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INokazano, uro nmpeobpazoBanus JIopeHIta COOTBETCTBYIOT KaTMOPOBOYHOCTH (TIPUHIMIMATIEHON HEHAOII0AAeMOCTH)
BO3JICICTBUSI HA BEIIECTBO €r0 PABHOMEPHOIO JBIDKCHHMS M, HAa CaMOM JieJie, SIBJIIOTCS MPeoOpa3soBaHHUAMU
MPHUPAIICHAN JIMIIb KOOPAWHAT, a HE METPUYCCKUX OTPE3KOB. JTa KaIMOPOBOYHOCTH BO3ICHCTBHUS JIBIKCHUS
00yCIIOBIeHa B3aMMO3aBHCHMOCTBIO M B3aHMHOM OIPENEIMMOCTBIO CKOPOCTH PacHpPOCTPAHEHHs! B3aUMOJCHCTBUS
MEX]TY IEMEHTAPHBIMU YaCTUIIAMH BEIIECTBA ¥ TEMIIOM TEUCHHsSI COOCTBEHHOTO BpeMeHH BerecTBa. HeoOxomimMocTs
nepexofia OT MPUPANICHAA KOOPAWHAT K MPHPAIICHUSIM METPHYECKHX OTPE3KOB OOYCIIOBJICHA KOBAaPHAHTHOCTHIO
(hM3MYCCKUX 3aKOHOB OTHOCHTEITBHO TIPE0OPa30BaHU KOOPAMHAT U BPEMEHH JIUIIh B COOCTBEHHBIX MPOCTPAHCTBAX, B
KOTOPBIX TPUHIMITHAIILHO HE HAOIOAACTCS, KaK TPABUTALIMOHHAS, TAK M PEISITUBICTCKast e)opMaliis BEIeCTBa Ha
YPOBHE €ro 3JIEMEHTapHBIX 4YacTuil. [103TOMy BMECTO PEISITHBHCTCKOIO COKPAIICHHS JUIMHBI JBHKYILETOCS Tena
MMEIOT MECTO COMYTCTBYIOIME eMy KMHEMaTH4ecKas KPHUBH3HA a, CIIE/IOBATENbHO, M aHW30TPOIHMSI 3alO0JIHEHHOTO
JIBIOKYILIUMCSI  BEILIECTBOM y4acTKa COOCTBEHHOTO MPOCTPAHCTBA HaOmromatenst 3Toro npwkeHus. JlaH BBIBOI
npeoOpazoBanuii JIopeHIia, UCXO/s JIUIIb U3 HAJIMYKS JECUHXPOHU3AIMHE MEIVICHHO MEPEHOCHMBIX Ha JBHIKYIEMCSI
TeJIe YacOB M PEJISITHBHUCTCKOrO COKPAIIEHHS €r0 JUTMHBI B (JOHOBOM M30TPOITHOM IIPOCTPAHCTBE HAOFOIATElIS.

1. BBEJIEHHUE

B mocnenHee Bpems TOSBHJIOCH MHOMKECTBO ITyOJNHKAIMIA, CTAaBSAIIMX TOA COMHEHHE OCHOBHBIC
TIOJIOXKEHUS CTIeIaIbHON Teopun oTHocuTenbHOCTH (CTO). Hanbonee BayKHON M3 MOTHUMAEMBIX B HUX
npoOyeM SBISIETCS pacCMaTpHBaHUE (PU3MUYECKOM peambHOCTHIO TaKOM CyOCTaHIMHM Kak (DU3MYECKUit
BakyyM (®B). Benp ®B, x0T M HE COOTBETCTBYET MOJHOCTHIO 3HUPY KJIACCHIECKOW (PU3MKH, HO BO
MHOTOM® BCE K€ HOJMEHSIET ero. BO3MOKHOCTb e ONMpe/IeNeH s HEeKy/IIPHON CKOPOCTH aGCOMIOTHOTO
npikeHust CoJHEYHOW CHCTEeMbl 4epe3 aHM30TPOMMI0 KOCMHUYECKOrO MHKPOBOJHOBOTO (hDOHOBOTO
W3JTyYeHHUS BCTYIIAeT B IPOTHBOPEUHE C YCTAHOBUBIIIEMCSI B HAYYHOMU JTUTEpaType MHEHUEM 00 OTCYTCTBHU
0c000ii (pyHIaMEHTATLHON CHCTEMBI OTCUETa MPOCTPAHCTBEHHBIX KoopAuHAT 1 BpemeHu (CO), B KOTopoi
Mor Obl mokouTbest @B. Llenp Hacrosmiei pabOThI — TMOKa3aTh, YTO KaXyIIascs B3auMHAs
HECOBMECTUMOCTh OCHOBHBIX TOJI0kKeHN CTO ¢ HaMunMeM HEeyBJIEKarOMIerocs: IBMKYIMMCS BEILIECTBOM
®B U COOTBETCTBYIOILEH €My BBIICICHHOU CO®B'* 00yCJIOBJIEHAa JIMIIb HEIOCTATOYHO TITyOOKHM
TMOHMMaHUEM (PU3UYIECKOM CYITHOCTH mpeoOpazoBanuii JIopeHiia. A IMEHHO, — HETTIOHUMAHHUEM TOTO, YTO
9TH MpeoOpa3oBaHMS MPOCTPAHCTBEHHBIX KOOPJMHAT H BPEMEHH OTPAKAIOT KAJTHOPOBOYHOCTH
BO3/ICHCTBUSL JIBIYKCHHUS Ha BEIIECTBO M €ro MpocTpaHCTBeHHO-BpemeHHOM koHTuHyyMm (IIBK) [1, 2].
[MpuHIMnUanekHass HEeHAOM0IaeMOCTh (KATMOPOBOYHOCTh) ATOTO BO3ACHCTBUSI U SIBISCTCS MPHIMHON
HeHa0moaeMocTi B cooctBeHHOM CO JBIDKYIIETOCS Tella M KaKMX-TH00 M3MEHEHHWH B MPOTEKAHWU Ha
HEM (PM3HUYECKIIX POLECCOB MOCIIE NIEPEXO0/Ia Ero OT COCTOSHHS TIOKOS K PABHOMEPHOMY [BIKCHHUIO .

! Kparkoe H3/10KeHHE CTAThU ONMyOIMKOBAHO B ¢0. KainGpoBOUHO-3BOIONMOHHAS HHTEPIPETALHs CIELMANBHON U oOLeit
Teopuii oTHOcHUTensHOCTH, O. Briacrok, Binam (2004), c. 17; Hoa kxawura, Buraunma (2008), c. 24.

2 E-mail: pavlo@vingeo.com.

’ B ommume oT dupa MOKOAIMIACT B conyrcrBytouieid Bcenennoirt CO ¢u3uueckuii Bakyym SIBISICTCSl CILIOIIHOW
(beccTpyKTypHOI) W TNPHHIMINAIBHO HenehopMupyouiencs (HeMeXaHHM4YecKoi) (yHIaMeHTalIbHOW CyOCTaHIHEeH.
CambIMH 3JIeMEHTapHBIMU 00pa3oBaHusiMi B DB SBISIIOTCS IPOCTPaHCTBEHHO-BPEMEHHbIE MOJYJISILIMM €r0 OCHOBHBIX CBOKCTB
(mneKkTpuyeckoil M MarHUTHOM TIPOHMIIAEMOCTEH, a Taloke 3JIeKTPUYeCKOM M MAarHUTHOW HanpsbkeHHOCTel) B BHIE
COOTBETCTBYIOLIMX 3JIEMEHTapHBIM YacTHIIAM CITHPAIbHOBOJHOBBIX COJIMTOHOB. JTH CHHPAJILHOBOJIHOBBIE CaMOOOpa3oOBaHMs
HMEIOT CIIOKHBIE TTPOCTPAHCTBEHHbIE KOH(Uryparm B (POHOBOM EBKJIMIIOBOM IIPOCTPAHCTBE M HETPUBHAIBHBIE TOIOJIOTHH
COOCTBEHHBIX IIPOCTPAHCTB.

* CO®B TOXIECTBEHHA comyTcTBytoIeH pacmpsitomeiics Beenennoit CO, B KOTOpOW BEIIECTBO a, CIIEIOBATENILHO, U
BEIIIECTBCHHBIE 3TATOHBI [UTHHBI SBOIFOIIMOHHO CAMOC)KUMAFOTCSI HA YPOBHE CBOMX AJIEMEHTAPHBIX YACTHIL. DTOT SBOJIFOIMOHHBIHA
TIPOIIECC SBISETCS KATMOPOBOYHBIM TSI MHpA JIFOJEH. BMecTo SBOIMOIMOHHOTO camockaTus BerectBa Habimomaercs B CO mupa
Jroziel pacimpenue BeeneHHOM.

> Kak M3BECTHO, BO3NGHCTBMSA SNEKTPUUECKOrO M TIPABHTALMOHHOTO TMOJEH HAa BEIECTBO ONpEIENsAeTcs JIMIIb
TIPOCTPAHCTBEHHBIMH PHPAIIECHISIMA IEKTPUUESCKIX TIOTEHINAJIOB, a HE CAMIMH 3HAYEHUSIMH OTEHITHAJIOB, YTO MO3BOJIIET 3TH
3HA4YEHMS KaTMOPOBOYHO M3MEHATh. AHAIIOTUYHO W BO3ZCHCTBHIE ABIKCHIS Ha BEIECTBO, OOHAPYKUBAEMOE B €70 COOCTBEHHOM
CO B BuIe HaIpsHKEHHOCTEH T'PABUMHEPIIMOHHOTO (YCTPAHMMOTO T'PaBUTALMOHHOTO) mOMs [4], ONpeaensercsl JuIlb
MPOCTPAHCTBCHHO-BPEMECHHBIMU  TIPHUPAILICHUAMU HUMITYJIbCA, @ HE CaMHUMU 3HAUYCHUAMH UMITYJIbLCA. HOSTOMy HUMITYJIbCbl U
KHUHETHYECKHE SHEPIrHM MaKpOOOBEKTOB BEILECTBA 4, CJIENOBATENIbHO, U CKOPOCTH MABIDKEHUS, (DYHKUIMSMH KOTOPBIX OHH
SIBJISIFOTCS], TAKOKE MOTYT KaJIMOPOBOYHO (TO €CTh IPUHIMITHAIIGHO He HabonaeMo B coryTeryrotieid v CO) mamensiteest. U ato
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2. BBIBO/I PEJIITUBUCTCKHUX TIPEOBPA3ZOBAHUI

Kak nokazano ®@uriypkepansaom u JlopenneM [3], B pe3ysbTrare nepexoja Teaa 0T COCTOSHUSA OKOS K
YCTAHOBHUBIIIEMYCSI PAaBHOMEPHOMY JIBWKCHHIO TPOUCXOIUT B3aUMHO IPOTOPIIMOHAILHOE COKpAIICHHE
MIPOIOJILHBIX KOOPIMHATHBIX OTPE3KOB MEXKITy BCEMU €T0 TOUKAMH B (bOHOBOM6 W30TPOITHOM MPOCTPAHCTBE
HAOJFO/IaTeNs ATOTO JBIDKEHHS. DTO KMHEMATUYeCKOE COKPAIICHHE BBI3BAHO MHEPITHAIBHBIM W300apHBIM
caMmockaTheM BemiecTBa Tena [4] B 3Tom mpocTtpancTBe. CaMo K€ CaMOCKaThe BEILECTBA SIBISCTCA
CJICZICTBHEM aJIallTalldy €r0 MOJIEKYJI, aTOMOB M JJIEMEHTAPHBIX YaCTHIl K M3MEHHUBIIUMCS YCJIOBUSM HX
B3aUMOJICHCTBHSL M MOXET pacCMaTpuBaThCd Kak —camoaedopMaiyisi COOTBETCTBYIOIIMX UM
CIIMPAITLHOBOJTHOBBIX 00pa3oBaHuii [7].

