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[TokazaHo 4To, MpH MOMOIIX CBOOOAHO MaJAIONIUX ATOMHBIX YaCOB B OJHOPOITHOM
rPaBUTALMOHHOM I0JI€, MOKHO OJIHO3HAYHO YCTAHOBUTH KAKOBA T'€OMETPHUS
IPOCTPAHCTBA-BPEMEHH B IPABUTALIMOHHOM ToJie — Pumana ninu MUHKOBCKOTO.



1. BBenenue.

B OTO, cornacuo npuHiuiy 3xkBuBajiecHTHOCTH ( 1D ), yTBepxknaercs , 4To B
CBOOOHO TA/IA0IIEH CUCTEME OTCUeTa HET OJTHOPOJHOTO TPABUTAIMOHHOTO TIOJIS, U
HarpuMep, HabJr01aTesh, HaXOSIIUICS B CBOOOIHO TafaromeM JudTe , mocie
HEKOTOPOTO MPOMEKYTKA BpeMEHU CBOOOIHOTO MaIeHUs, IPYU CPABHCHUH MTOKA3aHUN
YacoOB Ha MOJy M Y TIOTOJIKA TU(Ta, pa3HOCTH X0J1a BPEMEHU HE OOHAPYKUT
(oxciepumenT Xadene-Kutunra ). Cornacuo [19D - cHtbl rpaBUTAAE 3TO CHIIBI
WHEPIIMU U TaKOW TIepexo B CBOOOIHO IMaIAl0IINI0 CUCTEMY OTCYETa 3TO MEPEXOo B
WHEPIHUATBHYIO CUCTEMY OTCUETa, B KOTOPOH BCE CHHXPOHU3HPOBAHHBIC U HETIOABUKHBIC
OTHOCHUTEJILHO APYT Jpyra 4Yachl UAYT OJAMHAKOBO. J[anee B 3Toi paboTe MOKaKeM ,4TO
ceiiuac UMEIOTCS BO3MOKHOCTH IMPOBEPUTH TIPU MTOMOIIIHM HAOTIOACHHI 3TO TIPEICKa3aHue
[19, 1, 9TO UHTEPECHO, BO3MOKHO UMEIOTCS HaOJI01aTeIbHbIE (PaKThl OTIPOBEPTAIOIIINE
I12. Bo Bcex BbIIIe MPUBEICHHBIX PACCYKICHUSIX MPEANOIaraeTcs, YTO MPUINBHBIMU
s dexTamMu MOXKHO MpeHEeOpeUb.

2. BausiioT Jiv CHJIbl HHEPUMH HA TeMIT X0/1a 4YacoB ?

[TpuHIMI SKBUBAJIEHTHOCTH - 3TO 10 CYTH MOCTYJIAT, KOTOPBIM IPYrUMH J1I0BOIaMU
BPSJI JIM MOXKHO JIOCTaTOYHO CTPOro JI0Ka3aTh WIM OMPOBEPTHYTh. Eciau mpUHSTH 3TOT
MPUHIINIL, TO HEU30€KHO MPUXOIUM K TEOMETPUUYECKOMY MOJIXOly B IpaBUTalUU. B aTOMN
paboTe paccMOTpUM NOpOOHEE BIMSIHUE TPABUTAIMOHHOTO TIOJISl HA TEMIT X0JIa YaCOB
( Bpemenn). B oriimunu ot CTO, rae npudruHON pa3nnyuns TEMIA X0/1a YaCcOB SIBIISAETCS
OTHOCUTEJIbHASI CKOPOCTh, B OJTHOPOJHOM I'PAaBUTALIMOHHOM I0JI€ Pa3HMIIA TEMIIA X0/1a
YacoOB 3aBHCHUT OT OTHOCUTEIHHOTO MOJIOKEHUS U TIPU TOM HAOII0aeTCsl HE TOJIBKO
CMEILEHHE YaCTOThI IIPH PacIpOCTpaHeHUH u3inydeHus: ( sxcnepumeHT llaynna-PeOku ),
HO ¥ MHTETPaTbHBIA d(PPEKT — 3aMe/yIeCHHEe Temra Xoja 4acoB ( dSKcnepuMeHT Xadere-
Kurunra ) . Cornacao OTO, npuunHa B 000X Clydyasix Ta e camasi — B CTaTHYECKOM
noJie, Mpu PaclpoCTPAaHEHUH U3ITyYEHUSs], 4acToTa ( SHEPrus ) BOJH HE MEHAETCS, a BOT
TEMII X0la COOCTBEHHOTO BPEMEHHU B PA3HBIX TOYKAX IPABUTALIMOHHOTO TOJISI Pa3HBIH .
Ecnu cobmromaercs I19, TouHO Takue ke JOJKHBI OBITh U 3 (EKTHI U B
PaBHOYCKOpEHHOM crcteme oTcyeTa. [[okaxkem 4To JOCTaTOYHO CTPOTUX JI0KA3aTEIbCTB
atoro noka HeT. [IpuBenem oxny nurary Tuppunra [15],, Kak uzBectHo, oHO ( ipum. —
KpacHOE CMEIICHHE ) CIEAYET HEMOPEACTBEHHO U3 MPUHIIUIA SKBUBAJICHTHOCTH.
PaccmatpuBas Bpararomuecs Uil paBHOMEPHO YCKOPEHHBIE CUCTEMBI , MbI MTOJIy4aeM
HOTIEPEYHBIN MITH MPOJIOIBHBIN , COOTBETCTBEHHO , 3P dekT [Jomnepa‘. Ho, kak n3BeCTHO
,HEPENATUBUCTKAN TIPOo0JIbHBIN 3 ekt Jlomiepa mepBoro mopsijaka 3aBUCUT HE OT
pPa3HOCTHU TEMIIA X0/la BPEMEHHU B TOUKAX U3IyUYEHHUSI U MOTJIONICHUS , a OT
OTHOCHUTEIIbHOIM CKOPOCTBHIO U3JIydaTesl U IPUEMHUKA B MOMEHTHI U3JIy4eHHUS U
noryomenus . [Ipu ToM npogoIKUTENBHOCTh MPOIIECCOB U3IYyYEHUS U MOTJIONICHUS
pa3IUYaloTCs U3-3a Pa3HOCTH CKOPOCTEH M3ydaress U MPUEeMHHUKA., a HE U3-3a Pa3HOCTH
TeMIa Xo/Aa BpeMeHH . Tak Kak B paBHOYCKOPEHHOU cucTeMe 0053aTeIbHO JOMIKECH
HaOM0aTHCs TPOoNbHBIN A dekT [lomepa mepBoro mopsaka, TO IJs COOTIOICHUS



[13, HE06X0IMMO 0TKA3aThCs OT CTAHAAPTON MHTEPIIPETAUH 3TOro AP dexTa. B
IPOTHUBHOM CJIydae , €CIM HPEANOI0KNTh YTO B PABHOYCKOPEHHOH cHCTEMe
HaOJr01aeTCs CTaHAaPTHBIN MPOAONbHBIH 3 dexT Jlomaepa u kK ToMy ke elle U TeMIl
X0/1a COOCTBEHHOTO BPEMEHHU B TOYKAX M3ITYYCHHUS M MOTJIONMICHUS Pa3HbIHA , TO CMELICHUE
YacTOThI U3ITyYCHHS B PABHOYCKOPEHHOMU cHcTeMe OTcueTa ObUTo Obl JBa pa3a 0oJblie
10 CPAaBHEHHIO CO CMEUICHUEM YaCTOTHI B OTHOPOHOM T'PaBUTAIMOHHOM TI0JIe . TOJIBKO
OT OTHOCHUTEJIBHOTO JIBM)KEHUS 3aBUCHUT U MonepeuHblid agdexT Jormaepa u mostomy
JI0Ka3aTeIbCTBOM TOJTHOW TOXKIECTBEHHOCTH OJHOPOAHOTO TPAaBUTAIIMOHOTO HOJS U
PaBHOYCKOPEHHOM CHCTEMBI OTCYETa BPSIL JIM MOXHO IPUHSATH JJOKAa3aTeIbCTBa,
WCIIOJIb3YIOIIME OTHOCUTENIBHOE IBUKEHUE YacoB, Kak Hanpumep B [1] . YTBepxkaeHus,
YTO PaBHOYCKOPEHHAs CHCTEMa OTCYeTa B cllydae METpUKH PuHiepa, ToxxaecTBeHa
OJHOPOJTHOMY T'PABUTALIMOHHOMY IOJIIO TOXKE SIBJISIOTCA MPEIMETOM AUCKyccHii [ 2 .
Jlaxxe yTBEp>KIEHHs YTO 3Ta METPHKA ONHMCHIBACT PABHOYCKOPEHHYIO CUCTEMY OTCUETa
MOJBEPraloTCsi COMHEHHUIO [3].

