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1 BsBenenmne

Tepmunamu "3epkajibHble dacTuilbl "3epkaJibHasi Marepusi'u "zepkaJib-
HbIfl Mup'"B HacTosiiiee BpeMsi 0003HAYAIOT TUIIOTETHIECKNN CKPBITBI CEKTOD
JACTHI W B3aUMOJIEHCTBUIl, KOTOPble KOMIIEHCUPYIOT 3€pPKAJLHYIO acHMMeT-
puro cabbIx B3anMoieiicTsuit 00branex dactui, (1], [2], [3]. Sepkaabnas mare-
pusi paccMaTpUBAETCs KAK BO3MOXKHAsI COCTABJIAIONIAST HEBUIUMON TEMHON Ma-
tepun.BriepBbie 0 dyHIaMEHTAIbHBIX IPUYMHAX CYIIECTBOBAHUS 3€PKAJIbHBIX
apTHEPOB yIOMUHAJIOCH B cTaThe Jlu u fura [4], aro cBssbiBasiocs ¢ Heco-
XpaHeHEeM 4YeTHOCTH CJa0bIX B3aumMojeiicTBuil. Hanpumep, HelTpuHO, pPOXK-
JafoIIecss B pe3ysbTare OeTa-paciajia, UMeeT TOJBKO OJHY IMOJSPU3AINIo, a
9JIEKTPOHBI B OCHOBHOM BBLIETAIOT B HAIIpABJICHUN sijepHOro cruHa. [Ipu 3ep-
KaJIbHOM OTPaKEHUN ITOTO MPOIECCa IPEIIIoIaraeTcs, 9To 3JEKTPOHbI Oy/IyT
BBLJIETATD B IIPEANOYTUTETHLHOM HAIIPABICHIH, 9TO He HAOJIOAAeTCS B IPUPO/IE.
Taxxke B cTarhe ObLIa pacCMOTpEHa TeopeTHdecKas MTpodieMa HeSKBUBAIECHT-
HOCTH JIEBO- U IPaBO-OPMEHTUPOBAHHBIX CHCTEM KoopjuHaT. B cBaA3m ¢ uewm,
JUIsT PelleHnst BO3HUKIIEH 1pobsieMbl, ObLIO BBIJIBUHYTO IHPEJIIOJIOXKEHNE, ITO
3epKaJIbHbIe AaPTHEPHI JOJIXKHbBI CYIIECTBOBATE JIJIsI BCEX YaCTHUIl, KOTOPbIE IIPU
P-wmBepcun 0KHBI 3aMEHATH OOBITHBIE ACTHITHI.

[t BKITIOUeHHST 3epKaJIbHON MATEePUH B MOJIETb 9JIEMEHTAPHBIX YaCTHIL K
HAOOPY KaJUOPOBOYHBIX CUMMETPUIT CTAHAPTHON MOJIen 100aB/IsieTcs TaKasi
JKe MOJIeJIb, TOJIBKO JIJIsl 3epKa/ibHOro BerectBa. OiHako B laHHOi padoTe Oy/1eT
paccMOTpeHa MOJIesIb, IJIe B MOJICIN 3ePKaJbHOTO MUpa OTCYTCTBYET cjiaboe
B3anmoseiicrsue, 1o ectb SU(3)xU(1).

lannoe mpeobpa3oBaHue MOBJNUSAET Ha pa3BuTHe BcejleHHOl, CTOUT Ha-
YgaTh C TOI'0, YTO B 3¢PKAJILHOM MUPE, TJie CJ1ab0ro B3anMOo/IeiiCTBIs HET, IePBbIe
OTJINYMS BOBHUKHYT IIPU 3JIEKTPOCaboM a30BOM Iepexojie, TaK KaK MMEHHO
HA JIAHHOM 9Talle [POHCXOAUT obpasoBatne Wo- u Z"-6030H0B — OueHb Mac-
CHUBHBIX 9JIEMEHTaPHBIX YaCTHIL C MacCaMI OPsIJIKa JIECATKOB Mace MpoToHa (Ha
JTAHHOM STalle OHU SIBJISIOTCST Oe3MaccoBbiMu). Takzke, m06aBuM, ITO HeATpH-
HO Ha TOCJIEJYIONNX CTausIX OyyT CTaOUJIbHBIME, KaK 1 HEHTPOHBI, U JIPY-
rue TsizKesible JacTuilbl. [[09ToMy HadajbHBIE YCIOBUS TOJIOKUM CJIeIYIONINe:
BO-TIEPBBIX, Ha MOMEHT 310X Bennkoro oobemHenns MmIOTHOCTb MaTepUn BO
BCeJICHHON B 000oMX Mupax ojnHakoBa. OIHaKO, JJIs TPOCTOTHI B COCTAB KBap-

KOB B 3€pKaJIbHOM MHPE€ BXOOAAT TOJIBKO BerHI/Iﬁ 1 HUXKHUIA KBapKH, a TaKXKe



BECh IIPUBBLIYHBIN HAOOD JIeNITOHOB. Tak:Ke HayaIbHasl TeMIIepaTypa Ha MOMEHT

HavaJja nadsannn BeeseHHoi omHAKOBA JIJI OOBIYHOI'O U 3ePKaJIbHOIO MUPOB.