[lycts Temo paBHOMEpHO mepemernaercss oTHocutenbHO DB a, cregoBaTenbHO, U OTHOCHTEIHLHO
YCITOBHO  TIOKOSIIIEHCS B €ro (hyHIaMEHTAIbHOM (POHOBOM MPOCTPAHCTBE IPABUTALMOHHO-CBS3AHHOM
BemectBeHHo# cpenibl (I1C), BemecTBO KOTOpOii He 00s3aTETHHO WIEHTHYHOTO® BEIIECTBY JIBMXKYILIETOCS
tena. W, crnemoBarensHO, aOCOMIOTHAas CKOpocTh v =dX /dd ero mepememieHus otHocuTenbHo [IC
JOJDKHA OBITh 3a7laHa B €€ COOCTBEHHOM BPEMEHHU T, TEMIT TEUEHHs KOTOPOTO B 3TOM Cllydac He
OTJIMYAETCI OT TEMITA TEUEHHS KOCMOJIOTHYECKOTO BpeMeHI/Ig. Torzna KOOpAMHATHBIA OTPE30K X ;; MEXKIY

€ro KpasimMm H KOOp,[[I/IHaTHHﬁ OTPC30K MCKIY KpasdMH HaXOAAIICTOCSA Ha HEM JTaJIOHA JJIMHBI
COKpPATATCA B OJTHO 1 TOXKE KOJTMYECTBO pPas:

2, 2\-1/2 2\-1/2
=X,/ X;=0-v"/c)" " =(1-v")""".

3nechk v qanee: ¢ =1, a: v <1, BBUIY U3MEPEHUsI KOOPANHATHBIX OTPE3KOB B CBETOBBIX €AMHULIAX JJIMHBI.
W3-3a B3aUMHO MPOMOPIMOHAIBHOTO COKpalieHuss B (OHOBOM H30TPOITHOM IPOCTPAHCTBE BCEX
KOOpP/IMHATHBIX OTPE3KOB, KaK M3MEPSEMBbIX OOBEKTOB, TaK M HW3MEPUTEIIBHBIX HHCTPYMEHTOB,
HETIOJIBIKHBIX OTHOCHUTENFHO TEpEMEIIAIONIerocss Tejla, Ha CaMOM 3TOM Telleé HUKAKUX M3MEHEHUH B
reOMETpUH ero 00bEeKTOB He OyneT oOHapyxeHo. U, cienoBaTensHO, M3MEHEHHs B (HOHOBOM M30TPOITHOM
npoctpancTBe COIIC, kak KOOpIMHATHBIX OTPE3KOB, TaK M YIJIOBBIX XapaKTEPUCTUK ITUX OOBEKTOB IS
MepeMENIAIOIIErocsl Tena M Ul JKECTKO CBA3aHHOM ¢ HuM uHeprumanbHoi CO (MCO) Oymyt umcto

ij0

AMeEeT MeCTO, KaK TPH Tepexofe OT HAONFONCHHS IBIDKEHHS MaKpOOOBEKTOB 3TOTO BellecTBa M3 Kakoi-mibo omHoi CO k
HabmoneHmto ero u3 apyroi CO, Tak W HEMOCPEACTBEHHO B OHOM 1 Toi ke CO B ciiydae M3MEHEHHUS HX BO BPEMEHH, KaK 3TO
HMeET MeCTo, HarprMmep, B xkecTkort CO Mémnnepa yckOpeHHO ABMKYILerocs BemecTsa [4, 5].

® B o6ueit Teopun otHocuTenbHOCTH (OTO) MH060MY 06IaAI0IIEMy TPABUTALMOHHOM KPUBH3HO IPOCTPAHCTBY MOXKET
OBITH comocTaBiieHO (OHOBOE €BKIMIOBO MpocTpaHcTBo [6]. [To ananoruu ¢ atum u paccMarpuBaembie B CTO u30TporHbie
MPOCTPAHCTBA TOXKE MOXKHO Ha3BaTh (DOHOBBIMH, B OTJIMYHE OT OOJIAJAOIINX KHHEMATHYECKOW KPUBU3HON U aHU30TPOIIHCH HE
COITYTCTBYIOLIMX JIBIXKYILEMYCS Ty IPOCTPAHCTB, B KOTOPBIX MPHHLMIMAILHO HE HAOMIONACTCS PESATUBHUCTCKOE COKPAILIEHHE
JUTFHBI 3TOTO TeIa.

7 Ha camMoMm Jene HHM Kakas BEIIECTBEHHAS Cpefa NPUHIMIHATGHO HE MOXET MOKOMTHCS B (DYHIAMEHTAILHOM
npoctpancTBe @B, kKak W3-3a BOIHOBOM MPUPOJBI BEMIECTBA, TAK M M3-32 HAHYKSI B 3TOM IMPOCTPAHCTBE SBOIIOIUOHHOTO
caMoCKaTHsl BEIIECTBa, mposiBiisitoinerocss B CO mMupa jitojiell B BUje paciuupenus BeeneHHoil.

Ucnonszyemeie B CTO mpeoOpa3oBaHus KOOPAMHAT W BpEMEHH OOECIICUMBAIOT WHBAPHAHTHOCTE K HUM
THIIOTETUYECKOT0 BAKYYMHOTO 3HA4YCHUsS CKOPOCTH CBETa, & HE HCTUHHOTO 3HAYEHHUS CKOPOCTH PacHpOCTpaHEHHsI
n3inydeHus: B Betiectse. [loatomy u ucnosnb3ytores B CTO He KBaHTOBOE COOCTBEHHOE BPEMs BELIECTBA, TEMIT TEUCHUS
KOTOPOTO y Pa3HBbIX BEIECTB HE OJMHAKOB, & TaK Ha3bIBAEMOE CTaHIAPTHOE COOCTBEHHOE BpEMsl BEIIECTBA, TEMILY
TCUCHHS KOTOPOTO JIMIIb MNPOIMOPIUOHAJIbHBI TEMIIbI TECYCHUS KBAHTOBBLIX COGCTBGHHIJIX BPEMCH BCUICCTB. le/I 3TOM
ONpCACIAEMBIC B COCTOAHHMU IIOKOS BEIIECTB CTaHAAPTHLIC 3HAYCHHUA, KaK HX rnokasarteneu MMpeJIOMJICHUA, TaK H
KOS(l)(l)I/ILII/IeHTOB MNpOoNMOPUHUOHAIIBHOCTU TEMIIOB TEYCHUSA WX KBAHTOBBIX CO6CTBCHH])IX BpEMCH TEMITYy CTaHAApPTHOI'O
COOCTBEHHOTO BPEMCHH HE 3aBHCAT OT aOCONIOTHOHN ckopoctu aprkeHus BemectBa. Cama CTO He MOXKET OOBSICHUTH
9TOT (haKT, a JUIIb OCHOBBIBACTCS Ha HeM. biaromapst 3TOMY pEISATUBHUCTCKHE IPeoOpa3oBaHUS W SBISIOTCS
VHHBEPCAIBHBIMU a, CJIEIOBATCIFHO, M HE TpPeOYyeTCs HICHTUYHOCTh MOKOSIIETOCS BEIIECTBA BIDKYIIEMYCS ISt
000CHOBaHMUS ITUX MIPeoOpPa30OBaHUIA.
® KOcMOJIOrH 1 acTpOMU3HMKM BCE-TAKH MPHILUIA K OBIIEMY MHEHHIO O I1e/IeCO00Pa3HOCTH HCTIONB30BAHMS TAKOrO €MHOTO JUIs
BCero BerectBa BceneHHON (YHIAMEHTABHOTO BPEMEHH, B KOTOPOM MOXKHO ObUIO ObI paccMaTpuBaTh SBOJIOLMIO BCE
COBOKYITHOCTH €€ MaTepHajIbHBIX 00beKTOB. Ecii pyHmamMenTanbsHOE (poHOBOE TIPOCTPAaHCTBO commyTeTRyromieii Beenennoii CO, B
kotopoM nokoutcsi OB, Bo MHOroM Moo0HO abCcoNFOTHOMY NPOCTpaHCTBY HBIOTOHA, TO KOCMOJIOIHYECKOe BpeMsi BO MHOIOM
mogo6HO ero abcomorHoMy BpemeHH. Kocmonormdeckoe Bpemsi orcunteBaercsi B CODB 1o MeTpuyuecK OTHOPOIHON KA,
o0ecreurBaloIel JOKAIbHYI0 CHHXPOHHM3ALMIO TEMIIA €ro TEYEHHs C TEMIIOM TeYeHHUsI COOCTBEHHOrO BpeMEHH OO0JIaaroliero
xectkoir CO BemiectBa. Celiuac e B KOCMOJIOTUH HCIIONIb3YETCsl BMECTO METPUYECKH OJTHOPOAHON SKCIIOHEHIMAIbHAS IIIKaa
KOCMOJIOTHYECKOTO BPEMEHH, 110 KOTOPOM OECKOHEYHO alIeKOe MPOIUIOe CTAHOBHUTCS YIIAJIEHHbIM Ha KOHEYHBI MPOMEXYTOK
BpPEMECHH.
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KanuOpoBOUHbIMU. CaMo K€ TelIo OYIeT KaIMOPOBOYHO caMoXe()OPMHPOBAHHBIM'® B 3TOM (DOHOBOM
MPOCTPAHCTBE.

brnarogapsi TakoMy PpENSITHBUCTCKOMY COKPAIICHHIO IPOIOJBHBIX KOOPIMHATHBIX OTPE3KOB Tena
JJIMTCIIBHOCTh BPECMCHU B3aHMOﬂeﬁCTBHﬂ MCXKIYy JIIO6I>IMI/I ABYMs €ro TOYKaMu1 (BepHee HaxogAImMuncs B
HUX DJIEMEHTAPHBIMU YaCTUIIAMH BEIIECTBA) YBEIIMUHUTCS BCETO JHIIb B [T pas:

AG=AQ) +Ady =20\ X2 + Y7 + 22, =TAQ, 1)
re: Ady = rszz (1-v¥2 + 22 +vXUJ F(\/on Y2+ 72, +VXU0) Q)
Ady = F(\/XUO Y2 + 22, vXUO) 3)

— MIATCIIBHOCTU NPOMCIKYTKOB BPEMCHU, B TCHCHUC KOTOPBIX BOJIHA BSaI/IMOI[CI\/'ICTBI/IH PacIpoOCTPaAHACTCA

COOTBETCTBEHHO B IPSIMOM M oOpaTtHoM xone, a: X, Y, =Y, Z; = Z;, — OPTOTOHAJIbHBIC MPOCKIMH

KOOPJIMHATHOTO OTpe3Ka MeXTy B3aUMOCHCTBYIOIIMMU B TIpOIiecce ABKEHHS Toukamu Tena. Kak BumumM,
YBEJIMUCHUE BPEMEHN B3aMMOJICHCTBHUSI HE 3aBHCHT OT BEJIMYHMH YIJIOB MEXIy HAlpaBJICHUEM IBYDKCHUS
Tella ¥ HAaMpaBICHUSMH PACIPOCTPAaHEHHsS B TPSMOM U OOpaTHOM XOJ€ AIIEKTPOMATHUTHOW BOJIHBI
(«BupTyanbHOTrO (hOTOHAY, IEPEHOCAIIETO B3aumoenicTere). U, cienoBarensHo, B [T pa3 Ha OBIKyIEMCs
Telle YMEHBIIMTCS W YacTOTa TMOBTOPEHHs BCEX IMPOTEKAIONIMX HAa HEM MEePUOJUMYECKUX (H3MYECKUX
MPOIIECCOB, U B TOM YHCIIE, MPOIECCOB, MUCIIONB3YEMbIX U U3MEPEHUS BPEMEHH. A 3TO 3HAUYHT, YTO B
pe3ysbTaTe KaauOpPOBOYHOTO BO3JCWCTBUS JBW)KEHHMS Ha BEIIECTBO BpeMs Ha JBIDKyIIEMCs Tene (B
cszanHoi ¢ HUM MCO) Oyzmer B [T pa3 teur memiennee, ueM B COIIC. OnHako, HUKaKuX H3MEHECHHH B
MPOTEKaHUH (PU3NYECKUX MPOIIECCOB HA HEM, HU HAOIOAATEIAMH, HU MPUOOpAMHU, TOKOSIIIUMUCS B €T0
HCO, npu 3Tom He OyaeT oOHapy>KEHO.

