Kocmostorus n bosibioil aipoHnblit
KOJIJTA1ep

B. A. Pybakos

NucturyT saaepubix uccaenopanuii PAH



MakcumaJibHadg SHEPrusi CTOJKHOBEHUI CeroaHs:
Tosparpon B ®epmuiiabe, CIIIA,

IIPOTOH-aHTUIIPOTOHHBIN KoJjuiaiaep, 1 X 1 THB

Bonwmoit agponnsiit kosutaitaep (LHC):
IIPOTOH-TTPOTOHHBIN KoJmaiigep B LIEPHe, 7 x 7 THB.

Hawan padborars B 2010 romy,
E =3.5%x 3.5 T5B, cBeTumocTs mmoKa MaJia

NB: IIpoTonbl cocTosaT 13 KBaApKOB U IJIIOOHOB <—>

DHeprus djaemMeHTapHoro croakaosenud Ha LHC

14
E < 3 TsB ~ 2.5 THB.

Ha Tasarpone E < 3501'5B.
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[TouemMy BaXKHO MMeTH BBICOKHE YHEPTUN !

® MoryT poxkIaThCsad HOBBIE TSAXKEIbIE YaCTUIIBI (€CJIN OHU €CTh B
TPUPO/IE):
E = mc?

DHepTrus IMOKOosI HanboJiee TIXKEION M3BECTHON 3JIeMEeHTAPHOM
qacTUnbl — t-KBapka MC> = 172158

c =1 B manpHeimem, E =mc? =m.

® Broicokue SHEPTUHU (UMITYJIBChI) <—> MaJible PACCTOSHUA:

h
Er .

Ap-AX~h <= AX~



Ceronnag: CtannapTHad MOAeab PU3NKNA JaCTHI]
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-+ YaCTUIbI, OTBETCTBEHHBIE 3a B3aUMOJAEHCTBUA: (DOTOH, TJIIOOHBI,
W, Z, rpaButon + 6030H Xwurrca (eie He OTKPHIT)



3adeM Hy»KeH 0030H Xwurrca?!

CumMmMmerprun CTaHIaApTHON MOJIEJIN 3alIPEIaloT YacTUIaM UMETh
MAaCCHI.

A OHU eCTh <= CUMMETPUU JAOJI2KHBI ObITh HapPyIIEHBI,
KaK B HAMarHUYEHHOM KYyCKe KeJie3a HapyllleHa CUMMeTPUd
OTHOCHUTEJBHO BPAIIIEHUI ITPOCTPAHCTBA.

Mexanu3m HapymieHns (B pusnke JacTuil: bpayT—HTIep—Xurrc)
— “pazauToe B BakKyyme' moJie. bimsKuii aHaJIor: HapyIIeHne
CUMMETPUU B CBePXIIPOBOIHNKE. dPdeKT Meiiccuepa <
MaCCUBHBII (POTOH.

XUTTCOBCKUN O030H — KBAHT 3TOTO IOJI.

XUTITCOBCKMM OO30H MUJIM YTO-TO HA HEro IOXozKee 00da3aTesIbHO
JTOJI?KEH OBITh B IIPUPO/IE

Ero obnapy)kenne n n3ydenne <—- MeXaHu3M, JAIONINI MaCChI
KBapKaM, JientonaMm, W- n Z-6030HaM



® (CragmapTHad MOJIEIb IPOBEPEeHa B MHOIOYUCJIEHHBIX
SKCIIEPUMEHTAaX

& JJleKkTpocjadad Teopud IIPU BBICOKUX YHEPIUIX
E ~ 100 I'sB nposepena Ha ypOBHE TOYHOCTU HOPLAJIKA
1073, T0 ecTh Ha YpPOBHE PAIMAIMOHHDBIX TOIPABOK.

& Ilpenckazanme macchl t-KkBapKa 10 ero OOHapPyKEHUSI:
m = 170+ 1801B. 9kcrnepumenTaabHO
m=172+2 I'sB

® Teopud CUIBHBIX B3aUMOJIENCTBUII — KBaHTOBAasI
XPOMOJIMHAMHUKA — TOXKEe HAAEXKHO IIPOBEPEHA.

s IlpaBna, 10 cux MOp HENOHATHO, ITOYEMY KBAaPKHU U TJIIOOHBI
OBIBAIOT TOJBKO B COCTaBe aJIpOHOB (IIPOTOHA, HEWTPOHA,
ME30HOB U T.JI.) W HUKOTJIa — B CBOOOJHOM COCTOSTHUM <—>
IpoOJIeMa HEeBBIJIETaAHUS IIBETA.

