CKOPOCTUM ABWXKEHWHA, HOPMUPOBAHHOE MO
HeCOOCTBEHHOMY 3HAYeHUID CKOpOCTU cBeTa) nwbon M3 ToYeK IBOSMOLMOHHO
camocXunmaroLierocsi B abContoTHOM NPOCTPaHCTBE Tena 0OQHO3HAYHO onpenensieTcs, Kak
B CO®PB, tTak 1 B PMCCOLL ckopocTblo cBeTa Ha €ro ropusoHTe BWOMMOCTU, €ro
rpaBUTaUMOHHBIM paguMycoM N hOTOMETPUYECKON paamanbHOW KOOPAUHATOW 9TOW TOYKU
B COBCTBEHHOM MeTpuyeckoM npocTpaHcTBe Tena. [lpu atom y Ten ¢ 3CHITKCOLW

(:\76 = const(t)) OHa He 3aBUCUT HU OT NMIMOTHOCTUN UX BelleCTBa, HN OT MOMEHTA BPEMEHMN!
V. 1+(1/aW1=1=7"2) p?
L/ £ 1 [ ) .

= ) 75

o L+ p (79)
nfv‘ %vmc 1 o

[ VOl 7o
r’c Jj ¢

roe: |il=V,,/ v, , a: i ;v, >0,

¢ c0'cVer ms

Mapametp 7 = f(7), kak n [v,, B 3CHYKCOLU n 3CHKKCOLL (3a ucknoueHrem

c'c)
3CHIKCOLL) onpepensieT coBnagaemMocTb COObITUA B pasHbix Toykax 3atux CO wu
yCTaHaBnuBaeT eauHoe [Ans  BCeX TOo4Yek acTpoHoMuyeckoe  (obLiecuctemMHoe
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KoopauHaTHoe) cobcTBeHHoe Bpemsa. B obuwem cnydae KOMMOHEHTbl JIMHEWHOro
anemeHta [NBK 3CHYKCOLL onpegensaiTca B MyCTOM MNPOCTPaAHCTBE CreayoLwmMmm
BbIp@XEHUAMMU:

o (omlr\"' o°F ] 1 e
==—= = l—p 24>:— 1— 1—— . 2 y 77
V& or (aln?j o Ve Ty { ( %2) p} (77)

r’ c0

* *— d //t CVCO d I/t a ln r
TSy Ty dnE | onE
J c ¢ ¢
1 V., omli | - dr
ero'\/l_t _N_j'pz 1+~62 . al ~ .[ 2 L ~-2 2Bz (78)
n n--r, nr, 4_;I/co'[1_(1_” ),0]3
roe:
o, . o, or, 7 Olnr.
dt="v J1=-7v?, d(7t)= —— 1-"V? - —LdF =——<. LdIn7. 79
j jle V.//L ( ) pvj/c jle a;’; c C\jc ﬁlnz ”( ( )
n:
d;‘t:( o jd In7 (80)

— npupaweHnss COOTBETCTBEHHO COOBCTBEHHOrO KBAHTOBOrO UM COBCTBEHHOrO
acTpoHomuyeckoro BpemeHn 3CHYKCOLL;
1/2

7=7€-expj.{l—r—g]-[1—[1—%)-/}2}} -dInr (81)
r n

N 7. — onpeaernsiemMble no XecTko CBsA3aHHOM ¢ pmanyecknm npoctpaHcTsom 3CHYKCOLL
MaKpOMeTpUYECKON («monekynsipHom») €BKNNa0BOM KOOpAUHaTHON ceTke
HenepeHopMupyemble paauarnbHble KOOpAWHATbl COOTBETCTBEHHO MPOU3BOSIbHOW TOYKU
9TOro NPOCTPAHCTBA U TOYKM €ro ropu3oHTa BUOUMOCTU (MCEBAOrOPU3OHTA NPOLLIOro);

v, ="y =""v/Pv, — WHTEHCMBHOCTb ABWKeHns Toukm j 3CHUKCOLW B ee

J/
I'ICGB,EI,OCO6CTB6H HOM KOCMMNUYECKOM MpPOCTpaHCTBe.

B 3CHUKCOK (r,=0):
-1/2
{1—(1—}2),;2} , (82)
n

|
|
ﬁ(n—ﬁ)+(1—nﬁ)-\/ﬁz—(172—1)‘,02 (83)

\/_*—:|(1+”)—(1—")-,5f _
B+ (-m)- 7, Al (1=7") |
roe: p; =117, (84)
n =i+ 207 (85)
Olnr,

MpoMeXyTkn  acCTPOHOMMYECKOrOo,  KBAHTOBOIMO  KOOPAMHATHOrO M KBaHTOBOIO
nyTunogobHoro cobcteeHHoro BpemeHn B SCHYKCOLL cooTBETCTBEHHO paBHbI:
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Tep ~ ity *p
. dr, V. @; .
— — J ¢ J p
Ajtaﬁ = _[ = J. p wod i (86)
fg e Ve T Py @; Ve
Ajtog=iVes B jlap » (87)
op e Mz Tty
i~ dr * @ ; x ;
J — — p J Py J np
Ay =r- === [ v ld= [ adm (88)
V.- T 1) @

7 cVe Te */fta j Pt J

roe Todka n nceBaocobCcTBeHHOro kocmmyeckoro npoctpaHctea 3CHUYKCOL coBmelleHa
B TEKyLMA MOMEHT BPeMeHn ¢ TOYKOM ; coBCTBEHHOro hM3MYECKOro MNPOCTPaHCTBA

3CHYKCOLW; 4"t =d"% ,a 'v.='v./"v

TVl z'
Mpn atom coenagatowme B 3CHYKCOLW cobbitTs B ee nceBOoocoOCTBEHHOM
aCTPOHOMWYECKOM BPEMEHMU SABNAKTCS HecoBnagarLLNMN. Nx B3aMMHas
OECUHXPOHN3aLMS:

T

A*pz'(r,r,ﬁ) ! _[ p-dr (89)

P = pt ) i=(m )

SIBNSETCA MOCTOSHHOW BO BPEMEHW NUb Npu n=const(rc), 4YTO MMEeeT MecTo B

3CHIMKCOLL.

MNpeobpasoBaHna  npupalleHuin  KoopauHAT U BpeMeHW, paguanbHblX U
MepuanaHanbHbIX MPOEKUUA CKOPOCTU ABWXKEHWUS, a Takke MeTpU4ecKoro umnynbca u
raMmnbTOHMAHa nNPOM3BONbHO ABMXyLlerocsas obbekta npu nepexoge oT COPB «
coBCTBEHHOMY  (PM3NYECKOMY NPOCTPaHCTBY W K cobctBeHHoOMy BpemeHn CO
SBOSIIOLMOHHO CaMoCXMMmarowerocs B abCOMTHOM MNPOCTpaHCTBE Tena sBNATCA
KOHZPOPMHbIMU:

- ) V12
c:_;‘»:(dR—Vj.dTIZ'(l N | 90)

J J

d9=d0, dp=do,

dit (v.-ar-v,, -ar)-(-v2 )"

(91)

f\jc = ) (92)
J ’”j Rj
oo VeV (93)
jVrle /{‘76 'djit 1-v,. - V
I’.'/. \/dlgz +Si1'1219'd§02 _ Vm/c \[1 ij/c (94)

s Vmte = 5. d -V, -,
jVe'd

rle Jjle
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JVpie = Ve (99)

rolw w 1/2
HLe R %—mﬂ}-@ V)" (96)

Jj ¢ Jj c
_ w,- V.
rj.j%r:Rj ijr_LV-//‘](l VjZ/L)1/27 (97)
Jjc

iy '2"1 = R/ /PAm (98)

O6paTHble nNpeobpa3oBaHus aHanorMyHbel. [py 3TOM MMeeT MeCTO WMHBapPUAHTHOCTb K
npeobpa3oBaHMAM KOOpAMHAT MNEPEeHOPMUMPOBAHHOMO OTAENbHO B  KaXAOW TOuke
npocTpaHcTBa no obwemy B Hen Anst Bcex CO aTanoHy AnuHbl 3HaYeHUst NpupaLleHns
WHTEepBana Mexay M1MpoBbIMU TO‘-IKaMI/I'

(@2 = (a5 =v2-(af + 3 ar F o+ [d3)+sin29-(d¢)2]:(c;S)2:

2
Jm

2 2 2
- fﬂVz ar)+ (d/f;) +;—;-[(d@)2 +sin? @-(do) |, (99)

Jm Jm Jm
roe: ds wn dS — npvpalieHms HenepeHoOpPMMpPOBaHHbIX B TOYKE j Mo 00LMI 3TaNOH ASNHbI
COBCTBEHHbIX 3HAaYEeHUN MHTEpPBAarioB COOTBETCTBEHHO B (hm3nyeckom npoctpaHctee CO
Tenan s CO®B.

B cobcTtBeHHOM hu3nMdeckoMm M B COBCTBEHHOM METPUYECKOM MPOCTpaHCTBaxX Tena
BPEMSA OTCUYMTLIBAETCHA MO OAHUM U TEM Xe HEeMOABWMXHbIM B (PU3NYECKOM NpOCTpaHCTBE
yacaMm. [NoaTtomy npeobpasoBaHUA NpupalleHUn pagumanbHbiX KOOpAWHAT M MPOeKLMin
CKOPOCTEWN npu nepexoae OoT PU3NYECKOro NPOCTpPaHCTBa K METPUYECKOMY NPOCTPaHCTBY
npon3BoaATCS No npasunam anunes, a He J'IopeHu,a [1]:

dr = dr - Ve d it (100)
(101)
vo=—1v . (102)

31. Ecnu 4eTblpexmepHoe nceBAOPMMaHOBO COBCTBEHHOE MPOCTPAHCTBO BeLLecTBa
nsomeTpudeckm norpysntb [18,19] B wectumepHoe nceBaoeBKIMA0BO NPOCTPAHCTBO Tak,
yTobbl OCb BpPEMEHM YeTbIpEXMEPHOro  MNCEeBLOEBKMMAOBOrO  MNOANPOCTPaHCTBa

MwuHkoBCKOro Gbina kacaTenbHa K HeMy B TOYKe i, To MpK v, < ¢ NpupalleHne nHTepsana
MeXay MUPOBbLIMU TOYKaMK COBLITUIA ByaeT MMEeTb cneayoLni Bua;

(@5 ==c(apf +(ajaf +(d 7P+ ] +r7-[@9) +sin* 9-(dgF ], (103)
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. i i i ¥ 2 * 2 * .
roe: djq—v dt—c,/jg”+1~djt:,/,.vc—jvc d;t — Habniopaemoe K3 TOYKM i

rpaBUTaUMOHHOE CMeLLeHne Temna TedeHUss COOCTBEHHOIO KBAHTOBOIO BPEMEHU B TOYKE
j usumyeckoro npoctpaHcTBa Tena (c=1);

djhvrqujg,,—l-dj: (8?1./8rj)2—1-dFj — TrpaBuUTaUMOHHOE B3aMMHOE CMelleHne B
TOYKE j KOHLOB MpuUpalleHns MeTpUYecKoro paguanbHoOro oTpes3ka BAOMb OCU A,
OpPTOroHanbHOM KO  BCEM  (POTOMETPUYECKMM  paguanbHbiM  HanpaBreHUsM
NcesaopMMaHoBOro npoctpaHcTea. Mpu v, > ¢ rpaBUTaLMOHHOE CMelleHne Temna
TeYyeHns COBCTBEHHONO KBAHTOBOrO BpemMeHM B Todke | Oyger  yxe He
NPOCTPaHCTBEHHOMNOA4OOHbLIM, @ BPEMEHNNOA0OHbBIM.