PenstuBuctckoe 3ameieHne teuenns BpeMerr B CO 1o coOCTBEHHBIM €€ 4acaM MPUHIMITHAIBHO He
MOXKeT ObITh 0OHapyxeHo. [lostomy, cornacHo (2) u (3), npomexyTku BpeMeHu Ad)y U A¢, 1o yacam

NCO nomxHbI UMETH CIIETYIOLINE JUTUTEILHOCTH:

AtleA(h/Fz,/x;+y§+Z§+va, 4)
A =Ady /T =[x +yj +2; —vx;, (5)

e x; =Xy, vy =Y, 2; =Z;, — METPUYECKUE Pa3Mepbl MPOCKLMI OTPE3KOB JBIIKYILETOCs Tela,

Habmromaemble B ero MCO TakuMu ke 1o BEJTMUYMHE (B BUIY KaJIHMOPOBOYHOCTH MPEOOpa30BaHMM), KaK U
npu HaOmoaeHnu B coctossHuu ero mokost (B COIIC). IlosroMy 3HadYeHHWe CpemHE CKOpPOCTH
MIPOXOKICHUS] BOJIHBI B3aMMOJICUCTBUS B MPSIMOM M 0OpPAaTHOM XoJie OyZeT B COOCTBEHHOM IMPOCTPAHCTBE
NCO Takum ke, Kak ¥ B pOHOBOM M30TportHOM rpoctpanctse COIIC:

~ 2 2 2 -~ =~
c 221/x,-j +y;t+z; /(At1 +At2):1.

W, cnemoBarensHO, B3aumMHOe HepaBeHCTBO HaOmomaembix B MCO um B COIIC ckopocreit
pactpoCTpaHEeHHsl BOJIHBI B3aUMOJIEHCTBYS MM 7K€ CBETa INPHUHIMIUAIBLHO HEBO3MOXKHO OOHAPYKUTh HU
JNoKaruel, H1 ¢ momolblo nHTepdepomerpa. HepaBeHCTBO ke MPOMEXKYTKOB BPEMEHH IPOXOKIEHHUS
BOJTHBI B3aHMoieiicTBHs B psiMoM (Ady ) 1 B o6patrOM (Ady ) X0zIe HX Cpe/THeMy 3HAUEHHIO:

(AQ) = (Ady + Ady )/ 2 =T(AT)
o yacam MCO Takxe 0OHapy>KUTh HEBO3MOXKHO. Bestb gaxke mpu caMoM MeVIeHHOM TEPEeHOCE ITUX YacoB

Mo Kparyaimemy ImytTd w3 omaHoil Toukn MCO B Apyryr0 BO3HHMKAeT B3aWMHAs JECHHXPOHHM3ALMA
NepEeHOCUMBIX 1 HenoIBMXHbIX B UCO yacos:

o, = lim Pa1= v+ )" - J1=v"])-

1% Ananormunas kanmuGpoBouHas camoae(OpMalHs BEIIECTBA B (JOHOBOM €BKIIMIOBOM IIPOCTPAHCTBE HMEET MECTO M3-33
HAJIMYKs B HEM TpaBuTaiuoHHoro nosst. B CO ke BelecTBa BMECTO NMPOCTPAHCTBEHHO HEOIHOPOIHOW KaITHOPOBOYHOMN
camozedopMariu BeniecTsa HaOII0JaeTCsl KPUBH3HA €r0 METPUIECKH OTHOPOIHOTO COOCTBEHHOTO MPOCTPAHCTBA.
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_ lim{ [\/1 — (28, v+ ~1]x, /T8, }: —vx, = <A?> ~ At (6)

rne: AQy =X, /ov, =x,;/Tév,, a: ov=v'—v — mpupaienre BekTOpa abCOMOTHOH CKOPOCTH V'

MEUIEHHOTO TIEPEHOCa YacoB K BEKTOPY abcomroTHOH ckopoctu Vv niepemertienusi B COIIC HemoIBIKHBIX B
NCO wyacoB. Dta necunxponmszanust HaOmonaercss b B COIIC. Ona 10 M kommeHcupyer B UCO
PasHMILy TIPOMEXKYTKOB COOCTBEHHOTO BpeMeHH A7 M AZ,, CHHXPOHM3UPOBAHHBIX MPOIOPHUOHAILHO

COOTBETCTBEHHO ¢ AQy 1 Ad, :

Aty = A + 01 E<A?>=,/x§ +y;+zp At, = AT, — T, E<A7>5At1,

B cBs3u ¢ 3TMM BO3HUKaeT CIIETYIOIIMH BOMPOC. A CYILECTBYET JM BOOOLIE MO HAOIIOICHUSIM M3
COIIC pagenctBo Bo Beex Toukax MCO onpenenstomiero ux "Bo3zpact” codcTBeHHOro Bpemenu? Benp B
MpoLiecCe JOCTIDKEHUsS TeloM TpeOyeMoM CKOpOCTH €ro paBHOMEPHOIO IEpEMEILEHUs] €ro TOUKU
MEPEMEIIAIOTCS C HEOIMHAKOBBIMU CKOPOCTSIMU [4]. A 3TO MPUBOJIUT K TOMY, YTO "BO3pacT" pa3HbIX TOUEK
Tena (M3MEPEHHBII 10 UX COOCTBEHHBIM YacaM) OyzeT, cornacHo (1), He omuHakoBbIM. U, crienoBaTenbHo,
pas3Hulia B "Bo3pacte" Touek Tena OyleT CyIIeCTBEHHO 3aBUCETh OT 3aKOHOB MX MEPEMELIEHHs B ITPOLIecce
JIOCTIDKEHHST UMU OJJMHAKOBOW abCoiOTHON ckopocTu. [1oaToMy cTaHIapTHOEe Bpems, OIpenessroiee
"Bo3pact” TOueK Temna, CIEAYyeT paccMaTpuBaTh KaK IyTH MOAOOHOE WX coOCTBeHHOE Bpems. st
obecreueHust e BO3MOKHOCTH aHalln3a AMHaMUKH nepemMeniatouxcs B MICO 00beKTOB B HEH JOIKHO
OBITh BBE/ICHO €IMHOE BO BCEX TOUKAX KOOPJUHATHOE BpeMms [2, 5.

Bcé 9T0 SBISIETCS TOCTATOYHBIM OCHOBAHHMEM JUIS NPHHATHS KOHLEMIMH HEOTHOBPEMEHHOCTH' ' B
HCO cobbrtaii, ogHoBpemMenHo' > mpoucxomsmmx B COIIC. HeBo3MoxHOCTS ke obHapysxkernst B MICO
JIECUHXPOHU3ALMY YacOB NP MX MEJIEHHOM IIEPEHOCE 13 OJHOM €€ TOUKHU B APYTYIO:

o, =limlAt(W1-57 —1)]:,/x; +y;+z; HimI(1-9° -1)/¥]=0,

v—0 v—0
yKa3bIBa€T HA HETPUBHAIBLHOCT KAIMOPOBOYHOTO MPE0OPa30BaHUs MPOMEKYTKOB BpeMeHH. [IpomexyTok
BPEMEHHM MEXIy COOBITHAMM, (QUKCHpyeMbIMH B pasHbiXx Toukax MCO mo OTCUMTHIBAIOIINM, Kak
CTaHJIapTHOE, TaK KOOpAMHATHOE BpeMs ee uacam, B coorBercTBUM ¢ (6) onpenensercss B COIIC
CIICAYIOIIAM MPeoOpa3oBaHUEM:

Ap=TAT =T(At—61) = T(At +vx;) = TAt + &4y, (7

rIe: &pj = vaij — nabmomaemas B COIIC B3amMHas ECHHXPOHU3ALMS COOBITHH, OTHOBPEMEHHO

npomsorenmmx B Toukax i u j MCO paBHOMepHO mepemernarorierocs tena. C yueToM KaaTuOpoBOYHOM
VHBAPUAHTHOCTA (K BO3/ICHCTBHIO JBIKCHHs) COOCTBEHHOrO 3HAYCHHS MPOCKIMH OTpe3Ka X ,
MapauleIbHOM HAaIlpaBIEHUIO TIepeMEeleHus], MpeoOpa3oBaHKs MPOEKIMHA KOOPAMHATHBIX OTPE3KOB

MEXIy STUMHM TOYKaMH B HECOBNAJArOlMe MOMEHThl BpeMeHu (Ad= ¢—dy #0) Oyayr B ¢oHOBOM

n3otpornHoM rpoctpanctBe COIIC Takumu:

AX:XJ. - X, :xij/F+vA(b:F(xU. +VAY), AY=Y,-Yo=y;, AL=Z,-Zy=z;. (8)
Cornacho (7) u (8) KoopIMHATHBIE 3HAYSHHUS TIPOEKIIMH CKOPOCTH TIEPEMEIIEHUS JII000r0 0OBEKTA MU

niepexoze oT UCO k COIIC u o6patHo OyyT peodpa3oBbIBaThCs MO0 MpaBiiam Jlopeniia [5]. Tem cambiM,

BaKyyMHasi CKOpOCTh cBeTa B mokosiuxcsi B MCO o0bekTax He OyJeT 3aBUCETh OT CKOPOCTH JBIKEHHS
HNCO. D10, KOHEYHO Ke, CBSI3aHO M C HE3aBHCHUMOCTBIO OT CKOpPOCTH JIBM)KEHUS, KaK IOKazaTeseu

"' HeonHOBpeMeHHBIMH B pasHBIX Toukax mpocTpancTa CO BelecTBa SBISIOTCH M MOMEHTHI KOCMOJIOTHYECKOTO
BpeMeHH. JI0OOMy MOMEHTYy COOCTBEHHOTO BpEMEHM BellleCTBA Ha (UKTUBHOI IMOBEPXHOCTH IICEBJIOTOPH30HTA
BUAMMOCTH BO BcelleHHOH COOTBETCTBYeT OSCKOHEYHO JIHIIb JAIEKOE KOCMOJIOTHYECKOE MPOILIoe, a Ha (UKTUBHOMN
noBepxHocTd cdepbr [lIBapuimnpaa COOTBETCTBYET JIMINL OECKOHEUHO aajiekoe Oyaymiee. O0e 3T (UKTHBHbBIE
NOBEPXHOCTH HHUYEro HE OrPAaHWYMBAIOT B OECKOHEYHOM ()OHOBOM EBKIIMIOBOM IPOCTPAHCTBE COIYTCTBYIOILEH
Bcenennoii CO 1 SBIISIIOTCS JIMILB IICEBIOTOPU30HTAMU COOBITHIA.

