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B pamxax npocmeiiweii wecmumepHol mpaxmosku pacuupsiowelica Bcenennoii xax mpéxmepuoi
cghepol, AsnAOWeNCs nepeceueHuemM mpéx NPoCmetiux 2eoMempuieckux 00vbeKmos KOHeUHblX pas-
MEPO8 8 WeCMUMEPHOM e6KAUOOBOM NPOCMPAHCIGe — MPEX PABHOMEPHO PACUUPSIOWUXCS NAMU-
MepHbiX chep — 011 cyeHapus, 8 KOMOPOM CKOPOCHb C8eMd 8 UeCMUMEPHOM NPOCMPAHCMEe No-
CMOAHHA 80 BPEMEHU, UMO COOMBEMCHEYEm YCI08UID COXPAHEHUS IHEPIUlU KAHCOOU leMeHMAPHOU
yacmuysl 8@ IMOM NPOCMPAHCIEE, NPOBOOUMCA YUEm GIUAHUSL 803PACTHANHUS CKOPOCMU céemd 8
mpéxmepHou BcenenHoll Ha KpacHoe cmeujeHue cnekmpa yOaiéHHbIX UCOYHUKO8 U HA meopemuye-
CKUe 3a8UCUMOCU OM KPACHO20 CMeWeHUs, COnocmasisemvle ¢ OAHHbIMU HAOII00eHU.

B 1997 r. 6buta o6HapyxeHa camas nanékas cBepxHoBas, SN 1997ff ¢ kpacHbIM cMmertie-
HUeM Zz, paBHbIM 1.7. E€ sipkocTh oka3zanack B 1.5 pa3a MeHblle, YeM MpEANUChIBaia CTaH-
JapTHas Kocmosorus. /s ycTpaHeHHUs 3TOro pacXx0kKIE€HUS MEKIY TEOpUEH U IKCIEPUMEH-
TOM B paMKax IPUMEHEHHUS YpaBHEHUN DUHIITEHHAa K KOCMOJIOTUHU MPHUILIOCh KOCMOJIOTHYe-
CKYIO IOCTOSIHHYIO ITOJIOKHUTbh PAaBHOW BEJIMYMHE, NPU KOTOPOH NapaMmeTp 3aMelUIeHHs pac-

mupeHys BeeneHHONW ¢, OKasalics OTPULIATEIIBHBIM, YTO COOTBETCTBYET pacIuMpeHuro Bee-

JIEHHOM C YCKOpEHHEM, a HE C 3aMeJUIeHHeM, Kak nosiarand padee [1]. OgHako 1Mo JaHHBIM
Kennepmana [2], n3MepHUBIIEro 3aBUCUMOCTh YIJIOBOTO pa3Mepa CTaHIAPTHBIX PaIMOUCTOU-
HUKOB JIMHEHHOTO pa3mepa B 41 MK OT KpaCHOTO CMEIICHUS Z U CPABHUBIIETO €€ C COOTBET-

CTBEHHBIMU TEOPETHUUYECKUMHU KPUBBIMU IIpHU ¢ (, , paBHbIX 0, 0.5 u 1, BUJHO, 4TO yIOBIETBO-

pUTENBHOE corjlacue ¢ HaOMoaeHuAMHU aocturaercs npu ¢o = 0.5, a mpu OCTaIbHBIX ABYX
3HAYCHUSAX (, PACXOXKICHHE TEOPHH C HAOJIOJCHUSAMHU HEIPUEMIIEMO BEIHKO (cM. puc.l).

Ilpu g, < 0 oHo emg¢ Gosbuie. IloaTOMY BBei€HUE B YpaBHEHUSI TEOPUU KOCMOJIOIMUYECKOTO

YJIeHa HE CMAcaeT MOJIOKEHHS.

Tem He MeHee, HEIOCTATOK SIPKOCTH KOCMOJIOTUYECKHU JaIEKUX UCTOYHUKOB OOBSCHSAETCS
mecTuMepHoi kocmosorueit [3,4]. IIpuunHoil 3TOI HEOCTATOYHOCTH SBJISETCS BO3pacTaHHUE
CKOPOCTH CBETa C TEUEHUEM BPEMEHH, TaK YTO B KOCMOJIOTMYECKH AaIEKOM IMPOILIOM, COOT-
BETCTBYIOIIEM OOJBIINM Z, CKOPOCTh CBETa ObLIa CYLIECTBEHHO MEHBUIE I MPEeANouTH-
TEeJIbHBIX MapameTpoB Teopun 7 =—4.9, ¢ =0.9, npu KOTOPHIX YJIOBIETBOPUTEIBHO COTIJIa-

CYIOTCA TCOPCTHYCCKUC U HaGHIOHaTCJILHBIC JaHHBIC. Bce xomudecTBeHHBIC pPE3yJIbTaThl Aa-
Jee npuBoAATCs Takxke i T =—4.9 . Jleno B TOM, 4TO COTJIaCHO MCIIOJIb3YEMOM B KOCMOJIO-
run popmysie [lnaHka criekTpaibHasl TNIOTHOCTh WHTCHCUBHOCTH M3IYYCHHS YEPHOTO Teja
3aBUCHUT OT CKOPOCTH CBETa ¢, B MeCTe u3iayueHus [5-7]. 3aech u nanee 3BE30UKOM TOMeUa-

CTCA COOTBCTCTBCHHAA BCIIMYMHA B MCCTC U3JTYUYCHUS.