WckntoveHne AaHHbIM NOrpy>XeHUEM KpuBM3HbI COBCTBEHHOrO MPOCTpaHCTBa 0CcobOro
M3NYECKOrO CMbICNla HEe WMeeT W, MO3TOMy, He sBnseTcsa uenecoodbpasHbiM.
McknoyeHne e nub «KPUBWU3HbLI» BPEMEHM MNYTEM MOTPYKEHUS YeTbIPEXMEPHOro
nceBOoOpPUMaHOBOrO MPOCTPaHCTBA B MNSATUMEPHOE MNCEBOOPMMAHOBO MPOCTPAHCTBO

(BBe,EI,eHMGM NULWb TOSTbKO AOMNOSMHUTESTbHON KOOpAMHATLI q) BnoJiHe Ll,enecoo6pa3Ho. OHo
No3BONSET BCKPbITb (PU3NYECKUN CMBbICH rpaBumnMnyribCca um onpenensieMon 4yepes Hero

aganTUBHOWM rpaBUKOMNEHCaLINNn ;Vq'jig; MYJIbTUMITMKaTUBHbIX I'Ip606pa3OBaHVIl7I

3Ha4YeHUN SHTanbNnK ;H, MH,EIMBMLI,yaHbHOVI QHEpPrmn ;W N MONHON 3Heprum ;U npu

nepexoae OT COGCTBEHHOIO KBAHTOBOIO BPEMEHM TOYKU j K COBCTBEHHOMY KBaHTOBOMY
BPEMEHN MPOU3BONBHON TOYKM i (OU3MYECKM HEeOAHOPOAHOro npocTpaHcTea. [pu
OTCYTCTBUM MEXAHMYECKOro [ABWXKEHUS BellecTBa 3TM €ero rpaBMTepMoanHamMnyeckme
XapaKTepuCTUKA B (DU3N4ECKN HEOJHOPOAHOM MPOCTPAHCTBE MOTYT GbiTh BbIPEXEH!

yepes coBCTBEHHbIE 3HAYEHUs ero aHTanbnun H 3Heprl/ll/1 U cneaytowmm o6pasom [20]:

]’.H:,ll /c = v ‘H/e, (104)
’W IH— Vep= ’H— Vep—v, /92,,; =./1- /c U—/vq ; 'p:j’,U—]qu(j’Jq+j’9?jlp)=

=ij-U/c—(c/fv,—fv,/c)-vp, (105

JU=H='%-p+ v, (1— /cz) U+, n p:INJ-C/A;VC+(c/;vc—;vc/c)~Vp,(106

d;H=1/1—f'v2/c2-(Tdswczp}f;@-d;vq, (107

dw = 1=/ (TdS-pdS)-iv,d iz~ '2d v, (108
diU=1-v2/c’ - TdS- pd( -2/ -V)-f;vq d P =

)
)
)
)

<

= Ji= e (TdS-pdS )z, d v+ v, d 7 (109)
roe: %, = (A;"q /c)Vp : (l_f"z /cz)f — Bapuyeckast KOMMOHEHTa rpaBUUMNYIbCa:

K/ =(;Vq/CXU+Vp) (1—’v /c? )]/2 =,/cz/;v3—l(ﬁ+Vp); (110)
v=im (g = (=02 ) =Velv, o m =i, =1 N=l, Ve

— HecobCTBEHHbIE (SC*JQ)GKTMBHI:IG) COOTBETCTBEHHO KOHTpaBaplllaHTHoe N KOBapmnaHTHOE
3Ha4YeHNA 4YeTbIpexXMepPHOro MOJIAPHOro obbema, YCIOBHO paclinp4droerocd (VIJ'IIA xXe,
HaO60pOT COKpaLLl,aPOLIJ,eI'OCFl) BOOJIb OCU KOOpAUHATbI g,
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V — coBCTBEHHOE 3HaYeHMe YeTbIPEXMEPHOro MOMSPHOro 06bemMa, He oTnuyarLLeecs oT
COGCTBEHHOrO 3HA4YeHUs1 TPEXMEPHOrO MOMNSIPHOro obbema, BBMOY paBeHCTBa eauHuLe
obpasytoLlero ero pasmepa BAOMb OCU KOOpAUHATLI g,

jm, W [m, — 3HAYEHUS COOTBETCTBEHHO KOHTPaBapUaHTHON W KOBapUaHTHON MOMAPHLIX

~

macc; S — aHTponuga; T — cobCTBEHHOE 3HAYEeHne TeMnepartypbl;
p — WHBaApMaHTHOE, KaK M SHTpOonuA, K npeo6paaoBaHV|;|M KOOpAOUHAT 4YeTbipexMepHoe

paBsreHne (HecobCTBEHHOe 3HaYeHne TpexMepHoro aaenenus p=p-v./c [22] K
Npeobpa3oBaHNAM KOOPAMHAT HE MHBAPWAHTHO).
3™ npeobpasoBaHWA JHTaNbNUM W MOMHON JHEPrM SBNSATCA  opManbHO

aHanNoOrM4YHbIMN UX PENSTUBUCTCKMM NpeobpasoBaHnsiM, OCYLLECTBNAEMbIM NPU Nepexoae
oT HabnwgeHns wu3 ogHon WCO «k HabnogeHuno u3 kakon-nubo pgpyron WCO.

Habriogaemoe 13 TOYKM i U3MEHEHME YacTOThl M3My4YeHUst v, B TOYKE j MOXeT ObiTb
obycnoBneHo yberaHnem MmMpOBLIX TOMEK COObLITUIA OT HabnaaTens (Mnu xe, HaobopoT,
— HaberaHveM nx Ha Hero Npu v, > ¢ ) BAOMb OCM IPaABUTALIMOHHOTO CMELLIEHNS BpEMEHM
(ocu koopauHaThl ¢g). BBy optoroHansHOCTN NPOCTPaHCTBY 3TOW OCMU:

i, A2 2 G i

VesAl=v it dve=iv v, (111)

HecmoTps Ha dopmanbHoe nogobue CKOpoCTAM MexaHU4ecKoro (NMPOCTPaHCTBEHHOIO)
OBWXKEHNA 0OBEKTOB, CKOPOCTU FPaBUTALMOHHOIO CMeLLEeHNsT COBbLITUI CKNaabliBalOTCA He
no npasunam JlopeHua:

Iny1=/v2/c? =InyJc’=v2 —Inyfc’ v, (112)

Tak  kak:  lv=v./v.. K ToMy xe npu v.>c: (v, =vi-c> wu
NPOCTPaHCTBEHHOMNOAO6HbIE METPUKM KOOPAMHATHI ¢ M rpaBUMMMyfibca LOMKHbI BbITb
3aMeHeHbl Ha BpeMeHUNoao6HbIe MeTPUKN. Takke, HECMOTPS Ha OAMHAKOBOCTb CKOPOCTM
cBeTa BO BCEM LUECTUMEPHOM MCEeBAOEBKIMAOBOM MPOCTPAHCTBE, CIOXEHUE CKOPOCTEM
MEXaHN4YECKOro [BUXEHNSI OGBEKTOB [OMKHO MPOU3BOAMTLCS BCE Xe He MO abComMoTHBIM,

a Nno KOH(POPMHbIM 3aBuUcMMocTaM (93-94).

32. B ype3Bbl4alNHO CUITbHOM rPaBUTaLMOHHOM MOMEe MO Mepe YMEHbLUEHWUS 3HauYeHWs
METPUYECKOTO paamanbHOro PacCTosHUSL 7 (POTOMETPUYECKUIA paanyc r MOXET cHavana
ymeHblwatbes (0r/0F >0) OO CBOEr0 MUHMMAMbHOTO 3Ha4YeHWs r,, a MOTOM HadaTb

BO3pacTaTb (ar/af < 0) BHYTPU HEMYCTOro COBCTBEHHOMO MPOCTPAHCTBA OYEHb MacCUBHOIO

acTpoHoMmmyeckoro Terna [21]. B cnydae oOTCyTCTBMSA HenpepbiBHOMO AeopMmnpoBaHuA
BewectBa B COOCTBEHHOM METPUYECKOM MPOCTPAHCTBE Takoro Tena emy Oyaer
cootBeTcTBOBaTh ecTkad PBCCOLU. PagnanbHble koopauHaTthl Todek atom PBCCOLU B
abContoTHOM NPOCTPAHCTBE B OOHU M T€ K€ MOMEHTbI KOCMOJSTIOrMYECKOro BpEMEHU 1 B OOHM
N Te Xe MOMEHTbl ee COOCTBEHHOro aCTPOHOMUYECKOrO BPEMEHM 33a4alTCsA pPasHbiMU
BblPaXXEHUAMMN:

RT)= RO T, Jesal H,(T =T, = exgl -, (0 =1,)+ L[ T |, (113)
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R(r,*t): R(r,*tb )exp[— H, ~(*t—*tb )]: r,exp| —H, (*t—*tb)+ cj f or dr|» (114)

rv. or

roe: *v.<c (c=1).
370, KOHEYHO, CBSA3AHO C BbI3BaHHBIM CaMOCKaTMEM BelLlecTBa B abCOMOTHOM NPOCTPaHCTBE

HecobniogeHNEM OOHOBPEMEHHOCTM COOLITUA B KOCMOSIOTMYECKOM BPEMEHM MNpU  UX
O[HOBPEMEHHOCTM B COBCTBEHHOM acTpoHoMu4eckoM BpemeHn PBCCOLL:

. . H, ¢ r or
T(r, t)=Tb+(t— tb)——“J.i*~—dr (115)
¢ fv. or

PagunanbHble N BpeMeHHbIE KOMMOHEHTbI NTIMHENHOro anemeHTa NBK Ttakoro Tena 8 CO®B n B
PBCCOLU HaxogaTcs 4Yepes MpOCTPaHCTBEHHbLIE pacnpenernieHns COOCTBEHHOM MMOTHOCTU

Macchbl ,LNl 1 0aBlneHna p B BellecTBe:

S =B =17 IR*(r,T), (116)

g =—f =72 1) IR, T)= (V2 + H2 1)/ &, (117)
aﬁ 2 r -

gw=(a_g =7 (r—ro)—Kczjrzﬁdr—Hf(r3—r03)/cz : (118)

‘g, ="V} /¢ :_(@j_z exp] 2« (@- ¢ +p)-(@frdr (119)
it ¢ or ; or ’

raoe r. — OTOMETPUYECKUIN PaauyC BHELLHEN NMOBEPXHOCTM Tena.

MpenenbHoe MUHUMarnbHOEe 3HadYeHne POTOMETPUYECKOro paauyca r, COOTBETCTBYET 30eChb
chepuyeckorr  MOBEPXHOCTW, B  TOYKaxX KOTOPOM  OTCYTCTBYIOT  HamnpsiKEHHOCTU
rpaBUTaLMOHHOIO  Mons (d*vL, /dr = 0) W [OOCTUraeTcs MUHUManbHoe HOPMUPOBAHHOE

3HayeHne CTaH4apTHOM YacTOThbl B3aUMOOENCTBUSA aneMeHTapHbIX YacTtuy f=H, ry/c [21, 22],
a Takke — xabbnoBo 3Ha4yeHWe CKOPOCTU PacnpOCTPaHEHWUs 3TOro B3aMMOAENCTBUSA
V.=H, R,. B MOMeHTbI T, N "t, COOTBETCTBEHHO KOCMOJIOIMYECKOro BPEMEHN U COBCTBEHHOrO
aCTPOHOMUYECKOTO BpPEMEHW Tena B TOYKe C paduMycoM r, pasMmep 3TarioHa AfIVHbI
oTkanmbpoBaH B CO®B no ero pasmepy B conyTtcTBytowen Bewectsy CO
(R(r,T,)=R (1, t,)=r,). OTa kannbpoBKa NPON3BOAMTCA OTAENbHO Ans 06nacTv NpPoCTpaHCTBa
CO®B R e (R,;), B KoTOpOW 0r/dF >0, n Ans obnactn R < (0;R, ), B koTopom or/dF < 0.

N3-3a Hanuuua npuHUMNnanbHOW BO3MOXHOCTWU OBY3HAYHOCTU (PyHKUMWU R(r), OYHKUMS
7(r) moxeT Toxe 6biTb ABY3HAUHOIA. W, criemoBaTenbHO, ypaBHEeHUs IPaBUTALIMOHHOMO Nons
OTO  pencTBuTENbHO  OOMYCKAlOT  BO3MOXHOCTb  CYLLECTBOBaHWUS  METpUYEecKou
CUHIYNSPHOCTU (g,v=0) BHYTPU puanyeckoro Tena. Tem cambiM B moOble MOMEHThI
KOCMOMOIMYECKOro U COBCTBEHHONO BPEMEHW BeLLeCTBa OHW rapaHTUPYOT COOTBETCTBUE
COOCTBEHHbIX 3HAa4YeHWUN POTOMETPUYECKOTO paaunyca r, He MeHbLUUX, YeM r, (r>r>r,), BCeMy
BEeckoHEYHOMY eBKIMAOBOMY npocTpaHcTey CO®B (R e (0;%)). MosTomy, HM oaHa obrnacTb
npocTpaHcTBa COPB He MOXeT COOTBETCTBOBaTL pelueHuto LLBapuwnnbaa ans r<re, Korga
2.<0 n ‘g>0 [23]. A, cnegoBaTenbHO, MNPUHUMNMANbLHO HE MOryT CyllecTBoBaTb U
rMNOTETUYECKNE YepHble Ablpbl, COOTBETCTBYHOLWIME 3TOMY pelleHuto. Kak BO BHeLIHEM
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(R>R,), Tak 1 BO BHyTpeHHEM (R<R,) YCNOBHO MyCTbIX COBCTBEHHbIX NPOCTPaHCTBAax Tena u
CKOPOCTb [ABWKeHUs1 HenoaBwkHblX B CO®PB 06bekTtoB  onpegensieTca 3aBUCMMOCTbIO

Xabbna:
V= H o 1l- V) =H, 1=l =)= r), (120)

: I—HL,Z-rf/(rj—rg)

|val=Hoor —. (121)

l-r./r—H:-r

g i e i
O,D,HaKO, B OTNiM4Me oT BHELWHero, BO BHYyTPEHHEM NYCTOM NPOCTPaHCTBE BMECTO ABJ1I€HUA

pacmpeHunsa BceneHHon Ha6ﬂf0,ﬂ,aeTCF| ABJieHne CcxXatud «BHyTpeHHeﬁ BCEreHHOoM».

