E. B. bypiauyenko

TEOPEMA O IOCTOSIHCTBE CKOPOCTHU PACHIUPEHUSI
BCEJIEHHOMU

Conocmasnsas onucanue pacuupenusi Becenennou 6 08yx cucmemax koopounam
— 8 conymcmeyoueli mamepuu cucmeme KOOPOUHAM, OMHOCUMENbHO KOMOPOU
CKONJIEHUsI  2ANIAKMUK HEeNOOBUMICHLL, U 8 cucmeme KOOPOUHAM 3eMHO20
Habawodamens — NPUXOOUM K 8bl800Y, UMO CO2NACUE MEHCOY HUMU BOZMONCHO
MOILKO 8 Cyuae pacuiupenus BceleHHoll ¢ NOCMOSHHOU CKOPOCIbIO.

CornacHO acTpOHOMHYECKHM JIaHHBIM, CKOTIJICHHS TalaKTUK YIAISIOTCS APYT
OT Jpyra 1o 3aKoHy Xa00una:

v=Hr,

rI€ V — CKOPOCTh YIAJCHHS CKOIUICHWsS OH Hayajga CHUCTEMBI OTCYeTa, V' —
paccTosiHME OT Hayala CHCTEMBI OTCYeTa 10 CKOmleHus, [ — mocrosHHas
Xab606na. CranmapTHas MHTEpHOpeTaIusl 3aKkoHa Xa00ja 3aKiIr4yaeTcs B TOM, YTO
CKOIUICHHSI TaJaKTUK Pa3JICTAlOTCS MO0 WHEPIUU C MOCTOSHHBIMU CKOPOCTSIMH. B

ATOM cCily4ae BEJIMYHMHA 1/ H paBna Bpemenwu, mpomieaiemMy ¢ MOMeHTa bosbrioro

B3pbIBa, T. €. BO3pacTy BceneHHou.
[ToguepkHeM, uTo 3aKk0H Xa001a OTHOCUTCSI K HACTOSIIIIEMY MOMEHTY BPEMEHH.

Bxopsiiee B Hero pacCTOAHHUEC 7 CKIAAbIBACTCA HU3 H3.6J'IIOI[3.CMOFO paccTosiHud 7,

— MECTOTOJNIOKEeHHsSI 00BEKTa B MOMEHT HCITYCKaHHUsI CBETa, — UM PACCTOSHUSA, Ha
KOTOpO€ OOBEKT YCHeBaeT YOAIUTBbCA 3a BpeMsS MPOXOXKICHUS CBETOM
Ha0JII01a€MOT0 PACCTOSTHUSL:

r=r,+ryvjc,

raie ¢ — ckopocTh cBera. CKOpOCTH yHNalIeHHsl TalaKTUK ONPENENSIOTCS 10
YBEJIMYEHHUIO JIJIMH BOJIH MCIIyCKa€MOI0 UMU CBETa. PaccTOsHUE 10 M3Ty4Yarollero
00BEeKTa MPSMONPONOPIIUOHATIBHO 3aTyXaHUIO OJIeCKa — BEJIMYMHBI, CBSA3bIBAIOIIECH
CBETUMOCTh OOBEKTa C paccTOosiHMEM A0 Hero. Takum oOpa3oM, 4YTOOBbI 3HATH
paccTosiHUE 10 00bEKTa, HAJ0 3HaTh €r0 CBETUMOCTb. {71l H3MEpeHHs pacCTOSHUN
710 CKOIUIEHUM TaJaKTHK B KaUE€CTBE «CTaHAAPTHBIX CBEYE» UCIOJIB3YIOTCS CaMble
APKHE TAJIAKTUKU CKOIUIEHHWM — HMX CBETUMOCTHM NIPUMEPHO OJIMHAKOBHL. Ha
OOJBIIMX PACCTOSAHMUSIX CaMbIMU SIPKUMU OOBEKTAMH SIBISIOTCA KBazapbl H
BCIIBIIIKY CBEPXHOBBIX, HO UX CBETUMOCTH BAPBUPYIOTCS B LIMPOKUX MIpEAENax.
EnuHcTBEHHOE MCKIIIOUEHHE — CBEpXHOBbIe ThUma la. OHM BEHYAIOT 3BOJIIOLMIO
3BE€3]l, MAapaMETPbl KOTOPBIX B TOYHOCTH COBIIAJAIOT, MO3TOMBI COBIAJAIOT U
IapaMeTpbl BCIBIIIEK CBEPXHOBBIX. BBIIO pELIEHO MCIOIB30BaTh UX B KAadyeCTBE
«CTaHJAPTHBIX CBEYEH» I MPOBEPKH 3aKoHa Xa001a Ha OOJIbIIMX PACCTOSTHUAX.
HaGmronenust mokaszanu, 4To 3aTyxXxaHue OJiecka CBEpXHOBBIX TuMa la B namexkux
raJlakKTUKax TMPOUCXOAUT ObicTpee oxkupaemoro. OTCroJa acTpOHOMBI CHAeNaiu

