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Abcmpakm

B cmampwe npuee()eHa Kpamkas ucmopust pacCmompeHrusl KOCMOJ10e2U4eCKoc0 KpacHO20

emewenusa(KKC) u ocnosnuvle cunomessi, onucwvisarowue KKC. Ilpeonooscena cunomesa

cmapenus u oucnepcuu ceema (C/[C) ¢ Cmamuuyeckoii BcenenHotul, ¢ nomowbo Komopotl

obwsicHensl uzsecmuule ceoticmea KKC u nekomopbie nabarooamenvbHble C8OUCMBA OAIEKUX

00bexmos. Boisicnunocs, umo xoncmanma Xabbna Ho oKaszanacob USMEeHeHUuem yacmomaul

¢omona na oonom nepuode Konebarus.
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1. BBeaenune

Tepmun  "Kpacnoe cmewenue” (KC) o3HayaeT yMEHBIIEHHE YacTOThl  V
DIIEKTPOMArHUTHBIX BOJH, (UKCHUPYyeMOW NPUEMHUKOM, IO CPaBHEHHIO C YacTOTOW Vy,
U3Ty4aeMOi MCTOYHUKOM. D(P(HeKT yMEHbIICHHS YacTOThl BOJH HaOJIIOJaeTCs, HampuMmep, B
Ipolecce MOCTEIEHHOTO OTHAiCHUs HMCTOYHHKA 3BYKa WM cBeta OT mpuéMHHKA (3(dexT
Homnepa [1,1.2,c.15]).

[TosBnenne TtepmuHa "Kocmonocuueckoe xpachoe cmewenue" (KKC) cBszano ¢
HAyYaJoM BHETaJaKTHYeCKux HaOmomeHui, korma B. Crmaiidep [2, ct. Kpachnoe cmewenue] B
1912 romy oOHapyXWJI, YTO CHEKTP 4YacTOT CBETOBBIX BOJH OT Jal€KHX OOBEKTOB IO
HEU3BECTHOU NMPUYHHE CABUHYT B CTOPOHY MEHBIIIUX YaCTOT.

Brerscannocs, uto KKC 00bekTOB 007a1aeT ClASAYIOIMMME CBONCTBAMHM: TS KaXKIOTO
00BEKTa OTHOCHUTEIbHAS BETUYHMHA CJIBHTa BCEX HM3IIyYaeMbIX OOBEKTOM YacTOT C JOCTATOYHO
0O0JIBIION TOYHOCTHIO HE 3aBUCUT OT YacTOTHI, HO /Ui BceX 00BhekToB B cpeqHeM KKC B obmem
BUJIC SIBJISIETCS IMHEWHO BO3pacTaroniel (GyHKIMEH B 3aBUCUMOCTH OT PACCTOSHUS 10 O0BEKTa,
HO HE 3aBHCUT OT HalpaBJIEHHUS Ha OOBEKTHI — 3aKOH Xabbma. [2, cT.Kpachoe cmewenue].
EcrtecTBeHHO, Takas 3aBHCHUMOCTh HMMENACh JIMIIb JJIs JOCTATOYHO OJU3KUX OOBEKTOB, IS
KOTOPBIX MOXKHO OBLIIO IPYTUMH METO/aMHU ONPEAEIIUTh PACCTOSIHHE.

Xots cravana npuunHot KKC cumrancs Toinpko dddext Joriepa, BOSHUKAOMIMA 13-
32 OTHOCHUTEJBHOTO JBM)KEHUS UCTOYHHWKA M MPUEMHHKA, HO TIOCTETICHHO BBIACHSUIMCH JIPYyTHE
BO3MOXXHOCTH, KOTOpbie MOTNU moBnusATh Ha BenuunHy KKC, Hampumep, pa3HOCTh
I'PaBUTAIIMOHHBIX TOTEHIIUANIOB, pacTsbkeHHe BpeMeHH. CymiecTBYrOT M japyrue 3ddQexrsr,
NPUBOJAIIAE K KPAacHOMY CMEIICHHIO, Hampumep: (OTOH-QOTOHHOE B3aMMOJCHCTBHE,
B3auMojIeicTBUE (OTOHA cO CBOOOAHBIMH 3jiekTpoHamMu (KomnToH-3ddekt) u ap. THKETBIMU
yacTUIaM|, morjomieHne uanydeHus [3]. Otu addexrsr HezaBucuMbI, cienoBarenbio, KKC
SIBIISICTCS. PE3yJIbTATOM CYMMAapHOTO BO3JICHCTBUS BCEX BO3MOXKHBIX 3()()EKTOB, CIOCOOHBIX
MOBJIMATH HA YaCTOTY MPUHUMAEMBIX OT 00BEKTa JIEKTPOMATHUTHBIX BOJTH.

[Tocne otkpeituss KKC aBTOpbl KOCMOJIOTMYECKMX THUIIOTE3 MU TEOPHUMl MBITAIUCH
00BsicHUTH Habmogaemble cBoiicTBa KKC Ha OCHOBE pasMUYHBIX MPEANOIOKCHHN: pa3Oeranme
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TaJIaKTUK, PacUIMpEHUE MPOCTPAHCTBA, YCTAJIOCTh CBETA, U3MEHEHHE BO BPEMEHU KOHCTAHTHI
"cKopocTh cBeTa" M JIPyrMX KOCMOJIOTMYECKMX KOHCTAHT, PAacTsDKEHHE BPEMEHM; B KaxXJI0W 3
KOTOpBIX pa3Hble 3((QekTb naBamu OCHOBHOW BKian B Habmromaemele BenmumHbl KKC.
[Tpennonoxenus o npuunHax KKC MoHO pa3zienuTs Ha [Ba Kjlacca: ri1o0anbHble (paclpeHue
NPOCTPAHCTBA, PACTSDKEHUE BpPEMEHH, pa30eraHue TajJakTHK, M3MEHEHHE T'PaBHTAIHOHHOTO
NOTEHIMaja U T.N.) U JIOKAJIbHbIE, CBSI3aHHBIE C M3MEHEHMEM CBOWCTB CBETa B MPOLECCE €ro
pacnpocTpaHeHus (paccesHUe CBETa, €ro CTapeHHe, CTOJIKHOBEHMsS C YaCTULAMU, MOTJIOLICHHUE
CBETa BEILIECTBOM M MOCIIEYIOIIEE IEPEUITYUECHUE, U T.I1.).

B cratbe O.A. MensnaukoBa, B. C. ITomosa [3] MokHO mocMOTpeTh 0oJjiee moapoOHOe
uznoxenue ucropuu KKC u nonyuuts npeacraBieHre O HOMBITKaX 00bACHEHHS 3TOro 3P dekxTa,
B yacTHOoCcTH, npuBeaéH pacuer KKC B teopun "bonbuioro B3peiBa"(bB), u 03HakoMuUTBCS €
npezuiaraeMoii kinaccudukanueil reopuit, kacarommxcst oobsicHennii KKC (cM. Hiwke ['naBy 5).
Bce a1 Teopun ObUIM MMOCTETNIEHHO OTBEPTHYTHI IO Pa3HbIM MPUUYKMHAM B IOJIb3Y Pa3BUBAEMBIX
ceifuac Mmonudukanuii Teopun bB, ocHoBaHHbIX Ha pernieHud PpUIMaHOM ypaBHEHHMS,
BBIBEJICHHOTO DWHINTEHHOM B pamkax OOmieit teopuu otHocutenbHocTu (OTO). [JnutenbHoe
Bpems OTO Obuia rocmnojcTByrOLIeH, odUIIMATBHOW HAyKOW, HO CTpeMJIEHHE JII00OH LeHOU
obecrieunts npuMmeHuMoctb OTO ko Bcem HaOmonaeMbiM 3¢@deKTaM MOPUBOIWIO K
HECOOTBETCTBHMSIM, B YacTHOCTH, B Kocmosorum, rzae ecTb Hepa3pelMMble BOINPOCHL (B
YaCTHOCTH: KakoBa mpuunHa bB, yTo OBIIO 10 HeEro, moueMy HE BBINOJHAETCS 3aKOH
COXpPaHEHHs JHEPrMM, M T.II.), CTaBAllME I0A COMHEHHEe npaBomMouHocTb OTO omnmchiBaTH
KOCMOJIOTHYECKHE CBOWCTBA BeeneHHom.

B npyroii cratbe[4] umeercs kpaTkoe onucanue Tpéx runores, oobsacHsarommx KKC, u
MEPEYHUCIIEHbl TPEOOBAaHNUS KO BCEM MOJOOHBIM FMIIOTE3aM:

o "Illpunumamo oounaxosyio eeruuuny KKC 6 1o6om ouanazoue 6011

o He umems pazmvieanus

o Coomseemcmeosams YMOYHEHHOMY 3aKOHY Xabbaa no oannvim 015 C8epXHOBLIX
(vckoparowasca Beenennas)

o ObOvacHamov 3hpexm pacmsidiceHue pemenuU, C6A3AHHBIL ¢ KOCMOIOSUYECKU YOANEHHbIMU
coovimuamu."

A 4TOOBI HEe OBUIO IOIBITOK 000UTHCE 00BsIcHeEHNEM TOJBKO KKC, TO OT 3THX THITOTES,
KaKk 4yacTu Ooliee IIMPOKOW TEOPUH albTEPHATUBHON KOCMOJIOTHH, TpeOyeTcs TakKe aaTh
00bsICHeHUE PYTrUM HaOmroeHusAM[4]:

o "Jlemanam HAOIOOEHUL KOCMULECKO20 MUKPOBOIHOB020 (hOHOBO20 U3TYUEHUs.
e Pacnpocmpanénnocmu né2kux s1emenmos
o Cmamucmuxe KpynHomacuimaoHnou cmpykmypot”

N wnakonen, chopMyaMpoBaHbI NMPETEH3WH K TUIOTEe3aM craperomiero ceera[4]: "/o
Hacmoswe20 pemeru He npednodiceno Huxakozo mexanuzma KKC, coomeemcmeyoueco ecem
uzeecmubiM Habooenusm... Hanpumep, pacceusanue céema npu 1o6om mexanusme pazmvléaio
Ob1 110601 00vexm Ooabute, Yem dmo Habdmodaemces. Boobwe, kocmonosu nonrazaiom, yumo y
KIACCUYECKUX MOOeell CMmaperouje2o C8ema UMeemcs CIUWKOM MHO20 npobiem, umoobl um
yoensimy cepvésnoe enumanue. Cmaperowuili ceem cam no cebe He 0aém NOIHOO
KOCMONO2UYECKO20 OOBACHEHUs, U HNOIMOMY He MOJNCem B0CHPOU3BeCmU 6ce YCnexu
cmanoapmuoi kocmonozuu bonvuwiozo Bspuisa. He uszéecmno Hukaxou meopuu cmaperoujeco
cgema, KOMOpas KOPPEKMHO O00bsCHAem HAOM00aeMoe DPACMSICEHUE BPDEMEHU CE8emO8blX
kpusvix omoanénuvix CeepxXHOo8bIX, CNeKmp aOCOMOMHO HEPHO20 meld UNU AHUZOMPONUIO
KOCMUYECKO20 MUKPOBOIHOB020 (POHA, U HAOII00AeMoe usmMenenue 6 Mophoaocuu, Koiuvecmse
U NOBEPXHOCMHOU APKOCMU 2ANAKMUK U K6A3aPO8 ¢ OONbWUM KPACHbIM cmeweruem. Kpome
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moeo, ¢hakm, 4mo 603pacm Camblx CMAPLIX 36630 NPUMEPHO pPABeH O0OPAMHOU GelUYUHE
KoHcmanmul Xabbna, ecmecmeeHHO nosasusemca u3z Kocmoaoeuu bonvwiozo B3pwiea, Ho
A6/15emcsi HeOOBACHEHHBIM CO8NAdeHUeM 6 DObUUHCIEe Modenell cmaperowuti céema."

Cnenyer oOpaTuTh BHHMAaHHME, YTO CpPEAM MEPEUYUCICHHBIX BHINIE TPEOOBAHUU U
MPETECH3MI HEeT HEYIOOHBIX ISl TeoprH bB BOIIPOCOB, @ HEKOTOPHIE BOMPOCH! CHOPMYITHPOBAHBI
Tonbko ¢ yuérom Teopuu bB. [loaTromy Ha camom jgene cnucok TpeOOBaHUN JTOMKEH OBITH
pacumupes, u U3 ux (GOPMYITUPOBOK CIETYET U3BATh TPAKTOBKU, OCTABUB TOJIBKO PE3YJIbTATHI
HAOJIIOIEHUH.

B kauecTtBe oTBeTa Ha 3TH TpeOOBaHUS B KOHLE 3TOM CTaTbU MPEIIOKEHO ONKCAHUE
runotessl cmapenus u oucnepcuu céema(CJIC) B Cratnueckoi BeeneHHoM, 1 Ha OCHOBE 3aKOHA
COXpaHEHUs SPHEPIUU clejaHa mnombiTka o0bsicHUTH cBoictBa KKC u apyrue nabnromaemblie
CBOMCTBA BCeneHHo, B TOM 4KCII€ CHATH BBILICYKAa3aHHBIC IPETEH3HM.

2. KpacHoe cmemienue

B bompmoir Coserckoit Dumukioneann (bCD) KpacHoe cMmemieHne omnmuchIBaeTCs
cinenyrommM obpasoM: "KpacHoe cmeweHue, NOHUdNCEHUE YACMOM 3NeKMPOMASHUMHO20
uznyuenus, 00Ho u3 nposienenuti fonnepa sgppexma. Hazsanue «Kpacrnoe cmewenuey cesizamo ¢
mem, Ymo 8 GUOUMOU HACMU CNeKmpa 8 pe3yibmame 2Mo20 AGNeHUs JTUHUU OKA3bIBAIOMCS
CMEWEHHbIMU K €20 KpACHOMY KOHYY, Kpachoe cmewenue Habaooaemes u 8 u3iy4eHusx iro0obix
op. uacmom, Hanpumep 6 paouoouanasoue. I[Ipomusononodicuviii d¢hghexm, cea3anHbIU C
NOBbIULEHUEM YACMOM, HA3bIBAeMCs CUHUM (unu @uonemogvim) cmeweHuem. Yawe 6ceco
mepmun  «Kpacnoe cmewenuey ucnonvzyemcs 0ns  0003HAYEHUs  O08YX  AGNEHUU -
kocmonocuueckoe Kpacrnoe cmewenue u epasumayuonnoe Kpacnoe cmewenue." [2, cr. Kpacnoe
cmeujenue)]

BenuunHa Z kpacHOTO CMeICHUs omnpeaessieTcst TaM xe [2, cr. Kpacnoe cmewenue |
COOTHOIIEHUEM YaCTOT UCTOUHHUKA U MPUEMHHUKA — Vo U V:

g =YV )

v
(Ha camom nene, B8 BCD nmomymiena omnucka, OO TaMm JeJieHWE TMPOUCXOAUT Ha Vo , HO

OUYEBUJIHO, YTO B TAKOM CiIyyae mnoiyyaercs Z<l, a B TOi ke cTaThbe TOBOPUTCS O Z>1; K TOMY ke
TaKo€ ONpe/IelIeHne HU MPU KaKUX YCIOBHUIX He SKBUBAJIEHTHO onpeeieHuto (2).)

B "®wusnueckoit summkmoneaun” [1,1.2,¢.478]) aTa ke BeauUMHA ONMPEACIIAETCS Yepes
COOTHOIIIEHUE JIUHBI A DJIEKTPOMATHUTHOW BOJHBI JUIsi MPUEMHUKA M JUTMHBI Ao BOJHBI,
M3JIy4aeMOW UCTOYHUKOM,

-2 5
= @

OueBHIHO, YTO TMpPHU TOCTOSHHOM CcKopocTH "C" pacmpocTpaHEHUs BOJH 3TO
oIpezieNieHUe 3KBUBAJIEHTHO (1) B CUITy COOTHOILIEHUS

c=A%*v. 3)

"B 1842 200y npaxccxuti mamemamux K. /Jonniep meopemuuecku npeockazan s¢ppexm
UBMEHEeHUsl YACMOmbl NPUHUMAEMBIX BOIH 6 CyHae OMHOCUMENbHO20 OBUNCEHUS UCMOYHUKA U
npuemuuxa. B axycmuxe aghgpexm Ovin omkpwvim camum Jonnepom 6 1845 200y, 6 onmuke -
1848 200y (A.@uz0)." [1,1.2,c.15] B kmaccuueckoil (u3UKe CYIIECTBOBAIO ABE (OPMYIIBI
Jlorutepa - uis IBMKYIIETOCS MCTOYHMKA W JUIS JBWDKYIIErocs NMpUEeMHHKA. B crenmanbHOM
teopuu otHOCHTeNbHOCTH (CTO) 3TH hopMyIIbI yaanoch OObEAMHUTD, M ObLTa BbIBEACHA €IHHASL
pensituBrcTcKas popmyna Jlorurepa:
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— Vg
B y(w*(1—(u/c)cos ar) ’ 4)

rae VR B Vg - 4aCTOThI HpHHHMaCMOf/'I u H3quaeMOﬁ BOJIHBI, U - OTHOCHUTC/IbHASA CKOPOCTH

VR

.. —1/2 .
Wcrounnka B cucteme orcuera Ilpuémumka, Y(u) = (1 — (u/c)?) /2. PETATUBUCTCKUM

ko3 urment, o' - yron Mexay Bekropamu U u C. B 1986 roay npoBepka pensTUBHCTCKOM
dopmysbl 3ddekra Hormmepa mist (U/C)<0.84 mokasana otHocuTenbHyr TouHOCTH 0.0003.
[1,1.3,c.501]. dopmyna (4) mno3BonmiIa MpeacKa3aTh CYINIECTBOBAHUE HEBO3MOXHOTO B
KIIacCUYECKON (u3uKe nonepeurnozo osghgpexkma [onnepa (npu o'=m/2), xoTopblii ¥ ObLI
obnapyxeH B 1938 rony.

3. Kocmogornueckoe KpacHo¢ CMCIIICHHUE: HCCIICT0BAHUA U OCHOBHBIC TCOPHUHA

OddexT kpacHOTo cMELEeHUS OT NaIEKUX KOCMUYECKHUX UCTOYHUKOB ObLIT OTKPBIT MPHU
UCCJICOBAaHUM UX CIIEKTPOB.

3.1. Caaiigep — orkpbiTHe KKC

B 1912-1914 rr. B. Cnaiidep (Slipher V.M.), uccienys cnekTpbl raliakTHK, 00HAPY KK
CMEUICHUE MPUHIUMAEMbIX YaCTOT MO OTHOIICHHUIO K JJA00OPAaTOPHBIM CIEKTPaM M MPEATIOIOKHIT
JIOTUICPOBCKYIO MIPHYMHY TAKOTO CIIBUTA.

B BCO Kocmonorudeckoe KpacHOE CMEIIEHHE OMHUCHIBACTCSA CIEAYIOIIUM 00pa3zoMm:
"Kocmonocuueckum (memazcanakmuyeckum) Kpacnvim cmewenuem Hazwviearom Habwooaemoe
0114 8cex OanéKkux UCMOYHUKOS (2aNaKMuK, Kea3apos) NOHUJCEHUe YdACmom U31yYeHUs,
ceudemenvcmeayrouiee 00 YOareHuu 3mMux UCMOYHUKO8 Opye om Opyed U, 8 YACMHOCMU, OM
Haweu [ anakmuxu, m. e. o mecmayuonapuocmu (pacwupenuu) Memaeanakmuxu. Kpachoe
cMeweHue Onsl 2alaKmuk Oblio 0OHAPYICEHO aMepuKanckum acmporomom B. Cratihepom 6
1912-14;..." [2, ct.Kpacnoe cmewenue |

Ho 3pmecy nmonmymiena ommbka — CcKa3aHO: "MOHUdICEHUe uyacmom U31yYeHus,
ceudemenvcmayoujee 00 yoaieHuu 3mux UcCmoyHuxos opye om opyea". OQHAKO 3TO HEBEPHBIN
JIOTUYECKHI BBIBOJ. M3BecTHBI 3(PPEKThI, KOTOPHIC MOTYT BBI3BaTh CHIDKCHHE MPUHHUMACMOMN
YaCcTOTHI [0 CPABHEHHUIO C HCITYCKAEMOU YacTOTOM /i OTHOCUTENBHO HEMOIBUKHBIX UCTOYHHKA
u npuémMHuka, Hampumep TrpaButaimoHHoe KC. CnenoBatenbHo "nonuowenue uyacmom
usnyyenus" He 00s13aTENIBLHO CBUIETENBCTBYET 00 "yoanenuu smux ucmounuxos opye om opyea"
uim o "Hecmayuonaprocmu (pacwupernuu) Memaeanaxmuxu'.

3.2. DHHIITElH — TPaBUTAIIMOHHBIH Y deKT

Cpenu Hanbosiee U3BECTHBIX MPHYUH KPACHOTO CMEIICHHS MMEETCS! TPaBUTAIMOHHBIN
s dekt Ditamreiina [1,1.2,¢.488] — HaxokIeHHE UCTOYHHUKA B 00JICe CUIIBHOM TPaBUTAI[HOHHOM
noje, ueM NpuéMHUK. [ paBUTAIlMOHHAS THIIOTE3a YTBEP)KAAET, YTO MPOMCXOTUT TTOCTEIIEHHOE
MOHIDKEHUE HAPSHKEHHOCTH TPABUTAIIMOHHOTO TOJISA, BCIIEJCTBHE YETO PACTET TEMI BPEMEHH, U
HaOmromaercst apdpexkt KKC s MCTOYHMKOB, MPUHHUMAEMBId CBET KOTOPBIX OBUT H3ITy4EH
JIOCTAaTOYHO JIABHO.

