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KocmMonorus
Hadana XX Beka



Kocmonorusa — pasgen acCTpoHOMUU, KOTOPbIX U3y4YaeT CTPOEeHNe U 3BONMOLUIO
BceneHHoOM B LesioM, UCMOMb3yS NMPU 3TOM MeTOAbl U AOCTUXEHUSA (PU3UKM,
MaTemaTtukm u cpunocodpum.

[eoueHTpuyeckas cuctema Apucrtortens—l1tonemesa
cTana nepeBon Hay4YHO 06OCHOBaAHHOM
KoCcMonormuyeckon mogesnoto BeceneHHow.
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38e3n L 2 000 SHINKOH, 2003
Cnyctsa 1500 net e€ cmeHuna HoBas /" o
KOCMorsiormdeckasi Mogesnb — refinoLeHTpuyeckas 4.
cuctema, npearnoxeHHasa KonepHukom. /

chepa\‘\ :
HENOABMMHBIX i CaTypH -

3seaqn & 2 000 SHIMKOH, 2003



TeopeTnyecknm coyHOaMEHTOM
COBPEMEHHON KOCMOJIOrnMmn siBunach
co3gaHHas AnbbepToMm SUHLITENHOM
(1879—1955) B Havane XX B. obwas
Teopust OTHOCUTENBHOCTU —
PenATUBUCTCKAA TEOPUSI TATOTEHUS.



Haunbonee cywecTBeHHbIM OTNUYMEM
COBPEMEHHbIX KOCMOJSIOrM4YeCcKkux Mmoaenen,
nepBble U3 KOTOPbIX OblNY pa3paboTaHbl
AnekcaHapomMm AnekcaHOpoBUYEM
®puaomaHom (1888-1925) Ha ocHOBe Teopun
INHWTENHA, ABAAETCSH UX SBOSTHOLIMOHHbIN
XapakTep.

Npoea rmobanbHomn asonounn BecenenHon
OoKasanacb CTOSfIb HEODObIYHON, YTO
nepBoHa4varnbHO He Bbina NpuHATa gaxe
caMum cosgarterniem Teopumn
OTHOCUTENbHOCTW, TaKUM BblJatoLLIMCS
YYEHBIM, KaK QUHLUTENH.

[laxke no3gHee, Korga ctano o4eBUOHO, YTO
BCce 0O6beKkTbl BO BCceneHHoOM nsMeHsTCA ¢
Te4YeHneM BPEMEHMU, Ka3asioCb, YTO
NpoLEeCChI, NpouUCXoasiLLne B e€ OTAerNbHbIX
COCTaBHbIX YacTsX, HE MEeHAIT 0brnunka Bcen
BceneHHon.

MopTpeT A. A. pnamaHa
paboTbl xygoxHuka M. M. [leBaToBa



[na ypaBHEHUN TeOpPUN OTHOCUTENBHOCTH,
NPUMEHEHHbIX KO BCcen BceneHHon,
OMHLWITENH cTan uckaTb peLlleHuns,
OornucblBaKLLINE €€ COCTOSIHNE, HEe
MEHSIOLLEECH CO BPEMEHEM.

[na Toro 4ToObI YpaBHOBECUTL CUSIbI
TArOTEHNSA, OH NPEANONOXNI1, YTO KpoMme
HMUX BO BceneHHOM cyulecTByeT cuna
OTTanKnBaHUS.

OT1a cmna gormkHa ObiTb YHUBEPCANbHOW,
3aBUCSLLIEN TONBbKO OT PACCTOAHNSA MeXay
TenamMmuv 1 He 3aBUCHALLIEN OT UX MacCChl.

YckopeHue, koTopoe oHa byaeT co3aasaTb
9TUM Tenam, JOMKHO ObITb
MPONopLUOHaNbHO PaCCTOAHUIO:

a = consteR.

Tak B ypaBHEHUAX noaBunach
oOycroBrieHHada rmnoTeTUYECKMMN Cnunamm
oTTarikmBaHusi KOcMosiorn4yeckas
NOCTOAHHASA — J1AmbO0a-unen.



B 1922-1924 rogax poccmncknnt matemaTtuk ®pmnamaH Bbisen U3 ooLlen Teopum
OTHOCUTESTbHOCTUN DNHLLITENHA YPaBHEHUSA, KOTOPbIE ONUCbLIBariM obLLee CTPoeHne n
aponwounto BeceneHHow.