1



BBIBOJI, YTO JAJIEKHE TajJaKTUKU HAXOJATCA OT HAac Jajbllle, YEM UM IOJOXKEHO
ObITh TO 3aKkOoHY Xa00Oma. Hwuxke Oyaer mokaszaHa NPOTUBOPEUHUBOCTH ATOTO
BBIBOJIA.

Yacto MOXKHO YyCIblllIaTh, YTO HAOJIOJaeMOe HamMu pa3z0eraHve TalaKTHK
ABJIAETCS CIIEICTBUEM KOCMOJIOTMYECKOI0 pacllMpeHus mpocTpaHcTBa BeeneHHoM.
Ot10 Tak u He Tak. KocMmosnoruueckoe pacuiupeHue He sBISIETCS aOCOMIOTHBIM, HE
3aBUCSIIMM OT KOOpJAMHAT. B cucreMe KOOpAMHAT, CBSI3aHHOM C 3€MHBIM
HaOroaTeNIeM, paclIupeHHsl IPOCTPAHCTBA HE MIPOUCXOUT: CKOIICHUS TaJIaKTHK
pasneTaloTcs B pa3Hble CTOPOHBI, JBHUTasCh MO TEOJE3MYECKUM JIMHUSM,
NpUCYLIMM Halle cucteme orcyeta. [IpocTpaHCTBO pacmivpsercss B OJHOM-
€AMHCTBEHHOM, COMyTCTBYIOMIEH CKOMIEHUSIM cUCTEME KoopAuHAT. OTHOCUTEIBHO
ATOW CUCTEMBI CKOIUICHHS TajlaKTUK HEMOABM)XHBI, — UX CKOPOCTH PaBHbI HYIIO.
bynyun, cormacHo OTO, rpaBUTAalMOHHO-UHEPUUOHHBIMH «3apsgaMu», OHU
CO3/1al0T OINPENEICHHOE TO0J€, WIH, YTO TO K€ CaMOe€, — 3a/Jal0T ONpPEACICHHYIO
MPOCTPAHCTBEHHYIO METPHUKY, KOTOpas B Cllydae €BKJIMIOBOIO MPOCTPAHCTBA
(nanOosee BEpOSATHBIN BapHaHT reoMeTpun BceneHHol) nmeeT BU:

(As)" =R*(1)((Ax) +(Ap)’ +(Az)")=c* (A1),

rie  AS — [OpOCTPaHCTBEHHO-BPEMEHHBIN  WHTEpBaN, X, V, Z —
MPOCTPAHCTBEHHbIE KOOPAMHATHI, C! — BpPEMEHHAs KOOpJMHATA, R(l‘) —

MacTabHbIN (hakTOp, — PYHKIUS BPEMEHH, U3MEHEHUEM KOTOPOW OmpeaesieTcs
TEeMII pacllUpeHus: BeceneHHOM.

[Ipy [BMKEHHM MATEPUAIBHOrO TEJla IO TEONE3UYECKOM JIMHUM B
MIPOCTPAHCTBE-BPEMEHU C paccMaTpuBaeMoll MeTpukol (T. €. MO TPSIMOH,
PACCTOSIHUSI MEX1Y TOUYKAMHU KOTOPOM MOCTOSHHO YBEJIIMYMBAIOTCS), €70 UMITYJIbC
U3MEHSETCS TI0 3aKOHY

| p,|R(t)=const,

riue | p,| — a0CoMI0THAs BEJIMYMHA UMITYJIbCa Tella B MOMEHT /. B yacTHOCTH, 1714

JJINHBI BOJIHBI CBCTA /1 HUMCCM.:

R(1)
A

=const.