"I'pasumayuonnoe Kpacnoe cmewjenue s6nisemcs cieoCmeuem 3ameodNeHus memnda
8peMeHu U 00YClO8IeHO  2pABUMAYUOHHLIM — noiem  (3gpghekm  obweti  meopuu
omHocumenbHocmu). Omo  AeleHue  (Hazvieaemcs makxce dhgdexkmom  DiHwmerina,
0000wénnvim 3¢ppexmom Jonnepa) 6win0 npedckazano A. Dunwmerinom 6 1911, nabarooanoce
nHauunas c¢ 1919 cnauana 6 wusnyvenuu Connya, a 3amem U HEKOMOPLIX Op. 36€30.
I'pasumayuonnoe Kpacnoe cmewenue npunamo xapaxmepuzosamo ycloeHOU ckopocmvio "U",
8LINUCTACMOU (DOPMATLHO NO meM dHce PopMynam, 4mo u 6 caydasx xocmonocuueckoeo K.c.
3nauenus ycnosnou cxopocmu: o1 Coanya u = 0,6 km/cex, o naiomuou 38e3061 Cupuyc B
u=20 xm/cex. B 1959 enepsvie yoanoco uzmepumev Kpacnoe cmewenue, obycrognrennoe
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2pasumayuoOHHbIM NojemM 3eMau, Komopoe o4eHb mano: u = 7,5 %1 0°cm/ cex (cm. Méccoayspa
appexm). B nexomopwix cayuasx (Hanpumep, NpuU KOLIANCEe 2PASUMAYUOHHOM) OONHCHO
nHabnooamecss Kpacnoe cmewenue oboux munos (6 sude cymmapnoz2o s¢hgexma).” [2, cT.
Kpacnoe cmewenue |

B nacrosmee Bpemst 3T0T 3 ekt DHHIITEHA TPOBEPEH C BHICOKOW TOYHOCTBIO.

"Uccneoosamenu uz CIIA u I'epmanuu H. Muller, A. Peters u S. Chu ¢ sxcnepumenme
C YIbMPAaxoNOOHbIMU AMOMAMU Ye3us usmepuiu 3pgexm 2pasumayuoHHo20 KpacHOo20
cmewjeHus (3ameodsieHust BpemMeHU 8 2pAsUmMayUOHHOM Nojle) C PEeKOPOHOU HA Ce20OHAUHNUL OeHb
mounocmoio 7 % 10°. Beunu ucnoavsosanvi dantble 8bINOIHEHHO20 paree IKCNEPUMEHMA NO
uszmepeHuro yckoperusi c80000H020 nadenus. Ilo0bpowieHHble amomvl yesus ¢ NOMOUBIO
JIA3epHO20  UMNYIbCA  NEepPegooUNUC, 8  CYNepnosuyuio  08yxX COCMOSHUL,  KOMOPbIM
COOMBEMCMBOBANU MPACKMOPUU, PASIUNAIOWUECs NO MaKcumanvhou evicome Ha 0,12 mm.
Cneodyowutl uMny1sC KOppeKmuposal mpaeKmopuu max, Ymoobsvl OHU NEepeceKiuctb 8 HUMNCHeLl
mouke, a mMpemull UMRYIbC Jd3epa UCNOAb308aICA Olisl UHMeEPPEPEeHYUOHHO20 UMePeHUs
pasHocmu  ¢az 601HOBOU (QYHKYUU aAMOMO8 HA PAIUYHBIX mpaekmopusx. JlaHHbie
9KCNepuMeHma no360MUNU HA Yemvlpe NOPAOKA GeIUYUHbL YIMOYHUMb NPENCHU pe3yibmam,
nonyuennsiil 6 1980 2. uz cpagHenuss NOKA3AHUL AMOMHBIX YACO8 HA NOBEPXHOCMU 3eMau U HA
paxeme. Ceepxmounoe uzmepenue 3¢pghexma spasumayionHo20 KPAcHO20 CMEWEeHUs. 8AJXHCHO, 8
yacmuocmu, 051 npogepku meopuii epasumayuu. Ilosviuenue moyHocmu NOOOOHBIX UIMeEPeHUll
MOdHCem UMems U NPAKmuyecKoe sHaueHue 0Jisk KOCMU4eckux Hasueayuonnoix cucmem." [5]

3.3.®puaman u JlemeTp — pacuiupeHne NPOCTPAHCTBA U PACTSZKEHHE BPeMeHH

Poccuiickuil yuensiii Anekcannp ®puaman B 1922 roay, u B 1927 rogy Oenpruiickuit
Marematuk JKopxk Jlemerp, nokazanu, uro OTO DiiHIITEHHA HE MOXKET BBINOJIHATHCA B MOACIH
CTaTMYECKOro mpocTpaHcTBa, M st coxpaHeHuss OTO TpeOyercst uCIoNb30BaTh MOJEIH
pacIIupsIONIerocss MPOCTPaHCTBa, TJl€ TPOUCXOAUT YBEIWYEHHE PACCTOSHUS  MEXKIY
raJJakTUKaMH, HO KOOPJIMHAThl TaJJaKTUK B IPOCTPAHCTBE B 1I€JIOM HEU3MEHHBI, [103TOMY HET
CKOPOCTH JBMDKCHHUSI TAJaKTHK — 3Ty MOJENb MO3Ke Ha3Banu Teopuil Bombimoro B3peiBa).
CrneznctBreM paclIUpeHUs MPOCTPAHCTBA SIBJIAETCS MOCTENEHHOE YBEIMUYEHUE TEMIIA BPEMEHHU,
yT0 npuBoauT K 3 dexty KKC npu HabmroneHnn qanékux UCTOYHUKOB, a TAKXKe K PACTSXKEHUIO
nepuojia HaOMr01aeMbIX COOBITHIA. B 3TOW Teopuu mosrydeHo, YTO TPaBUTALMOHHBINA 3G (PEeKT u
addext Jlomnepa maroT nWIIb Majblid BKiax B HaOmomaemyr BenmmuuHy KC. B pesynbrarte
nosiBuioch HoBoe 00bsicneHrne KKC — 3a cueT pacTsskeHusi BpeMEHU B MOJIENH pacIIupsoencs
Bcenennoii (celiyac M3BECTHO HECKOJIBKO MOAM(UKAIMN 3TOMl MOJAENH, HO TaKoe OObSICHEHUE
KKC B Hux ocranocs). O6napyxenne KKC B 1929 roay sBuiioch Takxke 0OJIbIION MOIIEPKKON
st OTO u Teopun bonsioro B3peisa.

3.4. Xa006J1 — pa3beranue rajJakTuk

Ho B 1929 rony Dnasun Xa66m [2, ct. Kpacnoe cmewenue], OTKPBIBIIANA 3aBUCUMOCTb
BennuuHbl KKC ot paccrosiaust 1o o6bekTa — 3akoH Xab0ma, o Teopun bB emé He 3Ham, u, u3-
3a OTCyTCTBUSA Apyrux BapuantoB o0bsicHeHust KKC, ctan 00bsicuaTs KKC addextom Homepa,
TO €CTh, TAKUM TIEPEMEIICHUEM BCEX TATAKTHK B MTPOCTPAHCTBE BeeneHHoi, KoTopoe MPUBOAMIO
Obl K IMOCTENEHHOMY OTIAJ€HHIO BCEX TallaKTHUK JpYyr OT JApyra — TakKoOH Ipolecc Ha3BalH
"pazbecanuem".

"... 61929 D. Xab6n omxpwin, umo Kpachoe cmewenue 015 0anékux 2aiakmux 6oavuie,
yem 0N OIUBKUX, U B03pAcCmAem NPUOIUSUMETbHO NPONOPYUOHAILHO DACCMOSHUIO (3AKOH
Kpacnoco  cmewenus, wumu 3axon Xab6aa). Ilpednacanuce paziuyHvlie  0OBACHEHUS
HAOI00AemMo20 cMeweHUss CneKmpanbhblx aunull. Takoea, Hanpumep, eunomesa o pacnaoe
CBEMOBLIX KBAHMOG 3a 6peMs, COCMAGIAIoWee MULIUOHbLL U MULIUAPObL Jlem, 8 medeHue
KOMOpo2o ceem OanéKux UCMOYHUKO8 O00CMuUcaem 3eMHO20 HAOI0oamens; CO2NACHO MO
eunomese, Npu pacnaoe YMeHbWIAemcs dHepeus, C YeMm C6A3AHO U U3MeHeHue Hacmombl
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usnyuenusi. OOHAKO >ma eunomeza He noomeepxcoaemcs Haobmooenusmu. B uacmuocmu,
Kpacnoe cmewenue 6 pazuvix yuacmkax cnekmpa 0OHO20 U MO20 dHce UCMOYHUKA, 68 PAMKAX
eunome3svl,  O00JICHO  ObiMb  paziuuHviM.  Medxxcdy mem 6ce  OaHHbie  HAOAOOEHUl
ceudemenvcmeyiom o mom, umo Kpacnoe cmewenue mHe 3aucum om  UACMOMb,
omHocumenvHoe usmenenue yacmomol z = (vo- V)Iv coéepuieno 00uHaKoso 0isi 6cex Yacmom
UBTYHeHUsT He MOAbKO 6 ONMUYECKOM, HO U 6 paouoouandazone OAHHO20 UCMOYHUKA (Vo -
yacmoma HeKOMoOpoU JUHUU CHEeKmpad UCMOYHUKA, V - Yacmoma mou Jice JUHUU,
peaucmpupyemas. npuémuuxom; v<vy). Takoe uzmenenue uacmomol - XapaKmepHoe CE0UCME0
O00NNEePOBCKO2O cMewjenuss U ¢hpakmuyecku uckiouaem ece Op. ucmoakoganusi Kpacnozo
cmewenust. ..." [2, cr.Kpacnoe cmewenue |

Ommbxa: "Ceoticmeo Jlonneposckoeo cmewenus" — 3T0 CIBUT YaCTOT TIPH pazbecanuu
rajlakTHK, HO TOCHOJICTBYIOLINE CeHYac TEOPUU C PACIIUPSIOLUIMMCS IPOCTPAHCTBOM OOBSICHSIOT
KKC wunaue — pacTspkeHHEM BpEMEHHM, CIIEOBATENIbHO, OMMCHIBAEMOE BBIIIE CBOICTBO HE
ABIsieTCa /[onneposckum cmeweHuem u He uCKiroyaeT apyrue ucroakoBanus KC.

Urto kacaercs THNOTE3Bl "0 pacnade ceemosvlx K8anmog", TO MPUBEAEHHBIA BBIBOJ O
3aBucuMocTty BenuurHbl KC oT mpruHUMaeMoil 4acToThl ObLT ObI BEpHBIM MPU pacmajie poTOHOB
Ha MaJio€ YHCJIO MPHMEPHO PABHBIX YacTei. ECIu ke MpearonokuTh, 9YTO HAa KaXJIOM IIHKIIC
KoJie0aHusl BOJIHBI MPOMCXOAUT BbleTeHNE U3 (OTOHA HEKOTOPOW MOCTOSHHOW YacTH SHEPTrUU
€, OYCHb MAJION TIO0 CPaBHEHUIO C dHEPruil (HOTOHA BHIMMOTO CIEKTpPa, TO, KaK pa3 HaoOOpOT,
TaKoe pacHICIUICHUE TMPUBOJUT K HE3aBHCHMOCTH BEIWYMHBI KPACHOTO CMEIICHUS OT
MPUHUMAEMOM YaCTOTHI.

"..B meopuu OMHOCUMENbHOCMU oonneposckoe Kpacroe cmeujerue
paccmampueaemcsi Kax pe3yibmam 3ameO0NleHus mevyeHus 8pemMeHU 6 OBUdCYUelicsl cucmeme
omcuéma (3ghghexm cneyuanvnoti meopuu omHocumenvHocmu). Eciau ckopocms  cucmemul

UCMOYHUKA OMHOCUMENbHO CUcmembl npué'MHuKa cocmaensiem «Uy» (6 caydae memacairakmuu.

acnoeo cmewenusi «Uy - amo sayuesas ckopocmu(T.€., CK Th BJIOJIb JIy4a HaOIOJCHWSI-

K; u €., CKOpoC 0 a HaOmoze
c+u)l/2

A1), moz = Ec_uﬁ — 1 (¢ - ckopocmb céema 6 saxyyme) u no umabmooaemomy Kpacnomy

(1+2)%-1

(1+z2)2+1°

ypaenenusi ciedyem, umo npu z > ckopocms «Uy npubnudicaemcs Kk ckopocmu ceéemd,

CMEWEHUIO J1€CKO onpedeﬂumb Jy4esyro CKopocmb UCMOYHUKA: U = C H3 smoco

ocmasasicy éceeda meHvute e¢ (U < C). Ilpu ckopocmu «Uy , HamMHO20 MeHbULell CKOpoCcmu
ceema (u << c), popmyna ynpowaemcs: U ~ CZ. 3axon Xabbaa 6 smom ciyuae 3anucviéaemcs 6

popme U=CZ=HTr (r - paccmosnue, H - nocmosunas Xab6na). [ns onpedenenus paccmosuuii
00 BHe2ANaKMUYECKUX 00beKmo8 no 3Mou Gopmyne HYIHCHO 3HAMb YUCIEHHOe 3HAYeHUe
nocmosannou Xabona H. 3uanue smoti nOCMOSHHOU OYeHb 8AXNCHO U OISl KOCMOJO2UU. C Hell
c8s3aH m. H. 603pacm Bcenenuoul.

Bnaoms 0o 50-x 2. 20 6. eHecanakmuueckue paccmosinus (uzmepenue Komopbix
CBA3AHO, eCMEeCMBEHHO, € OONbUUMU MPYOHOCHAMU) CUTbHO 3AHUIICATUCL, 6 C8A3U C YeM
3Hauenue H, onpedenénnoe no smum paccmosnusam, NOIYUULOCh CULbHO 3a8bluleHHbIM. B nauane
70-x ee. 20 6. 0151 nocmosannou Xaboaa npunsamo snavenue H = 53 £ 5 (xm/cex)/Mnk, oopamnas
senuyuna T = 1/H = 18 mapo. nem. ..." [2, cr.Kpacnoe cmewenue |

B Teopun 0OTHOCHTENFHOCTH JOKa3aHO, YTO MPHUBEAEHHBIC B ATON IIUTATE 3aBUCUMOCTH,
BBITEKAIOLINE M3 PEISATUBUCTCKOM (Qopmynbl 3ddexta Jlomnepa, He MOTYT BBINOJHATHCS B
pacmmpsirorieiicss BeeneHHo HU s KakuxX 0a3ucHBIX mapameTpoB. [loaTomy momb3oBaThCs
takuMu popmysamu B OTO M0oKHO nHIIb NPUOIU3UTENBHO, U MaJIbIX Z U Majbix U, korga u3
HUX TOJTy4aeTrcs npuoImKkeHHas Gopmyia B BUJe 3aKoHa Xaobma:

u=c*z=Hx*r,umu z= (H/c) *r. (5)
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[Tonmyuennsrii Xab6mom kodpdumuentr H cocraBmsn oxkomo 500 km/c/Mmnk. Ho
BennurHa H mMorma ObITh pa3Hoii B pa3Hbie smoxu. [Ipunaro 3nauenue kodddunuenta Xadoma H

JUTSL HAIlIeTO BpeMeHU 0003HAYaTh MOCTOSIHHON BETMYMHON Ho .

"llocmosannas Xabona — koappuyuenm, exodswuil 6 3axon Xabbna, Komopuwlil
ceA3bI8Aem paccmosanue 00 6He2alaKmuyecko2o 00vbekma (2aiakmuKu, Keaapa) co CKOpoCcmuio
e2o yoanenus. Umeem pazmepnocms, 00pamuyo 8pemeHu (H=2,3X10'18 c'l), HO 8blpadicaemcs
00b1uHO 6 KM/c Ha mecanapcex™.[6, [locmosnnas Xabona |

Kak Bumum, 3akoH Xa0051a OTHOCHTCS TOJBKO K TEM TEOPHUSM, KOTOPHIEC JOIYCKAIOT
"nBWXKeHHE" TaJaKTHK: WX pa30eraHWe WIM HM3MEHEHHE DPACCTOSIHUN MEKIY HUMH B CHIIY
paclIMpeHus] WM HM3MEHEHHs MCKpPUBIEHUS MpocTpaHcTBa. [lisi ocTanbHBIX Teopuil 3akoH
Xabbma He cieayeT TpakToBaTh B (OpME 3aBUCHMOCTH THUIOTETHYECKOW CKOPOCTH OT
paccTosiHus, a TOJABKO B M3HaYabHOM (popme 3aBucumoctH () HabaromaeMoro cBura 4acToT OT
PaCCTOSHHS:

z=f((H/c)*r). (6)
Ho B mo0om ciyyae BbIYHMCIIEHHE BEIUYUHBI H CBsi3aHO ¢ mpoOieMoit onpeaeneHus
paccTosiHus 10 Nanékux 0ObEKTOB.

"B nacmoswee @pemsa (2009 2) naubdonee HAOENCHOU (XOMA U MOOENbHO 3A8UCUMOIT)
cuumaemcs oyenxa Ho=(74,2 + 3,6) xm/c/Mnk.

IIpobrema oyenxu Hy ocroscusemest mem, 4umo, ROMUMO KOCMONIOSUYECKUX CKOPOCMEL,
00yCN06IeHHbIX  pacuiupenuem Bceenenwnoui, eanakmuxku ewé oobraoarom coOCMEEHHbIMU
(NeKyIapHbIMU) CKOPOCMAMU, KOMOPble MO2YM COCMABIAMb HECKOIbKO COMeH KM/C (014 U1eH08
MaccueHvlx ckonenull earaxkmux — oonee 1000 xm/c). Omo npusooum Kk momy, 4mo 3aKoH
Xabbna nioxo 6vbINOIHAEMCA UNU COBCEM He GbINONHAEMCA Ol 00beKMo8, HAXOOAWUXCA HA
paccmosnuu oaudxce 10-15 man ce. 1em, mo ecmv Kak pas 01t mex 2aiakmuk, paccmosHus 00
KOMOPbIX HaAuboIee HAOENCHO ONpedensitomcs 6e3 KpacHo20 cMeujeHus.

3axon Xabbaa nnoxo evinousemcs u 05 2anaKkmuK Ha 04eHb OOIbUUX PACCMOSHUSX (8
MUTLIUAPODL C8. len), KOmopbim coomeemcemayem eequduna z > 1. Paccmosinus 00 00bekmos ¢
Maxkum OONbUUM KPACHBIM CMeWeHueM mepsiton OOHOZHAYHOCHb, NOCKOILKY 3A6UCAN OM
npUHUMAaemol Mooenu BcenenHol u om mozo, K Kakomy MOMEHM) 8peMeHU OHU OMmHeceHbvl. B
Kavecmee Mepvl PACCMOAHUSL 8 IMOM CAyude OObIYHO UCHONbL3YEemcss MOAbKO KpPACHOe
cmeugenue." [6, Illocmosnunas Xa66na |

!

Ommbka: "...noMuUMO KOCMONOSUHECKUX CKOpOcmel, O00VCI08NIeHHbIX pacCuiupeHuem
Bcenennoii, eanaxmuxu ewé obnraoarom codcmeenHviMU (NEKYIAPHLIMU) CKOPOCMAMU... " — B
teopur BB ramakTuke TpaKTUYECKH HEMOJBIIKHBI, M3MEHEHHWE PACCTOSHUNW MEXIy HUMH
CBSI3aHO C PACIIMPEHUEM MPOCTPAHCTBA, MOITOMY KOCMOLOSUYECKUEe CKOPOCTH TalaKTHK He
peanbHbIE BEJIWYWHBI, a IJIHIIb YCIOBHO XApakmepusyemvle CKOpoCcmvlo, KaK B CIydae
I'paButanmonnoro s¢¢dekra DinmreitHa. Ho >pdexT oT mexkyaspHOH CKOPOCTH TallaKTUKU
nericrButenbHO goOaBnsercss Kk KKC, m Ha OMM3KHUX pPACCTOSHHSIX MOXKET JOMHUHHPOBATH.
[TosTOMy MMErOTCS ONMU3KKHE TalakTUKH (B 4acTHOCTH, M31 - ramaktuka AHIPOMENbI), CIBUT
CIIEKTpa KOTOPBIX SBISETCA CHHUM, a HE KpacHbIM. OJHAKO COBEPIICHHO SICHO, YTO B paMKax
OJIHOUM TEOpPHH PACCTOSIHHE JOJDKHO OINpPEAeNsThCS OJHO3HAYHO, U COOTBETCTBUE ''PacCTOSIHHE-
KKC" nmns xaxmoro oObeKTa JOHKHO OBITh OJHO3HAYHO OIPEACTICHO, XOTS JUIsl Pa3HbIX
00BEKTOB ATO COOTBETCTBHE MOXET OBITh Pa3HbIM B CHIIy y4€Ta YCIOBUU paclpOCTpaHEHUS
CBeTa OT 3TOro o0bEKTA.