12 O}IHOBpeMeHHblMI/I SABJISIFOTCA CO6I)ITI/IH, COOTBETCTBYIOIME OAHOMY U TOMY K€ KOJUICKTUBHOMY IPOCTPAHCTBCHHO-
BPEMEHHOMY MHUKPOCOCTOSIHHIO BCETO I'PaBUTALIMOHHO-CBA3aHHOTO U ITPY 3TOM B3aHMHO HENOABHKHOTO BEIECTBA.
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MIPEJIOMJIEHHS] BEIIECTB, TaK M ONpPENEsIeMbIX MMM CKOPOCTEH pacHpOCTpaHeHUs H3IY4YEeHHH B 3THX
BEIIECTBAX a, CIIEIOBATEIIHHO, U YaCTOT 3JIEKTPOMATHUTHBIX B3aUMOJICHCTBHI X AIIEMEHTAPHBIX YaCTHIL.

Taxum oOpazom, mpeodpazoBanust JIopeHIIa OCHOBBIBAIOTCS, KaK HA PEaTbHOM COKpaIieHH! B (POHOBOM
M30TPOITHOM MPOCTPAHCTBE KOOPAMHATHBIX OTPE3KOB MEXIY KpasMu OOBEKTOB BJIOJb HAIPABICHUS HX
nBwkeHns, Tak W Ha Habmomaempix B COIIC cnemyrommx IByX KHHEMaTHUeCKHX d(¢ekTax — Ha
3aMe[IeHMM Temria TedyeHus coOctBeHHoro BpemeHn MCO W Ha JECHHXpOHHM3ALMK MEIJIEHHO
MEpEeHOCUMBIX 4acoB. brmaromaps SToMy 3TH MpeoOpa3oBaHUs W TAPaHTUPYIOT HEBO3MOXKHOCTH
obnapyxenust B UCO kakux-mmb0 M3MEHEHHH, MPOU30IIENIINX ¢ 00beKTaMi M TPOTEKAIOIIMMH B HEH
¢busrueckuMH TpoLieccaMy TIOCTie Tepexoja Tefla OT COCTOSIHUSL TOKOS K PaBHOMEPHOMY €ro
MepeMeIIeHHI0. JTO MOATBEPKIAET BEPHOCTH MEPBOTO MOCTyNaTa DUHINTEeHA 00 OJJMHAKOBOCTH BO BCEX
NCO nporekanus Bcex PU3NIECKUX TPOILIECCOB U SIBICHH.

OnHako, HE3aBUCHMOCTh TIOKa3aTeNel TpeNOMJIeHUS BCeX BelIecTB (a, CIeloBaTeNbHO, U
3a1aBaeMbIX MU CKOPOCTEH PacIpOCTpaHEHUs U3ITyYSHUH B ATUX BEHIECTBAX) OT CKOPOCTH JIBHKEHUS,
kak 3emun B ConHeuHOM cucteMe, Tak U camoit CoHeuHOU cUCTeMbl BO BceneHHoi Bce ke He MOXKEeT
ObITh 00bsicHeHa B CTO. JlanHas TeopHsl JIMIIb UCHONB3YET 3TOT OYEBHIHBIN (DaKT AJISI TOTO, YTOOBI,
OCHOBBIBAsICh Ha JCKIAPUPYEMBIX €0 MPeoOpa3OBaHUSAX CKOPOCTEH, «yKa3aTh» H3IYYEHUIO KaK eMy
CJIeyeT pachpOCTPaHATHCS B paBHOMEPHO Nepemermaromiemcst BemiectBe B CO Habmromaresst ero
nepeMenieHUs (JIBUKCHHUS).

3. 3OPEKTHBI, OBYCJIOBJIEHHBIE ITIPEOBPA3OBAHUAMMU JIOPEHLIA

W3-3a 3amennenus tedenust Bpemenu B ICO umeer mMecto Bo3pactaHue ee 3p(eKTuBHON CKOPOCTH
NepeMeIleHHs, OIIPEIENIAEMOM B COOTBETCTBUM € (8) pu ky = ( 1O NMOKOAIMMCS UIMEHHO B HEW Yacam:

Ve = AX /At =0T ©)
[TosTomy u3-3a 6ombineit B I pa3 yacToTsl cenoBanus mtpuxoB nokosieiics B COIIC nuHelHO miKambl
neHa aenenus nocienHen kaxercs B MCO B ' pa3 meHsbleit. A, crienoBaTebHO, U TPOUACHHBINA €10
KOOPJIMHATHBIM OTPE30K: Ax = VAL = VA&)/ I=AX/T. (10)
BocnpuHumaercs B ICO B I' pa3 MeHbIINM, HEXENN peabHO IPOHIEHHBIN €10 Iy Th AX B IIPOCTPAHCTBE
COIIC, BocipHEMaeMOM Kak "cxkaBiieecs” B e (POHOBOM U30TPOITHOM IPOCTPAHCTBE.
Taxoke, cornaco (7) u (8), pazabim Toukam MCO B OJMH U TOT k€ MOMEHT €€ BPEMEHU (At' = O)
npotuBononokeHsl Touku [1C B MomenTsl BpemeHu COIIC, B3auMHO OT/ieJIEHHbIE IPOMEXKYTKOM:

Ad= & = vAX' (11)

[Mkana COIIC 0 1 2 3 4 5
NOJIOJICEHUE WKATTbL I I I I I I
[Hxama UCO 0 1 2 3 4 5
nepeoe nonodicenue | * I I I I I
wiKanvl

0 1 2 3 4 5
8MOPOE NOJIONHCEHUE WIKAIIbL I * I I I I

0 1 2 3 4
mpemve noN0IHCEHUE UIKAbL I I * I I
VAT'=VAX' xi{/F =X;I"
|
AX'

Puc. (3naxom * obo3nauenvt oonoepemenuvie 6 HCO cobvimust).
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OTH MOMEHTBI, KaK IIOKa3aHO Ha pUCYHKe IIpu [' =2, COOTBETCTBYIOT pa3HbIM (a HE OJJHOMY U TOMY Ke€)
nonoxeHussM 00bekToB UCO otHocutensHo [1C, uto m npuBogut kK Habmoxenuto B MCO "mHuMOro"

cokparriennsi B [ pa3 KOOPIMHATHBIX OTPE3KOB e¢ (POHOBOTO M30TPOMHOIO MPOCTPAHCTBA MEXKILY KPAsMH
obwekroB [IC. OnHako, m3-3a AEHCTBUTENBHOIO COKpAIleHUs B (DOHOBOM H3OTPOIIHOM IIPOCTPAHCTBE
COIIC B I' pa3 KOOpAMHATHBIX OTPE3KOB MEXIy Kpasmu o0bekToB camoil MCO, pesynbrupytoree
COKpAlllCHHE KOOPAMHATHBIX OTPE3KOB (POHOBOro m3oTpornHoro mnpocrpanctsa MCO mexnay kpasmu
o0wexToB [1C omsaTh ke cocraBiser Bcero I kpar:

x, =(AX'—vAd)=AX'/T. (12)

[TosToMy, HamM4ue AEWCTBUTENLHOTO COKpamieHus B (oHOBOM u30TponmHOM mpoctpaHctBe COIIC
KOOPJIMHATHBIX OTPE3KOB Mexnay kpasmu o0bekToB MCO u "muHumoro" cokpamenuss B [IBK MCO
KOOPJIMHATHBIX OTPE3KOB MEXKy Kpasmu 00bekToB [1C 1 sIBIsIeTCS MPUYMHOM MPUCYIIETO JIIIH (DOHOBBIM
U30TPOIHBIM TPOCTPAHCTBAM CJEAyIOIIero kuHematndeckoro sddekra. Kak koopauHATHBIE OTpPE3KH
(donoBoro m3orponHoro mpocrpanctBa COIIC mexmy kpasmu o0bekToB MCO, Tak U KOOpAMHATHBIC
oTpe3ku (GoHOBoro mzorpornHoro mnpocrpanctea MCO mexay kpasimu o0bekToB [IC BocmipuHUMArOTCS
COKpaIlleHHbIMU BJI0JIb HampasiieHus: apkenust UCO B ogHO U TO ke KoJMuecTBO pa3. B pesynbrare
JECUHXPOHHU3ALNUA O tNU yacoB mpu MeieHHOM nepeHoce ux B MCO Oyner uMMeTb MeCTO Takke U

"mHuMoe" 3ameyicHne B 17 pa3 teuenus cooctBeHHoro Bpemenu [IC B TIBK MCO. Omnako u3-3a
HaJIMuMsl JIelcTBUTENbHOrO 3ameuieHnss B I pa3 teuenust Bpemenu MCO 1o cpaBHEHMIO C TEYEHUEM
BpemeHn COIIC pesynprupyromiee Habmonaemoe B MCO 3amesyieHre Te4eHUs] COOCTBEHHOTO BPEMEHH
I1C 6yner coctaBnsats Becero I kpar:

Ab=T(At—8%,) = T(At+vx;) = At/ T, (13)

rae mpu AX =0: X = —vAt . CnenoBatenbHO, HATUYHUE JEHCTBUTEIHHOTO 3aMeIJICHUS TEYEHUSI BPEMEHU

B MCO u "mHMMOro" 3amemieHus TeueHHs coOCTBeHHOro BpemeHu I[IC mpuBoguT kK 00OKOIHO
HaOJIOIaeMOMY  3aMENJICHHIO TeMIla TEYEHHWs] BPEMEHU Ha JBWXKyIMXcs B 00oit u3 CO oObekrax,
nokosiixess B Apyroi CO. Takum obOpasom, 000r0nHO HaOmM0gaeMble OJMHAKOBBIE IPOIOJIbHBIC
COKpaIlleHUsI KOOPJIUHATHBIX OTPE3KOB B (POHOBBIX M30TPOITHBIX MPOCTPAHCTBAX MEXTY JTFOOBIMUA TOYKAMU
OOBEKTOB M 3aMEIJICHUs] TEYCHHS BPEMEHH BO B3aUMHO MPOTHUBOMONOKHBIX CO 00yCIOBIECHBI
COOTBETCTBEHHO TPUHIMITHAIFHON B3aUMHOM HECOBIIAJIa€MOCTHI0 MOMEHTOB BpPEMEHH CHSTHS B HHUX
OJTHOTO W3 JBYX OTCUETOB KOOPJHMHAT U MPUHIIUIUATIHLHON B3aUMHON HECOBMEIIAEMOCTBIO TOUEK CHSITHS B
HUX OJTHOTO M3 JIByX OTCUETOB KOOPAMHATHOTO BpeMeHH. Hermonnmanre u urHopupoBaHue 3TOro (BMECTE C
HETIOHUMaHUEM OTIHYHS KOOPAUHATHOTO coOCTBeHHOTO BpeMeHn CO OT myTH moJ0OHOTO COOCTBEHHOTO
BpeMeHU 00beKTOB [8]) 1 nmpuBoaAUT K Bo3HUKHOBeHUIO B CTO MHuMBIX mapanokcoB. 1 Gonee Toro, 3to
SIBJISIETCS IPUYMHOMN JIOKHOTO paccMaTpuBanus vHorna camoi CTO kak 4ucTo MareMaTHYecKol TeopuH,
TIO3BOJISIONIEH OOBSICHUTH HAOIII0JaeMBbI€ SIBIICHHS JIUIIIb C HEKOTOPOM CTETIEHBIO YCIIOBHOCTH.