1 Bcé xxe CranjapTHagd MOJIeIb He MTOJHA.



Bsammonpespatierns (OCINIISIIN) HEATPUHO
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Super-K Homestake (CIITA)

Yckopurenbhble Vi K2K Kamiokande, Super-K ({Admnonns)

MINOS ITHT — SAGE (Poccus)
GALLEX/GNO (Wramus)
SNO (Kanasma)

PeakTopubie Ve: KamLAND



3aKOHBI coxpaHeHus B CTaHJIapTHON MOJIean

® ODHeprusi, UMIIYJbC.

® DBapuonnoe uncyo (Nq —?
IPOTOH cTabuseH, Tp > 10%3 ser!

® JlenTounHble 4uciia

Le — (Ne— T NVe) o (NejL - N\7e)

LIJ ) LT
Pacman MIOOHae
H . / Ve u—sey, Br<10

B pamkax CranmapTHOII MOJIEIN OCIUJLISAIIAN HEATPUHO
HEBO3MOKHBI:
OHM IIPOTHUBOPEYAT COXPAHEHUIO JIEIITOHHBIX YMNCEJI.



He#itpnao nMmeroT Macchl, IpUYeM TaKUe,
4TO JICIITOHHBIE YNCJIa HAPYIIAIOTCA

d1tu Macchl Kpaitae maJbl: My, < 2.0535B (Tpounnk v-macce)

10 CPABHEHMIO ¢ MacCoil 91eKTpoHa Me = 511 k5B = 5-10° 5B
(He TOBOpsT y2Ke 0 DoJiee TSIKEJIbIX JIEMTTOHAX W KBAPKAax )

[IEPBOE ITPSIMOE CBUJIETEJIBCTBO HEIIOJIHOTHI
CTAHJIAPTHOU MOJIEJIN.

LHC Bpsig jiv nposibeT CBET Ha IIPUPOJY MacC HENTPUHO



Témnass marepus

Kocmostorust TpebyeTt, 9TOOBI CyIIeCTBOBAJIN
cTaOUJIbHbIE, MACCUBHBIE, SJICKTPUIECKN HENTpaJIbHbIe YaCTUIIbI,
COCTABJISIONINE TEMHYIO MaTepUio BO BcelerHoit.

bajganc sHeprunit B coBpemMennoi Beeenmoii

4.5% — 0O6BIYHOE BEIecTBO

0.5% — 3Be3bI

0.3-1% — meiiTpuno

TEMHAaA

\TeMHaH MaTepusd

SHEPTUd



Témnass marepus

® Kwusnenno BaKHa JIjIsI Hac: obecrniedynBaeT (GPOPMUPOBAHUE
CTPYKTYP BO Bcenennoii

® Hawnbojiee mpaBonogodbHast runoTe3a:
X-gactunpsr Mmaccel My = 10018 — 1 T3B (8 100-1000 pas
TsiyKejiee TIPOTOHA), YIACTBYIONINE B CJIA0BIX B3AMMOIEHCTBUASIX

O6pa3syroTcs B O4eHb paHHell u ropsiueii Becenennoii B
CTOJIKHOBEHMSIX YACTUI] BHICOKUX dHEpTruilt mpu KT Z My. YacTto
AHHUTUJINPYET, YaCTh AOXKHUBAECT A0 HAINX JTHEH.

OcraTouyHas MJIOTHOCTH IOJIyYaeTCsl IPaBUJIbHOM, ecim
CKOPOCTb AHHUTUJIANNN CPABHUMA CO CKOPOCTHIO ITPOIECCOB,

00SI3AHHBIX CJIA0BIM B3AMMOJIEHCTBUAM (MacmTad SHEPTHit

100 I'sB — 1 T»B).

Mactrad suepruit LHC !

Hosrble cTabuabHbIe YaCTUIILI <> HOBBIII 3aKOH COXPaHEHUSI



Acummerpud
MeXK Iy MaTepueit m anTuMmaTepueil Bo Beejennoit —
ele OJHa IpodJieMa KOCMOJIOTUN

BeriecTBO €cTh, aHTUBEIIECTBA, HET.

B 1em 31ech npobiiema’?

Panuss Beenennas (T > 10 K = 100 MaB):

POXKIECHNE 1 aHHUT'NJIAIINA KBAPK-aHTUKBAPKOBBIX IIaP =

~ 107

Kakum oOpa3oM Takasi aCUMMETPUsI BOSHUKJIA B PE3YJIbTATe
SBOJIIOIAN !