"...Domoepaguposanue cnekmpog ciadwvlx (0anékux) ucmounuxos ous usmepenus K.c.,
oadce Npu  UCNOIL308AHUU  HAUOONee KPYHHbIX UHCMPYMEHMO8 U  YYECMBUMELbHbIX
gdomonnracmunok, mpedyem 61a20NPUAMHBIX YCI08UU HAONIOOEHUL U OIUMETbHBIX IKCROZUYULL.
s eanakmux yeepenno usmepsiromes cmewgenus z ~ 0,2, coomsemcemeyrowue ckopocmu u ~ 60
000 km/cex u paccmosinuto ceviwe 1 mapo. nc. Ilpu maxkux cKopocmsx u paccmosiHusx 3aKOH
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Xabona npumenum 6 npocmeuiweii ghopme (noepewinocme nopsioxa 10%, m. e. makas sce, Kax
nozcpewnocms onpedenenus H). Keazapvi 6 cpednem 6 cmo pas sapuye 2aiakmux Uu,
C1e008amenvbHo, MO2ym HAOIO0AMbCs HA pPACCMOSHUAX 6 Oecsimb pa3 Oonbuux (eciu
APOCMPAHCMBO e8KIU0060). [N keazapos delicmeumenbHo pecucmpupyromes z ~ 2 u bonvute.
Ilpu cmewenusx z = 2 ckopocmov u ~ 0,8%c = 240 000 xm/cex. Ilpu maxux ckopocmsx yaice
CKa3vl8aomes cneyuguueckue Kocmonrocuieckue 3ggexmsi - HeCMayuoHapHOCmMsb U KPUBUZHA
NPOCMPAHCMBA - 8PEeMEeHU; 8 YACMHOCMU, CMAHOBUMCA HEeNPUMEHUMbIM NOHAMUE eOUHO20
0OHO3HAYHO20 paccmoAHusl (00HO U3 paccmoanuil - paccmosauue no K.c. - cocmagénsem 30ecy,
ouesuono, r= ulH = 4,5 mapo. nc). Kpacnoe cmewenue ceudemenbcmeyem o pacuupenuu 6cei
docmynHou HaOI00eHusAM yacmu Beenennot, smo saeieHue 00bIYHO HA3bIAEMC PACUUPEeHUEeM
(acmponomuueckoti) Becenennou."

Jlum.: Jlanoay JI. JI., Jlugpwuy E. M., Teopus nons, 4 uzo., M., 1962, § 89, 107,
Habnrwoamenvnvle ocnosvl kocmonozuu, nep. ¢ anen., M., 1965. [2, ct. Kpacnoe cmewenue |

OmmbOka: Ilockonbky nanHas cratbd BCOD paccmarpuBaeT pas3indHble TEOPUM UL
o0bsicnenuss KKC, 1o urobsl yrBepxknath, uyto KKC cBuaerenbcTByeTr O pacHIMpeHUU
Bcenennoii, Tpebyercs a10Ka3aTh, YTO BCE BO3MOXKHBIE AIbTEPHATHUBHBIC T'MIIOTE3bl HE BEPHBI.
OT0 J10Ka3aTh HEBO3MOXKHO, TaK KaK BCEr/ia MOryT CyIlI€CTBOBAaTh HEM3BECTHBIE €IIE TUIIOTE3bI.

B mpenpimymmx AByX LMTaTaXx TakKe YKa3aHO Ha cyllecTBOBaBIIyi0 B XX Beke
npobJeMy C ONpeiesICHHEM PACCTOSHHA 10 OOBEKTOB B paMKax TOCIOJCTBYIOUIEH TEOPHH,
paccTosiHUs B KOTOPOM CYIIECTBEHHO 3aBUCAT OT KOCMOJOTHYECKUX MMapamMeTpoB, K TOMY K€
pa3HbIC METOBI JaBAJIA PA3HBIC PACCTOSHUS B CHITY, BO3MOXKHO, PA3HBIX TPACKTOPUI U3MEPCHHS
ATOTO PACCTOSIHUS B HCKPUBIECHHOM IMpocTpaHcTBe Bceenennoit. B wactHoctu, g0 10 pa3
pPa3IUYAIIUCh PACCTOSHUS, OINpEIeIsieMble 10 CBETHMOCTH JAIEKHX OOBEKTOB, M PACCTOSHHS,
BBIUKCIISIEMBbIE IO HMX KpacHOMYy cMmelieHuto. Ho Ttemeps pacu€T paccTosHMN ympolaercs
BCJIC/ICTBHE TOTO. YTO IMPAKTUYCCKH BCE HCCIICIOBaHMS IMPHUBEIH K BhIBOMY. ''HalOmromaemas
Bcenennas B neniom miockas™ [7], Tak kak, B 4aCTHOCTH, B paMKax Teopud bB, mioTHOCTH
BelecTBa Bo BeenenHoit 6nu3ka k kputuaeckoil. "'Cogpemennvie uzmepenuss 0aom napamemp
naomuocmu 1.02+/-0.02 -omo cunvuwiti apeymenm 6 nonwv3y niockoti mooenu." [8].

[Tockoabky MBI HE MOXEM HEMOCPEJACTBEHHO H3MEPUTh PACCTOSHUS JI0 JaIEKHUX
00BEKTOB, TO BBIHYXJACHBI MCXOJIUTh M3 PA3IMYHBIX MPEATNONOKEHHH W Teopuid. Ham numis
SICHO, YTO MBI CEroJIHs HaOJ0JaeM COOBITHS, MPOUCXOJIUBIINE C ITUMU OOBEKTaMH B HaIlleM
JaIEKOM TIPOIUIOM, B CHJIy OTPaHUYCHHOM CKOPOCTH PACIpPOCTPAHCHUS H3JIYYCHHUS OT ITHX
00BeKTOB. PeaslbHO MBI He 3HaeM, Kakue (PU3MUECKHe 3aKOHBI JICUCTBYIOT B JaIEKOM KOCMOCE,
Kakde TaMm ObUIM 3HA4YeHUs TapaMeTpOB M KOHCTAaHT B TNPEANISCTBYIOIIEe Bpems. Mbl
0€3yCII0BHO MEPEHOCUM Ha JAJIEKUN KOCMOC HAIllM 3aKOHBI, a BEAb 3TH 3aKOHBI BBIBEJEHBI JIJIsI
3eMHBIX YCJIOBUM U TPOBEPEHBI C HEKOTOPOW TOUYHOCTHIO, JIOCTATOYHOW I 3E€MHBIX
naboparopuii. OnHaKO MONETHI KOCMUYECKUX ammapaToB K rpaHuile COJHEYHOM CHUCTEMBI
MOKa3alid, 9YTO MbI B CBOMX 3€MHBIX 3aKOHAX HE YYHUTBHIBAEM Kakhe-TO 3P GEKThI (HE M3BECTHBIE
HaM, WU JafoIIne B 3eMHBIX Ta00PaTOPHSIX CIIUITKOM MaJIbIi BKJIJl M TIO3TOMY HE BKITFOUEHHBIC
B 00mui BHJ pacu€THBIX (GOPMYH), H, BO3MOKHO, IO3TOMY TOCIOACTBYIOIIAs TEOpUS HE
cpabatbiBaeT naxe B bimkHeM KocMoce, eciii BooOIIe OHa IpUMEHNMa KO Bcel BeeneHHOH.

4. Teopuu cTrapeHus ceera

Hecmotpss Ha ycmexu OTO, mocratoyHo OO0JBIIOE KOJMYECTBO (U3UKOB HE MOTJIIO
NPUHATH HAa BEpy THIOTE3y O PACHIMPEHUH IMPOCTPAHCTBA, MOCKOJBKY JKCIIEPUMEHTAIBHBIC
JI0Ka3aTeIbCTBA PACIIMPEHHS MPOCTPAHCTBA TOTJA OTCYTCTBOBAIM (M OTCYTCTBYIOT TEIEPh), U B
kauecTBe anbrepHaTuBbl 00bsicHeHni0 KKC B OTO A.A. Benononsckuit [9] B 1929 u 1930
rogax, ®@. [[eukku [10] B 1929 romy, B.Hepuct [11] B 1937 roay, npeanoXuiau KOHICTIIUIO
norepu HSHepruu  (GoToHOM, KOTOpyro Tmo3aHee Ha3Banu "Cmapenue ceema" (Taxxe
Ymomnéunonii ceem, aunrn. Tired light). OueBuano, uto ecnm 3¢ddext crapeHus cBera
JOCTaTOYHO BENHMK, TO J0ia 3ddekra pacmupeHus npocrpancrBa B obmem KKC Oyxper
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OTCYTCTBOBATb, CJEIOBATEIbHO, B 3TOM Cllyd4ae IPOCTPAHCTBO BceleHHONM He MOXeT
pacIIMpsATHCS.

4.1. besionobCKHUI — paccTOsIHME HeNMPEePbIBHO YMEHbIAET YACTOTY CBeTa

Briepsrie 0 motepe sHeprun ¢poToHOM 3anymMaics A. bernononbckuii B Hamel cTpaHe B
1929 u 1930 romax: "...eunomesa o “cmapenuu’ pomona 6vina évickazana A. A. berononvckum
6 1930 2. u y mHocux yuénuix nauiia nodoepixcky. Cmvici 2mou 2unome3svl COCMoum 8 mom, Ymo
aHepeus keanma hv 6o epems e2o pacnpocmpanenusi ¢ Memazanakmuke yMeHbUIAeMCs, U mem
bonvuie, yem Oanvuie om HabAOOAMeNs HAXO00UMCa ma Uiy uHas earakmuxa. B pesynbmame
nonyuaemcs kpachoe cmeugerue.” [3 ]

ITpuBnekarenpHOCTh MU A. BenonoabcKoro 3akioyaiach B OTCYTCTBUM KOHKPETHBIX
MEXaHU3MOB CTapeHHs (POTOHA U INPHUUUH OOIIEKOCMOJOIMYECKOrO CJIBUTa CIIEKTpa. 37ech
paccMarpuBanach He oaHa Mojenb Beenennon. IIpocTpancTBO MOIIO pacIMpATHCS, FAIAKTUKH
MOIJIM pa30erarsces, U HapsAy ¢ 3TUM (POTOH JIOJKEH ObUI TEPATh SHEPTHIO.

"HmaK, paccmosnue ceemiuecocia UCMOYHUKA OKasbléaem KakKoe-nio 6HUAHUE HaA
ceemosyio 60JIRy, yeeaudueas ee aﬂtu,' UHbIMU CllosAMU, HA pACCMOAHUU ympadueaemcs
HeKomopoe 4yucio KoJebaHuu.

C mouku 3penusi K8AHMOBOU UHMEPNPEMAYUU C8EMA MOJICHO NPULIMU K 3AKTIOYEHUIO,
ymo ecau ucmounux ceema ucnyckaem keawm hv (W — nocmosunas Ilnanka, v — uucno
Koiebanuil 8 ceKyHdy), mo Habmodamensb Ha paccmosHuu ¥ eocnpunumaem xearwm hv', 2oe v' —
Hexomopas Gyuxyus paccmosnus." [9]

4.2. IBUKKM - TPaBUTAllMOHHOE "'yBJIeyeHHe'' cBeTa

HesaBucumo ot A. Benomnonbckoro ®pun Ligukku (Fritz Zwicky) [10] Taxke B 1929
rofy nomnsitasics paccmoTpersh npuuuHbl KKC: on uckitounn u Biausaue Komnron-apdexra Ha
CBOOOJHBIX 3JIEKTPOHAX M3-3a YIJIOBOIO PACCESHUs CBETa, U M3MEHEHUE dHEepruu (JOTOHOB MpHU
pa3sHOCTH TpPaBUTALMOHHOTO IOTEHIMAjJa MCTOYHMKA U IPUEMHHMKA MH3-32 OTCYTCTBUS
3aBUCUMOCTH OT paccTossHus. [IBukku mnpemioxun Mexanusm st oobsicHeHus: KKC, on
OPEINONoXKUI, YTO (OTOHBI TEpSAIOT HSHEPrHi0 M3-3a TPAaBUTALIMOHHOTO "yereuenus"
MPOJIETAIOIIET0 CBETAa OKpPYXaloIMMH MaccaMu (KjacTepamH), HO 3aBEJOMO HEBEPHBIM
METOJIOM JIeNall PACUET MOTEPh SHEPTUU TeJIa MAacChl M, ABUTAIOLIEr0Cs CO CKOPOCThIO v<<C. OH
ucXoau u3 (opMyIibl 3ama3AbIBaHMs MOTEHIIHANA!

O x,y,t =frmx(1--7, (7)

HE BBIMOJIHAIOMIEHCS ISl CBETA, a 3aTEM IMOJCTABIISI B MOJIYYEHHYIO (GOPMYIy CKOPOCTh 0=C U
"maccy dorona” m=hv/c?.[10] Cunraercs, 4To B 5TOil CTaThe BIEPBBIC TOBOPHTCS O TOTEPE
SHepruM (OTOHAMHM, YTO SIBJISETCS MPHU3HAKOM TuIoTe3bl "ctapenus cBeta"'. Ho B 1929 romy
[[BuKKM emi€ He UCToIb30Bal TEPMHUH "cmapenue".

4.3.HepHcT— cTapeHHe CBeTa B CBETOHOCHOM 3(upe
Bangsrep Hepucr (Walther Nernst). [11], B 1937 romxy B mozenu CraidoHapHO#
(Craruueckoil) Becenennoii, B koTopoii sBostonust UAET TOJBKO B Bue: "3BE3AbI HOPMUPYIOTCH,
CBETSIT U OCTHIBAIOT", TIPEAIIONIOKII B KaduecTBe 00bsicHeHHst KKC cymecTBoBaHNE TOTIIOMECHHS
SHEPrUM U3IyUYeHUs] CBETOHOCHBIM 3¢upoM (luminoferous ether). iMeHHO ero MHOTHE CUMTAIOT
aBTOPOM TepMHUHA "cmapenue ceéema'.

4.4. Xoia, bouau, I'onag — Cranuonapuasi Beesiennas

ITo mytu Benomnosabckoro mounutn ®pan Xoitn, I'epman bouau u Tomac Toma, [12],
kotopeie B 1948 romy B Mozenu BeuHoW BceneHHol mnpenmnonaraid  MPOCTPAHCTBO
CrannoHapHBIM B TOM CMBICIIE, YTO BennunHa Hy Obliia MOCTOSIHHON B IPOCTPAHCTBE U BPEMEHH,
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HO €aMO IPOCTPAHCTBO PACIINPSAIOCH, 3alOJHSACH MOCTOSHHO POXJIAIOIIUMCS BELIECTBOM,
4TOOBI IUIOTHOCTH BEIECTBA ObLIa MOCTOSHHOM. MiMeHHO X0 B 1IyTKy Aan Teopuu bombiioro
B3speiBa e€ nazBanue "big bang", uro o3Haudaet "Oonbimas xjomymka". Takum o6pazom, KKC B
9TOI TEOPHH MOTYYaIoCh 3a CYET pacIIMPEHUS IPOCTPAHCTBA U 3a CYET CTApEHHS CBETA.

"B xocmonoeuu Teopusi cmayuonaprou Bcenennoti (anen. Steady State theory, Infinite
Universe theory unu continuous creation) — moodens, pazpabomannas ¢ 1948 200y Fred Hoyle,
Thomas Gold, Hermann Bondi u op. kax aremepuamusa meopuu borvuioco é3pwvisa. Ilo smoti
Modenu, no mepe pacuupenus Bcenennoul, mexcoy paznemaouumucs 2aiakmukam NOCMosSHHO
cozoaémces Hosas mamepus. Takum obOpazom, KOCMoa02u4ecKull npuHyun cobrodaemcs. Oma
MoOenb umenda 0080JIbHO 00IbULYIO NOOOEPIUCKY cpedu KocmMon0208 6 S0-e u 60-e 20061, HO
OMKpbIMUe PeruKmoB8o20 U3IYUEeHUs. PE3KO YMEHbUULO KOIUYECIB0 CHOPOHHUKOG Meopuu 6
konye 60-x 20006. Cetivac cmopoHHUKO8 Yy OaHHOU meopuu npakmuyecku Hem." [6,
Iocmosinnas_Xabo6na |

3710 OBLT 3aBEJIOMO HEXM3HECIOCOOHBINM BapuaHT Teopur bB, mockonbky morpedoBain
MOCTOSSHHOTO HApyUICHHs] 3aKOHA COXPAHEHHUsS OHHEPruu - BO3HUKHOBEHHUS BEIIECTBA U3
"HHOTKyna" B OosblueM KojuuecTBe, yeM npu BbB. DTomMy BOCHpOTHBHMIOCH OOJBIIMHCTBO
(GU3HUKOB, KOTOpbIE MOIJIM JONYCTUTh pa30BOE€ HapyLIEHHE ATOro 3akoHa B MoMeHT bB
(MMOCKOJIBKY €€ HEMOHITHO, YTO K€ MOIJIO TaM OBITh), HO €CIIM KaXJI0JHEBHO, ¥ BCEX IMEpe.
IJ1a3aMH €ro HapyllaTh, TO, MOKET ObITh, 3TOT 3aKOH BOOOIIE HE CYIIECTBYET?

4.5. @uniei-OpeliHIJINX — BIUSIHAE OKPY:Kaloel cpeabl
B 1954 roay DpBun ®unneit-Opeitnmmx (Finlay-Freundlich) [13] o6parun BauManue,
YTO KpacHbIE€ CMEIIEHUS YaCcTH 3BE3]] B TAJIAKTUKE MOTYT OTJIMYATHCS OT KPACHOIO CMELICHUS
JIpyroil dactu 3Be3a1 B Tou ke ramaktuke. OH mnpenmonoxuia, dro KKC wmoxker ObITh
pe3yJIbTaTOM TMOTEPU SHEpPrur HabmogaeMbiMU (OTOHAMHU TPU TPOXOXKICHUU HMH OIS
U3ITy4YEHUS TaJaKTUKU.

4.6. Aab¢Ben — [linazmennasi Beesiennas

B 1963 roxy mpoumioro Beka Xaunec AnbgpBen (Hannes Alfven) [14] npemnoxmn
MOJZIENIb IUIa3MEHHOM BceneHHo#, Ha OCHOBAHMM KOTOPOM BBIBEN CYIIECTBOBAHHE SYEHCTOU
CTpYKTypbl Bcenennoi, otkpeitoii sumb B 1991 romy. Ero wmogens mnpencrasisiia
HEPACIIUPSIONIYIOCS 3BOJIOLMOHHYI0 Beenennyro 6e3 Hauana u 0e3 konna. KKC B ero mogenu
NOJTy4asoch U3-3a B3aUMOJIEHCTBUS (POTOHOB C IIIa3MOM.

4.7. XanTon Apn — BHyTpennee KC

B 1976 rony Xanron Apn (Halton Arp) B mpenpunTte ctathu [15] onucan koppensiun
CBOICTB CBSI3aHHBIX TaJaKTUK W KBa3apoB. Oco00 OH BBIAENMI CIIyd4ail UCTOYHUKOB Paguo U
KBa3apa, HaXOAAIIUXCS Ha JTMHUU SIUTMNTHYECKOHN TallakTUKU, TaK KaK B 3TOM cly4ae pa3sHHIa
KpPacHBIX CMEIEHUN paccMaTpUBaeMbIX OOBEKTOB OKa3allaCh OCOOCHHO BEJIMKa, HECMOTpS Ha
IPUMEPHO OJIMHAKOBOE PACCTOSIHUE 10 HUX, ONPEENIsieMOe 110 CBEeTUMOCTHU. [103Ke OH B CTaThsX
[16],[17] noGaBw 3HAUMTEIbHOE KOJIMYECTBO CBSI3aHHBIX 00BEKTOB C CYIIEeCTBEHHO pa3HbiM KC,
U 0000mwmi1 cBoM BBIBOABL. B KkauectBe o0OBsicHeHHS d¢pdexkra Apn MpenrnoIoKUI
CyliecTBoBaHHE B kBazapax "BHyTpeHHero KC", mpuymHOi KOTOPOro Morijia Obl OBITH MEHBIIAs
Macca 3JEKTPOHOB B T€ JAJIEKHE BpeMEHa.

5. Kaaccuduxanus teopuii oopaszoanusi KKC

[MpuBeném knaccu(UKAIUIO TUIMOTE3 O KPACHOM CMCIICHHHM B CHEKTPax TaJaKTHK,
JlaHHYIO B cTaTbe [3]:
"l kimacc — enobanvhvie (6 macumabe éceii Memazanaxmuku):
1) senenue Jlonnepa;
2) usmenenue hynoamenmanvHuix nocmosnuwix (¢, G, h u op.);
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3) uzmenenue CmpyKmypvl npOCMpaHcmea U 8pemeHu (Mempuku, 3amedneHue memnda
8pemMeHU U m. n.);

Il knace — noxkanvusie:

1) paccesnue uznyuenus (6 mom uucie UMeHeHUue ¢ pPAcCmosiHueMm noxKazamens
NPeNoMIIeHUs. MeHC2ATIaKMU4ecKol cpeobl);

2) noznowenue u3nyueHus,

3) epasumayuonnvie g3aumooelicmeus homoua:

a) ¢ Memaz2aiaKkmuyecKkum epasumayuOHHblM NOIeM,;

0) ¢ HeOOHOPOOHOCMAMU 2ANAKMUYECKUX 2PABUMAYUOHHBIX Nojell (81usHue
OMOENbHbLIX  2aNAKMUK,  HAAUYue  NOo2NOWjeHus Ui  9KPAHUPOBAHUs
2pasUMayUOHHO20 NOJis);

8) ucnyckanue pomoHo8 mMenvuell Yacmomaol,

4) 83aumooeticmeus hpomona.

a) ¢ NeKMpPOHAMU U OP. MANACENLIMU YACTIUYAMU,

0) ¢ pomonamu,

8) ¢ HelMPUHO U AHMUHEUMPUHO,

5) ecmpykmypnocms pomona:

a) 271eKmpoOmoKu,

0) nyavcayuu,

8) ucnyckanue pomoHo8 mMenvuel Yacmomaol,

2) ucnyckanue 2 HelmpuHo,

0) ucnyckanue HeumpuHo U AHMUHEUMPUHO,;

e) ucnyckanue “2pagumonos’’;

Jc) ucnyckanue “mt’-me30H08.

