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3KcnepHMCHTI,I Ha nOJII,IIIOM a,npOHHOM KOJIJiaii.r1epe {LHC), COJ,[laHHOM 

061,e,nIIHCHHblMII ycIIJIIIHMII yqeHbIX II CIICIIIIaJIHCTOB H3 MHOrHX CTPaH MHpa B 

EBponeiicKoii opraHH3aIIHH ».nepHbIX Hccne,noBaHHH (U:EPH) B )KeHeBe 

{lllBeii11apHH), HaIIeJICHbl Ha HCCJie)],OBaHIIe rny6HHHI,IX npo6JieM COBpeMeHHOH 

<pll3HKII qaCTIIII H YCTPaHeHIIe cy111ecTByIOIIIHX "6eJiblX IIHTeH" B KapTHHe 

IIOHHMaHHH cpyH)],aMeHTaJII,HI,IX 3aKOHOB IlpHpO)],I,I. IlpoeKT HayqHo-

3KCnepHMCHTaJII,HOro KOMIIJleKca CMS (KoMnaKTHhIH MIOOHHhIH ConeHOHiJ,) -

MHorocpyHKIIHOHaJibHoro )],eTeKTopa Ha LHC, KpynHeii111eii H3 KOr)],a-1rn60 

.... <?03)],aBaeMbIX <pH3HqecKHX ycTaHOBOK, 061,e)],HHHCT He~KOJihKO TbICHq yqeHblX H3 

37 CTPaH. 

Ba:arneii111eii H HCOThCMJICMOH qaCTI,IO 3TOro . npoeKTa HBJIHCTCH 

COTPY.[(HHqecTBo PoccIIII, 061,e)],IIHeHHoro HHCTHTYTa H)],epHbIX Hccne)],oBaHHii 

(Ollilll, .ll:y6Ha) H iJ,pyrnx CTPaH - yqacTHHII Ollilll - RDMS CMS HJIH npocTO 

RDMS. COTPYiJ,HHqecTBo RDMS CMS o6oe)],HHHeT OKOJIO 300 yqeH1,1x H 

o6ecneqHBaeT nrnpoKoMacnna6Hoe II )],OJiroBpeMeHHoe yqacn1e cptt3IIKOB Pocc1rn 

II CTPaH - yqacTHH.11 Ollilll B Kpy1rneii111eM HayqHoM npoeKTe COBpeMeHHOCTH. 

.ll:JIH IIIHpOKOro HayqHoro o6cy:JK,ZJ,eHIIH COBpeMCHHbIX npo6neM cptt3IIKH 

B3aIIMO)],CHCTBHH qacTH.11 nptt BblCOKHX 3HeprHHX H CBH3aHHI,IM C Heii BonpocaM 

KOCMonorntt COTPYiJ,HttqecTBoM RDMS CMS 61,m opraHtt30BaH 06oeiJ,ttHeHHhIH 

ceM1rnap "<l>tt3ttKa Ha LHC". IIporpaMMa ceM1rnapa npe)],ycMaTPttBaeT no,npo6Hoe 

OCBCIIICHH.e <pH3HqecKHX HCCJIC)],OBaHHH, TIJiaHttpyeMblX H npoBO)],HMblX Ha 

EOJiblllOM a)],pOHHOM KOJIJiaH)],epe, B qacTHOCTII B 3KCnepIIMCHTe "KoMnaKTHblll 

MIOOHHblll COJICHOH)],". B paMKax CCMH.Hapa npoBOMTCH ofoopHbie JICKIIHH .[(JIH 

CTy)],CHTOB CTap1110x KypCOB, acnttpaHTOB H MOJIO.[(blX yqeHbIX no nepeqttCJICHHI,IM 

Bblllle HanpaBJICHHHM, BKJIIOqajJ TeopeTlJ:qecKtte, 3KCnepttMCHTaJII,HI,Ie, 

MCTO)],H.qecKtte, OIIbITHO-KOHCTPYKTOpCKHe H npttKJia,LIHbIC IICCJIC)],OBaHH.H. 

PyKoBO)],ttTen1, ceMttHapa: npocp. II.A. fonyTBttH 

YqeH1,1ii ceKpernp1, ceMttHapa: K.<p.M.H. C.B.llIMaToB 

OpraHH3aIIHH ceMttHapa npe)],ycMaTPHBaeT ttHTepaKTttBHoe yqacTIIe 

yqeHblX, CIICIIHaJIHCTOB, acnttpaHTOB II CTy/J,CHTOB H.3 pa3JIH.qHI,IX HayqHblX II 

o6pa30BaTeJII,HI,IX IICHTPOB C IIOMOlllblO CHCTCMI,I BH)],COKOH<pepeHIIHH. TaKJKe 

npe,nyCMOTPCHa TPaHCJIHIIHH 3aCe)],aHHH CCMH.Hapa qepe3 HHTepHeT. 

llHcpOpMaIIHH O CCMH.Hape, MaTepHaJII,I 3aCe)],aHHH, BKJIIQqru.[ BH.[(C0-3alIH.CI, 

JICKIIHH H 3JICKTPOHHI,Ie BepCHII TPYiJ,OB CCMH.Hapa )],OCTyTIHI,I Ha IIHTepHeT

CTPaHHIIe ceMttHapa http://rdms.jinr.ru/ 
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B.A. PYEAKOB 11 

·- .. 
~epe.qHoe 38C()Jtalrne CeMHHapa COCTOITTCH 19 MaH 2010 r. B 15:00 B 
KoHcpepeHij-38118 ll!Hcmryra S!,AepHblX 11CCJ18AOBaHl1M PAH ( «nITTOMHHK») no 
MP9Cy: MOCIG38, npocneKT 60-JleTHH 01rn16pH, 7-A 

nporPAMMA 

«KocMonorn.R 11 6onbWOM a.QpOHHblH Konnast.Qep» 
.QOKJ19A41-1K aKaA. B. A. Py6aKOB 

C0/3peMeHHasl KOCM0110euR oaem caMble cepbe3Hble apzy,.teHmbl, 
cooOemem,cm~ o ~u cyr.qecmee11HOeO paa,uupeHUJI 
npe(JctmJeneHuu oo 3f1eMeHlTl8PHbl 'laCITluqax u we 833UMOCeucm8!&X Ha 
ceepxMaJ1blX paccmoRHURX. 3lno, oo-nep8blX, caw cf)aKITI fflJI1LNIJR re~ u 
OITICy1l'lCt1l8 aHm~ecrnea 60 BceneHHoii. <Xipa306aH!.le maKOi1 aCIJIIIMefllpuu 
mpe6yetn ~ onpooeneHHblX ycnoeuii a nep&re MZHOOeHUSl nocne 
5anbwozo 63f)bl6a, 'll1lO He603MO)l(HO a paMirax ~ meopuu -
CrnaHdapmHo{J MOOe1IU (f}wuKU 'IIJCffl/Jq. Bo-6mopb/X, 60 BceneHHoii uueemcR 
meMHaR MameplJR, 'IIJCfflUl.(bl iromopou cma6unbHbl, UMeJOm MaCcy {803M0,lf0f0, 
t5om,wyio no MepKaM c/)u3UKU <mcmuuJ u ~ cnooo 63aUMOOeilcmeyKm c 
6eU.jecm60M. 8 GmaHdapmHoti MO(Jef1u maKWC 'lacmUt(Hem. 

l-1Melomc$1 0060flbHO 6eCKIJe meopemlJ'leCKIJe BpZj'MeHmbl 8 T10lTb3y l7lOOO, 'll1lO 
3Hef]eelTIU'reC/aJe Macwma<:ibl, C8R3aHHble C meMHOiJ Mamepueii U, 803'MQ;l(HO, 

acuMMempueil ~ eeu;ec:mooM u ~, HaxOOR1T1CS1 s otJnacmu, 
Cocmyr1Hoii wy<leHU1() Ha oOl1bWOM oopoHHOM KOJ111;1U0epe. 

3mUM U OP'farM acneKmaM C6Sl3U KtX:MOl10ZUU C :llCCl'lepUMeHfTli1MIJ Ha 5anbUJOM 
oopoHHOM K01111i3UOepe u t5yCem ~ OoKnaa. 



B.A. PYliAKOB 13 

AKa~eMHK P AH BaJiep11:if AHaTOnbes11q Py6aKOB, 
rnaBHbIM HayqHblH COTPY~HHK TeopeT11qecKoro OT~ena 

M5IH p AH (TpOHUK) 



B.A. PY6AKOB. 15 

KOCMOJIOfIUI H EOJibllIOM AtJ:POHHbIM KOJIJIAMtJ:EP 
B.A.Py6aKoB 

HHcmumym meopemu1Jec1<ou u 31<cnep11MeHmC1JibHOU pu3UT<U, Moc1<6a 

CoBpeMeHHWI KOCMOJIOrm1 ~aer caMble cep1,e:3Hble apryMeHTIJ, 

CBJI~erem,CTByIOilllfe O Heo6xO,!U!MOCTH CYilleCTBeHHOro pacumpeHilll 

npe~CTaBJieHIIII 06 3JieMeHTapHIJX qacn1uax II IIX B3aJIMO~eIICTBIDIX Ha CBepxMaJib!X 

pacCTOJIHIUIX. 3TO, BO-nepBb!X, CaM qiaKT HaJmqnJI Be1I1eCTBa n OTCyrCTBltll 

aHTI1Be1I1eCTBa BO BceneHHOH. 06pa30BaHlte TaKOii aCHMMeTpllH TPe6yer 

peanmaunn onpe~eneHHblX YCJIOBIIII. B nepBb!e MrHOBeHHJI nocne EOJiblllOrO 

B3pb!Ba, qrn HeB03M0)1{H0 B paMKax CY1I1eCTByIOII1eii Teopnn - CT~apTHOH MO~enn 

<plf3HKH qaCTnu. Bo-BTOpbIX, BO BceneHHOII HMeeTCJI TeMHaJI MaTepnll, qacTHUI,I 

KOTOpoii CTa6IIJibHbl, lfMe!OT Macey ( B03M0)1{H0, 6oJiblllyIO no MepKaM qllf3HKH 

qacrnu) u qpe3BI,IqaHHO cna6o B3aHMo~eiicTByroT c BellleCTBOM. B Crn~apTHoii 

MO~em1 TaKI!X qaCTJfll Her. HMe!OTCJI ~OBOJibHO Becme TeopernqecKne apryMeHTbl B 

IlOJib3Y Toro, = 3HepreTJ!qecKne Mac11ITa6bl, CBJl3aHHbie C TeMHOH MaTepueii If, 

B03M0)1{H0, acm,IMeTplfeii MelK,!J.y Be1I1eCTBOM H aHTJ!BeIUeCTBOM, HaxOMTCJI B 

o6nacTn, ~OCTynHOH n3yqeHl!IO Ha OOJiblllOM MPOHHOM KOJIJia~epe. 3TnM n 

~pyrnM acneKTaM CBJ131f KOCMOJIOrnn C 3KcnepnMeHTaMI! Ha OOJibllIOM MPOHHOM 

KOJIJiaJmepe II 6y~er IlOCBHIUeHa CTaTbJI. 