2 Bomonuda pamuHeii Beceaennoii B ycjaoBugax

"Geccaaboro'"3epkaibHOTO MHUpa

B jannoM ciydae HET 0coOOr0 CMbIC/IA MOJAPOOHO OCTAHABJIUBATHCA Ha,
IAIOXaX HﬂaHKOBCKOﬁ 141 BGJH/IKOFO O6”J;€,ZLI/IHeHI/I5{7 IIOCKOJIbKY B 9TO BPeEMs IIPO-
nexoauT oTAcJICHUe FpaBHTaHI/IOHHOﬁ CHUJIbl, a OCTaJIbHBbIC CbYHlLaMeHTaﬂbeIe
CIJIBI - 9JIEKTPOMArHUTHAsI, CUJIbHAsI U cjiadasi - 00beINHEHbI KaK 3JIeKTPOsijIep-
HYI0, YTO HE BHOCUT KaKOI'0-JIn00 BKJIa 1A B IIPOTEKAHNE IIPOIECCOB PACITUPEHUST
n ocreiBanust Beestennoit. Takoe pasesieHne copoBoxK1aa0Ch (Da30BbIM Iiepe-
XO0IOM HepBI/IqHOﬁ MaTeEpUHn, COHpOBO)K,H&I-OH.[I/IfICH HapymeHnneM OAHOPOJHOCTHU
e IIJIOTHOCTMU. CTOI/IT OTMETUTDL, 9TO 110 OII€HKaM TEMIIEpaTypPa B KOHIIE 3II0XU

. 1016
Besmmkoro obbeaunenus npejnosaraerca pasaoit 107 ['9B.

2.1 Craansg uandaganun

nTepec mpejicrapiisieT smoxa WHAOJSIU, BO BpeMsi KoTopoii Bceejen-
Hasl 3aII0JTHEHA, IPEUMYIIECTBEHHO U3JIyYeHHeM, IJIe HAaYMHAIT 00Pa30BbIBATDH-
Cs1 KBAPKHU, 9JIeKTPOHBI, HEATPUHO, & TaKyKe TUIIEPOHbI, KOTOpPbIE B pe3y/IbTare
3axBaTa dHepruii (poToHOB pactajaTcs. HefiTpuHo urpator posib B mporecce
obpazoBaHms CTPYKTYP BO Beestennoit n B popMUpOBaHUN CHEKTPa aHU30TPO-
U PeJIATHBUCTCKOTO W3JIyUeHIs Ha MaJIbIX YIJIOBBIX MaciiTabax. OHaKo, B
JIAHHOM CJIydae 3epKaJIbHOr0 MUpa HEHTPUHO IPEJACTaBIAI0T cO00il cTabu/ibHbie
JacTUIBl. Bosiee 110 1poOHO BIIMSTHIE HEHTPUHO Ha IIPOTEKAHIE IIPOIECCOB OYIeT
OINCAHO HUZKE.

CornacHo ucTounuky [5|, oHOBpeMeHHO ¢ mpolieccaMi B 00braHOi Bee-
JIEHHOI, B S1I0XY WHMJISINN, TPOUCXOIUT pa3jesieHne 0ObIUHOM 1 3epKaJIbHOI
MaTepuu, JPYIUMHU CJIOBAME, B 3aBUCHMOCTH OT PA3JIUIMMOCTH AMILIATY] HH-
(JIAHTOHOB, TO €CTb TUIOTETUYCCKUX KBAHTOB MHMJIATOHHOIO 110/, KOTOPhIE
OTBETCTBEHHBI 3a OBICTpOe pacuiupenne BeeseHHoi, mpuBoggnux K obpa3oBa-
HUIO JIOMEHHON CTPYKTYPhI B PacCIpeie/eHIn OObITHOIO 1 3ePKaIbHOIO Belle-
CTBA.