[Tpu momotu TonBKO NpeoOpazoBanuii Jlopenua ams nuddepenanosn
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nokasath 119 Toxxe HeBo3MokHO. Hampumep, X011 Bcex 4acOoB paBHOYCKOPEHHOM
CHUCTEMBI OTCUYETa OTHOCUTEIHLHO BRIOPAHHON MHEPIIMATIBHON CHCTEMBI OTCUETA TOHKHEH
OBITH OJIMHAKOB, TAK KaK CKOPOCTH M YCKOPEHHUS BCEX ITUX YACOB OTHOCHTEIHHO
MHEPLHAIBHON CUCTEMbI OJJMHAKOBBI. A BOT , €CJIM IIpaBuiieH [1D, oTHOCUTENBHO IpyT
JpyTa TEMII XOJa dTUX JKE YaCOB JIOJDKEH ObITh pa3Hbiil. Ho eciu momb30BaThCs
OOIIETIPUHATHIM OTIpeIeJICHUEM COOCTBEHHOTO BPEMEHH YacOB
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TO TaKOro He MOKeT ObITh. CoOcTBeHHOE ( WM JeHCTBUTEIBHOE, UCTHHHOE,
dusnyeckoe ) Bpemsi — 3TO Kak pa3 TO BpeMsi KOTOPOE U OTCUHTHIBAIOT Yackl. M eciu B

MHEepLHUAIbHON CUCTEME OTCUeTa AJIs IBYX 4acoB ds, = ds, TO U Jr000i cucreme

OTCYETA 3TO YCIIOBUE COXPAHUTCS, TAK KaK ds SBISAETCS CKAIIPHOW BETMUYUHOMN U IIPU
T00BIX TpaHC(hOpMAIUIX HE MEHSIETCSI.

MHorouncieHHHbIe HaboAaTeNnbHble (DaKThl OTBEPKIAIOT IPABUIBHOCTD
(GopMyITBI B TPaBUTAIIHIOHHOM TI0JIE
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371eCh 7 - COOCTBEHHOE BpPEMs IIOKa3bIBAEMOE YacaMH, V- CKOPOCTh YaCOB OTHOCUTEIIBHO
UCTOYHHKA TPAaBUTALIMOHHOTO 110Jis1, D - HBIOTOHOB MOTEHIMAJ TPABUTAI[MOHHOTO OIS,

1 - KOOpAMHATHOE BpeMs ( COOCTBEHHOE BpeMsi OECKOHEYHO YAAJICHHOTO U
HETIOIBM)KHOTO OTHOCHTEJIFHO MCTOYHHUKA TPABUTAIMOHHOTO TI0JIST HAOMI0AaTeNs ).



Baxno T0 uTo (3) mpuMeHNMa Kak B Cllyyae HEMOJIBUKHBIX , TAaK U IIPU CBOOOHOM
NaJieHUH 4acoB ( 4achl HAa CIYTHUKAX B TPaBUTAIMOHHOM I0Jie 3eMJIH) , TaK KaK 3TOr0
BITOJIHE JJOCTATOYHO ISl TOTO YTOOBI, HA XPECTOMATUHHHOM MPUMeEpe C TU(HTOM ,
nokasaTh uto [19 moxeT Hapymatscst . Yacer 1 Ha oy nmudTa u yackl 2 y moToNKa
auQTa HEMOABMKHBI OTHOCUTENILHO JAPYT Apyra ( TUQT 3TO KECTKO CBsI3aHHAS CUCTEMA ).
B cinydae xorza mudT HEMOABMKEH B OTHOPOAHOM TIoie vV, =V, = 0 moixydaem
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37IeCh g - YCKOpeHHe CBOOOIHOTO NajieHus, [ - BeicoTa nudra. Buano 4To, B OT/IIMUMU OT

WHEPIMATBHON CHCTEMBI OTCUETa, TEMIT X0/1a HEMOABMKHBIX OTHOCUTEIILHO JIPYT JApyra
yacoB paznuueH. Ho ecnu mpumenuts ( 3 ) k cB0OOAHO magamomemMy JU@Ty , TO ONATH
ke moyduM (4 ), Tak Kak B 3TOM ciydae v, = v, . [ID npennonaraer, 4T0 OTHOCUTETHHO

CHCTEMBI OTCUYETa HEMOABMYKHOM OTHOCUTEIPHO NCTOYHHKA TPABUTAIIMOHHOTO TTOJIA,
4achl WAYT 11O Pa3HOMY , 2 BOT OTHOCUTEIHHO CBOOOHO MaJaloIIeii CHCTEMBI OTCUETa
(cuctembl oTcUeTa TU@dTa ) ITH K€ YaChl B OJHO M TO K€ BPEMs HIYT OJMHAKOTO. B aTOM
CJIy4ae MOKHO MTOBTOPUTH T€ K€ BO3PAKEHUS UTO U B CIIyyae PaBHOYCKOPEHHOU
CHCTEMBI OTCUETA, TAK KaK, €CIIM MOJIb30BaThCs onpenesneHrnemM (2 ), TO IaxKe B ciiydae
HEJIMHEHHBIX TpaHCPOpPMAaLUi, IPH MOMOIIN KOTOPhIX MOXHO cMMBOJIbI Kpuctoddens
JIOKaJIbHO OOHYJUTh, XOJI COOCTBEHHOTO BPEMEHH HE MECHSETCSI.

3aMeTHM, MHOTHE aBTOPBI YTBEPKAAIOT, 4TO B CBOOOTHO MAIAI0IIEH cCUCTeMe
0TCUeTa, JOCTATOYHO PACCMOTPETh MPUEM U Tepeaady CUTHAIIOB ( WJIM HAIpuMep
npoBecTu 3kcniepuMeHT [laynma — PeOku ) u, ecnu He OyeT cIBUra 4acToT, TO TOTaa
Takas CUCTEMa MHEPIIHaTbHA M Yachl B TAKOK cUcTeMe UAYyT oauHakoro. Ho takue
paccyXAeHHs HeTb3sI IPU3HATH IOCTATOYHO YOSAUTEIbHBIMU — TPABUTALIMOHHOE
CMEIIEHUE YaCTOThl MOKET KOMIIEHCHPOBATHCsI MPOA0JbHBIM 3¢ dexTom Jlomepa ( 3a
BpeMsl paCIIpOCTPAHEHUs CUTHAJIA CKOPOCTU UATYyYaTeNsl U MPUEMHHUKA MEHSIOTCS ), Tak
YTO TOJBKO AKCIIEPUMEHT B KOTOPOM, TTOCJIE€ OMIPEACIICHHOTO MPOMEXKYTKA BPEMEHH,
CPaBHHBAIOTCS MOKA3aHUS CaMHUX 4acoB ( dkcriepuMeHT Xadene — Kutunra ) Moxer
JIaTh OJTHO3HAYHBINA OTBET HAa BOMPOC — TOXKJACCTBEHHBI JIU CBOOOTHO MAIAFOIINE Yachl B
OJIHOPOJIHOM T'PaBUTAIMOHHOM I10JI€ YacaM WHEPIUATBLHON CUCTEMBI.

3. O06 cB000IHO MaJAOIIUX ATOMHBIX YacaX B OJHOPOJHOM IPABHTALMOHHOM I0JIe
CoJuanna.

Bnusier nnu He Busier onHopoiHoe nojie CoNHIA Ha X0 aTOMHBIX YacOB
HaXOJALIMXCS Ha IOBEPXHOCTH 3€MJIM HJIM HA €€ CITyTHUKAX — OJHO3HAYHBINA U
KOPPEKTHBII OTBET Ha 3TOT BONPOC ObLT ObI 0IHO3HAYHBIM OTBETOM M Ha BOIIPOC O TOM
CIPaBEAJIUB JIU MPUHIIMI SKBUBAJIEHTHOCTH CUJI I'paBUTALMU U cuil nHepuuu. Jlanee
MOKa)KeM, 4TO IOKa TaKOTO OTBETa HET. B 3ToM pa3zzene paccMOTpUM J1Ba BCTpedaeMbie
B JINTEPAType TEOPETUUYECKHUE MTOAX0A , a MOCIEAYIOIUX JBYX pa3zenax yKakeM Ha
HEKOTOpbIe HEOJHO3HAYHBIEC PE3Y/IbTaThl HAOIIOACHUH.