176



InO

1.5

0.5

lg z
Puc . 1

B [3.8,9] nana mectumepHash reoMeTpuueckas TpakToBKa mpeoOpazoBanuii JlopeHa,
MHTEpBaJIa TEOPHH OTHOCHTEIBHOCTH, PEISTHBUCTCKOW MEXaHWKH, CIMHA W W30CIHHA, CO0-
CTBEHHOT'O MarHUTHOI'O MOMEHTa, ()OpMYyJIbl TOHKOW CTPYKTYpBI, pa3iuyus MeXJly dacTula-
MU W aHTUYACTUIIAMHU, JJIUHBI, (a3el U CKOPOCTH BOJH A€ bpoitns, ypaBHenust Kieitna —
I'opnona, CPT-TeopeMbl, KBapKOBO MOJENM HYKJIOHOB, METPUYECKONH TEOPUU TATOTEHUS.
TpakToBKa OCHOBaHA Ha IMPUHLUIIE OAMHAKOBOCTH OCHOBHBIX CBOWCTB CBETAa M BELIECCTBA,
IpUMEPaMU YEero SIBIIAIOTCS AUPPaKIUA 3IEKTPOHOB U PoTo3((HeKT. ITOMY NPUHIHITY COOT-
BETCTBYET MPEAINOJIOKEHUE O ABUKEHUN YACTHUL] BEIIECTBA CO CKOPOCTBIO CBETA B MHOTOMEP-
HOM mnpocTpaHcTBe. IIpocTpaHcTBO IpeanonaraeTcs MECTUMEPHBIM, ITIOCKOJIBKY TOJIBKO JUIS
HEro BO3MOKHA MPOCTasi TPAKTOBKA CIIMHA U U30CNHMHA. PaccMaTpuBaeMbIi TOAXOA BEAET Ha-
yasio oT unen @. KneiiHa 0 JBMKEHMM YaCTHLl CO CKOPOCTBIO CBETa B MHOTOMEPHOM IIPO-
ctpanctBe [10-12] m yTBepkaeHuss OHWHINTENHHA, YTO «IIPUPOAAa IKOHOMUT Ha MPHUHIIHU-
nax». [lepBoe 000CHOBaHME LIECTUMEPHOCTH MPOCTPAaHCTBa ObLIO faHo B [13], rne momyue-
HBbl TEOPETHUYECKUE 3HAYCHHUS (YHIAMEHTAIBHBIX (DU3MYECKHX ITOCTOSHHBIX.

[TpocTeluM reoMeTpruuecKuM 0ObEKTOM KOHEUHBIX pa3MEepOB B LIECTUMEPHOM €BKJIH-
JIOBOM TIPOCTPAHCTBE sIBiIAeTCA NsATHMepHas cdepa. [loaToMy mpocreiiiieil mecTuMepHOn
TPAKTOBKOM pacluupsrolieiics TpexMepHoi cdepsl ABIsSeTcs MpeacTaBleHre e€ Kak nepece-
YeHUs] TPEX paCIIUPSIOUIMXCS B LIECTUMEPHOM €BKJIUAOBOM IPOCTPAHCTBE MSATHUMEPHBIX
chep — TpEX MATUMEpPHBIX chepuyeckux (PPOHTOB BO3MYILEHHUH, pAaCHpPOCTPAHSAIOLUIUXCS B
3TOM HpPOCTpaHCTBE. TeM cambIM IPENoaraercs, YTo 3TH BO3MYLIEHMs (MX MpHUpOJa 31eCh
HECYIIIECTBEHHA) MPOU3OIIIM B pe3yJibTaTe TPEX CAMOCTOSTEIbHBIX "B3PHIBOB" B LEHTpax
YKa3aHHbIX NATUMEpPHBIX chep. Touka mepBOro CONpPUKOCHOBEHHS BCEX TPEX MATUMEPHBIX
cdep COOTBETCTBYET MECTY BO3HHMKHOBEHMS TPEXMEPHOH BCEJIECHHOW B LIECTUMEPHOM MpO-
cTpancTBe. HeorpannmueHHoe pacmpeHue TpEXMEpHOW Cepbl MOXKET MPOUCXOIUTH JHUIIb
IpU OJAMHAKOBOW CKOPOCTHM PACIIMPEHHUs BCEX TPEX MATHUMEPHBIX cdep, e€ o00pa3oBaBLIMX
(lanee 3TU CKOpPOCTH IMOJaraeM OJAMHAKOBBIMH), B IPOTUBHOM CIIy4yae pacllupeHHue TpEXmep-
HOU cepbl CMEHUTCS €€ CXKATUEM, CTATHBAHUEM B TOUKY U UCUE3HOBEHHEM.
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Pacmpenune natumepHsIx chep mpeanonaraeTcs paBHOMEPHBIM. TeM caMbIM BBOIHUTCS
KOCMOJIOTUYECKOE BpEeMs [, OTCUMTBIBAEMOE OT MOMEHTA IIEPBOIO IEPECEUYEHUs] BCEX TPEX

nsTUMepHbIX cpep: R = Csf, rae ¢ —IOCTOSHHAs CKOPOCTh PAaCIUMpeHHs 3THX cdep,
Ry —pa3HOCTB TEKYINEro pajauyca KakoW-Iu00 M3 MATUMEPHBIX cep U €ro 3HaYECHUS B MO-

MEHT IepBOro nepecedenus. B [4] mokazano, uro Texyumii paguyc R’ TpéxmepHOi cepsl B

MOMeHT ' paBeH
R'=+/ARY +2pR} (1)

rne A u p — nocrosHuble, R§ = c5t’, oTKyMa cnexyer:

dR'/dR, = (AR, + p)/R' =~/ A+ (p/R') . 2)

U3 (1) u (2) Buano, uto mpu A >0 pagmyc R’ MOHOTOHHO BO3PAacTaeT ¢ yBeIUUEHHEM Ré

Ha monyocu R >0 mpu p >0 u ma nomyocu Rs > -2 p/A npu p <0 . Tlocnennuii crydait

OTHOCHTCS K HaOmomaemoi Beenennoit. U3 (1) u (2) cneayer Takke, 4To JJIs1 HBIHEIITHETO
paauyca TpéxmepHoi chepbl R ¥ HacTosIEro BpeMenu ¢

R/R = (z+1)/[(z+2)],

rne 7= ARs/p = Acst/p. Hauany pacumpenus TpéxMepHoii chepbl COOTBETCTBYET MOMEHT

BPEMEHH f, = (]p‘ - p)/ (4c; ), nostomy
a/e=0/d)-(/2),  1-4, =(1+3jt mpu. 7 < 0. (3)
T

IMpu BeiOpantom T [ / 1 =0.408.
W3 (1) u (2) Haitném napameTp 3aMeUICHUs PaCIIUPEHUsI TPeXMEpHOH chepsl

go =—RR/R* =1/(1+ )

2

y1o paBHO 0.066 — TOrO )€ nopsaka BenuuuHe, yto u ¢ = 0.04, nomydyenno# B [14] mo me-

tony EMN (Evrard, Metzler, Navarro), He CBSI3aHHOMY C BETUYMHOM MOCTOsTHHOM Xab0:a.

B npocreiiieM KOCMOJIOTHYECKOM CLIEHAPUU BEIMYMHA CKOPOCTH CBETA B LIECTUMEPHOM
IPOCTPAHCTBE C¢ IMOCTOSIHHA BO BPEMEHH B CHCTEME OTCYETa, CBSA3aHHOM C LIEHTpaMU MATH-
MepHBIX chep, 00paszyromux TpEXMEepHYIo cepy, TM00 ¢ LEHTPOM caMoi TpEXMEpHO cde-
pbl. OrpaHun4UMCsl PaCCMOTPEHUEM JIMILb TOCIEAHETO CITydasi.

