B 1952 r. B KauecTBe NpuJOXKeHHs K 15-My aHIIHACKOMY H31a-
HUIO KHUTH «O cnenuanbHOd W OOLIeHl TEOPHH OTHOCHTENbHOCTH»
DUHIITEHH BHOBb M3JIOXKUJ CBOU B3TJISA[Bl HA MPOCTPAHCTBO H BpeMS,
JIOMOJHUB TO, YTO UM OoJiee KPaTKO BBIPAXKEHO B MpeNblAYLIUX
CTaThAAX.

Bo-mepBbIX, DHHUITEHH MOSCHAET, YTO XapaKTepHOH 0coGeH-
HOCTbIO HbIOTOHOBOH (PHU3UKHU SIBJASETCSA TO, UTO NMPOCTPAHCTBY U Bpe-
MeHH, TaK Xe KaK U MaTepHUH, MPUMUCHIBAETCS HE3aBHCHMOE peajib-
Hoe cyuiecTBoBaHHe. OcHOBa W HeH30eXKHOCTb 3TOH TPAKTOBKH KO-
pPeHSITCA B MOHSATHH «YCKOPEHHUS», BXOJSAIEro Kak OCHOBHOH 3JIEMEHT
B 3aKOH JBHXKE€HHSI.

«Takum 06pa3oM, HbIOTOHOBO MPOCTPAHCTBO JIONKHO MBICJIHTBCS
KaK ¥ «MOKosillleecsi» MJH, MO KpaliHed Mepe, KaK «HEYCKOPEHHOE»,
4yTo6bl yCKOpPEHHe, NosABJAIOLIeeCs B 3aKOHE JIBHXKEHHS, MOXKHO GBIJIO
paccMaTpuBaTh KakK BeJHUYHHY, UMEOULy0 (usnuecku#t cmeica. [Tou-
TH TO XK€ CaMoe CNpaBeAJMBO U AJS BPeMeHH, KOTOPOe Tak¥Ke BXO-
JUT B ollpeflesieHHe MOHATUS ycKopeHusi». C 3TUMH NpencTaBIeHUsI MU
0 NPOCTPAHCTBE U BPEMEHH CBSI3aH BeCb MYTb PA3BUTHS OT clielHaJb-
HOH K 0O6llell TEOPHH OTHOCHTEJbHOCTH.

5. MAPAJIOKEC YACOB

B 1905 r. B mepBo#l U 0CHOBHOH pa6oTre JiHILITEHHA 11O CIEUAIbHOM
TEOPHU OTHOCHTEJBHOCTH «K 3JeKTPONHHAMHKE IBHKYUIMXCSA TeJI»
paccMOTpeH BONpoc O (PU3HYECKOM CMBIC/Ie IOJYUYEHHBIX ypaBHEHHH
npeoGpa3oBaHuil KOOpAUHAT U BpeMeHH. [Tosaraem, uto yacel, Haxo-
JsCb B NOKOE OTHOCHTEJBHO «MOKOSlleHicsa» CHCTEMBbl, ITOKA3bIBAlOT
BpeMs f, a HaxXOJfACb B MOKOE OTHOCHUTENBIIO CHCTEMBI, IBHXKYLIEH-
csl MPSIMOJIMHEHHO U PaBHOMEpHO, NMOKa3bIBalOT BpeMs T. Uace 1BH-
XKylleficss cUCTeMbl MIOMeELIeHBl B HauaJje KOOpJAUHAT ee. BeqnuuHsl f,
T U X=0[ CB3aHBI COOTHOLIEHHEM

rz—————i——(t——v—x)

281058

IToxasanue yacos, HaOJOMaeMOe H3 MOKOSIIEHCS CHCTEMBI, OT-

craeT B cekynay Ha | — Y 1— v?/c? cek, WM, C TOYHOCTHIO IO BEJIH-
UHHBI YETBEPTOrO0 M BBHICIIMX I[OPSAKOB, OTCTaeT Ha BEJIUYHHY
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1 e o
S v?/c? cex. «Otciona,— nuuier IJWHUITEHH,— BbITeKaeT cBoeobpas

Hoe caenactBue. Ecau B toukax A u B cuctemnl K noMeriess! TOKOSI-
IIHecss CHHXPOHHO MAYIHMe 4Yacel, HabsiolaeMple B IOKOSLIEHCSA CH-
CTeMe, U €CJIM Yachl U3 TOYKM A IBUTaTh MO JMHHH, COCJUHSOLIe! ee
¢ B, B cTOpoHy mocJ/ie[iHell CO CKOPOCTbIO U, TO MO NMPUGBLITHH 3THX
yacoB B B oHM yxKe He GyayT GoJsiee HATH CHHXPOHHO ¢ yacaMu B B»
[26, cTp. 19].

Yackl, nepeaBuraBlinecss M3 ONHON TOYKH TPOCTPAHCTBa B APY-
IyI0 TOYKY, OTCTAlOT [0 CPaBHEHHIO C TEMH YacamH, KOTOpble MO-
KOHJIMCh B JaHHOHM TOYKE CHCTEMHI.

B Hauem cayuae yacel, nepeasuratoiinecs u3 A B B, otcraior no
CPaBHEHHUIO C YacaMH, HaXOJSALIMMHUCS C CAMOT0 Hauajga B TOuke B,

1,02
Ha BEJHYHUHY —t= , TJe t— BpeMs, B TEUEHHE KOTOPOr'o 4achobl ABHUra-
2 ¢

auch U3 A B B. DTOT XKe pe3yJbTaT MOJyYaeTcs B TOM cCJydae, KOrjia
yacel ABUXKYTCA 1o J06oH JoMaHo# auHuM. Jlomyckasi, UTo TOT Xe
pe3yabTaT BepeH W JJIsi JBHXKEHHMS 4acoB MO KPHBOH, HEMpPEpbIBHO
MeHsIIOllel CBOe HampaBjeHHe, DHHIUTEHH MNPUXOAUT K BbIBOLY:
«Ecau B Touke A HaxonsATCA NBOE CHHXPOHHO HMIYIIHX YacOB H Mbl
nepeMelllaem OJHH U3 HUX MO 3aMKHYTOH KPHUBOH C MOCTOSIHHOH CKO-
pOCTHIO JO TeX Nop, MOKa OHU He BepHyTcs B A (Ha uto motpebyercs,
cKaxeM, f cex), To 3TH yacel mo npubeituy B A GyAyT oTCTaBaTh MO

02
CPpaBHEHHIO ¢ YacaMH, OCTaBaBIIUMUCSA HEIMOABHUIKHBIMH, HA E-t—; Cex
[4

{26, cTp. 19].

Eure B Hauase Beka JlapMop ¥ Apyrue yTBep:KJaJH, YTO 4Yachl,
JBHXKYIINECS OTHOCHTENbHO 3(hHpa CO CKOPOCTHIO U, NOJIXKHbLI HATH
Me/lJieHHee, yeM Mokosiuecsi. COOTHOIIEHHE CKOPOCTEeil X04a 4acoB

ROMmKHO 6bite Y1 — v2/c2: 1. TniaBHOe BHHMaHHE GbLIO obpalieHo
NPU 3TOM Ha AeHCTBHE YNMPYFUX CHJ U Ha CTPYKTYpHbIe MPOGJIEMbI
MaTepHH. DUHIITERH MOJHOCTBIO OTOPAChIBAeT BOMPOC O CKPLITHIX Me-
XaHH3MaX, ONpeleNsioluX u3MEHEeHHsT IBHKYIIKUXCS Tea | yacoB. OH
BHIJIBMI'AET HJEI0 OTHOCHTEJNbHOCTH HabmogaTenel A u B, B nandom
cayyae TOYHO TaK Ke, Kak HabJonaTtesb A KOHCTaTHPYET, YTO OTCTa-
10T yackl B, Ha6maonarens B mosaraet, yto yackl A OTCTAlOT OT €ro
COOCTBEHHBIX YacoB.