Takoe CUHIYNApHOE pelleHune ypaBHeHMVI rpaBUuTauMOHHOIo nons OTO COOTBETCTBYET
chepryeckn CUMMETPUYHOMY MOMOMY Teny C 3epKarbHO CMMMETPUYHBLIM COBCTBEHHBLIM

NPOCTPaAHCTBOM W MHOXECTBOM LEHTPOB TAXECTU (d*vc/ d?:o) B TOYKax CpeavHHON

CUHIYIISAPHON ChepryECKON MOBEPXHOCTU, KOTOpPas KOHUEHTPUYHA BHELUHEW W BHYTPEHHEW
rpaHMyHbIM - MoBepxHocTAM  Tena. [lpy /=0 nogobHas koHdwurypauusi cobCTBEHHOrO
NPOCTpPaHCTBA COCTOMT U3 [OBYX acCUMMTOTUYMECKM €BKNUAOBLIX MNOMYNpPOCTPaHCTB,
COEQMHEHHbIX Y3KOW FOprioBUHOW. JTa KOHdurypaums nosnydeHa dynnepom n Yumnepom
[24,25], ncxoaa mn3 reomeTpoanHammudeckon mogenu maccol. [pu A#£0 BHYTpeHHee nyctoe
NMPOCTPAHCTBO MACCMBHOIO aCTPOHOMUYECKOrOo Tena orpaHuMdeHo uKTUBHOM cdhepon
ncesgoropusoHTa oyayuiero [21]. B 3ToM BHYTpEHHEM MyCTOM MPOCTPAHCTBE, KOTOPOE Kak
Obl «BbIBEPHYTO HA W3HAHKY» OYEHb CUSIbHbIM [PaBUTALUMOHHBLIM MOMEeM  MOXeT
copMMpoBaTLCA BHYTPEHHSA NaHeTHasa cuctema. BorHytas B abCOnOTHOM NPOCTpaHCTBe
BHYTPEHHSIA rpaHU4YHasi MOBEPXHOCTb MOMOro acTPOHOMMYECKOro Terna B cobctBeHHbIX CO
3TUX NraHeT HabnwaaeTcsa BbIMYKOW, Kak U ero BHELUHSS rpaHn4YHas noBepxHocTb. Beab
doTomeTpudeckme paguycbl opbuT nnaHeT Gonblie OTOMETPUYECKOro paauyca 3ToWn
MOBEPXHOCTU. W nulb OTCYTCTBME [Aanekux 3Be3[HbIX CUCTEM BO BHYTPEHHEM MyCTOM
NPOCTPaHCTBE MO3BOMSET OTNINYUTL €ro OT BHELLHEro NPOCTPaHCTBA.

Ha 3aeeplatowlernt ctagum cBoen 3BOMIOLUMM Takoe noroe Teno anbTepHaTVBHO YepHOW
ablpe. JTO OYeHb MaccuMBHas nonasi HeMTpPOHHasa 3Be3fda, KoTopasi He OoTnudaeTca OT
PUKTUBHOW «YEPHOWN ObIPbl» MO BHELIHUM HabrnogaemMbIM NpusHakaMm 1 BO3MOXHO SBMsieTcA
pesynbTatoM NaBHOMO OCTbiBaHUA kBa3apa [26]. OyeHb Gonblune 3HaAYEeHWs SHEPrnn U
MacCbl KBa3apoOB YKasbiBalOT Ha oO6ragaHWe U UMW MNOSIOM TOMOSOTMYECKON (HOPMON.
BbicTpas noTepst aHeprnn kBasapamu u3-3a YpesBbl4anHO BbICOKOWM UX CBETUMOCTU AenaeT
NX aKTUBHYIO >XW3Hb HENpPOAOSXUTENbHOW. Ha HacToAWwMMA MOMEHT KOCMOJSIOMMYecKoro
BPEMEHN BCE OHW, OYEBMOHO, NepeLUnn Ha HoBble (POPMbl CBOErO CyLLecTBOBaHUS. Ha aTo
yKasblBalOT O4YeHb GonbluMe paccTosiHUs A0 kBa3apoB. OgHako nuwb Hebonblias 4acTb
KBasapoB npeobpasoBanacb B MOfMble HEWTPOHHble 3Be3dbl. BOMbLMHCTBO M3 HUX
MOCTEMNEHHO MpPeBPaTUNNCL B 3Be3fdbl, KOTOpble B AarlbHEWWeM He MOryT COXpaHWUTb
YCTOMYMBOCTb MOSION TOMOMOrM4Yeckon oopMbl U3-3a BonbLION NoTepu aHeprun. Kak Tonbko
NX 3HEeprus JOCTUraeT KPUTUYECKOro 3HadYeHus, OHU npeobpasyoTcs B cBepxHoBble. [locrne
cOpacbiBaHUA CBEPXHOBOW BHELUHEro Crnos CBOEro BeLlecTBa, KOTOpoe SBnaeTcs
N30LITOYHBIM Ans 06bIMHOW (HEe MOMoKn) TOMosorMdYeckor opMbl 3BE3[bl, €€ 3BOMHUUS
npoJorkKaeTcs yxe C HOBOW KoHdurypauuen coberseHHoro [1BK. Bo BHyTpeHHeMm
MOMYNPOCTPAHCTBE MOSION0 Tefa HaxoaUTCs «3aTepsiHHbI» aHTumup dPynnepa—Ywnnepa.
Beab B HeM, B OTNM4YME OT BHELLUHEro NoslynpoCTPaHCTBa, COAEPXKUTCA aHTMBELLECTBO, a He
BeLLEeCTBO. JTO CBSI3@HO CO CnMpanibHOBOSIHOBOM MPUPOLON 3neMeHTapHbIX YacTuy [21] u
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00yCroBneHO yCTOMYMBOCTLIO YacTWL NUWb B MPOCTPAHCTBE, B KOTOPOM WUMEET MECTO
pasberaHve ot Habnogatena HenoaBwkHbIX B COPB 06bekToB, a aHTMYacTuy, — Nnb B
NPOCTPaHCTBE, B KOTOPOM MMeEeT MecCcTO HaberaHve Ha HabniogaTens Takux OOBLEKTOB.
Upes3Bbl4aHO BbICOKasi CBETUMOCTb KBa3apoB W MepBOHaYaribHO MOSbIX CBEPXHOBbLIX
Bbl3BaHa aHHUIMNSLMEN BELEeCTBa N aHTUBELLECTBA.

33. HenocpencteeHHoe, a He BBUAY SKBMBANIEHTHOCTU 3HEPTMN M MacChl, BO3AENCTBUE
rpaBUTaALMOHHOIO NOMA Ha He obnagaroLlime Maccon KBasnvacTuupbl, OTHIOAb, HE O3HaYaroT
OTCyTCTBUS, BOOOLLE, KAaKON-NTMOO 3KBUBANIEHTHOCTU 3HEPTMU U MAcCChbl. OKBUBANEHTHOCTb
SHEPrn N Macchl 3anoXxeHa yxe B caMmoM hopManmamMme Ux B3anmMocBs3n. IToT hopmanmam
MO3BONSET NpU onpeaeneHnn 3Heprun Tena vyepes ero maccy u, HaobopoT, — Macchl Tena
yepes ero SHepPrn yuuTbiBaTb TOMbKO [ABWXKEHME ero LieHTpa MacCc U He Y4YuTblBaTb, Kak
Maccy, Tak U KNHETUYECKYHO SHEPTUI0 CaMOCTOATENBHOMO ABUXKEHUS KaXKaoro B OTAENbHOCTH,
KaK Makpo-, Tak U MUKpoobbekTa BelecTBa Tena. [pn He NPSAMONMHENHOM ABMKEHUN TaKoro
NCEeBAOTOYEYHOro Terna ero raMunbTOHMaH OyaeT 3aBuCceTb Takke U OT YITOBOW CKOPOCTU
BpalleHns Tena BOKPYr CBOEro LeHTpa mMacc u byaet onpenensitbCs, KpoOMe MHEPTHOM
Macchbl, TaKke 1 MOMEHTOM MHepLUUN Terna.

CraunoHapHble rpaBuMTaUMOHHbIE MOMS, KaKk WM CTauMOHApHble MarHUTHble U
aNeKkTpuyeckne mnons, He nepeHocat 3Heprun. OHKU SBRAKTCS NUWb pe3ynbTaToMm
HaBeAeHNa BeLeCTBOM MPOCTPAHCTBEHHOW HeoAHOpoAHOCTM cBoncTB OB n He moryT
paccmaTpuBaTbCA Kak CaMOCTOATENbHASA U camogocTaToyHas oopma matepun. Tak Kak B
cnyyae N303HEPreTU4YEeCKoro B3aMMOLENCTBMS (ocywectBngemoro  0bmeHoOM
OAVHAKOBbIMW KBaHTaMM 3HEPrnK, Kak Mexay CTaburnbHbIMU, Tak U MeXay BUPTyanbHbIMU
YacTuLammn) NepeHoC SHEepPrum Ha paccTosiHue B MyCTOM NPOCTPaHCTBE HE NPOUCXO4MUT, TO
He BO3HWMKaeT N NOTPeBHOCTb B CyLLECTBOBAHUN KakUX-NMBo kBasndacTtuy, (rpaBUTOHOB),
nepeHocAWnNX rpaBuTaunoHHoe B3aumogencTeume. [Mpu OBMXKEHUU U3NYECKOro Tena
cteneHb HIMH®B Bo Bcex Toudkax abCcontOTHOrO nNpocTpaHcTBa uameHsaetcsa. U, aTo
NPOUCXOANT Tak, YTO NPOCTPaHCTBEHHOE pacnpeneneHne puan4eckon HeogHOPOAHOCTH
ceonctB ®B kak Gbl cocTaBnsieT C TeNIOM OOHO Lenoe (MpyM MHepumnanbHOM LBMXKEHUU
Tena — 6e3 Habnogaemblx, kak B CO®B, tak n B UICO Tena B3anMMHbIX 3anasgbiBaHUN
nepeMeLleHnin 3Toro pacnpegeneHna u camoro Tena). [Mo3ToMy nNpOCTPaHCTBEHHO
HeogHopoaHbIn ®B nycTtoThl (6€3BO3AYLWHOrO NPOCTPAHCTBA) MOXET paccMaTpuBaTbCs
Kak Obl «HEBMOMMOW» 4acTbl BelwecTBa, No4obHO HeBMAMMOWM 4YacTu «auncbepray». B
oTNMyMe OT BUOUMbIX YacTeh BellecTBa, «HeBMAUMbIE» e€ero 4actu obnagatoT
CMOCOBHOCTLI «B3aUMOMNPOHMKHOBEHNS», YTO U MPOSIBIISIETCS B HECOMPOBOXAAEMOM
BO3HMKHOBEHMEM BUXPEBLIX 3PEEKTOB MNPOCTOM CYMMUPOBAHUM  CO34aBaeMbIX
pasnUYHbIMK TenaMmm PU3n4eckMx HeoQHOPOAHOCTEN OKPYXaloLLero Ux NpocTpaHcTBa, a
TEM CaMbIM, U — B CITOXEHUN rPaBUTaLMOHHBIX NOMNen aTux Ten.