OnHako HanmM4ue ITUX KUHEMAaTHYecKuX S(PQEKTOB BOBCE HE O3HAYAET TOTO, YTO MMEETCS MOIHOE
paBHOMpAaBHE OTIEIBHBIX TeT C MPOTSHKEHHBIMU TPABUTAIIMOHHO-CBSI3AHHBIMU CPEJIaMU, OTHOCHTEIBHO
KOTOPBIX OHH JBIKyTCS. HE3aBHCHMO OT TOTO TMOKOMTCS HIM K€ IepeMelaercss ™ Takas cpeia
otHOcUTeIbHO DB, OHA CBOMM TpaBUTAIMOHHBIM IIOJIEM BCET/IA YACPXKUBAET JIBIKYILEECS OTHOCUTEILHO
Hee Terno. Jlaxke, ecnu Teno OyAeT mepeMeniaTthcs OTHOCUTETHHO TPaBUTAIIMOHHO-CBSI3AHHOM Cpelpl Tak,
YTO Ha CaMOM JieJie OHO OyJeT TOKOHWTHCS B (POHOBOM E€BKJIMIIOBOM ITPOCTPAHCTBE COITYTCTBYIOIICH
Bceenennoii CO (a, cnemoBatenbHo, 1 oTHOocHTeNbHO DB), TO cpenma obs3aTenbHO yBIeUeT 3a co0oil 3TO
TEJI0 B TIPOILIECCE TOPMOXKEHHM CBOEro IBMKeHUs. [loaTomMy, HECMOTpss Ha TO, YTO Cpela TMpU ITOM
pacIIMpUTCs OTHOCUTEIIFHO CBOETO IIEHTPa MAacC, LIEHTP MHEPIMU STOTO PENSTUBUCTCKOTO PACIIUPEHUS B
(honoBoM m3oTponHOM TipocTpancTBe CO Tena OyAeT CoBNaaaTh UMMEHHO C €ro IEHTPOM Macc, Kak U B
Clly4ae TOPMOXKEHHS TIEpeMEILIeHHsI CaMOro Tella OTHOCHUTENHHO 3TOM cpenbl. U, crmemoBarensHO, Toche
TOTO, KaK TEJIO CTAaHET MOKOUTHCS B 3TOW CpeJle, BBISICHUTCS TO, YTO TI0 CBOMM YacaM OHO Ha CaMOM Jieje
JIBUTAJIOCh OTHOCUTENBLHO CPEeIbl CO CKOPOCTHIO B I pa3 OoJbliiel, HexemH MmepeMerianoch OTHOCUTEIEHO

3

" Beumy obpasoanmst npeobpasoBanisiMi JIOpeHIa IPYIIIBI BCE M3IOXKEHHOE 3/eCh CIPABEUINBO M IPH PACCMATPUBAHUH
nepemertienust Ten B mobod m3 MCO, a He Tonbko B COIIC rpaBUTALIOHHO-CBSI3aHHOM CpEIbl, YCIOBHO MOKOSILEHCS
otHocuTensHO OB.



Hee 1o ee yacaM. To eCTb He MHHUMOE, a8 HacTOSIIIEe OTHOCUTENBHOE 3aMeUICHUE TEYEHUsI COOCTBEHHOTO
BpeMeHH Oy/IeT MMETh MECTO BCErJa y Tena, a He y TPaBHTALMOHHO-CBSI3aHHOW CpeJibl, B KOTOPOH OHO
nepemMenanoch .

4. TIPUHIUIT HEHABJIIOJAEMOCTHU B COBCTBEHHBIX CO BEHIECTBA
PEJISITUBUCTCKOI'O COKPALIEHUS KOOPAUHATHBIX OTPE3KOB

Kak moka3ano mMHorumu aBTopamu [9 - 11], HemocpencTBeHHO HaOMIOaeMble MCKKEHUS (DOPMBI
JBIDKYIIUXCS TEJT CYIIECTBEHHO OTJIMYAIOTCS OT MCKaKEHHI, HAaOIFOIAeMBIX OIMOCPEICTBOBAHHO Yepe3
cucremy koopaumHaT MCO B ux (POHOBBIX H3OTPOIHBIX MPOCTpaHCTBaX. Jla W acTpOHOMHUYECKHE
HaOMIOZICHUs] HE TIOATBEPXKAAIOT HAIMYUS PENSTUBUCTCKOTO COKPAICHUS UIMHBI «yOeraronmx» OT
HabJro/1aTeNs ¢ OOJIBIION CKOPOCTHIO TAJIAKTHK pacimpsitoreiics Beenennoil. KoHtieHTpaiys raakTvk 1o
Mepe yIajieHus OT HaOJro/aTeNs He YBEMYMBAETCS, KaK ITOTO CIEeJOBAIO0 Obl OXKHIATh BCIEACTBHE
HaJIMYMsI 3TOTO COKpAILEHUs], U TI03TOMY BceneHHass BOCIpUHUMAETCsl KaKk OJIHOPO/IHAsl Ha CKOJIb YTOJTHO
OOITBILIOM yIAJICHUH OT HAOrOIaTesl.

B 10 xe Bpemss B OTO neiictByer npunHimn HenaOmomgaemoctd B [IBK BemectBa n3MeHUMBOCTH
MIPOCTPAHCTBEHHO-BPEMEHHBIX MapaMETPOB €ro 3JIEMEHTapHBIX YacTHIl, KaK SBOJIOIMOHHOM, TaK U TOJ
JICVCTBUEM TPABUTAIIMOHHOTO TIOJIST M IPYTUX BO3MOXKHBIX (DaKTOPOB. B COOTBETCTBHM ¢ HUM JIBHIKEHHE
BemecTBa', KaK W TIPABUTALMS, HABOUT KPUBU3HY TPOCTPAHCTBA B 3alOJHEHHBIX JBHKYIIHMCS
BEILIECTBOM €ro yuyactkax. Benb penstuBucTcKas aedopmaliisi BEIIECTBA TaKKe IMPOMCXOIUT HA YPOBHE
€ro 3JIeMEHTAPHBIX YaCTUI[ U TOXKE€ MOXKET PAcCMaTPUBATHCSA MPUHIMIHATLHO HEHAOMI0AaeMOi. DTOT
TIPUHIMI CTIETyeT W3 KOBAPUAHTHOCTH 3aKOHOB MPHUPOJIEI OTHOCHTEIILHO MPEeoOpa3oBaHUi KOOPAWHAT U
BPEMEHU IMIIb IS TPOCTPAHCTB, B KOTOPHIX MPUHIMUIUAIBGHO OTCYTCTBYET MPOCTPAHCTBEHHAS
HEO/IHOPOJIHOCTh MX METPUYECKUX CBOMCTB a, CIIEIOBAaTEIbHO, U HE HAOIONAETCsl BBI3BIBAIOIIAS ITY
METPUYECKYI0 HEOAHOPOAHOCTh MPOCTPAHCTBA MPOCTPAHCTBEHHO HEOJHOPOIHAS AedopMalivs BEIIecTBa
Ha YPOBHE €r0 AJIEMEHTapHBIX YacTull. MIrHOpupoBaHUe 3TOr0 MPUBOAUT, HATIPUMEDP, K PEISITUBUCTCKOM
HEMHBAPHAHTHOCTH HE TOJBKO MOJISIPHOTO 00beMa, HO caMHX YpaBHEHWH TepmomuHamuku [12 - 13] u,
M0ATOMY, SIBJISIETCS OCHOBHOM NpuumHOM paccmarpuBaHusi B OTO mnpenMyIIeCTBEHHO BAaKyyMHBIX
pelIeHui ypaBHEHUI TPaBUTAIIMOHHOTO OIS, JIMIIIEHHBIX, KaK MPaBHIIO, (PU3HYECKOTO cMbIca’®.

[Tostomy mipeoOpazoBanust JIopeHiia criemyer paccMaTpyBaTh Kak MpeoOpa3oBaHus JIUIIIb PUPAIIICHUI
KOOpJMHAT, a HE TPHPALICHUH METPUUECKUX OTPE3KOB, K KOTOPBIM CIEAyeT MEePeUTH C MOMOIIBIO
COOTBETCTBYIOIIIETO METPUYECKOro TeH30pa. A cKopocTh v mepemerienus oobektoB [IC B (oHOBOM
M30TPOITHOM IIPOCTPAHCTBE ABMKYILETOCsI OTHOCUTENIBHO HUX TeJla CIIEAYET OTIINYaTh OT CKOPOCTU b=yl
WX JBWKEHHS B €r0 METPHYECKH OJHOPOIHOM COOCTBEHHOM IIPOCTpPAaHCTBE. B 3TOM COOCTBEHHOM
npocTtpaHcTse Tena aexnapupyemoe B CTO pensiTUBUCTCKOE COKpallleHHe Pa3MepoB (Ha CaMOM JIENIE, JIUIIb
KOOPJIMHATHBIX OTPE3KOB) SIBJISETCS MPUHIUIHUAIGHO HEHAOMIOAeMbIM, a HAOJIOAaeTCsi BMECTO HErO
KWHEeMaTH4ecKas KpUBU3HA = MPOCTPAHCTBA, a TAKKE KMHEMAaTH4ecKas aHW30TPOITUsI HEKOTOPBIX CBOMCTB

' 370 aHANOrMYHO OTHOCHTENHHOMY 3aME/ICHHIO TEUEHHs COBCTBEHHOTO BPEMEHH y OJIM3HEIa-MyTeleCTBEHHIKA M0
CPaBHEHUIO C TEYEHHEM COOCTBEHHOIO BPEMEHH OJIM3HENa-10MoCea.

1> Heo6xomumocTs MIPUMEHEHHUS STOr0 IPHHIMIA K y4aCTKaM IPOCTPAHCTBA, B KOTOPBIX BEIIECTBO HAXOAUTCA B COCTOSHUHU
JIBVDKEHUSI, ClIeyeT He TOJbKO M3 ocHOoBHOro npuHimna OTO — dopMupoBaHusi METPHKH TIPOCTPAHCTBA HAXOSIIMMCS B HEM
BCIICCTBOM, HO U U3 HpI/lHIJ,I/lHI/laJ'leOﬁ Me’IleleCKOﬁ OTHOPOIHOCTH COGCTBeHH])IX TMPOCTPAHCTB BEIIECTBA, KOTOPLIC, B OTJIMIHC
OT COOTBETCTBYIOIIMX UM (POHOBBIX €BKJIMIOBBIX IPOCTPAHCTB, O0JIaAAI0T B MHUpE JIIO/Iel KPUBU3HOM, @ HE IPOCTPaHCTBEHHOMN
HEOIHOPOJTHOCTBIO METPUUYECKUX CBOKMCTB. Beib Npy HEpaBHOMEPHOM JIBIDKEHHH BEILECTBA PEJIATHBHUCTCKOE COKPAILEHHUE €ro
KOOP/IMHATHBIX OTPE3KOB TAKKE SIBIISIETCS] IPOCTPAHCTBEHHO HEOTHOPOIHBIM.

' Bemp aGcomoTHBI BaKyyM B IPUPOJE HE CYIIECTBYET, a CAMa TPABMTALMS SBIAETCA JIMIIb OJXHUM M3 IIPOSBICHHI
O0MHX TPaBUTEPMOIMHAMUYECKUX CBOWCTB BEUIECTBAa M, B TOM YHCIIE, U MpakTHdeckoro Bakyyma [13]. JIroboe ckomb
YIrOJAHO CHIBHO Pa3pe)KCHHOE BELICCTBO, KAaK HCKYCCTBEHHO CO3/IaHHOTO, TaK W KOCMHYECKOrO BaKyyMa CIEIyeT
paccMaTpuBaTh KaKk HEKOTEPEHTHYIO MAaTEpHIO, MOJYMHSIONIYIOCS 3aKOHAM TEPMOAMHAMMKH, aHAJOTMYHO HCaIbHOMY
rasy HeB3aMMOJCHCTBYIOIINX MOJIEKYL.