OO0menpuHAITO MHCHHE, YTO TAKOTO BIUSHUS HET KaK B TEIIMOIEHTPUICCKOMN (
cuctema LeHTpa Macc ColHIIa ) TaKk U B TEOLIEHTPUUECKOM cUcTeMax ( CUCTEMa LIEHTpa
UHEepLUH 3eMJIH — B clIydae yCI0BUs OJHOPOIHOCTH 1ot CoJHIIA 3TO M CUCTEMA LIEHTpa
TsokecTd 3emin ). [Ipu Takom mojxoze Kak OyATO M HET MpoOJieMbl yKa3aHHOH B
IpeIbIAYIIEM pa3jiesie, KOTAa OTHOCUTENBHO OJIHOM CUCTEMBI OTCUETA Yachl UIYT 110



pa3HOMY, @ BOT OTHOCUTEJIBHO JPYrOo CUCTEMBI 3TH 7K€ YacChl UIAYT OJIMHAKOTO.
[TokakeM, 4TO €CJIM TI0JIb30BATHCS TOJIBKO OTPEACIEHUHEeM COOCTBEHHOTO BpeMeHH (3), To
TaKOTo Poja YTBEPKIACHUS OITMOOYHBI — B TEIMOIEHTPUIECKON CUCTEME OTCUETa
BIMSIHUE OHOpOoAHOTO o CoJHIa Ha TEMI X0/1a 4YacoB JODKHO MpOosBIATHCS. Bompoc
TOJIbKO B TOM - €CTb JIM 3TO BIUSHUE U OTHOCUTEJILHO T€OLEHTPUUECKON CUCTEMBI
orcuera ( codmomaercsa [10 unu HeT ).

B nepBoM noaxose yTBepKIAaeTcs 4TO, XOTS Yachl HA MOBEPXHOCTH 3eMJIU WU
noOJIM30CTH €€, HAXOAATCS IPU Pa3HbIX 3HaYeHUsIX noTeHuuana CoaHIa, HO UX
CKOPOCTH B OpOUTaTHHOM JABMKEHUU 3€MITH TOXKE pa3HbBIE U3 32 OPOUTAIHLHOTO
BpariarenbHoro npwkeHus. Cymmapusiid 3pdext norennuana CoiHIa | MOMEPEIHOTO
s dekra [lomnepa B ( 3 ) TAKOB UTO TEMIT X0J1a YaCOB HE MEHSETCSI, TOITOMY BIIHSIHHS
onHopoaHoro nofst CoyHIa He TOJDKHO HaOII01aThCsl HU TeIHOLETPUYECKO HU B
TeOIEHTPHUECKO cucTeMax otrcyera. Ho Takoii criocob paccyxaeHuit ommboueH — B
OpOMTAILHOM BpaIlaTeIbHOM JBUKEHHH YU4aCTBYET TOJIBKO HA4allo OTCUeTa TaKou
CHCTEMBI, caMa K€ CHUCTEMa MOXET BpalllaThCsi OTHOCUTEIBHO LIEHTpa UHEepLuHU ( B
Clly4ae OJHOPOAHOIO MOJIS 3TO U IEHTP TSHKECTHU ) TOJIBKO Mo uHepuu. OJHOpPOIHOE
nosie CoJtHIIa BO BpeMsi OpOUTAILHOTO JIBIKEHHUSI HE MOXKET BpaIlaTh CUCTEMY OTCUETa
OTHOCHUTEIIBHO 3TOT0 LIEHTPa, TaK KaK BIMSIHUE OJHOPOIHOIO BHEUIHETO MOJIsl Ha TBEPI0E
TEJIO WJIK CUCTEMY MaTepHAIIbHBIX TOUEK MOXHO CBECTH K OJIHOW BHEILIHEW CUJIe
JICUCTBYIOIEH B OTHOM TOYKE — B LIEHTPE UHEPUHUH ( B LIEHTPE TAKECTH ).
IeonienTpuueckas cuctemMa 0TcueTa, BO BpeMsi OpOUTATHHOTO JBUKCHHUS, JBIHKETCS
KPUBOJIMHEHHO U MIPU TOM 3TO JIBUYKEHHUE MOCTYIMATEIbHO — IPOCTPAHCTBEHHbBIE OCU
TaKOW CHCTEMBI COXPaHSIOT OPUEHTAINIO — OPOUTALHBIE CKOPOCTH BCEX TOUEK CUCTEMBI
OJIMHAKOBBI M PaBHBI CKOPOCTH Hauaja OTCUeTa CUCTEMBI, a BOT MOTEHIMAl OJTHOPOAHOTO
rpaBUTalMOHHOTO T0JisE CONHIIA B 3TUX TOYKAX MOXKET ObITh pa3HbIM. K Tomy *ke , ecnu
OBl pa3Hble TOUYKU F€OLEHTPUUECKOI CHCTEMBI OTCUETa UMeNN Obl pa3Hble OpOUTANIbHBIE
CKOpOCTH OTHOCHTEIHHO COMNHIIA, TO B TAKOM ClIydae HabI0Janock OBl TO0BOE
BpallleHue OpOUT CITYyTHUKOB, TaK TaK B 3TOM CJIy4ae reoleHTpUUecKas cucTtemMa
00s13aTeNbHO JTOJDKHA BPaIaThCsl BO BPeMsl OPOUTATHLHOTO JBUKECHHUS, IEPHO]] TAKOTO
BpareHus 01 Ob1 TOZ [ 6 ]. DTOr0 HE HAOIIOAETCS — MOYKHO BBECTH HEBPAITAIOIIHAECS
OTHOCHUTEJIbHO yJaJI€HHBIX 3BE€3]] F€OLIEHTPUUYECKYIO U TeTHUOLIEHTPUUYECKYIO CUCTEMBbI
orcuera [ 12 ]. Jlanee Be3ne OymeM Moab30BaThCs TOIBKO TAKMMHU CUCTEMaMH OTCUETa .

Bo BTOpom noaxone Toxxe yrBepxkaaercs, uto 110 3anoxen B popmyiie (3 ), Tak Kak
HEKas CUJIa UHEPIUU MTOJTHOCTHIO KOMIIEHCUPYET CUiTy ogHOpoiHOoro noJist ConHua [ 12 ]

PaccmotpuMm 3TOT moaxox nmoapoOHee. Eciau coOcTBeHHOE BpeMst TSl 4aCOB Ha
MOBEPXHOCTU 3€MJIH B IeIHOLEHTPUUYECKOM cucTeMe OTCUYeTa Mepenucarh Kak
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spece @ (F) - reomoTEHNIMAN Ha MOBEPXHOCTH 3EMIIHU

R,V - BEKTOpPBI IOJIOKEHUS U CKOPOCTH LIEHTPA 3€MJIM OTHOCUTENIBHO LIEHTpa
macc ComHia

—

r, woo- BCKTOPBI MMOJIOKCHUSA U CKOPOCTH YaCOB OTHOCHUTCIIBHO LICHTPA 3emim

®(R+7r) -mnorenuuan ColHIA HA TOBEPXHOCTH 3eMITH
t - TETTMOIIEHTPUYECKOE KOOPAMHATHOE BpEeMsI



TO MHOTH€ aBTOPBI CIEAYs [ 10 ] yTBEepKIaroT 4TO C MOMOILBIO TOXKIECTBA
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MOXHO I0Ka3aTh, YTO MOCIEAHUH wieH ( 6 ) komneHcupyet wieH — VO(R)F B (5)u
c