NHTeHcmBHocTe HIMH®B no mepe ypaneHus oT obnagawowero 3sHeprmen Ttena
ocnabesaet. 310 nposinsetcds B CO®PB B yMEHbLUEHMM WMHEPTHOCTM MacCbl U B
yBEMNYEHUN WHOMBULYANbHOW 3HEPrMn MOKOS, Kak CTabunbHbIX, Tak U BUPTYyanbHbIX
anemMeHTapHbIX Yactuy. Kpome Toro, no mepe yganeHus oT Tena yBeNnuuMBalTCAa Takke
CKOPOCTb pacnpoCcTpaHeHUs U YyacToTa B3aMMOLENCTBUSA dNeMeHTapHbIX YacTul,. Takke
nMeeT MeCcTo M yMeHbLUeHNe B abCONMTHOM MPOCTPAHCTBE KOHLIEHTPALUN BUPTYaribHbIX
yacTuL, COrfmacoBaHHOE C  YMEHbLUEHMEM CTEMEHW CaMoCkKaTuUsl  aKTyanbHbIX
(cTabunbHbIX) anemMeHTapHblx 4acTtuy BewectBa. K Ttomy xe ecnivm B PBCCOL
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dmM3nYEeCcKoro Tena WHEpPTHblE MacCbl U SHEPIMM MUKPO- U MaKPOOOBLEKTOB BeLlecTBa
9BOSIIOLUMOHHO He WU3MEHSATCS, To B Kaxgonm Toudke OHAI 3tn  dusmyeckmne
XapakTepPUCTUKM MO Mepe 3BOSIOLUMOHHOIO CaMoCXkKaTuUsi BeLLecTBa WM3MEHSAKTCS Mo
MOLLAB nogo6HO nameHeHuo Ux No Mepe yaaneHus oT LeHTpa 3Toro Tena.

B oTnuune oT paBHOBECHOrO ABWXEHWUS, Npy CBOOGOOHOM MHEpPUMANbHOM OBUKEHUN
LeHTpa mMacc Tena ero ramunbToHnMaH no MOLWAB 3BOMOUMOHHO YMEHbLUAETCs, 4YTO
CBSI3aHO C MOCTEMNEHHOM NMoTepen TefloM CBOEN KUHETUYECKOM JHEepruu nog OercTBuem
9BOJIIOLMOHHbBIX NceBaoanuccunaTnBHbix cun. OgHako Npy nHepunanbHOM OBWXKEHUN Tena
B BINBK no annuntuyeckon opbute BOKpyr yCrnoBHO HenoaswxkHoro B CO®B ueHTpa macc
BCex Ten, hopmupytomx rpasutaumoHHoe none BIBK, 6ygeT umeTb MecTo crneayrowas
3aKOHOMEpPHOCTb. [amMunbToHMaH 3Toro Aswxyuwieroca B CO®B no annuntuyeckomn
cnvpann Tena no MOWAB OygeT UMKIMYECKM U3MEHATLCS, OCTaBasiCb HEU3MEHHbIM U
paBHbIM MO BEMUYMHE BO BCEX TOYKaX, rAe BEKTOP CKOPOCTM OBMXEHUS Tena HopMmarneH
rpagueHTy HanpsKeHHOCTU rpaBuTaLMOHHOro nons [2].

Linknuyeckoe un3MeHeHMe ramunbTOHMaHa Tena npu 3TOM CBA3AHO TONMbKO C
NPOXOXAEHNEM €ro TPaekToOpUN ABWXKEHUS Yepe3 TOYKUM C HeoOMHAKOBOW (PU3NYECKOW
HeogHopogHocTbto ®B. Beob npu aBuMkeHun Tena B abCoOMOTHOM NPOCTPAHCTBE MO
KPYroBOM cnupanu, nNpoxoasdiien yepe3 TOYKM C OOUHAKOBbIMWU 3HAYEHMSIMU CKOPOCTU
CcBeTa, ero raMurbTOHWAH HE U3MEHSAETCS, HECMOTPS Ha MOCTENEeHHOEe yMEHbLUEHNE Mo
MOLLUAB ero ckopoctn paBwxkeHuss [2]. 3BonouMoHHas HemameHHocTb B COOB
LUMKINYECKN NPUHUMAEMOrO MakCMMarnbHOro 3HaYeHUs raMunbTOHMaHa ABWXKYLLErocsi no
ANNMNTUYECKON cnvpanu Tena obycnosrieHa HEMNOABWMXKHOCTbIO B abCONOTHOM
MPOCTpPaHCTBE LEHTpa Macc Bcex Ten (COBMECTHO HaBOAdaWMX — U3NYECKYHO
HEOOHOPOOHOCTb OKpYXaloLllero Mx npocTpaHCTBa W, TEM CaMbiM, (OPMUPYIOLLMX
rpaBMTaUMOHHOE nMone) W YyMeHblleHnem paguyca opbutbl Tena B abCOMOTHOM
NPOCTPaHCTBE MO Mepe 3BOMOLMOHHOIO yMeHbleHNs nHTeHcusHocTn HIMH®B. Bece aTto
MO3BOMSET paccMaTpvBaTb rpaBUTALMOHHOE Mofe Tena Kak pesynbTaT 3anasgblBaHus
9BOJSIIOLUMOHHOIO npouecca «ctapeHus» ®B B Gonee yganeHHbIX OT €ro LieHTpa macc
TOYKax.

Takum ob6paszom, HIMH®B ©n 3BOMOUMOHHLIA MNPOLECC OAMHAKOBO BIUSOT Ha
ceorctBa ®B 1 HaxoasLlerocs B HEM BeLLlecTBa. Tak Kak 3TW BAUSIHUS MOTyT B3auUMHO
KOMMEHCMpoBaTbCA, TO 3a rpaBUTAUMOHHOE B3aMMOLEWCTBME W 3@ Hanuuue
nceBOoOAMCCUMNATUBHBIX CUN 9BOSIOLUUMOHHOMO TOpPMOXeHus asmxkeHus Ten B COODB, a
TaKke 3a YMeHblUeHWe 3Heprun (OTOHOB B OHTOreHese AOMMKHbl ObiiM Obl ObITb
OTBETCTBEHHbIMU OZHWN U Te Xe MMnoTeTUYeckme KBasndactuubl (ecrnv 6bl, KOHEYHO, OHU
peanbHo cyulectsoBanu). OgHako, Tak kak B CO 3BOMOLMOHHO CaMOCKMMatoLerocs
BellecTBa [OeNCTBME 3BOSMIOLUMOHHO OOYCMOBMEHHbIX MNCEBOOANCCUMATMBHBLIX CUN He
Habnogaemo, a CMeLLeHne CnekTpa n3nyyvyeHus OT yaaneHHbIX TeNn CBSA3aHO C Hannunem,
KaKk du3nyeckon HeoaHOPOAHOCTM cobCTBEHHOro npocTtpaHcTBa 3ton CO, Tak M
BbI3BaHHOro pacwupeHnem BceneHHon adpdpekta [onnepa, TO OaHHble KBasudacTuubl
ApUHUMAManNbHO He MoryT ObiTb Habntogaembl. MHave, Habnogaembimm 6binmn Obl 1 BCe
9BOJSIIOLUMNOHHbIE MPOLIECCHI, CBA3aHHblE C U3MeHeHMeM cBoncTB ®B n MukpooOGbLekToB
BewlecTBa. [MoaTomy TO cBobGOAHOE NageHue Tena, kak u nboe apyroe MHepunanbHoe
asmxkenne, B PBCCOLU He conpoBoxgaetca M3MEHEHWeM ero ramunbTOHMaHa, a
npeTeHaylwmne Ha ponb PaBUTOHOB  «HeHabnogaemble  KBasuMyacTuubl»  He
PErMCTPUPYEMBI HM B KaKMX (OU3MYECKUX ISKCNEPUMEHTAX HW HENOCPEOCTBEHHO, HU
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kocBeHHO. Beuay rnobanbHoM  KanMbpOBOYHOCTM  3BOMKOLMOHHONO  npoLecca,
NPOUCXOAALEr0 B MWUKPOMUPE, BCE SBMEHUS, HENOCPEACTBEHHO WM KOCBEHHO
cBa3aHHble B CO®B ¢ Hannumem aTux «HeHabnogaembix KBasmyactulyy», (B TOM Yucne, u
TaroteHne, obycnoeneHHoe B nobon CO Hannumem u3nyeckon HeOQHOPOOHOCTU ee
npoctpaHcTtBa) B CO 3BOMOUMOHHO CaMOCXKMMAlOLLEroca BewecTBa MOryT ObiTb
00bsACHEHbI  OPYrMMW  U3BECTHbIMM  U3NYECKMMU  paKTOopamK,  Bbl3blBalOLLUMMU
aHanormyHbIn appekt. 3TO COOTBETCTBYET MPUHLNMY 3aMECTMMOCTM MPUHUMNMANBHO
HeHabnogaembix B kakon-nmbo CO (kanmbpoBOYHbLIX) MPOLIECCOB W SABMEHUW OPYrMMU
COOTBETCTBYIOLLNMUN UM NPOLIECCaAMU U SBNEHUAMM.

OpHako HeHabnoaaeMoCTb [aHHbIX KBa3nM4acTuL, BOBCE HE O3HAa4aeT, YTO Mbl He
Mornu 6bl NPUHUMNKANbLHO AOMYCTUTb BO3MOXHOCTb UX CyllecTBoBaHuA. [Npu ycrnosum
coxpaHeHuss B COPB aHeprum B SIBHOM BuAe «HeHabrnogaemble KBas3MyacTULbI», Kak U
OB, Mornn 6bl GbITb (PU3MYECKON pearibHOCTb, MO3BOSIAKOWEN MNONYYUTb CTPONHYIO
KapTUHY MMKpPOMUPA NyTEM YCTAHOBMNEHUSA €0MHON NPUPOLAbl BCEX B3aUMOoZeNCTBUI®,

34. Martematnyeckne mogenu HKCO m UKCO He yunTbiBalOT CaMOCTOATESIbHOrO
OBWKEHNA  (M3BMEHEHUS MPOCTPAHCTBEHHO-BPEMEHHOIO COCTOSIHUS)  3rIeMEHTapHbIX
YyacTuy BellecTBa Tena, a Takke KBaHTOBOro xapakrtepa, Kak Habniogaemoro TONnbko B
CO®B npouecca rpaBu3BOSIIOLMOHHOIO M3MEHEHUS UX SHEPrUM U UMMynbca, Tak WU
Habnwgaemoro B CO®PB u B cobctBeHHbix CO nobbiX Ten M3MEHEeHUsa 3TUX
XapakTepucTMK B Mpouecce WUCMYCKaHUA WnuM  MOrfoWeHNss UMW  NPUHLMNMAaNIbHO
Habnogaemblx kBasudactuy — ¢oToHoB. CrnepgoBaTenbHO, [OOCTOBEPHO  MOXHO
yTBepXaaTb TOSMbKO TO, YTO 3aKOHOMEPHOCTSAM, yCTaHaBfMBaeMbliM 3TUMU MOAENSMU,
NOAYMHSAIOTCA MNUWb MaTemMaTuyeckue OXuaaHus BcCeX (PU3nYeckux napameTpoB WU
XapaKTepuUCTUK U, NpUyeM NULb Yy MakpOOObEKTOB, a He Y MUKPOO6BLEKTOB. B Makpomupe
dusundeckne aBreHns obbl4HO HabngawTca U nccnenyTca Ha (PeHOMEHOoIorMyeckom
YPOBHE U MpU 9TOM MWCMOMb3YHTCA NUWb YCPeAHEHHble B npegenax KOHEYHOro
NPpOMEXyTka BpeMeHu u B npegenax onpegerieHHoro MpoCTPaHCTBEHHOro obbema
OOBEKTOB 3Ha4YeHUs UX (PU3NYECKUX MapamMeTpoB W XapaKTEePUCTUK, MPaKTUYECKU He
oTnuyawwmecs OT UMX MaTeMaTudeckux oxuaaHuni. [1o3ToMy OUCKPETHOCTb W
HeOAHOBPEMEHHOCTb (Mpoucxosliero B Mpouecce WCNYCKaHUs WAW  MOrMoLEeHNs
SNeMeHTapHbIMU YacTuuaMmy (OOTOHOB) M3MEHEHWSA 3Heprum n MMnynbca pasfmyHbIX
MaKpOOOBHLEKTOB HEpPaBHOBECHO CaMOCKMMaloWerocs Tena SBfsiTCA NPakTUYEeCKM
HeHabnogaembiMu. 3TO TO M obycnaBnuBaeT KOBApPUAHTHOCTb (PEHOMEHONOrMYECKUX
3aKOHOB MakpoMmupa K KanubpoBouHbIM fedopmaumam B CO®PB camoro Tena u
MUKPOOOBHLEKTOB €ro BellecTBa, a Takke COXpaHeHWe B MakpoMuype B SBHOM Buae
GanaHCOB 3HeprMM u uMNynbCca nNpu NpakTU4eckn HeHabngaeMblx U3NYECKUX
HeOAHOPOAHOCTAX COBCTBEHHOrO BpeMeHU U COBCTBEHHOIO NPOCTPaHCTBa Tena.