TeMa 0 CBH3H K0CM0JI0rHH C HOBOH <pH3HKOH Ha EoJII,illOM llJlP0HH0M KOJIJiail:Ll,epe 

(EAK), K0Topyro MbI, B03M0)KH0, JBH)J,HM B caM0M He)J,aJieK0M 6yL1,ymeM, J)Ke 

CTaJia )J,0CTaToqHo TPllJlHQH0HH0H. TeM He MeHee, 0Ha npHBJieKaeT BCeo6mnil: 

HHrepec, II0CK0JibKY B0IIpDCbI 0 TOM, qTo IIpDHCX0)J,HJI0 B prumen BceJieHH0H, KaK 

0Ha p83BHBaJiaCb Ha pa.3Hf,JX :nanax CB0eil: 3B0JIIOI.{HH, B0JIHyIOT MH0rHX H3 Hae. B 
HaCT0Hmee BpeMH TeOpIDI, 0IIHCbIBaiomaH C0CTaB qaCTHI.{ H <p}'H)J,aMeHTaJibHbie 

B3aHMO)J,eHCTBHH Me)K)J,y HHMH, CTaHLl,apTHaH M0)J,eJif, <pH3HKH qaCTHI.{ (CM), 

npoaepeHa BIIJI0Th )1,0 pacCT0HHHll 10·16 
CM H C00TBeTCTByIOmnx 3Hepmil: nopHLl,Ka 

C0THH r3B. Cenqac Mf,I II0)J,0IIInH K HeH3Be)J,aIIH0My nopory 3Hepmtt, H H3 pa3HbIX 

coo6p8)KeHHH, a TOM qncne - K0CM0JiomqecKHX, )J,0CTaT0qHo oqeBH)J,H0, qro 

nepe.u lpH3HKOH 3JieMeHTapHbIX qacTHQ BCTaIOT B0IIp0CbI, Ha K0T0pbie 0Ha eme He 

orneqana, B0Dp0Cf,J C0BepmeHH0 H0B0ro THIIa. CKopee BCero, B 6JIH)Kattmne rD)J,f,J 

B3rmm Ha TO, KaK ycTpoeHbI 3aK0HbI npnp0)J,f,I, 6y)J,eT cymecTBeHH0 .U0II0JIHeH H 

pacmnpeH, H B 3HaqHTeJibHOll CTeneHH 3T0 CJiyqHTCH 6JiarOL1,apH 3KCnepnMeHTa.M 

HaEAK. 

ECJIH roB0pHTf, 0 K0CM0JI0rHH, TO 0Ha )J,aeT, D0)KaJiyil:, Han6onee Hll)le)KHbie 

3KCnepnMeHTaJif,Hbie CBH,UeTeJif,CTBa roro, ~o CM HeII0JIHa, H )J,0JI)KeH 

npoH30HTH BbIX0)J, 3a ee paMKH. O6cJ)K)J,eHHIO npnqnH H M0THBal{Hll )J,JlH TaK0ro 

BbIX0)J,a H II0CBHmeH 3TOT )J,0KJlll)l. 

3a Il0CJie)J,HHe 15 - 20 JieT K0CM0JI0rnH CTaJia roqH0H HayK0H, n cenqac 

CJIIJeCTByeT MH0)KeCTB0 Ha6JIIO.UaTeJibHbIX .uaHHbIX, K0T0pbie, KaK MbI JBH)J,HM 
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Htt)Ke, xoporno cornacyIOTCR C TeopeTtttieCKHMH npe.uCTaBJieHHRMH. l13MepeHHR 

CB0HCTB KaK coapeMeHHOtt, TaK II paHHett BceneHH0tt cero,uHR xapaKTepmyroTc~ 

.lIOCTaTOqHo BhICOKOtt ToqHOCThlO. Cpe,uII 3TIIX ,uaHHhIX MO)KH0 0TMeTIITh 

II3MepeHtte caemMOCTII o6oeKT0B, K0TOpbie cqIITaIOTCR (c oroBOpKaMtt), 

«CTaH,uapTHhil\1H°CBeqaMH», - caepxHOBhIX Tttna la. Enaro.uapR IIM Mb! 3HaeM TeMII 

pacrnupemrn BceJieHHOtt cero)IHR, a TaK)Ke TO, KaK )TOT TeMII MeHRJICR B 

cpaBHHTeJII,HO He;:i:aJieKOM_ IIpOIIIJIOM. BTOpOtt TIIII II3MepeHUtt - rny60Ktte 06JOpbI 

raJiaKTUK H KBa3apoB. 3;:i:ech pe% U)IeT 0 HeCKOJihKHX MUJIJIH0HaX Ha6JIIO)];aeMhIX I 
o6oeKTOB Ji Macrnrn6ax paCCTORHUtt BIIJI0Th ;:i:o 5 mranapceK (15 MJIP)];. CBeTOBhIXi 

JieT). HMeHH0 )];JIR iaKHX MaCIIITa60B ~e nonyqeHa Kaprn BceneHHOtt u,, 

BhrnCHeH?, KaKHe UMeIOTCR CTPYKTYPhI II KaK OHU 3BOJIIOUHOHUpOBaJIU cettqac H B11 

cpaBHHTeJihHO He,uaneK0M npoIIIJI0M (no;:i: «cpaBHIITeJihHO He;:i:aJieKHM))), 

noHttMaeTCR -speMR HeCKOJihK0 MJip;:i: JieT · HaJa.u, peanr,Ho - 0K0JI0 10 MJIP;:i:.). l 
KapmHa 6i;iu)KHett BceneHHOtt (Puc. 1 ), nonyqeHHM elll,e B cepe;:i:uHe 90-x rr. j 
np0llIJIOfO BeKa, ;:i:eMOHCTPUpyeT, KaK BhirJIR)];UT ace BhIIIIeCKa3aHHOe, u Ii 

HaCKOJihK0 6hICTpO pa3BUBaeTCR )Ta o6JiaCTh. Macrnrn6 3;:i:ech - 1,5 MJip;:i:. 

CBeTOBhIX JieT (500 MeranapceK). Ha. pucyttKe M0)KH0 BU)IeTh 60JihIIIUe 

«cKyqIIBaHIUD> Belll,eCTBa, qepe;:i:yIOIIItteCR c nycT0TaMU. TaK qTO Ha Macrnrn6e 

MeHhIIIe HeCKOJII,KUX ;:i:eCRTKOB . MerarrapceK BceJieHHM, KOHeqHO )Ke, 

Heo;:i:Hopo,uHa - B Hett eCTh ranaKTIIKll, CK0IIJieHHR raJiaKTHK, raJiaKTuqeCKtte 

nyCT0TI,I. Ho, eCJIH roaopHTb 0 60JII,IIIUX Macrnrn6ax u 0 BceJieHH0tt B ueJIOM, TO 

oHa o;:i:Hopo;:i:Ha, qTO u noKaJhIBaeT cne;:i:yroIIIM Kaprn (Puc. 2) Ha Macuna6e" 

mranapceK. 

, !I 

1• o" 

21 • 

· Puc.1. Enu)Kmu1 BceneHHaJI (Las Campanas, cepe,L\HHa 1990-x) 

I8.11aKTHKH KBa.3apw 

Puc. 2. raJiaKTHKII u KBaJap1,1 Ha Macrnrn6e rurarrapceK (SDSS, TeK~ee 
.L(eCHTIIJlerne) 

TaKHM o6pa30M, 0CH0BH0e CBOttCTBO COBpeMeHHOtt BceJieHHOtt - )TO TO, 

qTO O!Ia Be3,ue 0)];UHaKOBa ( ecJIU fOBOpUTI, 06 ycpe;:i:HeHHH no o6nacrnM 

np0CTPaHCTBa pa3MepaM11 B C0THl1 MeranapceK tt 60JibIIIe). BceneHHM 1130TPOIIHa. 

OHa pacrnupReTCR, o6JiaCTll {HJIU «60KChI») np0CTPaHCTBa paCTRrIIBaIOTCR, u TeMII 

3T0ro pacrn11peHHR, KaK R ~e roaopim, H3BeCTeH 11 B HaCT0Rlll,ee BpeMR, U )];JIR 

npoIIIJII,IX 3II0X. BceneHHM - «TeIIJIM», B Hett ecTh peJIHKT0B0e H3JiyqeHtte C 

TeMnepaTypOtt 2,725 K ( )TO TeIIJI0BOe )JieKTP0Marnurnoe H3JiyqeHHe BnepBhle 

61,mo o6Hapy)KeHO IleH3uacoM 11 BHJihCOHOM B 50-x ro;:i:ax IIp0IIIJI0r0 BeKa). 3TO 
fOB0pllT HaM O TOM, qrn B np0IIIJIOM TeMrrepaTypa 61,ma ropm;:i:o 6onee BhICOK0tt 

- oHa rrocreneHH0 noHll)KaJiacr, B npouecce pacrnupeHHR BceneHHott. 11 6bIJI 

HeKllli MOMeHT B npoIIIJI0M, orneqarolll,11tt rrepexo.uy II3 IIJiaJMeHHoro C0CT0RHIIR 

cpe;:i:1,1 B raJoo6pa3Hoe. 

380TLIC.,leT 
T=3000 rpll/lytoa 

• H 

-•--
t 

Puc. 3. IIepexo.L( rrnaJ!'.Ia-ra3 B patttteil: Bcenettttoil: 

• 

Ha pIIc.3 cxeMarnqHo II0Ka3aHO, qTo )IO M0MeHTa, IIOKa coxpaHRJIOCI, IIJia3MeHHOe 

COCTORHIIe, B ropRqett cpe;:i:e 6f BlJlLgJeffi~WJW,rflPWfll!flI~y"~)teKTPoHhI, K0Top1,1e 

(,IJ;epmrx Hccrre,n:oBamn-:i: 
. l3l1BTTHOTEHA 



18 KOCMOJIOTTUI II EOJihlll0H A)U'OHHhIH KOJIJIAHJ(EP 

aKTIIBH0 B3aIIM0,[(eiICTB0BaJIII .[(pyr C .[(pyroM II pacceIIBaJIIICb B IIJia3Me. Ho B 

HeKIIll M0MeHT, Ha3bIBaeMhlll M0MeHTOM peKOM6IIHaUIIII (coorneTCTBYJOIUlll',f 

TeMneparype 3000 K), II3 HeCBJl3aHHhlX npoTOH0B II 3JieKlp0H0B o6pa30BaJIIICh 

aT0Mhl B0,[(0p0,[(a, a qJOTOHhl 0T,[(eJIIIJIIICh II C Tex nop nyreIIIeCTBYJOT BO 

BceJieHHOii cso6o,[(HO 1t 6e3 B3a1tMO,[(ettCTB1tii. Ilo3TOMY peJIIIKT0Boe m.rryqeHIIe 

Hecer Ha ce6e 0TneqaT0K C0CT0JIHllJI BceJieHH0ll s M0MeHT peKoM61tHaUIIIf, K0r,[(a 

B03pacT BceJieHH0ll C0CTaBmIJI Bcero Jllflllh 380 ThIC. JieT. no cpaBHeHiflO C 

cer0,[(HJIIIIHifM 3HaqeHifeM 0K0JI0 13,7 MJip,[(. JieT 3TO, K0HeqHo, oqeHh IOHblll 

B03pacT. 

