~ MpoucxoxaeHue u 3Bon|ou.u ol
ranakTuk u 3Be3.u, & |

O6nacTe 3863700 6pasoBaHHa — TYMaHHOCTh Op};ona M42), 15.10.2006r




Mogenb 3Be34000pa3oBaHus

Paguyc BuagumMon yactu BeesreHHOU —
MeTaranakTUKyA He MOJKET TIpeBhIaTh
Crapasi mogens Temno
\ / 38630000PAI0BAHA paccTosiHKMe, KOTOpoe U3/TydeHHe TIPOXO/IuUT 3a
BpeMs, paBHoe Bo3pacTty BcenenHou — 13,7+2
MJIPJ,. JIeT 110 COBPeMeHHBIM IIpe/iCTaB/IeHUAM.
CiiefoBaTebHO rajlakTUKH, POAUBIINECS
Paasurie rioutu uepes 0,5 mspa. setT oT bosbioro
 “enosevecTea
B3peiBa, UMeroT BO3pacCT CBbIlIe 13 MiIpA, /1eT.

\

3apoxgenue
\ K13HW Ha Jemne

BonbLuoh Trananuxm ™na MnaHeTHbie cucTrems!
B3pbiB Mneuroro MNyTu CONHEYHOro Tuna

CaMble cTapble 3Be3bl C BO3PaCcTOM
cBbile 10 mnpg. NeT BXo4AT B COCTaB
LLIAPOBbIX 3BE34HbIX CKOMN/IEHN A
(HaceneHune 2-ro Tuna c HU3KNMm
cofepXaHnem 3/IEMEHTOB TAXenee
He). Ckopee Bcero oHn obpasoBaslncChb
OAHOBPEMEHHO C rasilakTukamu.

LLapoBoe 3Be3gHoe ckonaeHne M80 B co3Be3ann CKopnuoHa B 8280 NK.



Bo3pacTt BcenneHHOU U rajlakTuk

30 moHa 2001 roaa ¢ "Mbic KaHaBepan" ctapToBal
acTpoHomnyeckun annapata HACA "MAP" ("Microwave
Anisotropy Probe") maccoii 840 Kr 1 CTOMMOCTLIO 145 MJIH.
$ n 1 okta6psa 2001 roga oH AOCTUT TOUKM mbpaumn |2
(rpaBuTaLMoHHOro 6anaHca mexay CosHuem, 3emnen u
JIyHOIR), yaaneHHon Ha 1,5 muinnoHa KW1oMeTpoB OT
3emnun. HasHaueHne KA - cocTaBUTb 06 bEMHYIO KapTUHY
B3pbiBa 1 3arfigHyTb B TO BpeM#, Korja elle He BO3HUK/IN
3BE3/lbl N ranakTnKu.

WMAP: 1-6anaHcupoBaYHbIe rpy3bl CUCTEMbI
TOYHOI cTabuanzauumn, 2-AaTHmK CUCTeMb

Hasurauumn, 3-6A0K N WEeMHOI 3neKT OHWKW, 4-
BOHHOB%A, 5_BceHan§aBﬂeHHag aHTSHHa, 6. C nomoLubto kocMmuyeckoro annapatra HACA WMAP

3epkano 1,4*1,6 M, 7-BTOPOVi pedpnekTop, 8- cobuparLlero ceeeHns o PoHOBOM MUKPOBOJ/THOBOM
oxnaxaeHue, 9-kpenexHada nnardgopma, 10-

3NEKTPOHUKA, 11-3kpaH oT conneuroro ceeta,  M3MYyHeHNN, K 2006 rogy ycTtaHOBNEHO:

a) BospacT Hawein Nanaktnku coctaBnsert 13,7 mapa.net (ToyHocTb 1%).

6) BceneHHasa coCTOUT N3

- 4% aTtoMmOB BAUMOIO BellLecTBa,

- 23% 3aHuMaeT TEMHOe BellecTBO;

- OCTa/lbHble 73% 3arajjoyHas "aHTUrpaBuTalma" (tTemHas aHeprus), nobyxgatwuias BceneHHyro
paclnpATLCA.