OTcroa BUAHO, YTO CKOPOCTh U3MEHEHHUS JIJIMHBI BOJIHBI CBETA HA ONPENIEIECHHOM
MIPOMEKYTKE BPEMEHHU MPOIMOPIMOHAIbHA CKOPOCTH paciiupeHus BcenenHol Ha
ATOM K€ TPOMEKYTKE.

ConyTcTBYIOIIYIO CKOIUIEHUSIM CUCTEMY KOOpJMHAT Ha30BEM
KocMosioruueckoil. OHa sBHsieTCs Kak Obl KOJUIEKTUBHBIM CBUJETEIBCTBOM
HaOmoAaTenei, KaxKaplii U3 KOTOPBIX MPUKPEIUJIEH K CBOEMY CKOTUICHUIO TaJIaKTHK.
ScHo, uTO omucaHue JTHOO0ro COOBITUS B KOCMOJOTMYECKON CHCTEME KOOpPJIMHAT



HE JIOJKHO MPOTHUBOPEUYUTH OMUCAHUIO TOTO K€ COOBITHUSI B CUCTEME KOOPIWHAT,
CBSI3aHHOW C 36MHBIM HAOJIOJaTEIIEM.

Jlnst HarnssiHOCTY He OyAeM JiesiaTh pa3HUIbl MEXK/y FaJaKTUKOW U MaTepuei,
U3 KOTOPOWl OHa B CBO€ BpeMs copMupoBaiach. Toraa B cucTeMe KOOpPJAMHAT,
CBSI3aHHOM C TAJIaKTUKOM, €€ BO3pacT COBIAJET C Bo3pacTtoM Bcenennoi. B
CHUCTEME KOOpJMHAT 3€MHOTO HaOJoAaTesns curyauus TrpaduyecKd BbITJISIUT
CJIEAYIOIIHUM 00pa3oM:
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rae , — HayanbHBI MOMeHT pacmmpenus Bcenennoi, ¢, =1/H — mactosumii
moment, A — Hama [amaktuka, B — OTHOCHTENbHO OJM3Kas TANAKTHKA IS
KOTOPOH BBINIONHsIETCS 3aKoH Xa06ma, C — jgajnekas rajakTuka, 7y — pacCTOSHHE

no ramaktuku C, paccumTaHHOe MO 3aKoHy Xab0ma, 7 — pPacCTOSHHE [0
rajaktukn C | BBITEKAIOIEE U3 MIOKA3aHUM «CTAHAAPTHBIX CBEYEN.

CkopocTh TaJakTHKd B MOMEHT [, paBHa YIJIOBOMY KOI(GQHUIUCHTY
KacaTtelbHON K rpauKy IBH)KEHUS TajJakKTUKU B TOYKE €ro MepeceyeHus C OChbIO

t ;. Cxopocts ranaktuku C u Touka nepeceueHus rpaduka ee JBUKEHHUS C OCHIO
! , HaM m3BecTHBL. [IpoBeneM depe3 3Ty TOUKY MPSAMYIO, MapauIeNbHYI0 rpaguKy

memxenns ramaktuku C | mocTpoeHHOMY TI0 3aKoHY Xa6671a, ¥ MOCTPOMM HOBHIIA

rpaduK JBHXKCHUS TATAKTUKU C , COOTBETCTBYIOIIIMM MMOKa3aHUAM «CTaHIAPTHBIX
CBEUECU):
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Takum oOpa3oM, e€ciii JTOBEPUTHCS TOKA3aHUSAM «CTaHIAAPTHBIX CBEUCH», TO
JaliekKue TaJakTHKW YAANSIOTCA OT Hac C 3aMeJUIeHHeM. JTO TOHSITHO U 0e3
rpaMKOB: €Cli TallaKThKa, UMesl OMpeeEHHYI0 CKOPOCTh, HAXOAWUTCS OT HAc
JajbIlle, 4eM ed MOoJI0XKEHO ObITh MO 3aKOHY Xa001a, TO BECh IyTh OHA MPOIILIA C
OonbIIel CKOPOCTHIO, KOTOpas K KOHIy MyTH CHU3WIACh 10 HaOIIOZaeMOMH.
OTmeTuM, OJHAKO, YTO COTJIACHO CIEIUAIbHOW TEOPUU OTHOCUTEIHHOCTH, YEM
ObICTpee ymalseTcs OT HAcC rajakThka, TeM MEJJICHHEe, M0 HAlllUM MepKaM, TeYeT
BpeMs B CBSI3aHHOW C HeW cucteme koopauHatT. CieaoBaTeNbHO, YEM AAlbIIe OT
HAC TaJlaKTHKa, TeM OHa Mojoxe. OTCIoAa MOXKET MOKAa3aThCs, YTO TOPMOKEHHE

