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1. BBenenue

CoBpeMeHHas (¢u3uka Oa3upyeTrcss Ha TpeX TUMAX CHUMMETPUH -
OTHOCHUTEJIBHO OTPAXEHUs, TPAHCISAUUMU M NOBOpoTa. JUIs 3JIeMEHTapHBIX
YacTHUL] BBIIOJHSIOTCA TOJBKO TPAHCISIIUS WU NOBOpOT, orpaxeHue (P -
YETHOCTh) Hapyiaercss B ciaabom B3aumozeicTtBuu. B 50-e rogst XX Beka
y4eHble OOHApYXWIM, 4YTO TMpPU pacrhaje HEUTpoHA O0Opa3yIOTCS YaCTHUIIBI
UCKIIFOUNUTEIBHO C JIEBBIM BpalI€HUEM, YACTHULBI C MPAaBbIM BpalIEHUEM
0OHApPYXUTh HE YJaJI0Ch.

OmHuM W3 BapuaHTOB OOBSCHEHMS] JAHHOTO (EHOMEHa SBIseTCS
3epKaJIbHOE BEIIECTBO - €r0 YACTHUIIBI B3aUMOJEHCTBYIOT JAPYT C IPYTOM TaKXKe
KaK 1 OOBIYHBIE YACTHUIbl, OTIIMYAE COCTOUT B TOM, UYTO 3€PKAJIbHBIE YaCTHIIbI

HMCIOT JICBOC BpalICHUC.

2. Moaeab

B nanHol pabote paccMaTpuBaeTCsi BO3MOXKHOCTD CYIIECTBOBAHUS 3€pKaTbHOM
MaTepUH, cocTosell u3 4-X TmokoJeHud (epMuoHOB, 3 U3 KOTOPHIX
AHAIOTMYHBl HE3EPKANbHBEIM, a Macca 4-ro Oonblle MOJOBMHBI Macchl Z°
6030Ha. Od4eBUIHO, YTO YETBEPTOE TIOKOJEHHWE TaK K&  HMEeT

HpOTHBOHOJ’IO)KHI:Iﬁ 3HaK CIIMPAJIbHOCTH, KaK OCTAJIbHBIC ITOKOJICHHA.

2.1. ConepikaHue NepBUYHOIO IeJIUs.



OnHO W3 OCHOBHBIX OTpaHWYEHUN Ha JIIOObIE MOJIEIH, CBA3aHHBIE C
HYKJICOCHUHTE30M JIFO0ON MaTepuH JAIOT JaHHBIE O COJEP)KAHHH MEPBUYHOTO
rems (Y), T. €. 00 oTHomeHuu KoyiudectBa ‘He K KonmuecTBy Beex szep,
00pa30BaBIIMXCSA K KOHIYY IEPBUYHOTO (JI03BE3AHOT0) HYKIIEOCUHTE3a (CM. puC.
1). OTu naHHBIE OTPAHUYUBAIOT KOJMYECTBO JIOOOU PENSITUBUCTCKON MaTepuu
(B T. 4. TeHEBOM) HAa MOMEHT n/p-3akaniku (t~1 ¢, T~1 M»sB). Tak, nanpumep,
COBPEMEHHbBIE OLIEHKH [6], OCHOBaHHBIE HA KOCMOJIOTUYECKOM HYKJICOCHUHTE3€ U
PETMKTOBOM H3JyYEHUHU, COCTABIISIIOT, C YYETOM CHCTEMATHYECKUX OIINOOK:
23,1% <Y <26,7%.
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n. 1™
puc.l. Omuocumenvhvie coOepIHCAHUsT NEPEUUHBIX XUMUYECKUX INEMEHMO8 8 3A8UCUMOCTIU
om Koauvecmea Oapuonos. Tonwunbl JTUHUL OMPAXNCAIOM MOYHOCMb NPEeOCKAZAHUI.
IlpsmoyeonvHukamu nOKasamvl 001ACMU  3HAYEHUL 6 npedenax CMAamuCmMuYecKux
(6HympeHHUll) U cucmemMamuyecKux (8HewHull) owuboK, NONYUeHHble U3 HAOIH0OeHUIL.
Bepmuxanvuvle nonocel nokasvigaiom o6nacmu 3HaveHull 1, OONYCIMUMbIX U3 AHATU3A
nepeuunozo Hykieocunmesa (BBN) u pearukmosozo uznyuenus (CMB). Unoexc «p» o3navaem

nepeuunvil (primordial) [6].