Ha xopoIII0 If3BeCTH0ll «cp0Torpacp1t1t» MIIKp0B0JIH0B0ro m.rryqeHifJI (P1tc. 

4), CHITT0H ,[(AA Bceii BII,[(IfMOll He6eCHOll ccpepbI (B peaJihH0CTII 3Ta naHopaMa 

nonyqaeTCJI Il0CJie o6pa60TKif 3KcnepIIMeHTaJibHhIX Ha6n10.n:aeMhIX C 

np1tMeHeH1teM cneUIIaJihH0ro MaTeMaT1tqecKoro annapaTa), oTqeTJIItB0 BIIJJ:Hhl 

o6naCTif, 0TMeqeHHhie pa3HblM UBeT0M, OT <pIIOJieTOBOro K KpaCH0MY, no CTeneHif 

B03pacTaHllJI TeMnepaTypbI. 3TO rosopIIT 0 TOM, qTo BceJieHHM 6hma He BIT0JIHe 

He0,[(H0p0,[(H0H s TO BpeMJI ( 0Ha 1t ceiiqac Heo,n:Hopo,n:Ha, K0HeqHo ), 6hIJIIf o6JiaCTit 

KaK 6oJiee, TaK II MeHee ropJ1q1te 1t nJI0THhie. 

Puc. 4. PeKOHC1JlYHPOBaHHal! Kapra aHII301JlOITIIII penmcroaoro II3JI)"IeHIIll (WMAP, 
2006) 

OTHOCI!TeJibHM BeJIIfqlfHa {p.JIYKTYal.(Ifll TeMnepaTypbI Ha He6eCH0H ccpepe oqeHh 

MaJia, ol'/T- 10-5
• 3aMeqaTeJihHO, o,n:HaKo, qTo 3TH MaJihie <pJIYKTYau1t1t see )Ke 

BTI0JIHe o6Hap~IIMhl If If3MepitMhl. M ItMeHH0 0Hif If CTaJIIf 3ap0,[(hllllaMit TeX 

CTPYKTYP (nepBbIX 3Be3,[(, raJiaKTIIK, CKOTIJieHifll raJiaKTIIK), K0T0phle Mhl ceiiqac 

Ha6JIIO,n:aeM BO BceJieHHOll. KaK Blf,[(H0, ryr eCTh He0,n:Hopo,n:H0CTII c caMhIMif 

pa3Hh1Mlf yrnoBhlMif MaCIIITa6aMif, KaK 60JihllllfMif, TaK If 6oJiee MeJIKifMII, TO eCTh 

Heo,n:Hopo,n:H0CTif xapaKTepit30BaJII!Ch ueJihIM cneKlp0M MIIH B0JIH. 3,n:ecb Mbl 

Be,n:eM pe% 0 .n:mrnax B0JIH TI0T0MY, qTO Heo,n:Hopo,n:H0CTif B ropJ1qeii TIJla3Me -

3T0, <paKTifqecKit, 3BYK0Bbie B0JIHbl, cymecTB0BaBlllife B ropJ1qeii BceneHHOll ,[(0 

M0MeHTa peKoM6IfHal.(IIIf. On1tcaHIIe )TOH KapTI!Hhl .n:enaeTCH s TepMitHax 

pa3JI0)KeHllJI <l>ypbe no ccpep1tqeCKifM rapM0HIIKaM Ha He6eCHOll ccpepe: 
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oT (0,(j))= La,mY,m(B,tp) 
T r,m 

(1) 

M3MepJl~Mhie B 3KCnep1tMeHTax K03<p<pifl~1!eHThl nptt IfH,n:IfBit,n:Ya.flhHhIX 

ccpepit'IeCKifX rapM0HitKaX, T0'!Hee, 3Ha'IeHllJI (a,ma,m) = c, (Ha rpacp1tKaX 06b1qHo 

noKa3hIBaIOT BeJIIfqIIHY Dr = Cr /2tr I(!+ 1)) np1t nepecqere ,[(aIOT <pJIYKTYal.(Iflf 

TeMneparypbl Ha pa3HhIX yrJI0BhlX MacIIITa6ax. 3.[(eCb I - H0Mep rapM0HifKif, TaK 

'ITO qeM 6onhllle 3T0T H0Mep, TeM 6oJibllle cooTBeTCTBYJOIUIIii 1tMnynhc. 

CoornercTBeHH0, TeM MeHhllle nonyqaeTCJI yrJI0BOll MaClllTa6 Heo,n:Hop0,[(H0CTH tt 

,n:nttHa 3BYKOB0ii B0JIHhL CYIIIecrneHHM <pll3HKa 3,n:ech - 3TO, B nepByIO oqepe,n:h, 

nepBit'IHbie <pJIYKryaUIIII TIJI0TH0CTH, K0T0phie CYIIIeCTB0BaJIH B C0BCeM paHHeii 

BceneHHoii, eme ,n:o cra,n:1tII ropJ1qero Eonhllloro B3phrna 1t B nepBhie ero 

M0MeHTbl. OHII ,[(0JI)KHbI 6mh KaK-T0 3aJI0)KeHhl B TeopitIO, I!CTO'IHI!K0M M0)KeT 

6hITb IIHqJAAUllJI IIJIIf 'ITO-TO .n:pyroe, HO B JII060M cnyqae 3T0 ,[(0JI)KeH 6hITb HeKifll 

3Tan 3son10uu1t BceJieHHoii, npe,n:IIIeCTB0BaBlllHii EoJihlllOMY B3phrny. Ilo3T0MY 

cneKlp . nepBit'IHhIX Heo,n:Hopo,n:HOCTeii - 3TO O,[(IfH If3 napaMelpOB, KOTOpblll 

H~HO 3aJI0)KlfTb «pyKaMif» IfJIIf ()KeJiaTeJihHO) TIOJiyqifTh If3 6onee ((BbICOKOH» 

Te0pIIH. 

BTopoii Ba)Kffblll acneKT - 3TO pa3BHTHe · 3BYKOBhIX BOJIH B KOCMHqecKOH 

cpe,[(e, C MOMeHTa Ha'IaJia ropJ1qeii CTa,[(I!If H ,[(0 OKOHqaHllJI peKOM6HHal.(Hif. 

Il0HHTHO, 'ITO COCTaB KOCMifqeCKOH IlJia3Mhl IIrpaeT 3,n:ech KJIIOqesyio p0Jih, If 

0,[(IfH If3 rnaBHhIX napaMerpOB - OTHOllleHife qttcna 6apHOHOB If <pOTOHOB. 3TO 

OTHOllleHtte H3BJieKaeTCJI C xopollleii T0qH0CTblO H3 H3MepeHHll CB0HCTB 

peJII!KT0B0ro mnyqeHllJI. Hy If, HaK0HeQ, Ha CBOHCTBa peJIIIKTOBOro mnyqeHllJI 

BJillJleT pacnpocrpaHeHtte <pOTOHOB nocne peKOM6HHaUitlf, ro eCTh IfCT0pllJI 

paClllitpeHIIJI BceJieHHOH C T0ro M0MeHTa H ,[(0 HallllfX ,[(Hett, a TaK)Ke reoMelplfH 

npocrpaHCTBa. Ilocne,n:HHJI BJII!JleT caMhIM Henocpe,n:crneHHhIM o6pa30M, 

Il0CKOJlbKy Mhl 0CYIIIeCTBAAeM If3MepeHllJI yrJIOBbIX MaClllTa60B. .[(.rrIIHbl B0JIH 

BH,n:Hbl TIO,[( pa3HhIMif yrnaMH B pa3H0H re0MeTJ)Iflf. B OTKpbITOH BceneHHOH C 

0lpIIQaTeJibHOll KpHBif3H0ll IIJIH )Ke B 3aMKHYTOll BceJieHHOll C IlOJI0)KHTeJihH0ll 

( ccpepttqecKOH rpexMepHoii) KpIIBII3H0ll yrJihl 6y.[(yr pa3HhIMII. 

Pttc.5 noKaJhrnaer cneKlp <pnYKTyauIIii TeMneparypbI penIIKTOBoro 

113JiyqeHllJI B 3aBIICIIM0CTif OT yrnosoro MaClllTa6a IIJIIf OT MYJihTifil0JihH0ro 'IHCJia 

1. B 3TOM · yrnoBoM cneKrpe ecTh Bn0JIHe orqeTJIIIBhle CTPYKTYPhl, nHKH II 

. np0BaJibI. BII,n:HO, qTo aHII30lp0TIIIJI K0CMII.'IeCK0ro MIIKp0BOJIH0BOro qJOHOBOro 

113JiyqeHllJI npoMepeHa ,[(0 ,n:OB0JihH0 60JibIIIIIX H0Mep0B rapMOHIIK, If y Hae 

IIMeeTCJI uenaJI xapaKTepHM KpHBM. qTO 3,n:ecb Ba)KH0 - B0-nepBbIX, caMII 

IlOJI0)KeHllJI TIIIK0B II HOMep rapM0HifKif, Ha K0TOPYJO npIIX0,[(IITCH MaKCIIMYM 

qJJI)'KTyau11ii. qTO 3TO 03HaqaeT? 3TO 03HaqaeT, 'ITO BO BceneHHOll Ha MOMeHT 

peK0M6IIHal.(IIII 6bma HeKM xapaKTepHM MIIHa BOJIHbl, ,[(AA KOTopoii 3BYK0Bhie 

BOJIHbI 6bIJIH Hatt6onee pa3BifThl, IfX aMIIJIHry,n:a 6bIJia Hatt60Jihllleii. MMeHHO Ha 

)TOH xapaKTepHoii MIIHe B0JIHhl (TO'IHee, B Y3K0M .n:11ana30He MHH BOJIH) 

Hatt6onee CIIJihHbl qJJIYKTyaQHH TeMneparypbI. 3To npoHBJIHeTCH B yrJI0BOH 
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3aBHCHMOCTH Ha yrJIOBbIX MaCIIITa6ax, npttMepHO COOTBeTCTBYJOIUHX nonyropa

)],By'M rpa,ll,ycaM, r)],e <tmYKryaQHH Hatt6onee 3aMeTHbl. )].aHHYIO )],JlllHY BOJIHbl Mbl 