B obnacrax ¢ Oosbleit aMImTy10ff OOBIYHBIX WHMJIAHTOHOB JIOMUHM-
pytoreM Oy1eT 00bIMHOE BEIIEeCTBO, B TO BpeMsi, KakK IMPUMECh 3€PKabHOIO
BeriecTBa Oyaer Masa. To 2Ke camoe MPUMEHNMO U K 3epKaJIbHOMY BeIeCTBY
IIPU BBICOKUX aMILINTYyaX 3epKajbHbIX nH]IaHToB. OJHAKO, ITarke B Caydae

OTCYTCTBHUA Y I/IHCb.HaHTOHOB OHpeILeJIeHHOﬁ 3€PKaJIbHOCTHU, JOMEHHBIC CTPYKTY-



pPbl MOTYT CPOPMUPOBATHCS B pe3yJibTaTe CJIyJailHO JIOKAJIbHONH acuMMeTPUn

AMILIATY] OOBIYHOTO U 3ePKAJBHOTO CKAJISIPHLIX I0JIell, HAIIPUMED, BO BpeMdd

$az30BBIX TTEpexoI0B, KOTOpbIe OYIyT UJATH BO BeeeHHbIX mapaJiie/bHo.
[Tepes mepexogoM K crajun OGapuoreHesnca, CTPOUTEBHBIH MaTepua

Bcestennoit pejictaBisgieT KBAPK-TJIIOOHHYIO TLJIA3MY.

2.2 Dbapmuorenesuc

Co 3HAYNTENLHBIM MaJeHneM TeMIlepaTypbl Beestennoil naunnaeTcs mpo-
1ecc o0beIMHEHNsT KBAPKOB W IVTIOOHOB B &JIpOHBI. TakKyKe MMEHHO B JAHHDII
IIPOMEXKYTOK BpEeMEHU TOsIB/IsieTCst bapnoHHas acuMMeTpus Beesiennoit, To ecThb
siBJICHIE JIOMUHUPOBAHUs BelllecTBa HaJl aHTuBeniecTBoM. Hamnbosiee pacripo-
CTpAHEHHBIMH SIBJISIOTCSI TEOPUM, PACHINPSIIONINE CTAaHIAPTHYIO MOJEIb TakK,
YTO B HEKOTOPBIX PEAKINIX BO3MOXKHO OoJjiee cuibioe Hapytienne CP-maBaprmanTHOCTH
1o cpaBHeHHIo ¢ ee HapymenneM B CrangapTHON Mojean. B stmx Teopusax
[PEJIIoJIaraeTcs, YTo MePBOHAYAJILHO KOJIMYECTBO OAPUOHHOIO U aHTHOAPUOH-
HOI'O BEIIECTBa OBbLIO OJIMHAKOBBIM, HO I1032Ke, 110 KaKUM-JTUOO NpUYnHAM W3-
38 HECUMMETPUIHOCTH PeaKInii OTHOCUTEIbHO TOr0, KaK1e JaCTHUIIbI-BElecTBa
U AHTHBEIIECTBA-YIACTBYIOT B HUX, TTPOU3OIILIO TOCTENECHHOE YBETMIEHIE KO-
JINJecTBa OAPMOHHOIO BEINIECTBa W YMEHBIIEHHe KOJNYeCTBa aHTHOApUOHHOIO
BerecTsa [6).

Jpyrue BO3MOYXKHBIE ClIeHAPUU BOSHIKHOBEHUsI AaCUMMETPUN [TPUBJIEKAIOT
MO0 MaKpPOCKOIIMIECKoe pazjiesieHne 00JacTeil JOKAJIM3aIii BellecTBa W aH-
TUBEIIECTBA (UTO KAXKETCsT MATIOBEPOSITHBIM ), JINOO MOTJIONIEHIE AHTHBEIECTBA
YEPHBIMU JIBIPAME, CIIOCOOHBIMU OTJEIUTH €r0 OT BEMIeCTBA MPHU YCJIOBUH Ha-
pymennsi CP-unBapuanTnoctu. [locsegauit crienapuii Tpedyer cyIecTBOBaHUs
IUIOTETUICCKIX TSXKEJIbIX YaCTHUIl, KOTOPbIE PACIIAJIAIOTCS C CUJILHBIM HapYyIIe-
nueMm CP-nHBapmaHTHOCTH.

Teopus 06 SKBUBAJIEHTHOCTN aHTHIACTHUIL U 3ePKAJTHHBIX TAPTHEPOB ObLIA
OTKJIOHEHA B CHJIy HEOOXOJMMOCTHU B CIIEIMaJbHOM HabOpe 3epKaJIbHBIX MapT-
HEPOB, HE COBIAJAIONINX ¢ aHTUYACTUIIAMEI B CUJIy COXPAHEHUsI SKBUBAJICHTHO-
CTH MEK/ly JIeBOil 1 IpaBoil KOOPJAMHATHBIMEU crucTeMaMu, B pesysbrare CP-
HapyiieHusd. To ecTb, B 3epKajbHOM Mupe 3pdekTol CP-HapyIieHns J101KHbI
OBITH PABHBI IO BeJIMUNHE W UMETh MTPOTUBOMOIOKHDBIN 3HAK.