C xopoieil TOYHOCTHIO BECOBasi JIOJS aTOMOB Te€NHs, OOpa30BaBIIMXCS B
paHHel BcenenHol, paBHa yIABOEGHHOMY KOJIMYECTBY BCEX HYKIIOHOB,
ABJIIOIIMXCSI HEUTPOHAMU B TO BpeMs, KOrja JAeWTepuil HauMHAeT ObITh



JIOCTaTOYHO PACIPOCTAHEHHBIM, U HAYMHAETCS MPOIECC 00pa30BaHUS TIKETBIX
a5ep.

Eciu cymecrBoBaio Obl 4 Tuma 0e3MaccoBBbIX HEHUTPHHO, TO 3(PPEeKTUBHOE
YUCJIO THUIIOB YacTHI[ OKa3ajoch Obl paBHO 3.817 BMecTo 3.363, U CKOpPOCTh
najeHus TemrepaTypbl yBenmmuuBaetcss B V3.817/3.363 = 1.135pa3. 3to
YBEIMYMBAET  JIOJNI0  HEUTPOHOB U, COOTBETCTBEHHO,  YBEIMYMBAET
pacnpocTpaHeHHOCTh Trenus. JloOaBieHHME KaKIOro HOBOTO TMOKOJIEHUS
yBenuunBaeT Y Ha BeaumuuHy <~ 0.013. [1] OTo maer orpaHuueHue Ha
KOJIMYECTBO TOKOJICHUW HEUTpuHO - He Oosiee 4. [Ipyroe orpaHuyeHue Ha
KOJIMYECTBO MOKOJEHMH CBA3aHO C INMPMHON pacmaza Z° 0030Ha - ecid U
CymecTByeT 4e TMOKOJEHHWE HEHUTPUHO, TO €ro macca JOJKHA OBITh OOJbIIe
TI0JIOBUHBI Macchl Z° 6030Ha.

I[EUICG IMPUBCACH HOI[pO6HBIﬁ PacucT KOJIUYICCTBA IICPBUYHOI'O I'CIINA.

OTHOILlIEHNE KOHIIEHTPAUii HEUTPOHOB U TPOTOHOB:

n ( ﬂ.m)
p—exp T

Am =My - M, = 1.29 Mev

rae M, u M, - maccel HEWTpoHa M TpoToHa, T - Temmeparypa 3akaik, k -

CTAaTUCTUYECKUH (PaKTOP XapaKTePU3YIOIIHMA MIIOTHOCTh BCEJIEHHOM.

1
T = @{33
G?
ke(T~1MeV) =141
: 8(2+ )

,rae N, - 4MCI0 COPTOB HEUTPUHO, TOTAA JUIS 4-X ITOKOJIEHUHN ITOTy4YaeM:

k(T= IMeV) = 6.25

66"

(n/p) = 0.15



Y ' =0.261
JlaHHOE 3HaYeHUE MO3BOJISET MPEANOJIAraTb BO3MOXKHOCTh CYIIECTBOBaHUSA 410
MOKOJICHUS HEUTPUHO, U JaKe €CIU JUIsi OOBIYHON MaTepUM YUCIIO MOKOJEHUM

PaBHO TpeM, OT B ClIydae 3€pKajIbHOI OHO MOKET OBITh PABHBIM YETHIPEM.

2.2. bapuocuHTe3 M JIENTOCUHTE3

EnuHCTBEHHBIE MO-HACTOSIIEMY COXPAHSIOMIMECS KBAHTOBBIE YHCIIA B
SU3)xSU(2)xU(1) CrangapTHOW MOAETH COOTBETCTBYIOT KaJIMOPOBOUYHBIM
CUMMETPUSM - 3JEKTPOCIa0bli M30CHUMHOBBIN reHepartop T, amekTpocnalblit
runep3apsan Y, napa reaepatopoB SU(3) kaauOGpoBOYHOM Ipymmbl, a Takxke B-L
- pasHuIla MeXAy OAapUOHHBIM W JIENTOHHBIM YHCJIOM (2 HE CaMH 3TH YHWCTIA).
[Ipr yCTaHOBIEHHWH TEIJIOBOIO PABHOBECUS B IEPUOJ JICNITOCUHTE3a U
0apuOCHHTE3a COOTHOILIEHUE MEXAY IJIOTHOCThIO OapuoHHOTO uucia (N,) u
I0THOCTBIO N, , maercs Gpopmynoit: [1]