B 1906 r. llITapk AokasaJ, 4To H3/yUeHHE JBHXKYIIHXCS MOJOKH-
TEeJIbHBIX MOHOB KaHAJIOBBbIX JyueH HMeeT JUHeHYaThli CHeKTp; MpHU
3TOM OblJI0 0OHAPYXKEHO CMeIleHHe JIMHHUMH, BbI3biBaeMoe 3¢ GheKToM
Honnuepa.

B 1907 r. Diinwteiin B pa6ore «O BO3MOXKHOCTH HOBOrO [0Ka3a-
TEJNIbCTBA IPUHIKMNIA OTHOCHTENbHOCTH» MOKa3aJ, YTO MPUHLHUI OTHO
CHTEJIbHOCTH BMecTe ¢ NMPHHIMIIOM MOCTOSIHCTBA CKOPOCTH CBETa I03-
BOJIIET MNpelyraiaTh CMelleHHe JMHHE crekTpa. Kak yxe u3sBect-
HO, H3 3THX MPHHIHIIOB MOXKHO 3aKJIOUHTb, YTO PABHOMEPHO JBHKY-
IIKecs Yachl C TOYKH 3PeHHs MOKOslleHCcs CHCTEMbl OTCYETa HAYT
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MeJlJIeHHee, YeM C TOYKHM 3DeHus HaOJIofaTessi, KOTOPHIi JBHKETCH
BMeCTe ¢ HUMH.

W3nyuenne onpeneseHHOH YacToOThl, MCMycKaemoe H MOIJIOLIae-
MOe aToMaMH KaHaJIOBBIX JIy4yel, MOXKHO pacCMaTpUBaTh Kak OLICTPO
NBHXKYIIHECS 4achl U NPUMEHHTb B 3TOM Cjyuae COOTHOLIEHHe V =

=vo)/ T— 0%/c% rie v — unci10 060POTOB CTPE]KH YACOB B AHHHIY
BPEMEHH /sl MOKOsILIerocsi HaG/ioaTe s,

Vo — YHCJIO O60pOTOB CTPEJIKH 4YacoB B €AUHULY BpEMEHH JId
v—,
IBHKYILErocsl BMeCTe ¢ HUM Habuonaressi. COOTHoLIeHHe 2=
Vo

2
== —-;—0—2 paet 3¢ dekrT BTOporo mopsjika.
4

B tom ke 1907 r. B paGote «O mpuHIIHNE OTHOCHTEJbHOCTH H €ro
CNeACTEHAX» DHHIITEHH BHOBb BEPHYJICS K COOTHOILIEHHIO, CBS3BI-
BaowWweMy MexJAy co60fi MOKa3aHHS ABUXYILUXCH H MOKOSUIUXCSH
4acoB, HO, KakK W B Npenplaylieli paGoTe TOro ke roja, OCHOBHOE
BHMMaHHe 00paTH/ Ha CBSI3b vV H V.

B HayaJsie KOOpAHHAT CHCTeMbl S’ MOKOATCH Yachl, CTPEJKH KOTO-
pBIX COBEpLIAIOT Vo 00OPOTOB 3a BpeMsi OLHOTO 000pOTa CIPesoK
4acoB TOTO ke THMA, KOTOPBIMH IOJb3YIOTCS B cHcteMax S u S’

«Crpesku paccMaTPHBAEMbIX YAaCOB 3aKAHYMBAIOT OGOPOT B MPOMe-

KYTKH BDEMEHH f, = n/v,, NpHYeM rn INPHHUMAET IleJble 3HAYeHHs, H
yachl MOCTOSIHHO Haxofsitcst B Touke x' =0. Orciofa ¢ mMoMomipio ABYX
nepBbIX (opMyJT MpeoGpasoBaHHl IUIsi MPOMEXKYTKOB BpEMeHH f,, B Teye-
HHE KOTODHIX CTPRJKH YacoB 32KAHUHMBAOT 06OpPOT B cucTeMe S, moy-

8

yaeM ¢, = Bt, = —n. CrnenoBatesqbHO, B CHGTEME S CTPEJKH YacoB
Vo

4
[26, cTp. 74]. B 1910 r. ditHiteiin Gosee moApoGHO aHATIU3HPOBAJ YKa-
3aHHble cooTHOmeHus. B 1911 r. B paGore «[IpuHIMN OTHOCHTEJNHHOCTH
U €ro Cje[CTBHs B COBpPEMEHHOH (u3uKe» DiHIITEHH BHOBb BO3BPAILLA €TCS
K Bompocy 00 HW3MEpEeHHH BpeMeHH, NoJHee MOsicHHB ero. l3mepeHue
OTpe3Ka BpeMeHU 3aKJ/II0YaeTcsi B OTCYeTe KOJM4ecTBa NMepHOl0B, MOKa3bl-
BaeMbIX YacaMH OT Hauaja [0 KOHLIA COOBITHS. ITO OrpeliesieHHe He-
nonHo. OHO TepsieT CBOH CMBICT, €CTH Yachl HAXOASTCS CTOMb JaJIeKo
OT MecTa COOBITHS, YTO OJHOBpPeMEHHOe HaGmoJieHHe COGBLITHSI H 4acoB
HEBO3MOXKHO. Uacel [O/KHbI GBITb CHHXPOHH3HPOBAHbI TakHM 0GpasoM,
uTOGbI BpeMsi, HEOOXOAMMOE CBETOBOMY CHIHAJIY /IS MPOXOKIEHHS HEKO-
TOpPOrO MYTH, PAaBHSUIOCH BpeMeHH, HeOOXOAUMOMY JUIsi NMPOXOXKIEeHHs 06-
patHoro mytd. OnpemejuTb BpeMsi MOXKHO JIMIIb TMpPH CHHXPOHM3ALMH
yacoB. PaccmarpuBatoress uacel H', Haxoigidecss B Hayasne KOODAMHAT
cucrembl S’. Yacel H' umyT B p, pa3 GbicTpee 4yacoB cHcTeMbl S u S,
HHaye roOBOpS, NPH CpaBHEHHH YacOB, HAXOMAIHXCA B OTHOCHTEJIHLHOM
noKoe, 4achl H'’ moKasbBalOT p, eNUHHIL BPeMeHH IIPH OTcYeTe ApYrHMH
yacamu ofHo# efuHHubl. OnpenenseTos, OKOJIbKO €IHHHIL BpeMeHH IOKa-
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3bIBAIOT 4achl A’ 3a eMHHILy BpeMeHH B TOM cCJayyae, ecjH HaO/moneHHe
BeCTH M3 cHcTeMbl S. B Mmomenthl ¢ =1/p,, . =2/p,, ..., ta=n/p,
uyacel H’ 0TMEYalT KOHIILI MEPHOJIOB.