[Tosromy dopmupoBanme DaApUOHHOIO M30BITKA OOBIYHBIX YACTHUIL U 3€p-

KaJIbHOI'O aHTI/I6apI/IOHHOFO 130BITKA [TI03BOJISET YCTaHOBUTHL CUMMETPHUIO MEKJTY



IIPOIeCcCaMi B 3epKaIbHOM 1 00bI9HOM Mupax. OJiHaKo, 13-3a OTCYTCTBUs 3HAKA
O6apUOHHOI0 YMCJIa Y 3ePKAJbHBIX YaCTHIL [10JIaraeTcsi OTHOCUTD €ro K “0aproH-
HOMY B 000MX MHUpaxX, JIPYTUMH CJIOBaMU, 00pa30BaHMS JIOMEHOB MOXKET ObITh
00bsicHEHO JTNOO 6APHMOHHBIM U3OBITKOM C Pa3bIMU 3HAKAMHU B OOBITHOM U 3€p-
KaJIbHOM MUpax, JUOO HEKOTOPBIMU (PIYKTYyAIIUAME, “SHTPOMUAHBIMI BO3MY-
IMIEHNSAME IIJIOTHOCTH B JIOKAJbHBIX PACIPEIEICHUSIX IJI0THOCTEN 3epKaJIbHBIX

1 OOBIYHBIX OAPUOHOB.

2.3 DaekTpocyabblii (ha30BbIil ITEpexo/]

HanbHeiilee majieHue TeMIepaTypbl IPUBEJIO K CJe/IytonemMy (hazoBoOMy
nepexojly — 00pas3’oBaHUIO (PUBNIECKUX CUJI U SJEMEHTAPHbIX JaCTUIL B UX CO-
BpeMeHHOIT popme. B Bpems 31MOXH 3JIEKTPOCIadbIX B3auMOJCHCTBUIT HAOJTIO-
JlaeTCsl HAJIM4Ine 3JIeKTPOC/Iad0il CiJIibl, KOTOPas IIpeJicTaB/sieT coboil o0be -
HEHHbBIE 3/IEKTPOMArHUTHYIO 1 ¢j1abyio. B obbranoit Beesennoit mporeccs Oymy T
IPOUCXOJIUTH O3 N3MEHEHUl, OJJHAKO B 3€pPKAJILHOM, PN YCJIOBUU OTCYTCTBUS
c1ab0ro B3auMOIefiCTBHS, OCTAHETCs TOJIBLKO dJIeKTpoMarunTHoe. Tak:ke B JlaH-
HBIiT Iepro 1 0bpazyercst 6030 Xurrca, W-6030H 1 Z-6030H (TemiiepaTypa oIryc-
kaercs nuzke 10'° ['5B), mocename aBa U3 KOTOPBIX HE OyJeT B 3epKaJbHOM
MHIpe, KaK IIepeHOCUYNKOB caaboro B3ammojeiicteus. B "6eccaaboit" Becesennoi
Her W- 1 Z-60308B, 1 1I09TOMY KOJMYIECTBO PEASTUBUCTCKUX CTEIEHEel CBOOOIbI

BO BpEM:A IIEPBUYHOI'O HYKJICOCHMHTE3a MEHbLIIEC, 9TO IIPUBOJIUT K HEKOTOPOMY

3aMeJIJIEHTIO PACIITUPEHN.

T
*_T4
P g 30 i
0030HbBI dpepMHOHDI

D10xXa KBapKOB He IpPeJICTaB/IgeT 0cOO0I0 NHTEPECa JIJId OJPOOHOTO pas3-
O6opa, TaK KaK B 9TOT IIPOMEXKYTOK BPEMEHH IPOUCXOIUT (DOPMUPOBAHUE JJIEK-
TPOMAarHUTHOM, ¢/1ab0il 1 IPaBUTAIIMOHHBIX CIJI B UX COBPEMEHHOM IIpeJICTaBIe-
HUM, & MaTepus 110 MPeKHeMY IpeAcTaB/sieT coboil KBAPK-TJIIOOHHYIO ILIa3MYy,

[IO9TOMY €CTh CMbBICJI Cpa3dy IepeiiTu K 3110Xe aJIpOHOB.