Bce nanpasnenus Ha TpéxMepHoil chepe B m000ii e€ Touke NeprneHIUKYISPHbI HAIlPaB-

JeHuto pacmupenus cgepsl. [loaTomy ckopocTh cBeTa Ha TpéxmepHoi chepe ¢ R') U CKO-
pocTh  pacmupeHus cdepbl [0  paauycy R’ cessaubl teopemoit  Iludaropa
c’ (R')+ R'"* = const.Tloncraus croma (2)  TOTOKHB cé = 052 (4+B),rne B -
IIPOM3BOJIbHAS MIOCTOSIHHASA, HAUAEM

A(R)=c2[B-(p/R] )
CkopocTb cBeTa Ha TPEXMEPHOU cdepe momydmnach 3aBUCALICH OT paanyca 3Tod cdepsl, a

3HAYUT, U OT BpeMeHu. OHaKo, Oyaydu BEIICCTBEHHOW BEJIMUYMHON, OHA yIOBIETBOPSET (4)
JIMUIb IIPU NTOJIOKUTEIBbHOM MpaBou ero yactu. IloatoMy cienyer npuHsaTh

c(R)=csReyB~(p/R')' =

©)
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rae C — CKOPOCTh CBETa CErOfHs, ¥ = R'/R , W= q/p, q= A/B , p= A(R/p)2 , TIpH-

yéMm cornacHo (1) p = (T + 2)1' . Ha puc. 2 npezacraBieHa CKOpOCTh CBETa, OTHECEHHAS K
C,ma ¢g=0.9, 1.1, 1.3. Ha Bcex pucyHkax Hymepauusi KpUBBIX, COOTBETCTBYIOIIMX pa3-
JUYHBIM ¢ , UAET B IOPSIJIKE BO3PACTAHUA (] .
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Paccrosinue Ha TpEXMepHOii chepe pamryca R or eé momoca 0 TOYKH C YIIIOBOM KOOpP-

o ! r_! )

nuHartoit ¥ Oymer R'y'. Ilycth B momoce HaXOOUTCsS HAOIIOAATENb, & B MPOM3BOJIBHOM

TOYKE TPEXMEPHOH cepbl ¢ PUKCUPOBAHHBIMU YTIOBBIMU KOOPAMHATAMU — UCTOUYHUK CBETA,

IpUMEM, YTO } — YTOJ MEXIy HAIpaBJIEHUSIMU B TOUKY UCTOUHHMKA U TOUKY HAOIIOAEHHUS,

NpOBENEHHBIMU U3 IIeHTpa TpéxmepHoi cdepsl. [Ipu pacmmpennn TpEXMEpHOi chepbl CKo-

pPOCTh yJAaJeHUs MO HeW MCTOYHMKA OT HaOJIIoJaTessl MPOIMOPILHOHAIBHA 3TOMY YAAJICHUIO
(3akon Xab6a) u pagHa vV = YR = R;(R/R = SR/R, e s=Ry.

OpnHako HaOMroaTeNb BUAUT HMCTOYHMK CBETA HE TaM, I'JI€ ATOT UCTOUYHUK HaXOIUTCs (Ha
TpéxMepHOU chepe paauyca R ), ¥ He TaKUM, KAKMM OH SBJISETCS B MOMEHT HAOIIOJEHUS, a
Tam, Iie OH Haxoawics (Ha TpEXMepHO# cdepe paamyca R,) U TakuM, KAKHM OH ObUT B MO-
MeHT u3nydeHus. Jlyu cBeta, BBIIEANINI U3 KaKOKW-THOO TOUKHU PACHIMPSIONIEHCS TpEXmep-
HOU c(epsl, OMHMCHIBACT CNHPab, PACKPYUHBAIOIIYIOCS B TUIOCKOCTH, TPOXOJSINEH uepes
LEHTp 3TOW cdephl, TOUKY HUCTOUYHMKA M TOUKY HaOmojeHus. IIpu mpoxoxaeHuu 1o 3Tou
chepe mytn umHON dG (OTOH MOBOPAYMBAETCS B YKA3aHHOM IUIOCKOCTH HA YTOI

! !
—dy'=dg/R’, (6)
OTKYZa CJIEJyeT, 4TO CBET OT MCTOYHHMKA, HAXOASIIErocs OT HabIoAaTens Ha PUKCUPOBaH-
HOM yTJIOBOM PAacCTOSIHUU ) B 3TOU IJIOCKOCTH, MPOXOIUT IO PACIUIUPSIOIIEHC TPEXMED-
HO chepe myTh

X
c(x)= jR'dX'. 7)
0
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CKOpOCTb YAAJICHUA HCTOYHUKA OT Ha6HIOI[aTeH§I — U3MCHCHHUC 3TOI0 MyTHU B CAUHUILLY BPC-
MEHH u( V4 ) = g( ;() — cornacHo (6) u (7) 6yner

X . R er R C(R,)
u(y)= J.R'd)(' = j—dR' = I—dR’, (8)
0 P dt » R
rae R — pamuyc tpéxmepnoii cdepnl ceroans. [Toacrasus (5) B (8), mocjie MHTErPUPOBAHUSL
Oy YHM

r

M(R*)/C*=1—Lw(r)ﬁ mpr 7> w, ©)
r —-w

e Lw(r):m+ln[(r+\/r2—w)/(1+M)J, c, = c(R*)_
Opu 1-r<<1 Lw(r)z\/rz—w, u(R,)/c(R)~1-r.

KocMmorornyueckoe kpacHoe cMelIeHue, 00yCIIOBICHHOE TOJIBKO 3¢ dexrom Jlormepa (ero
MbI 0003HAaUMM MOKa Yepe3 Z, , OCTaBlsAs 0003HAUEHHE Z M OOLIENpUHATON B HabmIO1a-