% Mpu 3TOM, KOHEYHO, CNeAyeT UMETh BBUAY, YTO aBCTPaKTHLIE MHOTOMEPHbIE NPOCTPAHCTBA eAMHOI
Teopun B3anMOLEeNCTBUI, UCTIONb3YOLMNE B kKayecTBe 0606 EHHbIX KOOPAMHAT HEKOTOPbLIE (hn3nYeckme
napameTpbl (BHYTPEHHWUE KBAHTOBbIE YMCIIa) SNEMEHTAPHbIX YacTuL, Kak U YeTblpexmMepHoe
NceBaOEBKNMAOBO NPOCTPAHCTBO MWHKOBCKOIO, ABMSIOTCS HE (OU3NYECKUMU, A BCETO NKLLIb reOMEeTPUYECKM
WHTEPNpeTMpYoLWMMK hrandeckme sSiIBReHNs 1 NpoLeccbl MaTeMaTUYECKMMM NPOCTpaHCTBaMK,
nossonsoWmumn, 6narogaps NPMBEYEHMIO reoMeTpUYecKMx o6pasoB U TEPMUHOMOMMM NOBbLICUTL
«HarnsgHOCTbY» aHTPOMHOIO BOCMPUATUS 3TUX SIBIIEHWIA U NPOLLECCOB.
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35. BblaBaHHOE HepaBHOBECHOCTbIO caMmocxkaTus B COPB obnagatowmx 3CHYKCOLL,
3CHKKCOLW mnn 3CHMKCOW dusundecknx ten n obycrnasnvBaeMoe Hanuvymem B 3TUX
CO nceBpoamnccunaTUBHBLIX UMK NCEBAOACCOLUMATUBHBIX CUIT MHEPLUMU COOTBETCTBEHHO
YMEHbLUEHVE UMW YBENNYEHME TAaMUNbTOHMAHOB WHEpPLManbHO OBMXYLUMXCS OOBLEKTOB
TOXE MOXEeT paccmaTpuBaTbCA Kak [OUCKpeTHoe. 3TOo, ogHako, OyaeT CBs3aHO C
Habl4aeMOCTbIO NOMMOLWEHNA UK UcnyckaHna (OOTOHOB 3fieMEHTapHbIMK YacTuuamm
BewectBa He 00bekToB, ABwxywmxca B CO®PB wmHepumanbHO, a OOBEKTOB Camoro
HEepaBHOBECHO camocXkKumarowerocs tena. HecMoTpsa Ha 3TO OUCKPETHOE M3MEHEHME B
3CHYKCOLW ramunbTOHMAHOB MHepUManbHO ABWMXKYLUMXCA OOBEKTOB MOXET YCIOBHO
paccmaTpuBaTbCA  Kak  pes3ynbTaT  WUCMYCKaHUS  WNWM - MOMMOWEHNa  (PUKTUBHbIX
KanmbpoBOYHbIX KBa3nM4acTuL, 3fIEMEHTAPHbIMM YacTULaMu, MUMEHHO, UX BELLLECTBA, a He
BewectBa obpasywowero 3CHYKCOLW. Tpn a3tOoM  AaHHbIMX  PUKTUBHBIMA
KanmbpoBOYHbIMM KBasnyacTuLaMu dfeMeHTapHble YacTuubl BewecTBa 3TUX OOBLEKTOB
MOryT «B3aMMOOENCTBOBaTb» IMWb C BUpTyanbHbiMM 4Yactuuamm OB, a He cC
HaxoasaWMMNCA B HEeM CTabuibHbIMM 3NEeMEHTapHbIMM 4YacTuuammn BewectBa. VHaue
ABWXeHMe aTuX 06BbeKTOB 6bINo Bbl yXkKe He MHepUManbHbIM.

Bce 310, a Takke 3KBMBANEHTHOCTb MOTEHUMANbHbIM W MCEBOOANCCUNATUBHBLIM
cunam VMHepuuMM COOTBETCTBEHHO T[PaBUTALUMOHHBLIX CWUIT WU CUMT 3BOMOLMOHHOIO
TOpMOXeHus1 aBwxkeHuss obbektoB B CO®B 3acrtaBnsieTr paccmatpuBaTb NULb Kak
UMKTMBHbIE KanNnMOPOBOYHbIE KBa3n4acTULbl Takke U «HeHabnogaemMble KBa3an4acTuLbi» —
rpaBuUTOHBLI. TeM cambiM, 3TO 3acTaBnseT gonyctutb B COPB, kak n B HexxecTknx YKCO,
NULWb YCMOBHOE COXPaHEHUE SHEPIrMM UHepUMarnbHO ABMXYLUUMXCA OOBHEKTOB. A MMEHHO,
AONyCTUTb CoXpaHeHue Nuwb 6anaHca nx OCTaTOYMHOM SHEPTUM N SHEPTUN, IBOMOLIMOHHO
UMK NMOTEPSIHHON, OAHAKO, MNOTEeHUManbHO BOCMOMHUMOW NpY ABMXXEHUN 3TUX OOBEKTOB MO
cnvpanbHo-annunTudecknm opbutam. Begb BBMAY HecTabunbHOCTM B abCONOTHOM
npocTpaHcTBe, Kak U B dumandeckom npoctpaHctBe YKCO, HenepeHOpMUpOBaHHbLIX
NPOCTPAHCTBEHHbLIX NapamMeTpoB a, CcrnegoBaTenbHO, W WMHEPTHOCTM  MacChl
MUKPOOOBHEKTOB BeELLECTBA MHAMBMAYaNbHAA 3HEPrus MHepumanbHO ABMXKYLLErocs tena
He coxpaHsieTca. W, cnepoBaTenbHO, COXpaHeHMe B SIBHOM BMAE WHAMBUAYaNbHOW
9Heprnm (rammnbToHMaHa) Nboro MHepLmManbHO ABMXKYLLErocs Tena MoXeT UMeTb MeCcTO
nuwb B xectkon CO KBIBK. N aTo BnonHe norn4yHo, Tak kak Tonbko B CO KBIMBK u3
BCEX B3aMMHO KOHGOPMHO npeobpasyembix CO MUPOBBIMU JIMHUAMU UHEPLMANbHO
OBWXKYLLMXCS Ten ABNAITCS CTaunmoHapHble reogesnydeckne nuHum MNBK.

OTO He MPOTMBOPEYUT 3aKOHY COXPaHEHUs SHEprun, Tak Kak ykasblBaeT Nulb Ha
HeobXo4MMOCTb, HO HEQOCTAaTOYHOCTb METPUYECKON OQHOPOAHOCTU BPEMEHN N3BpaHHON
CO ans coxpaHeHusi B HEW 3Heprmm B sIBHOM Buae. [Ans atoro Heobxoguma euwe u
cTabunbHOCTb B  MeTpuyeckoM npocTtpaHcTBe aton CO pa3mMepoB MUKPO- W
MaKpoOOBLEKTOB BeLlecTBa, M3MYECKMe MpoLecCbl B KOTOPOM WCMOMb3ylTCca Ans
oTcyeTa BpemMeHu. W, cneposatenbHo, 3ata CO pgorkHa conyTcTBOBaTb [JaHHOMY
BELLECTBY U OblTb AN HEro >XeCTKOW. TONbKO NP BbIMNOMAHEHUN yKa3aHHbIX YCIOBUN W
B6yayTt oTtcytcTtBoBaTh B 31O CO OTBETCTBEHHbIE 3a HECOXpaHeHWe WMHANBWAOYarbHOMW
9Heprmn (rammnbTOHMaHa) MNCeBOOAMNCCUMNATMBHBIE W MCEBAOACCOUMATUBHBLIE CWUIbl,
Bbl3BaHHblE HE B3aMMOAENCTBMEM 3fIEMEHTAPHbIX YacTul, BELLECTBa, a M3MEHEHUEM
MHEPTHOCTU X Macchl (4TO 1 nmeet MecTo, kKak B HUKCO, Tak n 8 COOB).
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36. lNpu paBHOBECHOM CXaTuUW Terla 3aKOHOMEPHO AOBWXKYTCHA NULb LIEHTPbl Macc
MakpoobbeKTOB BellecTBa Tena. MMKpoo6beKTbl NpU 3TOM ABUMXKYTCA HE PaBHOBECHO, a
XaoTU4eckn W MOryT TO OThaBaTb 4YacTb CBOEW 3Hepruu, Kak gpyr gpyry, Tak wu
BMpTyanbHbiM 4actuuam OB, 1O 3abupaTb ee Has3ag BMecTe C MCYE3HOBEHUEM
OTAEenbHbIX BUPTYanbHbIX YacTuy, a, cnegoBaTeribHO, U C YMEHbLUEHNEM UX KONMU4ecTBa.
B cooTBeTCcTBUM C 3TUM 3BOMIOUMOHHOE YMEHblUeHWe B abConMTHOM MNPOCTPaHCTBE
«pas3MmepoB»  (TOYHEe U3MEHeHWe 3HayYeHUrM MNPOCTPAHCTBEHHbIX MapamMeTpoB)
3NeMeHTapHbIX YacTuL, NPOMCXOOUT He MMaBHO, a Ha (POHE HenpepbIBHOMO NOBTOPEHUS
crnyvavHbIX Mynbcaumi  (pacTsHKeHUn-cxaTu) 3TUX  YacTuy. ITO  CBA3AHO C
HecTauMoHapHOCTbIO cBOMCTB PB 1 nposaABnseTcs B Hanuyum, Kpome MeTpu4eckon u
PU3NYeCcKon MakpOHEOAHOPOAHOCTEN, ewe U  HecTauMoHapHbIX  (MyNbCUPYIOLLNX)
METPUYECKMX U U3NYECKMX MUKPOHeoaHopoaHocTten OB a, cneposaTtenbHo, WU
3anonHaeMoro MM abCoNTHOMO  MPOCTpaHCTBa. TeM caMbiM  3BOSIHOLMOHHO
camocxummarwlieecs Teno obnagjaeTt, Kak HeCTauMOHapHbIMU  MWKPOKPUBU3HaAMU
(wepoxoBaToOCTAMM), TaK U HeCcTaUMOHAPHLIMU (PU3NYECKUMN MUKPOHEOLHOPOAHOCTAMM
cobCTBEHHOro  nmpocTpaHcTBa. [lynbcauum  «pas3mepoB»  3MEMEHTapPHbIX  YacTuu
conpoBoOXaatTcs n konebaHnamm HecobCTBEHHOrO 3HaveHns CKOpOCTH
pacnpoCTpaHeHNs B3aMMOAEWCTBUA Mexay Humu. OTn konebaHus HecoBCTBEHHOro
3Ha4YeHUs CKOPOCTU pacnpoOCTpaHEeHWs B3aMMOAEWUCTBUS YaCTUYHO KOMMEHCUPYIOT
BMMUSIHWE Ha 4acTOTy B3auMOAeNCTBUSA kornebaHUn BENUYMHbI PacCTOSHUS, NPOXOAMMOro
KBasnyactmuamu (BOMHOWM  B3aMMOOeWncTBWUsl) B Mpouecce B3aumopencteusa. U
NPOSBNAIOTCA OHW NULWb FOKanbHO, MPaKTUYEeCKU He CKa3bliBasCb Ha CTabunbHOCTU
CKOPOCTW pacnpocTpaHeHusi CBODOAHLIX KBas3MyacTUL, B OKpYXallleM 3areMeHTapHble
YacTuubl npocTpaHcTBe. Kak HecTaumoHapHas MUKPOKPMBU3HA, TaKk M HecTauunoHapHas
dmanyeckas MUKPOHEOAHOPOOHOCTb MPOCTPAHCTBA CKa3blBAlOTCA Ha BOMHE U3NyYeHus
nMwb  cpegHectatucTudeckn. KMx Bo3gencTBMe Ha  u3nyyeHue nposBnseTca B
onpegeneHHon ONTUYEeCKOW NNOTHOCTM BelwecTBa U B AN(PPaKLUNOHHOM pacCesiHun B HEM
¢OTOHOB.