MO3TOMY HET OJHOPOAHOTO 10Jig CoJIHIIa HAa TOBEPXHOCTU 3eMid ( TOSIBISIETCS
KOMIIEHCUpYIOIIasi cuia uHepuuu ). [Ipu sTom mpenmonaraercs 4To cucTemMa oTcuera
OCTaeTCsl TeTUOIEHTPUYECTON ( 1 KOOPAMHATHOE BPEMSI OCTACTCS TENMOLEHTPUUECKUM
BPEMEHEM ) T. €. BCE BBIIIE YKa3aHHbIE BEIMYNHBI SBISIOTCS U3MEPSIEMbIMU
BEJIMYMHAMU B IFEJIMOLIEHTPUYECKOM cucTteMe orcuera. Ho 3TOT moxoa He KOPPEKTEeH
TaK KaK KOMIICHCHUPYIOIAsl CHJIa MHEPLIMH MOYKET MOSIBUTCS TOJIBKO B CUCTEME OTCUeTa
JBIKYIICHCS OTHOCUTEIBHO TeJTUOLICHTPUUECKONW CUCTEMBI C YCKOPEHUEM - B ’TOM
KOHKPETHOM CJIydae B T'€OLIEHTPUUYECKOW cucTteMe oTcuera . B pynkiuu Jlarpanxka, npu
HAXOXKJICHUU YPaBHEHUH JABUKEHUSI B HEMHEPLUUAIBHBIX CUCTEMAX OTCUETA, MOJIHbIC
MIPOM3BOIHBIE IO BPEMEHU HE YUUTHIBAIOTCS U TOJIKO TOTJa BO3MOYKHA TaKasl MOJTHAsI
KOMIIEHCAIIUS OJTHOPOJHOTO TpaBUTALIMOHHOTrO nosist. Hanpumep, eciiu ypaBHeHue
JBUKEHHS] UMEET BU/T
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TO OUCBUAHO YTO KOMIICHCHPYIOIIAA CHUJIa MHCPLIUU — d_ INOABUTCA TOJIBKO €CIIN
t

. dv
paccMaTpuBaTh ypaBHEHUS ABUKEHUSI B CUCTEME, IBUKYIIEICS C YCKOpPEHUEM pal a
t

TaKOBOI B HaIllEeM MpUMeEpE SBIIAETCS NMEHHO I'€OLEHTPUYECKasi CUCTEMa OTCUETa.
[IpeoOpa3zoBaHue ke ¢ MOMOIIBIO TOKAECTBA (6 ) HE MEHSET BETUYHHY
CcOOCTBEHHOTO BPEMEHH TaK Kak MOJHBIN qudpepeHrar BHOCUT CBOM BKIIAT
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" TOJIBKO IIPpU MPECAITOJIOKCHNUHN, YTO B MOMCHT KOOPAWHATHOI'O BpCMCHU TO 4acCbl MOT'YT

OBITh CHHXPOHU3UPOBAHHBI — TIOKA3BIBAIOT OJMHAKOBOE coOcTBeHHOE Bpemst [ 10 ] (
YCPEIHEHHOE MEXAYyHApOoIHOe aTOoMHOE Bpemsi TAI ), cieayer 4To oCcTaeTcsi TOJIbKO
NEPUOANYECKUN WIEH B MOMEHT 1 . DTOT NEPUOJUYECKUN WIEH B MOMEHT BPEMEHU
T vHTEpIPETHPYETCS KaK COOTBETCTBYIOIIHH mpeodpazoBannto CTO u TeM camMbiM



YTBEPXKAAETCA, UTO OJHOpOAHOE 1osie CoHIla HE BIUSET HA X0/l 4YaCOB , HAXOALINXCS
Ha MOBEPXHOCTH 3eMin. Ecin e paccMaTpuBaTh TEMII X0O1a KOHKPETHBIX YacOB, 4 HE
mkany BpeMeHu TAI, To MOXKHO OJyduTh Apyroil pezynsrat. Hanpumep, ecnu

7y - panuyc BeKTOp 4acoB Ha CeBEpHOM IOJIIOCE B TEOLIEHTPHUECKOM

CHUCTEME OTCUETa,
Ts - paguyc BeKTOp uyacoB Ha HO>KHOM Iojroce B TeOLeHTPUYECKOi
CUCTEME OTCUeTa,
TO 3TH YaChl HAXOATCS HA OCH BPAILEHUS 3€MJIU U TIO3TOMY OCTAIOTCSI HEMOIBHXKHBI
OTHOCHUTEIIbHO I'€OLIEHTPa BO BPEMsI CYTOYHOTO BpAIIeHUsI U OpOUTAILHOTO IBUKEHUS
3emiu

wy =ws =0
K TOMY K€ €CJIU Y4ECTb 4YTO
D, (ry) = D@, (75)
TO Pa3HOCTh TEMIIA XO/1a YACOB B FEJIMOLIEHTPUIECKON CUCTEME OTCcUeTa JOJKHA
3aBUCHUTb OT BEJIMYMHBI OMHOPOIHOIO IpaBuTaninoHHOro nosust ConHia Ha 3emie.

d . .
Wt LR+ 7)) - DR+ 7]~ 1+
T c c

VO(R)[F, — 7]

Tak kak ocp BpanieHus 3eMIM NOBEPHYTA Ha YTroJl [0 OTHOIIEHHUIO TNIOCKOCTH
OpOUTHI, TO JOJKHBI HAOIIOIATHCS TOJOBbIE BapHUallii pa3HOCTH TEMIIA YacoOB Ha
IIPOTHBOIOJIOKHBIX MOJ0caxX. TyT MOKHO YCMOTPETh MOJHYIO aHAIOTHIO CO CBOOOIHO
nasfaroumm audrom. K TakoMmy e BHIBOTY MOKHO IIPUNUTH €CIH PACCMOTPETH ,
UCTIOJb3Ys OOIENPUHATHIN CIIOCO0 NMPH PEeIIeHUH APYTUX 3a]ad, X0J{ 4acoB U B
TeOLIEHTPHUECKON crcTeMe oTcyera. JlocTaTOYHO 3aMEeTUTh 4TO B (5 ) MpeoOpa3oBaHue
cKopocTeit umeeT BuJ TpaHchopmaruu ["anunes

v=V+wdt' =dt
Ecnu xe, corinacHo NpUHLKITY PEISITUBUCTKOM KOBAPUAHTHOCTH, B (5 ) B HY)KHOM
NpUOJIMKEHNH YUeCTh IPUMEHAEMOE B aCTpOMeTpuu npeodpazoBanue JlopeHua st
BPEMEHHU
e -
dr=dt, (1+1V—2+V—Zv— <I>(2R))
2¢ c c
3leCh [, - FEOLICHTPUYCCKOE BPEMs, TO , KAK U MOXKHO OXKHJIATh , B TCOLCHTPHICCKOM

CHUCTEMCE OTCUECTA IJIA COOCTBEHHOT'O BPCMCHH Y4COB IMOJTYyYHUM

— 2 CD ;: — =
dr:(l—%w—nt ) VORF,

2 2 2
C C C

Y TIPY TOM HET HUKAKO KOMITeHcauu ofHOpoaHOTro mois ConHia. Tak kak oOrwii
BKJIaJ] BpaleHUsI 3€MJIM M T€OMOTEHI[Mala Ha MOBEPXHOCTH 3€MJIM Ha YPOBHE MOPS JJIs
BCEX YaCOB C XOPOILIEH TOUHOCTHIO OJMHAKOB, TO Pa3HOCTh TEMIIA X0/1a 4aCOB Ha
MOBEPXHOCTU 3€MJIU MOKET BO3HUKHYTh U3 32 pa3HOCTHU MOTEHIIMAIOB OJTHOPOAHOTO
nosist ConHua. O4eBUIHO, YTO 3TOT BBIBOJ MPUMEHHUM M B CITydae YacOB HA CIIyTHHUKAX .
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4. Bo3Mo:kHBIIH ce30HHbBII Apeii( yacos.

B paznene 3.1 nexuuit M.B.Caxuna [ 4 | Hanmcano(iiutupyem),, Ocb BpaleHus
3eMiiM HAKJIOHEHA IO OTHOIICHWIO K IUIOCKOCTH 3€MHOW OpOMTHI Ha yrol 23%5 .