2.4 KomudaiiMeHT KBaApKOB 11 0Opa3oBaHle KBaApKOBO-

'O KOHJEeHCaTa

JlaHHBIIT TIepro/T XapaKTepu3yeTcsl OXJIazK/IeHneM KBapK-TJIFOOHHOM I11a3-
MBI, IIpUMeYaTe/IeH MOMEHT KBapK-aJIPOHHOI'O IIepexoja Min KoHdaiiHMeHTa
KBapKOB, KOIJIa CTAJI0 BO3MOYKHBIM CJINAHIE KBAPKOB B aJIPDOHBI, 8 TaKzKe HaPY-
IIeHne KUPaJIbHOI CUMMETPUU KBAPKOB - OHU TIPHOOPETAIOT MacCy (KBAPKOBBIIL
konjieHcar). B stor moment Temmeparypa pasaa 300-1000 MsB, a Bpemst ot
poxkennsa Beenennoit cocrapiasger 1079 ¢. [Iporiecent, mponcxoadiue B pe3yib-
TaTe MePBUIHOIO HYKJIEOCHHTE3a IpeacTaBiIeHbl HuxKke. HecmoTps ma pacmm-
penne, Bcenennas HaxoguTcs B IOYTH HJieaJbHO PaBHOBECHOM COCTOSIHUM U
BKJTIOYAET B 3aMETHOM KOJIMYECTBE TOJHKO 3JIEKTPOHBI, MO3UTPOHDLI, TaMMa 1
HeTPpUHO

B momenT Bpemenn 0,1 ¢ mocsie bosbioro B3peiBa TeMiiepatypa Beesen-
HOIH cocTasiisia okouo 3% 10 K, a eé BelecTBo peJIcTaBisijio cOOO0 3J1eKTPOH-
MO3UTPOH-HEHTPUHHYIO TJIa3My, B KOTOPOIl B HEOOJILIIIOM KOJTUYECTBE UMETUCH
HYKJIOHBI: TPOTOHBI U HEUTPOHBI. B TaKnX yCJI0BUAX MPOUCXOJIMIN TOCTOSIHHbBIE

IpeBpallleHnsl TPOTOHOB B HEMTPOHBI 1 0OPATHO B CJICIYIONINX PEAKIINAX:

nt+e" =p+vr,
n+ve=—p+e

n=—p+e +

Beenennoit B 10 cekyH I, 3T peaklny MPaKTUIECKN TPEKPATHINCH, a
paBHOBECHE TEPECTAI0 COXPAHITHCI — B 9TOT MOMEHT 3HadeHUe paBHOBECHOI
JIOJTN HETPOHOB OT BCeX HYKJOHOB cocTaBuio okosio 0,17. [Ipesparenne meii-
TPOHOB B ITPOTOHBI CTAJIO UJITU MTOCPEICTBOM OeTa-paciajia HelTpoHa co BpeMe-
HEM KU3HU 0K0J10 880 CeKYHJI, U cTa/I0 yObIBATH SKCIIOHEHIINATBLHO: K MOMEHTY
HavdaJja IMepBUYHOIO HYKJIEOCUHTE3a, Yepe3 3 MUHYTHI 1ocje DBoJibIoro B3pbi-
Ba, CHU3MJIOCH J10 Ipubn3uTe/ibHo 0,125, To ecTb Ha 1 HEHTPOH HPUXOJINIOCH
7 TIPOTOHOB.

B 3epkajabHOM MUpe, B CUJTy OTCYTCTBUS CJ1aOOT0 B3aUMOJIEHCTBUS, HEKO-
Topble ODapnoHbl, Takue Kak N, A He CMOI'yT paclacThbcs Ha Oojiee Jerkue da-
crutpl (p, n). Takke HEHTPOHBI OCTAHYTCST CTAOMIBHBIMEI YaCTUIIAME, KAK U

TSKeJIble Me30HbI. JIenToHbI Tak:Ke pacinagaTcd TOJIBKO 110 CJI&6OMy B3alMO-



JIEIICTBUIO, CJIEJI0OBATE/ILHO, OCTAIOTCA CTAOMILHBIMU U COXPAHSIIOT KOHIIEHTDa~
U0 ITOCTOAHHOIA.

Pazauna mexkmy Maccoit mpoToHa 1 HeHTpoHa olpeesseTcd pa3Humeil B
Maccax KBapKOB, a TakKrKe 3JIeKTPOMarHuTHbIM paciierieHueM. CiegoBaTeib-
HO, MacCa BeIIeCTBa B 3ePKaJIbHOM MUPe 0e3 cjiaboro B3amMOACHCTBUSA TaKasd

’Ke, KaK 1 B OOBIYHOM MUpE.

