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1. BBenenue

OnuH W3 OCHOBOIIOJATAIONIMX MPUHIIUIIOB COBPEMEHHON (U3HUKU - TpH
TAMNA CAMMETPHUH: OTHOCHUTEIIBHO OTPA)XEHHWs, TPAHCISUMUA W moBoporta. [lns
AJIEMEHTAPHBIX YaCTHUI[ BBHIMIOJHSIIOTCS TOJIBKO TPAHCISAIMS UM TOBOPOT,
orpaxenue (P - derHocTh) Hapymaercs B CiadOM B3aUMOJCUCTBUHU. ITO
npenmnonoxkunu Jlmu wm  SHr Teopermuecku [l], w BmociaeACTBUU OBLIO
MOATBEPKACHO YKCIEPUMEHTAIBHO.

Tak, Harpumep, npu B-pacnane POXKIAOTCSA TOJIBKO
J€BO-NIOJSIPU30BAHHbIE  HEWTPUHO, TNpu 3TO P-mpeoOpa3oBaHue nmaer
HEUTPUHHOE COCTOSIHUE, KOTOPOE HE Yy4acTBYET B CJIa0BIX B3aUMOJICUCTBUAX. B
B-pacnaze MONSPU30BAHHBIX SIEP DJIEKTPOHBI BBUIETAIOT B OCHOBHOM B
HAIIPaBJICHUM SJAEPHOTO CIHHA. 3EpKAIbHOE OTPAXKEHHME ITOr0 IIporecca

IMPUBOOUT K HeHa6J'I}OJIaCMOMy SABJICHHUIO.



Hecoxpanenne P-yeTHOCTH NPHBOAUT K HEIKBUBAJICHTHOCTH JIEBO- U
PaBO OPUEHTUPOBAHHBIX CUCTEM KOOpPAHMHAT. DTO O3HAYaeT, uTo y Beenennoi
€CTh HEKOTOpas MpPEINOUYTUTENbHAs OPHEHTAllUs KOOPAWHATHBIX oceil. Jlu u
SIHT IPEINOIOKIIIN, YTO Y DJIEMEHTAPHBIX YaCTHI] €CTh 3€pKaJIbHbIC ITAPTHEPHI.
B srom cinywae P-uHBepcus MeHseT 3epKajbHbIE YacTHIl Ha OOBIYHBIE U
HAa00OpOT M BOCCTAHABIMBAETCS IKBHUBAJIECHTHOCTH JIEBBIX U MPABBIX CHUCTEM
KOOpJIMHAT.

HekoTtopoe BpeMs kaHAMIaTaMU Ha POJIb 3€PKAIBbHBIX YaCTUI[ ObLIU yKe
oOHapyXeHHBIE Ha TOT MOMEHT JKCIEPHUMEHTaJIbHO aHTHYacTUIBL. OmHaKo,
otkpbiTue CP-HapylleHus TMoOKa3ajlo, YTO AaHTUYacTHIbl HE SBISAIOTCA
npeArnoiaraeMpIMe 3epkaibHbiMU napTHepamu. U. Tlomepanuyk, 1. Ko63apes
u JI. OKyHb MOKa3aJid, 4TO 3€pKajbHbIC YACTUIIbI, €CJIU OHU CYIIECTBYIOT, HE
Y4aCTBYIOT B DJJIEKTPOMAarHUTHOM U CHJIBbHOM B3aWMMOJEHUCTBHUSX C

OOBIYHBIMU. [2]

2. Moaean

B nanHOil paboTe paccMarpuBaeTCs BO3MOXHOCTh CYIIECTBOBAHUSA
3epKaJIbHOTO0 MHpa MapajuleNIbHO C OOBIYHBIM, OJHAKO MPEANOosaraercs, 4ro B
3epKaJIbHOM MHpE CYIIECTBYeT 4 TMOoKoJeHus: (pepMHOHOB BMeCTO 3-X B
o0biyHOM Mupe. [Ipennonoxxkum, 4YTo 3 TOKOJEHHUSI 3€pPKAIbHBIX YaCTHI]
SIBJISIFOTCST KOMUSIMHU OOBIYHBIX YACTHII, a 4-€ CTAaOMIBbHOE TTOKOJICHUE COCTOUT U3
YaCTUII, Macca KOTOPBIX OOJIbIIE MAaCChl OJOBUHEI “3epKanbHoro” Z -6030Ha, a
3€pKaJbHbIM JIEITOH YETBEPTOTO TIOKOJIEHUSI JIETY€ COOTBETCTBYIOIIETO

HEUTPUHO.