[ManakTnkn Hava/in obpasoBbiBarbLCA vUepes3 100 maH.neT nocne bonslioro BapbiBa n B
nocneaywouwmne 3-5 Mapa.ieT chopmmpoBainck U CrpynnupoBasnuck B ckonieHusa. CnegoBarte/ibHO
BO3pacT caMbIX CTapbIX 3IUNTUYECKUX Fra/TakTUK OKono 14 mapa.ner.

[NepBble 3Be3/1bl N0ABNAITCA Yepe3 1MAH.NeT nocne bonbuworo B3pbiBa, cnegoBaTenbHO
AO/IKHbI UMETbLCA 3Be3/lbl C BO3pacToM OKO0 14 mnpa.nert.



BO3HUKHOBEHMUE rasjiakt ukKk

“Bonswroit Bspeis”. Hsz “crrrymapHoro” - 0 HepamTHOEOIO-
6 e CK OHeUHO-INIOTHOTO eAFEHEHA MAT SR BBIZENIIIACE M CTAIla PAClIMpPATECA

IvIrrns-B cenenHan

1
10 SKCIICHEHIMATBHOMY 3akoHy: R (¢ )~ gexﬁH-z‘ ] wacte Bcememmoit -

M yyo- Becere Huast.

BHyTpeHHAAd HeyCTOMUMEOCTE MATeprd [Vrpne-B cenmenmoff Bemma K ee
Apobnesrro Ha MHOKEeCTEO Menkkx obocofmerrex ofimacTed - MeT aralTaKk THE.

Bozrmrxra MeraramaXTHRKa - YAacTk B ceneHHOM, B KOTOPOH MBI
! YKHME M M KOT0pad Z0CTYIIHAa Hanmn Hafmwogermoma. B momenT obpasosarma
INIOTHOCTE wMaTepuyu NMeTaramakTuxkm gocturama 107 xriad TP
Tenmeparype 1030 KI MeraramakTmka cOCTOAIa M3 CBepXMACCHBHBIX
CEEPXIHEePTHMUHBIX, HeNpPepbIFHO BSaMMOZeHMCTEOBAaBNIMX wMeXXAy coboi
TeMEeHT apHBIX QACTHII.

I eTar amaKTHKa paclMpAeTCA 10 THHeHH ony saxoHy: Fad ) ~ Aftas

B xoze HenpephIBHOrO BI3AMMOZEFICTEIMA M PACHIafa CBEepPXMACCHBHBIX
CEEPX SHePTMUHBIX UACTHML] BOSHEMKIM IIOYUTH ECEe HM3BECTHBIE SIIeMeHTapHBIE
YACTHIIEI (RIeKTPOHPL IIPOTOHRL GOTOHBL HeHTPOHBI M T.A.), AAPA aTOMOE
TEIIMA M HIUT KHO e SO0 A ep 4T OMOE APYTEX =1eMEHTOE.

Ob6pasoBanMCck “BOSMYUW[EHHS NJIOTHOCTH - HeOZHOPOZHOCTIL
CTYCTKM KOCMHUECKOH cpefbl mMaccoit cepmue 10¥ kr, cocroasnmre ma 70-
75% M3 MPOTOHOE M RMIEeKTPOHOE M Ha 25-30 % M3 oL-uacTHII.

Hacryrnoia “3moxa pexom@HHauuu™ Ternmeparypa MeTar amaxTemes
yriana xeoxe 4 000 K, sHeprma wacTio) YMeHBNDOIACH, 4 PACCT OAMIA MEXXAY
HMME BOGPOCIHM HACTWIBEKO, wWro CcBeT (QoTOHBID) IepecTall HelIpepbIBHO
B3 aMMOAeHICTEOBATE (MOHMSHMPOEATh) BeljecTeo. O Opasosanmce HeHTpAaTbHBIE
aTonel MWeTaramaxkTimka cocToAna Ha 70-75 % ms aTomos Bogopoma, Ha 25-30
%6 - ¥3 refmA M rMeHee dentHa 0,01 96 3 ZpyT MX AT OMOE.