A. JI. CaxapoB’67, B. A. Kyzpmuu’70

Tpebyercss Hapymenne 3aKOHa, COXpPaHEHUsT DAPMOHHOTO YNCJIa

BapuronHas acuMMeTpHUsi TOXKe »KU3HEHHO BaXKHA,
Eicymz ObI ee He OBLIO, KBAPKU NPOAHHUTHINPOBAJIN OBI C
aHTHUKBapKaMu, 1 Bo BcenernHoiT He OBLIO OBl OOBITHOTO BEIIECTBA.



bapnonnaga acummerpud: yeaosusg Caxapoba

Tpr HEOOXOIMMBIX yCJIOBUSA TeHEPAIIUN aCUMMETPUN JTOJIPKHDI
BBITIOJIHATHCA B OJITHO BPEM4:

$® HecoxpaHeHUe OAPUOHHOI'O YHCJIa,

® C- u CP-mapymenune:
MUKPOPU3UKA PA3INIACT IACTUIBI U aHTUIACTUIIHI

$» Hapymenune TemnoBoro paBHOBECU

MoxkeT jtu bapuHHasT aCUMMETPHsI T€HEPUPOBATHCS 33 CUET
dusuku Ha macirade snepruii 100 I'sB — THB 7

Ha nepsorit B3roian HE'T: Bpema xusnn nporona Tp > 10%3 ser
— wmacmTab suepruii 1010 '5B



O 1HaKO

BaprnonHOe 91C/I0 HE COXPaHSIETCA B 3JEKTPOCIA0ObIX
B3aNMOJIEVCTBUAX

HeoOXoIMMBI Oosbimue paykryanun mnoaeit W- u Z-6030H0B

Bosbmne BakyyMHabIE (DAYKTyallun KpaiiHe MaJIOBEPOSITHHI.
BrIicokme TeMIiepaTyphl: OOJbIINE TEILIOBBIC (DIYKTYAIUN

B-necoxpanenne — OBICTPOE MO0 CPABHEHUIO C KOCMOJIOIMYECKUM
pacmmupennem npu 1 2= 1001B.

I[TPOBJIEMA:

Bcenennasi pacmupsieTcd MeIjaeHHO. leMn paciinpeHust Ipn

T ~ 100158
Ht~10"%¢

CJIMIITIKOM MeJJIEHHBIN JJisi HAPpYIIeHUS TEeIJIOBOI'O PABHOBECUSA !



EnmaCTBEHHBIN 1MTaHc: (pa30BbIi nepexoa 1-ro poja,
CUJILHO HEPaABHOBECHBIU IIPOILECC

DjieKTpocabast CMMMeTpHsI HapyIlieHa B BaKyyMe, HO He HapyIlleHa
npu T 2 1001B.

Amnajiorusi: CBEpXIMPOBOJHUK CTAHOBUTCS HOPMAJIbHBIM METAJIJIOM IIPHU “BBICOKON T

Ilepexon MokeT B IpHUHIMIIE OBLITH 1-rO poga
Ilepexon 1-Tro poma IpOMCXOAUT U3 HMEPEOXJIAKIEHHOIO COCTOSHIUS

myTeM 00pa30BaHMs MY3bIPHKOB HOBOM dassl ¢ I ~ 10710 ey, ux

pacrmpennust ¢ V~ 0.1C 10 r ~ 0.1H ™1 ~ MM, cTOJKHOBEHUS CTEHOK U
IIEPKOJIAIINN.

Kunamas Becenennasi, majieKa oT TEIJIOBOTO PaBHOBECHUS

ﬁ«\
i




A kak Ha camMoM jeJje’?

B CranpgapTHoii Mojiesn pa30BOro mnepexoga 1-ro poja HET

Ee cBoiicTBa IpM BBICOKHX TeMIEePaTypax BBHIUYUCIIIOTC
OJTHO3ZHATHO

® DazoBoro nepexoga HeT BOOOINE, €CTh IVIAJIKIl KPOCCOBED
® Kpowme Toro, caumkom ciaboe Hapymenue CP

Yo Tpebyercs Ajist 3JIEKTPOCIad0it reHepanum 0apuOHHOM
aCUMMETPUN

® Hosbie 1osis/9acTuiibl

® Jlos>KHBI CUJIBHO B3aMMOJIENCTBOBATH C XUITCOBCKUMUA
0030HaAMU

o Jlommxkubl npucyTcTBoBaTh B miiaszMme npu I ~ 100158
—> wMacca He OoJsee 300 I'5B