"7 HapoauMas IBIKYIIMMCS BEIIECTBOM KMHEMATHYeCKas KPHBH3HA COOCTBEHHOTO TPOCTPAHCTBA HAGMIONATENS 3TOTO
ABWIKCHU TIpUCylla BCEM CCTCCTBCHHLIM JIBUKCHUAM BCLICCTBA B Cq)OpMI/lpOBaHHOM rpaBUTAllMOHHBIM TIOJIEM
¢$u3MYecKy HEOJHOPOJHOM COOCTBEHHOM IIPOCTPAHCTBE JIIOOOro HaOiiojaress ABIDKEHUS BemiecTBa. OIHAKO HpH
paccMaTpuBacMOM 3J1€Ch TUMMOTETUYCCKOM PAaBHOMCEPHOM JABHKCHUM, SABJIAIOMICMCS JIMIIb BBIPOKICHUEM €CTCCTBCHHBIX
JIBIDKEHUH BelllecTBa, caMa KHHEMaTHIecKasi KpUBHU3HAa COOCTBEHHOTO IIPOCTPAHCTBA HA CAaMOM JIeJIe TOXKE BBIPOXKIACTCS
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PaBHOMEpPHO JBIDKYIIErocs BellecTBa. MeTpuueckasi e CKOpOCTb JBIKEHHS B HeM o00bektoB [IC
TOXIECTBEHHO PaBHa CKOPOCTU 3D (HEKTUBHOTO NEPEMELICHHS V,; = VI OTHOCHTENBHO HUX CAMOTO TeJa.

€
KoopnuHaTHOMY 3HAUEHHIO CKOPOCTH ABWXKEHHUS Tella v (CKOPOCTH TEpeMENIeHUs ero B (POHOBOM
n3otporHoM npocTtpancTse [1C) Takike MOXET ObITh CONOCTABIEHO METPUYECKOE 3HAYEHUE CKOPOCTH €r0
mwxermst 1 =T = V&L,X. OHo ompezensieTcs B METpUYECKOM coOcTBeHHOM mpoctpanctee IIC B

COOTBETCTBUH C COITYTCTBYIOLIEH TEITy JIOKAJIbHOM METPUKON HTOTO HpOC"IpaHCTBalg, HaBEJICHHOM UMEHHO
JIBI)KEHHUEM BeILECTBA 3TOro Tela. B BUIy BO3MOXHOCTU YCTpeMJIEHUsI K OECKOHEYHOCTH HMPOAOIBHOIO

o 1 )
METPHYECKOTO 3HAYCHNMS BAKYYMHOM CKOPOCTH CBETa' W B JBIIKYILEMCS BEILECTBE \)/CX =TI x Heil MoxkeT
OBITh yCTpEMJIEHA M CKOPOCTh JBIDKEHHS Tela )< 156)(. 3HaueHHe K€ CKOPOCTH IepeMelIeHHs Tela B

(oHoBOM M30TpOnHOM IpocTpancTse [1C OyaeT npu 3TOM CyIIECTBEHHO MEHBIINM U MPUHLMIIHAIBLHO HE
CMOXKET TPEBBICUTH IMOCTOSHHYIO CKOpOCTH cBeTa ¢ =1. M 3T0 ecTb HM 4YTO MHOE, KaK IpOsIBICHUE
HAJIMYMS Be3/IeCyIlel OTpUIIATeIbHOM 00paTHOM CBSI3M, OrPaHMYHMBAOIIEH CTPEMUTENIBHOCTD POCTA M BCEX
JpYTUX WHTEHCHBHBIX TEPMOJVMHAMHUYECKHX IapaMETpPOB BEIIECTBA. J(OMOJHUTENBHBIM K CKOPOCTH V
MEepPEeMENICHHs BEILECTBA Tejla SIBJISETCS TaKOW SKCTEHCHBHBINM TMapaMeTp Kak ero umiysibe P = m¥,
OIIPE/IEIAEMbI Yepe3 METPHUYECKOE 3HAYEHHE CKOPOCTH JBMXKEHMS M0 KJIACCHMYECKOW 3aBUCHMOCTH.
Hamuuue »Toit oTpHuaTenbHON 0O0paTHOM CBs3M, OOECIIEUMBAIONICH BO3MOXKHOCTH YJIOBJICTBOPEHHUS
npuHimity Jle Illarense-bpayHa, U mo3BOJSIET paccMarpuBarh CKOPOCTh IEPEMELICHUS BEIIECTBA V U
MOJISIpHOE 3HaueHue ero ummysisca P (ompenensemoe depe3 MOJISIPHOE 3HAYEHUE €r0 MACChI 71) B KaUeCTBE
TEPMOIMHAMUYECKUX  IIApaMETpOB  JIBMKYIIErocst BemectBa. Ilo  kimaccuueckoil  3aBUCHMOCTH
onpeensieTcs u qanambeposa cua uaepipn: F = —ma=—Ed (InT)/dX .3neco: 4=dV/dr =dl/dX

— METPUYECKOE 3HAYEHNUE YCKOPEHHUs IBIKEHHS TeNa, ONpeessIeMOe B COOTBETCTBUM C (popMupyemMoii ero
BEILIECTBOM JIOKAIBHOM MeTpHKoii cobcTBeHHOro npoctpancTsa [1C (mokosierocs B COIIC nabmonarens

20
JABHMKCHUA TCJ'Ia), a EF=ml = mo&cx — IIOJIHAasA MHEPTHAs  SHCPIHs TCla, OIpcAcirieMast IMpu HaIUMYru
TPAaBUTALIMOHHOI'O IIOJIA C Y4YCTOM COOCTBEHHOI'O 3HAYEHHS MAacCChI m, = m/ V., Tela Hu KOOpL[HHElTHOfI
CKOpOCTH CB€TA V. . Kak BUIUM, z[anaM6ep0Ba CHJIa MHEPUHHU ITPOIIOPLOHATIbHA HOpeHH—HHBapHaHTHOﬁ

Macce U METPUYECKOMY (a HE KOOPIMHATHOMY!) 3HAUCHUIO YCKOPEHHMS JBIDKCHUS Teia. BeipakeHue ke
9TOM CHIIBI Yepe3 MOJHY0 MHEPTHYIO SHEPrHI0, COXPAHSIONIYIOCS B MPOLIECCEe CBOOOIHOTO MaICHUs Tea,
MO3BOJISIET ~ JIMIIb ~ OTpa3uTh  (AKT  KATMOPOBOYHOM  HMHBAPUAHTHOCTH €€  OTHOCHTEIIHHO
MYJIbTUIUIMKATUBHOT'O I/I3MGH€HI/I$I2] 3aMCIJICHHSA €r0 BpPEMCHU F, HU3MCHAIOIICTOCA IIPpU CBO60I[HOM

MaJICHH Tella OOpaTHO TMPOMOPLHOHATIBHO (&cx =v,I' =const(r, X)) HU3MEHEHHIO KOOPIMHATHON

B IIPOCTPAHCTBEHHO OJHOPOJAHOE ero cxartue. [103ToMy NpUMEHHUTENBHO K PaBHOMEPHOMY JIBI)KEHHIO BEIIECTBA 3TOT
TEPMHH, KOHEYHO K€, SIBJISICTCS YCIOBHBIM.

'8 3 kaxoit 651 CO MbI He PacCMaTPHBAIH IPOCTPAHCTBO, 3aMIOHEHHOE BEIIECTBOM JBHKYIIErOCs Tela, (PH3MUCCKH OHO
SIBIIIETCSI OTHAM W TEM JKE TPOCTPAHCTBOM, a €ro JIOKadbHas MeTpuKa B 000 w3 CO (opMupyercs OTHIM U TEM XKe
BEILECTBOM, JIOKAJIbHO AUCIOLMPOBAHHBIM B HEM.

' CornacHo pensSTHBHCTCKMM MPeoOpa3oBaHHsIM MMEET MECTO He TOJIbKO DEIATHBUCTCKAS ONTHYECKAS AHH3OTPOIIHS
JBIKYILIErocs BEIeCTBAa, HO Jake M HEOJMHAKOBOCTb 3HAYCHWH HCTHHHOM CKOPOCTM CBeTa Uil NPSIMOTO M UL
00paTHOrO €ro paclpoCTPaHEHHs BIOJIb HANpaBieHUsl JBW)KEHHs BellecTBa. [l0o3TOMy Halnuue pessiTUBUCTCKOM
AHU30TPOINUN ABMIKYHICTOCA BEIIECTBA U IJIdI MHHUMOI'O BaKyyMHOT'O 3HA4YC€HHsA CKOPOCTU CBE€Ta B HEM HC HOJIKHO
paccMarpuBaThCsl KaK HE4TO IPUHLIUITHAIEHO HEBO3MOXKHOE.

' B cocTaB 10JIHOI MHEPTHOM SHEPIUH BXOIAT IHIIb KHHETHUECKAs YHEPrHs HANPABICHHOTO JBIKCHHS BEIIECTBA U
repexoJsiiasi B Hee ero BHyTPHAaTOMHas IOTCHUMalbHas SHeprus. IloTeHnuanbHas e JHEPrus MeEXKIyaTOMHBIX H
MEXMOJIEKYJSIDHBIX CBSI3€H M B3aUMOJEHCTBUH MOXKET NEPEXOJUTh JIMIIb B KHHETHYECKYIO DHEPIHI0 XaOTHYECKOTO
IBIDKCHHS aTOMOB M MOJIEKYJ (TCIUIOBYIO SHEpruro) BemecTBa. [103TOMy-TO OT Hee W HE 3aBHCHT CKOPOCTh
BBICBOOOJK/ICHUSI BHYTPUATOMHOW IOTEGHLIMAJIBGHOM SHEPrMM W IPEBPAICHUS €€ B KHHETHYECKYIO JHEPIHUIO
HAIpaBJICHHOTO JBIKEHHs BemiecTBa. V, ciemoBaTenbHO, BHYTPEHHsS TEIUIOBas SHEPrHs BelecTBa He oOnagaeT HU
BecoM [14], Hu MHEPITHEH.

?! Kak M rpaBUTALMOHHAS IICEBIOCHIA, JaiaMOepOBa CHIIa MHEPLMH HE 3aBHCHT OT BEJIMUYHHBI DPEISATHBHCTCKOIO
3aMeIJICHUs. BPEMEHH a, CJIeOBaTeIbHO, M OT TOrO IOKOUTCS WM K€ ABIKETCs Teso. OHa OIpenensercs JHUIIb
OTHOCHUTCIIBHBIM €T0 U3MCHCHUEM. HOSTOMy, €CJIM 3aMCVICHUC TCMIIAa TCUCHUA CO6CTBCHHOFO BPEMCHMU TEJIa BbI3BAHO HE
TOJIBKO €ro JABHMXCHUEM, HO €€ U APYTUMU q)aKTOpaMl/I, TO TIOCJIICAHUC 6y}1yT CKa3bIBaThCAd HA BEJIMYMUHE ATOM CHJIBI
JUIIb Yepe3 U3MEHEHHWE MMM IMOJHON MHEePTHOIl 3Hepruu Tena. Ilpu cBOOOJHOM ke MajeHUH Tena, Kak U B JPYTUX
HMHEPLIHAIBHBIX IpOlieccax, I0JIHasi HHEPTHAs SHEPIUsl BELIECTBA Tela He U3MEHSIETCS.
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CKOPOCTM CB€Ta V, 4, CJEAOBATENIbBHO, W W3MEHEHUIO IPONOPLUUOHAIBHON €W BHYTPUATOMHON

MOTEHIMATbHON 3HEPIUU €r0 BEIIeCTBA. JTO SABJISETCS JOCTaTOYHO BECKUM MOATBEP)KICHHEM BEPHOCTU
M3BECTHOM KOHLETIMH JIOPEHII-MHBAPUAHTHOCTH Macchl BemiecTsa [15 - 16].