Hast cucreMer S Bpems onpefiesieM 1o Qopmy.e

’ V ’
t:B<t —72—)6),

HO x' =0, csemoBaTe/sbHO, f, = Bt,; = —[3—11, n/t, = py/B.
0

UYacel H’ noKasblBAlOT 32 €JMHHILY BPEMEHH p = —’;-’- =p, V1=

MepHOJIOB.
«JIpyrumMu cJI0BaMH, eci HaGmojaTh 4achl M3 CHCTEMbl, IO OTHO-
IIEHHIO K KOTOPOH OHM DaBHOMEDHO IBHXKYTCSl CO CKOPOCTbIO U, TO OKa-

KeTcs, uTo OHH MAYT B 1: )/ I— 0?/c® pas MelieHHee, ueM Te e Yachl,
HEMoJBUXXHbIE 10 OTHOIIEHHIO K 3ToH cucteme» {26, ctp. 156].

B nauase 1911 r. B cBoem Joknaje Ha 3aceganun ObiiecTBa ecre-
cTeoucnbitaTeneit B [iopuxe SiiHmTelin BHOBL o6paliaeTcst K BONpPO-
cy 00 U3MepeHHH BPEMEHH.

YcTaHOBUB METOJ CHHXPOHH3AlMH 4YacoB, Mbl HE MOXeM yTBep-
XJaath apriori, 4To nABa cOOBITHS, OJHOBpEMeHHble B cHcreme S,
OZIHOBpPEMEHHBI B CHCTeME oTcueTa S’, paBHOMEpPHO ABHXyllefics OT-
HOCHTEJIbHO cucTeMbl S. Henb3si yTBepK/JaTh, YTO BpeMsi He3aBHCH-
MO OT COCTOSIHHSI ABUXKEHHsi cucTeMbl oTcuera. Jlasnee IiHITeHH
paccmMaTpuBaer TOT CJyda#l, Korga Yachl, cnocoOHble MOKa3bBaTb
BpeMs oTcuera S ¥ HaxoAslHeCs OTHOCHTEJNbHO S B COCTOSIHHH MO-
KCSI, IBUXKYTCS TElepb PaBHOMEDHO M MpPSIMOJHHEHHO OTHOCHTEJbHO
310l Xe cucTeMpbl oTcueta. OKasblBaeTCst, YTO 3TH Yachl GYNyT HATH
MeJJIeHHee ¢ TOYKH 3penus cucreMbl S. Ilycrp uwacel mpHOGpeTyT
6OJIBIITYI0 CKOPOCTh H C 3TOH CKOPOCTBIO ABHTaloTcs maJjbiie. [Ipoiins
6OJIbLIOE PACCTOSTHUE, OHHU MOJYYHJIH HMIYJIbC B MPOTHBOHOJIOXKHOM
Hanpapyedud. Hacbl cHOBa BO3BPAaLIAlOTCA B HCXOJHBIH NMyHKT CBO-
ero nBuxkeHus. B To BpeMsi Kak B JBuiKylleHcsi cuCTeMe CTpenku
4acoB MaJio U3MEHHWJIH CBOe INOJIOXKEHHe, CTPEJIKH 4acoB, OCTaBIIHX-
cfl B TOKOE, CYIECTBEHHO H3MEHHUJIH CBOe MoJioxkeHHe. B Tom ke ro-
Iy 3TOT Bompoc paccmoTpen Jlanxesen [51].

OHHIUTEeNHH MoJaraJj, 4To CJAEACTBHs, OTHOCSIIMECS K Mapanokcy
4acoB, NOJXKHBI OBITH OTHECEHBI K /11000 3aMKHYTO# (u3nyueckolt cH-
creme. «Cyienyer 106aBUTh, UTO BBIBOABI, KOTOPbIE CIPABEAJUBLI JJI5T
3TUX YacoB, B3ATBIX HaMHU B KauecTBe MPOCTOji CHCTEMBbI, MPEACTaB-
Jstioliieli Bce (u3UYeCcKHe NPOLECCHl, OCTAIOTCSI B CHJIE M [AJsi 3aM-
KHYTOH (pU3HUECKOH CHCTEMbl C KaKuUM-JIH60 APYTrHM YCTPOHCTBOM.
Hanpuwmep, ecaiu Obl Mbl TOMECTH/IH XHBOH OpPraHu3M B HEKHH ¢yT-
JISIp U 3aCTaBHJM OBl BCIO 3Ty CUCTEMY COBEpLIATL TAKOE XKe NBHXKe-
HHe Brepel U 00paTHO, KaK ONHCAHHBbIE BBILIE YaChl, TO MOXHO GBLIO
6bl ZOCTHYb TOTO, UTO 3TOT OPraHHU3M IOCJIE BO3BpaLIEeHHs B HCXOAHBIf
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MYHKT H3 CBOEr0 CKOJb YTOAHO [aJIEKOTO IYTEIIEeCTBHS H3MEHHJI-
cs1 Obl KaK yrofZHO MaJso, B TO BpeMsl KakK M0J00HbIE eMY OpraHH3MHI,
OCTaBJIEHHbIe B IyHKTE OTIPAaBJEHHSI B COCTOSIHUH ITOKOS, NaBHO Gbl
y¥Ke YCTYIHJIH MecTo HOBBIM MOKOJeHUsM. JLJIsi IBHKYILErocsi opra-
HH3Ma JAJHTENbHOE BpeMsi NyTellecTBHsi OyAer JHIIb MTHOBEHHEM,
eC/IM JBUXKeHHe GyneT NMPOUCXOAUTH CO CKOPOCTbIO, GJIH3KOH K CKO-
poctu cBeta! D10 — HeH36eXKHOE CIEACTBHE HAIIUX MCXOMHBIX IPHH-
IIMII0B, K KOTOPBIM HAac MPHUBOAMUT ombIT» [26, cTp. 185].

Janee diiHmTeH yKa3blBaeT, YTO MOXKHO CYHTATh HCK/IIOUEHHOH
NPOBEpKYy BHIBOJOB TEOPHH MOCPEACTBOM OMbITA C KAPMAHHBIMH 4a-
CaMH, TaK KakK CKODOCTH, KOTOpbleé MOXHO HM COOOLIHTb, MaJbl MO
CpaBHEeHHIO co cKopocThio cBera. O6bekTaMu, 00afaloIUMH CBOH-
CTBAMH 4acoB H OBICTPO HBIXKYUIUMHCS, SBJSIOTCS aTOMBI, HCIY-
CKalolllie u3JyuyeHHe C JHHeHYaThIM CIEKTPOM, KOTOPHIM B 3JEKTPH-
4YeCKOM I10Jle MOXKHO COoO6GmuTh O0JbllIHe CKOPOCTH (KaHaJoBbIE
ayun). Crenyer oXHJAaTb, YTO YacCTOTHl HX KoJebaHuil Oyayt Me-
HATBCS TaKHUM ke 00pasoM, Kak XOHI ABHXKYIIHXcS yacoB. B 1917 r.
DHHIITEH BHOBb NMOBTOPUJ CBOM PAacCyXJeHHSI O Yacax.

Pabora 1918 ropa — «/Inajor mno moBoAay BO3pa)KEHUH MpPOTHUR
TEOPUU OTHOCHTEJIbHOCTH» [26, cTp. 616] — mocBsimieHa mapaxokcy
4acoB.