$ JONOJIHUTEJIbHBIN NCTOYHUK CP—HapymeHHﬂ,
JIy4Ille B XUTTCOBCKOM CEKTOPE — HECKOJILKO XUTTCOBCKUX
I1oJiem



B mo6oMm cayuae 6apuorenesuc npu | ~ 100158 Tpebyer

CJIOXKHOU JTUHAMHUKU B CEKTOPE,
HAPYIIAIOIIEM 3JIEKTPOCIA0YI0 CUMMETPUIO

mpu E ~ (a few)-10015B
O6macts LHC

LHC BmosHe MoXKeT JaTh KJIIOY K Pasrajike >KM3HEHHO BarKHBIX
Ipo0JIeM TEeMHOIT MaTepum n OaApUOHHONM acmMMeTprnu BcejieHHoi

['apanTum Her:
$® TeMHad MaTepUsl MOXKeET ObITh, HAIPUMED,
aKCHOHAMU WUJI TPABUTUHO

® DBapuonHas acCHMMETPHsT MOXKET T€HEPUPOBATHCS TEM YKe
MEXaHU3MOM, KOTOPBIH JTaeT MacChl HEHTPUHO (JIEITOTEHE3C)



BuyTpennue TpyJjHOCTH TEOPUN

$® DnepreruvecKnue MacIliTaObl CUJIbHBIX B3aUMOJIEMCTBUI 1
JIEKTPOCJIA0BIX B3aMOIeiCTBUIA

/\QCD ~115B , MW ~ 1001»B

ONIM3KHN MEXKJAy cOOO0il, HO JaJIeK! OT I'PABUTAIIMOHHOTO
MaciTabda

Mp ~ 10™° I'sB .

$® DJjekTpocaadblii MacHITadb oIpeesisieTcss Maccoil 6030Ha
Xurrca, My ~ my.

® B Crannmaprroit Mmogenan My noaydaer OI'POMHBIE
paaIoOHHbIE TOIIPABKA

" heavy (M)
— dm? ~ A2 - M?

! S
1 light (m) 102 10! 10



® B CrapnaprHoil MoJiesin TpeOyeTcd UPe3BbIYaiiHO TOHKa
HaCTPOIKa MCXOMHBIX (3aTPABOYHBIX) MapaMeTPOB, ITOOHI
COKPATUTDh PAIUAlMOHHBIC BKJIAJILI U O0ECIICYUTD

My < Mp

® PaamannoHHBIE BKJIAJLI B My HEBEJIUKU, €CJIN
CraHjgapTHasl MOJIE/JIb PACIHIUPAETCA IIPU YHEPIUAX

M~ 1T5B

JI0 TEOPHUU C YIYUIIEeHHBIM IMOBEAEHNEM IIPH BHICOKUX SHEPIULIX.
Torna

6m|_| ~A-M
omy ~ 0.1-10001B ~ 100IB < my

® [s1aBHOE TeopeTMUIecKOe OCHOBAaHUE OXKUAATH “HOBOU (DUBUKI
pu dHeprusx mopdaka 1 THB.



Elciin 5T0 BEpHO, TO HOBBIE YACTUIILI U B3aUMOJIEHCTBUSI OYIyT
ckopo oTKpbITHI HA LHC

[Ipsimoe pokJieHne HOBBIX YacTUIl B PP-CTOJIKHOBEHUAX.



[TorynspHblil (HO He €JIMHCTBEHHBIN) ClIEHAPUIA:

CynepcuMMeTpusd:
CUMMeTPHust MeXK 1y 6030HaMu (I1eJbli CIIUH) 1 (DePMUOHAMU
(TTosTyTIe Bl CTINH)

® T'unoresa: Bce vactuibl CTaHIapTHON MOJIEJIN UMEIOT
cynepnapTHEPOB ¢ MaccaMu B objiacTh coTeH 9B —
HECKOJIbKUX 1958

KBapK (S=1/2) <= ckBapk (S=0)
31eKTpoH (S=1/2) <= canekTpon (S=0)
¢doron (s=1) <= doruno (s=1/2)
riooH (S=1) <= tmmonno (S=1/2)

n T.JI.

® DBce atu HOBBIE YacTHIlbl OyayT poxKjgarbess Ha LHC



9o CynepCI/IMMeTpI/IH IIPUBOJIUT K COKPAIIEHNIO OOJIBIITIX
paananoOHHbIX BKJIAJI0B B IMH:

.~ boson .~ fermion
+ =0
A2
gauge
v~ boson v~ gaugino
g

2 + . =0
g

Yo 1 Tpebyercs



JlonosiHUTEILHBIE TIJIIOCHI CYIIEPCUMMETPUN

O0beInHenne “KoHcTaHT CBIA3U

® “KoncTaHTBI CHJIBHBIX, CJA0BIX U 3J€KTPOMATrHUTHBIX
B3aNMOJICIICTBUII HA CaMOM JIejIe 3aBUCAT OT dHEPIUM.