_ 8Ng+4Nd .
Ny =N " 33Ng13Na» TAE N, - 4MCIO HOKOJIEHUH, N - 9HCIIO0 CKaIAPHBIX

AYILICTOB

s 3x mokomeruit Nb/Nb-1=28/79, nns 4x - 36/101
Kak BUgHO, TIpM YBETWYCHUH YHWCJIa MOKOJEHUH 10 4X JTaHHOE COOTHOIICHUE
MIOYTH HE MEHSETCS, YTO HE 3allpeliaeT BO3HUKHOBEHHE 3€PKAIIBHOM MaTepuu

napaJuiCJibHO C O6BI‘IHOI71, HO C YCTBIPbMA ITOKOJICHUSAMMU JICIITOHOB.

3. 3akJarouyeHue

B nanHoit paboTe wucciemoBaiach BO3MOXKHOCTh CYIIECTBOBAaHUS TEHEBOTO
MHpa C 4YeThIpbMsl TOKOJeHUsAMH (epmuoHoB. [lokazaHo, 4To B mpolecce
NEPBUYHOrO OapUOCHHTE3a, JENTOCUHTE3a, U IMOCIEAYIONIEro HYKJICOCHHTE3a
He OBIIIO 3aMpeIaroIuX BOSHUKHOBEHUE JaHHON MaTepun (pakTopoB.

Tak kak TeHeBasi MaTepusi HE B3aUMOJCHCTBYET C OOBIYHOM HHUKAK KpOMe
I'PaBUTALlMOHHOTO B3aUMOJENCTBHS, TO OHA MOXKET COCTABJIATH CYIIECTBEHHYIO
4acTb OT CKpBITOM Maccel BO Bcenennou. Ilpenmosmaras, 4to pa3BuTHE
3epKajJbHOM W OOBIYHOM MaTepUM NUIO MO TOXO0XEMY CIICHapuio, 3a
VCKIIFOYEHUEM, BO3MOXKHO, KOJMYECTBA IOKOJEHUU, MOXHO IPEINOIO0KHUTD,



YTO Macca 3€epKaJbHOr0 BEIIeCTBA BO BceneHHON cocTaBiseT BETUYHUHY,
CXOXKYI C BEIMYMHOW MacChl OOBIYHOTO BEIIECTBA, OJHAKO JaHHOE
MPEANOJIOAKEHUE B TAHHOUW paboTe HE MOJAKPEIICHO HUKAKUMU pacyeTaMHu.
CymiecTByIOT TakXe JApyrHue TEOpUH, MO3BOJISIIONIME CBS3aTh 3€PKANbHYIO
MaTEPHIO U YETBEPTOE MOKOJIICHHE (PEPMHUOHOB, HATIPUMED:

- 3€pKAJIbHBIM MOXKET OKa3aThCid HE OOHApy>KEHHOE Ha JaHHBII MOMEHT
cTepwibHOe HeUTpuHO. KoIW4yecTBO TMOKOJIEHUH [JIsi CTEPUIIBHOTO
HEHUTPUHO TaK)Ke€ HEU3BECTHO M BIOJHE MOKET ObITh PaBHBIM YETHIPEM.

- BC€ 4YETBEPTOE TOKOJEHHE (HEPMHOHOB SIBISIETCA 3€PKaJbHBIM IIO
OTHOIIICHUIO K TIEPBBIM TPEM.

u T.1. OgHaKo, B JaHHOU paboTe ATH TEOPUHU HE pacCMaTPUBAIOTCSI.

4. Jluteparypa

[1] C.Baitn6epr, “Kocmonorus”

[2] U. 1O. KoGzapes, JI. b. Okyns, 1. A. Ilomepanuyk, "O BO3MOXXHOCTHU
AKCIIEPUMEHTAIILHOTO OOHAPYKEHMSI 3€PKaJIbHBIX YacTHIL.”

[3] XmomoB M. HO., “OcHOBBI KOCMOMUKPODUZUKN

[4] http://nuclphys.sinp.msu.ru/bm/bm06.htm

[5] http://nuclphys.sinp.msu.ru/neutrino/newtrino_s/R&C.html

[6] B. Fields and S. Sarkar, “Big-Bang nucleosynthesis (2006 Particle = Data
Group mini-review),”

[7] EmenssinoB B. M., benornkuit K. M., “JIekuuy 1Mo OCHOBaM 3JIEKTpOCIabOi
MOJICIIM ¥ HOBOW  (pusuke”