Buukas 6 smy uucmo ycioguyro Kuaccupukayuro, Mbl 6UOUM, YMO 8 HeOONIePOBCKUX
O00BACHEHUAX KPACHO20 CMeWwjeHUusi NpoUcXooum 6cé 00nbluds KOHKPEeMmu3ayus Mexanuma
83auMooelicmsus Gomona ¢ Opy2umMu YacCmMuyamu U 603pacmaHnue poau NpeonroHCeHUl o
cmpykmype camo2o pomona u e2o s6onoyuu.” [3]

VYxke camo HaJau4#Me Takoro 0oybmoro uucia Teopuit as oobsicaenus KKC roBoput o
TOM, YTO MBI HE 3HAa€M pEaJbHOW €ro NpHUYUHBL. ECTECTBEHHO, YTO 3TO HE €IUHCTBEHHBIN
HEU3BECTHBIM BONPOC B KOCMOJIOTHH. [loaTOMy coO3maHMe HOBBIX KOCMOJIOTMYECKHX TEOpUN
MPOJIOJKAETCS, @ BMECTE C HUMH MPOJOJDKAIOTCS MONbITKH o0bsicheHus: KKC, B 6onpmmHCTBE
CBOEM, anbpTepHAaTUBHbIE. OCHOBHOW NMPUYMHOMN 3TOTO SIBISETCS HEYJIOBJIETBOPEHHOCTh MHOIMX
(U3UKOB TOCIOJCTBYIONIEH KOCMOJOTMYECKOW Teopued, Kak e€ TPOTUBHUKOB, TaK |
CTOpPOHHMKOB. Teopusi pacmMpeHus IpOCTPAHCTBA MOCTOSHHO MojepHu3upyercs. Tak, B 1995-
2002 romax HaOmromeHus 3a CBepxHOBbIMH 3BE3mamu THma la mokazamm [18],[19], uro
pacipeHye MpoCTPAaHCTBA (€CIM OHO €CTh!) TNPOUCXOAUT HE C 3aMeUIeHUEeM (M3-3a HaJIN4Ms
rpaBUTalMK), a ¢ ycKopeHuem! DTo ObUT JOCTATOYHO PEBOJIOIMOHHBIN BBIBOJ, HO OH Cpasy
HOPOJMJI HOBBIE BOINPOCHL, TaK KaK MMEHHO TpaBHTallMedl paHee OOBACHAIOCH HalIronaemMoe
OTCYTCTBHUE PACIIMPEHUS TATAKTHK U Oojiee MeNKUX 00beKToB. Ceifuac B paMKaxX KJIAaCCHYECKOTO
MOJIX0/J]a AKTUBHO MTPOJBUTAECTCS TEOPUS CTPYH.

6. HaOuawpareibHbIE JaAHHDbIE

Co BrOpoil monoBuHbI XX BeKa B CBSI3U C yCIEXaMU B Pa3BUTUU KOCMOHABTHKH,
CPEICTB CBSI3M, NPUOOPOCTPOEHUS, TEIEBUACHUS, PATUONIEKTPOHUKH, BBIUYUCIUTEIHLHON
TEXHUKU M T.I., IPOU3OILIN PE3KUE U3MEHEHUS B JAJIBHOCTH M TOYHOCTH KOCMOJIOTMYECKHX
HaOmroneHuil. C 3ayCKOM TEJIECKOINOB U APYIMX U3MEPHUTEIbHBIX MPUOOPOB HA OPOUTHI 3eMiu
u CoJHIIa HAaCTyTHJIa HOBas 3pa KOCMOJIOTHYECKUX U3MepeHUi. BbU OTKPBITHI HOBBIE 3 (EKTHI
U OOBEKTHI, KJIacCUpHUIMpOBaHbl MHOrue siBieHus. TounocTs m3MmepeHus KKC B HekoTOpbIX
ciyuasx aosenena 10 0.00001.
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[lepeuncnyM pe3ynbTaThl HaONIONEHUH, HanOOJee CYyIIECTBEHHBIC UIS IIEJeH 3TOM
CTaThbU.

6.1. MOU

Kocmuueckoe muxposonnosoe ¢onosoe uznyuenue (MDOU) — “"xocmuu. usnyuenue,
umerowee cnekmp, Xapakmepwuiti 01 aOCONOMHO yYépHoco mena npu memn-pe ok. 3 K;
onpeoensiem UHMEHCUBHOCIb (POHOB020 u3NyyeHus Bcenennoii 6 ouanazone canmumemposyix,
MUTLTUMEMPOBBIX U CYOMULIUMEMPOBLIX PAOUOBONH. Xapakmepusyemcs vicouauuiell Cmenenbo
uzomponuu (UHMEHCUBHOCIb NPAKMUYECKU 00UHaKosa 6o ecex nanpaenenusix).” [1,1.3,c.134]
OtkpeiTo B 1965 rony (A. Ilensuac (A. Penzias), P. Bunscon (R. Wilson). M3orporst MOU
MOJTy4aeTCsl JIMIIL TOCIE TOro, KaK MbI BBIYTEM H3JIy4YeHHE Hamei [amaktuku u3 oOmiero
MPUHUMAEMOT0 H3JIy4YeHHs, U TIOCJEe STOro MepeinéM B CUCTEMY OTCYETa, ABUTAOILYIOCS
otHocuTenbHO ConHIa co cKopocThio mpuMmepHo 360 km/c. I[locie 3TOro OTHOCHUTEIBHOE
W3MEHEHHE TemIepaTypbl B pa3Hblx HampaBieHusx coctabisieT 0.0001. doHoOBoe u3IydeHHE
NPUCYTCTBYEeT BO BCEX Jauamna3oHax HaOmogaembix uactor [20]. B kaxmom kyOmdyeckom
cantuMeTpe npoctpancTBa coaepxkutcs 400-500 poToHOB DOHOBOTO M3ITYUEHUS.

6.2. Ilyascapbl

"Ilynvcapvl 6viiu omkpuimol 6 utone 1967 coda [[cocenun benn, acnupanmkoi 3.
Xorwouwa. ... 3a smom evloarowutica pezyromam Xvrouw noayuun ¢ 1974 200y Hobenesckyio
npemuio. ... K 2008 200y obnapysiceno yace oxono 1790 paduonynvcapos. U3 nux, 140 exoosm 6
cocmae waposwix ckonaenuti; 21 naiioen 6 Mazennanosvix oonaxax. Maxkcumanohviili u3eecmmublii
nepuoo paouonyavcapa cocmasisiem 11,77 ¢, a munumanvuwiii ¢ 0,0014 ¢ (1,4 mc). " [2, cT.
Paouonynvcap]

[Tynbcappl UMEIOT KOPOTKHE IOYTH CTAOMJIbHBIE MEPHOAbI KOJeOaHUIl CBETUMOCTH.
IIpn pacCMOTpEeHHMM H3Iy4YEHHs IyJbCcapa Ha KOHKPETHBIX YacTOTaX MOYKHO 3aMETUTh, 4TO
MaKCUMyMbl HMIIYJIbCOB Ha Ka)KJIOM YacTOTe IPUXOAAT B pa3Hoe Bpems. EcrecTBeHHOE
00BSICHEHHE ATOMY — CKOPOCTbh CBETOBBIX BOJH KOHKPETHOM YacTOTHI 3aBUCUT OT MEK3BE3THON
cpenpl. OIHAKO MPAKTUYECKH BCE IIyJbcapbl HaxoAiTCs B Hamled [amakThke, mosToMmy
HaOMolaeMble  JUIsl HUX 3aJ€pKKH HUMIYJIbCOB XapakTEpU3YIOT MEX3BE3JHYIO, HO HeE
MEXTAIAKTUYECKYIO CPENLy.

6.3. KBazapsl

"Keazapwr (amen. quasar, cokp. om quasi-Stellar radiosource — xeasu3zeé30nulil
UCTOYHUK ~ pAOUOU3TYYEHUS), MOWHbIE BHE2ANAKMUY. UCMOYHUKU O1.-MA2H. U3TYYEHUs,
npeocmasnaom cobou akmusHvle sA0pa oanrékux earakmuk. Omxpvimul 6 1960 kak
36€30000paszHble UCOYHUKY PAOUOUSTYYEHUs C 0UeHb MalbiMu Y. pazmepamu (menvue 10") u
Manou Bu3yanbHoU 36E€30HOU BeNUYUHOU (MunuuHble 3Hauenuss mV= 16-18m). B 1963 &
cnekmpax K. 6vi10 0bHapysceno sHavyum. KpacHoe cmewenue (2) cnekmp. JuHUl, yKasviéaioujee
Ha 6onvuyto yoanrénnocmo K. (6ce K. naxoosmcesa oanvue 200 Mnc, a y oonoco uz K. z=3,53, m.
e. OH Oau30Kk Kk epanuye euoumou Bcenennoii). C yuémom paccmosanus oo K. mowHocms
usnyvenus munuunozo K. cocmasnsiem 6 paduoouanasone = 10* spe/c, 6 onmuy. ouanaszone =
10% spe/e, 6 UK ouanasone .=10"" spe/c, m. e. usnyuenue K. ¢ 10°—10* pas npesviuwaem
usnyuenue ecex 36€30 kpynuou eanakmuxu (y K. 3C273 obnapysiceno makace peHme. uziyueHue
= 10" spe/c). o usbvimounomy Y@ uznyuenuio K. yoaémes ommuuums om HopM. 36830, a no
cunvhomy MK wuznyuenuro — om 6Genvix kapaukos. K ¢ynoam. ce-eam K. ommnocumcs
nepemMenHOCmb UX usiyyeHus 6 paouo-, MK- u onmuueckom oOuanazoHax (HaumeHvulas
epemenHasn eapuayusi m = 1 u). I[lockonvky pazmepvl nepemeHHO20 NO Onecky obOvekma He
mozym npesviuiams ct, pasmepovl K. =4+] 0" wm (m. e. menvie ouamempa opboumul Ypaua)."
[1,1.2,c.250]),[21].

[Meperiit kBazap (06wekT 3C 273, Macca B 108 conHeunsblx, z=0,16, 3Bé3qHasa BeaIU4YMHA
12,5m, pacctossHue 2 MIpA.CB.JIET) OTKpbUl acTtpodusuk Maapren [Hmuar B 1962 ropy,
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Osaromapst MontHoMy panuounsnydeHuio 3C 273, CBETUMOCTH KOTOPOTO B CTO pa3 OOJbIIe
CBETUMOCTHU Haleu ['amakTuku.

Hpyroii 0COOEHHOCTHIO KBa3apoB SABJISICTCS MEPUOJAMYHOCTH CMEHBI MX CBETUMOCTH. B
OCHOBHOM, MX IEpPUOJABl COCTABJISIOT OT HECKOJbKUX [IHEW 10 OJHOro rojaa. boilbHIMHCTBO
KBa3apOB U3JIy4alOT B ONTHYECKOM M paJuoArana3oHe, HEKOTOPhIC - B PEHTICHOBCKOW 00JIACTH.
B pabote [22] wuccnenoBaHbl KpuBble OJieCKa KBa3apoB, CBA3aHHBIC C HMX AKTUBHOCTHIO, B
3aBUCHUMOCTH OT paccTosinus Z. B pesynprate ananuza 6osee 800 kBa3zapoB ObLT ClI€TIaH BBIBOJI O
MOJIHOM OTCYTCTBHUH YJUIMHEHUS UX MEPUOIOB C POCTOM PACCTOSIHUSA O KBA3apOB.

Bo3mMoxHO, OT KBa3apoB HCXOISAT TOHKHE CBETOBBIC KOHYCHI, KOTOPHIE MBI BUIUM Y
MHOTUX aKTUBHBIX SJIep TallaKTUK, U, MOXKET ObITh, Mbl IEPUOIUIECKH MOMATAEM B 3TH KOHYCHI.
Torma oOBsCHEHHE TakoW OOJIBIION CBETHUMOCTH KBa3apoB B TOYHOCTH COBMAJAaeT C
00BsicCHEHHEM OOJBIION CBETUMOCTH MyJbcapoB. [lomaB B Takoil KOHYC, Mbl BHIUM CHUJIBHOE
YBEIWYCHUE CBETUMOCTH, BBINIS 32 MPEEIIbl KOHYCa, Mbl YBUJIUM PE3KOE MaJIeHNE CBETUMOCTH.
Ho npu nepecyere y3koHanpaBie€HHON CBETUMOCTU B MPEANOI0KEHUH U30TPOITHOIO U3TyUYEHUs
Ha BCE HaIpaBJCHUS OT OOBEKTA, MBI IMOJy4aeM OYECHBb OOJIBIIYI0 €r0 CBETUMOCTb. JTO BCE
paBHO, KaK €clid Obl BHIYHMCISATH MOIIHOCTh M3JIy4YEeHUs MasKa MO TOW KPaTKOW SPKOCTH, KOTIa
CBET OT BpAIAIOIIETOCs TMPOXKEKTOpa Mmomnan To4Ho B Ham mia3. Kcratu, B Cratnueckou
Bcenennoii nepuoj noBTOPEHUs CUTHAJIA OT Masika HE 3aBUCUT OT PACCTOSHUSA 10 MasiKa.

6.4. Témuas matepus

[TIpun HaOmIONEHWM BpANIEHUS MIAPOBBIX TANAKTHK, TPU H3YUYECHUU paclpeaciiCHUs
CKOpOCTEH 3Be31] B JIUIMITHYECKUX TaJaKTHKaX, MPH HAOJIIOJACHWUU JBW)KCHUS TAIaKTUK B
KJIacTepax, MpH OMpPEIeICHIH 00JIaCTe MUKPOJIMH3UPOBAHUS U T.I1,. BBISCHUIIOCH, YTO OOBEKTHI,
Ybsl Macca OIPEIEIISICTCS 110 KX CBETUMOCTH, HE MOTYT CO3/1aTh HAOIFOIaeMBIX IOJIEH CKOPOCTEH
M3-32 HEJIOCTATOYHOCTH TAKOW MAcChl; M B HEKOTOPBIX CIIy4asX HE ObLIO BUIUMBIX MPUYHH JJIS
HaOJIFOICHUST CBOWCTB MUKPOJMH3MPOBaHUsA. ECTECTBEHHO BO3HUKAET MPEAIOJIOKEHUE, YTO BO
Bcenennoii cymectByer He Bunumas Hamu Mmatepus (Invisible matter). Dra marepus momkna
OBITh pacmpejieliecHa 4YpEe3BbIUAHO HEPaBHOMEpPHO. B Hay4yHOU JmTeparype MNpHCYTCTBYET
HECKOJIBKO HA3BAHMIA TOTO SIBIICHUS: CKPBITas Macca, TEMHas MaTepus, TEMHAs macca, TEMHOE
BemtectBo (Dark matter).

"Bonpoc o nanuuuu memHou mMaccel snepsvie 0wl nocmasien euje 6 1933 200y Zwicky,
Komopuli, uzyuas earakmuku 6 ckonienuu Coma, obOHapyscun, umo oHu o01a0arm oyeHb
8biCcoKOl Oucnepcueti ckopocmetl. Ilpumenus meopemy eupuana, Zwicky noayuun noanyo maccy
ckonnenus, komopas okasanacs 6 50 pas 6onvute maccwl 6uoumozo eewjecmea. Onupasacy Ha
amom pesyremam, Zwicky npuwen K 3aKIOYEHUrO O MOM, YMO OAi NOOOepIHCAHUS
OUHAMUYECKO20 PABHOBECUSL 8 CKONIEHUU He0OX00UMO 0OO0Ibuoe KOAUUeCmeo HeBUOUMO2O
sewjecmsa. Bvigoo o cywecmeosanuu memHoU Maccvl Ha macuimadax 2anakmuk Ovll cOenau
nosonee. Freeman (1970) obpamun enumanue na mo, umo kpusvie épauwiernus NGC300 u M33,
usmepennvie no HI, e nokaszvieaiom keniepo6cko2o nadenus, Komopoe MOMCHO 0HCUOAMb Ol
9KCHOHEHYUAILHO20 PACHpedesienuss NOBEPXHOCIHOU NIOMHOCMU OUCKA, d, C1e008AMENbHO, 8
HUX OOJCHO OblMb OONOIHUMENbHOE Bewecmso, NO Macce CONOCMABUMOe C BUOUMBIMU
Maccamu 2anakmuk u ¢ pacnpeoeieHuem NJIOMHOCMU, OMAUYHBIM O IKCNOHEHYUATbHO2O
pacnpedenenus onmudeckou eanakmuxu. Ostriker u Peebles (1973) npeononoowcunu, umo
BUOUMBLE CRUPATIbHBLE 2ANAKMUKU OOJNCHBL OKPYIHCAMb MACCUBHbIE HesUOUMble CheputecKue
KOMNOHEHMbl, Npensmcmeyrouue GopmMuposanuo 0apo8 8 XON0OHbIX CAMOSPASUMUPYIOUUX
ouckax.

C nosgneHuem co8pemMeHHbIX HAOM00AMENbHBIX CPedcms, npobiemMa memMHO20 240 He
nepecmana 6vimes axmyanvHou. QOHako cledyem OmMemums, YmMo echmb HANpaeieHue,
ompuyarowee Cywecmeo8aHue CKpblmoll MAaccvl U 00vbACHAIOUee Habao0amenbHble OaHHbIE C
UCNONB308AHUEM MOOUDUYUPOBAHHOU HBLIOMOHOBCKOU OuHamuxu (max Hazvieaemas MOND),
snepevie npeonodicennas Milgrom (1983), u noodoepoicusaemas psoom asmopos (cm. nanpumep
Sanders, McGaugh (2002)). Ho sma eunomesa ne chumaem noiHOCMblO 8ONPOCA O CKPbIMOLU
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macce, NOCKOIbKY umeem psio npobrem. B wacmunocmu, na macuwmabax ckonienutl 2aiakmux
onsa coenacoganus moodenei MOND c nabnwodaemvimu OaHHbIMU Mpedyemcs OONOTHUMENbHAS
nesuoumas mamepus (cm. Sanders (2003), Pointecouteau, Silk (2005)). Fez dononnumenvrozo
memMHo20 eeujecmea He oboumuce u npu obwvicHenuu 6 pamxax MOND HnabnoOdaemotl
KUHemMamuxu uaposvix ckonaenuti 8 earakmuxe NGCI1399, naxoosawetics 6 yenmpe cKonjieHus
eanakmux Fornax (Richtler et al (2008)). Jaunvie craboco epasumayuonnozo aunzuposanust
maxkoice npomusopewam MOND (cm. Parker et al (2007)).

Hccnedosanust npobremvl meMHO20 2ai0 NPUGeIU K NOSBIEHUIO Pidd HOBbIX 80NPOCOE.
B uacmnocmu, 00 cux nop HesCHO, KAK08O KOIUHECMEEHHOE COOMHOWEHUE BKIAO08 MEMHO20
2ano U BUOUMOO BeWecmia 6 MNOJHYI0 MACCY 2dNAKMUKU, HACKOIbKO MO COOMHOULeHUE
VHUBEPCANbHO, U CYUeCmeyem Jiu C8813b MeNCOY IMumM COOMHOWICHUEM U HAOII00aeMblMU
ceoticmeamu earakmux." [23, BBenenue |

HewusBecTHBI OTBETHI M Ha 0OJiee CYIIECTBCHHBIC BOMPOCHI: M3 YErO COCTOMT TEMHAs
MaTepHs, Kak OoHa oOpa3yercs M KyJa JIeBaeTcs, KaKoBa B3aMMOCBS3b TEMHOW W OapHOHHOU
Marepun?

6.5. Témuas 3Heprus

I1.IIu6nc (Peebles P.) [24] onpenensier tepmun "Témnas suepeuss (Dark energy)” kax
JHEPTHI0, COJCPXKAIIYIOCS B MPOCTPAHCTBE, (QHTH)IPaBUTALIMOHHOE JICHCTBUE KOTOPOId
CPaBHUMO C JEUCTBUEM DWHIITEHHOBCKOM KOCMOJOTMYECKOM KOHCTaHThI A. Y Apyrux aBTOpoB
BCTPEUACTCS TAKXKe ONpEACICHUE: TeémHas sHepeust (uiu Keunmaccenyus - quintessence) — sto
sHeprus Bakyyma. Ha 3HadueHue A KocMoJIoruu (pakTa HaJIM4YUs SHEPTUH B BaKyyMe oOpaTHiiv
BHUMaHHUE Cpa3zy JK€ IOCie OTKPBHITUS 3(PQeKTa HECOOTBETCTBUS CBETHUMOCTH M KpPacCHOTO
cmemenns panékux CeepxHoBbix SN 1a[18]. DtoT 3dhdekr cunraeTcst caMbIM HATJISAHBIM, U B
Teopuu bB TpakTyercsa Kak CiIeACTBUE YCKOPEHMs pacIIMPEHUs IPOCTpaHCTBA BCeneHHoU, Tak
KaK MIMEHHO 2HEepIruu Bakyyma B Teopuu bB nmpumnucanu cBoiCTBO pacTaJKMBaHUS MPOCTPAHCTBA
U CBOWMCTBO aHTUrpaBUTAalMU. B HacTosmee BpeMsa cuurtaercs, uro 70% sHeprun Bcenennoit
COCpPEOTOUCHO B BaKyyMe.