PaccyxeHuss «KPUTHKA» M «PeJNATHBUCTA®, T. €. MPOTHBHHKA H
CTOPOHHHKY (PU3HYECKOH TEOPHH OTHOCHTENBHOCTH, OTJIHYAIOTCS MPO-
3PaYHOCTbIO U JIOTHUECKOH CTPOHHOCTBIO.

«KpuTHK» OTMeyaer, YTo ¢ MOMEHTA CO3AaHHUs CMENHaJbHOU Teo-
PUH OTHOCHTEJbHOCTH BBIBOL O 3aMeNJISIIONIEM BJIHSHHH NBHXKEHHS
Ha XOJ 4YacOB BbI3bIBaJ BO3PaKeHHs] M Kasajcsi MPOTHBOPEYaLHM
ocHOBaM TeopuH. J[Boe coBepiieHHO OXHHAKOBBIX uacoB U! u U? pe
HCOBLITHIBAIOT HUKAKUX BJHSHUN H3BHE W INOKositcsi B cucreme K.
K — ranuneeBa cucreMa KOOpPIMHAT, YTO O3HAYAET HAJNHYHE Tesa, MO
OTHOIIEHUIO K KOTOPOMY HM30JIHDOBAHHbIE MaTepHUasbHbIE TOUKH [BH-
KYTCSl NPSIMOJHHEHHO ¥ PaBHOMEPHO.

[Ipu nBuKeHHH OAHMX uacoB, Hampumep U2, mpaMoJIHHEeHHO H
paBHOMEPHO IO OTHOIIEHHIO K cucTeMe K (C TOYKHM 3peHHs 3TOH CH-
CTEMBbI), OHH HAYT MeJJeHHee, yem yackl U’', HemoaBHKHbIE OTHOCH-
teabHo K. Camo no cebe 3TO sBJIEHHE KaXKeTCsl CTPAHHBIM KPHUTH-
Ky». «Jlajee «KpUTHK» npuHOeraet K MBICIEHHOMY 3KCIHEPHMEHTY.
A u B —ynaneunsie Apyr ot Apyra Touku cucrembl K. A — Hauaso
KoopauHat cucteMbl K, B — TouKa Ha NOJOXUTEJNbHOH ocH x. Yackl
U' u U? nokounuch B Touke A. Yacam U? co06iljaloT MOCTOSIHHYIO
CKOpPOCTb B MOJIOXKHTEJIbHOM HaNpaBJEeHHH OCH X, B HampaBJIeHHH
toykd B. ITpu noctukeHHH TOUKH B CKOpPOCTb YacoB MeHsieTCsl Ha
o6patuyto. Jlocturys Touku A, wacel Topmossrtcs. 1o oTHomenuo
K K oHH omsiTh OYLYT NMOKOHUTBHCH.

«Tak kak HaOmomaeMoe U3 K H3MeHeHHE IOJOXKEHHS CTPeJOK
yacoB U2, KoTopoe BO3MOXHO IIpH NepeMeHe HalpaBJ/ieHHs CKOPOCTH
U?, He moxXeT NpeB30#TH HEKOTOPOH BEJHYMHE! U TaK Kak yace U? Bo
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BpeMsl PaBHOMEPHOTO ABHKEHHS BIOJb OTpe3Ka AB HAYT MeJJeHHee,
yeMm U! (ecsn HaGaonath us cuctemn K), To Mpu KOCTATOYHON IJIH-
He otpe3ka AB uacbl U? [O/KHBI MOCJIE CBOEro BO3BpAlLleHHsI OTCTa-
BaTbh oT yacoB Ul [26, ctp. 617—618].

Paccyxnenus, npuBeneHHbie «KPUTHKOM», 0€3yCJ0BHO, BEpHBI.
Jlanee «KpHTHK» YKa3bIBaeT, YTO B COIVIACHHM C NMPHHIMIOM OTHOCH-
TeJIbHOCTH Mpolecc AOJNKEH NPOTeKaTb ONHMHAKOBO, €C/H MpeiAcTa-
BUTb ero B cucteme K’, nBuxKylefica BMecte ¢ yacamu U2

[To oTHOLIEHHIO K IUTPHUXOBAaHHOK cucTeMe yackl U? ocraioorcs B
TI0KOe, a B3aJ| U BIepes ABHKYTCSl yachl U’ W MO OKOHYAHHH JBHXKE-
HUSl JIOJDKHBL OTcTaBaTh yacel U!. Tlapajgokc coCcTOMT B TOM, U4TO H3
JIBYX MOKOSILIUXCS ¥ PACIOJIOKEHHBIX /IPYT BO3J€e JApyra 4acoB KaxK-
Jble OTCTAIOT JPYT OT Apyra.

«PenaTuBucT» yKasblBaeT, YTO COIVIACHO CNEIMaJbHOH TEOPHH OT-
HOCHTEeJbHOCTH cHcTeMbl KoopAuHaT K u K’ He ABJISIIOTCS paBHONPAB-
HbIMH. PaBHOIEHHBI TOJBKO BCe rajinieeBbl (HEYCKOpEHHBIE) CHCTe-
Mbl KOOpDIHMHAT.

OnHaKo ¥ ¢ TOUKH 3peHHsi OOIiefi TeOPUH OTHOCHTEJIbHOCTH CH-
CTE€Mbl HEIITPUXOBaHHAsl W IUTPUXOBAHHASl HEPaBHOLEHHBI.

DfHITEAH MOKa3biBaeT, Kak BuIrIALUT nmpouecc B K u K.

I[TepBrrit 3Tan B cucreMe K gBHKeHHE 4acOB TPAKTYIOT TakK,
yTo yachl U? yCcKOPSIIOTCS BHELIHMMH CHJIAMH B HalpaBJieHHH OCH X,
00 npuobpereHusi uMu ckopoctd v. Hacer U! mokositcs.

B cucreme K’ —B oTpuIATEeNbHOM HalpaBJEHHH OCH X — BO3-
HMKaer rpaBuTanuoHHoe moje. Yacni U! mamaiot ycKOpeHHO, MOKa
He NPHOGPETYT CKOPOCTh ¥. BHeIlHWe CHJBI, YAEpXKHUBAIOLIHE Yachl
U?, He maioT UM npuiiTh B JABUKeHHue. [lo mocTkenuu yacamu U!
CKOPOCTH U I'DaBHTALHOHHOE [10JI€ HCYE3aeT.

Bropoii atan. Ha6Gnoparens cucremsl K TpaKTyeT, UTC Yachl
U? ¢ nocTOsIHHON CKOPOCTBIO IBHKYTCS 10 TOYKM B, wach xe U! mo-
KOSITCA.

Ha6aonatens cucrembl K’ mosaraer, yTo yachl JBHXKYTCSI C I1O-
CTOSIHHO! CKOPOCTBIO U 10 TOYKH B’ Ha OTDHLATENbHOH OCH X, a 4a-
cbl U? nokosites.

Tperui a1an. Habnogateas B K nonaraer, uro yacer U? yc
KOPSIIOTCS BHEIUHHMU CHJIaMH, AEHCTBYIOIUMH B OTPUIATENbHOM Ha-
NpaBJIeHUH OCH X, YCKOPSIOTCS O TeX MOp, MOKa He JOCTUTHYT CKO-
POCTH U B OTPHLATENBbHOM HamMpaBJEHHH OCH X.