Bll,l],eJIH 6hl IIO)], pa3HhIMJf yrnaMH B IIpOCTPaHCTBax c pa3HOll reoMeTPHeii, 

II03TOM)' OTCIO,l],a Mbl )],eJiaeM BhlBO)], 0 reoMeTpim Harnero IIPOCTPaHCTBa. TaK BOT, 

reoM~IDI HaIIIa - eBKJIH)],OBa, IIOCKOJlhKY IIMeHHO cnyqaJO IIJIOCKOro 

IIPOCTPaHcTBa COOTBeTCTByeT TaKOe pacIIOJIO)KeHIIe IIIIKOB B yrJIOBOM CIIeKTPe, 

KaK IIOKaJaHO BbIIIIe. LleThipexMepHIDI npOCTPaHCTBeHHO-Bpe·MeHHIDI Kp1IBII3Ha, 

KOHeqHo, cymecrnyeT, oHa orneqaeT pacrnlipeHIIIO Harnett BceneHHoii, a BOT 

TPeXMepHaH IIPOCTPaHCTBeHHIDI Kp1IBII3lla paBHa HYJIIO, B COOTBeTCTBllll C 

ll3MepeHHbIM cneKTpOM aHH30TpOIIllll MHKpOBOJIHOBOfO ll3JiyqeHHH. TaKHM 

o6pa30M, 3aKOH O paBeHCTBe Cy'MMbl yrJIOB TPeyroJihHHKa 180 rpa,ll,ycaM 

co6JIIO)],aeTCH )],JlH TPeyroJihHllKOB co CTOpOHaMH BIIJIOTJ, )],0 copoKa MllJIJIIIap,ll,OB 

CBeTOBh!X JieT! 3KcnepttMeHTaJihHblll cpaKT 06 eBKJill)],OBOCTII Harnero 

npOCTPaHCTBa C TQqKH 3peHHH o6meii TeOpllll OTHOCHTeJibHOCTII COBCeM He 

HBJIHeTCH ofo13aTeJibHhIM. KpoMe npoqero, Ha)],O 3aMeTHTh, qTo TaK)Ke 3TO :
1 

03HaqaeT, ~o Mbl BII,l],HM ,l],aJieKo He BCIO BceneHH)'IO, II ,l],OCTYIIHIDI ceiiqac )],JIH • 

Ha6JIIO)],eHllll o6naCTh IIpOCTPaHcTBa COCTaBJIHeT He 6onee 0)],HOro IIpOQeHTa 

IIOJIHOro ee ofo,eMa. A CKOpee scero, Mhl Bll,l],llM )],~e eme MeHhIIIYJO qacTh 

nonHoii BceneHHoii. 
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Puc. 5. CneKTp MO~HOCTH pemIKTOBOro H3JiyqeHHll B 3aBHCHMOCTH OT yrJIOBOro 

MaCIIITa6a (.11;aHHbie Ill!TH 3KcnepttMeHTOB, CITJIOIIIHall JIHHHll orneqaeT TeOpeTHqecKHM 

npe.D;CKa3aHHllM). 

Tenepb o6paTHMCH K B03MO)KH0CTII 3arJIHH)'Th B 6onee paHHlle MOMeHThl 

)KHJHH BceneHHoii (,ll,o peKoM6ttHaQtttt), OT O,ll,Hoii. ceKyH)].hl ,ll,O TPex MttHyr. H 

ll3yqHTh CTa)],llll 3BOJIIOQllll, KOTOphle xa'paKTeptt30BaJIHCh TeMneparypaMH OT 

)].eCHTKOB K3B )],O, npttMepHO, I M3B. 3TO - CTa)],IIll, Ha KOTOpbIX npoHCXO)],llJIH 
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TepMOH,ll,epHble peaKQHll, H 03 nepsuqHJ,IX npOTOHOB ll HellTPOHOB, )],0 TOro 

cymecTBOBaBIIIllX He3aBHCllMO, CTaJIH o6pa30BhIBaTbCH JierKtte 51,ll,pa: )],ettTepuii, 
3
He, 

4
He: 

p+n ➔ 2H 

2H+p ➔ 3He II T.)]. .... (2) 
3 He+n ➔ 4He 

H3MepeHtte peJIHKTOBhIX KOHUeHTPauuii 3THX JierKHx ll30TOIIOB II03B0JIHeT 

y6e)].HThC5I, qTQ Mhl xoporno II npaBHJihHO IIOHHMaeM 3BOJIIOUHIO paHHeii 

BceJieHHOll BO BpeMeHa OT CeKyH,lJ,hl )],0 HeCKOJlhKHX MHHyr IIOCJie nOJihIIIOro 

B3phrna. no KOCMOJIOrnqecKHM MepKaM, M3B - 3TO, BCe-TaKII, He 6e3y'MHO 

Bb!COKIDI TeMnepaTypa, II03TOMy TepMHH «paHHHJI», npttMeHHTeJibHO K 3BOJII0Qllll 

BceJieHHOll, Tyr Ha,l],O IIOHHMaTb a)].eKBaTHO. LITO 61,rno paHbIIIe, TO eCTh IIpH 

TeMnepaTYIJax Bhirne I M3B, cero,ll,HJI MhI He 3HaeM. PeanbHO HeT HHKaKIIx 

3KCIIepHMeHTaJihHhIX )],aHHhIX H CBH)],eTeJihCTB OTHOCHTeJihHO CTa)],IIll 3BOJIIOQIIH 

)],0 1 CeKYH)].bl. KaK BceneHHIDI pa3BllBaJiacb H H3MeHHJiaCb TeopeTIIqecKH 

IIOHHTHO, HO 3KCIIep1IMeHTaJihHO HeH3BeCTHO. TaK qrn, KaK Mbl BCe Ha)],eeMC5I, B 

3TOM OTHOIIIeHHH BAK HaM ,lJ,OJI)KeH qTO-TO II0)],CKa3aTh. 

fe11epaL\H>I HCllM~lCTpHU 
Me)K/1.Y Ma-repncl! 
l[ aHTHMaTCpuel! 

Pro.1\YBaHne 
(nmpmu-1n>1) 

Puc. 6. 3Tanhl 3BOJIIOUHH BceJieHHOH II .11;aHHhie O HHX 

Bee, qTo Mhl 3HaeM cerO,lJ,H5I O BceJieHHOll, COCTaBJIHeT BIIOJIHe 

CaMocornacoBaHHyIO KapTHHy. EcTb QeJihlll pH)]. pa3HbIX Ha6JIIO)],eHHll, 

cornacyiomnxcJI ,ll,pyr c ,ll,pyroM (pemIKTOBoe ll3JiyqeHne, Ha6n10,l],eHne CTPYKTYP 

Bo BceneHHOtt II np.). Ho caMblll HHTPIIryIOIUHll MOMeHT 3aKJIJOqaeTC5I B TOM, qTQ 

IlOJiyqeHHaJI Kapnma OPTOfOHaJihHa TOMy, qTQ ll3BeCTHO B q>H3HKe 3JieMeHTapHbIX 

qacTnu. M BOT ceiiqac Mhl nepeXO,l],HM K o6c~eHHIO 3TOll HeCTbIKOBKII. 
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TEMHMI MATEPIDI BO BCEJIEHHOH 

HrnK, eme pa3, qTO Mbl 3HaeM eero)).IDI O BeeJieHHOll? Otta . IIJIOeKrur, OHa 

paellIIfpSieTesr, Te~m :noro paernHpeHHSI eero.uHsr onpe.uensreTesr eoBpeMeHHbIM 

3HaqeHHeM napaMeTpa Xa66na 

dlnR =Ho =--1 
dt 14 • 109 

years 
(3) 

TaK qTO 3a ene.uyro1U1Ie 14 MJip)).. JieT BeeJieHHM paellIIfpHTeSI eme npHMepHO 

B)).BOe. MI,1 3HaeM ypaBHeHHe 3BOJIIOIUUI BeeJieHHOH, H Bee, qTO eeiiqae H3BeCTHO 

H3 3KenepHMeHTa, no.urnep)l()).aeT 3TOT q>aKT. YpaBHeHIIe 3BOJIIOUIIH 

npOeTPaHeTBeHHO-IIJIOeKOH BeeJieHHOH HMeeT oqeHb npoeTOH BH)). (ypaBHeHHe 

Cl>p Il)).MaHa): 

2 8JrG 
H 0 =- Po 

3 
(4) 

To eeTb .TeMn paeumpeHHSI (3.ueeb OH 3aIIIIeaH )).JISI eBoero eoBpeMeHHOro 

3Haqemrn) B KBa.upaTe nponopUHOHaJieH nOJIHOH nnornoeTH 3Hepnrn BO 

BeeJieHHOH (nOJIHOH nJIOTHOeTH Beex cymeeTByI01UHX cpopM MaTepIIII), H 

K03q>q>HI.llleHT nponopUHOHaJibH0CTH B 3T0M eO0TH0IIJeHHII eCTb HblOTOH0BeKrur 

rpaBIITaUH0HHaSI noCT0SIHHM. 0Te10.ua, npII H3BeeTH0M TeMne paeIIIIIpeHHSI, 

M0)l(lf0 HaHTII eoBpeMeHH0e 3HaqeHIIe IIJI0TH0eTH 3HepmII BO BeeJieHH0H. OHa 

nonyqaeTeSI He60JibIIIOfi, Po =(5,3±0.5)D1B/,\13
• Pa3Hbie BH)).bl MaTepHII .uaIOT 

pa3Hble BKJia)).bl B 3T0 nOJIHOe 3HaqeHHe. B qaeTH0eTII, eeJIH 6bI IIJI0TH0eTb 

3HeprHH B oeHOBH0M o6yenaBJIHBaJiaeb 6apHOHaMH, TO 3TO 03Haqano 6bJ, qTO BO 

BeeneHH0H B epe.uHeM npHeYTeTByeT nopsr.uKa nSITII 6apIIOHOB Ha Ky6oMeTP. Ha 

eaMOM )Ke .uene IIX rop!l3)).0 MeHbIIJe, noeK0JibKY Il3MepeHHSI peJIIIKT0B0ro 

II3JiyqeHHSI H npIIMeeII JiefKIIX 3JieMeHTOB B nepBIIqH0H IIJia3Me He3aBHeIIM0 .upyr 

OT .upyra II OT .upyrIIx II3MepeHIIH n03BOJISIIOT oueHIITb nJIOTH0eTb 6apIIOHOB B 

eoBpeMeHHoii BeeneHHOH, paBHyIO p8 = 0,24 I':JB/ M 3 
, TO eeTh Beero nopsr.uKa 4,5 

% OT n0JIHOH. OTHoeHTeJibHO ,llpyrIIx qaeTHu. Tipo HettTpHH0 Mbl 3HaeM, ~o IIX 

Maeea 3aBe)).0M0 MeHbIIJe 2 3B, II nerno paeeqHTaTb, eK0JibK0 IIX Beero BO 

BeeneHHOH. Tor.ua nonyqaeTeSI, ~o 0HH .uaIOT 3aBe)).0M0 MeHblliHH, qeM 6apIIOHbl, 

BKJia)). B n0JIHyIO nJIOTH0CTb 3Hepmtt. If eme MeHhIIIIIH BKJia)). npHXO)).HT OT 

q>OTOHOB H 3JieKTp0H0B. Bee oeTaJibH0e eoepe.uoTOqeH0 B TeMH0H MaTepttH (TM, 
npttMepH0 20 % nOJIHOH IIJIOTH0eTII 3Heprntt), II B TeMH0H 3Hepmtt (T3, 72 - 75 
%). BOT 3TO H eeTb TO MeeTO, B KOTOp0M CM eTaH0BHTeSI Hen0JIH0H - HaM 

TPe6yeTcsr TM II T3. 