PeweHunsa, nonyyeHHble PpmugmaHom Ons 3TUX KOCMOSOrMYeCcKnxX ypaBHeEHNW, O3Ha4anu,
4YTO MaTepusi B MmacluiTabax ogHOPOOAHOMN U N30TPONHOW BCceneHHon HE MOXET
HaxoauTbCs B NoOKoe — BceneHHasa gormkHa nmbo cxxmmaTtbes, NMbo paclunpsaTbCA.
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Pacwupriowance Bocenesxas

CyTb 9TOro BbiBOAA, CAENaHHOro Ha OCHOBE MaTemMaTUYeCKM CTPOroro peLleHus
ypaBHEHWNIN, MOXXHO OOBACHUTL A0BONBHO MNPOCTO, ONEPUPYS TONMbKO NPUBBLIYHBIMU
MOHATUAMMU Teopun TAroteHns HbloToHa.



byoem ncxogutb U3 NpeanonoXeHusl, YTo B
bonbwux Mmacwtabax pacnpenerneHme
BellecTBa BO BceneHHoOM MOXHO cynTaTtb
OAHOPOAHbIM.

Torga ranaktuka, Kotopast HaxoauTca Ha
NOBEPXHOCTU LLIapa NPOM3BOSIbHOIO paguyca,
MPUTATMBAETCS K €ro LIEHTPY COMTACHO 3aKOHY
BCEMMPHOIO TArOTEHUSA C CUITON, NPAMO
nponopunoHanbHon Macce wapa M n

obpaTHO nponopunoHanbHOW KBagpaTy ero
paguyca R.

Bce ocTarnbHble ranakTukuy, nexatline BHe
JTOlO Wapa, He MEeHAT BEJIMHNHDbI aTOoMN
CUJbl.

ObbsICHEHME HECTALMOHAPHOCTH
BceneHHoOM

[lna gokasartesnibCTBa 3TOro BaXKHOro YTBEPXAEHUSA MPON3BOSLHO BbiAENUM BO
BceneHHom wapoBon crion TonwmHon h Takoro paguyca, 4tobbl BHYTPU HErO
OKasasiMcb He TOSbKO ranaktmka A, HO 1 Becb Wwap paanycom R.



PaccmMoTpum cunbl TATOTEHUSA, 4EUCTBYOLLME

Ha ranakTuky A cO CTOPOHbI TEX rasfiakTuk,
KOTOPbIE PaCMnOfOXXEHbI B 3TOM CJl10€ B
NPOTUBOMOSIOXHbIX OT HEE HanpaBlEHUsIX.

OTU CUNMbl CO30a0TCA ranakTtukamum,
Pacrosio)KeHHbIMN B OO bEME ANEMEHTOB

crnoa V, n V.. ’

CpaBHUM OOBEM U MaCCy 3TUX ANEMEHTOB.
TonwuHa nx ognHakosa — h, a nnowagm S, u "
S, n 00bEMBI NpONopLMOHarbHbI KBagpaTam
PaCCTOSIHUM OT ranakTUKn 4O NOBEPXHOCTU
CIOSA — Iy U Ty
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ObbsICHEHME HECTALMOHAPHOCTH
Tak kak pacnpegeneHue ranakTtuk Bo BceneHHom

BceneHHon cyntaeTcs oqHOPOAHbIM,
OTHOLLEHNE Macc 3TUX ANeMeHToB byaet
TakuM Xe:



Cuvnbl, C KOTOPbIMM 3TN MaCCbl NPUTSATNBAKOT
ranakTuky A, CornacHo 3aKOHy BCEMUPHOIO
TArOTEHUSI PaBHbI:

rae m — macca ranaktukm A.
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Takum obpasom, 3TN CUrbl, paBHbIE MO
abCconTHOW BENMMYNHE U HarnpaBfeHHble B
NPOTMBOMNOSOXHbIE CTOPOHbI, YpaBHOBELLUNBAIOT

ObbsICHEHME HECTALMOHAPHOCTH

Apyr Aapyra. BcerneHHol

3HauuT, ranakTukKun, HaxoasaLwmecs BHe Lwapa
pagnycoM R, He BNUSAIOT Ha BENUYMHY CUMbI, C
KOTOPOW ranaktuka 4 NputarnBaeTcs ranakTmkamu,
HaxoAALWUMUCA BHYTPU 3TOrO Liapa.



CnepoBarernbHO, MOXHO HanucaTb crneayroLiee
BblpaXXeHne 4151 YCKOPEHUs, KOTOpoe UMeET ogHa
N3 3TUX ranakTuK Mo OTHOLLEHWUIO K rafiakTuke, Y
Pacrosfio)KeHHOWU B ero LeHTpE: >

3HaK «MUHYC» 03HaA4aeT, YTO YCKOPEHME ,»
COOTBETCTBYET MPUTSKEHMNIO, @ HE OTTANKNBaHUIO. | |

|
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3 aTton popmynbl cnenyet, yto BeceneHHasn
AOIMKHA ObITb HECTALMOHAPHOW, MOCKOMbKY B HEN
OEeNCTBYET TAroTeHme.