[Ipeanonaraercsi, 4To OOBIYHBIA M TEHEBOW MHUP HMEIOT PAa3HYIO
KOCMOJIOTHYECKYIO 3BOJIIOIMI0. B 94acTHOCTH, YTO OHM HHMKOI/JAa HE ObLIU B
paBHOBECHUU JpPyr C ApyroM. TeHeBOW MHpP B3aMMOACHCTBYET C OOBIYHBIM
TOJIbKO  TPaBUTAIMOHHO, ATO  B3aMMOJICHCTBHME  JOCTATOYHO  cladoe,
CIEeAOBATEIbHO TEPMOJMHAMUYECKOE pAaBHOBECHUE MEXKIAY CEKTOpaMH He

YCTaHAaBJINBACTCA.

2.1. ConepikaHue NEpBUYHOIO IeJIUs.

OnHO W3 OCHOBHBIX OrpaHWYEHUW Ha MOJEIH, CBS3aHHBIE C
HYKJICOCUHTE30M JII000I MaTepuu JaroT JaHHbIE O COJAEP>KaHUU MEPBUYHOTO
reus (Y), T. €. 00 oTHomeHHH KoiudecTBa ‘He K KONMYECTBY Bcex szep,
00pa30BaBIIMXCS K KOHILY IEPBUYHOTO (JI03BE3THOT0) HYKIIEOCUHTE3a (CM. puC.
1). OTh naHHBIE OrPAaHUYMBAIOT KOJIMYECTBO JHO0OM PENSTUBHCTCKON MaTepuu
(B T. 4. TeHEBOM) Ha MOMEHT n/p-3akaiiku (t~1 ¢, T~1 M»sB). Tak, nanpumep,
COBPEMEHHBIE OLIEHKH [6], OCHOBAaHHBIE HA KOCMOJIOTUYECKOM HYKJICOCHHTE3€ U

PCIUKTOBOM M3JIYyYCHUU, COCTABJIANOT, C y‘-IéTOM CHCTEMATUYECKUX OIIMOOK:

23,1% <Y <26,7%.
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puc.1. Omuocumenvhvie COOEPAHCAHUSL NEPEBULUHBIX XUMUYECKUX DTIEMEHMO8 8 3A8UCUMOCU
om Konuvecmea Oapuoros. Tonwumvl JUHUL OMPANCAIOM MOYHOCHb NPEeOCKA3AHULL.
IIpsamoyeonvHukamu  NOKA3aHvl  001ACMU  3HAYEHUN 6 Npeodenax CMmamucmudecKux
(6HympeHHUll) U cucmemMamuyecKux (8HewHul) OwuOOK, NONYUeHHble U3 HAOIH0OeHUII.
Bepmukanvnvle nonocwbl noxaswiéaiom ooaacmu 3HaveHull 1, OONYCMUMbBIX U3 AHAIU3A
nepeuunozo Hykieocunmesa (BBN) u pearukmosozo uznyuenus (CMB). Hnoexc «p» o3nauaem

nepsuynvlil (primordial) [6].

C xopotiieil TOYHOCTBIO BECOBas 10JIs1 aTOMOB refiusi, 00pa30BaBIIUXCS B
panHeil BceneHHoOl, paBHa YJIBOGHHOMY KOJUYECTBY BCEX HYKJIOHOB,
SBJISIIONIUXCSI HEUTPOHAMU HA MOMEHT JOCTaTOYHOTO PAaCIPOCTPAHCHHUS
JeUTepus U Havaja npouecca o0pa3oBaHus saep.

Ecin  cymectBoBamo Okl 4 Tuma 0e3MaccoBBIX HEUTPUHO, TO
3¢ (PEeKTUBHOE YMCIIO TUTIOB YACTHUI] OKa3ajaoch Obl paBHO 3.817 BMecTo 3.363, u
CKOPOCTh TaJICHUs TemrepaTypsl yBeianmunBaercs B V3.817/3.363 = 1.135 pas.