Ee3 TM HHKaK HeB03M0)I(H0 o6oiiTHeb B eornaeoBaHH0H KapTHHe 

BeeneHHOH. TioeKOJibKY noMIIM0 TOf0, qTo eCTb «He.uocrnqa» B H3MepeHH0H 

nJIOTHOeTH 6apHOHOB, no epaBHeHHIO e nOJIHOH H3MepeHH0H nJI0THOCTblO 

3HepmH, TM BH)).Ha no eB0IIM rpaBHTaUH0HHblM 3cpcpeKTaM. Bo-nepBbIX, eeTb 
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)).8HHble no o6pa30BaHHIO raJiaKTHK H eK0nJieHHH ranaKTHK B npoueeee 3B0JIIOUHH 

BceJieHH0H, H eeTb Henocpe.D,eTBeHHbie H3MepeHHSI rpaBHTaUH0HHblX 

noTeHUHaJI0B 3THX o6beKTOB. To eeTb )).JISI pa3JIHqHblX M8CIIJTa60B OT npttMepH0 

.D,eeSITK0B KHJI0IIapeeK II )).0 HeeK0JibKHX MeranapeeK eymeernyIOT He3aBHeIIMbie 

H3MepeHHSI rpaBHTaUH0HHblX noTeHUHaJI0B. HanpttMep, )IJISI eK0JIJieHHH faJiaKTHK 

cymeernyeT BeehMa np0,!1,BHHYTbIH MeT0)). ( 0.D,HH H3) - H3MepeHHe 

rpaBHTaUII0HH0ro noTeHUHaJia no 3cpcpeKTY rpaBHTaUIIOHH0fO JIHH3IIp0BaHIISI. 

Pnc. 7. fpaBHTaIIHOHHOe JIHH3Hp0B3HHe CBeTa OT faJI3KTHK Ha 60JihIIIOM CKOIIJieHHH 

( CJieBa) II BOCCTaHOBJieHHOe pacrrpe,lleJieHHe TeMHOH MaTepHH ( crrpaBa). 

Ha pHC. 7 eneBa noKa3aH pemcTpHpyeMbIH TeJieCK0n~m BH)).IIMbIH eBeT (,KeJITbJe 

ranaKTHKII npIIHa)).Jle)I(aT CK0JIJieHHIO, a rony6bIM noKa3aHbl MHIIMbie 

mo6pa)I(eHIISI .D,aJieK0H ranaKTIIKH, paen0JI0)I(eHH0H 38 60JibIIIIIM eKOnJieHHeM). A 
enpaBa .D,aH0 BoeeTaH0BJieHH0e pacnpe.D,eJieHIIe TM. BII)).HO, ~o OHO rop!l3,!1,0 

MeHee «K0MKaeTOe», 6onee nJiaBH0e, 6e3 srpKO Bblpa)I(eHHbIX CTPYKTYP, H OHO 

C0BeeM He eoBna.uaeT e paenpe.D,eJieHHeM 06b1qHoro Bemeerna, B TOM CMbieJie, qTO 

B raJiaKTIIKax rop83)).0 MeHbIIIe JI0KaJibHblX KOHUeHTp8UHH TeMHOfO BemeeTBa, no 

epaBHeHIIIO e pacnpe.D,eneHtteM 06b1qHoro Bemeerna. TM pacnpe.D,eneHa no 

eK0nJieHHIO ranaKTHK cpaBHIITeJibH0 paimoMepHO, a 06b1qHoe Bemecrno eHJibHee 

JI0KaJIII30BaH0 B eTpyKTypbI. 3n1 II3MepeHHSI n03B0JISIIOT onpe.D,eJIIITb 

rpaBHTaUII0HHbIH noTeHUHaJI II, C00TBeTeTBeHH0, IIJI0TH0CTb MaCCbl TM B 

ranaKTHKax. 

BOT 0.lIHH 3aMeqaTeJibHblH H T0)l{e )).OB0JibHO II3BeeTHblH npttMep - )).Ba 

CTOJIKHYBlllHXeSl CK0IIJieHHSl ranaKTHK, TO, qTo H!l3hIBaeTCSl Bullet KJiaCTep (PIie. 

8). CneBa H cnpaBa JIHHIISlMII II306pa)I(eHbl 3KBIIII0TeHUHaJibHble II0BepXH0CTII 

rpaBHTaUH0HHbIX noTeHUilaJI0B, H3MepeHHbIX e JI0M0IUblO rpaBIITaUII0HH0fO 

JIIIH311p0B8HIISl, a SlpKHMII UBeTaMH Ha npasoii KapTHHKe o6o3HaqeH ropSlqHii ra3, 

K0TOpblH ,llaeT OCH0BHYIO %CTI, 6apIIOHHOH IIJIOTH0CTII B ranaKTIIKax. BII.D,HO, qTQ 

0CH0BHa51 Maeca, C03)).8lOIUaSI rpaBIITaUII0HHbIH JIOTeHUilaJI, II 6apIIOHbl 0K83aJIIICb 
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pa:meceHHhIMH ;rpyr ornocmeJihHO ;rpyra.HHTepnpernr:urn :noro qiarcra TaKOBa. 

EapHOHhI B3aHMO)lei1crnyIOT ;rpyr C ;rpyroM, nptt CTOJIKHOBeHHH OHH TOpM03.!ITC.!I 

tt «OTCTaIOT», qTo H BbipIDKaIOT 6JIH3KO pacnOJIO:lKeHHhie .srpKHe UBeTHhie n.srrna, a 

TM nparcrrrqecKH He B3attMo;rei1crnyeT cal\m c co6oi1 H c 06L1qHou MaTepttei1 

( TOqHee, B3aHMO,ll,eHCTByeT TOJihKO rpaBHTaUHOHHO ), Il03TOMY nptt CTOJIKHOBeHllll 

,ll,Byx CKOilJieHHH OHa nponerneT 6e3 3a;rep:lKeK If )laJieKO pa3JieTaeTC.!I B pa3Hhie 

crnpoHhI. TaKttM o6pa30M, 6apttOHLI He npttB.sr3aHbl K TM, KOTopa.sr «:lKHBeT CBOei1 
:lKH3HhIO». 

·:g 

·~ 
"' 

-~ 
·;g 
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Puc. 8. CrOJIKii)'BillHCCH CKOIIJICHHH ra.rraKTHK tt pacrrpC,ll,CJICHHH ofaiqHoii MarepHH tt 

TCMHOH MarepHH B HHX 

. Puc. 9. IlpnMep KpHBOH BpaIUCHHH B ra.rraKTHKC 

KpoMe TOro, eCTb He3aBHCllMhie If3MepeHH.!1 )IM COTeH llJIIf .n:a:lKe )')Ke OKOJIO 

TbIC.!lqif raJiaKTHK no KpHBbIM BpameHH.!I Ha nepttqiepHH raJiaKTHK (Pttc. 9). 

CKopOCTb y;raJieHHbIX 3Be3)l llJill o6JiaKOB ra3a ,ll,ep:lKHTC.!I 6onee-MeHee 
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IlOCTO.!IHHOH nptt YBeJIIfqeHllll paCCTO.!IHll.!I OT ueHrpa (XOT.!1 )!JI.II KaKHX-TO 

raJiaKTHK OHa cJierKa pacTeT, a )lJI5I ;rpyrnx - cJierKa na.n:aeT). TipttMepHoe 

IlOCTO.!IHCTBO CKOpOCTeii BpameHH.!I 03Ha'IaeT, qTO B TeMHOH o6JiaCTJf Ha 

nepttqiepttll raJiaKTHK, r)le HeT HHKaKHX CBeT.!IIUllXC.!1 061,eKTOB, cymecrnyeT TM, 

06ecneqttBaIOma.sr rpaBHTaUHOHHhlll IlOTeHUllaJI lI BhICOKYIO CKOpOCTh o6pameHH.!I 

3Be3)l If ra3a BOKpyr raJiaKTHK. 

KapTHHOK, aHaJiornqHhIX pttc.9, CYIUeCTBY$!T )IOCTaToqHo MHOro, OHH BCe 

BeChMa TIOXO:lKH ;rpyr Ha ;rpyra lI qeTKO TIOKa3hIBaIOT, qTo npaKTH'IeCKH BCe 

raJiaKTHKH 06na;ra10T TM c ,ll,OBOJihH0 6oJihIIIHM raJio. TaKHM o6pa3oM, TM He 

.!IBJI.!leTC.!I HeKJfM ((If3JIHIIIeCTBOM» BO BceJieHHOH, OHa cymecTBeHHa )lJI5I 

IlOCTpOeHH.!I cornacoBaHHOro 0ilHCaHH.!I lI 061,.srcHeHlUI 3KCnepIIMeHTaJihHhIX 

Ha6JIIO,ll,aeMbIX. 