® Drta 3aBUCHMOCTH cjiabas (yorapudmMuaecKast)

® B cynepcuMmmerpudHoOit Teopun “KOHCTAHTHI CXOIATCA B OIHY
touky mpu E ~ 10'° I'sB

NB: B CrangapTHoil MO/IeJ 3TOrO HE IIPOUCXOJIUT

® “boJjbiioe oObeanHeHN€e”: CUJIbHBIE, CJIa0ble H
9JIEKTPOMATIHUTHBIE B3aUMOJIENCTBUS CYTh €1MHOE
B3aMO/IefiICTBHUE, TOJIBKO IIPOSIBJISIOINIEECS O-PA3HOMY IIPU

E <10 I'sB



3aBUCIMOCTDH OT dHEPIUM “KOHCTAHT CBA3U

a~1 O<trong

aw _— |
/ i

| I
1 GeV  100GeV 1016 GeV

O6bsicHsieTCst 60JIBINOE pa3andne (Mepapxusi) SHEPreTUIECKAX
MacCIITa0OB Pa3HBbIX B3anlMOIeiiCTBUIA



o o 0

Eiie mitockl cynepcuMMeTpun
Fcth KapmuaaT Ha poJb YaCTUILI TEMHOU MaTepun

CyneprapTHEPHI POXKIAIOTCA U UCUYE3AI0T IapaMu
Jlerqaitmuii cynepnapTHEp cTabuIeH

Bo MHOTHX MOJEJISAX OH 3JIEKTPUUIECKU HeHTpaJieH
(mefiTpasmHO, HampuMep, POTUHO)

ImerHO 5TO TpebdyeTcss OT YacTUIIbI TEMHON MaTepHU.

BosMmoxknaa renepaims 6apmoHHON aCUMMMETPUN

DJIeKTpocaadbIil (pa3oBblil epexos 1-ro poja, ecan I-cKkBapK —

nperkuit, Mg < 20018

JIBa XUTTCOBCKUX TIOJIsI == JIOTIOJTHUTEJbHBI!T NCTOYHUK
CP-napymenns

CyneprniapTHEpPHI OyyT xopoito BuaHbl Ha LHC



Bce ne Tak npocto:

CyIiecTByIOIINe KCIEPUMEHTAJIbHBIE JaHHbIE CEPhE3HO
OIrpaHUYNBAIOT CYIIEPCUMMETPUYHbIE MOJIEJIN.

B cBa3u ¢ 3tumMm — MHOTO AJIbTEPHATUBHBIX I'MIIOTE3

® Mosenan, B KOTOPBIX U3BECTHBIE “dj1eMeHTapHble’ YacTUIIbI 1
XUTTCOBCKIIT OO30H COCTaBJIEHBI U3 eI11e OoJjiee
dyHIaMEHTAIbHBIX YaCTUIL

® Mogean ¢ 1oIOJHATEALHBIMA PA3MEPHOCTSIMEI IPOCTPAHCTBA,

® uTI.
PASBPO/I N1 IINATAHIA B TEOPETNNYECKX YMAX

Pusnka PyHIaAMEHTAILHBIX B3aUMOIEHCTBIIT CHOBa CTaJa
IKCIIECPUMEHTAJTbHOU HAYKOMI



Mrak,

® Ilocnegame 30 — 35 JjeT: BpeMsi 3aIllJIaHUPOBAHHBIX OTKPBITUI B
dpu3nKe IacTuIl

® Teopermaeckoe yToOUHEHE U SKCIEPUMEHTAJIHHOE
noATBep:kaenne CTaHIapTHON MOJIeIN

» ll3mepenne e€ mapamMeTpoB (MacC YaCTHUIl, KOHCTAHT
B3AMMOJIEHCTBUM 1 T.]T.)

#® Henocraromee 3Beno: 60301 Xurrca

® HesammanmpoBaHHble OTKPBITHS: HENTPUHHDIE OCIIMJIJISIINMN,
TEMHaS MaTepUudd

o (CBuueresibcTBYIOT 0 HenojiHOTe CTaH apTHON MOJAEIN



9o 3aHﬂaHI/IpOBaHHbI€ OTKPBLITHA IIO9TH 3aKOHYUJINCDH

® ocTaJicsad OO30H XHUITca

® LHC: obocnoBanuble OXKUIAHUA I1€JIOT0 IIJIACTA
“HOBOI (pu3UKNI”

# DBosmoxken npopbiB B KOCMOJIOTUH

Ilepsrie pesynbraTsl padborsl LHC — 2011 ros !