nanexoit ranaktuku C, KOTOpoe MbI HAGMIOAEM B MOMEHT [ ;, MPOMCXOUIIO C
HEeW B gajekoMm npouioM. Ho HeT, — B cucCTeMe KOOpAMHAT, CBA3aHHOU C
ranaktukoit C , TopMOskeHNe HaunHAeT Hama [anakTHKa BO BpeMs, KOTja BO3PACT
ranaktuky C cranosutcst papubiM £ . CyauTh %e 0 CKOPOCTH JIFOGOr0 00beKTa

MOJKHO TOJBKO ONHpPAsCh HAa OIPEICIICHHYI CUCTEMY KoopauHaT. B cucreme
KOOpAMTAT 36MHOT'0 HaOItoAaTesns pacmupenue BeenenHoil 3amenssercs.

BoinosiHuB HeoOxonuMble MpeoOpa3oBaHusl, rpaduK ABMXKEHHS TalakTHK [1]
TpanchopmupyeM B rpaduK HU3MEHEHHUS JUIMHBl BOJHBI  HMCIYLIEHHOTO
raJJaKTUKaMU CBETAa B KOCMOJIOTUYECKON CUCTEME KOOPIMHAT:



2]

rne A — nama Tanaktuka, B — OTHOCHTENBHO GIU3KAs rajakTUKa, ISl KOTOPOM
3akoH Xa06una Beimonusiercsi, C — nanekas rajakTuka, f; — MOMEHT UCIYCKaHHUS

cBeta ranaktukoil C, paccuMTaHHbIN 10 3aKOHY Xa00Jia,  — MOMEHT UCITyCKAHUS
cBeTa ranakTukoil C , BHITEKAIOINI U3 MTOKA3aHUI «CTAHAAPTHBIX CBEYEN».

J5ist Toro, 4ToObl MOCTPOUTH IPAPUK M3MEHEHUS JAJIMHBI BOJHBI UCITYILIEHHOTO
rajJakTUKOW CBE€Ta, COOTBETCTBYIOLIMM IIOKa3aHUSAM «CTAHIAPTHBIX CBEYEH»,
HE0OXO0IUMO MOOJIMKE MO3HAKOMUTBCS ¢ KOCMOJIOTUYECKON CUCTEMOI KOOPAMHAT.
CucreMy KOOpJIMHAT 3€MHOro HaOmonaTenss M KOCMOJIOTHYECKYH) CHUCTEMY
KoopAuHAT OyjeM jJajiee Ha3bIBaTh cucteMou [1] u cucremoii [2]. Bpemennas och
CUCTEMBI [2] Ha3bpIBaeTCsl KOCMHYECKMM BpeMeHeM. Kakaplii MOMEHT BpEMEHU
paBeH Bo3pacTty BcelleHHOW, a 3HAYMT U BO3pPACTY KaXKJIOW TaJIAKTHKH, TAK Kak
TJIaKTUKU B 3TOM CHCTEME KOOPJIMHAT HEMOJABHXKHBI (UX CKOPOCTH OTHOCHTEJIBHO
CKOIUJICHHUS TaJlaKTUK B pacdeT He Oepytcs). CBeT, UCIYIIEHHBIN B cucteme [2] B

MOMEHT Z[z] U 3apeTUCTPUPOBAHHBIA 3E€MHBIM HaOJO/ATENIeM B HACTOSIIUM

MOMEHT [, JBUrasiChb B pPACLIMPAIOLIEMCA IPOCTPAHCTBE C IIOCTOSTHHOU
CKOPOCTBIO, 3a BpeMs [ —t[z] MPOXOOUT PACCTOSIHUE 7, pa3AeiIAIollee HaIly

[ManakTUKy ¥ MCTOYHUK M3JTy4YCHUS B HACTOAIIMM MOMEHT B cucteMe [2] (HO He B
cucteme [1]; He Hamo myTath ¥, ¢ xaOOJMOBCKUM pacctosiHueM 7 =Vvf,). T. e.