2.5 3akaJjka HEUTPHUHO

HeitTprro mnepecraioT B3anmMoaeiicTBOBATH ¢ KOCMHYECKON ILJTa3MOM Tpn
Temmepatype 2-3 MsB. Jlo 3Toro MoMenTa HEUTPUHO HAXOJWIUCH B TEPMO/IU-
HAMIYIECKOM PABHOBECHUU C OCTAJIbHBIM BEIIECTBOM, & I0CJI€ HEro — CBOOOHO
pacipocTpaHa0Tcst Bo BeesieHHOid.

Ha miepBoii cexyH e MponCcxXouT 3aKa/IKa PEJIATHBUCTKIX HEHTPUHO B Ha-
mem Mupe. OJIHAKO, B 3epKaJIbHOM Mupe 0e3 ¢1aboro B3auMoIeiicTBIs, HeTpu-
HO HE MOYKET POJINTHCA B aHHUTUJISIIHOHHBIX PEaKIUIX UM paccesTcs Ha e, T.K.
TaKKe IPOIECcChl UYT 110 cjabomy BaanmojeiicTsuio. OTciona mogydaeMm, 4To
3epKaJbHble HEHTPUHO M3HAYAJILHO HE IPHUCYTCTBYET B PABHOBECHOM COCTOSI-
HUHU, II09TOMY OIICIJIEHUsI 3€PKaJIbHBIX HEHTPUHO He mpoucxoaut. [Iponcxomgut
POKJIeHIe PEJINKTOBLIX HEHTPUHO 1 fajbHelinee ux "ocroiBanne"mo mepe pac-

mupenne BceenHoi.

2.6 IlepBuuHbIii HYKJIEOCUHTE3

ObpaszoBaHne 3J1eMEHTOB [IPOUCXOJIIIO B IIpolecce paciiupenns: Beeen-
HOI1, & IPUCYTCTBUEC HEUTPUHHON KOMIIOHEHTHI BJINAIO HA TEMII PACIINPEHUS U
COOTBETCTBEHHO Ha CKOPOCTb OCTBIBAHUSA KOCMUYECKOi I111a3Mbl. OT 9TOi cKo-
POCTH 3aBUCE/I HEPABHOBECHDLIE IPOIECCHl B TIa3Me, IPUBOJIAIIIE K 00pa30-
BaHUIO JIEMKUX sjiep. Koria 1mpoIio oKoio 3 MUHYT 1ocjie Bosibioro B3phiBa,
remueparypa Beesennoit crana nmske 107 K, nocsie wero crano BosmMoxHo o0pa-
30BaHNe CTAOUIBHBIX s1/1ep JlefiTepust (JeHTPOHOB) MIPU CTOJKHOBEHIN TPOTOHORB
1 HEHTPOHOB, IPAKTUUECKU BCe U3 KOTOPBLIX B IeIN peaKIluil IpeBpaTuinch B
Oostee cTabusibHbIE sifipa Tejns. TakuMm o0pasoMm, coryiacHo |7, mpakTudeckn
BCE HEHTPOHBI U3-3a HYKJIEOCUHTE3a HAXOJUJINCH B SIPax I'eJIusl IOCPEICTBOM
CJCIYIONINX peaKIuii

Hekoropast yacTh siaep resusi-4 cpopmuponadia autuii. Takke B 9T0 Bpe-
M B 00bIaHOI Beestennoit dphoopMupyitores sijipa 6epuiins u 0oJiee TIKEIbIE sapa

B MaJIbIX KOJIMYECTBaX. JTU peaxknmun MOT'YT IIDOTEKATh KaK B O6I)II{HOM7 TaK "

8
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B 3epPKaJIbHOM MUpE.

B 3epkajibHOM Mupe, 110 CPaBHEHHUIO ¢ OOBIYHBIM, (DOPMUPYIOTCS SIAPA
JINTUsI-7 B MEHbIIIEM KOJIMYECTBe, TaK KaK peakins ¢ ydacTheM HeHTPUHO He
OyaeT nporekaTh. Tak:Ke, MOXKHO IIPEIIIOJIOKUTh, UTO IPOTEKAHIe PeaKInii B
00ernx BCeJIEHHBIX Oy/IeT IIPONCXOJNThH B Pa3HOe BPEM:, TaK KaK B OTCYTCTBUN
HEHTPUHHOI KOMIIOHEHThI CKOPOCTb OCThIBAHUSI 3€PKAJILHOTIO MUPa YBEJININBA-
eTCsl.