[TockoNbKy 3TO BCEro JIMIIb TPAKTOBKA, OCTABISEM TOJNBKO (DaKT, yCTaHOBJICHHBIN
3agonro 10 1998 roga — B BakyymMe MOXKET UMEThCS pa3Hasi BeIMUMHA SHEPTHH, U3 KOTOPOHl mpu
OTIpeNIeIEHHBIX YCIOBUSAX MOTYT POXKIATHCS BUPTYAIbHBIE U PEalbHbIE YaCTUIIBI, YTO BIIEPBBIC
HaOmonamu Mpen u ®@penepuk Xommo-Kropu B 1933 roxy —poxaeHue 31eKTPOH-TIO3UTPOHHBIX
nap ramMma-kBaHtamu (B KaMmepe BuibcoHa, NOMEHMIEHHOW B MarHuUTHOe mojie). MOxHO
paccunTaTh JaXke MIIOTHOCTh KOJHMUYECTBA POXKIAIOIIUXCS YyacTHIl. [25]

6.6. Kpynnomacmradnasi ctpykrypa BeesienHoid

KpynaomacmrabHass cTpykrypa Bcenmennoit B kocmojorum — 310 Qopma
pacmpeieieHdss MaTepud Ha CcaMblXx OoJbIIUX HaOmogaeMbIx MacmTabax. Mwmerores
TpeXMEpHBIE KapThl ATOTO pacIipeieNIeH s, TOKa3bIBAIOIIUE €€ TUCUCTYI0, TyOUaTyI0 CTPYKTYpY.

"lanakmuxu o00veOuHsaomcs 8 CKoOnlieHus ¢ pasmepamu nopsoka 4 Mnx. T.o. 6
mMacumabax MUIIUOHO8 C8emOBbIX Jlem 2AlaKmMUKU pacnpeoeienvl HeOOHOPOOHo. ... Cpednee
paccmosinue medcoy cxonaenuamu 30 Mnx. B nobom xybe co cmoponoii 300 Mnk (yenvix 10
Munuapoos ceemogvix aem!) cooepocumesa npumepro 1000 ckonnenuu. B smux macwmadax
8ewecmso pacnpeoeneHo yice 00HOpooHo. Ho Hapsaody co ckonieHuamu 2aiakmux Cyujecmsyom
u Oonee KpynHvle HeoOHOpoOwocmu ¢  pasmepamu  50-100 Mnk, obpazyowue
KPYNHOMACUMAaobHyo cmpykmypy Bcenennoil.

...CO2NACHO  pe3VIbmamam HnocieOHux Habawoenull Bcenennas npedocmasnsiemcs
cocmosuell U3 02POMHbIX AYeeK UlU ny3vipeu ¢ moHkumu cmenxamu. Cmenku o006paszoeaHvl
2anNAKMUKamu, GHYMpPU Jice AYEeK Beujecmso NpaKmuyecKku Omcymcmeyem, 3a 4Hmo ux
nazwviearom "nycmomamu”." [26]

3nech uMeeTcs B BUAY paclpeaeneHne BUAUMoro Bemiectsa. Ctopona ky6a 10 mup cB.
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http://www.astronet.ru/db/search.html?not_mid=1171366&words=%F1%E2%E5%F2%EE%E2%FB%F5%20%EB%E5%F2

JeT — 3TO HE ONKCKA, TaK KaK B KaXJIOM TaKOM KyOe BEIIECTBO JIOJDKHO OBITh PacIpenesIieHO
OJTHOPOAHO XOTA ObI ¢ TOYHOCTBHIO 5% , a B KyOe co crtopoHoil 300 Mnk HEOZHOPOTHOCTH
pasmepom 100 Mmk cocrasisier 1/3 croporsl. CKOIBKO K€ OJHOPOJHBIX KyOOB MOXET OBITH B
npoctpaHcTBe B Teopru bB? Bcero Heckosbko, MO3TOMY J1axe MPUOIU3UTHCS K OJHOPOIHOCTH
Bcenennoi B aToi TCOpPHH HECJIb34, 4 BEAb UMCHHO Ha OCHOBAHUHU OAHOPOJHOCTH ObLIH CACJIaHbI
BBIBOIbI 00 OJTHOPOJIHOM paciipeHnn BeeneHHOM.

IIpu cpaBuenun xkaptel MO®PU, mnocrpoeHHyio cnytHukoM WMAP, ¢ aByms
UH/IMKAaTOpaMH  KPYITHOMACIITaOHOM CTPYKTYpbl - C KapTOH pEHTIeHOBCKOro (hoHa,
noctpoerHoi cnytHukoM HEAO-1, u ¢ KOIM4ecTBOM pajfiorajakTHK, OTYYSHHBIM IO 0030py
NVSS, "6 oboux cryuasx obnapysicena nonodxcumenvras Koppeiayus, 6 nepeom - Ha ypogHe 2.5-
\sigma, 6o emopom - ma yposme 2-2.5\sigma. Dmu xroppensyuu o6Hapyd’ceHbl 8 060uUx
NONYWAPUAX, OHU MEHAIOMCS, HO He ucyesaom npu yoaienuu ¢ kapm I anakmuxu u moyeynvix
UCMOYHUKOS (M.e. KOppenayus 6bl36aHa He UMU).

Bvi600: nekomopas uacme @Aykmyayuil peiukmosoz20 usiydeHus obpazyemcs Ha
Manvix Kpacuwvix cmewenusx (z~1). Ilepsoe npeonosicennoe obvsichenue - s¢gpexm Caxca-
Bonwgpa - paznuunoe epems npuxoda K Ham jayuell, 0sueasuwiuxcs 6 bonee ciabom u Oonee
CcunbHoOM epasumayuontvlx noasx. "' [27]

Jns cronme paznuyHOro BpeMeHu npuxona uanmydenus MOU (ot z=1200 mo z=1)
TpeOyeTcsi HACTOJNIBKO JUIMTENBHOE BO3ACHCTBHE JOCTATOYHO CHIBHO HM3MEHSIOMIECHCS
IpaBUTAllUM B Tpejeiax YIVIOBBIX PAcCTOSHUN Mexay msatHamMu MO, 4ro M3 yKa3aHHOTrO
NPEIIONI0KEHUSI aBTOPOB CIIEIYET, YTO 3eMJIsl JOJDKHA HAaXOAMTHCS TOYHO B LEHTpe chephl ¢
pacripelielIeHHeM TpaBUTAllMM CTPOro MO pajauycaM. EcTecTBeHHO, Takoll KapTHHBI He
HaOJII0/1aeTCsl, TIOATOMY IPEIOJI0KEHHE aBTOPOB CTaThU HE BBIMONHAETCS. Ho cam pesynbraT o
koppensuu rmsateH MOU ¢ kpynHomaciTabHON CTPYKTYPOH HY’KHO MCHOJIb30BATh.

6.7. ATomapHbIii coctaB BeesleHHOI, pacnipeaesieHne JErKUX 3J1eMEHTOB

[IpakTyecKn HEBO3MOXHO HAWTH JAHHBIE MO PACHPEICICHUIO JIETKUX 3JIEMEHTOB BO
Bcenennoii, He cBA3aHHbIe ¢ Teopueil bB. 3neck cuntaercs, 4To Ha HEKOTOPOU CTaIUU CO3AaHUS
BcenenHoii oHa cocTosiyia TOJIBKO M3 BOJOPO/Ia, 3aTeM 00pa30BaJIUCh AEUTEPUN, TPUTHUH, TeIuil,
u uTui. Ha nomio ocTanbHBIX 3JIEMEHTOB MPUXOAUTCA MeHee 1% aToMapHOro BellecTBa.

"B copsuem eewecmee Bcenennou, codepoicasuiem HNPOMOHbL U HEUMPOHbL HPU
memnepamype = 10°K, 6 pesyiomame ux cuusnus o6pa3oebl6aiuch 1é2Kue 1eMeHmpl, maxie
Kak Oetimeputi, mpumutl, eeaiut, aumui. [locie mozo kax 6o Bcenennoii 0bpazosanucey 36é€30bi,
OCHOBHbIM MEXAHUZMOM HYKIeOCUHme3a Cmanu sioepHvie peakyuu 6 36éz0ax. Jlézkue sopa (u
Xumuyeckue 1eMeHmyl) 8NI0Mb 00 dHcele3a U HuKeils 00pasyromcs  36630ax 8 mepmosoepHbIX
peaxkyusx cunwmesa. AHAopa 0Oonee mMANCENbIX INEMEHMO8 GNIOMb 00 YpPawa 00pazylomcs 6
MACCUBHBIX 36€30aX U NPU UX 63DbIBAX 2NIAGHLIM 00pA30M 8 pe3yabmame 3axeama HelumpoHO8
bonee nézkumu aopamu ¢ nocieoyrouum bema-pacnaoom. Hekomopwvie xumuueckue snemermol
0bpasyomcs 6 peszyibmame 63auMO0eUCmEUss KOCMUUECKUX aydell ¢ MexC36E30HolU cpedoll. B
pe3yibmame HYKIeoCUuHme3sa cqhopmMuposancs co8pemenHvlll amomapusli cocmae Beenennou. B
Hell borvue ece2o 6000pooa (=<91% amomos) u cenus (=8.9%). Ocmanvuvix amomos < 0.2%.
Hyxneocunmes npooondicaemes u 6 nacmosiyee epems.” [28].

"Camvle cmapbie 36e3061, KOmMopbie 00pA308ANUCH U3 2A3A HA PAHHEU CIMAOUU UCMOPUU
2anaKmuk, Koeoa OH Ovln Mmenee '3acpsazuer”, OelicmeumenvHo NOKA3blaAOM Oehuyum
MANCENLIX DNIEMEHMO8, KAK U npeocKasvieaem meopus 36e30H020 HyKieocunmesda. Oouako,
oasxce 8 camvlx cmapvlx obvekmax codepyxcumcsa om 23% 0o 24% ecenus: He obOHapydCceHO
36€30bl, 2ANAKMUKU UL MYMAHHOCMU, 20e coO0epicaHue 2enus Obllo Obl MeHbuie 3MO020
3Hauenus. Kasicemcs, umo canaxmuxu Hauyanu o6pazoevieamspcs He U3 Yucmoz20 6000pood, a u3
cmecu 8000pooa u 2eaus. Teopus "l'opsueco Borvuiozo e3pwisa” yoauno pewaem smy npoonemy.
Peaxyuu na copsiueii panneti cmaouu mo2ym npespamums npumepho 23% 6000pooa 6 2enuii, Ho
Bcenennas ocmulgana maxk Ovicmpo, umo He X6AMUiO 8peMeHU HA CuHme3 0Oojee MmANCEnbIX
anemenmos Ilepuoouueckoti cucmemvl (3a UCKIIOYEHUEM HEDONbUIO20 KOAUYECmEa JUMUSL).
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Obwschenue npoucxodicoenust OoIbuel Yacmu KOCMu4ecko2o 2eaust Bonvwum B3pvieom makum
06pazom pewuio 00120 CMOSIBULYI0 NPOOIEMY - NOHYeMy e20 MAaK MHO20, U nodemy e20 obuue
max 00nopoono." [29].

BI)IILGJ'II/IB W3 DTUX OMMCAaHUN 00OBEKTHUBHBIE OLICHKH, 4 HC X TPAKTOBKHU, MOXHO yKa3aTb

Ha CIEAYIOLIUE CBOWCTBA PACIpPOCTPAHEHHOCTH AJIEMEHTOB KaK (DYHKIIMM MacCOBOTO YHCIIa,
IMMOJIYYCHHBIC Ha OCHOBEC CIICKTPAJIIbHBIX JAHHBIX BHE3CMHBIX 00BEKTOB:

e Ooisiee TSDKENBIE SJEMEHTHI PACHpPOCTPAHEHBI pexe Oosiee JNErKUX, 3a HCKIIOYEHHE

AJIEMEHTOB YTJIEpPO/Ia, KUCIOPOa, U DIEMEHTOB C aTOMHBIM BECOM OKOJIO JKeJe3a.

e BoAOpoa =~ 90% Bcex aTOMOB BellecTBa Bo BeenenHnoit,

e renuii ~ 9% Bcex aTOMOB,

e  pacmpeneneHne Bo BeeleHHoM BoAoOpoaa U Tesusi OHOPOIHO.

B 1948 romy I'.T'amoB B pamkax Tteopun BB mpenmnosnoxusn, 4To CHHTE3 BCEX
3JIEMEHTOB MpPOUCXOAM BO Bpemsi BB B pesynbrare 3axBaTa JOMOJHUTENBHBIX HEHUTPOHOB
JpYTMMHM aTOMHBIMM SIJpaMU C HOCJEAYIOLIMM YaCTHUHBIM pacrajoM TsDKeNbIX anuep. OmHako
JIeTajbHbIE pacyeThl IOKa3alM, YTO B 3TOM MOJENM B TEPMOSACPHBIX DPEAKLUAX MOIJIH
00pa30BaThCsl TOJBKO H30TONBI BOJOpona U reius. Ilo coBpeMeHHBIM HpeACTaBICHUSM
OCHOBHBIM IIPOLIECCOM 00pa3zoBaHMs 0ojiee TSKENBIX sAep SABISAETCS SBOIIOLUS 3BE3L.

6.8. CBepxHoBbie SNe Ia — crangapTHbie cBeun BeesieHHO#

[Ipn BBIYMCIIEHMH MaKCHUMYMOB a0COIIIOTHOH cBeTHMocTH CBepxHOBBIX 3BE31 (SNe) C
z<1l okaszanmoch, uto cymiectByeT Tun "omuH a (1a)" SNe, y KOTOpBIX 3TH MaKCHMYMBI
NPaKTUYECKH OJMHaKoOBble. 3a 3To cBoiictBO SNe la nanu HaszBanue "CTaHgapTHBIE CBEYH
Bcenennoii"'.

Ho, natbmronas 3a SNe la ¢ z>1, C. Ilepiamytrep (Perlmutter S. and all,) B cratesx
[18],[19] BBIsBMI psin 3akOHOMEpHOCTEH (MOATBEPXKAEHHBIX IPYTUMH YYEHBIMH), KOTOpPBIC B
paMKax TEOpPHHM C PACIIUPSIOMUMCS MPOCTPAHCTBOM TMOTPEOOBAIM BBIIOJIHEHUS YCKOPEHHS
9TOTO paCIIUpEHUsi, TOCKONBKY cBeTuMOcTh nanékmx SNe la oxazamace MeHbIe, Yem
0’KMJIAJIOCh B pPAMKaXx MpeabIAyIuX Moaeneit bB.

MHoxuTenb W yBeIWYeHHsI MepuoJia MOBBIIICHHONW CBETUMOCTH OKa3alicsi HE CTPOTo
paBeH 1+z, cpennuil HakjJoH S Tpaduka aOCOMIOTHON cBeTUMOCTH CBEPXHOBBIX TOXE HE
MOJIHOCTBIO  COOTBETCTBOBAJl TEOPUH, KAaK U 3aBUCHUMOCTb paclpelesieHdss SHEepruu
IIPUHUMAEMOI0 CIIEKTpa OT BEJIMYMHBI Z. BecbMa CyHIECTBEHHBIM KPUTEPUEM JUIsl TEOpUI
JOJKHO OBITH HaliieHHOe BbIpaxeHue B-V-nseta SNe la B MakcumyMe sipkocTu uepe3 GpakTop s,
noKasbiBaroliee, 4ro 6osee qanékue CBEpXHOBbIE Mbl BUIUM 0oJiee IPKUMHU B BBICOKOYaCTOTHOM
gactu cnekrpa [19, ¢.(3)]: B-V (t = 0) = -b(s-1) - g.

OueBuAHO, UTO TaKOE Iepepaclpe/iesieHHe CIeKTpa He MOXKET ObITh OOBSICHEHO MPOCTO
pacTsDKeHHeM BpeMeHHM, AecTByromuM B Teopun BB u TpeOyrommum OTCyTCTBHS JTHOO0TO
U3MEHEHUs CTPYKTYpbI CIIEKTpa, HO ATO He sBisieTcs mpobaemoit B Cratuueckoil BeenenHoit, B
MOJIETM KOTOPOM HHU3KOYacCTOTHAsh YacTh CIEKTpa HMeeT Oojee HU3KYI0 CKOPOCTh
pacipoCTpaHEHUS U TIO3TOMY OTCTAET OT BHICOKOYACTOTHOM YacCTH CIIEKTpa.

7. TpeGoBaHusi K runoTe3am

[Touemy B crincke TpeboBanuii [4] k rumoTe3am CTOAT moabko 3PPeKThI, 00bICHEHHDIC
B pamkax teopur bB u hopmynupoBka TpeboBaHmii cienana Kak 0bl ¢ Touku 3peHust bB? UToOsl
n30aBUTHCS OT TaKOW OJHOCTOPOHHOCTH, HEOOXOJMMO W3 TpeOOBaHWN yOpaTh TpPaKTOBKH
(GakToOB, OCTaBUB TOJBKO pPE3yJbTaThl HAOIIOACHHMA, MOMOJIHUTH HMX JAPYTUMHU KPUTHIHBIMHU
HAOJIFOIEHUSIMU:

17



o [lpunumams cywecmsosanue s¢pgpexkma KKC kax dannocmo unu 0asame o0vACHeHUe
senuuunvl KKC na ochose npednazaemvix mMexanusmos
o [lpunumame npakmuyecxku oounaxogyio geauuury KKC ¢ nabawodaemom ouanazone 80aH
0m KOHKpemHo20 00vekma
o He umems pazmvléanus uz00pasxicenul
o Coomsemcmeoeamv YMouHEHHLIM OaHHbIM 0151 C8EPXHOBYLIX, A UMEHHO 0DBACHAMb CE:A3b
pocma paccmosiHus 00 HUX ¢ 3hgexmamu.
e ygenuuenue spemenu npuéma Kpugotl nogviuennou ceemumocmu SN 1a,
* CMeujenue MaKcumMyma adcomOmHol C8emumMocmu 6 6ojiee paHHIOw 3MOXY U
VMeHbUleHUe eTUYUHBL D020 MAKCUMYMA,
* ygenuueHue NPOYEeHMHO20 COCMABA BbLCOKOYACTOMHBIX COCMABISAIOWUX CNEKMPA 8
Makcumyme abconatomHol CemuMOCmu.

Nmenno nabmonenne 3a CpepxHoBbiMu SNe la moka3zano, uro momenu BcenenHoii B
paMKax mpeaplayiield Bepcun Teopun BB OblIM HEBEpPHBI, M YTO PACHIMPEHHE MPOCTPAHCTBA
Bcenennoit 00513aH0 IPOXOAUTH C YCKOPEHUEM, UTOOBI YAOBIETBOPATH HAOIIOAAEMbIM JaHHBIM.
OTH CcTOJb KpUTHYHBIC JUis Teopun bB Habmronenus, onucannbie C. [TepamyTtrepom (Perlmutter
S. and all,) B cratesx [18],[19], He0OX0aMMO BKJIFOUATH B CITUCOK TPEOOBAHUI K THIIOTE3aM.

[Tockonbky mr000e oOBsicHeHne KKC Hepa3pblBHO CBSI3aHO C  HEKOTOPOM
KOCMOJIOTUYECKOM  TeopHel, OT 3Toi Teopuu TpedyeTcss TakkKe JaThb OOBSICHEHHE APYTUM
HaOmoeHusIM (He ux TpaktoBkam B bB), B uactHocTu:

e Cmabunvnocmsv Beenennoti

o [lpaxmuuecku niockoe (He UCKPUBIEHHOE 8 KDYNHOM Macuimabe) npocmpaHcmeo
o Cmamucmuka KpynHOMACWMAOHOU CIMPYKmMypbol

e Hanuuue obnacmeii ¢ "mémnoui” snepeueit u "mémnon" mamepueu

o Jlemanu nab00enuti KOCMU4eCKk020 MUKPOBOIHOB020 (POHOBO20 U3TYUEHUS

e Pacnpocmpanénnocms né2Kkux 31emMeHmos

HaKOHeII, B TCOPHH OOJIKHBI BBITTIOJTHATHCA:

o Ilpunyun npuuunnocmu
e 3axomnwvl coxpamneHus dHepauLU U UMNYIbCa

8. Mopean Ctarnueckoii Beesrennoi

B xauectBe monenu BceneHHo#l BbIOpaHO OECKOHEYHOE CTaTHUECKOE MPOCTPAHCTBO,
onuceiBaeMoe B Teopum cramuoHapHoro sdupa (COT) [30], [31]. IIpoctpancteo B COT
(Ha3biBaeMoe AGCONIOTHBIM) IONATACTCS JTHHEHHBIM 3-MepHbIM EBkmnzosiM R® (equHuisr
WU3MEPEHUS B HEM OIPEACIISAIOTCS CTAHIAPTHBIM CTEPIKHEM), a BPEMS - TUHCHHBIM OJHOMEPHBIM
R', eQMHHIA M3MEPEHHS BPEMEHH 3aaéTCs HEKHM CTAHIAPTHBIM IHKIHYECKAM MIPOLIECCOM.
Bpemst u mpoctpanctBo B COT HezaBucumbl. YacTo ynoOHO paccmarpuBath [IpocTpaHcTBO B
BHIC NPOM3BEACHMS YKA3aHHBIX JHHEiHBIX mpocTpaHctB ROxR'=R®. TIpocrpancreo R®
3aMOJTHEHO HETOJABMKHBIM U30TPOIHBIM OJHOPOJHBIM 3(PUPOM — HOCUTEJIEM B3aUMOICHCTBUI
(BO3BMOXHO - BCE€X), B KOTOPOM CKOPOCTh PACIpOCTPAaHEHHs BOJH CBETa €Iab0 3aBHCHT OT HX
YacTOT M MPAKTUICCKU MOCTOSHHA Ha paccTOSHUAX 10 10 MOk mpu OTCYTCTBUU KaKOTO-JTHOO
BIUSHUS Ha CBET CO CTOPOHBI pasnu4HbIX Toliell. C HEmoJBIKHBIM J(PUPOM CBs3aHA
BhIIcsIeHHAs (AOcomtoTHas) nHepIanbHas cuctema otcuéra (ACO).