[[anakTuKy MOryT HaxoauTbCH B MOKOE TOSNbKO R
MrHOBeHue. B cneaoyowimm MOMEHT OHU NpUAaYT B
ABWXeHne n dbyayT conmkatbca noa 4eNCTBUEM
CUIT TATOTEHUA. ObbsICHEHME HECTALMOHAPHOCTH

Ecnu e B Ha4anbHbIN MOMEHT ranaktvkv 6yayT Scernenton
MMETb CKOPOCTU, HanpaBreHHbIe Tak, YTOObI OHU

yAansnvch Apyr OT Apyra, TO B 3TOM cry4yae

TAroTeHne 6yaeT TOPMO3UTb pacLUMPEHME

BcenenHon.




TeopeTunyeckue BbiBoabl OpuamaHa nornyvmnmn BaxxHoe HabnogaTenbHoe
NOATBEPXAEHNE B OTKPbITOM Xab6rnom 3aKoHe NponopLMOHanbHOCTU CKOPOCTY
yOoaneHus ranakTuk Ux paccToAHUIO:

v = HR.

OTOT 3aKOH He BbIMOSTHAETCH TOSTbKO A9 HECKOSbKUX ONUXKanLwmX ranakTuk,
BKMOYast TyMaHHOCTb AHAPOMEABI.

Milky Way
Galaxy

Andromeda
Galax
(M31




To4HO Takas e kapTuHa «pasberaHmay ranakTuk byoet HabnogaTbcs Ans
nobon gpyron ranakTnkn BeceneHHon.

PasberaHune ranakTuk 4acTo UINKCTPUPYIOT TEM, Kak pacxoanTcs
TOYKM,
HaHeCeHHbIE Ha NOBEPXHOCTb HaAQyBaeMOoro BO34yLLHOIO Wapuka




BbibepeM B NpoCTpaHCTBE, 3aHATOM ranakTukaMu, NPOU3BOSIbHO HanpaBneHHYo
NPsIMYt0, KOTopas NPOXOAUT Yepes Hally [anakTuky.
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Ha aTon npsaMomn oKkaXXeTCs HECKOMbLKO rasfiakTuk, KoTopble yaansTcsa co
CKOPOCTAMMN, NOAYMHAILLNMUCS 3aKoHY Xabbna, oT Hawen anakTtukun A (puc. a).

Tenepb nonpobyem NpeacTaBuTb, Kakylo KapTUHY pasberaHus ranakTuk Mbl YBUAMM,
ecnun nepeHecémcsl Ha ranakTuky B.

[na Toro 4ToObl oNpeaennUTb CKOPOCTU BCEX ranakTUK OTHOCUTENLHO HEE, Haao U3
CKOPOCTEN, N300pakEHHbLIX HA PUCYHKE a, BbIYECTb CKOPOCTb ranakTukm B (puc. 6).

I'IonyquHaﬂ KapTunHa, KOTopa4d rpencraBsjieHa Ha pUCyHKe g, npnHuurnnalsibHoO He
oTJIiIN4aeTCA OT I'Ipe,El,bI,El,yI_I_l,eW CKOPOCTU yaaneHusd raJiaktuk rno-rnpexHemy
nponopunoHasibHbl paCCTOAHUAM.



[1ns Toro 4tobbl y3HaTb, KOrga NpUMMEPHO Havanocb Habngaemoe paclnpeHme,
HeobxoaMMo BOCMNOSb30BaTbCA NOCTOAHHON Xabbna H.

[[anakTuka, Haxogsulasacs oT Hac Ha pacCToAHUU R, yoansaeTca CO CKOPOCTbio HR.

CnepnoBaTtenbHO, pa3genvB paccTosiHUE, NPONAEHHOE ranakTUKoM ¢ MOMEeHTa Havana
pacLUMPEHMSI, HA €€ CKOPOCTb, Mbl MOMYYUM:

R 1

HR  H'

BennuunHa, obpaTtHasi NOCTOSIHHOWN
P — Xabbna, JaeT NpUMEpPHYI0 OLEHKY

TémHble Beka TEMHOW 3HEpruu

M3nyyeHme penuktosoro goHa
300 000 net

MDopMuUpoBaHHe ranakTuk,

MNepsbie 3”sé3ub| nNaHeT U T. A. BpeMeHM, KOTOpoe npOLL”-IO C
i A 1 MOMEHTA Hayana pacLUMpPEHNS]
e (R H TSI, O BcereHHOM — NpuMepHo

13,5 mnipa ner.

OTKpbITUE Xabbrom «KpacHoro
PR [ | cMeLlleHusi» n pabotbl PpnamaHa,
corome W B8 it o k rnokasasLLero, 4to BceneHHas He

‘ MOXET ObITb CTALMOHAPHOMN,
SIBUSTUCb TONbKO Ha4Yanom
ncecnenoBaHni 3BONOLUN
BceneHHon.