Iyt noucka vacTun TeMHOIl MaTepun

® LHC & poxienue yacTul] TEMHOII MaTepUn U UX NapPTHEPOB

® HwuskodoHOBBIE KCIEPUMEHTHI B IIOA3EMHBIX JTADOPATOPUIX <>
perucrpanusd 4acTull, TEMHOI MaTepuun

Ckopocth X-gactur B6imsn 3emm U~ 1073C
(xapakTepHasi CKOPOCTb BpAIIEHUs B IpaB. moje [ajakTukm)

YIpyrue CTOJKHOBEHUS X-JacTUIl C siApaMU JTeTEeKTopa:
peJIKUe MPOIeCChl C MaJIOl Iepeaadyeil SJHEPrun

2
EOT,uan/I ~ Mﬂ,upa u

~ 10xk>3B —1 M»>B

— HU3KO(MOHOBBIE YCJIOBUSI < IIOI3E€MHBIE J1a00paTOPUN
— CBEPXYUCTHIE N30TOIIbI



® Perucrpamnmsa mpoayKToOB aHHUTAIAINN X-TaCTHUIL B IEHTPE
Semutu, CoutHIla

X+X—=>m, KE+... v, V...

HeitTpuno o llogzeMHBIN CHIUHIMIIAIIMOHHBIN TEJIECKOII
bakcaHckoit HeiiTpuHHON obcepBaTopuu AN

PAH.

BBICOKUX —

dHEePrui
# Dbalikaimbcknii HEUTPUHHABINA TEJIECKOT






Lo L

He#irpuanbiil Teeckon N'T-200

Ha 6?1361“ KambpoBouHLIii Ji1a3ep

. ..r‘i:

DIeKTPOHHBIN
MOV JITh

OnTuyeckuii
MO/LYJIb



$ balikaabCKnii HEUTPUHHBINA TEJIECKOI

CyliecTBeHHOE Pa3BUTHE BO3MOXKHO U PeaJIbHO.

$® [me omHa BO3MOXKHOCTH: PETUCTPAIs TPOIYKTOR
AHHUTUJIAIINNA B KOCMOCE.

[Touck €, p B kocMnueckux aydax (PAMELA),
ananrmanuonabix Y-kBaunToB (EGRET, ... ).

Perncrpanusa gacTui TEMHOI MaTepUN:
HoBbie wacTunpl, byHIaMeHTaJIbHBIE 3aKOHBI COXPAHEHMUSI]
OKHO B paHHIOIO BceeHHyIO

npu temmeparype kgT ~ 10+ 100T5B, B Bozpacre 107810710 ¢.



Kocmostorus craja TodHOIT HayKoOi
3a 1ocseaue 1o — 20 jier

KonnuecrBenunie PE3YIbTATHI:

® DBcenennag pacmupgaeTcs
IIpocTpaHCTBO pacTATUBAETCSI BO BCE CTOPOHEI.

['ajlaKTUKY yIaadi0Tcd OT HAC; YeM JIaJbllle TaJaKTUKa, TeM
ObICTpee oHa yberaer.

ddbdekT Jommiepa: cBeT oT JaJIeKUX TaJIJAKTUK ITPUXOJIUT K
HaM IMOKpacHeBmnM KpacHoe cMmenienne Z:

Z=V/C.

o AcTpoHoMnueckue HaOJIIOICHNSI:
CKOpPOCTB yIajeHnsl OT Hac JAJIeKNX raJakKTUuK B
3aBUCUMOCTH OT PACCTOSHUA —>
TeMII pacinupenns BceaeHHol cerogHst n B IPOIILIOM



HebOosbimme z: 3axkoH XaooJ1a

4000Q IIIIIIIII e e ARRRARAN ARAARAARS e e E
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MaJble paccTossHISI: 3aKOH XabbJia
Z=Hp-r

I = pacCToOdHUE JO UCTOYHUKA
Z = KpaCHOe CMelleHrne (CKOPOCTDb yIaJieHnsT NCTOUHNKA)
Ho = coBpemennrnlili Temn pacmupennsa BceneHHOI

= mapaMeTp XabbJia

KM /C

Ho = 73+4

IIK

NB: 1 Mok = 3 MJH. CBETOBBIX JIET

CerojHsi paciumpeHue MeJIJIEHHOE: BCe PACCTOAHUST YBEJIMYATCs
BJBOE 3a 12 MJIpJ. JeT.
B npomiiom Beenmennasa pacmmpsijiach ropasio ObIcTpee