TETbHON KOCMOJIOTUU BEJIMYUHBI), YIOBIETBOPSET COOTHOLICHHIO [6]

u(R,) (1+z,) -1

= , OTKyzaa u u3 (9) cnenyer

cR) (1+2z,f+1

1+Zd= 2[1—(,”)_1 . (10)
w
OpnHako sHeprus KaxIoW 3JeMEHTapHOW YacTHIbl, B TOM 4ucie (OTOHA, YBEINYUBAETCS
IPOTIOPIMOHATIFHO KBaJPaTy CKOPOCTH CBeTa. ITOT 3P PEKT 00yCIOBICH MOCTOSHCTBOM TOJI-
HOW HEPrHM 3JIEMEHTapHBIX YaCcTHUI[ B IIECTUMEPHOM MPOCTPAHCTBE U 3aMEIJICHUEM pacIlu-
penus TpexmepHoit ceprl. [Ipu 3ToM sHEprus GoroHa B MOMEHT NPUX0Ja B TOUKY HaOIIo0-
JICHUS ¢ Y4ETOM KOCMOJIOIMYECKOT0 PacIIMpeHus TpEXMEpPHOH cepsl OyaeT paBHa

hv =hw,(c/c, )2 l—l-lz : (11)
d

rac Vv, — 4acToTa U3JIy4CHHUs B CUCTEMC MCTOYHHKA. B HaGJIIO,Z[aTeHBHOﬁ KOCMOJIOTUH KpacC-
HOC CMCICHUC Z ONPCACIIAIOT U3 COOTHOIICHUSA

v=v,,/(1+2) (12)
MEXK]ly PETUCTPUPYEMOM YaCTOTOM V XapaKTEPUCTUUYECKOrO M3JITYUYECHHS U COOTBETCTBEHHOM
4acTOTOH V), XapaKTEPUCTHYECKOTO U3IYYEHHs, NONYy4EeHHOro B naboparopun. U3 (11) u
(12) cnenyer

> 1 1
hv(c/c,) ——=hv,, —. (13)
1+z, 1+z
I[J_Iﬂ JaCTOT XApaKTCPUCTUUYCCKOIO HU3JIYUYCHUS BOI[OpO,Z[OHOI[O6HOFO aToMa Ipu nepexonc
5JIEKTPOHA C KAKOr0-1ub0 M1 -T0 SHEPreTHYECKOro YPOBHs Ha 7 -i HMeeM:

2
Vi = m‘;lc [s(m)—s(n)], (14)
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2
v, = MeCs [s*(m)— s*(n)] (15)

2
rjIe M, —Macca JJIeKTpoHa, Z — 3apsAI0BOe YMCIO spa atoma, O = € / Ic — nocrosuuas

TOHKOU CTPYKTYpBIL, O, = ef/h*c*, S(m) = \/1 - (Za/m)z R S*(m) = \/1 — (ZOC*/m)2 .
N3 (13)-(15) naitném

1+z=(1+2z,)

2
s(m)—s(n) s(m)+s(n) (
s, (m)—s,(n) s,(m)+s,(n)\ a,
Otcro/1a BUJTHO, YTO €CJIU MTOCTOSIHHAS TOHKOM CTPYKTYPBl HE MEHSIETCA BO BPEMEHH, a 3TO C
00JIBIION TOYHOCTBIO NOATBEPHKICHO HAONIOAEHUSAMH, TO Z; = Z (3THM CIy4aeM paccMOT-
peHue ajee OrpaHuurUBAETCS).

BOHpOC 0 3aBUCHUMOCTH ¢, OT Z MOXHO PCIIUTh, U3MEPHUB OTHOIICHHUA XapaKTCPHUCTHU-

YECKHMX 4acToT V, . / V pk » COOTBETCTBYIOLIUX MEPEXOJaM C PA3IHYHBIX (mu p) umm Ha

pasnuunele (71 k) sHepretuueckue yposHu. Toraa, ucnonssys dopmyiy (15), momydnm
ypaBHEHHE

Vow _sm)-s.ln)_ = s.(p)s.(8)
Ve 8.(p)=s.k) k= p7 5,(m)+s,(n)
aepes Vi, [V i -

st dynkiuu [Tnanka F (V*,T;) M3JTyYaroIeil CrlocOOHOCTH 3BE3/IbI C TEMIIEPAaTypoit (o-

, U3 KOTOPOI'0O MOXXHO BBIpa3uTh 0, (Z )

Toceppl 7, Ha dYacToTe M3JIy4YeHHs V, B cuUcTeMe 3Be3dAbl umeem [5-7]:
-1

hv? hv
F (V*,T ; )dv* = 2r—5~| exp k*T* —1| dv,. 3necy u nganee 3BE370UKOI TTOMEYaeTCs CO-
c

* *

OTBCTCTBCHHAA BCIIMYMHA B MCCTC U3JIYyUCHUS. MaKCI/IMYM CIICKTpa COOTBCTCTBYCT YaCTOTC

Vi » cBs13auH0M ¢ kT, coornowenuem [5] h,v,, =kT,x,, ,rne x, =2.82144 — xopeHs

*m o
ypaBHEHUS X = 3[1 — exp(— x)] I[Tpu aTOM

3 -1

h,v, Vv,
F(v*,T* )dv* = 2m——| exp x, |-1| dv,. (16)

* V*m

CymiecTBeHHO, 94To (popma crieKTpa 3aBUCHUT JIUIIH OT OTHOIICHUS V., / Vi - IHTErpHpOBa-
Hue B (16) mo Bcemy uana3oHy 4acTOT € y4€TOM TOXIeCcTBa [5]

o0

3 -1 4 .
jx [exp(x) — 1] dcx=m / 15 nmaér nns mnotHOCTH MOmHOCTH M3TydeHns U, :
0

0

U, = JF(V*,ﬂ)dv* =

0

27°h,
1503

(Ve / X ). (17)

2
HOCKOJ’II)Ky OHEPIUA YaCTHUIBI BEMICCTBA IPOIIOPpIHOHAIBHA C, , TO COITIAaCHO IMPUHITUITY

OJIMHAKOBOCTH OCHOBHBIX CBOWCTB BEILECTBA M CBETA dHeprus poToHa /,V, Takxke IPOIOp-
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LHAOHAJIbHA cf B MecTe ero uanyuyenus. Ho wacrora uznyuenus V, mponopuuoHayibHa C, .
Ortcrona cineayer, 4to
h,=hc,/c, v,=v,,c.]c. (18)
W3 HEM3MEHHOCTH BO BPEMEHHU ITOCTOSIHHOM TOHKOU CTPYKTYpPBI O, = ef / h.c, cremyer Tak-
xKe, uTo €, = €cC, /C . Iloncranoska (18) B (11) naér v =v,,, /(1 +2z, ), COTIOCTABJICHHE
4ero ¢ (popmyoii (12) BHOBb IPUBOJMT K IOJyYEHHOMY BBIIIE pe3ynbTaty Z,; = Z. [lpn

3TOM, YYHUTBIBAs, 4TO V, /V*m = V/Vm , TIE Vm — YacToTa IPpUHHUMACMOI'0 U31y4YCHUs, HA

KOTOPOH HAOIIOAACMBIN CIIEKTP UMEEeT MakcuMyM, hopmydisl (16) u (17) MOKHO TIpeICTaBUTh
-1