KpoMe Toro, TM He npocTO Ba:lKHa, OHa B onpe;reJieHHOM CMhICJie 

:lKII3HeHHO BIDKHa, II )leJIO TYT BOT B qeM. Mb! 3HaeM, KaKHe HeO)IHOpO,ll,HOCTH 

6hIJill B paHHeii BceneHHOH Ha MOMeHT peKOM6IIHaUIIII y 6apIIOHHOH 

KOMTIOHeHThI. no BeJIHqIIHe 3TII He0.UHOp0,ll,HOCTII 6hum nop.sr;rKa 

HeO,ll,HOpo.n:HOCTeH TeMnepaTypbI: 

08 =(0
Ps) ~(or) 
Ps rec T CMB 

(afew)-10-5 (5) 

Perna.sr ypaBHeHlUI OTO, MO:lKHO y6e.n:ttThC.sr, qTo Ha nocJie,ll,YIQIUiIX cTa;rtt.srx 

npOIICXO)lllT pocT HeO)IHOpO.UHOCTeH B 6apIIOHHOH MaTepttH. 11, eCJIII 6bI He 6hIJIO 

TM, 3TOT pocT 6hrn 6hl o6parno nponopUIIOHaJieH 'reMneparype. C pacrnIIpeHtteM 

BceneHHOH 6orree TIJIOTHhie o6JiaCTll npHT.!lrHBaIOT K ce6e 0CTaJihHOe Bemecrno, tt 

3T0T npouecc TIOCTeneHHO ycIIJIHBaeTC.!I. Ho npOIICX0)llIT 3TO, KaK J,Ke 

roBopIIrrocb, He oqeHh 6h1CTpo, Bcero JIIIIIIh o6parno nponopuIIoHaJihH0 

TeMnepaType, op/ p(T) oc r-1
• Tio3TOMY, ecrrtt 6L1 He 6hrno TM, cero)IH.!IIIIH.sr.sr 

BeJIHqHHa qlJIYKTYaUIIH TIJIOTHOCTII BO BcerreHHOH oueHIIBaJiaCh 6bI KaK HaqaJibHOe 

3HaqeHIIe (5), YMHO:lKeHHOe Ha o6parnoe OTHOIIIeHHe Te.MnepaTyp Ha 

cero.n:H.!IIIIHIIH MOMeHT II Ha MOMeHT peKOM6HHaUIIH. Cero,ll,H.!I TeMneparypa 

COCTaBJI.!leT 2,7 K, Ha MOMeHT peKOM6HHaUIIII 0Ha 6brna 3000 K, TaK qro qiarcrop 

poem - nop.sr,n:Ka 1100 K. ,[{IDI qJIIyrcryauIIii norryqaerc.sr 

( op) =llO0x(afew)-10·5 =(a few)· 10·2 

P today 

(6) 

I1TaK, eCJIII 6bl He TM, HeO.UH0PO.llHOCTII TIJIOTHOCTH COCTaBJI.!IJill 6hl BCero 

HeCKOJihKO npoueHTOB, a 3TO - CJIIfllIKOM MaJihie 0TKJIOHeHIUI OT cpe,ll,Hero, nptt 

TaKHX qirryrcryau1rnx HIIKaKIIe HeJIIIHettHhie 3qJqJeKThl (3qJqJeKTbl KOJirranca) He 

B03HHKaIOT, II HIIKaKIIe CTpyrcrypbl He CMOrJIII 6hI o6pa30BaTbC.!I. A cnacaeT .n:erro 

TM, II BOT noqeMy. Heo.n:Hopo.n:HOCTII B 6apIIOHHOH MaTepttll Ha'IIIHaIOT pacTII 
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TOJihK0 nocJie peKoM6IIHaIJ:IIII, .no 3T0ro eCTh 0,UH0po.nurur cpe.na C 60JihllIIIM 

.naBJieHIIeM, eCTh 6apIIOHhl II TeCH0 C HIIMII B3aIIMO,neiicTBj'IOIUIIe 4)0TOHbl, II 

«CKY'J:IIBamrn» MaTepIIII He npoIICX0,UIIT. Ho MH TM TaK0ro 34)4)eKTa HeT, 0Ha He 

B3aIIM0,UeHCTByeT C 4)0TOHaMII, ,naBJieHIIe 0TCYTCTByeT, II pocT He0,UH0p0,nH0CTeH 

Haq11HaeTCH ropm.no paHbIIIe no BpeMeHII 3B0JIIOUIIII BceJieHHOH. 

Pa.:..tttaiiuowme µoummJ>0Baime ;:{01,numponaJme MaTepHH 

<I> 

feq free 

Jl,oMHUHJ)OBaJIH~ 

TI~1,.mott 3ttepnnr 

ti\ t 

Pnc. IO. Poer HeOJJ;HOpOJJ;HOCTeil: IlJI0TH0CTH ,mm pa3HbIX KOMIIOHeHT MarepnH 

Ha p11c. l O cxeMaT11qecKII H306pIDKeHO, KaK .no M0MeHTa peKOM6IIHaUIIII 

4)JIYKTYaQIIII nJI0TH0CTII 6apIIOHOB II 4)0TOHOB .nep)l(aTCH 6oJiee-MeHee 

0.nttHaK0BbIMII II n0CTOHHHbIMII. B 0TJIIIqIIe OT HIIX, p0CT 0TH0CIITeJihHbIX 

He0,UH0P0M0CTeH TM Haq11HaeTCH eme Ha pa.n11auII0HH0-,U0MIIHIIp0BaHH0H 

cTa.nttII. IlpaB,na, B 3TY 3noxy pocT II He oqeHh 6McrphIH, Bcero JIIIIIIh 

JIOrapII4)MIIqecKIIH, II3-3a BeCbMa 6bICTporo pacIIIIIpeHIIH BceJieHHOH. TeM He 

MeHee, noJiyqaeTCH, qTO He0,UH0p0M0CTII TM ycneBaIOT BbipacTII K M0MeHzy 

peKOM6IIHaQIIII, a 6apIIOHHbie He0,UH0p0,UH0CTII, rpy6o roaopH, «na,naIOT» Ha 3TII 

J)l(e o6pa30BaBIIIIIeCH He0,nHopo,nH0CTII TM II Ha CYIUeCTBYJOIUIIe 

rpaBIITaUII0HHhie noreHUIIaJibI. ,l:{anee 3T0 3B0JIIOUII0HnpyeT Bee BMeCTe. TaKiIM • 

o6pa30M, BO Bcex ranaKTIIKax eCTb II 06b1qHoe BemecTBo, II TM, H0'0CH0BY ,UJIH 

4)0pMIIpOBaHIIH crpyKTyp II rpaaIITaUII0HH0ro noTeHUIIaJia (K M0MeHTy 

peKoM6IIHau1m oco6eHHO, XOTH II n03)l(e TO)l(e) C03,UaeT IIMeHH0 TM. Il03TOMy 

TM - CYIUeCTBeHHruI K0Mn0HeHTa BceJieHHOH, 6e3 Hee Mbl He IIMeJIII 6bI 3Be3,U II 

raJiaKTIIK. 

liAPIIOHHAH ACIIMMETPIDI BO BCEJIEHHOH 
Eme 0,UHa npo6JieMa, K0T0prur TO)l(e y BCex Ha CJiyxy - acIIMMerpIIH Me)l()J;y 

BemecTB0M II aHTIIBemecTB0M BO BceJieHHOH, K0TOpruI T0)l(e oqeHb CYIUeCTBeHHa 

II )l(lJJHeHH0 B~a MH Hae C BaMII. AHTIIBemecTBa BO BceJieHH0H HeT ( ecJIII He 

6parb B pacqeT HeK0T0pbie 3K3ornqecKIIe cueHap1111, .norrycKa10m11e oco6hle 

ycJI0BIIH CYIUeCTB0BaHIIH aHTI1MaTep11II), a aemeCTB0 eCTb. 
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Ilpo6JieMa C0CT0IIT B TOM, qrn 3T0 He Bcer.na 6hIJIO TaK. Ha paHHIIX CTa,UIIHX 

3B0JIIOUIIII BceJieHHOH, np11 TeMnepaTYPax BhIIIIe np11MepHo 300 M3B (mm 

T > 3 -1012 K) KBapKII II aHTIIKBapKII aKTIIBH0 o6pa30BblBaJIIICb nonapH0, 

n0CK0JibKY 3Hepm11 ,UJIH 3TIIX npoueccoB 6bmo ,U0CTaTOqHo. Cero,nHHIIIHIIH ipaKT 

npIICYTCTBIIH BO BceJieHHOH T0JibK0 BeIUeCTBa roaopIIT 0 TOM, qTO np11MepH0 Ha 

MIIJIJIIIap.u KBapK-aHTIIKBapK0BblX nap Ha paHHIIX CTa)J;IIHX CYIUeCTB0BaJI Bcero 

JIIIIIlb 0,UIIH (<JIIIIIIHIIH» HeCK0MneHCIIp0BaHHblH KBapK: 

nq - 71q - 10-9 
nq +nq 

(7) 

3Ta MaJiruI pa3HIIUa II ,nana, nocne B3aIIMHOH aHHIIrIIJIHUIIII nap, ace HbIHe 

cyIUeCTBYIOIUee 6apIIOHHOe BeIUeCTB0 BceneHHOH. ,l:{o CIIX nop He peIIIeH B0npoc, 

KaKIIM o6pa30M B xo.ue 3B0JIIOUIIII BceJieHHOH B03HIIKJia 3Ta aCIIMMerpIIH (TO eCTb, 

ipaKT~eCKII, qT0 c.nenano B03M0)KHbIM CYIUeCTB0BaHIIe II «Bbl)l(IIBaHIIe» 

BeIUecTBa). ,l:{JI5I Toro qT06bI aCIIMMerpIIH B03HIIKJia, rpe6yeTCH HapyIIIeHIIe 

3aK0Ha coxpaHeHIIH 6apIIOHHOro qIIcJia, qTO T0)l(e rpe6yeT BbIX0,Ua 3a paMKII CM. 

foB0pH 0 paHHIIX CTa)J;IIHX, CH0Ba Heo6xo,nIIMO BepHYTbCH K pIICYHKY 6, 
cyMMIIPYJOIUeMy HaIIIII 3HaHIIH 06 3B0JIIOUIIII BceneHHOH. To, qro MhI 3HaeM, 

6hIJIO n03)l(e I CeKYH.nbI C M0MeHTa bOJihIIIOro B3pbrna, a cefi:qac Mhl roaopIIM KaK 

pa3 0 TOM, qro 6bmo paHbIIIe. 11MeHHO Ha 3TIIX 6onee paHHIIX 3Tanax II 

np0IICX0,UIIJIII B3aIIMO,UeHCTBIIH, 3a cqeT K0T0pbIX CTaJia B03M0)l(H0ll reHepauIIH 

6apIIOHHOH aCIIMMeTpIIII (KaK II He113BeCTHblX noKa qacrnu, C0CTaBJIHIOIUIIX TM). 

11 Ha 3TY TeMy Mbl T0)l(e Ha,neeMCH Y3HaTb qTO-T0 H0B0e, B xo.ue pa60Tbl EAK . 

liAK II HOBhIE IlEPCilEKTIIBhl no OTKPhITIIIO COCTABA TM II 
MEXAHII3MArEHEPAUIIIIliAPIIOHHOHACIIMMETPIIII 

O,11;Ha 113 Ha116onee pacnpocrpaHeHHblX mnoTe3 HacqeT TM, K0Toprur ,naBH0 Ha 

cnyxy, 3TO mnoTe3a o WIMP - H0B0H cna6o B3aIIM0,nefi:CTBYJOIUefi: MaccIIBH0H 

qacrnue, HeHrpaJibHOH, CTa6IIJibHOH (no K0CM0JI0mqeCKIIM MepKaM), K0T0prur 11 

C0CTaBJIHeT TM. Bee CJI0Ba B onpe,neJieHIIII - CYIUeCTBeHHbie, II «H0BM», II 

<<Hefi:rpaJibHruI», II ((TH)l(eJiaH», II «cTa6IIJibHruI». Hefi:rpaJibHruI - qT06bI 3T0 

.nefi:cTBIITeJibHO 6hrna TM, K0T0paH He B3aIIMo,nefi:CTBYeT c 4)0TOHaMII II He 

113JiyqaeT CBeT, T5I)l(eJiruJ: - qTOfaI 06ecneq11Jia HJ)l(Hblll K0JI11qecTBeHHblH BKJia)J; B 

06IUyio nJI0TH0CTb 3Hepm11 II B IlJIOTH0CTb TM, CTa6IIJibHllil - qrn6b1 ,U0)KIIJia .no 

HfilIIIIx .nHeiI. A H0Brur - npocro noT0MY, qTo TaKIIX qacTIIU B CM HeT. Bee 

HeHrpaJibHble CTa6IIJibHhie qacTIIUbl CM HaM 113BeCTHbl, II HII o.nua 113 HIIX He 

no.nxo,IJ;IIT. HettrpIIH0 TO)l(e He n0,UX0MT, n0TOMY qro, ,Ua)l(e ecJIII 6hI 0HII 6hIJIII 

.U0CTaToqHo T5I)l(eJihIMII, 0HII 6bI He o6pa30BbIBaJIII CTPYKTYPbl TaK, KaK 3TOro 

Tpe6yeT cornacoBaHH0CTb C 3KCnepIIMeHTaJibHbIMII ,IJ;aHHbIMII (BO BCHK0M cnyqae, 

3T0 KacaeTCH CTaH,napTHblX «He3K30TIIqecKIIX» HeHrpIIH0 CM). 