EeTaArallak THEK e B HacToAnlee spema pasmepsl MeTaramakriku gocturaror 1026 na
lc O

1 000 000 meT e

Memzre “E oz rmyigercx
IOIOTHOCTEC  PACCOCANHCE E
IMDOCTDAHCTES

1 000 000 000 mer “Dmoxa obpasoBamHs
TAMAXKTHK:

“Boz My e eI IMoTHOCTEI . ¢ Bonsiwost maccost
COXPAaFFOTHCE, ITDECTATEE AT ESISCTEO IE OKPYIKAR0 IETO
MpPOCTPaMCTE a ¥ nipeobpazor amcs ® “Somoex’” maccoit
10" - 10" ¥r ¢ TemrepaTypoit 10-10 K

v

He omHopoaHOC TR pacipee IeHHA BeIUecTEa H TeILI0Ba A He YT TOH YHED CTh
PHEEJTH K Pacriany ] ‘Gmtmon Ha MHO®E CTED MEJIKHX ITPOTO PAITa KTHHYEC KIX
Bataxos maccoit 1077 - 10Y xre TE MITEPATYROH 10°-10° K, cxumapumxc 1
O meHC TEHE M CIHIT TATOTeHHA




T"anaKTHKa €K erogHo - «:
NpPUTATHBACT M3 MEK- MexspesnHplit ras (qo 10™ xr) crymaerca B ra-

ranaKTM 4eCKof Cp ekl ‘ « JBKTHUECKHe MOTeXynapHsle ofnaka (TMO)

0,4-2- 10® kr rasa ™ IInaerapHble i BOJOKHHCTBIE

TYMAHHOCTH PACCEHBAIOTCA B
‘\ npoctpancree (go 2 10¥ kr & rom)
rasa (p = 1 yacruna/cnd) B Cepxuosas |
Tlanaromui K LeHTpy K : ",
e

—>

2 ®  Yepuas aripa

| @ Heittponnas sseana
Tanaktisu ras (ao Bembii Kapuk
2.10%kr g rog) cry- —
wmaerea 8 TMO (ra- 3Besna-MMramT *  Hosas
NAKTH 4ECKH € MOTe-
Kynaprste obnake) o 10%100 O TMO e T i i i O
einalae w7 4 4 BCIBIIKAX NEPEeMEHHLIX 3Be3f, “ TagH N
atMocep spesp-ruranTos fo 20 % ux
BEIecTBa pPacCedBaeTed B OKPYAAoWeM
: MeIBE3NHOM M OcTpaHcTee, oboramas

B NnoTHBIX rasonbiieBeIX TYMaHHOCTAX HAYT Ip oLl eC €r0 TAKENbIMH XM MHUYECKUMH SNTeMeHTa-

bl 3Be3fo0bpasopanud. Exeronno B IanakThKe B MH; MHTMAPAB! JIET CIYCTS OHM BXOAAT B
| 3Be3Mmel npespamaerca Ko 8-10-10° kr pemecrsa TMO COCTAB B3]l HOBBIX MOKONEHHH.

¥ 0Kono 0,610 kr rasa pacceuBaerca BnpocTpaHcTee  F 80 % “KoHcepBHpyercs’ B cocTaBe benbix

KapNUKOE, HEfITP OHHBIX 3BE3 M YepHBIX

B Xofle TepMOANEPHBIX PEAKLMH B HENpax IBe Bo- S,

IOpor NpeBpamaeTca B refiuf, a 4acTb refiua Ha 3a- ExerogHo U3 raJlakTi 4eCKOro Kpyroscp oTa BeulecTsa

Bep WarOIMX CTAMM AX SBOMIOLHH 3530l - B yIite- Bbmagaer 0o 6 - 10-10%%r, BXOAAIMero B cOCTaB KPaCHBIX

POR, K CIIOPOL, a30T U ApYTHE ToKENbIe XHMHYe- ¥ BenbIX KapymKOB. HEf TDOHHBIX 3630 H YEDHBIX AbID.

CKHe »NeMeHTsl (o skenesa). IIpu BapeBe CBeprHO- N\

BOM BO3HMKAIOT Bee Bonee ToOKeNbIe 3JIeMeHTEI . S
Ha nporaskeHne MAUIHAp OB JTET B FanakK THKAX MPOMCKXONHUT MOCTEMEHH 08 HCTOWEHNE 3a11aC0B MEK SBESIH Oro Bele-
CTBa M 3aMeVIeHH € TP oLl €CCOB 38e3A006pasoparud, HNJIOTh RO MONHOTO €ro Np eKpaenua H3-3a “HexBaTKH ChIpba’
yepes 2-10' ner.