4
m? 3 5 3

B Bune F(v,,T,)dv, = 27[L2 exp(ime—l dv(1+z)4c—3, U, = 2n ﬁl 1+ZV C_*,
¢ v ¢ 15¢ \ x c

m

3
w

m

TaK 4TO CBETUMOCTD L* JaJICKOT'0 HCTOYHHKA OKAa3bIBACTCA MCHbBIIC CBETUMOCTHU L TaKoIo
K€ NCTOYHHUKA, HO HAXOAAIIECTOCA HA KOCMOJIOTHYCCKU OJIM3KOM PacCCTOAHUU:
3
=L(c,/c) (19)
OﬂHaKO T'paBUTAllMOHHAsA MOTCHUOHAJIbHAA SHCPTHA, a CJICAOBATCIbHO, U T'pPaBUTALIMOHHAA

2 2
TIOCTOSIHHAS TOXe MPOTIOPIHOHANBHEI C, , Tak uto G, = G(C* / C) . [ToaTomy naBneHue rpa-
BUTAIMOHHOT'O CXKAaTHA BHCIIHUX CIOCB 3BE3JbI, a CIICAOBATCIBbHO, 1 HpOTHBOHeﬁCTBYIOHICe

2 .
eMy JaBJICHHE CBETa BHYTPHU 3BE3/bl TaKXKe MPOMOPLHMOHANBHBI C, . C Apyroil CTOpOHBI,
IUIOTHOCTh SHEPTUM HM3Iy4YEeHHs MPONOpPLHMOHANbHA JaBieHuio cera. [loatomy B dopmyre

. 3 S
(19) ¢ yuérom 3aBucumoctu (G, OT C, MHOXKHTETD (C* / C) CJleayeT 3aMEHUTh Ha (C* / C) ,

= L(c./c). (20)

Ha puc. 3 npencrasnensl ¢hyHKIUHA Z(r), paccuutanubie o Gopmymnam (5), (10) npu

TaK 4To OyJeT

Zy; =Z nna ¢, paeubix 0.9 u 1.3.
t
Ucxons uz (6), Ans yriioBoro paccTOSHUS 10 UCTOYHUKA UMEeM ) = I[C(R')/ R']dl‘
Ly
HO,I[CTaBJ'I}I}I crona (2) u (5) nocJie HHTETPUPOBAHMS HAUIEM

_ J‘ \/X/Q) dx = \/p q+\/p+1

X Jl+x \/7 \/pr —q+\/pr 1
1 arcsin (l_q)p_zq—arcsin (l—q)pr —22(] npu r>Aw.
2 (1+qg)p (1+q)pr

U3 (9) BUIHO, 9TO HAa TOPU30HTE COOBITHI (Z =, ¥ =7, ) L, (I’) =0, orkyna cnemyer

r, = [CD + (W/ CD)]/ 2, e ®= (1 ++/1- w)exp(— NI W). I[IpenenbHble 3HAYEHHUS
X = X COOTBETCTBYIOT V' =7, . Ilpu ¢, paBubix 0.9, 1.1 n 1.3 umeem: 7,, =0.416, 0.427 u
0.437, x., =0.772, 0.667 u 0.586. Panuyc Meraranaktuku pasen RSin y, . JoctynHas Ha-
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OJIIOIEHHIO YacTh 00BEMaA TPEXMEPHOI chephl paBHA [2 Ao — sin(2 Ao )]/ 27T ¥ TIpU TeX XKe

q cocraBiser 8.68, 5.76 u 3.98% . Ucropust Bcenennoii mpu 7 < 7, CKpbITa OT HaOIIOIE-

HUI. OTO cornacyercst ¢ AaHHbIMU [7, 15, 16] 0 cekTpe MUKpPOBOIHOBOIO (POHOBOTO M3ITY-
YEeHHUs, KOTOPBIA OKa3aJICs 3BE3THBIM, CHIIBHO CIBUHYTHIM B HU3KOYACTOTHYIO O0JIACTb.

L, 1
47r(R sin;()2 (1+z,)

Y
3nmech L, — aGComoTHasE CBETHMOCTh HCTOYHHUKA, 471'(R sin )() — IUIOLIa/b MOBEPXHOCTH

Buaumas cBeTuMOCTh S paBHa S =

> (cfe.)”

. . -2
JIBYMEPHOH cepbl, 0 KOTOPOH pacTEKIOCh U3JIyY€HNE K MOMEHTY HAOII0ACHHUS; (1 +z, )
YUUTBHIBAET YMEHBIIICHNE SHEPTUH KBaHTa W3-3a ¢ ¢ekra Jlomnepa 1 yMEHBIICHUS YaCTOTHI

2
npuxoJia KBaHTOB K HaOmromarento [6]; MHOXHTEThb (C/ C*) OMHCHIBAET OTHOCHUTEIILHOE

YBCIIMUCHUC SHCPIrUn q)OTOHa Ha IyTHU OT UCTOYHUKA 10 Ha6JIIO,Z[aTCJISI BCJICACTBHUC BO3pacCTa-
HUS CKOPOCTH CcBeTa 3a BpeMs myTu. Otcrona u u3 (20) BUgHO, 4TO

L 3
S = 5 (C*/C) , YTO MEHBIIE COOTBETCTBEHHOM BEIMUMHEI npu

47(Rsin 2V (1+2)

3
c,=c.llpu z =1.7 (c/ c*) =1.421. 3gecp B kauecTBe (POTOMETPUUECKOIO PACCTOSHUS

) 3/2
sin y(z)| ¢.(1)
sin (1) [ c.(2)
paBubix 0.9 u 1.3, npeacrasneHa Ha puc. 4 kpuBbiMH 1 1 2. COOTBETCTBEHHAsI 3aBUCUMOCTh

0.55
z , MPCAJIOKCHHAA B. C. TpOI/II_IKI/IM A CTAaTHCTUYECKH OOOCHOBaHHAS JJIA

burypupyer BelIn4yuHa (c/ Cy )3/ *Rsin x. Oynxuns & (z) = s g,

107%° <2<0.5 [6,17-19], a Tawke npennoxennas W. E. Ceranom [20] 3aBHCHMOCTL OTHO-

CUTEJILHOTO PaccTosHuA = oT Z: 2(z) = (4/ n)arctgx/; , TIPEJICTABJICHBI TaM Ke.
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3aMETHBIN BKJIaJ B YBEIMUYEHUE SIPKOCTH JANEKMX UCTOYHHMKOB 10 CPAaBHEHUIO CO CITy-
4aeM pacIpOCTPAaHEHUS CBETa B €BKIMIOBOM TPEXMEPHOM IIPOCTPAHCTBE BHOCUT HEKOTOpas
(dokycupoBka cBeta, 00ycIOBICHHAs KpUBU3HOW BceneHHoM, MOCKONBKY CBET pacripeaessier-

CsI TI0 TIOBEPXHOCTH IBYMEpHOit cepsl pamuyca RSIny | a He g(}() u He Ry . ®axrop ¢o-

KYCHUPOBKH ( X / sin y )2 npu ¢ = 0.9 Ha kpato Meraranaktuku (Z = o0) paseH 1.25.