Ecn11 roaopIITb o npaa,nono.no6Hocrn mnoTe3hI WIMP, TO KaprnHa TYT 
TaKrur. ECJIII Mbl YTBep)l()J;aeM, qTo CYIUeCTByeT CTa6IIJibHruI HeHTpaJibHruI TH)l(eJiruI 
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qacnu.(a C Maccoll M H ceqeHHeM aHHHnIJIJIUHH O" o, TO MO)KHO BbIIlOJIHHTb oqeHh 

npocTOe BblqHCJieHHe. Ha paHHHX CTMHJIX 3BOJUOUHH, Kor.ua TeMnepaTypa 

BbICOKaJI, TaKHX qacruu J\,fHOfO ( ecJIH ceqeHHe aHHHnIJIJIUHH cpaBHHTeJihHO 

60JiblllOe, TO H ceqeHHe pO)K,!leHHJI TO)Ke cpaBHHTeJihHO 6oJihlllOe; BCJie,!lCTBHe 

CTa6HJibHOCTH H HeKoero COOTBeTCTBy10mero 3aKOHa coxpaHeHllJI, HOBOH 

CHMMeTPHH, JIB qaCTHUbl po)K)J,alOTCJI napaMH). KOHUeHTPaUllll 3IBX qacruu npH 

TeMnepaType BbIIlle M npHMepHO TaKaJI )Ke, KaK H OCTaJibHbIX qaCTHU, HanpHMep, 

qJOTOHOB. .[{anee BceneHHaJI paCillHpJieTCJI H OCTbIBaeT, H, Kor.ua TeMneparypa 

onycKaeTCJI HH)Ke 3HaqeHHJI MaCCbl, T < M, KOHUeHTPaUHJI CTaHOBHTCJI MeHbllle, a 

o6pa30Bam1e 3THX qacrnu B CTOJIKHOBeHHJIX CTaHOBHTCJI no.uaBJieHHbIM 

(aHHHrHJIJIUHJI TO)Ke 3aMe)J,JIJieTCJI). B KOHeqHOM HTOre, MO)KHO BblqHCJIHTb 

MOMeHT, Kor.ua npo.uon)Ka10maJ1 YMeHhlllaThCJI KOHUeHTpauuJI WIMP 

«3aMOpa)KHBaeTCJI)) - qacTHUbl nepeCTalOT HaxO,!lHTb .upyr .upyra H 

B3aHMO,!lettCTBOBaTb B KOCMHqecKOll cpe.ue. 3TO npOHCXO,!lHT npH TeMnep,nype T 
~ M/30 (qucJieHHblll K03qJqJHUHeHT 3,!leCh cnerna 3aBHCHT OT napaMeTPOB 

MO,!leJIH). MO)KHO BblqHCJIHTb COBpeMeHHOe 3HaqeHHe KOHUeHTPaUHH MaCCbl 

WIMP BO BceneHHOtt: 

Mn~ In(MMp1ao) (8) 
s aJt,fp1 

3.uech s - COBpeMeHHOe 3HaqeHHe IlJIOTHOCTH 3HTPOilHH, M - Macca qacTHU, KaK H 

BbIIlle. Ilone3HO 3aMeTHTb, qTO OTHOilleHHe IlJIOTHOCTH MaCCbl K IlJIOTHOCTH 

3HTpOilHH eCTb BenuqHHa IlOCTOJIHHaJI B npouecce 3BOJIIOUHH, H Il03TOMY OHO 

JIBJIJieTCJI oqeHh y.uo6HhIM napaMeTPOM npH BblqHcJieHHJIX. COBpeMeHHOe ero 

3HaqeHHe paBHO 3. 10-10
f3B. 3aBHCHMOCTb OTHOilleHllll B qiopMyJie (8) OT MaCCbl 

qaCTHUbl - JIOrapHqJMHqeCKaJI, TaK)Ke B Hee BXO)J,JIT MaCCa IlJiaHKa M ceqeHHe 

aHHHrHJIJIUHH. OnymeHHblll 3,!leCh K03qJqJHUHeHT nponopUHOHaJibHOCTll - qucno 

nopll)J,Ka e,!lHHHUbl. KpoMe Toro, qiopMyna 3aIIHCaHa B nptt6JIH)KeHHH S-BOJIHOBOH 

aHHHrHJIJIUHH WIMP, qTo oqeHh Ba)KHO, H MhI BepHeMCJI K 3TOMY qYTh n03)Ke. 

ToqHbie npe.ucKa3aHHJI Ha Macey M ,!laTb HeJih3JI, OHa MO)KeT Jie)KaTb B IllHpOKHX 

npe.uenax ( OT .uecJITKa f3B .uo T3B, xorn 3HaqeHHJI BhIIlle TJB ~e 

He)KeJiaTeJihHbl, IlOCKOJibKY ceqeHHe aHHHrHJIJIUHH 6y.ueT oqeHh MaJieHbKHM). 

CoBpeMeHHaJI norrHaJI IlJIOTHOCTh TM BO BceneHHOtt cna6o 3aBHCHT OT 3TOtt 

MaCCbl, H .!lJIJI ynoMJIHYThIX IllHpOKHX npe.uenoB norryqaeTCJI npaBHJibHOe 

Ha6n10.uaeMoe 3HaqeHue. Ba)KHO, qTO ecnu noTPe6oBaTb, qT061,1 KOHUeHTPaUHJI 

nonyqanach «npaBHJihHOtt», TO ecTb coorneTCTBYJOillett Ha6n10.uaeMOMj BKJIMY 

TM, TO ceqeHHe aHHHfHJIJIUHH ,!l0JI)KH0 6bITb O"o = (1-2)· 10-36
CM . 3TO -

,!lOBOJibHO 60JiblllOe 3HaqeHHe, TaKOll nopJl,!l0K ceqeHHJI xapaKTepeH .!lJIJI cna6bIX 

B3aHMO.UettCTBHtt (noqeMy, co6crneHHO, qacrnua u Ha3hrnaeTcJI WIMP). 

CoorneTcTBeHHO, JTO cpa3y .uaeT HaM MaCillTa6 JHepmii, xapaKrepHhitt .!lJIJI TM. 
OH C0Bna,naeT C 3JieKTPOCJia6hIM MaCillTa60M nopll.UKa COTHH HJIH HeCKOJibKHX 

coTeH f3B, KOTOp1,1ii KaK pa3 u 6y.ueT H3yqaThCJI Ha EAK. 
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Y Bcex TaK)Ke Ha cnyxy, ~o Hatt6onee o6cy)K)J,aeMhIM KaH.UH.UaToM B WIMP 

JIBJIJieTCJI HeiiTPaJIHH0 - qacmua, npHCYTCTBYIOillaJI B cynepcttMMeTPHqHhIX 

MO,!leJIJIX. Ho TYT .ll ,!l0JI)KeH OTMeTHTb, qTQ THnHqHoe ceqeHHe aHHHrHJIJIUHH CJ y 

HeHTPaJIHHO X, BOo6me fOB0p.ll, CJIHillK0M MaJI0, M, eCJIH He Il0,!lf0HJITb 

napaMeTPhI, npoHCXO,!lHT «nepenpOH3BO,!lCTBO» 3THX qacmu CBepx TPe6yeMOH 

Ha6n10.uaeMOH IlJIOTH0CTH. B qaCTH0CTH, .ueno B TOM, qTo HettTpaJIHH0 nonapHO 

aHHHrHJIHPYJOT He B S-B0JIHe, a B p-BOJIHe, H H3-3a HeHyJieB0H CKOpOCTH qacrnu 

ceqeHHe aHHHrHJIJIUHH no.uaBJieH0. ll>aKT0p 3T0ro Il0,!laBJieHHJI: 

(av)ocv2 cx:T/Mx (9) 

CaMa p-B0JIH0BaJI aHHHrHJIJIUHJI B03HHKaeT BOT noqeMy. O61,1qHI,IH KaHaJI 

aHHHrHJIJIUHH H,!leT qepe3 o6MeH BHpTYaJibHbIM Z-6030HOM, K0T0pbltt B 

,!laJihHettllleM .uaeT napy qiepMHOHOB CM B K0HeqHQM C0CT0JIHHH - KBapK

aHTHKBapK HJIH nenToH-aHmnenTOH, xx➔ z* ➔ qq ,II. .[{JIJI aKCHaJihH0-

BeKTopHoro HJIH BeKT0pHoro B3aHMO,!lettCTBHJI (peJIJirnBHCTCKHe qiepMHOHbl B 

K0HeqHQM COCTOJIHHH) IlOJIHbIH yrJI0B0H MOMeHT K0HeqHoro C0CTOJIHHJI 

nonyqaeTC.ll paBHbIM e,!lHHHUe. HettTPaJIHHO - 3T0 H,!leHTJiqHI,le qiepMHOHbl, H no 

npHHUHilY Ilayntt Ha6paTb IlOJIHbIH yrJI0B0ll M0MeHT, paBHblll e,!lHHHUe, c 

IlOM0illblO napanneJihHbIX CilHH0B HeJih3JI. Il03TOMY e,!lHHCTBeHHbIH BblX0.!l -:- 3T0 

p-B0JIH0BaJI aHHHrHJIJIUHJI, TO eCTb HettyJieBOH op6ttTaJibHblll M0MeHT. 3TOT p

B0JIH0B0H npouecc ,!lOB0JibH0 cymecrneHH0 YMeHblllaeT ce•1eHHe aHHHrHJI.llUHH, H, 

qT06hI nonyqHTb npaBHJibH0e 3HaqeHtte K0HUeHTPaUHH HettTPaJIHH0 BO 

BceneHHoii, HY)KHO, KaK )'.)Ke roBopnrroc1,, no.uroHJITh napaMeTPhI. 
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IlpoHJimocrpttpyeM 3TO. Ha pttc.11 IIOKa3aH O,[(HH H3 .!l:OCTaTO'IHO 11011yIDipHhIX 

cuettaptteB cy11epCHMMeTpHH - MHHHMaJihHaJI CY!IeprpaBHTaUIDI, !IpH He6oJihlllOM 

3Ha11eHHH tg /J ( OTHOilleHHH BaKyyMHhIX cpe,n:HHX XHITCOBCKHX IIOJieii B 3TOii 

MO,n:em1). Po30BaJI II KOPHllHeBaJI o6JiaCTII Ha KapTHHKe IICKJIIO'leHhl 

TeopeTH'leCKII, TaK KaK 3,n:ech IIOJiy11aIOTCH <<He!IpaBHJibHbie» ( 3apH)KeHHhie) 