910 YBCINYUBACT HOOJIO HeI>'ITpOHOB H, COOTBCTCTBCHHO, YBCIHMYHNBACT



pacnpocTpaHeHHOCTh renusi. JloOaBieHue KaKJO0ro HOBOTO TMOKOJEHUS C
JETKUMHU HEWTpUHO yBenuuuBaeT Y Ha BenuuuHy <~ (0.013. [8] Oto maer
OTpaHUYCHHE Ha KOJHMYECTBO TOKOJIEHWH JIETKMX HEUTpUHO - HE Ooiee 4.
Jlpyroe orpaHuyeHre Ha KOJMYECTBO MOKOJICHHUN OOBIYHOTO MHpa CBS3aHO C
IMpHHON pacmana Z° 6030Ha - €CIM U CYIIECTBYET 4€ MOKOJIEHNE HEWTPUHO B
OOBIYHOM MHpE, TO €ro Macca AOJDKHA OBITH OOJbIIE IOJOBHHBI Macchl Z°
0030Ha, HO 3TOT CJIy4ail He pacCMaTpUBaETCA B TAaHHOM padoTe.

Jlanee npuBeieH MOAPOOHBINA pacyeT KOJUYECTBA MEPBUYHOTO TEIIHS.

OTHOLIEHNE KOHIIEHTPAlUi HEUTPOHOB U MPOTOHOB:

n ( ﬂ.m)
p—exp T

Am =My, - M, = 1.29 MeV

rae M, u M, - maccel HeWTpoHa W npoToHa, T - Temmeparypa 3akaiku, K -

CTaTUCTUYECKUH (aKTOp XapaKTePU3YIOIIHA MIIOTHOCTh BCEIEHHOM.
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B namem ciiyyae y4yuThIBatOTCA OOBIYHBIN U 3€pKajbHbIN (DOTOHBI, OOBIYHBIE U
3epKaJbHbIE AJIEKTPOHBl U IO3UTPOHBI, a TAKXKE€ TPU IOKOJEHUS OOBIYHBIX
HEUTPUHO U YeThIpe MOKOJIEHHS 3€pKaJIbHBIX, TO3TOMY CTAaTUCTUYECKUH (paKkTop

115t BeenieHHo ¢ BRIOpaHHBIM 3€pKaJIbHBIM MUPOM OyJIeT paBeH 6,88.



N3 ¢popmyiibl Ui TeMnepaTyphl 3aKaJKd BUAHO, YTO OHA U3MEHMUTCS TOJIBKO 32
cueT u3MeHeHus k, Torma ckoppekTupyem (GopMyiy JUIsi COOTHOIICHHS YMCIIa
HEHUTPOHOB U IPOTOHOB CJIETYIOIIUM 00pa3oM:

(n/p)” =(n/p) “*
k - paccuntanHO€ HaMH 3HaUY€HUE, PUYEM TSI Ciydasi OOBIYHOTO MHUpa C TPEMS
NOKOJICHUSIMU (DEPMUOHOB.
k,= 5,375
(n/p)’ = 0,154
Jlanee nmocpencTBOM LIETIOYKHU SAEPHBIX peaKUil OOJBIIMHCTBO HEUTPOHOB
nepexoaut B He*. OOpasoBanus Gosiee TSHKENBIX AP HE IPOUCXOIUT U3-3a
00JIBILIOTO KYJIOHOBCKOTO 0apbepa a TakKe BBHILY TOTO, UTO CTAOMIIBHBIX SIJEP C
aTOMHBIMU MaccaMu 5 U 8 HE CYILECTBYET.

Orcroza nony4aem KoHueHrpauio He?:

He 2-(n/p)
Barion 1+n/p

Y

p

~(0.267

[TomyyeHHast KOHIIEHTpalMsl MOMAAAET B PaMKU OrPAaHUYCHUM, HAJIOXKECHHBIX
JKCIIEpUMEHTOM. TakuMm 00pa3oM MOKa3aHO, YTO NPH 3aJlaHHBIX YCIOBUSX
CYIIECTBOBAHHE B 3€PKATHLHOM MHUpPE YETHIPEX IMOKOJICHUN (HEepMUOHOB

BO3MOXHO.