1.5
a
1
0.5
0
0 1 2 3 i 4
Puc. 4

Bmecto ¢opmynsr (7) mna dyHKuuu g( ;() MO’KHO HCIIOJIb30BaTh MPEICTABICHHUE

t R

c(x)= jc[R'(t')}z’t' = I[C(R')/R']dR', rie !, —MOMeHT usiydeHus, R, — paauyc
-

TpéxMepHO# cdepsl B 3TOT MOMeHT. [loactaBus croaa (5) u (2), Haitaém

Re ———-——d
R ZJ_I q x1+x;p @1

Orctona u (10) MmoxHo Buneth, utoipn 1—r<<1 z, =1-r,

o/R= (1= =) p+Dql/2~ V(o = a)/[(p + 1)a .. (22)

C npyroii cTopoHsl, ipi Z << | cmpaBennne nuHelHBIH 3aKk0H Xa00a, BEIPaKAIOMIHUIA pac-
CTOSIHME G 4epe3 Z M MOCTOsHHy10 Xabbona H :

c=zc/H,. (23)

Hckmouns ¢ u z,; u3 (22) n (23), Haiigém:
RH, _ | p*l (24)
¢ pP—q
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Otciona BuaHo, uto mpu o =50 xkm/cMrnk C/ H, =6000 Mux u paguyc Beenennoit —
TpéxMepHoH cdepsl — coctasisieT 6085, 6778 u 7425 Munk npu ¢ =0.9, 1.1 u 1.3 cooTBercT-

BeHHo. RH /C TpH 3TUX ¢ paBHO cooTBeTcTBeHHO 1.014, 1.13 1 1.238. ITpu z<< 1 co-

rnacuo (7), 8) u = Ry = ¢ R/R = ¢z, . Orcrona u u3 (23), (1) 1 (3) nonyunm
RIR=H,, R=cq(p+1)/(p-q).

R=c(t—t )ty q/(p-q). H,(t—t)=1+(1/7). (25)

VYuér kpuBu3HBI TPEXMEpPHOH cepbl pu 00pabOTKE MaHHBIX HAOJIOJACHHN CBOIUTCS K
3aMeHe PacCTOSHMS 110 MPsAMOI Ha paamyc RSIn y nBymepHO# cdepsl, IO KOTOPO pacTek-

Joch  UW3Ny4yeHHe  HaOmolaeMoro  o0beKTa, M HCIOJIb30BAHUIO  COOTHOILEHUS
9(2)= f/ Rsin X (Z ) OHO CBA3BIBAET yroj 9(2), MOJ1 KOTOPBIM BHJIEH OOBEKT, C €ro JIH-

HeifHbIM pa3smepoM ¢ ¥ pajuycoM 3Toi IByMepHOM chepbl B MOMEHT H3JTydeHHs. TO COOT-
HOILEHUE CIEAYET U3 TOrO, YTO KaXAbIH JIyd HaXOJUTCS B CBOEH MEPHINOHAIBHOM IIIOCKO-
CTH, MPOXOJAIIEH Yepe3 TOYKM MCTOYHMKA M HAOJIOJEHUS M LEHTP TpEXMEpHOH cdepsl, a
YTOJI MEKIY MEPUAMOHAIBHBIMY IUIOCKOCTSIMHU HE MEHsEeTCs co BpemeHeM. Ha puc. 5 B aBoii-
HOM JIOTapU(MHUECKOM MAaCIITade MPEICTaBICHBI (PYHKIIUH 9(2) B YIVIOBBIX MUJUIMCEKYH-

nax ¢ yuérom cootHommenus (24) mia ¢ =41 nx, H; =50 km/cMuk npu ¢ =0.9 u 1.3. D1u

GYHKIIMM UMEIOT MUHUMYM U TOYKY Meperunda U aCUMIOTOTUYECKU CTPEMSITCS C POCTOM Z K
MOCTOAHHBIM 3HAUCHUAM, OTJIIMYHBIM OT HYJIA, UTO COTJIACyCTCA C HaGJIIOIIaeMOfI 3aBUCHUMO-
CTBIO YIVIOBBIX pa3MEpOB MCTOYHHMKOB 3aJIaHHBIX JIMHEHHBIX pa3mepoB [2, 21]. Takas acum-
IOTOTHUKA O6'b$ICHSIeTC$I TEM, UTO T'OPU3OHT CO6BITI/H>'I HaxXoAUuTCAd Ha KOHCYHOM PACCTOAHUU OT
HaOIIOAATEINs U P KOHEYHOM pajinyce TpEXMEPHOU cephl.

™) 1.5 1 0.5 0 0.5
Puc.5

lgz

Tonsko ¢ MOMCHTA, KOI'Ja CKOPOCTb CBETAa CTAHOBUTCH OTJIMYHOU OT HylIA A 7 > VW,
CTAHOBSATCS BO3MOXKHBIMHU B3aHUMOJICUCTBUS MCXKAY YaCTULlaMH U HAYUHACTCI POCT HCOAHO-
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POIHOCTEH MIOTHOCTH BelecTBa Bo BceeneHnHol ¢ mocnenyronmm 3BE31000pa3oBanueM. K

9TOMY MOMEHTY €€ OTHOCHTENIbHBIA pagnyC JOCTUT OBOJHHO OOibIMX 3HaueHud 0.252,
0.278 1 0.302 nns g, paBHbix 0.9, 1.1 n 1.3. [lnsg Takux OOJBIIMX PaJuyCOB CYLIECTBEHHOE