B cootBetctBUMM C (16,20-22) BMecTe C nNynbCcaumsiMn «pasmepoB» 3feMeHTapHbIX
YacTuy, W C JoKanbHO npoucxogawmmmn KonebaHmsaMm HecobCTBEHHOIO 3HaYeHUs
CKOPOCTW  pacrnpocTpaHeHWss B3auMOAEWCTBUSA MNPOUCXOAUT Takke W  CryvyanHble
konebaHna OTHOCUTENbHO CBOMX MaTeMaTUYeCKUX OXMAAHUN 3HAYEHUN WX UHEPTHOW
maccel. C y4vyeTtoM aTOoro u KonebaHui, Kak HEeCOOCTBEHHbIX 3HayYeHWU CKOPOCTU
pacnpocTpaHeHus B3aMMOOEWCTBUS, TaK W 3HAYEHUM CKOPOCTU [ABWXKEHUS (ToYHee
pacnpocTpaHeHnsl) caMmx 3fIEMEHTApPHbIX YacTul, MpoucxoauT Takke W konebaHue
3HAYEeHNN WX raMUNbTOHMAHA WM UMMyNbCa, W3MEHSIWNXCA OUCKPETHO B Mpolecce
MMEIOLLIEro KBaHTOBbLIN XapakTep B3aMMOAENCTBUSA 3NIEMEHTApPHbIX YacTul ¢ «0Bnakom»
OKPYXatoLLMX UX BUPTYyarnbHbIX YacTul, pnandeckoro Bakyyma. Bo3amoxxHo, 4To B npoLecce
3TOro B3aMMOENCTBUS, COMPOBOXAAKOLWErocsa camocxkaTnem 3SneMeHTapHOW YacTuubl,
ee WHOMBMAyanbHas 9Heprus CTaHOBUTCA BeCbMa 3HaYUTENbHO MeHblle ee A0onwu
SHEPruun, KONNeKTMBU3NPOBAHHOW B rpaBUTaLMOHHOM Mosie 1 hakTUYecKkn cogeprallemnca
B OKpyxawwem ee «obnake» BUpTyanbHbIX 4YacTuy. BO3MOXHO, K TOMy e
NHANBMAYaNbHaa 3HepPrns areMeHTapHOM YacTuLbl CTaHET U COU3MEPUMON C MOPLMAMU
SHEPruun, OTAaAHHBLIMU €l Kaxdow M3 BUPTyarbHbIX YacTuy 3Toro «obnaka», pasmepsbl
KOTOPOro M KONMUYECTBO BUPTYarbHbIX 4YacTul, B KOTOPOM TeM 6ornblue, YeM MeHblue
«pasMepbl» U 3HEpPrusi SABMSAIOWENCA «aOpOM» 3TOro «obnaka» nynbCupyoLen
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aneMeHTapHOM 4YacTuubl. B aTOM cnyyae BepOSITHOCTb BOCCTAHOBIIEHMSI MaKCUMarbHO
BO3MOXHOWN WUNU Xe 6nM3Kon K Hen WHOMBMAOYanbHOW SHEPrMn B «CaMOCKaBLUENCS»
anemMeHTapHOM 4actuue, XoTa u bygeT Benuka, HO He ByaeT yxe crTonpoueHTHon. B
pesyrnbTaTe UHTepMepeHUnn cnydanHolx nykryaunn dusndeckon HeogHopogHoctn OB
a, TeM cambiM, N UHTepdEepeHLUMM CBA3AHHbLIX C HUMU IyKTyauun pacnpeneneHuns
SHeprunm B «obnake» BMPTyarnbHbIX YacTul B 3TOM «obnake» MoxeT obpasoBaTbcs
HECKONMbKO KOHKYPUPYIOLLMX Mexady cobon mnokanbHbIX 3SHEpreTM4eckux LUeHTPOB.
BcrnegctBue a3TtOro0 ¢ TOW MMM MHOW  BEPOSTHOCTBIO  MakCUMarnbHOe 3HadeHue
WHONBMAYANbHON  3HEpPruM  MPUHUUNUANBHO  MOXEeT  BOCCTAHOBUTLCA B NtobGon
BMPTyarnbHOM YacTuue «obrnakay, a NpexHas camocxKaBLLasCa YyacTuua — UCHE3HYTb, Kak
M nogaenswwee 6GONbLWWMHCTBO APYrMX BUpTyanbHbIX 4YacTuy. Ha BepoATHOCTb
BOCCT@HOBJIEHMSI MaKCUMarnbHOrO 3Ha4YeHUs WHOVBUOYaANbHOW SHEpPrMM YacTuubl B
KaXXdoW M3 BUPTYarbHbIX YacTuy, «obnaka» OyayT BNUATb BHELLUHME CWUMOBbLIE NONSA U, B
TOM 4ucCne, CWnoBble MNONs W3MepuUTenbHOro npubopa. 310 OyaeT NposBRAATLCA B
HECUMMETPUYHOCTN  OTHOCUTENbHO  CaMOCXKaBLUEWUCH  3rIEeMEHTapHOW  YacTuubl
NPOCTPAHCTBEHHOIO pacnpeaeneHnss HeoaHoOpPoAHOCTM cBoncTB ®B. BO3MOXHO, B 9TOM U
KpoeTcH ogHa 13 NpUYMH BOMHOBbLIX CBOMCTB 3rieMeHTapHbIX YacTull.

37. HecmoTpss Ha ycpegHeHue, CyMMapHbiA UMMNYNbC W3MEPUTESNIbHOW CUCTEMBbI,
COCTOSILLLEN W3 MHOXECTBa NyfbCUPYHOLMX JfIEMEHTAPHbIX YacTul, W YCINOBHO
cuntarowencsa HenoaswkHon B bBIBK, 6ygetr B BIMBK He HyneBbiM, a nuuwb
Kkonebnowmmcs OTHOCUTESNIbHO CBOEr0 HYNeBOro MaTtemaTU4ecKkoro oxuaaHusa. W,
cnepoBarternbHO, abcontoTHo HenoaswxkHoro B BINBK nnn B CO noaswxkHon nabopaTtopum
n3mepuTenbHoro npubopa nNPUHUUNUANBLHO HEe MOXeT OblTb. [1o3aToMy uM3MepeHus
SHEpruM unn umnynbca 3feMeHTapHbIX YacTuy dakTmyeckn npomsBogaTca He B CO
BMNBK wnu nogswxkHonM wuameputenoHon nabopatopum, a B CO «konebnoowmxcsa»
OTHOCUTENBbHO Hee W [pyr Apyra KBasvMHENOABMXHbIX W3MEpUTENbHbIX NPMBOpPOB.
Bcneacteme atoro, a Takke BBMAY HEBO3MOXHOCTM abCOMOTHO TOYHOW B3aMMHOWN
CUHXPOHU3aLUM MPOLIECCOB U3MEPEHUs1 pPasfnyHbIMKM  U3MepUTENbHbIMKM  Npubopamu,
nokasaHus nocrnegHux OyayT cnydamHblM obpa3oM oTnuMyaTbes Apyr oT gpyra. W,
MO3TOMY, HM O KakOM abCOMIOTHO TOYHOM WM3MEPEHUN IHEPrUn U UMMNyFbCa HE MOXEeT
ObiITb M peun. W, cnepoBaTenbHO, 4YeMm 6ornblue MPOMEXYTOK BPEMEHU, 3a KOTOpPbIA
onpefenseTca yCpeAHEHHOEe 3HayeHuMe JHEeprum IfnemMeHTapHOW YacTuubl, TeM Ha
MEHbLUYIO BENUYUHY pesynbTaTbl U3MepeHus OyayT OTnmMyaTbCs OT «UCTUHHOIO» ee
3Ha4yeHusl, a caMO «WUCTUHHOE» 3HayeHue — OT ero matematudeckoro oxugaHus B CO
BINBK vnn nogsmxHon nsmeputensHom nadopatopum. AHanormyHo, 4Yem BornblLle oTpe3okK
NyTM 9NEeMEHTapHOM 4YacTuubl, B Mpefenax KoToporo onpegensietcs ycpeaHeHHoe
3HayeHne umnynbca €e, TEM Ha MEHbLUYD BEnMYMHY Moka3aHusa npubopoB OyayT
OTNNYaTLCA OT «MUCTUHHOMO» 3HA4YeHUA UMMyrnbca, a «UCTUHHOE» 3HayeHue — OT €ero
mMatemaTtumyeckoro oxunagadma B CO BINBK nnu nogsmxHon nameputensHon nabopatopuun.
KoHe4yHO, npu 3TOM He creayeT WUCKMYaTb BMMSAHMSA Ha pe3ynbTaT U3MEpPEHUs WU
BO3AENCTBUA camMoro wuameputenobHoro npubopa. K Tomy xe paxe B xectkom CO
BeLLeCcTBa NPOCTPaHCTBEHHbIE pacnpefeneHns 3Ha4eHNn MUKPOKPUBU3HBI 1 (OU3NYECKON
MUKPOHEOOHOPOAHOCTI ee NPOCTPaHCTBa (B OTNMYME OT pacnpeneneHmin MakpoKpMBU3HbI
N PU3NYECKON MaKPOHEOOAHOPOOHOCTU) He ABNATCA CTabunbHbIMKM BO BpeMmeHu. N aTo
NPUBOAUT K HECOXPaHEHUKO MIHOBEHHbIX 3HAYE€HWUA raMUITIbTOHWMAHOB N MMMNYNbCOB, Kak
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OTOHOB, TaK U aNeMeHTapHbIX YacTuy. TeM cambiM, B MUKPOMUPE MOFYT COXPaHATHLCHA
NUWb cpefHue 3HadYeHnsa (MaTemMaTuyeckue OXMOAHWA) raMuIiibTOHWAHOB U UMMYNbCOB
aneMeHTapHblX 4actuu. W, crnegoBaTenbHO, COOTHOLWEHUS HeornpeaeneHHocTen
enseHbepra @akTMyeckn ycTaHaBnMBalT OPMY 3anMcU 3aKOHOB COXpPaHEHUs B
MUKpomMupe (B cybaToMHOW (pursmke).

38. B npegenax ropu3oHTa BMAUMOCTM COBCTBEHHOrO METPUYECKOro MPOCTPaHCTBA
3BOMOUMOHHO camocxkumaruweroca B CO®PB Tena 3akniovyeHo Bce OeckoHedHoe
abcontoTHoe (MMpoBoe) NpocTpaHcTBO PB, Tak YTo M3-3a ropuM3oHTa BUAMMOCTU HE MOTYT
NOSIBUTBLCS, KaK M CKPbITbCS 3@ HUM, HUKAKMe acTpoHomuyeckme obbektbl [1,2, 21]. C
nobbiM cobbiTnem (rge 6bl U Korga Obl OHO HM NPOM3OLLSIO) Ha FOPU3OHTE BUAUMOCTMU
OAHOBPEMEHHbIM Bcerga sBnsieTcd GeckOHeYHO [ariekoe KOCMONOrMyeckoe MpoLUioe.
lMoaTomy ycTaHaBnMBaeMbli YpaBHEHUSMW rPaBUTALUMOHHOIO MO TOPU3OHT BUOUMOCTM
COBCTBEHHOro MpOCTpaHCcTBa NOOOro acTpOHOMWYECKOro Terna akTU4ecKkn SsBrsieTcsl
NceBOoOropu3oHTOM npownoro. Beuay, Kak HENnogBMXKHOCTM TOPU3OHTA BUOMMOCTU B
COOGCTBEHHOM METPUYECKOM MNPOCTPaHCTBE INOOOro acTpOHOMMYECKOro Tena, Tak U
HEeN3MEeHHOCTU npu r,=const(f) ero oTomeTpuyeckoro paguyca r. YyberaHue ot
Habnogatena ganekux ranakTuk Henb3s paccMatpuBaTh OykBanbHO Kak paclumpeHue
BceneHHoM B 3TOM NpOCTpaHCTBE. OTU ranakTuki cBOOOAHO «NagarT» Ha HENOOBWKHbIN
FOPU3OHT BUAMMOCTM, OLHaKO, HEe B COCTOSHWW HUKOrga e€ero [[OCTUYb, BBUAY
NPUHAONIEXHOCTN ero nuwb 6ecKoOHeYHO Aanekomy KOCMOSIOrMYEeCKOMY MpOoLUIoMY.
bonee BbiCOKasi KOHUEHTpaUMsi aCTPOHOMMYECKMX OOBLEKTOB BO3ME T[OPU3OHTA
BUONMOCTN, OOYyCNoBfEeHHash 9TUM, UM KOHEYHOCTb COOCTBEHHOrO0 MpPOCTpPaHCTBa
dun3nyeckoro Tena, OAdHaKo, He OoOHapyXmBalTCsa B Npouecce acTPOHOMMYECKMX
HabnogeHnn. JTO CBA3aHO C OnpefefneHneM paccTosiHM 00  Janekux 3Bes[
HenocpeaCcTBEHHO MO MX KOHUEHTpauuMuM B onpenerieHHOM TEeNecHOM yrie, UCXOoas 13
NpeanonoXeHns 0 paBHOMEPHOM pacnpeneneHnn ux B NpoCTPaHCTBE, a Takke — Mo Ux