ITo sTomy wacel, ckaxeM 1 1 2 ¢ cOOCTBEHHBIM BpPEMEHEM 7, M T, KOTOpPbIE
HaxOJATCS Ha Pa3HBIX MIMPOTAaX COOTBECTBEHHO @, M (@, , HAXOUATCSA TAKXKE IPH

PAa3HBIX 3HAYCHUAX I'PABUTAIIUOHHOTO ITOTCHIHMAJIA COHHHa.ECTeCTBGHHO, 4To Ipu
JABHMXKXCHUN 3emMau 1o Op6I/ITe BO3HHKACT roaoBass rapMOHHKa B HW3MCHCHUU
CKOpPOCTHU XOJa 4YaCoOB

ﬂ —& = 14,8ﬁ(sin @, —sin (ol)cos(—t 22June) (8)
dt dt day 365
3mech B KadyecTBE Hadaja OTcuéTa BhIOpaH JCHB JICTHETO CONHIECTOsHHS. Ha

KOPOTKHUX TPOMEKYTKaX BPEMEHH, 3HAYUTEIILHO MEHBIIUX JIUTEIBHOCTH T0Ja, TAKOE
W3MEHEHUE CKOPOCTHU TEYCHHS BPEMEHH BOCIPUHHMMACTCS KaK JIMHEWHBIN npend
YacoB, 3aBUCSIIUA OT IUPOTHI . BenmuunmHa 3Toro apeida ~ 15 HaHOCEKYH] B JICHD.
Taxolt 3¢ddexr nelcTBUTENBHO HAOMIOJACTCS M MPUPOAA €ro HUKAX HE OOBSICHHUMA,
€CJIH ,, 3a0bITh*‘ IPpo 3PdeKThl 00IIEeH TEOPUU OTHOCHUTEIHLHOCTH ‘ (KOHEI[ ITUTATHI).

Taxk kak 3emig cBo6oaHO magaer B mosiae Connia, mokaxkeM 9yto CaXuH omrmbaercs
- ecnn ATOT A(dexT HabmogaeTcss TO HAJO ,,3a0bITH’ Kak pa3 mpo I1D (1 TeM caMmbiM
OTO), tak kak Takod 3((eKT Mo BeTUUMHE U XapakTepy AT TOIBKO
omHoponHoe mosie ConHra Ha 3emute , mpuiuBHBIE d(dexThl mons CoiHIa TOKHBI
OBITh Ha HECKOJBKO MOpsAAKOB MeHblle. Jloctarouno mocMotpers B 10 paznene [ 11 ]
OIICHKY Topsiika mpuiuBHBIX 3¢ dekToB B cucteme GPS. Ha moBepxHoctn 3emun
BeJIMYMHA TPWIUBHBIX d3PGEKTOB eiie MeHbIe. Tak kKak HaM He yJaI0Ch YCTaHOBUTH
MEPBOMCTOYHUK 00 3TOM Jpeiide 4acoB, TO KPaTKO MOMBITAEMCS BOCTIPOM3BECTH BBIBO/T
dopmysl ( 8).

Bxnang omgropomnoro mosst CoJjiHIIAa TIpH MOACYETE PA3HOCTH MOTEHITUATIOB MEXKITY
YacaMmH Ha TOBEPXHOCTH 3eMJIM M YaCaMH B LIEHTPE 3EMIIA OTIPECNIICTCS BEITHUYNHOM

VO(R)
——F
c

CD(R’)— noteHuan CoJiHLIa B LEHTpE 3eMiu

7 - paanyc-BeKTOP MOJOXKEHUS YaCOB IO OTHOIICHHIO K TEOLCHTPY.
Beeném nBe cucrtemsbl oTcuéra ¢ OOIIEH TOYKOM B Hadajge KOOpPIAWHAT (3Ta
TOYKa COBMAJAaeT C TEOLEHTpOM ). JlJis cucTteMsbl X,y,Z BO BpeMs OpOUTaIBLHOTO

JIBWKEHUSI 3eMJIM OCh X HampaBiieHa K CoJHIy , INIOCKOCTh X,y COBIAJAET C

TJIOCKOCTBIO OpPOUTHI 3eMitu ( SKIUNTHYecKas cuctema ). Ock 7z’ cucrems x',y’, 7/
MOBEPHYTA IO OTHOIICHUIO K OCH Z CHUCTEMBI X,y,Z Ha yroa € m K TOMY e

cuctema x',y’,z' Bpamaercs Bokpyr ocu z’ (3kBaTopmanbHas cuctema ). Temeps
MOKHO MEpEenicaTh

VO(R
R (9)



311ech g - HAIPSHKEHHOCTh I'paBUTALMOHHOrO mnois CojHLa B LEHTpe 3eMiu, 7, -

KOMIIOHEHTa MO HampasieHuio K COJHIy paauyc-BeKTOpa YacoB B CUCTEME X,V,Z .
Ecnu ucnons3oBaTh yribl Jitnepa :

€ - yron Hyranuu
@ - yTOoll BpalICHUS
W - YyroJl Tpereccuu
TO CBSI3b MEXJY MPOCKIUSIMHU PAJNYC BEKTOPA MOJI0KCHHUS YaCOB B CUCTEMaX X, Y, Z

u x',y',z MOXHO ycTaHOBUTH pH MOMOIIM MATpPHIIBI TIOBOPOTOB. B pasnene 3.5

aexuuii [ 5 ] nana oGpaTHast MaTpuUIla, HAM K€ HY)KHasl IOJTYYUTCS ITyTeM
TPaHCIOHUPOBaAHUS ( MaTpHIla OpTOHOPMHUpPOBaHA ) . Ciien0BaTENbHO MOIYYUM

r =r ,sin@siny+r ,(—sinwcosy —coswcosfdsiny)+r ,(coswcosy —sinwcosdsiny)
Z y X

X

VYron =0 cOOTBETCTBYET BECCHHEMY PaBHOACHCTBUIO, €CIIH JKE 32 Ha4ajio OTCYeTa

IIPUHATDH TOYKY JICTHET'O COJTHUCCTOAHUSA, TO CICAYET YUCCTDh I[OI'IOJ'IBHI/ITGJ'IBHHﬁ CABUT

yria y ua 90 rpagycos.IIpumem, uto 3a omuH o6opot cuctembl x',y’,z’ yrom

HyTallUd M Yroj INPEeLecCHH INPaKTUYECKH HE MEHSIOTCA . Eciu paccmarpuBaeM
CyTOUHBIH 3(h(}eKT, TO BaXEH NEpPBBIA YJICH, TAK KaK OCTaJbHBIC MEPUOTUYCCKUE IO
yIJy BpallleHus @ He AaayT uHTerpaibHoro 3¢dekra. K Tomy xe

r, =rsing (10)
7, - paguyc 3eMiu
@ - UPOTa HAa KOTOPOM HAXOJATCS 4YaChl.
N toro cyrounsnii Bkian mois ConHIIA HAa 4Yackl HA MOBEPXHOCTH 3emiu Oynaer

ry .
8% Gin T ~ 14,815 (11)
C
T - IpOIOIKUTENBHOCTh CYTOK B CEKYHax.

['ogoBass rapMOHMKA ONUCHIBAET M3MEHEHHUE yria ¥ MpH OpOUTATIBHOM

nBvxkeHnHu. OueBUIHO, 4To ¢ yd€toM (9),(10)mu (11 ) merko MOXHO MOJIYYUTH
dopmyny ( 8 ) ykazanHyto B yekuusax Caxusa.

S. HexkoTopsble 1pyrue BO3MOKHbIE CIIOCOOBI NPOBEPKH NMPUHIIUAIA
JKBUBAJICHTHOCTH IIPH MOMOLIU ATOMHBIX YaCOB.

MOXHO TPEANONOKUTh, YTO JOJDKHO TaKXe MPOSBUTCS BIUSHHUE OJHOPOIHOTO
nosist CoJiIHLIa Ha 4Yachl COYTHUKOB cucteMbl GPS, Tak kKak B OJHOPOAHOM IIOJIE
Connna 3emsst u cnytHUkM GPS magaroT ¢ 0lMHAKOBBIM YCKOPEHHEM IO
oTHouleHUut0 kK CoJHIly, |, CI€A0BAaTeNIbHO, HA OTHOCUTEIBHOE JBUKEHHUE CIYTHUKOB
opOuTaIbHOE NBM)KCHHE 3eMJIM HE BiuseT. UHTepecHO , YTO UMEIOTCS JaHHbIC [ 7 |,
[81],[9 ] xoTOpBIE MOXHO WHTEPIPETHPOBATH MOJAOOHBIM O0pa30M, HO, IO MOHSITHBIM
MPUYMHAM, WIIYTCS JIPYTH€ BO3MOXKHBIE OOBSCHEHUS .