rPaBUTALMOHHOE B3aMMOJEHCTBUE HEOJHOPOJHOCTEN BO3MOXHO JIUIb BHYTPU CPAaBHUTEIb-
HO MasbIX obnacTeil BeceneHHoM, Tak 4TO HBOIONHS HEOTHOPOJAHOCTEH B KaXKIOW TaKo 00-
JacTu ¢1abo CBs3aHa ¢ IBOJIONMEH B coceqHUX oOacTsx. [ToaTomy B 60abIINX 00BEMAX, CO-
JEpKalIuX MHOTO TaKWX O0JIacTel, pacmpeesieHne BEIIeCTBa IO MPOCTPAHCTBY JOHKHO
OBITH BECbMa OJHOPOJHBIM, YTO U COOTBETCTBYET HAOII0JaeMOMY paclpeeseHUIO TalaKTHK.
Hauano pocra HEOTHOPOAHOCTEW CKPBHITO OT HAOJIOCHUI TOPU30HTOM COOBITHI, TaK 4TO Ha
TOPU30HTE COOBITHII OHU M JIOJDKHBI MPUCYTCTBOBAThH, BOBMOXKHO, YK€ B BUE 3BE31. B [7, 15,
16] yTBepkIaeTcs, 4TO TaKk OHO U €CTh Ha caMoM jelie. B HHISIMOHHBIX e ClieHapHsX [22-
25] mpuxoauTCcs 3aIeCTBOBATh JAJICKO WIYIIHE TIPEANOI0KEHUS, YTOOBI IIEHOW MOJACpHM3A-
[IUU CTAHIAPTHON KOCMOJIOTUU 00ECIIEYNTh MPUEMIIEMO Majioe OTHOILIICHHE CKOPOCTH CBETA K
CKOpPOCTHU paciiupeHus BceleHHoil Ha ero mepBoM 3Ttare, rnoka BceneHHas He pacimpuTcs
HACTOJIBKO, YTO JOCTATOYHASI OJHOPOJHOCTh KPYIMTHOMACIITAOHOTO pacmpee/ieHus] BemecTBa
yKe HE CMOYKET HapYLINUThCA TPAaBUTALMOHHBIM B3aUMOJICHCTBUEM €TI0 HEOTHOPOIHOCTEM.

0.5

n(z) /
0.4 ,

0.2 ; |

0.1

Puc. 6

[Ipu nocTaTo4HO paBHOMEPHOM paclpe/ieiiCHUH BEIIEeCTBa MO TPEXMEpHOU cdepe ero

c 2 .
KOJIMYECTBO B MAJlOM MHTepBale () yrma J HpomophuoHanbHO SIN“ y dy , sToit xe Be-
JIMYMHE NPOTIOPIMOHATBLHO YUCIIO TATAKTUK M KBa3apoB B uHTepBane dy , ecnu ux Gopmu-
pOBaHME K MOMEHTY M3JIyueHHs HaOII01aeMOro CBeTa yxe 3aBepuImiaochk. OTHOCHTEIbHbIE

INIOTHOCTH pacHpeACICHUA YUCjia HICTOYHUKOB IIO 7 M Z
n,.(r,q)=sin’ y ‘d){(r,q)/dr‘/Noo , n(z,q)=n,(r,q)dr/dz tne N, =N(0)-
IOX sin® y dy = 2x[r(2)]—sin2y[r(z)]}/4,

npezensHoe 3naueHne Gpyuxkuuu N (Z )
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a 1+ 2z, Beipaxaercs uepes 7 no popmyne (10). DyHkius n(z,q) IpeJcTaBeHa Ha puc. 6

crutomHoW kpuBod g ¢ =0.9. ITyHKTHPHON KpUBOM BOCIPOU3BECHA MOJIy4YE€HHAs U3 Ha-

OyrofieHUH B OJibkHEM HH(pPaKpaCHOM JHarna3oHe TUIOTHOCTh PACcTIpeIeICHUS TI0 Z JECATKOB
THICSTY CTA0OCBETSIIUXCS TaJakTUK [26], HOpMHUPOBAHHAS TaK, YTOOBI MaKCHMYMBbI OOCHX
KpUBBIX COBIajanu. bonee kpyToi cmaj mpaBbIX BETBEW 3TOW KPUBOM MPH OONBIIUX Z TIO
CPaBHEHHIO C TEOPETUYECKOM MOXKET OBITh OTHECEH K OOJIbIIEH BEPOSITHOCTH 3aTEHEHUS HC-
TOYHHKOB OoJiee OJIM3KUMH TaJIaKTHKAMU M TTBUIEBBIMH OoOJakamu. Eciii Obl raakTUKu ObLTH
PaBHOMEPHO pacIpeielIieHbl TT0 HeOOCBOY, TO Ha KKIYIO TaJaKTUKy MPUXOIUICS Obl yda-
CTOK HeOecHOU cdephl, IPUMEPHO PaBHBIM OJHOW KBaJIpPaTHOW yTJIOBOM CEKyHHE. YTIOBOM
pasmep AAJIEKUX TAJIAKTUK Tak)Ke MPUMEPHO PAaBEH OJHOU YIVIOBOM CEKyHJIE, TaK 4TO IIPH-
MEpPHO MOJIOBUHA TalaKTHK C OONBIIMMU Z 3aTeHsercs Oojee OMM3KUMHM ramaktukamu. On-
HAaKO B Karajiorax HET rajakTUK C OJMHAKOBBIMHU YIJIOBBIMU KOOpPJIMHATAMH. DTHUM MOXHO
OOBSCHUTH OCHOBHYIO YacCTh PACXOXACHHUHN MpHU Z>1 MEXIy TEOpETUYECKOW KPUBOW U JaH-
HBIMU KaTajora.

Nurerpaneasie Gyskunn pacnpenencuust N (Z )/ N, npencraBieHsl Ha puc. 7 KPUBBIMH
1-3 ma ¢=09,1.1n1.3.

N(z,q9)
0.8

0.6 [

0.4

Puc. 7

-3
CYIJ_IGCTBCHHO, qTo I’Z(Z, Q) CTPEMUTCS K HYJIIO KakK (1 + Z) C pOCTOM Z, B OTIIMYHE OT

-3/2 .
yOBIBaHUS O 3aKOHY (1+Z) 2 1o ctanaapTHoi kocmosoruu [6]. [lo HaOIIOACHUSIM ABYX
rpynn uccneaoBarenei [27] MIOTHOCT paclpeieNeHus KBa3apoB MO0 Z YMEHBIIAeTCsl C POc-

ToM Z Kkak Z ° [28], 60 KaK (l -i-Z)_z'75 [29] .
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HcTouHuky ramma-BCIUIECKOB HAXOJSATCS B TaJlaKTHKaX, IIO3TOMY OHM TaK)Ke pPaBHO-
MEpHO pachpesieieHbl Mo TpEXMepHOH cdepe ¢ (GyHKIMEH pachpeneseHus N,
IIPONOPLUOHAIIBHOM byHKINU pacnpezeneHus TaJIaKTHK. OueBunHO,

. 3 -2 . =2 o
IgN = 1g[2y —sin2y]+C,, 1gS= 1g|_(c*/c) (1+z) *sin )(J+ Cg 1npu omuHaKOBOI