Jlytst 6OBIUX paccTOAHMH Z(I') 3aBUCUT OT TEMITa, PACIIUPEHNS B
ITPOIILIOM —>
3aBICAUMOCTH OT BPEMEHH IIJIOTHOCTH Hepruu Bo Bceemennoii



® [1yboKme 0030pHI rajJakKTuK =
pacnpeaesieHne rajakTuk Bo BceserHoit =
Kapra Bcenennoii:
CocrosiHne u 3BoJIIONNsT BeeeHHO# cerojiHs u B IPOIILIOM
SDDS: nosioxkenne Bo Beesnennoit 6osiee 300 ThIC. raJlakTHK,
paccTossHuLA A0 7 MJIPJA. CBETOBBIX JIET
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5 MJIpJI. CB. JIET
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Bcenennas pacmupganach B TeUeHUE BCeil CBOE NCTOPUN =
B mponiom BemtecTBO Bo BeesteHHoi OBLIO TOpa3ao 0oJiee II0THBIM
U rOpAYnM

® Hausnoe npogoJzkeHne 3BOJIOINUN HA3a,/[ BO BpeMEHU =
MoMeHT BoJjbmoro BapreiBa: “Hadajo”, beckoHeIHasT MJIOTHOCTD
BEIIECTBa, OECKOHETHAasI CKOPOCTh PaCIIIPEHHUSI.

® [lorom Bceenennag pacmmupsiiach, OCTbIBaJa; IJIOTHOCTD
BelllecTBa YMEHbIIaJ1aCh

® IIpu T > 3000K BemecTBo HaxXOAMIOCH B pase IJIa3Mbl, [IPH
T = 3000K mpowusoresn mepexos mia3Mbl B ra3 (BOIOPO/I)



® lI3MmepeHus pacipeaeseHnss TeMIlepaTypPhbl PEJIUKTOBOTO
13JIyUeHnsd Ha HebecHoil cdepe =

borocammor Bceemennoit 8 Bospacte 300 Thic. JeT (ceroansa —
14 mapa. jer), npu Temmeparype T = 3000K.

1o »Toro BemecTBO BO Beejentoit HaX0AMJIOCh B COCTOSHUN TIJIa3Mbl,
Herrpo3padnoil Jjis1 poroHoB. IIpn T = 3000K sjeKTpOoHBI 1
IIPOTOHBI PEKOMOWMHUPOBAJIN B HEUTPAJIbHBIN BOJOPOI, Cpelia CTaJja,

npospauanoii. C Tex mop peumKTOBbIE (DOTOHBI PACHPOCTPAHIIOTCS
cBoOOHO 110 Beesiennoii.






® Jlpu T =3000K, t =300 TheIC. JTIeT Beestennas Obla mo4TH
O/THOPOJTHON,
OTHOCHUTEJIbHbIE HEOIHOPOIHOCTHU IIJIOTHOCTU OBLIM HA YPOBHE

10-°.

Paznoxxenne “Oypbe”’ QiyKTyarnnii TeMiepaTypbl Ha HeOECHOI
cepe:

oT

T — ’ZnCImYIm(ea ¢)

Cim U3MepSIIOTCS;

oosibiiue | < MaJjibie yriioBble MacCIITAOB



Temperature fluctuation 6T [uK]

Angular scale 1In degrees
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® [losoxkeHne mepBOTroO NNUKa: MPOCTPAHCTBEHHAsT KPUBU3HA
Bcenennoit

(dpusmka: HapacTaHme 3ByKOBBIX BOJIH B KOCMUYIECKO TLJIA3ME;

. const
300 TwIC. JeT’

abCOJTIOTHAST JAJINHA BOJHBI (PUKCHUPOBAHA <—> YTOJI, O]
KOTOPBIM OHA BUJJAHA, 3aBUCUT OT IMIPOCTPAHCTBEHHOW IreOMeTPUU

)

Bcenennas npocTpaHCTBEHHO-IIJIOCKAA C BBICOKOI TOYHOCTBIO

MAKCUMYMBI TP W

CymmMma yriioB Tpeyroabauka = 180 rpasyca.

Peub uaeT o TpeyroJbHUKaX CO CTOPOHAMHU
10 MJapa. CBETOBBIX JIeT !

Bunnmast gacts Beemennoit — ne 60see 1/100 ee mosiHOTO
obbema.