Bpemsa

104 .10 cek

10° cek

105 cek

104 ceK -3 MMH

400 TbIC. NeT
15 mnH. nert

1 mnppg. ner

3 mnppg. ner

10 - 15 mnpp. ner

10% ner

10% ner

10% ner

1020 per

Kpatkas uctopus pa3sutusa BceneHHoil

Temnepartypa

Bonee 10%K

Bonee 108K
102K
101 - 109 K

4000 K
300 K

20 K
10 K

3K
102 K

10-18 K

20 K

10-60 . 109 K

CoctossHue BceneHHOMN

MHpnaunoHHoe paclumpeHue

lMoseneHne KBApKoB N 3NEKTPOHOB

O6pa30BaHNe NPOTOHOB U HETPOHOB

BO3HWKHOBEHWE SAEP ALHTEpUA, renna U NUTHA

O6pazoBaHne aToMoB
MpogonKeHe paclumpeHs rasoeoro o6naka

3apoXaeHne Nepebix 38834 W ranakTuk

O6pa3soBaHne TEKeNbIX A4ep Npu  B3pblBax
3Be3q

MOABNEHWE NAAHET U PA3yMHO I XN3HK
MpekpaLleHne NpoLecca poxXaeHNs 38834

MICTOLEHNE 3HEpMK BCEX 3B834

McnapeHue  UepHbIX  AbIP M POXAEHMWE
3N1EMEHTAPHbIX YACTML

3aBepLUeHe NCNAPEHWUS BCEX YE PHBIX Ablp



06pasoBaH ne 3Be3p,

CKonneHue XONOAHOro rasa u nNelnn —
’ rno6yna B68 (katasnor BapHapaa),

: At thparMeHT TMO. Macca rno6yn bl MoXeT
o - \"5 [OCTUrAaTH 40 100 M,

3Be3abl 0bpasyTca Bcerga
rpynnamm (CKonaeHnsmn) B
pesynbrare rpaBuTaLyOHHOI
HEeYyCTONYNBOCTHN B XOMOAHbIX
(T=10K) 1 n10THbIX MOJIEKYNAPHbIX
obnakax maccoi He meHee 2000
M, TMO c maccoii 6onee 10°M,

(n3BecTHO 6onee 6000) cogepkart
[0 90% Bcero MonekynapHoro rasa
[anakTukn.

CxaTtunio cnocob6CTBYIOT yAapHble BOJIHbI MPU pacluMpeHnn 0CTaTKOB BCMbILLEK CBEPXHOBbIX |
cnupasibHble BOJHbI MIOTHOCTU U 3BE3/Hblii BeTep oT ropsaunx OB-3Be3/. TemnepaTtypa BeljecTBa
npu nepexofe oT MoneKyNsApHbIX 06/1akoB uepes chparmeHTaLmio obnaka (nosiBaeHne rnob) K
3Be3/jJam Bo3pacTaeT B MWIJINOHbLI pa3, a N/IoTHOCTL — B 102° pa3. CTagna pasBuTus 3Be3/bl,
XapakKTepusylouiasica okaTuem u He nmetoulasi elle TepMosifiepHbIX UCTOUHUKOB 3HEpPruu,

HasblBaeTCs NPOTO3Be3/0i (rpey. NPpoToc «NepBbIii»).



JBO/IOUMA 3Be34 COJTHEeYHOro tuna

O6paszoBaHne nnaHeTapHOM
TYMAHHOCTH lenueas

BCNbIWKA
OpMHpOBaHue

CKaTve

CxuraHue fipoTocOntia

BoAOpOAa

Cravosurcs Benbim
KapnuKkom
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100 000 30000 10000

-<— Temneparypa (K)

3000

Y obpaasyouLenca npoTo3sesbl AAp0 BTArMBaeT BCe, Uan
NMOYTU BCE BELLECTBO, OKMMAETCA U Korjga tTemnepartypa
BHYTpPU npeBbicUT 10 MAH.K, HAUMHaeTCcA npoLjecc
BbliropaHusa Bogopoga (tTepmosgepHas peakums). Ana 3Besq C
M, 0T camoro Hauana npoLuno 60 MAH.J1eT. Ha rnaBHOM
nocsefoBaTe/IbHOCTU — CaMbIA NPOAO/DKUTENbHLIN 3Tan B
YXU3HW, 3Be3/bl COJIHEYHOro Tuna Haxogutca 9-10 mapa.ner.