[ToCcKOIbKY MHOXKECTBO TSAZKEJIBIX YACTHUI] OCTAIOTCSI CTaOMIBLHBIME, TO IIPU
M3HAYAILHOM PABEHCTBE OAPMOHHON IJIOTHOCTH OOBIYHOI'O U 3€PKAJILHOIO Be-

IIeCTBa, Macca 3epKaJbHOr0 Mupa OyaeT OoJIbIIe.
3 (O6pas3oBaHue 3Be3JIHbBIX CTPYKTYp U TeM-

Hasd MaTepud
[Tourn Bce HPOTOHBI M HEHTPOHBLI IIPEBPAIIAIOTCS B I'€JIUil, IIOCKOJIbKY
X KOHIICHTpAIM [OCJIe HYKJICOCUHTE3a IIPEIIIOJ0KUTEIHHO BBIILIA [IPUMEP-
HO OIMHAKOBOI. Beeennasi, B KOTOpoit JOMUHUPYET IeJinil, KadeCTBEHHO OTJIN-
yaeTcd oT Halell BeejleHHOI, oT 0Opa3oBaHms JUCKOB B IajlaKTHKaX JIO 3BE3-
J1000pa30BaHus U SIAEPHOrO IMKJA ropeHud. Hampumep, BMecTO IPUBLIYHOIO

HYKJieocuHTe3a pp-, pep- u CNO-11porieccoB, BO3MOXKHO CyIIECTBOBAHIE KOPOT-



KOXKMBYIINX 3BE3JI, TOILIMBOM JJIsi KOTOPBLIX OYIyT PaJuoaKTHUBHbIE M30TOIIbI
).

[IpearnosoKmM, 970 MOMUMO OOJIBIIIONO KOJMYECTBa T'eJIis TakKe o0pa-
30BaJIOCh JIOCTATOYHO JiefiTpoHoB. Peakiust p + n — d + 7y oka3bIBaeTCst MaJio-
BEPOSITHOI B OOBIMHOM MUPE, TaK KaK B 3BE3/IHOI cpejie Ha CTa N IEePBUIHOIO
HYKJIEOCUHTE3a HEHTPOHBI OTCYTCTBYIOT, OJJHAKO B 3epKaJIbHOM MHUpe 0e3 cJa-
boro B3anMmojieiicTBust MoryT HabJIOaTheA. Tem He Menee, B crathe [9] aBro-
PBI [TOKA3aJIH, UTO JIJId HauaJIbHBIX YCJOBUIl, e HaOJIFOIaeTCsd JJOMUHIPOBaHLE
KOHIIEHTpallui IMTPOTOHOB HaJl HEITpOHAMU, CUHTE3UPOBAHHbBIE 3JIEMEHTHI Iep-
BUYHOI'O HYKJICOCHHTE3a BKJIIOYAIN OOJIBIIYIO JI0JI0 JAeiiTpoHoB. CBOIO MOJIC/IH
OHM TTOCTPOUJIN Ha MPEJITOJIOKEHNN O N3HAYAJIbHOM HAJUYINN Habopa (hpepMuo-
HOB, COCTOSIIEro U3 BEPXHEIr0, HUKHETO U CTPAHHOT'O KBAPKOB U 3JIEKTPOHOB.
OpnHako, JlaHHOE YCJIOBHE BJIMSIET TOJIBKO Ha OTHOIIEHHEe KOHIEHTPAIil 1Ipo-
TOHOB M HEHTPOHOB. YacTUIb! sIBISIOTCS CTaOMIBHBIMU, TaK KakK JaabHeHInii
IpoIiecc paciajia WieT 1o cjaadbomy B3anmojeiicTsuio. Hamnane 6osbimeit jpom
JIEHTPOHOB TO3BOJISET Pa3pyIIAIOIIIMCA 00JIaKaM BOJIOPOJa IIPOITYCTUTDH TPO-

IeCC B3aMMOJICICTBUA C HEHTPUHO U MEPEHTU HEOCPEACTBEHHO K

p+D — *He + 7.

[Tocnemyromuit mipriecc rpeHus TPOUCXOTUT CTAHIAPTHBLIMU TETISIME

He + *He — *He + 2p,

D + *He — “He + p,

2p + 2D — *He + 2p,

rJle MMPOTOHBI JIENCTBYIOT KaK KaTaJU3aTOPbI JIJIsd CIAUSHUA JledTepus B
4 .
He. Peaxiusa ropenusi jiefiTepust oueHb ObICTpas W, TaKUM 00Pa30oM, MOXKET