® [IpocrpancTBeHHad IJIOCKOCTHOCTL + ypaBHEHUSI T'PaBATAIINN
= TIOJIHAs IJIOTHOCTB YHEPIUM BCeX POpM MaTepUuu

3
Eiot = HE
v 87TGHI:IOTOH 0
5 19B

3

= 0.5-10

CM



® DBricota MUKOB = KOHIEHTPAIUs TPOTOHOB

Merto1 onipeieseHns IJIOTHOCTH YuCJIa OAPUOHOB B paHHE u
coBpeMeHHoO# Bcenennoii

Vzmepsemblit mapameTp

JNCJI0O OAPUOHOB

YNCJI0 POTOHOB

OapmoH-(POTOHHOE OTHOIIEHNE, He MEHSIETCsI TIPU PACITUPEHNN.



Teopust mepBUYHOTO TEPMOSIJIEPHOIO CUHTE3a
Temmneparypa 1010 — 10° K, Bpems sxusun 1 — 200 c.

p+n—D+y
D+D— ®He+n, D+D—=T+p
SHe+D — ‘He+p, u T.a.

[TapameTpsr:

— IJIOTHOCTH OAPUOHOB = IIPOTOHOB -+ HEATPOHOB, T.C.
OapnoH-POTOHHOE OTHOIIEHUE I];

— YMCJIO TUTIOB HEHTPHUHO (ceidac M3BECTHO, UTO POBHO TPH)

VzMepeHnst KOHIIEHTPAIUN SJIEMEHTOB =
cocTaB U1 dBoJonusi Becenmernoil B Bo3pacte 1 ¢ — 3 MuH.
—> KOHIIEHTpalsl 0apnoHOB B cOBpeMeHHOoiT BceyieHHOI
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® (Cortacue MexKJ1y HE3aBUCUMBIMU OIPEJIEJICHUSIMU IIJIOTHOCTH
OapUOHOB.
B coBpemennoit Becenennoii
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OcraJjibHas SHeprust — “HeM3BECTHO YUTO”



3ATATKA:

ceiiyac U B OTHOCUTEJIBHO HEIAJICKOM ITPOIIJIOM
Macca OOBITHOIO BeIeCTBa BO BceleHHoi
A Macca TeMHOU MaTepun

Bompoc moaHgaT 7aBHO, IPaBI0II000HOTO 00bsICHEHUs HET!

CJIVUANTHOCTB?



AcummMerpuda
MeXK Iy MaTepueil m anTuMmarepueil Bo BeerenHoit —
ele oJHa MpodJieMa KOCMOJIOTUN

BermecTBO ecTh, aHTUBEIIECTBA HET.

B 1em 31ech npobiiema’?

Panuss Beesennas (T > 10 K = 100 MaB):

POXKIEHNE U aHHUTNJIAIINAG KBAaPK-aHTUKBAPKOBBIX IIAp =

Ng—Ng

~ 107

KakumMm oOpa3oM Takasi aCUMMETPUsI BO3HUKJIA B Pe3yJIbTaTe
SBOJIIOIINN !
A. JI. Caxapor’67, B. A. Kyzpmunu’70

Tpebyerca HapymeHne 3aKOHa COXpPaHEHNd OAPMOHHOTO YHCJIa



Kutou — ocruigannm Hefirpuno!”?

® B siaexkTpociabbiX B3aNMOJIEHCTBUASIX IIPU BBICOKOi1

temrepatype (kgT = 100 '5B) 6apuonHoe 1 JIeNTOHHBIE YUCIIA
0 OTJIEJIBHOCTH HE COXPAHSIIOTCS

® Coxpansercs kombunarus (B—L)

& JlenToHHOE YMCIIO MOXKET nepepadaThiBaThCd B OapnoOHHOE,
11 Ha00OPOT

Ho u3 HEATPUHHBIX OCHWJIIAINAI N3BECTHO, YTO JEITOHHBIE
Jncia He COXPaHIOTCs!

® |lyTh K reHepanuy acUMMETPUN MEXKIy MaTepuein n
aHTUMaTepHUeil 3a CIET TeX Ke B3aUMOJIENCTBUI, KOTOPHIE
PUBOJIAT K HEUTPUHHBIM OCHUJIIAIIUAM

Vzmepennble mapaMeTphl OCIAIIAIINIMA
HAXOJIATCS B IPaBUILHOI 00JIacTH



IIpeacTouT y3narh:

® Maccol HERTPUHO < BINAHHE HA dBOJIOIHIIO

Bcenennoii
Pazmmame cBoiicTB HENTPUHO acCUMMEeTPpUd MEXKJTY
$ U AHTUHEUTPUHO <> BeEIIeCTBOM
(mapymenune CP) U aHTHUBEIECTBOM

EB X EDark matter: COBIIQJIEHNE WNJIU €IUHBbIIA MeXaHU3M
reHepaImm
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