HA0JI0JaeMOE  pPACCTOSIHME, KOTOpPOE CBET MPOXOJUT OT HCTOYHUKA JI0
HaOmonarens B cucrteMe [1], B cucreme [2] pacTAruBaercs 10 pPacCTOSIHUS, Ha
KOTOPOM MCTOYHUK HAaXOAMUTCS B MOMEHT IMpUXOJa CBETa K HaOJII0JaTeNto.
[TocTOAHCTBO CKOPOCTH CBETa 00ECTIEUNBAETCS METPUKOMN MPOCTPAHCTBA-BPEMEHMU:
pacnpocTpaHEHHE CBETA ONMUCHIBAETCS YPABHEHUEM

R*(1)((Ax)" +(Ay)’ +(Az))=c* (A1)’ =0,

TaK 4TO



c(t,=1)=R(t,)1.

Ecnu Hayanmo u KOHel IIyTM CBE€Ta OTMETUTh MCTOYHUKOM U IPUEMHHUKOM
U3JIyYeHUs, TO ¥, — OTO PACCTOSHUE MEXKIY HUCTOYHUKOM M NPUEMHUKOM B
HYJIEBOH MOMEHT BpeMeHH. TeMn u3MeHeHUs (QyHKUUU R(l‘ ) IIPOU3BOJIEH,

MOATOMY CHUTYyallUsl Ha TIEPBBIA B3IJISAJ MOXKET IOKA3aThCs IMapagoKCallbHOM, HO
OHAa MOJIHOCTBIO KOHTPOJIUPYETCA IPUBEIECHHBIM YPABHEHUEM.
PaBencTBo
R(7)

A

=const

O3HAYaET, YTO CBET, HCIYLICHHBIH B MOMEHT [[;) C JIMHOW BOJIHbI Ay W aTOT *Ke

CBET, 3APETHCTPUPOBAHHBIA B MOMEHT [, C JUIMHOM BOJHBI A, CBSA3aHBI
PaBEHCTBOM

Paccrosinue r,, paszgernsromniee Hay ["aJlakTUKy M UCTOYHUK CBETA B HACTOSLIUN
MOMEHT B CHCTeME [2], M PacCTOAHHME Fiy), Pa3je/AIoONIee UX B MOMEHT [,

CBA3aHblI AHAJIOTUYHBIM PaBECHCTBOM

T 2] R(1,)

R Ri) "™ TR

M B KOCMOJIOTHYECKOM CHUCTEME KOOpAWHAT, U B CUCTEME KOOPAWMHAT 3€MHOI'O

HaOroAaTeNss UCHOJIb3yeTCsl OJAMH U TOT € HACTOSALIMH MOMEHT BpeMeHU [ .
OTtcroga MOXKeT BO3HUKHYTh COOJIa3H pacCMaTpUBaTh Hally CUCTEMY KOOpPAMHAT
KaK MECTHYIO 4aCTb KOCMOJIOTUYECKOU cucTeMbl. Ho 3710 miutro3usa. MomeHr £, —

€IMHCTBEHHAs! TOYKA MPOCTPAHCTBA-BPEMEHHU, KOOPJAUHATHI KOTOPOM B CHCTEMAX
[1] u [2] coBnanaroT. du3nuecku Mbl HE B COCTOSSHUM IPOHUKHYTH B CUCTEMY [2],
MOXEM TOJBKO MBICIICHHO MPUCYTCTBOBATh B HEM B Ka4eCTBE METaHAOIIOaTelIsl.
Kak Tonbko Mbl «(hU3UYECKN» CBSXKEM Ce0s C OTHUM U3 CKOIUJICHUM TajlakTHK, T. €.
MEepEIEM B CBSI3aHHYIO C HUM CHUCTEMY KOOPJUHAT, OCTAJIbHBIE CKOTUJIEHUS TYT K€
HAYHYT pa3JIeTaTbCsl OT HAC B Pa3HbIE CTOPOHBI C PA3IMUYHBIMU CKOPOCTSIMH.
Cornacao OTO, B cucteMe KOOpJMHAT, CBSI3aHHOM C OINpPEAETICHHbBIM (PU3NYECKUM
00BEKTOM, MaTepusi JABMKETCS TaK, KaK BEJIUT €l MPOCTPAHCTBEHHAs] METpPHKa
3TOM cuctembl. MeTpuka cucteMbl [2] 3acTaBisieT CKOIUJICHUS TaJlaKTHK
OCTaBaThCAd B MOKOE, METpUKa cuctemsl [1] 3acraBusier ux asuratbes. [Ipu sTom



METPUKH O00EMX CHUCTEeM JIOJDKHBI  OBITh  CBSI3aHHBIMH  ONPE/CICHHBIM
npeoOpa3oBaHUEM KOOpPJIUHAT.