N3SMCHUTDL JMHaAMHUKY 3BE€3IHOI'O 'OPEHHA B 3€PKaJIbHOM MHUDE.
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[ajiee obpaTuMcs K BINAHUIO 3€PKAJbHOIO MHUPa 0e3 ¢j1ab0ro B3auMO-
neficTBUSA Ha OOBIIHBIN MUP. [oCKOIBKY HEKOTOpbBIE JIETKHE W TsZKeJIble Sapa,
ME30HBI, JIENITOHBI 1 HEHTPUHO TIOC/Ie POXKJICHIS HEHTPAJIHHBI, TO MOXKHO TTPE/I-
MOJIOXKUTD, UYTO CKOPOCTH OCTBIBAHUS U paciiupenus BcejeHHol co cTOpOHbI
3epKaJILHOTO Mupa OyjieT Bblie. Ipyrumu cioBaMu, W30TOILI TP paclajie He
Oy/IyT OT/IaBaTh SHEPIUIO, UYTO U IPUBEJET K Dosiee ObICTPOMY (DOPMUPOBAHUIO
KPYITHOMACIITAOHBIX T'PABUTAIIMOHHBIX CTPYKTYP W CKOILJIEHWIT MaTepuy 3ep-
KaJbHOTO BerecTBa. e ono Oy1er BeICTyaTh B KAUeCTBE CKPBITON MAaCChl 1
MOZKET B3aMMO/ICHICTBOBATD ¢ OOBIYHBIM MUPOM UCKIOYUTENTHHO T'PaBUTAI[UOH-
HO, TO B "rpaBuTaIoHHbIe SIMbI" CKPBITOM MaCChl HAYHET IIPOBAJIUBATHCS 0ObIU-
HOE BEIECTBO, TTOCKOJIbKY, KaK paHee BBISICHUJIOCh, Macca 3epPKaJIbHOIO Bellle-
cTBa OyJeT JOMUHUPOBATH. TaKKe HEOOXOIUMO y9IeCTh TO, UTO IBOJIONUA CO
CTOPOHBI OOBLITHOIO MUPA TTPEJINOJIOKUTEHHO MPOTEKAeT MeJIeHHee, B CBA3U C
geM, OOBITHOE BEIeCTBO OY/IeT CKAILIMBATLCA BJIOJL CTPYKTYP 3€PKaJILHOTO.

O iHaKo, ecTh BO3MOXKHOCTH HEIPEJICKa3yeMbIX (DJIyKTyallnii, KOTOpbIe
MOV OBl M30aBUTHCA OT ACUMMETPUIHOCTH CKOPOCTH ITPOTEKAHWs pPeaKITil
Bo Bcenennoit. Tem ne Menee, 3epKaJibHOE BEIIECTBO MUpa 0€3 CJIab0ro B3au-

MOJICHICTBHA He IIPOTUBOPEYUT OCHOBHBIM CBOWCTBAM CKPLITON MacCChI
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4 3akJodeHne

[ToaBojst uror, ciepyer OTMETHTh, YTO cyllecTBoBaHue BceseHHoii, rie
B 3epKaJIbHOM MHPE OTCYTCTBYeT cjiaboe B3amMmojeiicTBue, a OObIUHBIN HE OT-
JIN9aeTCd OT ”Hamero BO3MO2KHO TOJIBKO HpI/I JOCTAaTOYHO KECTKNX HadYaJIbHbIX
yCJIOBI/IHX7 TaKNX KaK ,ZLOMI/IHI/IpOBaHI/Ie KOHHGHTpaHI/H/I HpOTOHOB Hall HeﬁTpOHa-
MU, obpa3oBanue JleliTepusd Ha CTAIUN HYKJIEOCUHTE3a U MPUOJUKEHUN, CB-
3aHHBIX C paBHI/IHeﬁ CKOpOCTI/I IBOJIIOIIMN JaHHDBIX MI/IpOB OTHOCHUTEJILHO ;:prr
JIpyra, 9TO MOXKET TOBJIeUb 3a cob0il 00pa3oBaHus IPaBUTAIIMOHHBIX CTPYKTYP,
KOTOPE IOBJINSIOT HA PABHOMEPHOCTH pacIpeje/ieHns OObITHOIO BEIeCTBa BO
Bcesiennoii.

O naxo, jgaxke B Takoit BeesieHHON BO3MOXKHO (hOPMUPOBAHIE 3BE3/IHBIX
CTPYKTYDP B 3€PKAJIbHOM MHDPE, & BEIIECTBO MOXKET CUUTATHCH KaHUIATOM Ha
POJIb CKPBITOIT Macchl, MOCKOBbJBKY B pe3yJibTaTe 3BAJIONUN JJOMUHUPYET 110
Macce, B3auMOJIeiCTBYET B OOBITHBIM MHPOM TOJIBKO IPaBUTAIIOHHO, CIIOCOOHO
dopmupoBaTh cTpyKTYpbl. TakzKe B Takoit Beesiennoii Toxke OyJieT HabJ110/1aTh-

Cd aHU3O0TPOIINA PEJIMKTOBOI'O U3JIYIECHUA U I'DABUTAIIMOHHOE JIMH3UPOBaHUE.
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