B3anmHoe yaoaneHue ranakTuk 0O3Ha4yaeT, YTo B MPOLLSIOM OHM Obinn ropasgo onvxke
APYT K ApYyry, YeM Tenepsb.

B ewé 6onee paHHIOO aNoXy NSIOTHOCTb BellecTBa bbina Tak Bernuka, 4to BO
BcerneHHoOM He MOrMo CyLEeCcTBOBaTb HU ranakTuK, HU 3BE3 U HUKAKNX OPpYrnx
HabngaemMbIX HbIHE OOBLEKTOB.

PacyéeTbl npownoro, NnpoBeeHHbIE HA OCHOBE KOCMOJSIOMMYECKUX MOOESNEN
dpuamaHa, nokasblBatoT, HTO B MOMEHT Havana paclupenna BeceneHHou eé
BELLECTBO JO/MKHO MMETb OrPOMHYI0 (DECKOHEYHO DOSbLLUYHO) NITOTHOCTD.

Hanpueune permirosoo gona [lepen Haykon BCTana 3agada
T R i i N3y4YeHnst Tex PU3n4eCcKnx
oo 400 mmner A npoLeccoB, KOTopble
T \ e . NPOUCXOOAT B pacLUMpSIOLLENCS
o T P el ’ g BceneHHoi Ha pasHbIX aTanax

ee 9BOoLunn BNNOoTb A0

COBPEMEHHOCTH, a TaKkKe Tex,
A R e M RTINS = | KOTopble NpeacToAT BO

oarose WL BB ' r BcerneHHoii B GyayLiem.

bnykTyaumum




OcHOBbI COBpEMEHHOWU
KOCMOJOornm



B 1948 r. B pabotax [eopruss AHTOHOBMYA
[amoBa n ero coTpyaHMKoB bbina
BblABUHYTa rmnoTtesa 0 TOM, YTO BeLLEeCTBO
BO BceneHHoW Ha HavasibHbIX cTaguax
paclMpeHnNa UMeNo He TONbLKO 6onbLUyHo
MSIOTHOCTb, HO M BbICOKYIO TeMnepartypy.

[eoprnn AHTOHOBKY [[amoOB
(1904 — 1968)



Cnycta 0,1 ¢ nocne Hayana paclumpeHus temneparypa 6bina okono 32100 K.

[1pu cTONb BLICOKOW TeMMepartype B3aMmMoLencTene (pOTOHOB BbICOKOW SHEPIun,
KOTOPbIX B ropsiyeM BellecTse ObINo MHOro, NpMBOAMIIO K 00pa3oBaHMio nap BCex
NM3BECTHbIX YacTUL, U @aHTUYACTULL: SNTIEKTPOH — NO3UTPOH, HENTPUHO —
aHTUHENTPUHO U T.N.

[Mpy aHHUrIMNAUMK 3TUX Nap CHOBa poX4anncb OOTOHbI, a NPOTOHLI U HENTPOHDI,
B3aMMOLENCTBYA C HUMU, NpeBpaLlanncb Apyr B apyra.
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[Mpn OYEHb BLICOKOW TEMMEPATYPE CrOXHbIE aTOMHbIE Spa CYLLIECTBOBATb
HEe MOryT — OHY MOMEHTarbHO Obinn Bbl pa3pyLUEHbI OKPYXXakoLLUMM
9HEPrMYHbIMM YacTMLaMMK, NO3TOMY He 0bpa3syloTcs Aaxe sapa nenTepus,

XOTA HeVITpOHbI N NMPOTOHbI CYLWECTBYIOT.
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Mo Mepe paclmpeHnd rnioTHOCTb BeeCTBa U ero temMrneparypa ymeHbLlaloTCA.

[TosgHee, Korga TemMnepartypa B paclmpsarowenca BceneHHoOn onycTUTCS HUXKe 1
mnpa K, cTaHeT BO3MOXHbIM COXpaHEHNE HEKOTOPOro Konn4yecTBa saep Aentepus u,
cnepoBaTenbHO, 0bpa3oBaHUE renus.

CornacHo pac4yeTtam, K 9TOMy MOMEHTY HEUTPOHbI COCTaBAT NpumMepHO 15% macchl
Bcero BewlectBa. OcTanbHOE BELWECTBO — NPOTOHLI (S4pa aToMoB Bogopoaa).

CoeanHeHne paBHOro KonmyecTsa NPOTOHOB M HEUTPOHOB NPMBEAET K 0Opa3oBaHULO
OenTepus, a B npouecce cregyrowmx saepHblx peakumn obpasyoTca aapa renvsi.
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PaccmaTpuBas aaepHble peakuum B ropsiyemM BeLlecTBe B Ha4yane
KOCMOJSTOMMYECKOro paclunMpeHunsi, yaanocb paccuntaTtb, YTO B NpoLecce aTUX
peakumn mornn obpasoBaTbCs TOMbKO BOAOPOA U renui.