Ha6noparens B K’ nmosnaraer, 4to B MOJOXKHTENbHOM Halpabiie-
HHH OCH X MOSIBJsIeTCS ONHOPOAHOE moJje TsXKecTH. [lox meicTBueM
noast yacel U! ycKOpSIOTCSI B IMOJNIOXKHTEJbHOM HaNpaBJIeHHH, IOKa
He NOCTUrHYT ckopoctd v. Ilocse 3Toro mnose TsXKeCTH MCUE3HeT.
Yacel U? ynepKHMBaIOTCSl NMPH 3TOM BHEIIHUMH CHJIaMH, AEHCTBYIO-
ILMMH B OTPHIIATEJ]bHOM HAaNpPaBJIEHHH OCH X, MPeJOTBpPALLAOLIKMH
JBUXeHHe yacoB U? B MOSIBUBLIEMCS] MOJIe TSXKECTH.

YUetrBepThi it 3Tan. Jis Habaogarens B cucreme K uacs U2 c
NIOCTOSIHHOM CKOPOCTBIO U JIBHXYTCS Ha3ajl B OTPHLATENbHOM
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HanpaBJIeHHH OCH x W npubsauxkaiorcs K yacam U!. Hacwt U! ocra-
IoTCsl MpH 3TOM B mokoe. HaGuonatensb B K! monaraer, uto yacsl U!
C MOCTOSIHHOH CKOPOCTHIO U JBHXKYTCS B MOJIOXKHTEJIbHOM HamnpasJie-
HHH OCH X, [IOKa He Mpubau3stcs K yacam U2 U? naxoasitcs B NOKOE.

[MIareiét 3Tan. C Touku 3penus HaGuwogatens cucreMsl K
yacel U? ocraHaB/AMBAOTCS BHENIHMMH CHJIaMH, B TO BpeMs Kak C
TOUKH 3penusi HaGmogarens cucreMbl K’ wacel U? ynepikuBalorcs
BHEILIHUMH CHJIAMH B COCTOSIHHM MOKOsi, a uyachl U! ocraHaBiuBaloT
BO3HUKIIIEE MOJIE TSKECTH, HaNpaBJEHHOE 10 OTPULATENbHON OCH X,
MocJie Yero OHO CHOBA HCYe3aer.

DfiHIuTelH MoKasaJl, uTo oTcraBaiiie yacoB U? no-pasHomy Tpak-
TyeTcss HaGawgatensMu cucteM K u K.

Ecnu otHocuts Bce K KoopjuHatuo#t cucteme K', To 3T0 siBieiue
06GbsICHSIETCS CJAEAYIOIUM 06pa3soM: B TeueHue BTOPOTO H UeTBEPTO-
ro 3TamoB paccMaTpuBaeMoro mpouecca yachl U!, mBuxyumecs €o
CKOPOCTBIO U, UAYT MeJJieHHee mokosiiiuxcs yacoB U2 Ho ato ot-
craBaHHe Oyzer ¢ M36BLITKOM KOMMEHCHPOBAHO OBICTPHIM XOXOM ya-
coB U! Bo BpeMs TpeTbero sTama mnpouecca. B camom gmesne, coraac-
HO OOule#l TEOPHH OTHOCHTEJNbHOCTH Yachl MAYT TeM ObicTpee, 4eM
GoJsibllle TPAaBUTALHOHHBIA IMOTEHLHAJ] B TOM MecTe, I'le OHH Haxo-
narcs, yacel e U! ma TpeTbeM 3Tame mporecca HeHCTBHTENbHO Ha-
xonsitcsi B 06aacTi GOJbINEro TPaBUTAIMOHHOTO MOTEHIHMAJa, YeM
yach U2

[Tocne crarpu dfinmrreiina 1918 r. «Jluanor no nmosoxy Bo3spa-
JKEHH# MPOTHB TEOPHH OTHOCHTEJIbHOCTH» MapaloKC 4acoB He IpH-
BJIeKaJ K cebe BHMMaHHe B Kako#-nubo mupokoit mepe. Haubomee
cyuiectBeHnbiMH Gblin cratbu K. DBekkepenss [52], A. Beprcona
[53, 54], A. Metua [55]. BoabmuHCcTBO cTaTeil TOro BpeMEHH MO BO-
Npocy o NnapafoKce YacoB HOCHJIH (PHJIOCOPCKHH XapakTep.

Beprcon He ocnapuBaer MaTeMaTHYecKOoe W (H3MYECKOe COnep-
)KaHue npeo6pasoBanuii JlopeHna, HO HHBAPHAHTHOCTb OH OTHOCHT
HE K NPOCTPAHCTBEHHO-BPEMEHHOMY MHTEpBaJy, a K HHBApUAaHTHOCTH
«BpPEMEHH», B3ATOMY BHe CBsi3d ¢ npocrpaHctBoM. Otciona tTpeboBa-
HHe «CUMMETPHYHOCTU». B ngasbHedilieM HHTepec K 3TUM npobiemMaM
ctan oxuBath ¢ 40-x romos [56, 57].

B 1956 r. [luurap u Mak-Kpefi nosemusupoBanu Mexnay co6ofl
B cBsisu c pacuetom, npuseneHHbiM ['. Tomconom [58]. Cornacho
3TOMy pacuery noJieT K Ouuxkafineil 3Be3se U 06pPaTHO NMPOIJIHTCS
Gosiee 17 ser mo 3emHbiM yacam 4 14,5 et no yacaM KOCMHYECKOTV
Kopa6uis. JIMHIJIb noJiaraJl, 4To 3TOT pacyer HeBepeH, TaK KaK HalJIio-
jgaTesab Ha 3eMJie © Kopab/b AOJXKHB OJHHAKOBO paccMaTpHBaTbCA
Kak aBuxkymecs [59]. Mak-Kpe#t Bospaxkan [uHray, nojaras, 4to
MHpPOBasi JINHHS 3eMHOT'0 HaGJI0aTelsl ecTb OTPe30K re0Ie3HUecKoi,
a MHpoOBas JIMHUA KopabJisl He sIBJIsIETCS Te0fe3MYECKOH.

Buagep mokasaJ, yTo NpH BO3BpalleHHH Kopabus Ha 3emiio,
HE3aBHCHMO OT CHCTeMbl OTcuera, nabJopatenu OyAyT OTMeuyaTb
OTCTaBaHHE YaCOB KOCMHUECKOTo Kopabus [60].
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B 1957 r. Jluuritb npogoJKajs OTCTaMBATh CBOIO TOUKY 3PeHHUs
10 BOMpPOCY O NMapajoKce 4acoB, noJiarasi, YTO M3 NPUHIHIA CHMMeET-
PMH ¥ NpPUHIHINA OTHOCHUTEJBHOCTH CJEAyeT, UTO 4Yachl Mocje HX
COBMellleHHs JOJI2KHBI NTOKa3blBaThb OAMHaKoBoe Bpems [61]. Buauep,
Bo3paxas J{MHIIO, YKa3biBaj, UTO peYb HAET OTHIOAb HE O CHM-
MeTpPHuHOH cuTyauud. OJHH yachl ABUKYTCS YCKOPEHHO OTHOCH-
TeqIbHO BceseHHO#H, HapyIIUB TeM CaMblM CHMMETPHIO, MOCTYJHPYe-
myio Jlunraem [62].