VYkaxeM elrie Ba Apyrux BO3MOXKHBIX criocoda nmpoeputh [19. Ecnu paznocts
TEeMIIa X0/1a YaCOB Ha MOBEPXHOCTU 3EMJIM 3aBUCUT OT PA3HOCTH MOTEHIIUAIOB
oaHOpoiHOTrO 1oJist COJIHIIA MEKY 3TUMH YacaMu, TO MPU PErUCTPALIUA CUTHAJIOB



cranuusmMu cetd VLBI 310 MokHO 3adukcupoBath. ITa pa3HOCTh TEMIIa X0a YacoB
OyzAeT BOIPUHUMATHCS KaK JIOTOJIBHUTENbHAS 3a/1ePKKa U TPU TOM JIOJKHBI
HaOJII0aTHCS TOJIOBBIE M CYTOYHBIE TAPMOHUKHU. TOYHOCTH HAOIOICHHUH TPU TTIOMOIIIU

. 15 S
crannuii VLBI qyist  wactoTs uaTepdepeniiun aocturayra 10 B2 on ayuame [5], Tak
S

YTO 3Ta MPOBEPKA BIIOJHE peanbHa. MIMeroTcs 1aHHbIe HAOII0IEHUH KOTOPBIE BO3ZMOXKHO
YKa3bIBAIOT HA BIIMSHHUE OJHOPOAHOIO I'paBUTAlMOHHOrO noJist CosiHa mpu
Habmrogenusx VLBI [7] .

Jlpyras BO3MOXXHOCTb IIpoBepku 11D cocTut B TOM, UTO , €CIIM HAapyIIaeTCs STOT
IPUHIUI, TO U3 3@ BIUAHUSA OAHOPOAHOTrO 1o CosHIa JOKHA HAOII01aThCs
oIpezeNIeHHas 3aBUCHMOCTbh BpPEMEHH IIPUX0/1a CUTHaIa myJsbcapoB ( time of arrivals —
TOA ) oT mUpOTH HAa KOTOPOI HAXOIUTCS HAOMIOAATENb ( TOJO0Bask TApMOHUKA ).
Paznocts TOA B ns i AByX HabmtoAaTeneld oT TOro K€ CaMoro IMyJibcapa MOYKHO
MOJYYUTh TPOUHTErPUPOBaB ( 8 )

. ) 365 . 2x(t—t,)
7, — 7, =14,8(sin @, —sin . sin
2 1 (sin g, ®,) . ( 365

)

[, - ICHB JICTHETO COJIHIECTOAHMS .

Ecnu o6ecrieunTh yCTOMYMBOCTH X0/1a YaCOB B TeUeHHH roaa ¢ TouHocThio 100-200 ns (
BITOJTHE PEaJIbHO ) TO MOYKHO ITPOBEPUTH €CTh JIM Takor dddexT. Hago oTMeTuTh 4uTO
7,,T, - 9TO COOCTBEHHBIE BPEMEHA YaCOB.

6. IIpocrpancTBo PuMana nim npocTpancrso MMHKOBCKOIO ?

Cornacuo I13, BEIOOpOM CBOOOIHO MAgAIONIEH CHCTEMBI MOKHO OCYIIIECTBUTH
Iepexo/] B B JJOKAIbHO HHEPLUAJIBHYIO CUCTEMY OTcUeTa. B Takol cucreMe ypaBHEHUE
reo0/1e3M4YeCKO MPUHUMAET BUJ YPAaBHEHUSI IBHXKCHHS Tell B UHEPLUAIbHON CUCTEME
otcuera — cumBoJIbl Kpucroddens B atoit cucteme paBasl 0 . Tak kak B OTO mioTHOCTH
MICEBJIOTEH30pa SHEPTUU — UMITYJIbCA TPABUTALIMOHHOIO MOJIS IPOMOPLHOHATbHA
cumBoiam Kpucroddens To u 3Ta MI0THOCTD JJOKAIBHO CTaHET HyseBou. Eciu
IPaBUTALMOHHOE TI0JIE OJJTHOPOIHO ( WJIH B HEKOTOPOU 00JIACTH KOHEYHBIX pa3MepOB
MO>XHO MPEHEOPETHYTHh MPHIUBHBIME 3(PPEeKTamMu ) TO BCE 3TO MOXKHO MPOICTaTh U B
CHUCTEMax OTCYETa ONPEEICHHBIX KOHEUHBIX Pa3MepPOB . DTO MPSMOE CIIEJICTBUE
reometrpuueckoi mpuposl OTO . Eciu ske B cBOOOHO MaIaromieit cucremMe oTcyeTa
HAOII0TaeTCs BIUSHHUE OJTHOPOJIHOTO TOJISl Ha TEMIT X0J]a YaCOB, TO 3TO CTABUT IO
COMHEHHUE CaM T€OMETPUYECKHUN MOAX0/] B TPABUTALIMHU — TaK KaK €CIIU NIEPBBIE
MIPOU3BOHBIE METPUUYECKOIO TEH30pa paBHBI 0, TO B ATOM cllydae HEBO3MOXKHO YKa3aTh
IPUYMHY TaKoTo BiMsiHUS . [1o 3T0i npuunHe 4yTh NOApOOHEE PACCMOTPUM BO3MOMKHBIN
albTEPHATUBHBIN MOAX0J. XOPOIIO U3BECTHO, YTO BO3MOKHA I0JIEBAsi TEOPUS
rpasutaiuu ( I[1TT ) B mpoctpancTBe Munkosckoro [13] [14] [15] [16] [17] .
AbcomoTHOEe OONBIIMHCTBO (DU3UKOB MPUACPKUBACTCS TOUKU 3PEHUS, UTO €CIIU
CTPOUTH HEJIMHENHYIO TEOPUIO TPABUTALIMK C MOMOILBbIO T€H30pHOTO oIS ( ciiuH 2 1 0)
B IIpOCTpaHcTBE MUHKOBCKOTO, TO noay4yuM Ty ke OTO. Hy)HO OTMETUTH U HAIINYUS
npoTHuBoOIOI0KHOTO MHEHHS [ 13] [14]. B 060cHOBaHME TaKOW MO3UITUH MOKHO TTPUBECTH
ele u Takoit apryment. B pabote B.Tuppunra [15] yrBepxknaercs 4To UCXOIHOE B
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MOJIEBOM IMOJXO€ B TPABUTALINHU TTI00ATBFHOE TPOCTPAHCTBO MHUHKOBCKOTO ( TIO
TEPMHUHOJIOTHH aBTOPa — HEPEHOPMAIM3UPOBAaHHAsI METPUKA ) He HaOII0AaeMo Mpu
MIOMOIIY peaJIbHBIX YacoB U JTuHeek. Habmogaemo xe mpocTpancTBo Pumana (
PEHOPMAJIU3UPOBAHHAS METPUKA ) U TPUUUHOM IO KOTOPOU 3TO MPOUCXOAUT SIBIISIETCS
BO3JICCTBUE TPABUTALIMOHHOTIO TOJISI HA U3MEPUTENIbHBIC Yachl U TMHEHKH U TOATOMY ,
TuppuHr genaet Takoil BbIBOJA, MojeBou noaxond toxaectseHeH OTO. Ho MoxHO
3aMETUTh, YTO IIPU TOM aBTOPOM IMPHUBEICHHBINA IPUMEP C AaTOMOM BOJIOpOJa ( Kak ¢
3TaJOHAMM YaCOB U JIMHEEK ) B CTATUYECKOM I'PABUTAL[MOHHOM I10JI€ IPOTUBOPEUNT
sToMy BbIBOAY 00 ToxkaecTBeHHOCTH [ITI" 1 OTO. B sTOM cityuae cBsi3b MEXKAY
koopauHatamu ( qudpepeHnranraMu KOOpAUHAT ) PEHOPMATU3UPOBAHHON U
HEPEHOMATU3UPOBAHHOM METPHUK UMEET BUJI OOBIYHOTO KOOPAUHATHOTO
npeoOpazoBaHus. A Kak U3BECTHO, IPU TAKOM MPe0OpPa30BaHUU, HEBO3MOXKHO HU
JIOKAJIbHO HU TJIO0ATLHO HA CO3/1aTh HU YHUYTOXHTH TeH30p Pumana . U ecnu
MCXOJHOE IPOCTPAHCTBO  (HEPEHOPMAaM3UPOBaHHASI METPHKA ) MPOCTPAHCTBO OBLIO
MPOCTPAHCTBOM MHHKOBCKOTO, TO M TAKUM OCTAHETCS TIOCTIE TAKOTO MPeo0pa30BaHHUS
(peHopMan3upoBaHHas MeTpuka ) . [lokaxkem nanee, 4To moJyieBas TEOPUA rPaBUTALUN
B IIPOCTpaHCcTBe MUHKOBCKOTO MPUBOIUT K oTpunanuto [19, u, Takum o6pazom, mpu
MTOMOIIIA aTOMHBIX YaCOB, MOKHO OJHO3HAaYHO YCTaHOBUTB IIPUPOJY MPOCTPAHCTBA-
BPEMEHU B IPaBUTALMOHHOM MOJIE.