CnycTtda NATb MUHYT MOCNe Hadana paclunMpeHust, Korga Temneparypa Bo
BceneHHOW CTaHOBUTCS HEQOCTAaTOYHOM AN TEPMOSIAEPHbIX peakunmn, BELLECTBO
cocTouT u3 cmecu aaep sogopoaa (70% maccel) n aaep renus (30%).

Takmum ero coctaB OCTaAE€TCA A0 TOro BPEMEHM, NMoKa He npoucxoamT obpasoBaHme
3BE34 1 ranaktuk
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iccnenoBaHusa nokasanu, YTo cogepXkaHue renmsa B 3B€3aax 1 MexX3Be3gHoMm
BellecTBe aencrteutenbHo coctasnseT okono 30% no macce.

OTO OOCTaTOYHO XOPOLIO CorflacyeTcd ¢ BbiIBO4aMU TEOPUN, KOTopad
OCHOBaHa Ha npearnosioXeHum o «ropsiyen BecerneHHon.
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CnycTa NpMMeEpPHO MUSNWOH JET NOCIe Havana paclunMpeHns, korga temneparypa
cHmxaetcsa go 4000 K, agpa atomoB Bogopoaa v renus, 3axasaTbiBad 3N1EKTPOHDI,
npeBpaLLaTca B HENTparbHbIE aTOMbI.

3JTa arnoxa siBUracb BaXXHEULMM 3Tanom B aBosntoumnm BeceneHHon.

Bo-nepBbix, TONLKO C NOSABNEHNEM HENTPAaNbHOIO BeLeCcTBa CTAHOBUTCA BO3MOXHbIM
dbopmupoBaHmne otaenbHbIX HEOECHBIX TEN U NX CUCTEM.

BO-BTOprX, N3nyyvyeHne, KoOTopoe Uurpasjio BaxXHyr porsib B npoueccax, nponcxoamsLumnx
npexage, NpakTn4ecCkn He B3anMOOENCTBOBASIO C HeVITpaﬂbelM BeELLECTBOM.
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NHaye roBops, Teopusa «ropsayen BeceneHHon» npenckasbiBana cylwecTtBoBaHWe B
HacTo4ALLlee BpeMS PEennUKTOBOro 35IEKTPOMAarHUTHOrO U3fy4yeHus, ocTaBLLEeroca Ot Toro
OaneKkoro npoLuoro, Korga BeLwecTso BoO BcernieHHOW ObIno MNOTHBIM U FOPAYUM.

TemnepaTypa 3Toro U3ny4eHusi, Kotopasi B npoLecce KOCMOMNOrM4eckoro pacLunpeHuns
yMeHbLUanach TakK Xe, Kak U TeMnepaTtypa BeLlecTBa, A0/MKHa COCTaBNATb B HaLly

AMNOXY BCEro HECKOJIbKO KEJIbBUHOB.

OTO N3ry4yeHue, nonyvmseLlee HasBaHUE PENUKTOBOrO, BbINO cny4YanHo 0bHapyXeHo Ha
BOJSIHe 7,35 CcM amepuKaHCKUMU nHxeHepamu A. lNeHamnacom n P. BunbcoHom.
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OTKpbITUE PESNIUKTOBOIO U3Ny4YeHUsa ABUNOCb OAHMM N3 BaXKHENLLMX HaYYHbIX
OTKPbITUN XX BeKa, KOTOpoe NOATBEPANIIO, YTO HA PaHHUX CTaanAX pacLUMPEHUS
BceneHHas 6bina ropsayen.

ABTOpbI 3TOro OoTKpbITMA B 1978 I. yoocToeHbl Hobenesckon npemun rno dusuke.
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Ob6HapyXeHne pernmnKkToBOro N3fy4yeHnss — o4eHb BaXKHOe,
HO HEe eAUHCTBEHHOE OOCTUXEHNEe KOCMOSOrnmM 3a rnocnegHue OecatuneTus.

K nx yncny oTHocuTCA TeopeTnveckoe nccriegoBaHne KpyrnHoMacLTabHOM CTPYKTYpbI
BceneHHon, npoBegeHHOE akagemMmkom A.b5.3enbgoBnyem 1 ero y4eHnKamu.

B npouecce asontounn BeceneHHon donykTyauum nnoTHOCTY BeLlecTBa nog AenNcTBUeEM
rpaBUTaLMN OOIMKHbLI NOCTENEHHO NpeBpaLLaTbCs B 00bEKTbI, HANOMUHaKLLKME Mo
cBoen doopme BnnHblI.

HabntogoeHna noateepannu, YTo UMEHHO Takue CTPYKTYpbl 0bpasytoT Bo BceneHHon
ranakTuUKn, X CKOMMEHUA U CBEPXCKOMNMEHUS.