B Tom ke rogy ®pait u Bpurem, npuMeHsisi COOTHOIIEHHST CIIEIH-
aJbHOH M OOliell TEOPUH OTHOCHTENbHOCTH K Pa3JMUHBIM ydyacTKaM
noJiera TeJ, NOKa3aJd, YTO 3aMejlJieHHe BPEMeHH [Jis JBHXKYylUedcs
CHCTeMbl KOODJMHAT He 3aBHUCHUT OT TOTO, CUMTATh JIM ee ABHXKYLIel-
C WM PaccMaTpuBaTb €€ KaK HEMONBHXKHYIO, a BCIO OCTaJIbHYIO
Bcenennyio cuumrarh pgBuxKyllelics [63]. Mak-MusnaH paspeuaer
napajfokC 4acoB, HCHOJb3ysl CHauasla TOJNbKO HHEpLHaJbHble CHCTe-
MBI OTCUETA, a 3aTeM YUHTHIBasl TaKXe YCKOPEHHS B PaMKax Clelu-
aJIbHOH TeopuH oTHOocHTesabHOCTH [64]. Kpodopa ykasai, uto pesyib-
TaThl COBOKYIHOCTH 3KCIIEPHMEHTOB M0 H3MEPEHHI0 BPeMEHH KHU3HU
7-ME30HOB Ha JIETY U B MOKOE MOATBEPAUIN BLIBOJbl TEOPHH OTHOCH-
TeJabHOCTH [65]. Kpodopn cceiiaercss Ha paGotsl Poccu u cotpyn-
uukos [66], Baskera [67], Paserru {68] u ap.

3unrep mosemusupoBan ¢ Huurnem. OH noJaral, yTo Opu Bpa-
ILleHHH HCKYCCTBEHHOrO CNYTHHKA BOKPYr 3eMJIM Ha HeGOJBIIOH BbI-
cOoTe BpeMs Ha CNyTHHKe OyJeT HATH MejjeHHee [69].

KokpaH mpenyioxuna 3sKCIepUMeHT C n-Me30HaMH. EcJii mydok
7-Me30HOB BO3BPATHTb K MECTY IepBOHAYaJbHOro HaGJIONEHHS, TO
H3-3a 3aMeJlJIEeHHS] BPEMEHH UYWCJIO HepaclaBIUUXCS ME30HOB GyneT
Gousbille, yeM B cJydae C NOKOUBIIHMHCS Me3oHamu [70]. B mpyroil
cratbe Kokpan nokasbiBaer, YTo (aKT yBeJHUYEHHS BPeMEHH KHU3HH
Me30Ha T NPH ABHXKEHHH MO NMPSIMOH JOJKeH NMPUBECTH K yBeJHue-
HUIO T [pH BO3BpaTe B TOUKY IepBOHayasbHOro HabuaioxeHus [71].

Pomep [72] paccmorpen caepywoinyio cxemy. B uHepuuasblioi
CHCTEME MOKOSITCSI pasjesieHHble GOJIBIUMM MPOCTPAHCTBEHHBIM HH-
TepBajioM yacel A u C. DT yachl CHHXPOHH30BaHbI C MOMOLIBIO CBeE-
10BbIX curHajioB. Hacel B nposerailor MuMOo A co CKOpOCTBIO v, [O-
cturaior yacoB C, NOBOpayMBaIOT U JIETSIT CO CKOPOCTbIO — U K ya-
cam A. Ecin npu nepsom coBnajeHuu t4 =¢ , TO NpHU JBHKEHHU
or C k B At=tc—tp—1ts—1t3>0.

Takas xe pasHocTb BpeMeH Bo3HHMKaeT Ha mytd or C k A. Ilo-
JOGHbIA aHaNW3 ¢ TOYKH 3peHHs1 B Tpebyer BBenenus uacos [, mo-
KOSILLMXCS W CHHXPOHHM3HPOBAHHBIX CHayajia OTHOCHTENbHO B u co-
Bnajamolux ¢ Touku 3peHuss B c¢ A, xorpa B Bctpeuatorcs c C.
ITocne noBopora yacos B ouu ABHXYTcs oTHOcHTebHO [. CuHXpO-
Husauus B u [ ucuesaer. HaGuiogatenp, cBA3aHHbIA ¢ uacaMu B,
He MOXeT C/eJaTh BbIBOI, 4To A JBHXKYTCS MejJeHHee.

HarasgHo ¥ 10X0A4MBO BONPOC O IapajoKce 4acoB H3JIOMXKEH
J. B. CkoGeavubinbiM. Cxema o6biuHass. Onud us aByX Habuionarte-

7 Y. U. ®oankdypr 193



Jeil A Ha NPOTSIKEHHH JiBUKEHHS HabJonaTessi B noKoUTCs B 0JIHOM
W TOl Xe HHepuuanbHo#t cucreme. Habmomartenio B B HauasbHBIH
MOMEHT EpeMeHM cooOlieHO ycKopeHHe. B pesysnbrate Habuaiona-
TeJb B Ha nporsixkeHun BpemeHH Ty, U3MEPEHHOr0 B MHEPIHAJbHOM
cucreMe HaGuaionartenss A, yaasisercss or A Ha pacCTosiHHe Xo, ABH-
rascb ¢ NOCTOSIHHOH CKOpPOCTbIO. 3ateM B mnosnyuaer MrHoeeHHoe
ycKopeHue B Hanpasjenuu A. JIBurasice B 06paTHOM HanpaBJIEHHU
C TOH 2Ke CKOPOCTbIO B TeUeHHe TOro Ke BpeMeHu T, Habmwxarenb B
BO3BpallaeTcsi B MCX0J4Hoe nosoxenue. ITokazanue yacos A paBHO
2Ty, noka3aHue 4acoB B paBHO
2T, V1—v¥c.

ITOT XKe pe3ysbTaT MOXKeT ObITh UOJNYYeH, ec/Ii noJsararthb, 4to B
MOKOHUTCsI, a ¢ TOYKH 3peHuss B nBuxerca A. B kaxyuemcs nporu-
BOpEUHMH C BepCHel NepBoi X0/ YacoB A 3aMe/jieH OTHOCHTEJIbHO B.
«OpHako B npeacrtaBieHud Habawonartenss B B cepeiuHe LHKJA,
B MoMeHT Bpemenu {'=T, (no yacam B), npoucxonutr ckaykoobpas-
HbIH caBur nokasaHuit yacoB A. B momenT ‘Bpemenu =T,  oHM B pe-

202/ c?
V1i—w/c
cBoux nesnenuii. CorsacHo Bepcuu Ne 1, Takie CKaukd B MOKa3aHHH
JBUXKYILHXCSA yacoB B ue nveior mecra. KoHeuHblil pe3y/abTaTt cpas-
HeHusl NoKa3aHui yacoB A u B He 3aBHCHT, padyMeercsd, oT crnocoGa
paccMOTpeHHs1 U B 000X CiyyasiX ONpeJessieTcss YXKe IMOJTY4YeHHBIM
B ria1. I cocorHomenuem 2Ty =2T, VY T —o¥/c®> [73].

Bo Bropoii Bepcun B MoMeHT ¢'=Ty’ Mbl H3MEHSIEM CHCTEMY OT-
cuera, B KOTOPOH «HENOJBHXeH» B B To BpeMsi, KOrjia B NepBOi Bep-
CHH WHepLHa/jbHasi CHUCTeMa, B KOTOpoi mpeGeiBaer A, ocraercsi He-
HU3MEeHHOH.