B moneBoit Teopum rpaBuranuu, B oriauynu or OTO, B cBOOOMHO majaromiei
CHUCTEME OTCYE€Ta, B YPaBHEHUU JABUKEHHUS TEJl CHJIa TPABUTALIMM HE H34Ye€3aeT, a
KOMIIGHCHpYETCSl ~ cujoil  mHepuuu. [ImOTHOCTH  TeH30pa  DHEPruU-UMITYJIbCa
TPAaBUTALIMOHHOTO TIOJNS, KaK M JpYruX (U3NYECKUX IMOJIed, B ITOM cllydae He
CTAHOBUTCA HyleBol — He paBHbl ( T1epBble NPOU3BOAHBIE IMOTEHIMAJIOB
rpaBUTAllMOHHOTO ToJis. M ciemoBaTensHO, MPH TMEpPexXojae B CBOOOMHO MATArONIYIO
cucremy orcuera, B [ITI" He u3uezaeT omHOpoaHOE TpaBuUTalMOHHOE Tosie. CaMm ke
nepexox B CBOOOJHO TMAJAIONIYI0 CHCTEMY MOXKHO OCYHIECTBUTh MPH TOMOIIH
npeoOpazoBannii Jlopenma (1), Ttak kak I[ITT 3T0 NOpeHI-KOBapuaHTHasT TEOpUsl B
npocTpaHcTBE MUHKOBCKOTO, M MPU TOM K KOMIIOHEHTaM TEH30pPHOTO TMOJsi MOTYT

1
MOSIBUTCA TOJBKO MOMPABKH CieAyromero nopsaaka Mamoctu no —. Cormacno I1TI, Ha
C

CIBUI YpOBHEHl aTOMOB ( TpPaBUTAlMOHHOE KPACHOE CMEIICHHE ) BIMSET TOJBKO
rPaBUTALMOHHBIN MOTEHLHAN, @ HE HANPSHKEHHOCTh ( Cuja ) rpaBUTALMOHHOTO o, U
TEM CaMbIM CWJIBI MHEPLUH TOXKE HE BIMSAIOT HA TPABUTALIMOHHOE KPACHOE CMEIIEHHUE.
Huratra wu3 paborsl B.Tuppunra [15] , Takum oOpa3som Mbl mnpeHeOperaem
rpaBuTaiinoHHBIM 3¢ dektom IllTapka, KOTOpHIM, NEWCTBUTENIBHO, O4eHb Masl. Kpome
TOTO , B 9TOM CITydae HET pa3Indusi MEKIy CBOOOTHO MaJAONINM IPOTOHOM U MMPOTOHOM
oKOsAUMes ™ .

DTO0 YTBEPKIACHUE MOKHO MIPUHSATH KaK TOJTHOCTBIO JOKa3aHHOE HAOIIOICHUSIMU 32
TEMIIOM X0/1a 4YaCOB Ha CITyTHHKaX , CBOOOHO Ma/Ial0lMMHU B TPAaBUTAI[MOHHOM I10J1€
3emin. [IpucCyTCTBET I MM HET OJTHOPOJHOE TOJIE B CBOOOIHO Majarolieii cucteme
MO>KHO YCTaHOBUTBH CPABHUBASI TEMII XO/a JIBYX ATOMHBIX YaCOB B JIBYX Pa3JIMYHbIX
TOYKaX 3TOM cucTeMbl. Pa3HOCTH Te€MIIa X0J1a ’TUX YaCOB JOJIKHA 3aBUCUTh OT PA3HOCTHU
MOTEHIIMAJIOB IPaBUTALMOHHOIO MOJIfA, TaK KaK TEMI X0Aa CBOOOHO MaJarolIuX 4acoB
3aBUCHUT OT I'PaBUTALlMOHHOIO MOTEHIMANIa B TOYKe HaxoxaeHus yacoB . B IITI ecnu
JIBa NJICHTUYHBIX aTOMa B PA3HBIX TOYKAX MAaJal0T B OJHOPOJHOM I'PaBUTALIMOHHOM
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I0JIE U, €CJIM B 3TUX TOYKaX MOTEHIIMAJ] OJHOPOIHOTO OISl IPUHUMAET pa3IuyuHbIe
3HA4YEeHUs, TO CIBUTH YPOBHEW aTOMOB, 3HEPIUU CBA3U ( M TEM CaMbIM U3-3a neddexTa
Macc ¥ CaMU MaccChl MOKOS aTOMOB ) OyyT pa3HbIMHU.

Ecmu IITT ve sBasercs mpubdmmwkennem OTO, To KOMIOHEHTHI TEH30pa IO
HE BXOJIT B MHTEPBaJ dS, U B HEM HET HHUKAKOTO NPHUHIIMIIA T€OMETPU3ALUH .
[Toatomy B IITI' momkeH OBITH CIPAaBEIIUB CHEIUATBHBIN MPUHIIUTI
OTHOCHUTENIBHOCTH . Toraa cBOMCTBa MPOCTPAHCTBA - BpEMEHU MHUHKOBCKOIO B
TPABUTALMOHHOM I10JI€ HE MOT'YT 3aBHUCUTH OT IIOJISI U JIOKAJbHbIE W3MEPEHHS B
IPaBUTALMOHHOM IIOJIE€ JOJDKHBI MPUBOAMTH K PAa3HBIM pe3yjbTaTaM IO CPABHEHMIO
¢ OTO . Tak nns wHEpIUaIBLHOTO HAOMIOAATENs B JIIO0OW TOYKE IPaBUTAIIHOHHOTO
HOJSl W JUIsl HHEPUUAIBHOTO HAOMIoAaTeNNsl BHE TMOJS pa3HHIA TOKa3aHUH
IIPOMEKYTKOB BPEMEH U IPOCTPAHCTBEHHBIX PACCTOSIHUM MOXET 3aBHUCET TOJIBKO
OT OTHOCHUTENIbHOHN ckopocTH . [loatomy cymectBenHoe pasmuuue IITT ot OTO -
3/1eCh BIIMSHME HA TEMII X0/1a 4acOB ( @ HE Ha TEMII X0J1a CaMOI'0 BPEMEHMU )
IPABUTALMOHHBIM I10JIEM OIPEIEIAETCSA TEM, UTO B TAKOM I10J1€ € TOUKU 3peHus IITI
€CTh CABUT YHEPreTUYECKUX YPOBHEN CUCTEMBI. 3aBUCHUMOCTh HW3MEPHUTEIIBHBIX
npubOpoB OT Kakoro 6o (akropa HEe O3HAYaeT aBTOMATUYECKH 3aBUCHUMOCTD
CBOMCTB U M3MEpseMOro 0OObeKTa ( B HAIIeM Clydae CBOWCTB IMPOCTPAHCTBA —
BpPEMEHH ) OT TOro e (akropa.