Kunemarnueckasi KpuBW3HA (JOKaibHas jaedopmaiys METPHKH) coOCTBeHHOro mpoctpanctBa I1C
COMPOBOKAAECTCS CAaMOHABEACHUEM BEIIECTBOM JIBIIKYIIETOCsl Tella U PENISITUBUCTCKON aHU30TPOIUH
CBOMX CBOWCTB, a B 3a[IOJJHEHHOM UM MPOCTPAHCTBE HaBEICHUEM U COOTBETCTBYIOIIETO €if HEOHOPOIHOTO
YIJIOBOTO PaCIIpe/Ie/IeH)s 3HAYCHHMIT BAKYyMHOM CKOPOCTH CBETa

36 = c\/lﬁ2 cos’ BB, +cos’ B, +cos’ B, , (14)

tae: B, B,, B. — yribl MEXIy HalpaBIeHHEM PACIPOCTPAHEHHSI CBETa U KOOPIMHATHBIMK OCsSMHU. Takoe

z

UX YIJIOBOE pacmpesiefieHne O0ecreunBaeT H30TPOMHOCTh YacTOThl B3aMMOJEUCTBUS 3JIEMEHTapHBIX
YaCcTHII BEIIECTBA 4, TEM CaMbIM, M HE3aBUCUMOCTh CKOPOCTHU IMPOTEKAaHUS B HEM (PM3UYECKUX IMPOLIECCOB
ot HanpagyieHuss. Konpopmaomy oroOpakenuro cooctBeHHOro [IBK mpon3BoibHO ABHXKYIIIETOCS Tejla Ha
[IBK IIC 6yner coorBercTBoBath B COIIC NUHEHHBIIH lIeMeHT:

(AS)? = £2[D2 (A7)* = (AX)*]= (1= 2 192)(AT)* = (1-V?)(AT)* = (A1), (15)
SKBUBAJIEHTHBI COOTBETCTBYIOLIEMY JIMHEHHOMY 3JIE€MEHTY B (DOHOBOM H30TPOITHOM MPOCTPAHCTBE
MusakoBckoro IIC, Gmaromaps HHBAPHAHTHOCTH — COOTHOLICHHS: b/ &CX =V  OTHOCUTEIHHO
MpeoOpa3oBaHUs METPUKH MPOCTpaHcTBa. 31ech: A =1/ &cL =1/ &CX — MaciraGHbni dakrop’’, a mpm:
A7t =0 MeTpUYeCKOe 3HAYCHHE: Aio —AX =TAX = &cXAX =/, sBIAeTCA INPOMOIBHBIM Pa3MEpPOM
nsrxyiierocs tena B COIIC, ToxknecTBeHHbIM ero pasmepy /, B cooctBeHHOM CO.

‘)/ ECJ;I JKE TEJIO JBIDKETCS B CPEIe, OCYIIECTBIISIONICH MEPEHOCHOE IBMKEHUE C a0COMIOTHON CKOPOCTBIO
.=dX, /dr=Tv

ror?

e T.=?, =(1-v)"?, a v, =dX,/dr, To KOH(OPMHOMY OTOBPAKEHIIO

cooctBenHoro I1BK npousBosbHO nBrkymierocs tena Ha [IBK atoii cpenbl Oyner cooTBETCTBOBAThH B €€
NCO nuHelHbIi 37IEMEHT:

(As)’ = & [V2(AL)? — (A1 T= (1= 47 /2)(A7)* = (1= VP)(AT) =
= L[, Ar Ak ) (b ax, -3 AT —(AY,) —(AZ,)* 1= £[L (A7) — (ALY} 1= (A1), (16)

me: a=1/1,, b, =T =(1-v)">=(1-12/2)"> - wmerpuueckoe s3mauerme B s10it HCO

cr

BaKyyMHOW CKOpPOCTH CBETa B 3allOJIHEHHOM TEJIOM TIPOCTPAHCTBE BJIOJb HANpaBJICHHS €rO JBIDKCHHS,

b Al rag, -1

npoctpanctBe MCO u cKopocTb nepeMenienus ero B GoHoBoM n3oTpornHoM npoctpanctse MCO;

Al =[(Ad ) + (A ) +(ad 27 =) Al AL =[(AX)* +(AY) +(AZ,)*]" =} AL;
At =1 Ar—Ab AX art, = Ad AX — Az; oAy, =AAY;  arl = AAZ .

[IpeoOpazoBanus POEKIMI CKOPOCTEH TIPH ATOM (POPMATBHO COOTBETCTBYIOT MX MPeoOpa3oBaHusM [2, 5]

B CJTy4yae HaJIMYXS TPABUTALIMOHHOTO TIOJIST ~ B CPEZie, B KOTOPOW paccMaTpuBAaeTCsl ABMKEHHUE Tella:

b Iy =@ 1y =0 1P )= @ 1), 000 by 10y =, 1,0 [ = (D 1) 191

wV; 1 v, =Al/At, <1 — COOTBETCTBEHHO CKOPOCTb JIBWJKCHMsS Te€la B COOCTBEHHOM

*? HeoIHOPOJHOE YIVIOBOE PACIIPE/IENIEHHE HCTHHHOIO 3HAYEHHUS CKOPOCTH CBETA MEET MECTO M B HOKOSIIMXCS CPeiaX. ITo, TAK
HazbIBaeMble, aHU30TPOIHBIE ONITHYECKUE CPEIBL.

310 COOTHOIICHHE MPUHIMIHAILHO HE 3aBHCHT H OT XOJIA YaCOB, MCIIONb3yeMbIX Il H3MEPEHHS BPEMEHH, a, CJIJI0BATENHHO,
VMHBApHAHTHO W OTHOCHTEIBFHO MpeoOpa3oBaHmsl BpeMeHH. OHO XapaKTepu3yeT HHTEHCHBHOCTD JIBIDKCHHS BEIIECTBA U SIBIISICTCS
CKOPOCTBIO IBFDKEHHS 3TOTO BEIIECTBA, BRIPAKEHHON B JIOJISIX BAKYYMHOH CKOPOCTH CBETA B HEM.

** MacmtabHeiii hakTop oOecIiedrBaeT mepexos] oT KyCOHO-IIamKoro codcTeenHoro npocrtpanctea COIIC, B KOTOpOM
JOBIDKYIIAMCSI TEJIOM JIOKAJbHO HABOAWTCS COIMYTCTBYIOHIAs €My PENSTHBHCTCKAs aHU30TPONHS, K METPHYECKU
HEOTHOPOTHOMY (oHOBOMY wm3oTpomHOoMy mpocTtpancTtBy IIC. MacmrabHsiii ¢dakrtop ucnonsdyercs B OTO mpu
paccMaTpUBaHUH U JIIOOBIX IPYTHX METPUYECKH HEOTHOPOAHBIX (POHOBBIX MPOCTPAHCTB [6], a Takke B KOCMOJIOTHH IJIS
ONMCaHus Mpolecca paciiupenus BeeneHHoil.

» IIpy Hammuuu 3agaBaeMO NPOCTPAHCTBEHHBIM paclpeleleHueM 3HadeHUH KOOPAMHATHOW CKOpOCTH cBeTa [5]
(u3MUECKOil HEOTHOPOIHOCTH IMPOCTPAaHCTBA (MPOCTPAHCTBEHHON HEOIHOPOJHOCTH TEPMOIMHAMHUYECKOTO COCTOSHHS
3aIOJHSIONIETO €r0 CKOJIb YTOJIHO CHIIBHO Pa3peXeHHOro ra3onsuieBoro seuiectsa [13]).
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JIvie ¢ TakUMU JIMHEMHBIMU DJIEMEHTAMHU METPUKHU Y4acTKOB coOcTBeHHBIX mpocTpancTB [1C u CO,
3aIOJTHEHHBIX BEIIECTBOM JBIDKYIIErocsl Tena, OyayT SKBHBAICHTHBI MPOCTPAHCTBEHHO HEOAHOPOIHBIM
PETSTUBUCTCKAM caMoJiehopMalisiM 3TOTO BEIIECTBA HAa YPOBHE €r0 AIeMEHTapHbIX YacTull. FIMeHHo 3Ta
MPUHIMIHAILHO HeHa0ro1aeMast Hu B kKakux coOctBeHHbIX CO BelecTsa a, cienoBarensHo, 1 B CO mMupa
JIOZiel  MPOCTPAaHCTBEHHO HEOJHOPOJHAS PpENSTUBHCTCKAs camozedopMaliyis —CHUpaTbHOBOIHOBBIX
00pa30BaHUI, COOTBETCTBYIOIIMX JJIEMEHTAPHBIM YACTHIIAM BEIECTBA, W B IIEJIOM BCErO BEIIECTBA
JBIDKYyIIErocss Tena M paccMarpuBaercst ycinoBHO B CTO kak pensTHBUCTCKOE COKpAICHHE JITHHBI
JIBIDKYIIIETOCS TENa.

Takum oOpazom, otobOpaxenne cobctBenHoro IIBK mwkymerocs BemectBa Ha [IBK mroboro
CTOpOHHEro HaOmofarensi ero IBWKEHUs SBISETCS KOH()OPMHBIM Oarojaps IJHIIb HEMPEPHIBHOMY
MPeoOPaA30BAHUIO JIBKYIIUMCSI BEIIECTBOM TIOCIICTHETO B MHPOBBIX TOYKAX CBOCH JMICIIOKAIIUH.
JeticTBuTensHO, B cooTBeTCTBUM ¢ MpHHATON B OTO KoHienmeit popMupoBaHusi METPUKU TPOCTPAHCTBA
HAXOJSIIMMCSI B HEM BEIIECTBOM M TIPOMCXOAUT HE TOJBKO KHHEMaTWdecKas camoaedopMariys
JIBIKYILETOCs BEIeCTBA B (DOHOBOM H30TPOIHOM TIPOCTPAHCTBE, HO H JIOKATBHOE MPE0Opa3oBaHHC
METPUKM (KPUBU3HBI) 3alOJTHCHHBIX WM YYaCTKOB H30METPHUYECKOrO IPOCTPAHCTBA CTOPOHHETO
Habmomarems . Takue He peryIspHbIe JOKaIbHbIC AehOPMAIHH TIAAKOr0 COOCTBEHHOTO TMPOCTPAHCTBA
HaOmoaTensi, 0OBIYHO, PACCMATPUBAIOTCS KaK JIOMTOJHUATEIBHO HATOKEHHBIC HA Hero aedopmarmi. OHK
HE CIIeYIOT U3 PellIeHUs] ypaBHEHHUI TPaBUTALIMOHHOTO OIS J1s BelecTBa Tena, B [IBK kotoporo Benetcst
HAOJIOJICHUE HEYYTCHHBIX JTUM pCIICHHEM OOBEKTOB ¥, TIO3TOMY, YYHTHIBAIOTCS JIMINb IPU
HEOOXOIMMMOCTH . B COOTBEICTBMM €O BCeM STHM pEISTHBHCTCKHE MpeobpasoBamms JlopeHia,
HCIOJIb3yeMble JUIsl Tepexoga oT Kakoi-nmubo wucxomno MCO k moboit apyroit MCO,
NEHUCTBUTENBFHO  SABIAIOTCS  MPEOOpa3OBaHMSIMH — TMPHUPALICHHH  BpEeMEHU U MPHUpALICHHH
MPOCTPAHCTBEHHBIX KOOpAWMHAT X,, a BOBCE HE MPUPAMECHUNA METPUYCCKUX OTPE3KOB

ij
X, =TX, =X

onuHakoBbIMH BO Bcex MCO. Ha To, 4TO mpUHIMINUATBEHO BOSMOXHBI M IPyTUe SKBUBAJICHTHBIE (DOPMBI
TIPE/ICTABICHHS PESTHBUCTCKIX TPEOOPasOBaHHii KOOPIMHAT M BPEMEHH -, OOAIIAIN BHUMAHHE MHOTHE
¢msuku [18, 19]. OgHako OCHOBOM BCEX ATHUX MPEACTABICHUN 00S3aTENbHO JOJKHO OBITh COOTBETCTBHE
OJTHOBPEMEHHOCTH PA3HOMECTHBIX COOBITHMI OJHOMY M TOMY K€ KOJUIEKTMBHOMY IPOCTPaHCTBEHHO-
BPEMEHHOMY MHKPOCOCTOSIHHIO JBWOKymerocs: BemectBa [4]. KoHBEHIMaNbHBIM ke TMOIXOL,
WUTHOPUPYIOIMA 3TO0 ycioBue [18] wim ke WIHOPUPYIOIMM NPUHLIMIHAIBHYI0 HEBO3MOYKHOCTh
KOBAPUAHTHOCTU (DU3UUECKUX 3aKOHOB OTHOCUTEIBHO MPeoOpa3oBaHWi KOOPAWHAT W BPEMEHH B
METPUYECKH HEOAHOPOAHBIX  (AHM30OMETPUYECKMX) TMPOCTPAHCTBAX, OE3yCJIOBHO, SBISETCS HE
TIPUEMIIEMBIM.