CBETMMOCTHU:
2
L=—2 . % 2(1_”—AJ, (122)
471"(RA—’§) 47{-(rA—r[.) T,
OLEHMBAEMON KONMMYECTBOM KBAHTOB 3Heprunm B noTtoke @, U3nNy4yeHud, mucxogsa wu3
npeanonoXxeHumsa o6 MN3OTPOMHOCTN NX CBETUMOCTW. Oﬂ,HaKO Xe, BCe 3TO cnpaBeanmBo
nMWb  Ons eBknuagoBa abCOMOTHOMO MpOCTpaHCTBa, a He Ans  cobCTBEHHOro
NPOCTPaHCTBa BeLLECTBa, MMEIOLLLEro 3HaYNTENbHYO KPUBU3HY BONM3M CBOErO ropnsoHTa
BMAMMOCTU. W, cnepoBaTenbHO, B npouecce nobbix HabnoaeHun onpefensietca He
MeTpuyeckoe paauanbHOe pacCTosiHne 7, OO0 [fJanekoro obbekta A4 B KOHEYHOM

HeeBKNMOOBOM COOCTBEHHOM MNPOCTPAHCTBE Tena, W3 TOYKM i KOTOpPOro BedyTCs
HabnogeHnss. Ha camom pgene, onpegenseTca  HeENpepbiBHO MNepeHopMupyemoe
pagunanbHoe paccTtosiHme Ao obbekta A4 B OECKOHEYHOM eBKNMAOBOM abCOoMTHOM
npocTtpaHcTee HotoToHa—Benns:

R,=R,-R//Ri=R,-1,/R = rA(C_He "?)/(C_He "’A)z "A("c _rz‘)/(”c _rA)>> rys (123)
roe npu r>>rg re~c/H.. OTO pacctosiHme fo obbekta 4 MMeeT MecTo B MOMEHT
KOCMOJOrMYECKOro BpeEMEHU, B KOTOPbIN O0OBLEKT 4 ucnyctun usnyydeHne. OnpegensieTcs
e OHO C NOMOLLbIO METPUYECKOM LLIKanbl, OTKaNnMbpoBaHHOW NO BELLLECTBEHHOMY 3TasrlOHy
ONWHbI y HabnogaTens, ogHako, HE B MOMEHT MCMYCKaHWs, @ B MOMEHT perucrpauuun
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nanyyeHnss B Touke i (R'=r). TMoaTomy To paccTosHus R,, onpegensembie Mo

CBETMMOCTU B Makcumyme Bnecka cBepxHoOBbIX ¢ ymepeHHo (0.3<z<0.9) n ypesBblvanHoO
(z>1) BbICOKMMUW 3HAYEHUSIMU CMeLLeHus [27]:

z=0d 1 A=A ~A VA ~H, R, /¢ (124)

OJMHBI BOSMHbI M3NYyYEHUs1 B KpacHyk obnacTb CrnekTpa, 3Ha4uMTeNnbHO W MpEeBbIAT
XabbnoBbl (hoTOMETpUYECKME pPaCCTOSAHUA 7 ~Vye-c/H, [0 3TUX CBEPXHOBbIX B
cobcTBEHHOM npocTpaHcTBe Habnwoaatensa [28]. W, cnegoBaTtenbHO, «HECOOTBETCTBME»
3aBUCMMOCTK Xabbna pacCToAHU 40 CBEPXHOBLIX C YMEPEHHO M YPE3BbIYaNHO BbICOKUM
OJIMHHOBOJSTHOBbIM CMELLIEHNEM CMeKkTpa W3Ny4YeHUs HUKOMM 00pa3om He BbI3BaHO
MOCTENEHHbIM YBENUYEHMEM 3HAYeHUs MOCTOsiHHOM Xabbna, npegycMaTpyMBaeMbiM
rMNoTe3on «yckopsiowerocs pacwmperHns BceneHnHon» [29]. OHO nuwb noatBepxgaeT
000CHOBaHHOCTb OTcYeTa Kocmonorudeckoro BpemeHn B CO Bennsa. K Tomy xe us-3a
HecoOnaeHnss OOHOBPEMEHHOCTM B COOCTBEHHOM BpEMEHM BellecTBa COObITUN,
NMELMX OAMHAKOBbIA KOCMOSMOMMYECKNMA BO3pacT, NpW HeCcTabunbHOCTU 3HaYeHus
NoCTOsAHHOM Xabbna B KOCMOSIOrM4eCcKoM BpeEMEHN ee BennynHa bbina 66l HeOAMHAKOBON
B pa3HbIX TOYKaxX NPOCTPaAHCTBA B OOUH M TOT K€ MOMEHT COOCTBEHHOro BpemMeHu noboro
acTpoHoOMMUYeckoro obbekTa paclumpsowenca BceneHHon. OTO Xe, Kak U crnegosano
oXuaaTtb, B aCTPOHOMUYECKUX HabnogeHusix He obHapyxunsaetca. OgHako, HECMOTPS Ha
CTPOro  3KCMOHEHUMarbHOe  YCKOpeHue  paclmpeHusi BceneHHoW,  Bbi3BaHHaA
camocxkatmem BewectBa B CO Bewnna «aHTurpasutauusay B cobcteeHHon CO nroboro
aCTPOHOMMYECKOrO Tena KOHevyHOo npucyTctByeT. [lpm  3TOM  KOocMonormveckas
MOCTOSAHHAA ypPaBHEHUN rPaBUTALMOHHOIO NOSIi OAHO3HAYHO onpefenaeTcs NOCTOSAHHON
Xabbna, 3Ha4YeHne KOTOPOM HEM3MEHHO HE TONbKO B NPOCTPAHCTBE, HO U BO BPEMEHW, a
«aHTUrpaBMTaUMOHHOE» none conyTcTeytowen BewectBy CO, cornacHo (25), sienseTtcsa
MOMHOCTBLI0 YCTPAHUMbIM FPaBUTaALMOHHBLIM nonem. Begb B HECONYTCTBYIOLLEN BELLECTBY
CO Bewnnga «aHTurpaBmMtauusa» OTCyTCTBYeT.

39. Habnogaemoe B TOYKE i YMEHbLUEHNE YAaCTOThbl U3NYYEHUA UCTOYHUKA A, YCITOBHO
HenoaBWXHOrO B abCOMOTHOM MPOCTpaHCTBE U ABMXyLlleroca B Touyke ; PBCCOL c

XabbnoBon  CKOPOCTbLIO }'VAH, onpegensietca  npu  npeHebpexeHun  cnabomn

HanPsHPKEHHOCTb0 COBCTBEHHOrO rPaBUTALMOHHOIO MOMS Ha M3ny4vatolen NOBEPXHOCTH
MCTOYHMKA criegyowmnm obpasom [2]:

i _ ;VCA _ o (r 7= A;vc 1—;ij/;1}€2 _ \/l—rg/rA —\/l—rg/rcrA/rC _
B Vo 1ez exp[ e( j ,)] fvc(1+cos(go);vAH/;vc) \/(1—Vg /ﬁ)—(l—rg /’”c)’”,-z /2
= 1ol Her e zl—He-rA/cz(1+He-§A/c)7l, (125)

_\/(l—rg/ri)—Hf-r[.z/c2

roe: ¢=0, r,=r;, re<<r<<r<r.. COBEpLUEHHO TaKas e 3aBMCUMOCTb CMELLEHUNs z CnekTpa
N3ny4yeHns Oanekoro acTPOHOMWUYECKOro ob6bekTa OT ANUTENbHOCTU KOCMOSOrMYeCcKoro
BpeMeHn AT=T;-T; pacrnpoCTpaHeHns 3TOro M3ny4eHus K Habnogartenio nmMeeT MecTo 1 B
BonblWNHCTBE Teopun ctaumoHapHon BceneHHon. CTaTUCTUYECKUA aHanu3 pesynbTaTtoB
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HabnogeHnsa ceepxHoBbIX 3Be3n [28, 30], BbinonHeHHbIM B paboTe [31], noaTBepxaaeT
Xopollee COOTBETCTBME 3TOM 3aBUCMMOCTU pesynbTatam HabnoaeHNn CBEPXHOBbIX.
Mpn He cnMWKOM OOMbLWOM PaCCTOSAHUM [0 WMCTOYHMKA W3NYyYEeHWs OHO Marno

oTnMYaeTcs OT NCeBAOAONNEPOBCKOTO YMEHbLUEHNS YacTOTbl (v/‘lﬁvA)PD:v/‘l Vel V., He

yuuTbiBalOLWEro CBS3@aHHOM C sBfeHMEM paclumpeHuss BceneHHon  dusundeckom
HeogHOPOOHOCTN COBCTBEHHOro MnpocTpaHcTBa HabnwogaTtens (3Ta HeOAHOPOOHOCTb
3aKn4aeTcss B HEOAMHAKOBOCTM  HabnogaembiX M3  TOYKM [ HECOOCTBEHHbIX
(kooOpAMHATHBIX) 3HAYEHUI CKOPOCTEN CBeTa Jv B OPYrMX TOYKax 3TOro NpOCTPaHCTBA).

Ha 6onblumx Xe pacCcTosiHUSX BAUAHWE Ha Hero (U3MYecKon HeooHOPOAHOCTU
COBCTBEHHOrO MpOCTpaHcTBa Habniogatens oO4YeHb CywecTBeHHo. [loaTtomy TO
MCNorb3yemMoe B KOCMOMOrMM nceBOoaOMNepoOBCKOe 3HayYeHWe CKOPOCTU yaaneHus
00bekToB paclumpsowencs BceneHHon, HOPMUPOBAHHOE MO HECOOCTBEHHOMY 3HAYEHMIO
CKOpOCTU cBeTa:

(b _(=082)  @erin)

— A _ .
(jVA/c)PD A;Vc _(1+ji15\54)~1+(1—}’/1/r6)2 Vamre ®
H,-R,/c (2+H).N /c)
~|1 e 1Yy . ~ . R, ( 126
T T

ABNAEeTCA HEMHOIO 3aBbllLIEHHbIM MO CPpaBHEHUIO C €ro NCTUHHbIM 3Ha4YEeHNEM!

; -
v 14 H -R,/c
Vg, = = T4 ~H, r/lcx—+—4—, (127)
j U AH ¢ i V e "4 1 H -R /
jvc jie + oIt /cC
OpaHako OHO sIBMsieTCs CyLeCTBEHHO MEeHbLUMM ero ncesgoxabbnosa 3HayeHuns:
; -
Vaen H, R, _H,-r,
Vapmre =5 & >> : (128)

Ve C c
B cooTBeTCTBMM C 3TMM NpU UCNOMBb30BaHUN NCEBAOLOMNNEPOBCKOrO CMELLEHNA 4YacToThbl
n3nyyeHus (He  yuuTbiBalOWEro  (U3NYECKON  HEeOoOHOPOAHOCTM  COBCTBEHHOrO
MPOCTPaHCTBa 3BOSIOLMOHHO CaMOCXKMUMALOLLErocs acTpoHoMu4yeckoro obbvekta, B CO
KOTOpOro BefeTcsl HabnogeHwe) Takke onpepensetca pacctosiHue, bonee 6nmskoe K
HeNpepbIBHO NEpPeHOPMUPYEMOMY pPacCTOsiHUIO B abCOMOTHOM MPOCTPaHCTBE, a He K

CbOTOMeTpVI'-IeCKOMy PaCcCTOAHNIO B cob6CTBEHHOM NPOCTpaHCTBE Habntogarens.