Mocne Toro Kak 3se3ja u3pacxofyeT coAepalimiica B LIeHTpanbHOI YacTi BOA0PO/, reineBoe AA4po HauHeT
CKIMATLCSA, ero Temneparypa NoBbICUTCA HACTONBLKO, UTO HAYHYTCS peakuun ¢ 601bWLNM 3HEProBbigeneHnem
(npn Temnepatype 2+107 K HaumHaeTcs ropeHne renns - CocTaBsieT No BpeMeHn AecaTyto YacTb ropeHus H).

B npuneratwouwem K Apy cnoe, Kak npaBuno, octaerca
BOAOPOA, BO30OHOB/ATCA NPOTOH-NPOTOHHbIE
peakuun, faBneHne B 000104Ke CyLULeCTBEHHO
NoBbIWAETCS, N BHELIHNE C/I0N 3BEe3[bl PE3KO
yBENNYNBAOTCA B pasmepax - 3Be3fja cMelartbcs
BNpaBo — B 00n1acTb KpacHbIX TMraHToB, YBENINUMBasch
npumepHo B pasmepe B 50 pas.

B KOHLIe »M3HW, Nnocne cTafun KpacHOro ruraHTa,
3Be3/]a COxIMaeTcs npeBpallasch B 6eblii Kapiuk,
cbpacbiBaeT 060n04Ky (4o 30% maccol) B Buge
nIaHETapHOoI TYMaHHOCTU. bBenbiii Kap/iuk npogomkaert

BOJIEE
APKME
IBE3A

ABCOTIOTHAS BEITHYTHHA

BOJIEE

cnabo CBETUTHLCA €llle OUYeHb [OTO0, NOKA €ro TEN/I0 HE i

n3pacxogyercsa no/IHOCTbO, N OH NpeEBPATUTCAH B
MEPTBOIO YEPHOro Kap/inka.

TEMIEPATYPA

50,000 °C 10.000°C 5.000°C 3,500%C

-

45

+0o i

2 000°C
KpacHbIif ruratr ¢
BO3PACTOM
10 mapa. ner

ConHue celfuac,
3B€37a rasHoi
rnocnenoBaTeN b
HOCTH C BO3pac-
TOM 5 MIIpA. NleT

[MnaHerapHas
TYMaHHOCTh

Ymuparowuii
Oenblii Kapiuk

+15

00 BO AOQ FO GO KO MO
CHEKTPAYILHBIN THIT(HBET)




e .. ) A aBonuusa

opexue Boaopoaa™ -

[operue renna | -

['openue yrnepopa.- 3 Be3n

[opeHue HeoHa

loperue kthopana B 3Be3gax ¢ maccon 6onbiue 10M,
["operune kpemHua ;

YeneaHoe sapo . -, TepMosifiepHble peakLun npoxoasT B

HEBbLIPOXXAEHHbIX YC/10BUSAX BNAOTb
A0 obpasoBaHus caMbIX YCTORYNBbLIX
3/1EMEHTOB »XeNe3Horo nuka (puc).
Macca 3BO/MLMOHNPYIOLLEro sapa
cnabo 3aBUCUT OT NMOJIHOW Macchbl
3Be3[bl U cocTaBnsaer 2—2,5 M,

Opbura KOnurepa

Ceifyac n3BecCTHbl [JBa OCHOBHbIX (pakTopa, npuBogslLne K NoTepe YyCTOWYMBOCTY N KoJiiancy:
= npu Temneparypax 5-10 mapg. K HaunHaeTcsa chotoguccolmauna aaep xenesa — «passan» aep xenesa Ha
13 anbtha-yactuyy c nornouweHnem poroHoB: 56 Fe + ? > 13 *He + 4n,
= npu 6onee BbICOKMX TeMnepaTypax — guccoyunaums renvs *He > 2n + 2p n HelTpoHu3aums BelecTBa (3axsar
3/1EKTPOHOB NpPoTOHamMn ¢ o6pazoBaHnemM HENTPOHOB).