B sT0ii MOzIEeNM BCe 3IeMEeHTapHbIe YaCTULBI SIBIISIIOTCS HEKUMH CTPYKTypaMu ddupa, u

MOTYT HM3MEHATHCS, MOTYT B3aUMOJEHCTBOBAaTh JIPYyr C APYroM U IepeMemiarscsi B 3dupe,
noJ0OHO TOMY, KaK CMepY MOKET repeMeniarbesi B atMocdepe 3emin. To xe kacaercs: Oonee
KPYNHBIX U Oojiee MENKUX CTPYKTyp — Ted U KBapkoB. Hocurensimu mosieid MOTyT OBITH eIé
18



Oosiee Menkue cTpyKTypbl 3¢upa. O GoTOHE MOXKHO CKa3aTh, YTO YACTOTA MPOSIBICHHUS €rO
9JIEKTPOMATHUTHBIX XapaKTEPUCTUK 3aBUCHT OT BJIMSHHUS BHEIIHEH CpeIbl W CKOPOCTH €ro
nepeMenieHus B 3upe.

[Tepecuér koopaunat u3 ACO B npyryio MHepuuanbHyto cucremy otcuéra (MCO),
neukyiytocss B ACO ¢ mocTossHHOM ckopocThio V' BAOIb OCHM X, OCYLIECTBISETCS IO
[Tpeobpaszosanuto "Urna (UI1):

t
AV it == x"=yx-Vt;y' =y, 2z =z
Y v, (®)
raey =y(V) = (1—-3)7"%.
CnenctBue u3 MWII - opHoBpemenHble coObiTuss B oaHoit MCO  sBustorcs

OJTHOBpeMEHHBIMHU B J1000# apyroit UCO (abcomomnas oonospemennocms). Ho, B oTauuue ot
teopun ['anmunes, IIpeoOpazoBanue (8) o3HauaeT, 4TO AJsi KOHKPETHOIO COOBITUSI MOKA3aHUs
yacoB B 01H0i1 ICO moryT He coBnajaTh ¢ nokasanusmu yacos B apyroi MCO, u, B oTiinuue ot
CTO, ckopocts cBeta B UCO OyaeT aHu30TPOITHOM.

Paznuunbie 3¢dexTsl B MaTepraabHOM Teje, ABHXKYILIEMCS CKBO3b 3(Up, 3aBUCAT OT
CKOPOCTH 3TOr0 TeJa B aupe (aHamorudHo ddpdexty OpeHens yBiIeueHUs CBETa B IBIKYIICHCS
cpezie), B YaCTHOCTU, CKOPOCTh TEUEHUs MPOIECCOB, ONMPEAEISONIasi TEMIT BPEMEHH B JIAHHOM
TeJe; Mpu paBHbIX cKopocTsax Tel B ACO Takasi 3aBUCHUMOCTb OJIMHAKOBAs, 3HAYUT, JJII BCEX
HenoABMKHBIX Touek B MCO Bpemsi MMeeT OJMHAKOBBIA TEMII, OJHO3HAYHO 3aJaBaeMbIi
ckopoctbio nBmwkeHns MCO B adupe, To ecth, B ACO. Eqununel el B UCO yxe Henb3s
OMpeNesATh Yepe3 OJHOCTOPOHHIOI CKOPOCTh CBETa B BaKyyMe, TaK Kak 3Ta CKOpPOCTb
aHu3zoTpornHa. (BakyymMoM 37ech Ha3bIBaeTCSl COCTOSIHME OO0JacTH YacTH IPOCTPAHCTBA, B
KOTOPOM OTCYTCTBYIOT M3BECTHBIE BUJbI MaT€pUU.) A €IMHUIY BPEMEHHU MO-TPEKHEMY MOXKHO
ONPEACNIATh Yepe3 KOJIMYECTBO IEPUOJOB CBETOBBIX BOJIH BHE 3aBUCUMOCTH OT UX HAMPABJICHUA.

Brimonnenne npuHnuMna npuuuHHOCTH B pasHeix MCO Tenmepp mosyvaeTcs
aBTOMAaTHYECKH M3 CBOMCTBa aOCOMOTHOW ojHOoBpeMeHHOCTH: Ecim B omnoit MICO BTOpOE
COOBITUE TPUUMHHO CBS3aHO C TIEPBBIM COOBITHEM (3TO O3HA4YaeT, YTO CKOPOCTh
pacripocTpaHEeHHUs] B3aWMOJCUCTBUN HE MOXKET MPEBHIINIATh MAaKCHUMAalbHYI0 CKOPOCTh CBETa U
MOMEHT BPEMEHH TEPBOrO COOBITHS OBUT pPaHbIIE MOMEHTa BTOPOTO COOBITHS), TO IpH
PacCMOTPEHHH ITHX COOBITHUH B JTF000M npyroit MCO MOMEHT BpeMEHH MEPBOT0 COOBITHS TaKKe
Oyzner paHbIlle MOMEHTa BTOPOTO COOBITHS, TPUYEM CKOPOCTh  PACHpPOCTpPaHEHUS
B3auMoieiicTBus Bo Bropoir MCO Taxke He OyJeT mpeBbImaTh CKOPOCTh cBeTa B 3Toi MCO B
COOTBETCTBYIOIIIEM HaIPaBICHUH.

Ecmu nnst mokanmpHBIX 3a1ad MOXKHO CYHMTaTh CKOPOCTh cBeta B Bakyyme B ACO
MOCTOSIHHOM JJI1 BCEX YacCTOT, TO B KOCMOJIOTHYECKOM TeOpHH Haau4ue cpeabl (3gupa) T0mKHO
NPUBOJIUTh K Oucnepcuu - pa3sHOW CKOPOCTH CBETOBBIX BOJIH, 3aBUCSINEH OT MX YacCTOTHI U
CBOMCTB 3(hupa, KOTOPHIC CaMH 3aBUCAT OT MPHUCYTCTBUS MOJEH W IPYTrUX BUIOB MaTepuu. B
YaCTHOCTH, HaJMYME IHMCIIEPCUU CKOPOCTH CBETa HM3BECTHO IS T'a3000pa3HBIX, TBEPIBIX U
KUJKUX CPE]I.

Mopens Crarnueckoil BcelleHHON TOBOPHUT HE TOJIBKO 00 OTCYTCTBHH PAaCUIUPEHUS
MPOCTPAHCTBA, HO W O CTAaTUYHOM TIOJIO)KEHWU KPYMHBIX OOBEKTOB B TIPOCTPAHCTBE, B
YaCTHOCTH, TajakTUK. [IOCKONBbKY CBET OT AaN€KOro MCTOYHHKA, MPAKTUYECKU HETOABHKHOTO
OTHOCHUTENILHO HAC, MPUXOIAUT K HaM C MEHBIIECH 4acTOTOM, YeM OHa ObliIa MPU U3IIyYCHUH, TO
OUEBHUJHO, UTO JHEPrHsi CBeTa TepsieTcs B MyTH. Takum oOpa3om, [unomesa cmapenus u
oucnepcuu ceema (CHC) ectb HeoOxoammasi udactb (Cratuueckoi monenu BceeneHHoil, B
KOTOpOW BBITIONHSIETCS 3aKOH COXpaHeHus »Hepruu. bonee Toro, u epasumayuonHoe
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83aumooeticmaue NOIHKHO PACIIPOCTPAHITHCS B cpee (3dupe) ¢ morepeit sHeprun (0003HaAYUM
XapaKTEPUCTHKY MOTEPh IPaBUTAIIMOHHON 3Heprun Hg).

"[loTepsiHHass" CBETOM »JHEpPrHsl MO 3aKOHY COXpPAHEHUS HE MOXKET HCYE3HYTh,
clieIoBaTeNnbHO, OHa nepenaéres 3¢upy. Kak musBectno [32], BakyyMm MOXKET colepikaTh pasHYIO
IUIOTHOCTh 3HEepruu. OO6IacTH MPOCTpaHCTBa € JOCTATOYHO OOJBIION HAaKOIUIEHHOM 3Hepruei
001aJal0T CBOMCTBOM JIMH3UPOBAaHUS MPOXOSAIIET0 CBeTa, Ojarogaps ’TOMy CBOWCTBY OHHU U
ObuIM OOHapyXeHbl. OHeprus B Takux oOnacTsax Ha3BaHa "Témuoi". Ho, cormacHo
HKCIEPUMEHTaM, B BaKyyMe C JIOCTaTOYHO OOJIBLION IMIIOTHOCTBIO SHEPTUU JOJDKHO POXKIATHCA
BELIECTBO, U HE TOJIbKO BUpTyasibHOe. W pa3 mozens CraTuueckas, TO, B CPEeIHEM, BEILECTBA
JOJKHO POKJIAThCSl POBHO CTOJIBKO, CKOJIBKO 3a TOT € IEPUOJl BPEMEHHU IEPELUIO B SHEPTHUIO.
Kpome Toro, noBejieHue rajakTHK U 3Be3] B raJlakTUKaX CBUJETEIbCTBYET O TOM, YTO BOKPYT
MHOTMX TaJaKTHK, a TakXe B JpPYyrux 4dacTsax BceneHHOW, cymiecTBYIOT o0nacTu ¢
HEM3JIyJaroiell CBeT MaTepue, 00naIaroniiue 3HauuTeIpHOM Maccoi. Takas maTepusi Ha3BaHa
"témuoil". Takum oOpa3om, B CTaTuueckoil MoOAeIM [OJDKEH CYLIECTBOBATh '"Kpyeogopom
mamepuu':

BemectBo — U3inyuenune — Témuasi yneprusi — Témuas marepusi — BemrectBo (9)

3nech "TéMHas" maTepusi CTOMT MEXAy "TEMHON'" PHEprued W BEIIECTBOM, TaK Kak,
CKOpEe BCEro, OHa SBJISIETCS IEPEXOIHBIM 3BEHOM — CHAavajia MOSIBISIFOTCS] COCTABISIONINE YaCcTU
AJIEMEHTApHBIX YaCTHI], Y KOTOPBIX MUMEETCSI CBOMCTBO "Macca", a 3aTeM - 4acTUIIbl BEIECTBA,
obnanaromye Maccoi. B cuimy mpucyTcTBUS 100aBOYHBIX MOJIEH B 00JIaCTIX ¢ TEMHOM dHEpruei
u/uny MaTepuel, cpelia yCHIMBAaeT CBOE BO3JCHCTBHE Ha MPOXOAIICE Yepe3 HEro M3JIydcHHe.
DtuM 00BsACHACTCS OOJbIIICe KpAaCHOE CMEIIEHNE B CBI3aHHbIX "00bekTax Apma [15].

B kiaccuyeckoil TeopuM NpPHU ONHUCAHUU PACIPOCTPAHEHMS JIEKTPOMArHUTHBIX BOJIH
Mbl HCIOJb3yeM ypaBHeHHMs Makceina. OJHAKO 3TH ypaBHEHHUs BbIBEIEHbI MaKCBEUIOM B
YCIIOBHHM, KOT/Ia SHEPrHsl CaMHX YacTHIl d(QHpa HE MOXKET H3MEHSAThCA. Takoe MOJOKEHHE
MO3BOJIWJIO B JajbHeHIIeM BoOOIIE OTKa3aTbcsi OT 3dupa, Tem Oojee, 4TO HOCHUTEISIMU
AJIEKTPOMAarHUTHOTO TOJISI CTAJld CUMTAThCSA YacTULBI — (QoToHbl. CilenoBaTenbHO, IpU yu€Te
u3MeHeHus sHepruu 3¢upa B Ctaruueckoil Beenennoi, ypaBHeHus: MakcBenia JOMKHBI ObITh
WU3MEHEHBI.

PaccMoTpuM mpeTeH3un K TUIIOTe3aM cTaperoiiero ceeral4].

"Ilo Hacmoswezco epemenu He npeonoxceno  Huxaxoco mexanusma KKC,
coomeemcmeayruieco cem u3zgecmuuiM Haoaodenuam." - Hy kakas ke 3To npereHszusi? Passe
HaM HW3BECTCH HMCTUHHBIA MEXaHWU3M TPaBUTAIMHA WU Jake dJeKTpoMarHuTHoro mois? Her!
OIHaKo K€ MBI TIOJIB3YEMCS M CUJIAMU TPABUTAINH, U SJICKTPUIECTBOM.

"Pacceusanue ceema npu 10060m mexanusme pamviéano Oul 1000l 00vekm Oonvule,
yem smo Habawoaemcs." — Ho, Hampumep, cTemneHb pa3MbiTUs B dddekxre PameeBckoro
paccesiHusl 3aBUCUT OT pajuyca 4YacTHUl], Ha KOTOpbIX mnpoucxoauT paccesHue. Eciu B KKC
paccestHie MPOMCXOAUT Ha yacTulax 3dupa, To, OYEBUAHO, paauycC YacTUl] d3¢upa TaKou, 4yTo
pa3MBITHE H300pakeHUsT OOBEKTOB HE OyIeT HaOmroaaThes qaxe Ha paccrosaun Z2=100.

"Cmaperowuii ceéem cam no cebe ne 0aém NOIHO20 KOCMONOSUYECKO20 0OBACHEHUs, U
ROIMOMY He MOJCen BOCHPOU3BECIU 6Ce YCNeXu CMAaHoapmuol Kocmonoauu boavuioeo
B3puisa." — Dta npereH3ust putopuyeckas. ECTeCTBEHHO, TUIIOTE3a CTApEIOIIEro CBeTa J0JKHA
ABJIATHCS TOJBKO Majiol (HO cyuiecTBeHHON) uyacThio OOmielt Kocmonoruu, mo3romy ot 3Toi
THITOTE3bI He3aueM OBLTO OXKHIATh OTBETOB HA 6Ce KOCMOJIOTHYECKUE BOTIPOCHI.

"He ussecmno HUKaxou meopuu cmaperoue2o céemad, KOmopas KOppeKmHo o0vscHsem
Habwoaemoe pacmsamxicenue 8pemMeHuU CEemosblx Kpugvlx omoanénHvix CeepxHoevix, cnekxmp
abconomuo UYépHO20 mena UIU AHUSOMPONUI0 KOCMUYECKO20 MUKPOBOIHO8020 (oHa, U
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Hab00aemoe usmMerenue 8 Mopgoao2uu, Koauuecmee u n0EPXHOCMHOU APKOCMU 2aNAKMUK U
K6azapos ¢ Oonvbuwum KpacHuvim cmewjenuem." - OTHOCUTENIBHOE pacTsHKEHHE BPEMEHHU JUIs
OTHOCHTEIIHO TIOYTH HETOBIKHBIX MCTOYHHKA W NpuEMHHKA B CTaTHYECKOM NPOCTPAHCTBE
OTCYTCTBYET, U He3aueM TpeOoBaTh €ro OObACHEHMs. 3aTO M3-3a TUCIEPCHHM CKOPOCTU CBETa
KpuBasi cBeTUMOCTH SNE mo KaxJIOoH YacToTe MPHUXOIUT C pasHoW 3anepxkkon. CymmapHas
KpHBasi CBETUMOCTH M3-3a 3TOT0 OyJ1eT HabI0JaThCsl PacTIHYTOW BO BPEMEHHU.

"Cywecmeoganue KOCMUYECKO20 MUKPOBOIH08020 (onosoco uznyuenus'” (MOUN)
00yCIIOBJIEHO mpolieccoM, u3BeCTHOM B bB kak pexombunayus, Ho B pamkax CraTudeckou
BcenenHolt mpoucXodIMM BCErja M MPAKTUYECKH BCIOY, BEIb JHEPTHs, HAKOIUICHHAs B
BakyyMme (=3dupe), npeBpaiaeTcsi B MaTepUIO C U3ITyUYeHHUEM HOBBIX (JOTOHOB, TAKUM 00pazom,
MBI BHJIMM 3Ty peKoMOuHaIuoo, HO He oT bB, a moctosHHO, Bcerna. 3To0 M3IIydeHUE HOHKHO
MMETh CTAaTHUCTMYECKH CPEIHIOI0 IOCTOSIHHYI Temmeparypy. EcrtectBenno, yro B MOU
no0aBisieTcsl HeMalloe U3IyUYeHHe TalakTUK, U Koppemsius Menkux nared MOU ¢ nonoxxenuem
rajakTUK YCTAHOBJIEHA, IMO3TOMY 3TO JIB€ OCHOBHBIX cocTaBistomux MO®OU. Bor mnouemy
(hOoHOBOE M3IIyYCHHE UMEETCSI Ha BCEX HAOJIOaeMbIX 4acTOTax, a HE TOJIBKO HA JCIUMETPOBBIX
BonHax. Cnektp M®U siBnsercs 4EPHOTENBHBIM, MOTOMY YTO 3TO HU3JyYEHHE MPUXOJUT OT
POXIAOIIETOCS BEIIECTBA OTOBCIOY, W JIMIIb Majas 4acTh €ro MPUXOAUT OT CYILECTBYIOIIMX
00BeKTOB(00IaKOB, 3Be3/, rallakTUK). bunonspuas anuzorpornus MOU sBisiercs ciencTBueM
newkennss ConHna u  3eMiId  OTHOCUTENBHO HUCTOYHMKOB M®U, wmHOromomspHas —
HEOJHOPOJHBIM pacnpeieaeHueM ncTouHnkoB M®U B okpecTtHOCTH ["anakTuku.

"Habarooaemoe uzmenenue 6 mopghonocuu, Koauvecmee u noBepXHOCMHOU saprocmu'”
TaJlaKTUK U KBa3apoB C OOJBIIMM KPAacCHBIM CMEIIEHHWEM Z BBIYUCISUIOCH MJIS €IUHUYHBIX
00BEMOB 10 3akoHaM Teopuu bB, a B CraTuueckoil MOJeNIM Takoe U3MEHEHHE OTCYTCTBYET, TaK
Kak paccrossHUA U 00bEéMbI 31ech japyrue. Hanpumep, cBetumocts CBEpXHOBBIX,
UCTIOJIB30BaHHBIX [lepiMyTTepoM Il TOKa3aTebCTBA YCKOPEHHOTO PACIIMPEHUS TPOCTPAHCTBA
B Teopun bB[18], B Craruyeckoid MoOIeNM OKa3bIBACTCS COOTBETCTBYIOIICH OOBIYHOMY
norapupmuueckomy 3akoHy 3aBucumoctu BenmmuuHbl KKC z ot paccrosinust R (cMm. mociennue
bopmysl B §9.2).

"Kpome moeo, ¢paxm, umo 603pacm camvlx Cmapwix 36€30 NPUMEPHO PABEH 0OPAMHOU
eenuyune KOHcmanmuvl Xabona, ecmecmeenHo nossnsaemcsa uz kocmonozuu boavwozo B3pwisa,
HO A613emcsl HeOOBbACHEHHBIM CO8nadeHueM 6 boIbuuHCcmee Mooeneu cmapeloue2o ceema." —
Ha camom niene, B Teopuu bB 310l ykazaHHO# "ecTecTBEeHHON" CBSI3M HE CyIIECTBYET. B Teopuu
BB Bemmumna H™ XapakTepU3yeT BpeMs CyLIECTBOBaHUs BCEleHHOW, CIeqoBaTelbHO,
u3MeHsercs co BpemeHeM. CTpanHo ObuIO Obl, eciii B Teopu bB MakcumanbHbIN Bo3pacT 3BE3]T
npeBBICKIT ObI Bo3pacT Bceenennoit. Ho 3BE3/1b1 HE BEUHBI, U, OYCBUIHO, KOTJAa-HUOY b JOKEH
HACTaThb MOMEHT, KOT'/Ia BCe 3BE3/1bI NIEPBOTO MOKOJIEHHSI IOTaCHYT, U TOTJA YK€ BO3PACT CaMbIX

. -1
CTapbIX OCTABIIMXCA 3BE3]T 3aBEJIOMO He OyJieT coBmagaTh ¢ H™.

BozpacT 3BE3n ompenensercs Mo COCTaBy M 3armacaM BelIEeCTBA 3BE3M, U SAIEPHBIM
peakuusM, MPEeANnoNIOKUTEIbHO MTPOUCXOSAIINM BHYTPH 3BE3], O KOTOPBIX MBI MOYKEM CYAMTH
10 UCXOJSIIMM U3 3BE3] M3NIydeHUsM. B pesysbraTe mojydaeTcs cxema 3Bojrormu 3831 [33]
(Auarpamma [epummpynra-Paccena), Bo3pacTel 3BE3HM B KOTOPOW BBIYMCICHBI 10 3aKOHAM
snepHort puzuku u OTO. Koncranra Xa66ma, onpenenseMas Kak Kod(QPHUIIMEHT B 3aBUCUMOCTH
BennunHbl KKC ot paccrostnust, B CtaTudeckoil MOJENN 3aBUCUT OT XapaKTEPUCTUK Cpenbl, B
KOTOpOii cBeT pacmpocTpansiercs. Cpeoll MOXKET OBbITh MEKTallaKTHYECKUH BaKyyM, a MOKET
OBITH OKOJIOTAJaKTU4eCKasi TEMHAs SHEPrus — 3HAYEHHs 'KOHCTaHTBI Xa0OO0ia B 3THUX Cllydasx
Oy/IeT CYIIeCTBEHHO OTJIHYAThCs, KaK Mmokasanu uccienoBanus X.Apma [15]. Bospactel 38E37
TOKE€ MOTYT OBITH Pa3HBIMHU, MOITOMY MOXHO T'OBOPUTH JIMIIL O KOPPEISIUH MUHUMAIbHOIO
3HaueHus "KoHcTaHTH" Xa00ya 1 MaKCUMaIbHOTO BO3pacTa 3BE3].