[TosTomy, ¢ Touku 3penust IITI, onpenenss 3TaJioH W3MEPEHUS] BPEMEHH C
MOMOIIBIO PEATBHBIX (PU3MUYECKUX CHUCTEM, MBI JOJDKHBI B CaMOM OIpEIe/ICHUH
YKa3bIBaTh MECTOHAXOXJACHUE ITOM CUCTEMBI B I'PaBUTAIMOHHOM Itoisie . Ecin
nepeHecTd (PU3MYECKyI0 CHUCTEMY B JIPYro€ MECTO B IIOJIE TO HYKHO BHOCUTh
nonpasky . Harmpumep ... onpenensiss ¢ MOMONIbIO aToMma Le3Usl CEKYHIy B
OTIpeNIeTICHHONW TOYKE IMOJIsl KaK HEKOTOpPOE YHMCIIO KOJeOaHWW MBI JOJDKHBI MMETh
BBU]Y , UTO B JPYIOM MECT€ B TOJ€ CeKyHJIe OyJIeT COOTBETCTBOBATH YK€ IPYroe
yucno konebanuit aroma nes3us . Takoit moxxox B IITIT u3-3a yHHMBEpCaTbHOCTH
IPaBUTALMOHHOTO B3alMOAEWUCTBUS SIBISIETCS BCEOOLIMM JIJIsi BCEX OSTaJIOHOB
u3Mepenusi . Pasnuune B monmmanum usmepenuit ¢ OTO yxe B crnabom
IPaBUTALlMOHHOM TIOJIE CYLECTBEHHOE .

PaccmoTpum »TOT Bompoc ( pa3Hully MHTeprpeTanuii atomMmHbix 4acoB B OTO u
IITI" ) mogpoGHee.

[Iycte mmeem citydall IBYX OJMHAKOBBIX HEMOJBHM)KHBIX OTHOCHUTENIBHO APYT
Jpyra aTOMHBIX YacOB B TPaBUTALIMOHHOM IOJi€ . DKCIIEPUMEHTHI JArOT Ui JIIOOBIX
yHces KoJieOaHHi

N, = N,(1+AD/c?)
@ - HBIOTOHOBCKHW IOTEHIMAI

PaznocTte uncen koneGaHuit

AN = N,A®/c?

B OTO wuyacToTa aTOMHBIX 4YacOB HE JOJKHA 3aBUCUTH OT IOJI - PAa3HOCTh

yHcesl KoJieOaHUil ompesensercs 3aBUCMMOCTBbIO BPEMEHHU OT MO
AN = f,At

L=h=1

[loaToMy pa3HuIla NTOKa3aHUH MPOMEXYTKOB BpeMeHHM B uHTepnperaiuu OTO

12



At =1,A®/c?

1, =—
Jo

CoBcem npyroe ooObscHenue yeM B OTO MoxeT OBbITH AN pe3yabTaToB
SKCIIEPUMEHTOB ¢ aTOMHbIMU 4yacamu B pamkax IITI . 3pecy pa3HOCTh umcen
KoeOaHui Hamo OOBSACHATH 3aBUCHMOCTHIO YACTOTHI ATOMHBIX YacOB OT
IPaBUTALMOHHOTO TOJIs

AN = Aft
t,=t =t
C Touku 3penus IITI" Tenepp sKCIEPUMEHTHI C aTOMHBIMM YacaMM JOKa3bIBarOT
3aBUCHUMOCTh YacCTOThI (SHEPreTUUYECKUX YPOBHEN) aTOMHBIX YacOB OT MOJIA
Af = fAD/c?

Ecnu nBoe aTOMHBIX 4YacoB ABUTAIOTCA B T'PABUTAIMOHHOM I10J€ OTHOCHTEIBHO
JIpyr JIpyra TO MU3MEPEHHas pa3Hula NpoMexkyTKoB BpeMeH B [ITI 3aBUCHUT TOIBKO
OT MX OTHOCHUTEIIbBHOW CKOPOCTH

ret=—— [a?
2c?

Torga pa3HocTh umcen KoseOaHUil onpenensercss Kak 3aBUCHMOCTBbIO YacTOT OT
CPAaBUTALMOHHOTO TMOTEHIMada TakK M 3aBHUCHUMOCTBIO TPOMEXKYTKOB BpPEMEHHU OT
otHocutenbHONH  ckopoctd (3ddexktr CTO ). PasHocTth umcen — koyneOaHuUN B
JBIDKYILUXCA aTOMHBIX 4acax N, (COOCTBEHHOE BpeMs 7 ) M 4Hceld KoyeOaHui B

HEMOJABIKHBIX aTOMHBIX dYacax N, ( BpeMs ¢ ) B TakOM HPUOJIMKEHUU MOXKHO

ONPENIEIUTh KaK
N, —-N, _T D, -0,
—_—= +——
N, t c’

ToMBKO MEpBBI WIEH B IIPaBOM CTOPOHE OMPENEIAETCS 3aBUCHUMOCTBIO CaMOro
X0/la BpeMeHu OoT oTHocutenbHOH ckopoctu (CTO) nabmomareneit. Bropoit unen
OMpeNIeNsieTCs 3aBUCUMOCTBIO XOJla caMuX 4acoB OT rpasutanmoHHoro monas (I1TT).

3naunt, [ITI" MoxxeT 0OBSCHUTH BO3MOXKHO YK€ ceiiuac HaOI0jaeMble HapyIICHUS
NPUHIUIA HKBUBAJICHTHOCTH ( CE30HHBIA JApeil) aTOMHBIX YAacoB , BIIMSHHUE IOJIS
CosHia Ha 4acel crnyTHUKOB GPS w Ap.), HO mOpw 3TOM HY)XHO YYHMTBHIBATH JPYTYIO
MHTEPIIPETALIMIO  3aBUCUMOCTH qucia KoJieOaHu’ aTOMHBIX 4acoB oT
rPAaBUTALMOHHOTO MOTEHIIHAJIA.

7. 3ak104ennue.

[IpyuHUMIT KBUBAJICHTHOCTH CHJI TPABUTALMU U CWJI MHEPLMM IPEAINoiaraer, yro B
CBOOOJHO MajaroIieil CuCTeMe OTCUeTa, BUJI YPaBHEHUH JABMKEHHS BCEX TeT NPUHUMAET
BUJI YPaBHEHU JBIKEHUS B MHEPLUAIbHOHN cucteme. HeoOX0auMbIM yCIOBHEM ATOTO
ABJISIETCSL PABEHCTBO I'PAaBUTALMOHHOW M MHEPTHOM Macc. Bce ke 3TOoro HemxocTaTo4yHoO
JUIsl TOTO YTOO MPHUHIMII 3KBUBAJICHTHOCTH MNPHU3HATH MpaBWiIbHBIM. HeoOxomumo
NpOBEpUTh M Kak ceds BeayT 4Yackl B CBOOOJHO TMajalolieil cucTteMe B Cllydae
OJIHOPOJIHOTO MOJSl — TaK KaK B MHEPLMAIBHOW CHCTEME WIM HeT. B HacTosiee Bpems
TOYHOCTh HAOJIIOJEHUN TO3BOJISIET 3TO CAeNaTh. JTa MpoBepka TeM Oojee BaKHA, YTO
UMEIOTCS JTAHHBIE HaOJI0IeHU], BO3MOKHO ONPOBEPraroIInX MIPUHLUIT
HKBHUBAJIEHTHOCTH.

13



JIureparypa

K. Nordtvedt gr-qc/0212053
M. Alberici  gr-qc/0503092

Ch.G. Huang, H.Y. Guo gr-qc/0604088

M.B.CaxuH ,, Teopusi OTHOCUTEIBHOCTU JUIsI aCTPOHOMOB

http://www.astronet.ru/db/msg/1170927

5. B.E. Xapos ,, Chepuueckas actpoHOMHS

http://www.astronet.ru/db/msg/1190817

6. Ronald R. Hatch Foundations of Physics vol. 34 ,no 11, p 1725-1739 (2004 )
http://www.springerlink.com/content/h503n551u713wg72/

7. Scott R. Chubb Astrophysics and Space Science vol. 213, nol , p 63-73 (1994)
http://adsabs.harvard.edu/abs/1994Ap&SS.213...63C

8. Tom van Flandern and Thomas B.Bahder
http://metaresearch.org/cosmology/gravity/vanflandern.ppt

9. Thomas B.Bahder gr-qc/9811009

10. Theodore D. Moyer Celestial Mechanics 23 (1981 ) 33-56

11. N. Ashby http://relativity.livingreviews.org/Articles/lrr-2003-1/

12. N. Ashby www.aapt-doorway.org/TGRU/articles/Ashbyarticle.pdf

13. Yu.V. Baryshev gr-qc/9912003

14. A.A. Logunov gr-qc/0210005

15. B. Tuppunr I'paButanmsi ,Tom 2 , Bemyck 2, 40-58 (1996)

16. R. Feynman, F. Morigo, W. Wagner ,, Feynman lectures on gravitation *

17. N. Straumann astro-ph/0006423

el S

14