KpynHomacLutabHas
CTpyKTypa BceneHHon, kak
OHa BbIMMSAnNT B
NH(ppaKpacHbIX fy4ax ¢
OJIMHOM BOSHBI 2,2 MKM.

@)1 \SShowcase

ApKOCTb ranakTuk
nokasaHa LBETOM OT
CUHero (camble apKkue) oo
KpacHOro (camble
TYCKIble).

TémHasa nonoca no

anaroHanu n kpasm
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Teopus ropsiyen pacwmpsitoiencs BeceneHHon, kKotopas onupaeTtcst Ha paboTbl A.A.
dpugmana n [A.l'amoBa, cTana obuwenpmn3HaHHOW, XOTS HE CMOrNna AaTbk OTBET Ha ABa
Ba)XHbIX BOMpPOCA: B YEM MepBONpMYnMHaA B3aUMHOIO yaaneHus ranakTuk U Kak B
OanbHeunwem dyoet nponcxoauTb pacumpeHne BeeneHHonm.

Hantu oTBeTbl Ha 3TN BOMNPOCHI Y4arioCb HOBOMY MOKOSMEHUIO YYEHbIX.
ObGa oTBeTa okasanucb BeCbMa HEOXUOAHHbIMW.

B 1965 . poccumncknm pumsnk-tTeopeTuk
Q. b. MnHep BbIABWHYN rUMNoTesy,
COrnacHoO KOTOPOW HayarbHbIM
cocTtodaHnem BceneHHon Obis Bakyym.

[lanbHenLwne nccnegoBaHUs nokasanu,
YTO ONS rpaBUTALMOHHbLIX CU BaKyyma
XapaKTepPHO HE NMpuUBbIYHOE BCEM
NPUTSKEHME, a OTTalKuBaHue.

Qpact bopucosuy
[MnHep



UToObl OTBETUTHL HA BONPOC, KaK B AarnbHenwem byaeT npoucxoanTb paclunpeHmne
BceneHHomn, Heobxoanmo 661110 YCTaHOBUTL 3aBUCUMOCTb CKOPOCTU yaaneHus

raJlakKTuKn OT pacCToAaHUA 00 HEeeE.

B nepsom npnbnmxeHnn oHa BblpaXkaeTca 3akoHOM Xabbna: v = HR.

YT00bI NpOBEPUTL, HACKOIbLKO 3Ta 3aBMCUMOCTb BbIMNOMNHAETCS ANS Hanbonee
yaanéHHbIX 06bekToB, HEOBXO0AMMO ONpeaennTb CKOPOCTb ranakTUKN 1 eé

paccTosiHue He3aBMCUMO ApYr OT Apyra.

[1Nns Takmux orpoOMHbIX PaCcCTOSIHUN
NCNONb3yeTCA MeTo/,
dOTOMETPMYECKOro Nnaparnnakca.

[MoTok doTOHOB, NpUXoAALLMNX OT
NCTOYHMKA N3NYYEHUA U
perncTpupyemsix Habnogarenem,
obpaTHO nponopumMoHarneH Kksagparty
PACCTOAHMS OO0 UCTOYHMKA.

Ecnun n3eectHa MOLWHOCTb N3ny4YeHuns
(cBETMMOCTbL) Habnogaemoro o6bekTa,
TO, U3MEPUB MNOTOK CBETA, MOXXHO
BbIYUCITUTb, HA KAKOM PacCTOSIHUX 3TOT
OOBbEKT HaxoauTCS.
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T.K
doTomeTpuryeckunin cnocod.
YcTaHOBEeHa CBA3b MeXy MOLLHOCTbIO N3NYy4YeHNs
3Be3[bl (CBETMMOCTbIO) — 1 TemMnepaTypom
NOBEPXHOCTU (LBeTOM). Ha gnarpammy
lepywnpyHra-Paccena HaHocATCS 3Be3Mbl C
N3BECTHbLIM Naparnmnakcom, a ang apyrnx — HaxoaaT




Okasanocb, YTo 0ObeKkTaMn C U3BECTHOW CBETUMOCTbLIO ABMNAOTCA Hanbonee
sIpKMe CBEpPXHOBbIE 3BE3bl, CBETUMOCTb KOTOPbIX B MOMEHT BCMbILLK/ CPaBHMMA
CO CBETMMOCTbIO LIENON ranakTukn — cBepxHoBble TUna la, nopoxaaemble
TepMosaepHbIMU B3pbiBamMuU OenbIX KapriMKoB.

[Mpu HabrnogeHnax aTUX 3BE30 HE3aBUCUMO N3MEPSANNUCH ABE BENMUYUNHDI:
«KpacHoe CMeLLEeHMEY» NMUHNIN B CriekTpe 1 brieck 3Be3abl (OCBELEHHOCTD,
co3gaBaemMas 3Be30W Ha NIIOCKOCTU, NePneHANKYNAPHON fyyy 3peHuns).