Jlepdepr u Jounaxeio no Metrony Messepa paccmaTpuBajy JBU-
JKeHHe 4acoB, NOKOSIIUXCS B HHEPLHANbHOH CHUCTEME, C TOUKH 3pe-
HUA HaOmaofartensi, HAaXOASLIErocs B HEHHEPUUAJbHOH CHCTEME.
[TokasaHo, 4TO B MOMEHTHl BKJIIOUEHHSI W BBHIKJIIOUEHHS YCKODEHHs

CKOPOCTh 4acOB MeHsercs CKaukKoo6pasHo or —u jo —u} 1—u¥/c?

3yJbTaTe 3TOro CJABHra MCHOBEHHO YXOJAT BIEeped Ha

ITOT CKAYOK BHI3BAH H3MEHEHHEM TPaBHUTAIIMOHHOTO MOJsi BO Bpe-
menu {74].

Kemn6enn paccmartpuBaer oObluHylo cxeMy. Hachl A nokosTtcst
B HHepLHaJbHON cucTeMe KoopauHat. Hacsl B B MOMeHT oTsera
CUHXpOHH3UpYloTcs ¢ Yacamu A. OHH J1eTAT € TOCTOSIHHOH CKO-
poctbio, Tlog meficTBuem BHEIIHHX CHJ1 OHM 3a BpeMsi T (OYeHb Ma-
Jioe) GBICTPO MEHSIOT 3HaK CKOpOcTH U Bo3Bpautalorcsi B A. C Touku
3peHHust yacoB B MMeHHO 3a 3TOT MaJsblli NPOMEXKYTOK BpeMEHH T
yacel A mokaxyTt 6oJbIINi HuTepBas BpeMeHH. VIMeHHO nosTomy
npu ux BcTpeue uachl A nokasbiBaloT GosbIlle BpeMeHH, UeM ua-
col B [75].

lunpn paccMoTpes Bompoc O napajgoKce YacoB, KOrJa € TOYKH
3peHHs] KaXAOH M3 KOODAMHATHBIX CHCTEM IpH YYeTe PesTHBU-
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cTcKoro sddexra Jlonnnepa paccMaTpHBaeTCs NpPHEM CHIHAJOB, HC-
IyCKaeMbIX JPYroil CHCTEMOH uepe3 paBHble NPOMEXYTKH BpeMe-
HH [76].

" KonnuectBeHubiit pacuer napajokca vacos JHaH Mesrepom.
B Hauasne KOOpAMHAT HMHEPLUHAJbHON CHCTEMBI OTCYETA IOKOSATCS
cranfapthble yachl Cy u Co. Ipu ¢=0 uacwl Cs nocrosiHHO#M cunoft F
YCKOPSIIOTCS B HAIPABJIEHHH MOJOKUTENbHBIX X. JIOCTHTHYB TOUKH A,
yacel Cy nprOGpesH CKOPOCTb U M C 3TOH PAaBHOMEDHOH CKOPOCTbIO
IBHXKYTCS K Touke B. B Touke B uacel C, nojiBepraioTcsi TOpMOXKe-
HHIO0. BennunHa TOpMoOXKeHusi paBHa cuie ycKopeHus F, HO uMeeT
NPOTHBONO/OXHOe HampaBiexue. B Touke C uacel C,; B pesyibTare
TOPMOXKEHHSI OCTAHABJMBAIOTCS M YCKOPSIIOTCS Has3aj K TOYKe B,
JIOCTHUTHYB KOTOPOH OHH 06/1aJal0T CKOPOCTbIO — 0.

Mexny Toukamu B u A uachl JBHXKYTCS pPaBHOMEPHO CO CKO-
poctbio —vu. B Touke A momBepratotca AefictBuio cuabl F. Cuna F
ocraHaB/auBaeT yachl B Touke O;.

Bpems npoxoxnenusi nytu O;A paBHo A’T, BpeMsi IPOXOXK/JIEHHUS
AB pasuo A”T, Bpems npoxoxjenus nytu BC pasuo A”’T.

B cuay cummerpun BpeMs npoxoxnenus or O; no C paBHO Bpe-
Menu npoxoxpaenus or C go Oy u A”’T=A’T. Jlerko ycMOTpeTh, 4TO

Aty =AT =2(A'T + A'T + A""'T) =22A'T + A'T), 8))
rie tv; — co6cTBeHHOe BpeMsi uacoB Ci; T — COGCTBEHHOE BpeMs ua-
coB Cg; Aty u Atp— Bpemsi, oTMeueHHoe yacaMu Cy u Co; MeXnay ABy-

Ms BcTpeuaMu yacoB; AT — BpeMsi MeXIy BCTpeYaMH B HHEPIHAJb-
Ho#l cucteMe orcuera Sy

AT, =2(t + T+ 7 ) = 22Ut ), @)

rie vy’ — NpHUpPOCT coGCTBEHHOro BpeMeHH uacoB Co NMpH MpPOXOKIe-
aun OA; " —npu npoxoxpaenun AB; v’ —npu npoxoxie-
Hun BC.

IIpu nBuxkenun uacoB Cy, o1 O 10 A NBUXKEHHE ONHCHIBAETCS

YpaBHEHHEM
x= [+ ()]} @
Cxopootb
44X _ gt , g=L, (4,5)
dT T 2 my
1+ (—)
c
cJienoBaTesbHO,
o= —8BT T . (6)

Vo (B) yicwra
o+ (57)
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3Hag dt = ]/l——-—— dt v u, HaXoouM

S E R onr it
! | 1+(
Ho
AT _ __ v/¢  _ _ ginh ) = sinh g , (®
c 1/1—'3;' ¢ ¢
tanhg—r; _ sinh gt,/c _r @)
c c

,/1+sinh2 =
T = A"T]/l—i;-:-. )

[Tycts F HempepblBHO pacTeT, ¥ — IOCTOSIHHO, g—> oo. IIpu atom u3 (8)
crefyer, 4YTo

AT =A"T u T,=1, crpeMarca K HyJio.
Us dopmya (1), (2), (9) cnenyer
” 2
Aty = 20T, Aty = 27, = 2A"T ]/1 — ‘;’2— , (10)

Arz_mllfl——. (11)

Takum o6pasom, HaiiieHO, UTO ABHKYILHEGH yachl C, OTCTAlOT OT HEmNo-
IBIZKHBIX uyacoB Cj.

Hanee Mennep paccMaTpHBaeT Becb NpOLECC B CHCTeMe OTcuera S,.
Cucrema S,, KOOpAMHATHI KOTOPOil X, Y, 2, ¢, cBssaHa G yacamu C,;, Bce
BpeMsl HaXONAIIMMMCH B Hauaje KoopauHat. Iloka cHcrema S, ycKopeHa
OTHOCHTENIBHO S;, B S, MMeeTCsl TPaBHTALMOHHOE MOJIE.

B unreppane 0 <t < T, JIMTENBHOCTBIO A'f =T, TI'paBUTAIlHOHHOE
T0JIE OMHUCHIBAETCS CKAJISIPHBIM [IOTEHIIHAIOM

__e _ £
h=—Z(ut D=gx(1+ 5).

B unreprane
Ty i <To+ To
AJUTENLHOCTHIO A"t = Tz
X=0.
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B unrepsane
Tt T <t<T+ T+ T
JUIITENBHOCTBIO A” = T, = Ty = A't
X =—gx ( — _g_{) .