ij0 > ABJIIOINUXCA JIOPCHI-UHBAPUAHTHBIMH A, CJICA0BATCIbHO, W NPHUHOUIIMAJIBHO

5. 3AK/IIOYEHHUE
Taxkum 00pazom, ipeoOpazoBanusi JIopeHiia cOOTBETCTBYIOT KamuOpoBouHO# camoaedopmarmu [IBK
Tena, paBHoMepHO niepemeraromerocst B COIIC a, cinenoBarensHo, U B hyHAamenTtanbHoii CODB. Onu

26 [pu IBMKEHHM OBTA/IAKOIIETO COOCTBEHHBIM IPABHTALIMOHHBIM TIOJIEM TE/a COMYTCTBYIOIIEE eMy JIOKANBHOE PeoOpasoBaHie
METPHUKH (KPUBU3HBI) COOCTBEHHOTO TIPOCTPAHCTBA HAOIFOAATENS 3TOTO JIBXKEHHS TIPOM3BOIUTCS HE TOJILKO CAMUM JIBUYKEHUEM
9TOr0 Tejla, HO M TPOCTPAHCTBEHHBIM CMEIICHHEM €ro IPaBUTALMOHHOTO NoJss. VIMEHHO W3-3a HaIMYMs TaKOro
«HEJIONTOBEYHOT0) JIOKAILHOTO IPeo0pa30BaHus METPUKHU IIPOCTPAHCTBA, IBH)KEHHE TeNa U HE SKBUBAIIEHTHO €0 TIePEMEILICHNI0
B 9TOM I1pocTpaHcTBe. [109TOMy-TO M CKOPOCTH IBIKEHHS TENa Ha CAMOM JIejie He UIEHTHYHA €T0 CKOPOCTH ITEPEMEILICHHSL.

*” B OTO WuCHONB3yeTcsi HEeoHOPOIHOE YTJIOBOE PACTIpE/ieNieHHe KOOPAMHATHOTO 3HAYEHMs CKOpPOCTH cBeta [5], a ee
MaTeMaTHdeCKuil amnmapar NPUHLUIMAIBGHO II03BOJSIET HM30eKaTh HAONIOJaeMOCTH HE TOJBKO TPaBUTALMOHHOW, HO W
KMHEMaTHIECKOH camozie(hopMalii CIIPAIbHOBOIHOBBIX 00pa30BaHMiA, COOTBETCTBYIOLINX 3JIEMEHTAPHBIM YacTHIAM BEIIECTBA.
OnHako, HeCMOTPS Ha 3TO U BOIIPEKH MPUHATHIM KoHIensiM, B craggapTaoit OTO, xak 1 B CTO, pensTHBUCTCKOE COKpAIICHIE
JUIMHBI JBIDKYIIETOCS Tela BCE XKE paccMaTpUBAcTCs Kak HaOMoAaeMoe. JTO, OYEBHIHO, BBI3BAHO HEIOHWMAHHEM HE TOJBKO
(U3MYeCcKOl CYIIHOCTH KPUBH3HBI COOCTBEHHBIX IIPOCTPAHCTB BEIIECTBA, HO M TOTO, YTO (PM3MUECKHE 3aKOHBI KOBAapHAHTHBI
OTHOCHUTEJIEHO NPE0OPa30BaHmi KOOPANHAT ¥ BPEMEHH JIUIIIb B METPUUYECKH OTHOPOIHBIX (M30METPHIECKHX ) IIPOCTPAHCTBAX.

¥ Hanprmep, 1ipy aHANH3E IPABUTAIMOHHOIO TMH3HUPOBAHHS MTyYCHHS 1 IPABHTALOHHOTO CMEIICHHUST CIIEKTPA 3Ty eHHs.

Kak Ipu YCKOPCHHOM, TaK U IPpU BpallaTCJIbHOM JABUKXCHUAX TCJIa B €TI0 BECIIECCTBE BO3ZHUKAIOT I'PAAWCHTHI AaBJICHUS.
U, nostoMy, CaMOHaBOAMTCS B HEM TaKK€ M COOTBETCTBYIOLIEE ITUM IPaJUEHTAM YCTPaHHMOE I'DaBHTALMOHHOE II0JIE.
3TO NPUBOAUT K TOMY, YTO DENIATHBHCTCKHE NPEOOPa3OBaHMSI KOOPAWHAT M BPEMEHH CTAHOBSTCS YXKE HE IPOCTO
JIOPEHIIEBBIMH, 8 KOH(OPMHO-JIOpeHIeBbIMH [17].
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OTPaXAIOT HEBO3MOXKHOCTh OOHapyxkeHusi B coOctBeHHOM CO Tenma Kakux-TMOO0 HW3MEHEHHH,
MPOU30IIEIINX B 00BEKTaX U B (PM3UYECKUX IPOLIECCAX MOCIIE CMEHBI YCIOBHOTO COCTOSIHUSI TTOKOSI Tea
Ha COCTOSIHME PAaBHOMEPHOTO JBHKEHUS €ro oTHocuTelbHO DB. A, cienoBarenbHO, OHU OTPAXKAIOT TaKKe
1 HEBO3MOXKHOCTb IPSIMBIMHM METOJJAMH OIPEAEINTh, B KAKOM M3 3TUX JIBYX COCTOSIHUM HAXOAUTCS TEIO.
Opnnako BbBBaHHOE TUM (popMabHOe paBHOMpaBue 000 M3 NCO ¢ CODB Hukoum o0pazoMm He
OTpUIIAeT CYIIIECTBOBAHMS, Kak camoii BeieneHHor CODB, Tak u mokosieiics B Heit cyocTanimy — OB, B
KOTOPOH MepeMeNIalTcs 00J1a1aroliie Maccoil 00bEKThI M PaCIIPOCTPAHSIOTCS AIEKTPOMArHUTHBIE BOJTHBL
CO®B B JlopenneBoit u B Ilyankape rpymmax npeoOpa3oBaHUil SIBISIETCS 3JIEMEHTOM HE TOJBKO
mHoxecTtBa MICO, HO 1 MHOXeCTB JTEOOBIX Apyrux TUNoB CO KamrOpOBOYHO /1e(hOPMHUPOBABIIMXCS WU
camonedopmupyrommmxcs ten [2]. K tomy ke, COOB siBnsieTcs U €JMHCTBEHHBIM OOILIM 3JIEMEHTOM BCEX
strx MHOkecTB CO.

KamubpoBoyHasi WHBApUAHTHOCTh COOCTBEHHOTO 3HAYEHUs] CKOPOCTH CBeTa  (OJHO3HAYHO
OIPEZIENAEMOro B COOCTBEHHOM BpEMEHM BEILIECTBAa) BbI3BAaHAa B JIIOOOM M3 Tpymil IpeoOpa3oBaHUil
B3aMMO3aBUCHMOCTBIO M B3aMMHOW OIPENETMMOCTBIO CKOPOCTH PACIpPOCTPAHEHUs B3aUMOIEHUCTBUS
(paBHOI CKOpOCTH CBETa) M TEMIIa TEUEHUS] BpEMEHU. Tak, CKOPOCTh PacIpOCTPaHEHUsI B3aUMOAEHCTBUS
3a7aeTcsl BO BpeMEHU. TeMIl jke TeueHHs: COOCTBEHHOTO BPEMEHH BEILIECTBA B CBOIO OYEpe/b 3aBHUCHUT OT
CKOPOCTH PACHpOCTPAHEHUSI B HEM B3auMojeicTBus. Bemab cKOpocTH MpoTekaHusi JHOObIX (PU3NYECKUX
MIPOIIECCOB, HUCHOIB3YEMBIX AJISI MU3MEPEHUs] BPEMEHH, MPOMOPLUHOHATIBHBI CKOPOCTH PaclpOCTPAHEHHS
B3aumozieiictBus. [loaTomMy, 371€ch HEe BO3MOXHO ONPENENMTh KaKOM M3 ATUX JABYX (U3MYECKUX
rapaMeTpoB (BpeMsl WIIM CKOPOCTh paclpOCTpaHeHHsT B3aUMOACHCTBUSI) MEPBUYCH, a Kakoil BTopuyeH. U,
CJIeIOBAaTENbHO, HEBO3MO)KHOCTh HAOMIOaTh 1O COOCTBEHHBIM 4YacaM HE TOJbKO W3MEHEHHE TeMmIia
TEUEHHsT U3MEPSEMOr0 MU BPEMEHHU, HO M U3MEHEHUs] CKOPOCTH PACHPOCTPAHEHUs! B3aMMOJICHCTBUS B
TOYKE MPEeOBbIBAHUS 3THX YACOB SIBJISIETCS] CBOMCTBOM (IIOCTYJIMPOBAaHHBIM DiHIITeiiHOM Jnib it ICO) n
mroboit apyroit BozmoxkHor CO. Ilpuniun ke otHOcuTenbHocTH CTO siBIsieTcs uib creacTBueM Oomee
(yHIaMEHTAIBHOTO TMpPUHIMIA — TPUHIMIA KaTMOPOBOYHOCTH (HEHAOIOAeMOCTH) HEYNpyroi
nedopmar MUKpooOHeKTOB BetecTBa U ero [1BK moj geficTBueM IBUKEHHUS U TpaBUTALUH [2].

[IpeobOpazoBanust JlopeHna crnemyeT paccMaTpuBaTh Kak MPeoOpa3oBaHMs JIMIIb TPUPAICHUI
KOOpJIMHAT, & HE MpPHUPAILCHUNA METPUYECKUX OTPE3KOB, K KOTOPBIM CIEAYeT NEPEeUTH C IOMOIIBIO
COOTBETCTBYIOILIETO METPUYECKOro TeH3opa. JIuiib TONbKO B 3TOM cilyyae OyAeT HMETb MECTO
KOBApUAHTHOCTh (PU3UYECKHX 3aKOHOB OTHOCUTENHFHO NMPeo0pa3oBaHuil KOOPAUHAT U BPEMEHH.
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