3Hasi BENUYNHY CBETUMOCTU CBEPXHOBOM TUNA la, MOXHO BbIYUCIIUTb PACCTOSIHNE
[0 KaXXOoW U3 HUX.

40 million years 60 million years 61 million years
from now from now from now

HO,EI,TBep)K,EI,eHa rmnoTe3a o0 TOM, YTO BCE CBEPXHOBbIE TUNAa la ABNATCA NPOAYKTOM CIUAHUA OBYX oenbIx
KapJinkoB



Ha rpadumke nokasaHbl KpuBble, KOTOPblE COOTBETCTBYIOT ABYM BO3MOXHbIM
BapunaHTaM 3aBMCUMOCTN PaCcCTOSHUSA 0O 3Be3/bl OT «KPACHOMo CMELLIEHUSI».

—_ —_
o N
| |

PacctosHue (ruranapcek)

o N A OO

o 02 04 06 08 10 1,2 14
«KpacHoe cMmelleHune» z
KpnBasi A cOOTBETCTBYET U3BECTHOMY 3aKoHy Xabbna.

KpvBast B npy ManbIxX z NPaKkTU4ECKN CIMBAETCS C KPMBOW A, HO Npu 6OMbLUMX
3HAYEHUAX z NPOXOAUT 3HAYUTENBHO BbILLE.

Habntogaemoe oTKNOHEHME CYLLECTBEHHO MPeBbILLAET OLWNOKN U3MEPEHUS,
YTO M NO3BOSINSIO caenaTb BbiBOA: BcerneHHasa paclumpsieTcsi C YCKOPEHUEM.

3710 03Havaer, YTo paclumpeHme BeceneHHol OyaeT npoaormkaTtbCs HEOrpaHUYeHHO.



Y4éHble NpuLLM K BbIBOAY: Habnogaemoe yckopeHne co3naét HeEN3BECTHbIN
npexae BUa MaTtepun, KOTopbii obnagaeT CBOMCTBOM aHTUIPaBUTaLUMN.

OH nosny4unn HasBaHMEe TEMHOW 3HEPTUN.

3a 370 OTKpbITME ABE rpynmnbl YYEHLIX nony4nnn Hobenesckyo npemuto no
dounaunke 3a 2011 r.

TémHan 3Heprus OTKpbITUE aHTUTATOTEHUS,
N, & T e KOTOpOE OKa3arnochb
‘ . (“,’“.’é:_Pa""‘a“"“ ‘ R, HeoXnagaHHbIM Ons
Hbine « TRT ;- - - S @ -

OonbLWKMHCTBA Ntoaen,
noaTBepausno npeasnaeHne
A.ONHWTENHA.

5 MWNHAP0B NeT Ha3al 1 -’3
Pacwmpenme Ha HeXOTOpOS BpeMA — ‘
SAMRANAET(S, HO BCKOPE NOJ

RNUAHUEM TOMHOA IHADIMM

MPOACAXIETCA ¢ ewys Honbiwe cunoll



BbisscHuncsa rmybokmin cmbici A-4neHa B ypaBHeHUSX obuien Teopun
OTHOCUTENBLHOCTU. A.OMHLUTEWH, NO CYLLECTBY, BbIABUHYI r'MNOTE3Y O HAnn4ynum BO
BceneHHon maTtepuun, KOTopas Co34aeT He NPUTAXEHWE, a OTTalrikuBaHue.

[anbHenwmne nccrnegosaHns NO3BOMNMU BbISCHUTL, YTO MO CBOEN npupoae
TEMHasa SHeprua SBnAeTcs npakTUu4yeckn ogHOPOLHOM, B OTNINYKME OT ABYX OPYruX
cocTasnawowmnx BceneHHon — «06bIMHONM» N TEMHOM MaTepun, KOTopble
pacnpegeneHbl B KOCMUYECKOM NPOCTPaHCTBE HEOQHOPOAHO, 0Opa3ys 3BE3bl,
raniakTUKN U gpyrme oobekThl.

MOXXHO cunTaTtb, YTO TEMHAA SHEPINS — 3TO CBOMCTBO CaMOro NpocTpaHCTBa.

CynepkomMnbloTep cosgan nsobpaxeHue
Ha OCHOBE AaHHbIX O rPaBUTaLMOHHOM
none: «nayTuHa» TEMHOW MaTepun ¢
pasBeLLaHHbIMU Ha HEW FPO3ObAMM N3
ranakTU4ecKux CKONneHnm B MecTtax
nepeceyYeHnst IMraHTCKNX TEMHbIX HUTEN.

OpHo Tonbko co3e3ave [leBbl cTano
NPUCTaHULLIEM NS ThICAY ranakTuk.