2c?

Mbur umeem Tpu nepuofia. B Teuenme nepwoma A’ wacwl C; CBOGOIHO
NajialoT B HANpaBJeHWH OTPHLATEJbHOH OCH X COTVIACHO YPaBHEHHIO

_c g\ _t
x-_g“1+cz) Z 1].
c

cosh

B rteuenue nepuofa A”f OHH ABIDKYTCS PaBHOMEDHO CO CKOPOCTBIO U.

B Teuenne neproga A”'f OHM OCTaHABIMBAIOTCA B TOUKE X, = —[.
«Tak KaKk B 3TOT MOMEHT cHCTeMbl S; U S, HENOABHIKHEI OTHOCHTEJBHO
Ipyr Jpyra, TO MaKCUMaJbHOE pacCTOSHHE MeXJAy yacaMH OJHHAKOBO
B obeux cucremax. [locne aroro uyacel C, peBepCHUBHBLIM JABHXKEHHEM BO3-
BpamaloTes K Hayany koopAauHat. Hackl C, B TeueHHe Bcero npouecca
NpeGLIBAIOT HEMONBIXKHO B Hauase KOOpPAMHAT, MO0 TpaBHTALIMOHHOE roJe
yPaBHOBeLIUBACTCS BHELIHeH cHol F».

2\ /e
YuursBasg opmyny dt = dt (1 + -212 — -”;/ ¥ BblpaxeHus s X.
4 4

BbIYHC/ISIOT BO3pacTaHHe COOCTBEHHOTO BpeMeHu 4acoB Cy:

At =21, + 1+ ),

rhoe T, Ty, Ty — COGCTBeHHble BpeMeHa uyacoB C; B mepuombl A’f, A”f,
A”t. C, HenoIBHXKHO B Hayasne KoopiuHat x =0 (X Bce BpeMsi paBHO
Hymo). Takum ke 06pa3oM MNOIY4aroT

Aty =2(A't + A't-+ A7t = 2 (2Nt + A"f) = 2(2T, + 7).
CorJyiacHo opmyJie 1uist
t
T = (1 +g_’(0) S__ﬂ__: (ﬁ+x—°)tanh§f,
c? c

oshz-gt- g ¢
c

NOCKOJIbKY CKOpOGTh 4acoB Cy B Hauase Gblia paBHA HYJ/IIO, MOXHO IOJY-
yuth Ty MpH X, =0 U { = A"t =7,
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Uacet C; B TeueHHe A"t ABUXKYTCS C paBHOMEPHOH CKOPOCTBIO
B OTCYTCTBHH T'DaBHUTAlHOHHOTO MOJIS.

Tonaras ¢ = — g, X, = —1I, t=A"t =1, = T, NoJyuum
rre TI '
) = (f_+i)tanh§_2= (: +L> L
g ¢ c g c¢)ec

PaceMoTpeH mpellenibHbIE CTyyall g — oo MPH MOGTOSHHOM 0. Mesuiep
aHaJM3MpyeT TaKXKe 3HaueHWe TIpPaBUTALMOHHOIO TNOTeHIMaMa Ui XOJa
IBIDKYILIMXCS 4YacoB. PaccMaTpHBAalOTCSl 4achl, COBEpIIAOLIMe MOK JeH-
CTBHEM ILIEHTpaJIbHOH CHJIbI PABHOMEPHO KPYToBOe JABHKeHHe B HHeplHalb-
HOH cHCTeMe OTcueTa. DTO XKe SIBJIEHHe PAacCMaTpHUBAeTCsl C TOYKH 3peHHs
HabmozaTessl, HaXoNsUlerocss Ha BpaUIAouweMes JHCKe.

6. IEPUTEJIMM MEPKYPHS

Mepkypuit — 6uxaiiiias k Connuy mianera. Cpeanee paccTosiHue
Mepkypus or Coanua cocrasaser 0,37 semHoro, nuamerp Mepkypus
paBeH !/3 seMmHoro. [Tog neficTBHEM MPUTSKEHHs TEJ COJHEUHOH CH-
CTeMBbl HamnpasJjeHHe OOJBIIOH OCH 3JJUNTUYECKOH OPOHUTH, MPOXO-
Aslell yepes nepuresiuii, adenuit u ob6a Qokyca (JHHHA amncuu),
B mpocTpaHcTBe MeHseTcs. OJHOBpEMEHHO MEHSIeTCS Yros Mexay
HanpaB/ieHHeM K TOYKe BECEHHEro PaBHOMEHCTBUS U K MNEPHUTEJIHIO,
TaK HasbiBaemasi 00420Ta TMepPUTeNHs.

CorslacHo 3aKOHY COXpaHEHHs MOMEHTa KOJIHYECTBA JBHKEHHS
fJ1aHeTa JAOJIXKHA JIBHraThbCs B ONHOH M TOH Ke MJIOCKOCTH, ¢ 3aKO-
HOM XXe TATOTEHHS CBSI3aHO TO, UTO MJaHeTa ABHXKETCS B JAaHHOMH
MJIOCKOCTH MO 3aMKHYTOH KpuBo#i. OfHAKO MOJ BJIHAHHEM BO3MYIle-
HUH opOuTa HM3MeHsieTcsl, MJIaHeTa He BO3BpalllaeTcss K OMNpefesieH-
HOMY MeCTY MO UCTEUEHHH H3BECTHOro MepHoia.

Touka sanuntuueckoll op6uThl, Gmuxaiimas k Conuny (mepure-
Jaui), nepemeniaercs. MHorouncieHHble HcciefoBaHusi JleBeppbe
MTO3BOJIMJIM YCTAaHOBHUTb HE COBCEM IIOJIHOE COBIAJ€HHE MeXAY Teo-
pPETHYECKH BBIYHCJIEHHBIMH U HaGJI0aeMbIMH IOJIOXKEHHSIMU MJIaHe-
Tol. CoryiacHO TeOpHH JAoJroTa nepurennss Mepkypus mosxkHa Gblia
Bospacrath Ha 527” 3a 100 seT, HO ¢ GOMBIIOH TOUIIOCTHIO BBHIMOJHEH-
Hele HaOuiofieHus mnpoxoxaedus Mepkypus uepes auck CoJsHIa
nagau 565”7, na 38’/ GoJiblue BHIYHCJIEHHBIX.

Tor ¢akr, uTo pelleHHe YpaBHEHUH JBHXKEeHHs IJIaHeThbl, AaeT Be-
KOBOE BO3MYLEHHEe MeHbllle, YeM BeJHYHHA, BbIBeJeHHasi M3 Hab6JIo-
JleHuli, nIpuBJeKaa K cebe YCHIEHHOe BHUMaHHE acTPOHOMOB.

1) K. Pynuuukuii paccMoTpen B HCTOPHYECKOH MNOCJHeL0BATENb-
HOCTH THIIOTE3bI, K KOTOPBIM npuberasiu Iis o6bsicHeHHs HabJ0fae-
MOTO YCKOpDEHHsi ABHKeHHsi nepurenuss Mepkypus Ha 427,56 B cTo-
Jertue. JleBeppbe MpeanoJioxKui, uto macca BeHepsl Ha !/;; npesbi-
UIaeT NMPHHATYIO B aCTPOHOMHH. Bo3mylleHne, 00yCIOBIEHHOS BJIHS-
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