2.2. bapuocuHTe3 M JIENTOCUHTE3
EQuHCTBEHHBIC IMO-HACTOSIIEMY COXPAHSIONIMECS KBAaHTOBBIE 4YHCIA B
SU3)xSU(2)xU(1) CrangapTHOW MOAENTH COOTBETCTBYIOT KaJIMOPOBOYHBIM

CUMMETPUSIM - 3JIEKTPOCIa0blii M30CHUMHOBBIN reHepartop T, anmekTpocnalblit



runep3apsin Y, napa reaeparopoB SU(3) kanuOpoBouHOM Tpynibl, a Takxke B-L
- pa3HHUIla MeXAy OApUOHHBIM W JIENTOHHBIM YUCJIOM (2 HE CaMH 3TH YHUCTA).
[Ipu ycTaHOBIEHWM TEIJIOBOTO PABHOBECHUS B TMEPUOJ JIENTOCHUHTE3a U
0apuOCHHTE3a COOTHOIIEHUE MEXAY IJIOTHOCThIO OapuoHHOTO umncia (N,) u
IOTHOCTRIO N, , maercs Gpopmynoit: [1]

_ 8-Ng+4-Nd o
Ny =Ny 53nNgr3nNa > TAE Ny - 9HCIIO MOKONEHMH, Ny - YHCIIO CKAIAPHBIX

IYIJIETOB

Jns 3x nmokoneHuit oObruHoM matepun N /N, = 28/79, nis 4x 3epKajibHBIX
MIOKOJICHUM U TPEX OOBIYHBIX - 16/45
Kak BHIHO, pH NOSBIEHUN 3€pPKaJIbHON MAaTepUH € 4-Ms IIOKOJICHUSIMU JaHHOU
COOTHOIIIEHHE HE MEHSETCS CWIbHO, YTO HE 3alpeniaeT BO3HUKHOBEHUE
3epKaJbHOW MaTepHuH MapajielbHO ¢ OOBIYHOM, HO C YEThIPbMs MOKOJIECHUSIMU

JCIITOHOB.

3. 3akJarouyeHue

B nanHO#l pabGoTe wuccienoBanach BO3MOKHOCTh CYIIECTBOBAaHUS TEHEBOIO
MHUpa C 4YeTbIpbMs NOKOJeHUsIMH (epMuoHoB. [lokazaHo, uro B mporecce
NEpPBUYHOTO OapHOCHMHTE3a, JENTOCHHTE3a, U MOCIEAYIOLUIET0 HYKICOCHHTE3a
He ObLIO 3alpelaroliX BOZHUKHOBEHUE TAHHONW MaTepuu (PaKTOPOB.

Tak kak TeHeBas MaTepusi HE B3aUMOJAEUCTBYET € OOBIYHONW HMKAaK KpoMme
IPABUTALIMOHHOTO B3aUMOJIEHCTBUS, TO OHA MOXET COCTABIATH CYIIECTBEHHYIO
4acTh OT TEIJION TeMHOU Marepuu Bo Bceenennoii. [Ipeanonaras, yto pa3Butue
3epKaJbHOW M OOBIYHOM MaTepuu WUI0 MO MOXO0XKEMY CIEHapuio, 3a

HCKIIIOYCHUECM, BO3MOXHO, KOJIMYCCTBA HOKOHGHHﬁ, MOXKHO IIPCAIIOJIO0KUTD,



YTO Macca 3€epKaJbHOr0 BEIIeCTBA BO BceneHHON cocTaBiseT BETUYHUHY,
CXOXYI C BEJIMYMHOW MacChl OOBIYHOTO BENIECTBA, OJHAKO JaHHOE
PEANOJIOAKEHNUE B TAaHHOUW paboTe HE MOJAKPEIICHO HUKAKUMU pacyeTaMHu.
CymiecTByIOT TakKe JApyrue TEOpUHU, MO3BOJISIIONIME CBSI3aTh 3€PKATbHYIO
MaTEPHIO U YETBEPTOE MOKOJICHHE (PEPMHUOHOB, HATIPUMED:

- 3€pKaJIbHBIM MOJXKET OKa3aThCid HE OOHApy>XKEHHOE Ha JaHHBII MOMEHT
cTepwibHOe HeUTpuHO. KoInyecTBO TMOKOJIEHUN [JIsi CTEPUIIBLHOTO
HEHUTPUHO TAaK)KE€ HEU3BECTHO M BIOJHE MOKET ObITh PAaBHBIM YETHIPEM.

- BC€ 4YETBEPTOE TOKOJEHHE (EPMHOHOB SIBISIETCS 3€PKaJbHBIM IIO
OTHOUIEHUIO K TMIEPBBIM TPEM.

u T.1. OHaKo, B JaHHOK paboTe 3TH TEOPUU HE PACCMATPHUBAIOTCS.
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