40. 3aKkOHOMEpPHbIN MNPOLIECC IBOMOLMOHHOIO CaMOCXKaTUs MUKPOOOBHEKTOB BeLLleCTBA
BO BCEX TO4YKax npocTpaHcTBa BceneHHoW, MMeWwmMX OAWUHAKOBLIN PaBUTALMOHHLIN
noteHuman B abCONTHOM a, crnegoBaTeNnbHO, U B HECBA3AHHOM C  KakuM-nnbo
KOHKPETHbIM CaMOCKMMaLWNMCHA TerioM rnobanbHOM KOCMUYECKOM MPOCTPaHCTBE,
npovcxoant B CO®B cuHXxpoHHO. [Mo3aToMy TO MeTpuvecknm ogHopogHoe abcontTHoe
Bpema OB (TemMn TeyeHUs KOTOPOro mMpakTUYecku coBnagaeT C TEeMMNOM TeyeHus
cobctBeHHOro BpemeHn nwbon un3 PBCCOLL 3BONKOLMOHHO CaMOCXKMMAalOLWLErocs
BellecTBa B TOYKax COOCTBEHHOro €ro npocTpaHCTBa C NpeHebpexumTenbHo crnabon
HaNPsKEHHOCTbIO rPaBUTALMOHHOMO NMOMS U C NpeHebpexnTenbHo cnabbiM NPosiBIEHNEM
pacwmpeHna BceneHHOM) M MOXeET paccMaTpmBaTbCsl KaK KOCMOSOrMyeckoe BpeMs

54



BcenenHon. [llo MOLWAB, onpegendwowen TemMn  TeyeHUss  COBCTBEHHOro
acTpoHoMmuyeckoro BpemeHn PBCCOLW wun gsnswowencd, nosatoMmy, W LIKaroun
kocmornorunyeckoro spemeHn BecenernHon (LLKBB), npouecc 3BoNOLUMOHHOrO camocxkaTus
BeLLleCcTBa He UMeeT HU Havana, HU KoHua. [MoaTomy cyulectBoBaHue BceneHHon, Be4HO
KaKk B NpoLunoMm, Tak n B byayuwiem. B cooTBeTCTBUM C 3TUM M BBUAOY PaBEHCTBA HyIO
onpegensemon B actpoHomudeckom BpemeHn PBCCOLL ckopocTu cBeTa Ha ropu3oHTe
BUOANMOCTU, U3Ny4YeHMe OT FOpU3OHTa HWUKOrAa He MOXeT LOCTUYb HabnwgaTtens. 370,
KOHEYHO, CBSI3aHO C OTCYTCTBMEM FOpM3OHTa BMAMMOCTM B GeckpanmHem abCcOmTHOM
NpOCTpaHCTBe a, crefoBaTernibHO, U C (PUKTUBHOCTLIO Chepbl FTOPU3OHTA BUOMMOCTW.
CywecTtBoBaHne BceneHHon BeYHO Takke U B NceBOOCOOCTBEHHOM BPEMEHU HEXECTKUX
CO KBasMpaBHOBECHO W HEpPaBHOBECHO CaMOCKMMaKLWMXca B abCONOTHOM
npocTpaHcTBe Ten. JTO Xe uMeeT MeCToO M B He3aBUCMMOM OT rpaBuTauun
acTpPOHOMUYECKOM (KOOpAUHATHOM) COBCTBEHHOM BpeMeHUn HexecTknx CO:
T
st=r [T~ (129)
0 cvc ’ rc
B  cobctBeHHOM ke  nyTMnogobHOM  KBAaHTOBOM  BpEMeEHM  BellecTBa
aCTPOHOMUYECKOro Tena, 9BOMOUMOHHO OCThiBAKOWEro W, MNo3atoMmy, obragarowiero
HexecTkon CO, MHMUMas AONUMTENbHOCTb CyLlecTBoBaHMA BceneHHom MoXeT MmeTb U
«KOHEeYHoe» 3HadeHne. OpHako OaHHbIN «KOHEYHbIN» MPOMEXYTOK BPEMEHU ABNAETCSA
PUKTUBHBIM, TaK Kak OTCUMTbIBAETCA OT CObbITUS, HaxoasLWerocs 3a npegenamm obnactum
cywectBoBaHnsa gaHHon CO Bo BpemeHW. Beab ocTbiBaloLimMe acTpOHOMUYECKMe Tena
obpasoBanucb He Ha MEepBUYHOM CTaguu 3BOMOLMM MaTepum, Aa U caMO BELLeCTBO,
M3HayarnbHO MNIIOTHO 3anosiHswwee Bce abCONITHOE MNPOCTPAHCTBO, Havano
HeagnabaTuyeckn ocTbiBaTb 3a cyeT 6e3BO3BpaTHOM MNOTepu, TakK Ha3blBAeMOro,
cBOBOAHO-CBOBOAHOIO M3My4YeHUss NUlb nocne cBoero npoceBeTneHnsa. K Tomy xe
BGeckoHeYHO JanekoMy KOCMOornyeckomy npolriomy B Hexxectkorm CO cooTBETCTBYET He
HyrneBoe «Ha4yanbHoe» HenepeHO()MVIpOBaHHOG 3HaveHue paguyca ropusoHTa BMOMMOCTU

ee manyeckoro npoctpaHctea: |\ ;7 ) =1, . MoaTomy To onpeaensiemas npw r>>r, B

J € JST=—x

cobCTBEHHOM  NyTUNOAOOHOM  KBAHTOBOM  BpPEMEHM  MHMMasi  ANUTENbHOCTb

CyLLleCTBOBaHMWSA BellecTBa Tena, obnagatowlero, Hanpumep, 3CHIMKCOLL:

PO CER ) AR R ) e SN RS VA s ) 1
ot z—ij - —<=qr.-In ——————~-——Inp, (130)

V. r,(” +1)F +(n—1)r/. 7 2nr, -7, HS
N ABNSETCS KOHEYHOW. B COOTBETCTBMM C 3TUM KOHEYHbIM SIBNSIETCA U MPOMEXYTOK
acTpoHoMuyeckoro  cobctBeHHoro  BpemeHn  3CHIMKCOLL, COOTBETCTBYIOLLNIA
NPOXOXAEHUIO M3NyYeHUs K HabniogaTento (Haxogswemycs B Touke j) OT ropu3oHTa
BMAOMMOCTW, Haxogsllerocsi, Ha caMmoM Aene, 3a npegenamy obnactu CyLleCTBOBaHUS
MNBK 3CHIMKCOLW. Mpn 7 >1 v r>>r, 3TOT NPOMEXYTOK BpeMeHu criegyrowum obpasom

3aBUCUT OT paamanbHon koopanHaTtbl Toukn j B SCHIMKCOLL:

c

T —_ a
* ¢ dl’ " a)dl"
Atg/:J.* * :rc.J.*v
vi_ vc

13 i

~r .{Arm(l —2:\73)—Arth(pj (=920, 1= (1=532)- o2 )}¢ o, (131)
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roe: v, =—.v,-r,/r. - onpepensieMas B COGCTBEHHOM aCTPOHOMWYECKOM BpEMEHU

3CHIMKCOLL ckopoCTb OBMXEHUS B METPUYECKOM MPOCTPAHCTBE TOYKU (pU3nyeckoro
NPOCTPaHCTBA, B KOTOPOW pacnpoCcTpaHaeTCs U3nyveHue.

Taknm obpa3oM, 3BONIOLMOHHOE OCTbiBaHWE BellecTBa, 0bycnoBneHHoe (cornacHo
BTOPOMY Havany TepMoauHamMuKu) CTpeMreHnem BCcen Matepum K MakCUMMyMy SHTponuu,
NPUBOAUT HE TOMNbKO K HepaBHOBECHOMY ero aBuxeHuo B CO®B. OHo Takke npuBoauT U
K 3amMegneHui0 Temna TeyeHusi COOCTBEHHOro KBaHTOBOrO BpeEMEHM BellecTBa (Mo
CpaBHEHMIO C TeMnoMm TeyeHus cobctBeHHoro BpemeHn B PBCCOLL Ten, BewiecTtso
KOTOPbIX HaxoguTCA B COCTOSIHUM TEpPMUYECKOro paBHOBecusl). Tem cambiMm,
9BOSIIOLUMOHHOE OCTbIBaHME BeLeCcTBa NPMBOAUT U K KOHEYHOCTU B €ro nytunogobHom
COBCTBEHHOM BpPEMEHW HE TOSMbKO MPOMEXYTKa 3TOr0 BPEMEHW OT Hayana OCTblBaHWUA
BeLLeCTBa, HO U ero NpoMexyTka, OTCYUTbIBAEMOro OT MHMMOIO Havana KoopauMHaTHOro
BpemMeHn HexecTkon CO. 3TO BMNOMnHe oTBeYaeT KOHEYHOCTU NpOTeKaHUs onpeaeneHHon
dasbl (cTagum) asontoumm matepum BceneHHon n, HM KoM o6pas3om, He orpaHuvMBaeT
ee CylLleCTBOBaHMe BO BpeMeHu BooOLle. [nMTenbHOCTb Xe BpeMEHW caMopasnyBaHUS
BcenenHon B PBCCOLU (cooTBeTcTBYOWENW [0 Havana oOCTbIBAHUA NEepPBUYHOIO
BELLECTBA KaXXOOW W3 ero afieMeHTapHbIX 4YacTuy) NPUHUMNUANbHO He MOXeT ObITb
KOHEYHOWN.

Kaxxgoe acTtpoHOMMYeckoe Teno, KpoMe YyCTaHaBAMBaEMOro  ypaBHEHUAMMU
rpaBUTAUMOHHOIO MOoNA (PUKTUBHOIMO HEMOABMXHOrO ropusoHta Buammoctn ero [BK,
MMeeT elle U peasribHbIi KOCMOSOrMYECKU TFOPU3OHT BUOUMOCTU, (POTOMETPUYECKUN
paguyc cgepuyeckon NOBEPXHOCTM KOTOPOro MeHblUe paguyca (PUKTUBHOIMO ropu3oHTa
BUOMMOCTU. 3Ta, TaK HasblBaemMasi, MOBEPXHOCTb MOCMeaHEero paccesHUsi PerikToBOro
N3NYyYeHUs SBMSETCHA CNMOWHbIM WMCTOYHUKOM 3TOro u3nydeHuns. OHa HenpepbiBHO
yoansetcd  OT  aCTPOHOMMYECKOro Tera  BBMAY  MNOCTEMEHHONO  yBENUYEHUd
KOCMOSOrM4eckoro Bo3pacTta PernuKTOBOro U3ryyeHus a, crnefosaTeribHO, U CBETOBOro
pPacCcTOsiHUA NPOXOAMMOro 3TUM U3nydYeHnem. 3a rnpegenamum 3TOr0  «PErMKTOBOro»
ropusoHTa BellecTtBo B [1BK Tena HaxoguTcs B elle He NPOCBETNEHHOM Mia3MeHHOM
COCTOSIHUN.
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DANYLCHENKO P.

Gauge-evolutional interpretation of special and general relativities (foundations of the
gauge-evolutional theory of the creation: space, time, gravity and the Universe expansion). —
Kiev, NiT, 2005, third edition corrected and supplemented.

The theory, stated here, develops main ideas of special (SR) and general (GR) relativities and
allows us to newly comprehend and physically interpret some of their postulates and consequences.
It is shown that frames of reference of physical coordinates and time (FR), being used in SR and
GR, are the FR of gauge-self-deformated or gauge-self-deforming bodies. This makes them similar
to unique fundamental FR — FR of the undeformable (rigid) and undragable physical vacuum (ether
of classical physics, undragable by moving bodies) and, consequently, doesn’t deny the existence
of the latter. In addition, the phenomena of gravity and Universe expansion are caused by the
presence of spatial inhomogeneity and evolutional variability of the properties of physical vacuum
(PV) correspondingly, and consequently, by the presence of physical inhomogeneity of space and
cosmological time correspondingly. In accordance with that, the fact that matter tend to enthalpy
minimum causes gravitational, as well as evolutional, self-contraction of micro- and macroobjects of
matter in absolute space of PV. It becomes apparent as gravity and Universe expansion
correspondingly. Unobservable in FR of evolutionary self-contracting matter relativistic shrinkage of
radial dimensions and nonuniform self-contraction (due to spatial inhomogeneity of PV properties)
of microobjects of the matter of body cause the curvature of its intrinsic space, which contains all
infinite absolute space within the limits of its observer horizon. The absence of such things as so
called Big Bang and eternal existence of the Universe in the past, as well as in future, is shown. The
principal impossibility of the existence of “black holes” is substantiated. This paper is for the people,
who are interested in the physics of space, time and gravity, and cosmology.
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Hay4Hoe usdaHue
OAHbINTbYEHKO NMABJTO UBAHOBWUY
KAITMUBPOBOYHO-3BOJTIOUMOHHASA MHTEPMNPETALUA
CMNEUMUAINIBHOU N OBLLEU TEOPUX OTHOCUTENBHOCTU

(ocHOBbI KaNMGPOBOYHO-3BOSOLMOHHON Teopun MuposaaHus: NPOCTPaHCTBA,
BpeMeHU, TAroTeHUs U pacmpeHus BceneHHon)

M3paHune BbINOMHEHO B aBTOPCKOW peaakumu
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