Ectb onHa cymiecTBeHHast CBSI3b MEXKAY STUMH BEIWYMHAMHU — BpeMs KHU3HH (HOTOHA
nponopuponansHo Bemmanae Ho.(em. ¢.(21) B §9.3) To, uto B Teopuu BB TpakTyercst Kak
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«Bo3spact Bcenennoii», mim MoMeHT, koraa "Hudero He O0bu10, 1 BIpyT Be€ mosiBmiioch”, B COT
oObsicHaeTcs uHave: "Jlanple HUYero He BUAHO" - Hallle HAOMIOJEHUE OTPAaHUYEHO BpPEMEHEM
XKHU3HU (POTOHOB. MaKkcHMasbHBIN BO3pacT 3BE31 B Teopuu bB cumTaercs He mpeBOCXOAAIINM
BO3pacT BceneHHOM, Tak Kak 3Be3/[bl HE MOTJIM MOSIBUThCA paHblie bB (mpumepno 14 mupa. aer
Hazan). Ho B COT Takoro orpanudenust Her, u st COT He yauBUTENBHO, YTO JaKe BOIHM3U
IPaHUIBI BUIUMOCTH Mbl HaOIIOIa€M XOPOIIO CTPYKTYPUPOBAHHBIE TaJaKTUKH — 3TO O3HAYaeT,
YTO 3THU TJIAKTUKH U 3BE3/Ibl B HUX CPOPMUPOBAHBI 33J0JT0 A0 CPOKa, KpUTUYHOTO AJIsi TEOPUU
BB.

.HeoOxonumo 100aBUTh, 4TO 3HAYEHHE KOHCTAaHTHI XabOma B CraTUUeCcKOH MOAEIH
UMEeT MHTEPIPETALMI0 KaK U3MEHEHHE YacTOThl ()OTOHA HA OJHOM Tiepuoae konedbanus (§. 21),
OHO MOJKET 3aBHCETh OT CBOWCTB CPE/Ibl M UX MU3MEHEHUS, HO HE 3aBUCUT OT BPEMEHH U MECTa B
00JacTH ¢ OTHOPOJAHON HEM3MEHHOW CPEOi.

[Toxaxxem 0OBsicCHEHUE APYTrUX HaOII0aeMbIX 3D PeKTOB (TIaBHI 6,7).

Hezasucumocmv nepuooos keasapos om paccmosnus. BO3MOXKHO, OT KBa3apoB
UCXOJST TOHKHE CBETOBbIE KOHYCHI, KOTOPbIE Mbl BUJIUM Y MHOTHX aKTHUBHBIX SIJIEp ralakTHK, U,
MOET OBbITh, MbI IEPUOAUYECKH IONAJaeM B 3TU KOHYChI. Torga oObsicHeHHe Takol OOJIbLION
CBETUMOCTH KBa3apOB B TOUHOCTH COBIIAJAET C OOBSICHEHHEM OO0JIbIIION CBETUMOCTH ITyJILCApOB.
ITonaB B Takol KOHYC, Mbl BUJIUM CHJIBHOE YBEJIUUYEHNUE CBETUMOCTH, BBIM]IS 3a IIPENIEibl KOHYCa,
MBI YBUJIUM pe3Koe MajieHue cBetumoctu. Ho mpu nepecyere y3KoHanpaBiIeHHON CBETUMOCTH B
NPENONI0KEHUH HM30TPOIHOIO HM3JIy4YEeHUS Ha BCE HANpaBlIeHUS OT OOBEKTa, Mbl IHOJIydaeM
OueHb OOJIBLIYI0 €ro CBETUMOCTb. JTO BCE pPaBHO, KaK €CIM Obl BBIYUCIATH MOIIHOCTH
M3JIyYEHUs MasKa 110 TOM KPAaTKOW SIPKOCTH, KOTJa CBET OT BPALLAIOLIETOCS MPOKEKTOpaA Momal
TOYHO B Ham ria3. Kcraru, mnepuoa MOBTOPEHHS CHUTHala OT Maska B CTaTUYECKOM
NPOCTPAHCTBE HE 3aBUCUT OT PACCTOSHHMSA JI0 HETo, B oTiimuue oT moaenu bB.[22]

Koppensyus MOU u cmpyxmypor Beenennoii[27]. B Cratnueckoit Beenennoit MOU
o0BsicHsIeTCs TeM, uTo (OoH oOpa3yeTcs BCIOy U BCErJa MpH MPEeBpaIeHUH YHEPTHH BaKyyma B
TEMHYI0 MaTepUIo U JanbHeleill e€é pekomOMHauuu B BeulecTBo. Ho B rajakTukax U BOKpYT
HUX B 00JAcTAX TOBBIIICHHOH (TEMHON) SHEpPruM W TEMHOHW MaTepUH TaKWe MPOIECCHI
MPOUCXOAT Yalle — 3TO U €CTh TOT JOTIOTHUTEIbHBIA (POH, KOTOPHIN MPUXOJNUT JAXKE C MAITBIX
paccTosiHUM, a HE TOJBKO C TpaHulbl BUIMMON Bcenennoil. OTcroa momydyaercs, 4yTO AaxKe
MI0CJI€ BBIUETA M3JTyUCHHS OT CBETAIICHCS MAaTEPHH raJIaKTUK UMeeTCs (OCTaTOUHAs) KOPPETSIIIUs
M®U co crpyktypoii BceenenHoil. DHeprus e BaKyyMa IMOIMOJHAETCS dHEPruei, MoTepsHHON
CBETOM B IIPOIIECCE €T0 PACTIPOCTPAHCHHUS.

Veenuuenue epemenu nabawoenus omoanrénHblx RPoyeccos.

Jnst HOBBIX M CBEpPXHOBBIX 3BE37] 3aMEUEHO, 4YTO [UIMTEIbHOCTh IEpHOJA HUX
HOBBIIIEHHON 00IIe CBETMMOCTH TeM OoJibllle, YeM Jaliblle OT Hac OHM Haxonarcs. OpHako
UCCIIEIOBAHMS 3TOTO d(PQeKTa A y3KUX CIEKTPAIBHBIX MOJOC HE MPOBOJWIHNCH, TOIBKO IS
JIOCTAaTOYHO IIHUPOKUX monoc Tuma B wm V. Ot HaOmoneHus Kak Obl MOATBEPXKAAIOT
npezcka3piBaeMblil Teopueil bB addexT pactsokenust BpemeHn. Ho B HECKONBKHX CITydasx IJist
Nanékux o0bEKTOB OBIIIO 3apPErMCTPUPOBAHO YCUIIEHHOE TaMMa-U3lIyuyeHHe 32 HEKOTOPOe BpeMsl
70 OOHApy>KEHHUSI BCHBIIIKK B BHAWMOM CIIEKTPE OT TOTO K€ 00BEeKTa. DTH HaONIOJEHUS He
BITUCBHIBAIOTCS B 3(P(PEKT pacTsKeHUss BpEMEHH, TaK KaK JUIsl aHAJTOTMYHbIX OJIM3KHUX BCIIBIIIEK HE
Ha0JII01a10Ch MPEALIECTBYIOIIETO UM FraMMa-U3Ty4eHUsI.

OnHako oOpaTM BHUMaHME, 4TO B Ipeeiax Hamlel ['anakTuky CylecTByeT pa3HHlla B
CKOpPOCTHU PACIPOCTPAHEHHsI CBETOBBIX BOJIH, KOTOpas 3aMeueHa Mpu HAOIIOAECHUU IIyJIbCAPOB.
[34]. KoneuHo, Ha UIMTENBHOCTh MEPHOIA IMyJbcapa 3Ta pa3HHIA CKOPOCTEil He BIHSCT, HO
BaXXEH caM (akT HaJIU4Usl AUCIEPCUU CKOPOCTH CBETOBBIX BOJH B JOCTaTOYHOW penKoin
Mex3Be31HOM cpene. CrenoBaTenbHO, HAOMIOMATENbHBIM (PaKTaM HE MOXKET NMPOTUBOPEUUTH
IPEIONIOKEHNE, YTO U B OoJjiee penkod (MEXrajJakTU4YecKOW) cpeie JOJKHA CyIIEeCTBOBATh
JUCTIEPCUS.
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B Cratnueckoii BeeneHnHoil yBenuueHne JUIMTEIbHOCTH NEPUO/IA MOBBIIIEHHON 0011ein
cBeTUMOCTH CBEpPXHOBBIX OOBSACHSETCA TEM, YTO B MEKIAJaKTHUECKOM IPOCTPAHCTBE BOJIHBI
pa3HOW Y4acTOTHI UMEIOT pa3HbIE CKOPOCTH, HAPUMEpP, CKOPOCTH BOJH C YaCTOTaMHU BEpXHEH H
HIDKHEH TpaHMIl BUJMMOIO JMana3oHa OTJIMYAIOTCA MpUMEpHO Ha 1 MMm/c. DTO MeHbIle
CyILIECTBYIOLIEH celdyac TOYHOCTH u3MepeHus. Ho mn3-3a pa3HOM CKOPOCTH OJHOBPEMEHHO
UCIYIIEHHBbIE CUTHAJbl Ha pa3HbIX YacTOTaX, MPOXOs OJUHAKOBOE DPACCTOSHUE 3a pa3zHOe
BpeMs, TIPUAYT CO CABHTOM BO BPEMEHHU K HaOIOJATeNIo, B pe3ysbTaTe CyMMAapHBI CUTHAI,
U3JTy4YCHHBIN 3a BpeMs |, pacTSHETCs] BO BPEMEHH B 3aBUCUMOCTH OT MPOIIEHHOTO pacCTOsIHUSA,
TO €CTh, OT Z. DTOT ke IP(HEKT TOBOPUT, UTO OoJiee OBICTPHIE BEHICOKOUYACTOTHBIC BOJIHBI JOJIKHBI
OPUXOAUTh TEM paHbIlle, YeM JAajbllleé OT HAC HAXOAMUTCS HCTOYHHMK. DKCIEPUMEHTAJIbHOE
HOATBEPXKACHHE TOMY Mbl BuauM B padote Ilepnmytrepa [19], rme omucaHo OTKpbITOE UM
cootHoienue (3): B-V (t = 0) = -b(s-1) - g, U3 KOTOPOro BHIHO, YTO B 3MOXY MPUHUMAEMOIO
MakcuMyMa u3nydeHus t=0 mpoueHTHBIN BKIIaJ BRICOKMX YacTOT B OOIIYIO MPUHSATYIO SHEPTHIO
6onmpme 'y panékux SNe la, yem y Omuskux. Jlucmepcusi o0bscHseT HaOIr0maeMoe
nepepacnpeneiieHre crekrpa B jganékux SNe la, koTtopoe He MOXeT OBITh OOBICHEHO
pacTsHKeHHEM BPEMEHH; U Jake OOBSCHSAET pas[es€HHBbI BO BpEMEHH NMPUEM ramMma-yacToT U
4acTOT BUAUMOro cBera. Takxke 5(Q(deKT aucnepcuu CKopocTed OOBSACHSET CMEIIeHHe
YKa3aHHOT'O0 MaKCUMyMa CBETUMOCTHU B OoJiee paHHHe 310X y fanékux SNe la nmo cpaBHeHHIO C
ONMM3KMMH, W3MEHEHHE BEJIMYUHBI 3TOro MakcumMyMma. COBEpIIEHHO OYEBHIHO, YTO B
COOTBETCTBUH C 3TUM PACCYKICHUEM aHAJIOTMYHOE MepepacipeieieHue CIeKTpa JT0KHO ObITh
B JIIO0OH NeHb HAOIIOJCHUS BCIBIIIKH, @ HE TOJHKO B MaKCHMyM€, M 3TO MOYXHO IPOBEPHTb.
Takum 00pa3zoM, 0 MEKIaJaKTHUECKOM MPOCTPAHCTBE MOXKHO CKa3aTb, YTO B HEM CYLIECTBYET
JUCIIEPCHAs CPEZla C HEHYJIEBOM ONTUYECKOMN IIJIOTHOCTBIO.

NTOI'O: B mnpennoxenHoit teopun Cratudeckoi BceneHHON 1o ompenencHuro
HUMEeTCsl TUIOCKOE MPOCTPAHCTBO, 3aBEAOMO BBIMOIHIIOTCS MPUHLMUI MPUYUHHOCTH U 3aKOHBI
COXPaHEHMsI SHEPrUHM M MMITYJIbCa, BCE MPOCTPAHCTBO 3AMOJIHEHO 3(PHUPOM U IPYTMMHU BUIAAMHU
MaTepHH, IPU PACTIPOCTPAHEHUH TIOJICH YHEPTUU YaCTh YHEPTUH TepsieTcs B d3PUpe, CYIHIECTBYIOT
obmactn ¢ "réMmHoK" sHepruert m "TEMHOW" wMarepueil. B pesynbrare NOCTOSHHOTO U
IPAKTUYECKH OJIHOPOJHOIO MOBCEMECTHOIO POXKAECHMS BELIECTBA JOJDKHBI HAOIIOATHCS €ro
CIeNbl: KOCMHYECKOE MUKPOBONHOB0e (hoHosoe usznyuenue (MDU) B BuIe 4EPHOTETHHOTO
CIIEKTpa BO BCEX JMANa3OHax HAaOIIONAeMBIX YacTOT (M JEHCTBUTENBHO, HA BCEX YACTOTaX MBI
Habmromaem M®U [20]); a cpemHee NPOLEHTHOE codepoicanue JNE2KUX INeMEeHmo8 OyIeT
NPaKTUYECKH TaKUM XKe, Kak 1 B Teopuu bB — rae-To Oosblie, rie-To MeHbIIe, B 3aBUCHMOCTH
OT TOrO, Kakas IUIOTHOCTh JHEPruu Oblla HAKOIUIeHa, M Kakas e YacTh IpeBpaTUiach B
BEUIECTBO. OJTHUM K€ OOBACHAETCS HaJIMUUE SUYCUCTOM KPYHHOMACUIMAOHOU CMPYKMYpbl.
BemectBo Bo BceeneHHO# cTarmBaeTcsi rpaBUTalMe B OTpaHHUYEHHBIX O0MacTAX (Tak Kak
IPaBUTALMOHHBIE CHJIBI TAK)KE IOJBEPKEHBI KPACHOMY CMEIIEHUIO), MOATOMY MOSBISAIOTCS
pa3IUuHbIe I[IEHTPHI TpaBHTAIMU (ammpakmopwvl), HO HET €IWHOTO aTTpaKTopa s BCei
Bcenennoii. znyyenne e MOXET EpEHECTH PHEPTUIO B JIOOYIO YacTh TaKOW OTPAaHUYCHHOU
obnactu, u B ciydae, ecnu H<Hg - nmaxe B apyrue oOnacTv, HO TOXKE€ Ha OTpPaHUYEHHOE
paccTossHHE - B CHJIy KpacHOro cMelleHus. BemecTtBo poxaaercs, B OCHOBHOM, BOKpPYD
UMEIOLTNXCS CKOIIJICHUH TrajakTHK, B 3TUX 00JIacTAX HauOOoJbIIas IUIOTHOCTh U3ITy4YEHHUs, U €CTh
yCIoBHs 7151 60see ObICTPOro KpyroBOopoTa MaTe€pHH, 3aTO BJAJIM OT CKOIJICHHS SHEPTHUs OyaeTr
MeJJIEHHeEe HaKaIllIMBaThCs, M BEIIECTBO - PEKE POXKAATHCS, 3aTO COPOC PHEPTHUH MOMKET OBITh
Ooiee MOIIHBIM, uYeM BOIM3M KjacTepoB. BcemMum oSTUMH MexaHU3MaMH  (M3ITydeHHEM,
rpaBUTallMEH, KPACHBIM CMEIIEHUEM, POXKICHHEM) O0ecrieueHa cmaouibHOCmy CyIIeCTBOBAHUS
U 26oioyusi BeUHOM BeeneHHo.

9. T'umote3a Ctapenus u {ucnepcun cBera

OOparuM BHHMaHHE, YTO B KaXIOM W3 THUIOTE3, MepeyucieHHbix B [naBe 4,
paccMaTpuBaeTCs 4acTh CBOMCTB MPEICTAaBICHHOW 3/1eCh MOJETH: MOTEPs YHEPTHH CBETOM — Y
[{BukkH, "HenpepbIBHOE" BIMSIHUE paccTosiHuS y benomonbckoro, 3¢gup — y HepHcra, co3manue
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HOBOW Marepun — y Xoiina, 3aBucuMmocth KKC or mex3Bé3gHol cpeasl — y Duniei-
OpeitHIMxa, HEpPACHIMPSIOIAsAcs 3BOIIONMOHHAs Bcenennas Oe3 Hauana u 0e3 KOHLA — Y
AnbpBeHna, pasHbie KC cBsA3aHHBIX rajakTUK — y Aprna. OTO MOXET O3HayaTh, YTO BCE OHU
IBITAINCH MPEJCTABUTH TOJIBKO YacTh OOIIEro onvcanus BeeaeHHOM, a 111 00bsICHEHUS! HYKHO
co0paTh BCe MIPEUI0KEHHBIE CBOMCTBA BOEINHO.

Cama rumnotesa crapenus u nucnepcun csera (CHAC) B pamkax Teopun CraTHuecKon
Bcenennoli umeer mpocrteiinyo (OpMYyJIUPOBKY: CBET IPHU PacCHpOCTPAHEHUHM TEpseT 4YacTh
CBOEH IHEpruu, ocTaBisis e€ B 3pHpe, U CKOPOCTh MOHOXPOMHOMN BOJIHBI 3aBUCUT OT YacTOTHI
ATOH BOJIHBI U CPEJIE PACIIPOCTPAHEHHUS.

Kak yxe Obuio ckazaHo Bbile, CTaTudyeckoe MPOCTPAHCTBO, B KOTOPOM HMMeEETCs
3¢ (deKT KpacHOro CMELIEHHs JJs HEMOABMKHBIX HCTOYHHMKA U NPUEMHHKA, 00S3aHO HMMETh
CBOMCTBO cTapeHus cBera. Uto kacaetcs adekra qucnepcun cBera, TO 3TOT H3PPEKT HE TOIBKO
U3MEpPEH Y MHOTUX ONTHYECKH IMPO3PAYHBIX TBEPIBIX, JKUIKUX M Tra3000pa3HbIX Tell, HO U
HaOJIr01aeTCsl 'y MEX3BE3AHOTO IMPOCTpAaHCTBa B Hamled [amakTuke, Tak 4YTO Yy IyJIbCapoB
MaKCHMMYMbl aMIUTMTYJ] BOJH pPa3HOW YacTOThl NPUXOIAT B pasHoe Bpems [34, Puc.2]. K
COXaJICHUIO, POpMyJia BpEMEHH 3a/IepXKKU curHana B [35] BbiBeeHa 1u1st OJIM3KOTO PACCTOSHHS,
Y HE IPUMEHUMA K MEKTaTaKTUYECKOMY IIPOCTPAHCTBY.

[Tpu onucanuu BOJIH HEOOXOIUMO pa3inuyaTh Ciydad HaOIIOJACHUE BOJTH B KOHKPETHOM
TOYKE U PACTIPOCTPAHCHHUE BOJIHBI OT TOYKHU K TOYKE!
a) Ilpu HaOIrOEHUM BOJIH B OJHOM TOYKE HE MPOUCXOTUT U3MCHEHUE PACCTOSIHUS
R, yacToThl curHajia W yCIIOBUH pPacIpOCTpaHEHMsI CBETA, MEHSETCS TOJBKO
MoMeHT HaOmoneHus t. [losToMy BennunHa Z HE MEHSETCS BO BPEMEHHU.
b) Ecmu jxe MbI paccMaTpuBaeM pacipoOCTPaHEHUE CBETA, TO €CTh, B OJIUH M TOT JKE
MOMeHT { cTpouM, Hampumep, amIUIUTyay uWid a3y dIeKTPUYECKOM
COCTABJISIONIEH CBETOBOM BOJIHBI, TO 3/IECh MEHSETCA paccrosinue R, BenmnunHa
KKC z 1, cOOTBETCTBEHHO, 4YaCTOTa CUTHAJIA, HO HE MEHseTCs BpeMs 1.

Ho ecnm MBI mombiTaeMcsi HapucoBaTh TpadUK PACIPOCTPAHCHHS MAaKCHMYyMOB HITH
HyJIeil HENpepbhIBHOM CBETOBOM BOJIHBI, TO MOTEPIHUM HEyAaudy, MOCKOJbKY CTOJKHEMCS C
"Ilapaookcom  ucuesnogenuss maxcumymos". Ilycte B CraruueckoM MPOCTPaHCTBE
HEMOJIBWKHBIA MCTOYHUK HEMPEPHIBHO U3ITyUaeT CBETOBYIO BOJIHY, M KXKIyI0 €IMHUILY BPEMEHU
usnydaetcs Nj koneOaHuii BOJTHBI, @ HETIOABM)KHBIN MPUEMHUK B CHITY CYIIECTBOBAHUS KPACHOTO
CMEIICHNS KKyl eIuHUuIly BpeMeHU mnpuHuMaeT Nj. xomebanuii Toil ke BomHbL Ny < Ni,
HAYMHAs ¢ MOMEHTA MPUX0/1a BOJIHBI K MpuéMHUKY. Kyna u kak nponamart konebanus? B cBoé
BpeMs benononbckuii Tak chopmynupoBan 3Ty mpoonemy: "Ha paccmosmuu ympawusaemcs
Hekomopoe yucio konebanuil." [9]

OTOT mapaZoKC TOKa3ad, 4YTO JJs KOCMOJIOTMHM HE TMpUEMIIEM caM TOAXO0J]
MPEJICTABICHUS CBETAa B BHUJE HENMPEPBIBHOTO WU3IYUYEHHUS PACIPOCTpPAHSIONMIEHCS BONHBL U
NEHCTBUTENBHO, TaKUX BOJH He cymiectByeT B [Ipupone! EcTh nuine u3nyyaemble KBaHTHI,
KOTOPBIE MOXHO TMPEJACTABUTh YACTHUIICH WM MPOCTPAHCTBEHHO- U BPEMEHHO-OTPAHHMYEHHBIMU
HECKOJIbKUMH BOJHOBBIMU (hpoHTaMU. COOTBETCTBEHHO, HENb3s OMKUCHIBATH OJIHY U TY K€ BOJIHY
OJIHOBPEMEHHO Ha BCEM ITyTH OT HCTOYHHUKA JI0 YAAJIEHHOTO MPUEMHHUKA.