OxkasbIBaeTcsi, 4TO 3aKOH Xa00J1a u1eaJbHO MPUCTIOCOOJIEH JJISl CBA3U MEXKIY
cucreMamu [1] u [2]. HaOmogaemoe paccTosiHuE 7,, HA KOTOPOM HaxOIUTCS
VMCTOYHUK M3Jy4EHUS B MOMEHT HCIIyCKaHHs CBeTa B cucteMe [l], cBs3aHO ¢
3aKOHOM Xabbna v = r/ ! , PaBEeHCTBOM

v, :r—rHv/ch.
1+v/c

CrenoBaTenbHO, MOMEHT HUCITyCKaHUs CBeTa B cucteMe [ 1] paBen

vt , l,
amnle=t, (I+v/c)e 1+v/c

I

MoMeHT 3TOro ke COOBITHS B cucTeme [2], T. €. BO3pacT TaJIaKTUKH B MOMEHT
MCITyCKAHHs CBETA, CBA3AH C [[;) PENATHBUCTCKUM MHOKHTEIIEM:

1-v/c
ty =tV c? =t X—.
21— Ve =1, J1+v/e

JUTMHBI BOJIH HWCIYIIEHHOTO HMCTOYHUKOM W PETUCTPUPYEMOro HaOIoAaTeneM
cBeTa cBA3aHbl popMynoi 3ddekra [Jomepa (yunTbiBaeM, YTO B 3akoHe Xab0ia

v>0):
1+v/c

SN vl

JI+v/c R(t,) t
A= _ i
;tow/l—vc %R(’[z]) e

Jl+v/e R(t,) _ t,

Yy =Ty —m_rp] R(l[z]) — 2] f ,

R(t)=at,

OTcro/1a HaXOOUM:

re d — IOCTOSHHAS.
W3 rpaduka [2] BUIHO, YyTO MO 3aKOHY Xa00yia CKOPOCTh M3MEHEHUs JJIMHBI
BOJIHBI CBETA B CUCTEME [2] paBHA
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JInuHa BOJIHBI CBETAa, B HACTOSIIUNA MOMEHT paBHas Cf,, YBEIMYUBACTCI CO

CKOPOCTBIO CBETa U B JIFOOOM MOMEHT BpEMEHM paBHA CI. MOXHO NPUPABHATH K
Hel MacIITabHBIN GakTop:

R(t)=ct.

Torpga paccrosHue MeXIy Halew [ anakTUKOW W TalaKTUKOW, yAANSIOIEUCS OT
HAaC CO CKOPOCTBIO V, B cucTeme [2] B 110001 MOMEHT BpeMeHU OYJET paBHO

| _Nl-v/e
,/1+v c

r,=R(t)r, R(tA)rO:c(tA—t[z]).

1, =ct

TaK KaK

W3 npuBeeHHBIX PaBEHCTB BUJHO, YTO 00€ CHUCTEMbl KOOPAMHAT HAXOASTCS B
MOJIHOM TapMOHHUM C 3aKOHOM Xa00ia. DTa rapMoOHUS — BECOMBIM apryMeHT B
[10J1b3Yy THUIOTE3bl paclIupeHuss BCeneHHON ¢ TOCTOSTHHON CKOPOCTBIO, HO €lIe He
J0Ka3aTeabCTBO. JloKa3aTenbCcTBOM SABISUIOCH Obl HEYCTPAHMMOE MPOTHUBOPEYUE
MEXKJy CHCTEMaMH KOOPAMHAT B CJIy4ae OTKJIOHEHWs pPacCUIMPEHUs OT 3aKOHa
Xab06na. [Tokaxxem, 4TO TakOe MPOTUBOPEUHE CYIIECTBYET.