Copoc obonoukn 3Besabl 00bLACHAT B3aumoeincTtBmemM HEMTPUHO ¢ BellecTtBoM. Pacnag sagep tpebyer
3HAUNTEIBbHbIX 3aTpaT 3HEPruN, BEW,eCTBO TEPSAET YNpYyrocTb, AP0 OKMUMaeTcs, TemnepaTypa Bo3pacTaeT, HO He
Tak ObICTPO, 4TOObLI NPUOCTAHOBUTL CXkaTne. bonblilas YacTb BbiAeNSAeMO Npu CXKaTun 3HEPIMn YHOCUTCS
HEeWTpuHO. B pesynbrare HeNTpoHW3aLun BelecTBa n guccoupaumn s4ep npomcxognT Kak Obl B3pbiB 3Be3/bl
BHYTPb — UMN/I03UA. BelecTBo LeHTpanbHoil o6nactn 38e3pl nafaeT K LIeHTPY CO CKOPOCTHI0 cBOOOAHOIO
nazeHns, BTArmBas nocnegoBate/ibHO Bce bonee yaneHHble OT LieHTpa C/10U 3Be3/bl.

HauaBluuniicsa konnanc MoXXeT 0CTaHOBUTHLCA YNPYrocTbio BEWEeCTBa, AOCTUMLEro SAepHON NI0OTHOCTU U
COCTOSILLEr0 B OCHOBHOM 13 BbIPOXKAEHHbIX HEWTPOHOB (HENTPOHHAasA »MAKoCTL). [pun atom obpasyeTca
HelTpoHHad 3Be3fa. Obonouka 3Be3fbl npuobperaeT OorpoMHbIA MMNY/LC U cOpacbiBaeTca B MeX3Be3gHoe
NPOCTPaHCTBO CO CKOPOCTho A0 10 000 kw/c.

Mpu Konnance sgep cambix MaccuBHbIX 38e3f ¢ maccoi 6onee 30 macc ConHua MMnIo3na agpa, no-
BUAUMOMY, NPUBOANT K 00pasoBaHnio YepHON Ablpbl.



CxemMaTundyeckas CTpyktypa 3Be3 pa3/in4yHoOro tuna

38e3abl rNAasHOA NOCNEAOBATENLHOCTH

MepeHoc
3HEpPrum

NanyueHuem

KOoHBEeXTUBROS
AAPO

KoHBEXTMBHEA
3oHa

MNepeHoc
3Heprvu
N3nyyeHuem

Benwii kapnuk

Bolpoxa eHHsIn
3NEKTPOHHbLIA
raa

OGonouka
WaeansHoro

MNepesoc e

IHEDIM
N3NYYEHMEM

SHEProBbU ENSIHOLLIMA
crnown

N3oTepmuveckoe
renuesoe sapo

KpacHbii ruraur



[locnegHaAa cTagua 3BOMOLNN
3Be3

NGC 6543, TymaHHocTb Kowaunn [ma3 — BHYTPeHHss obnacTb, nsobpaxeHue B
ncesgouseTe ( KpacHbin — HO; cnHuin — HenTpanbHbln kKncnopod , 630 HM; 3eneHbin —
NOHM3NPOBAHHbLIN a3oT, 658,4 HM). [TnaHeTapHbIEe TYMaHHOCTU 06pasyroTcs npu
cbpoce BHelwHMx crnoeB(0605104€eK) KpacHbIN TMraHToOB M CBEPXIMraHTOB Maccou 2,5-8

COJIHEe4YHbIX Ha 3aBepLL|a+0u.|,e|7| cTaanmn nx 3BOJrOUnNn.




* AKKPELMOHHbIN ONCK ropaYvein nnasmebl,
BpallarLnnUCAa BOKpPYr YepHOU Oblpbl.




KpaboBnaHasa TYyMaHHOCTb - ra3oBbli OCTAaTOK CBEXHOBOW C KOSSiancom sapa, B3pbis
KoTopoun Habntoganca B 1054 1. B LEHTpe — HENTPOHHAA 3Be34a, BblOpachkiBatoLLas
YacTuubl, 3acTaBndatoLme ra3 ceetTuTbcs(ronyoomn). BHewHMe BOsTOKHaA B OCHOBHOM
COCTOSAT U3 BO4OpOAA M rennsa paspyLleHHON MacCUBHOW 3Be3bl.