Tem He wMeHee, (a3za DIEKTPHUECKOM M MAarHUTHOM KommoHeHT BOJHBI @(X(t))
CYIIECTBYET B KaXKIblii MOMEHT BpEMEHH t, HO TOJBKO IS MeCTa, B KOTOPOM HaXOIHUTCS
U3ITy4EHHBIH (POTOH.

9.1. Mopaenb pacnipocTpaHeHHUs CBeTa
ITockonbKy paccMOTpPEHHE BOJHOBOM MOJEIN PACIPOCTPAHEHHS CBETA MPUBOAUT K
napagokcy, TO pacCMOTPUM MOJIe/b KBaHTOBYI0 (OHa OJke K TpakToBKe MakcBesuia, 4eM K
TENepeIIHed TPAKTOBKE HOCUTEIICH 3JICKTPOMArHUTHOTO TTOJIs).
[Ipemaraercss HOBasi MOJIENIb PACIIPOCTPAHEHUSI CBETA — TaK HA3bIBAEMasl «BEPTYILKA.
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[IpeacTaBuM BUHT OKEAHCKOTO JIaHEpa, BUCSIIHNKI B Bo3ayxe. O4eHb CUIILHO PACKPYTUM BUHT U
OTIyCTUM €ro. BUHT MONETUT CO CKOPOCTHIO, COOTBETCTBYIOILIEH CBOEMY BpaIEHUIO.
[TocTenenHo yacTOTa BpallleHUsI BUHTA YMEHBIIUTCS, U COOTBETCTBEHHO YMEHBIIUTCS CKOPOCTh
nonéra. AHAIOTUYHO JUIsl CBETa, MyCTh 4epe3 3(up ABMKETCS HEKas CTPYKTypa U Cpelu ee
XapaKTEPUCTUK UMEETCS IJIEKTPOMArHUTHOE CBOWMCTBO, MEPUOAUYHOCTH MPOSBICHUS] KOTOPOTO
3aBUCHT OT CKOpPOCTH MEpeMelleHUsi Bcel CTpyKTyphl. [lomydaeM COOTBETCTBHE. «CKOPOCTH
CBETa B MEKIaJIAKTUYECKOM IpOocTpaHcTBe»-«4yacToTay. B rumoreze CJIC kak pa3 cBETOBbBIE
HOCHUTENIHM JIBUTalTcsi BO BceneHHO# ¢ mocreneHHbIM 3amemiieHneM. Ho odeBuaHO, 4TO HE
CKOPOCTh HOCHUTENS SIBJISETCS TMPUYMHON YaCTOTHI, @ YacTOTa SIBJISETCS MPUUYMHON CKOPOCTH
HOCHTEJIS, TOCKOJBKY MpPH BBIXOJE M3 ONTHYECKU OoJyiee MIIOTHON Cpellbl B MEHEE ILIOTHYIO
CKOPOCTh CBETa YyBEJIMYMBAETCSA. A TO, YTO 3Ta CKOPOCTh pa3Has JUIsl pPa3HBIX 4YacToT,
obecreynBaeT yAJIWHEHUE BpPEMEHU NpuéMa CHUTHAJIOB, HalpuMep, HaOMIOJEHUS B3PHIBOB
CBEpXHOBBIX, 3a CYET CABUTOB MOMEHTA NPHUXOAAa CHUTHAJIOB, W3IYYEHHBIX OJHOBPEMEHHO
MCTOYHUKOM Ha pa3HbIX yacTorax. llpmyem mis Z=1 yMeHbIICHHE CKOPOCTH H3ITYy4YEHHOTO
BHUJIMMOT'O CBETA JIOJDKHO OBITh Mopsiaka 1 MM/c — 3a mipeaenaMu CymecTByromie Tounoctu. Ho
pa3Has CKOPOCTb CBETOBBIX BOJIH HE BIUSAE€T Ha MPUHUMAEMBIH NEPHOJ HEKOTOPOIo
JIEHCTBUTEIILHO TEPUOIUYECKOr0 TPOIECCa, B YaCTHOCTH, MEPHOJI MPUHUMAEMOTO H3TyYeHUS
KBa3apOB HE 3aBUCHT OT PACCTOSHUI 110 HUX.[22]

9.2. BeiBoa popmyasl "paccrosinmne - KKC"

Paccmorpum cnenctBus u3 rumnoressl CIIC. Bce paccyxnaeHus MpoBOAUM B
AobcomotHoM cucteme orcuéta (ACO).

[Tepeunciium yciioBHs 3a/1a4u:

[IpocTpaHCTBO OAHOPOJHO M U30TPOMHO, HE PACIHIMPSETCS, OHO 3aMOJHEHO >PHUPOM -
OAHOPOJHOM M M30TPOMHOM ONTUYECKU IUIOTHOM HEMOJABHXKHOM CpEAOM CO CBOMCTBOM
mucnepcud. VcTouHMK M NPUEMHHUK HEMOJABIKHBI B MpocTpaHCTBE. CyILIECTBEHHO, 4YTO
BenuuuHa KKC z He 3aBUCUT OT HayaibHOM 4acTOTHI Vo . Ho — mocTosinHas Xab6ma ( B Mmojaenu
Crarnueckoil BceneHHONW He 3aBUCHUT OT BpPEMEHHM W TOYKH MpocTpaHcTBa), B 2009 romy

cuntanack pasHor Hp=(2,3+0,1)x 108t

O06o03HaUNM:

Touxka O - MecTo pacmonoxeHus uctounuka (X=0),

Touka R - MecTo pacnonoxenus npuémuuka (X=R),

R=R(vo,T) — paccTosiHue, npoiileHHOE CBETOM HaYalbHON YaCTOTHI Vo 32 Bpems T,

T=T(vo,R) — BpeMs IpOXO0KACHUS PACCTOSHUS R CBETOM ¢ Ha4aJIbHOMN 4acCTOTOM Vo ,

70=1/ Vo —HaYaIbHBIIA IEPHUO]T CBETOBOW BOJIHEI,

v=vV(R) — yacrora BoJHBI Ha paccTossHUU R,

VT — YacToTa U3Ty4YeHHs] B MOMEHT T,

C — MaKCUMaJbHasi CKOPOCTh PACTIPOCTPAHEHHS B3aUMOJICHCTBHUS B IPOCTPAHCTBE,

h=4,135667 33(10) * 10 *° 5B-¢ - nocrosHHas ITnanka,

E=hv - sueprus ¢ortona ompeznensiercs ¢popmysnoii [Inanka. B "ancrom" s¢upe nmm
m000# Apyrol OAHOPOJHOW HEM3MEHHOH cpeje, XapakTepu3yemou mapamerpoM H, ¢oToH,
U3JTy4YEHHBIN ¢ HaYaabHOU 3Heprueii Eg =hvy, momanaer B npuémuuk ¢ sueprueit E=hv, xpactoe
cMmereHue Z onpeaeiaeHo mo gopmyte (1): z= volv -1. Hauaneusie yenosus - z=0 npu R=0, mpu
R>0 6ynmer z>0.

YuTéMm Taxke BBIABICHHYI0 Xa00yioM 3aBucuMocTh BenuuuHbl KKC ot paccrostHus -

H
1151 OTM3KKUX 00BEKTOB 3aKkoH Xab0Osa umeet Bua ¢.(5): z = TO R.

Oo6o3nauenue v(R) o3Ha4YaeT 4acTOTy CBEeTa Ha paccTOsHUM R oT mcrounuka. Beeaém
dyukuo Z(R), He 3aBucsiryo ot yactotel: Z(R)=z+1. U3 onpenenenus (1) Bemmuunsr KKC
nonydaem Z(R) = v(0)/v(R).

Paccmotpum otpe3ok OR m npomexyTounyro Touky X Ha HEM. O0O03HAYMM Yepe3 X
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paccrosinre OX, uepe3 Y paccrosinue XR, rorma R=x+y. B Touke X wactora BosH Oyzaer v(x). B
CHJIy OJHOPOJHOCTH CPEIbl, KOTOpask O3HA4aeT, YTO KPACHOE CMEIICHHE Ha PACCTOSIHUH Y HE
3aBHUCHUT OT TOYCK, B KOTOPBIX CTOAT UCTOYHUK N HpI/IéMHI/IK, HUMEECM I TOUYKU X:

v(0)/v(y) = v(x)/v(x +y). (10)

Teneps pazaenum u ymuoxkuM Z(R) Ha v(X), IOJITy4UM TOXKIECTBO:

7R = v(0) _ v(0) ) v(x)

VR) v VR a
B cuny (10) momyuaem, 4to
v(x)/v(R) = v(x)/v(x +y) =v(0)/v(y) = Z(y) . (12)
Uroro, u3 (1),(11),(12) nonydaem:
Zx+y)=2(x)-Z(y) . (13)

TO ecth, (pyHkuus Z(R) obmamaer CBOMCTBOM NEpEeBOAMTH CyMMY B IpoU3Be/aeHHE. B kiacce
rnaakux QYHKIU Mody4aeM eMHCTBeHHOE perieHue i Buaa pyukimu Z(R):

Z(R) =1+ 2z = eR/Ro (14)

rie Ry — mpousBojibHAas KOHCTaHTa, HE 3aBHUcAlIas OT R, HO O3Hayamom@as paccTOsHUE,
COOTBETCTBYIOIIIEE BennunHe Z=€-1. B kaduecTBe KpaeBOro ycioBHs HCIOJIb3YeM 3aKOH Xa00ia
(5) s moCcTAaTOYHO MAJIBIX PACCTOSHUI. [IJish BRIYMCIICHUS BEIMYUHBI Ry pa3ioskuM 3KCTIOHEHTY
B (.(14) B psin Teiinopa 10 wieHa MEpBOi CTCIICHH:

1 +%R ~ 1 +R£,0Txyﬂa nmpu R — 0 umeeM Ry = c¢/H, . (15)
0

Takum o6pazom, nmeem cootHomreHust Mexay KKC z, paccrosauem R u gacroroit v(R):

PR _1, R = In(1+2); v(R) = —2 ooR (16)
z=ec —1; R=—In Z); Vv = =Vo€ ¢
H, 1+z 0
Torna nepuoj ©(R) cBeTOBOM BOJHBI HA PACCTOSHUHU R OT MCTOUHUKA PaBEH:
Hop
T(R) = Tgec . (7)
9.3. Pacuér nmorepu >Hepruu GoTOHA, BpEMEHHU €ro KU3HU U BPeMeHH ero
"moaypacnaaa'
ITo dopmyne ITnanka u ¢.(16) aneprus poTroHa paBHA
_ Fo _ g, TOR (18)
E(R) = T Eje ¢ .

dopmyna norepu dHeprun E poroHOM ¢ HavanmpHOU SHeprueit Eg B 3aBucMMoOCTH OT
npoiaeHHOTro (POTOHOM paccTosHUA R nmeeTt BU:

E —Ho
Ey(R) = Eg— =~ = Eg(1—ec "). (19)

Ecnu ¢otoH cMecTuics TOIbKO Ha pacCTOSHUE CBOEW JIIIMHBI BOJHBL, TO €cTh, R=C/ vy ,
TO MOJYYUM IOTEPIO SHEPTHH (POTOHOM Ha OJTHOM IIUKJIE KosebaHus (0003HaUuM €€ €):

“Ho, ¢
€= hvg(l—e ¢ Vo) = hH,. (20)

Benuunna Hp Tenepr monydaer MHTEpHpeTali0 KaKk U3MEHEHHE YacTOThl (pOoTOHA Ha
OJIHOM TI€pPHOJIe KOJIeOaHusI:

S|m
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Takoe npuOMMKEHHWE C TOYHOCThIO HEe MeHee 1% MOXKHO agenarb It YacTOT V.
v>lOHo=2,3><10'17Fu npu Ho:2,3><10'18 ¢t (J71s1 yacTOT BUAMMOrO JMamna3oHa TOYHOCTh OyJeT
opsiaKa 10'60.) B peanpHOCTH MBI HE MOXEM HaONIOAATh YaCTOTHl MEHBIIE HEKOTOPOM
MUHHMMAaJIbHON YaCTOTBI Viin, U3-3a MAJIOW WX SHEPTUH M CIUILKOM JJIUHHBIX BOJIH, U IOBEJCHHE
CBEPX/IJTMHHBIX BOJIH TPEeOYeT OTIENFHOTO HMCCIENOBAaHUS (HAPUMED, Vimin = 10'8Fu), IIO3TOMY
OyzieM orneprpoBaTh He HyJIEM SHEPrud GPOTOHA, 8 Emin=hVmin , COOTBETCTBYIOIINM €ii BpeMeHeM
xu3HU poToHA Tmin , © MUHUMAIBHBIM KOJIHYECTBOM HUKIIOB Npin . [Toygaem, 4to B mocTymmHOM
Jana3oHe 4acToT ()OTOHOB BEIMYHMHA € C OYEHb OOJBLION TOYHOCTHIO HE 3aBUCHUT OT YaCTOTHI
¢doToHa, cie0BaTENIFHO, OHA MOCTOSHHA B JIIOOOM Mecte myTu (otoHa. To ecTh, POTOH Ha
KOKJIOM LHKJIE TEpseT IOCTOSHHYI 3HEPrHUI0 8:4,1°10_15 3B-c”‘2,3><10'18 c'1:9,5><10'33 3B.
Bcero snepruu ¢orona xsatut Ha No=N(vo)=h(Vo-Vmin)/€+Nmin =(Vo-Vmin)/Ho+Nmin=vo/Ho nukios,
HO nuki aiures 1/v(R) cexyHn, u 3Ta JUIMTEIBHOCTh BO3PACTAET CO BPEMEHEM, CIIE0BATEIbHO,
BpeMs KU3HHU (POTOHA TTOPSIIKA BETUIHHBI Ho™.

Paccuntaem Bpems T aswkeHust Gpotona ot suepruu Eg 1o sneprun E> Epin. HactoTa
¢dorona v mpu 3tom cHuzutrcs no BenmuumHbl V=E/h. ITo ¢.(18) Bbumcium paccrosiHue R,
npoiinentoe gporonom: R = iln(ﬂ) .

Hy VE

Torna MakcuMasabHO ObICTpbIe (HOTOHBI (CO CKOPOCTHIO C) MPOUIYT 3TO PACCTOSIHUE 3a

BpeMs:

R — E -
T===H;'In(=) = H; ' In(>). (22)
c E \Y
[Tpu "nonypacnazne" gacrora v=0.5vy, moatomy Bpems "monypacmana” To, paBHO:
T02 - H0_1 ln 2 . (23)

Opnako B runote3e CAC ckopocTh paclpOCTpaHEHUS! BOJIH 3aBUCUT OT MX YaCTOTHI, a
4acTOTa MOCTEIEHHO MAIaeT, T.€., TOYHOCTH (POpMYJIbI (22) YMEHBIIIAETCS ¢ POCTOM PaCCTOSHHS.

[ToaToMy CTOUT 3a/1aua pacCUUTaTh, KAK CKOPOCTh PACIIPOCTPAHEHHsI CBETA 3aBUCUT OT
4acTOTHL. B 3TOM JOMKHBI TOMOYH y3KHe mosockl criektpa SNe la. Jlnsg Habopa 9acToT vy MOXKHO
COCTaBUTh MATPUIy OTHOCHUTENBHBIX BPEMEHHBIX 3aJIepPKEK TMOSBIECHUS CBETUMOCTH B ITHX
Y3KHX I10JI0Cax SNe Ia nHa IEPBBIX CTaAHUAX B3pbIBa, HAUWMHAA OT raMMa-BCIIJICCKA, WM XKE
OTHOCUTENIbHBIX BPEMEHHBIX 3aJepXKEK B MOSBICHUN MaKCUMyMOB B 3THX MOJOcCax. A 3aTeM Ha
HX OCHOBC BBIYHUCIUTH CKOPOCTH CBETAa IJIA OTHUX YaCTOT. KpaeBBIM YCIIOBUEM OOJIKCH OBITH

mpenen: € = lim,_, o, €(v) . MoXHO cuMTaTh yMEHBIIEHHE CKOPOCTH BOJH JIeHCTBHEM
HEKOTOPOTO 3aMeJIEHHs], TO €CTh, PE3YJIbTAaTOM CONPOTUBIIEHUS CPEIb.
Jlns paccTosHuil BHYyTpH Harei ['agakTuku Takas ¢popmysia BeiBeaeHa B [35].

10. BriBoanbI

B cratbe:
1. TlpencraBnena monens Cratuueckod BceneHHON M rUmoTe3a cTapeHus W JAUCIIEPCUU CBETa
(CAC) B ykazaHHOU MOJIETH.
[Ipenyoxena HOBasi MOZCINIb PACIIPOCTPAHEHHUS CBETA.
Ornrcanpl CBOKCTBA KpacHOTO KocMmosorndeckoro cmemenus (KKC) ciekrpa gyactort.
VYka3aHbl ocHOBHBIE Teopun Bo3HUKHOBeHUs1 KKC.
Yka3aHbl OCHOBHBIE THIIOTE3bI B paMKax MOJIEJIM CTApPEHHUS CBETA.
VYkazaHbpl TpeTeH3WH W TPeOOBAaHUS K TEOPUSM BOOOINE, W, B YACTHOCTH, K MOJEISM
CTapeHus CBETa.
Vurens! HaOMOaTenpHbIe anHble, Kacaromuecs KKC.
8. B pamkax mpencraBneHHoi rumnore3a CJIC maHbl OTBEThl Ha BCE€ apTyMEHTHI, KOTOpbIC HE
ObUTH OOBSCHEHBI B MIPEANICCTBYIOIINX MOCIISIX CTAPEHUS CBETA.
9. Koncranta Xab6na Hp oka3zamach HM3MEHEHHEM 4YacTOThl (POTOHA Ha OJHOM TMEPHOE
KoJIeOaHusI.

oM wN
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10. INomy4ena immip niepBasi OLEHKA IS AUCIIEPCHU CBETA, MOITOMY IEpPBOOUYEpEIHAS 3a7ada B
pamkax runote3bl CIC — BBIBECTH OLIEHKH AJI 3aBUCUMOCTH CKOPOCTH CBETA OT YaCTOTHI.

11. Xots Ha JaHHBI MOMEHT TUIIOTE3a CTAPEHUSI CBETA CUMTAETCS OTBEPTHYTOM, MoJIaraio, 4Tro
e€ ciemyeT paccMOTpeTh 0ojiee BHUMATEFHO COBMECTHO C TUIIOTE30M TUCIEPCUU CKOPOCTH
CBETa — 3aBUCHUMOCTU CKOPOCTH CBETA OT YaCTOTHI IIPH PACIIPOCTPAHEHUH CBETOBBIX BOJIH B
MEXKTaJaKTHIeCKOM MTPOCTPAHCTBE.

HMeroTcst BO3MOKHOCTH IIPOBEPUTH MIPEAJIATaEMYI0 TEOPUIO — IIOCMOTPETh BPEMEHHBIE
CIABUTH CBETOBBIX KPHMBBIX MEXJY JOCTATOYHO Y3KHMMH II0JIOCAMM CIIEKTpa I MPOU3BOJBHON
nanékord SN Ia. Moil mporHos — 3TH CIBHUIM JOJDKHBI YBEIMYUBATHCA C POCTOM DPa3HOCTHU
3¢ (deKTUBHBIX YacTOT MoJioc. B yactHOCTH, OyayT CMEIEHbl MAaKCUMYyMbl CBETOBBIX KPUBBIX B
3THX T0JIOCAX, a 3TO yKe oTMeueHo [lepamyTtrepom u ap. [19] mis mupokux mosoc.

[Tonarato, yTo HET (AKTOB WM HMX COBOKYIHOCTEH, JI0Ka3bIBAIOLIUX IPaBUIbHOCTh
KaKoi-11u00 TeopuH, B YaCTHOCTH, JJOKA3bIBAIOIIMX CYIIECTBOBAHUE paciiupeHus BeeneHHOM —
(dakThl MOTYT TOJBKO OTBeprarb Teopuu. Hampumep, cymiecTByrOT (axThl, TOKa3bIBAIOLIUE
OTCYTCTBHE€ KOCMOJIOTMYECKOIO PACTSKCHUS BPEMEHH, H, CJIEI0BAaTEIbHO, HEBO3MOKHOCTH
KOCMoJIorn4yeckoro paciupenus npocrpaictsa B OTO:

- nepemennBanue cekTpoB SN Ia, otkpeitoe [lepnmyTtrepom u ap. [19, ¢.(3)];

- OTCYTCTBHC DPACTSDKCHHUS INMEPUOJOB KBa3apoB[22], a 3HAYMT, M 3aBUCHMOCTH ITHX
[IEPUOJIOB OT PACCTOSHUS.

11. BaaronapuocTu

bnaronapro ¢popym "Actpodopym — actpoHomuueckuii moprain''[36], mpempocTaBuBIIMiA
BO3MOXKHOCTH Ut 00cyskaenust runote3sl CIC B Teme " Crapenue cBera — noyemy vet? "[37],
mojepatopa (opyma [1.Bule, a Takke y4aCTHUKOB 00CYXKICHUS TEMBI.
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Abstract

In the article a short history of consideration of Redshift and the basic hypotheses describing

Redshift, is resulted. The hypothesis of dispersion of tired light (DTL) in the Static Universe is
offered, and known properties of Redshift and some other observational properties of far objects

are explained. Now Hubble constant Hy is a change of a photon frequency in a one period of

oscillation.
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