[eTanbHbl aHanM3 aHN30TPONMUN PENUKTOBOIO U3ryYeHnsa U KpyrnHomMacLutabHom
CTPYKTYpbl BceneHHon no3Bonus onpeaennTb NNOTHOCTb KaXXaoro n3 Tpex BMaoB
Matepun.

BbINo ycTaHOBNEHO, YTO «0bbLIYHAA» MaTepUsi, U3y4EHUIO KOTOPOW YENOBEYECTBO
NOCBATWUIIO BCHO NPeLLIECTBYOLLYIO UCTOPUIO, COCTaBMAET BCEro NULLb HECKOJSTBKO
NpOLIEHTOB Macchl BceneHHoM.

[MpumepHO 26% cocTtaBnsaeT TEmHas matepust, a 69%, bonbluas YacTb Macchl
BceneHHon, npuxoanTcs Ha OO0 TEMHOW 3HEPrnn — HOBOIO BMAa MaTepun,
YHUKarnbHbIE CBOMCTBA KOTOPOW eLLe NpeaCTOUT U3yYnTh.

Ponb TeMHBIX CUJI B XKU3HU BceneHHom

Bonbwoi Bapuia O6Gpazosanue TeMHOR Marepumu Mosanexne nepabix 38e3g P P samen Npo6. # IHepruK Bce wupe w wupe
13,8 munnuappa ner Hasag MNepasie MrHOBEHUA Xu3HH BoenenHoR 100 MunMOHOS NeT Noche BOoALWOrD B3pHIBa 1 MMnAKapA neT noche BonbLLONo BapuiBa 4-8 mnpp ner nocne Bonsworo sapsisa Hacronuiee spema

Poxwgenne BeeneHron B nepabie cexyHabl NPOK3oLWNo BogopoaHbie o6nhaxa, 06pasosasimecs 383/l rPYNNUPYIOTCA B ranaKTUKK, M CHOPOCTH Bee- B npogon-

13 FOPRYEO U NNIOTHOTO Ny- 06pas0BaHne TeMHOWH MaTepuu. Gnaroaaps rpaBuTaLlMOHHOMY BO3AeACT- FanaKTHKN COGMPAIOTCH B CKONNEHMA, NeHHOA Ha MPOTRIKEHWM MWITMAPAO0B NET  IAET PACILUMPATLCR,

3biPbKA Pa3MEPOM C aTOM. OHa TyT e Havana B3aHMOfleACTBO- BHIO TEMHOM MaTEPHM, HAYHHAIOT Konnan- NPH ITOM CTPYKTYPY BCBNEHHOR 3a/a6T  CMEHAETCR PocToM. Honovemy? HoBas 1 Ham ellse NpeacTouT

32 HEeCKONbKO MWUTHCEKYH/, BaTh C NPMBLIYHOR HaMm GapHUOHHON CHpOBATH, W B UX HEpax 3anmycKaeTcs IPaBUTELIMOHHOE NONE TEMHOM MaTe- 3arafioNHan cuna (Ha3BaHHaR TEMHOR NOHATL, YTO KAET ee

OHa pacwMp1nacs C Hese- METepved NOCPeACTBOM rpaBHUTaLMM, PeaKLMA AAEPHOTO CHHTE3E, CO3AAI0LLErD pHK. Macca TeMHOR MaTEepHM HACTONb-  3HEPIHeit) HaYMHAET CONepHUYATL C rPa- (M Hac CBaMu)

PORTHOM CKOPOCTBIO. NOCTENEHHO CONMMaR YacTHULbI ANEMEHTBI U uero KO B&/IMKa, 4TO ee rpaBHTaLMK YAaeTeH BHTaUMEN, pacTankusas yacTv Beenen- B Gyaywiem.
noCNeaHeH Apyr ¢ APYToM. Beenennyio. 3aMeMTb pacuiMperue BeeneHHoM. HOW ¥ BHOBb YCKOPAS ee paciuMpeHue,

W3 vero cocTout Beenennan [ —— = = ] Tem— =




Pa3BuTue coBpeMeHHOM KOCMOMOrmm B
oyepenHOMN pa3 Nokasano 6esrpaHUYHbIE
BO3MOXHOCTU YesiloBe4YeCKoro pasyma,
CNocoOHOro nccriegoBaTh CrOXHeWLmne
npouecchbl, KOTOPble NPOUCXOAAT BO
BceneHHOM Ha NpPOTAXXeHUU MUNNUapaoB NnerT.



[lomalluHee 3agaHune

Kakue dpakTbl CBUOAETENLCTBYIOT O TOM, YTO BO
BceneHHoM nponcxoanT npouecc 3Bonoumn?

KakoBO COOTHOLUEHME MACC «ODbIYHON»
MaTepumn, TEMHOU MaTEPUN U TEMHON IHEPTUU
BO BceneHHoU?
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