IUIA BCEX Z a6COHI§)THOI/I .
CBETHMOCTH, TJIE O — PETMCTPUPYEMBI TIOTOK 3HEpruM ramma-gemiecka, C y 1 Cg — mo-

crosuubie. Ha puc. 8 3asucnmocts 1g N ot 1gS (31ech S B euanmIiax spr/cm’) mpecTaBieHa
g q=09, Cy=4u Cyg=-5.15. llynktupHas KpuBas — JaHHbIC HAOIIOICHUH, IPUBE-
néunbie B [30]. Ha puc. 9 IgNwu 1gS npencranens! kak QYHKIHU MEPEMEHHOW Z COOT-

BETCTBEHHO KpUBbIMU | 1 2. 3aMeTuM, UTO 3aTCHEHHE raMMa-BCIIIeCKa FraJIaKTUKaMH Ha MMy TH
Jydei OT Hero K HaOJIOAATEeNI0 Majo U MOATOMY CYIIECTBEHHOTO PACXOXICHHUS COOTBETCT-
BEHHBIX KPUBBIX Ha pUC. 8 TpU OOJBIIUX Z HE HaOII0AaeTcs.

lg N

Puc. 8

OWHIITEHHOBCKHE CBETOBBIC Yachl HAUMHAIOT OTCUMTHIBATH BpeMsa ¢ MOMEHTA, KOorja CKO-

POCTE CB€TAa CTAHOBUTCA OTJIMYHOM OT HyIst A 7'=~NW. KOCMOJ’IOFI/I‘IGCKOMY BpEMCHU t*,

KaK BUJHO H3 (21), COOTBCTCTBYCT IMOKA3aHUEC CBCTOBBIX YaCOB

t.(r)=co(r)R/ (20«/; ) (26)

2
(”)‘pj L s (24) u (26
roe Sy ; g x)lex 3 (24) u (26) cnenyer

Hote(l):%%(l) —alp

0.9, 1.1 u 1.3 cooTBeTCTBEHHO, B TO BpeMs Kak 1o popmymne (25) H (t — tl) pasHo 0.796.

+1
P q , uro cocrasuser 0.617,0.592 1 0.569 i1 g , paBHBIX

IIpu H 0 =50 km/cMnk 3T0 madrt s Bo3pacta BeeneHHO# 10 CBETOBBIM Yacam [, (1)
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12.4, 11.8 u 11.4 MunnuapioB J€T COOTBETCTBEHHO, a KOCMOJOTHYECKHU Bo3pacT Bcenen-
HoM paBeH 15.6 muumapaos ner.  Ha puc. 10 xpusoit 5 mia ¢ = 0.9 npencrasieHo oT-

HouIeHHe 1, (r) =1, (r)/(t — t1)= Mgo(r)\/g/@ (p —q)p). Otnowenue BoO3pacra

BCeNeHHO# M0 CBETOBBIM YacaM K €& KOCMOJIOTUIECKOMY BO3pacty pasHo 1, (1) ui g,
paBubix 0.9, 1.1 u 1.3, coctaBnsier coorBerctBeHHo 0.775, 0.743 u 0.714.

L 1++/1+ pr?

U3 (3) naitném oo m U UIsl OTHOWICHHUS 1 (r) = (l‘* -t )/ (l‘ - tl) MOy YUM

T(r): (\/1+pr2 —1)/(\/@—1). (27)

Puc. 9

Oynkuusa T (r) npenacrasieHa Ha puc. 10 xpusoit 6. KpuBbimu 1-4 npencraBieHbl COOTBETCT-

2/.2
BeHHoO C, /C, C! /c ,z(r), z(r)/10mpu g =0.9.

CorylacHO MIECTUMEPHON TPAKTOBKE 3JEMEHTapHbIE YaCTHIbl JBHIKYTCS CO CKOPOCTBIO
CBETa B MaJIOM OKPECTHOCTU TPEXMEPHOH Cephl B JOMOTHUTEIHHOM K HEH MOAIPOCTPAHCTBE
mo opOuTaM KOMOTOHOBCKOTO paauyca [3, 8]. CoOcTBeHHOE BpeMs YaCTHUIIBI MPOTIOPIIHO-
HAJIbHO YHCIy €€ 000pOTOB B JOMOJIHUTEIBHOM MoanpocTpancTBe. C yMEHbIIEHUEM CKOPO-

CTHU CBCTAa MAJIbIC ITPOMCEIKYTKHU COOCTBEHHOTO BPEMCHH YMCHBIIAIOTCS KaK C, /C , 1 IOOTOMY

COOCTBEHHOE BpeMsl HaOJIoaTessl, B CUCTEME OTCUETa KOTOPOIo paccMaTpuBaeMas 4acTHIA
HEIOABUKHA, OKA3bIBACTCS PAaBHBIM BPEMEHU 110 CBETOBBIM YacaM.

YacTuipl, COCTaBISIONUE PO aTOMA, CTAJIKUBAIOTCS (MCHBITHIBAIOT B3aUMOJAEHUCTBUE)
JIpYT C IPYyrOM B JOINOJIHUTENBHOM IOAIPOCTPAHCTBE CO CBETOBBIMHM CKOPOCTAMH. Pannoak-
TUBHOCTb U €CTh CJIEJCTBUE TAKUX CTOJKHOBEHUH. YacToTa CTOIKHOBEHMI NIPONOPLIHMOHAIBHA
Y4acTOTE BPAICHMS YaCTULIbI B JOIOJIHUTEIBHOM HOANPOCTPAHCTBE, TAK YTO CKOPOCTh pacia-
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Jla PONOPLIMOHATIBHA CKOPOCTU CBETA, a BPEMS, 10 KOTOPOMY OTCUMTHIBAECTCS PAAHMOAKTUB-
HBIN pacmaji, OKa3blBa€TCA PaBHBIM BPEMEHH I10 CBETOBBIM YacaM.

OueHuBas pacraj U30TOIOB 32 MIJUTHAPABI JIET METOIaMU KocMoxpoHoJioruu [31], ocHo-
BaHHBIMHM Ha W3YYEHHM U3MEHEHMSI OTHOCUTEIBHON PAacpOCTPaHEHHOCTH M30TOIOB C 0O0JIb-
IIMMU [IEPUOJIaMH TIOJTypaciaia, CIeAyeT YUYUThIBaTh 3aBUCUMOCTh CKOPOCTH CBETa OT Bpe-
MeHU cornacHo (5), (3), (10), (27), cBA3bIBAIOIIIMHE C(R*) c Z.

1
c./c

0.8
cl/c? , .

0.6 - 55 \o" i

z(7) 4 6

04 — 2 :I". , _
z(r)/10 )
T 02 3 _|

e(V) / -

) | | N

0 0.2 0.4 0.6 0.8 1

ABtop Omarogapen . FO. TuxoMupoBoil 3a mpeAocTaBieHHE AAHHBIX HAOIIOACHUHN IO
ramMma-BCILIECKAM.
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