Ecnu B cucteme [1] ckopocTh yanstomencs raTakTUKA B MOMEHT UCITyCKaHMS
CBeTa paBHa V, TO W B cucreMe [l], u B cucreme [2] €ll COOTBETCTBYET
ONpPEAEICHHAs JJIMHA CBETOBOM BOJIHBI, PETHUCTPUPYEMOM B HACTOSAIIUNA MOMEHT

ly:
(’[l]v")m = (264 )

,/1 +v/c
1-v/c
rac }’0 — JOTaJIOHHaiA JJIMHA BOJIHEI. I[aHHOC COOTBCTCTBUC ABIIACTCA

OCHOBOIIOJIAralomuM JiJisi corjacoBanust cuctem [1] u [2]. Habmogaemomy
pPacCTOSIHUIO, HAa KOTOPOM OT HAC HAaXOJMTCS TajakKTHKa B MOMEHT HUCITYCKaHUS
cBeTa B cucteMe [1], B cucrteme [2] COOTBETCTBYET PacCTOSIHUE, HA KOTOPOM OT Hac

HaXOJUTCS TallaKTMKa B HacTosuuid MoMeHT [ . CrenoBaTelbHO, CKOPOCTH

yAaJ€HUs TalaKTUKM B MOMEHT MCITyCKaHusi cBeTa B cucrteme [1] B cucrteme [2]
COOTBETCTBYET CKOPOCTh YBEIWUYEHUS PACCTOSHUASI MKy HAIIMMU TaJaKTUKaMH B

HACTOSIIIUNA MOMEHT [ ;:



(t[l]’ V)[l] - (tA’ '&)[2] ’

r7Ie TOYKa 03HAYaeT MPOU3BOAHYIO, T. €. CKOPOCTh U3MEHEHUS (PyHKIUU. Takum
o0pa3oM, ONpeJeIeHHON CKOPOCTH YBEIMYEHHS PACCTOSHUS MEXAY TaJlaKTUKaMHU

B MOMEHT [, COOTBETCTBYET OIpPEAECIECHHAs JJIMHA PETUCTPUPYEMOU BOJHBI, H,

CJIEJOBATEIbHO, OINPENEICHHON JJIMHE PETUCTPUPYEMOIl BOJIHBI COOTBETCTBYET
OIpeJieIeHHasi CKOPOCTh YBEIMUYEHHUS JITTUHBI BOJIHBI:

(tAv’&)[z] - (tA,/"t)[z],

(£ )y — (244

[2]

HesaBucumo ot Buza GyHkuun R (l‘ ) , 3Hauenus S u /I% B MOMEHT f, OJHO3HA4YHO
OINPENEISAIOTCS BEIUYUHON V, H, CIEI0BATEIILHO, CKOPOCTH YBEIMYCHUS JJIMHEI
BOJIHBI B MOMEHT [, paBHa Xa00JIOBCKON CKOPOCTH:

Tenepb, BBIICHUB BCC ACTAJIM, MBI MOXEM IIOCTPOUTH Fpa(l)I/IK HU3MCHCHUA
JJIMHBI BOJIHBI MCITYIICHHOTO rajJakKTUKOM CB€Ta, COOTBGTCTBYIOH_II/II\;I IMIOKa3aHUusAM
«CTAaHAAPTHBIX CBEUC:

v

VYrnoBoil kK03 (HULHEHT KacaTeabHOU K Ipa@uKy B TOUKE €ro rnepecedeHus
OCBIO [, paBeH ﬂ,/ {,, T. €. KacaTeJbHAasl COBMA/IAET C IPa(UKOM U3MEHEHHUSI IJTUHBI

BOJIHBI 1O 3aKoHYy Xa00mna. BumgHo, uto B cucteme [2] pacumupenue Bcenennoi
yckopsiercsi. Ho ecnu 6b1 B cucteme [2] pacimupenue Bcenennoit 3amensisiocs (B



ATOM CJy4yae JaJIeKHe TrajlakTUKU OKa3aJluch Obl K HAM OJIMKE, YEM MM IOJIOKEHO
ObITh MO 3aKkoHy Xa00ma), B cucteme [l] mokazaHusi onsATh OBUIH OBl
MPOTUBONOJIOKHBIMU. Coriacue Mexay KOCMOJOTMYECKOW CUCTEMON KOOPAUHAT
Y 3€MHBbIM HaOJIOJaTelleM HACTyMHaeT TOJIbKO B Cilydyae pacluupeHus: BeeneHHol ¢
MOCTOSIHHOM CKOPOCTBIO.

Takum oGpa3zoM, Teopema O MOCTOSTHCTBE CKOPOCTU paciiupeHus: BeeneHHoit
JI0Ka3aHa.
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