KaH,n:H,[(aTbl B TM, IIITPIIXOBhie JIIIHIIH OTBe'laIOT 3KC1IepttMeHTaJibHO JaKpbITbIM 

o6JiaCTHM 11apaMeTpOB MO,[(eJIH. B Teopern11eCKII II 3KC!IepHMeHTaJihHO 

.n:011ycrnMoii 11acr0 11pOCTPaHCTBa 11apmMeTPOB HMeIOTCH ,n:Be 011eHh yJKHe 

o6JiaCTII, IIO'ITII JIIIHHH (OTMe'leHHble cepbIM): IIJIH IIOBepxy rpaHHUbl Hil)KHeii 

KOpH'IHeBoii o6JiaCTII, HJIII IIOHH3Y rpaHHUbl BepxHeii p030BOii. B 3TIIX o6Jiacrnx 

IIJIOTHOCTb HeiiTPaJIHHO BO BceJieHHOii KaK pa3 paBHa IIJIOTHOCTH TM. 

IlpaKTH'leCKII 11ptt Bcex OCTaJihHbIX 3Ha'leHHHX 11apaMeTPOB aHHHrIIJIHUIIH CHJihHO 

110.n:aBJieHa, a B 3TIIX Y3KHX IIOJIOCKax OHa ycIIJieHa, 3a c11eT Toro, 'ITO B cpe.n:e 

HMeIOTCH .n:pyrne cy11epCHMMeTpH'IHbie 11aCTIIUhI, C KOTOpbIMH HeiiTPaJIIIHO 

B3aHMO.n:eiiCTBYIOT H MOryT aHHHrHJIHpOBaTb. KapTIIHKa HapHCOBaHa ,[(ID! 

He60JibIIIOro 3Ha'leHIDI tg /J - 10. ECJIH B3HTb 3TO 'IHCJIO 11060JihIIIe, xorn 6hI 

!IOpH,n:Ka 50, BCe CTaHOBHTCH He TaKIIM .n:paMaTII'IHhIM, II 110.n:roHKa 11apaMeTpOB 

y)Ke He TaK CHJihHO 11pocMaTPHBaeTCH. Xorn Bee paBHO, B ueJIOM 

cy11epCHMMeTpH'IHhie MO,[(eJIH BbirJIH,[(HT He O'leHh xopOIIIO, C TO'IKH 3peHID! TM,•H 

TyT eCTb HeKaJI IIHTPHra. 

PaJYMeeTCH, CYillecrnycr ,[(OBOJibHO MHOro KOHKypeHTOB cueHapHHM C 

HeiiTPaJIIIHO, II 06 0,[(HOM H3 HHX H xoqy YIIOMHHYTh. 3TO rpaBIITHHO, KOTOpoe 

orn011acrcH OT HeiiTPaJIHHO H Boo6me WIMP cJie.n:ymmIIM. Bee WIMP - 3TO TaK 

HaJbIBaeMaH XOJIO,[(HaH TM, ee qaCTHUbl 11peKpamaIOT B3aHMO,n:eiiCTBOBaTh C 

BemecTBOM, Kor.n:a OHII CHJibHO HepeJIHTHBHCTCKHe, HX CKOpOCTH Ha Bcex 3Tallax 

3BOJIIOUIIII BceJieHHOii 11peHe6pe)KHMO MaJibl (11TO H ecTb XOJIO,[(HaH TM !IO 

011pe,n:eJieHHIO ). B OTJIH'IIIe OT HHX, rpaBHTHHO MO)KeT 6bITb «Te!IJIOii» TM. Ilepe.n: 

TeM, KaK o6bHCHHTb 3TO pa3JIII'IIIe, Ha,[(O OTMeTIITb, 'ITO, Boo6me rOBOpH, 

XOJIO,[(HaJI TM IIMeeT CBOII 11po6JieMbl B KOCMOJIOrIIH. Bo3MO)KHO, OHII 

cymecTBeHHO OCJia6HTCH HJIH IIC'le3HYT BOBCe, TaK KaK, CKOpee BCero, HBID!IOTCH 

BpeMeHHbIMII !Ip06JieMar.rn, a He KpH3IICOM. Ho CYTh 3aKJIIO'laeTCH B TOM, 'ITO . 

110cneHHoe Mo,n:eJIIIpoBaHIIe o6paJoBaHHH CTPYKTYP BO BceJieHHoii c yqacTtteM 

XOJIO,[(HOii TM .n:aeT CJIHIIIKOM MHOro KapJIHKOBbIX raJiaKTIIK, !IO cpaBHeHHIO C HX 

Ha6n10.n:aeMbIM 'IHCJIOM. B qaCTHOCTH, !IO TaKHM Bbl'IHCJieHIIHM ,[(OJI)KHO 6bIJIO 6hI 

6hITb HeCKOJibKO COTeH KapJIIIKOBbIX raJiaKTHK-CIIYTHHKOB, CO!IpOBO)K,[(aIOIUHX 

HaIIIy raJiaKTIIKY. A !IO Ha6n10.n:eHIDIM IIMeeTCH BCero OKOJIO 20 110.n:06HbIX 

06beKTOB. 3TO CHJibHOe pacXO)K,[(eHIIe, xorn ero MO)KHO IIO!IbITaTbCH KaK-TO 

o6bHCHHTb. EcTb H .n:pyrne coo6pa)KeHIIH, B qaCTHOCTH, II30JIHpOBaHHhIX 

KapnHKOBbIX ranaKTHK, He o6HJaTeJihHO C1IYTHIIKOB, TO)Ke o6paJyeTCH CJIHIIIKOM 

MHOro . .[q)yraJI oco6eHHOCTb XOJIO,[(HOii TM - 60JibIIlaJI IIJIOTHOCTh Bemecrna B 

ueHTPaX raJiaKTHK, !IpO<pIIJib IIJIOTHOCTH BbirJIH,n:HT KaK KJIIOB («cusp»), TO eCTb 

IIMeeTCH 11011TH CHHryIDipHOCTh, KOTOpyIO, Bpo.n:e 6bI, TO)Ke He BH,[(HO. ECTb 

pa3Hble MHeHIDI Ha 3TOT c11eT, B qaCTHOCTH, HMeIOTCH Ha,n:e)K,[(bl, 'ITO 6onee 

RA. PYEAKOB 31 

aKeypaTHbie 'IIICJieHHbie paC'leTbl IIOK~, 'ITO HH'lero TaKOrO HeT. Ha11pttMep, 

MO)KeT IIOMO'lb yqcr HeKHX ,[(OIIOJIHHTeJihHbIX 3<p<peKTOB (Hano.n:o6IIe TaKOro, 'ITO 

CIIYTHIIKOBhie KapJIHKOBbie ranaKTIIKII MOryT PaJPYIIIaTbCH npH B3aHMO,n:eiiCTBIIII C 

6oJihIIIOii raJiaKTHKOii). TaK 'ITO (()KeJie3HhlX>) apryMeHTOB npOTHB XOJIO,[(HOii TM 

Ha CaMOM .n:ene HeT. TeM He Mettee, BilOJIHe 3aKOHHO paCCMOTPeTb noCTaHOBKY 

Bonpoca, KaK MO)KHO 6hmo 6hl no.n:aBIITh _ o6paJOBaHHe CTPYKTYP Ha MaJihIX 

MaCIIITa6ax. 

3.n:ecb Mbl !IpHXO,[(HM K npe,n:CTaBJieHIIIO O Te!IJioii TM, y 'laCTHU KOTopoii 

CKOpOCTII H3Ha'laJibHO He 6bIJIH MaJibIMH. PaJYMeeTCH, B npouecce paCIIIHpeHIDI 

BceJieHHOii OTHOCHTeJibHaJI CKOpOCTb YMeHhIIIa:eTCH, HO, eCJIII 11acrnua 

OTIUe!IID!eTCH OT OCTaJibHbIX 'laCTHU II B3aHMO,n:eiiCTBIIii, 6y.n:yqtt peID!THBHCTCKOii, 

TO B Te'leHHe ,[(OBOJihHO ,n:JIIITeJihHOro BpeMeHH OHa OCTaeTCH peIDITIIBHCTCKOii. 

3TO 0Jtta11acr, 'ITO CTPYKTYPhI B 3TO BpeMH eme He o6pa3YJOTCH, nocKOJihKY 

penHTHBHCTCKIIe 11aCTHUbl He 3a,n:ep)KHBaIOTCH B rpaBHTaUHOHHbIX IlOTeHUHaJiax H 

pa3JieTaIOTCH. Il03TOMY HeO,n:Hopo,n:HOCTH MaJiblX MaCIIITa60B pa3fJia)KIIBaIOTCH, II 

o6beKTbl C MaJiblMH MaccaMH He cpopMttpyIOTCH. MO)KHO ,[(OBOJibHO JierKO 

oueHHTh, KaKaJI ,[(ID! 3TOro TPe6yeTCH Macca 11aCTIIU TM. ECJIH npe.n:noJIO)KJITb, 'ITO 

TM Haxo,n:IIJiaCh B Te!IJIOBOM paBHOBeCIIH (HJIH 6JIII3KO K HeMy) c BemecTBOM, TO 

Tpe6yeTCH Macca OT 1 .n:o 10 K3B, TO eCTb JierKIIe 'laCTIIUbl. . Ilo,n:XO,n:HJUIIM 

KaH,n:II,n:aTOM HBID!eTCH rpaBHTIIHO, IlOCKOJibKY OHO .n:eiiCTBHTeJihHO MO)KeT 6bITb 

TaKIIM nerKIIM B MO,n:eJIHX C HH3KIIM 3HepreTH'leCKIIM MaCIIITa60M HapYIIIeHIDI 

cynepCIIMMeTpHH. 

I1 06 3TOM HaM TO)Ke MO)KeT IlOBe,n:aTb EAK. EcJIH Mbl CHOBa IlOilhITaeMCH 

Bbl'IIICJIIITb KOHUeHTPaUHIO rpa~IITHHO, KaK qacTHU TM, TO Ha.n:o yqecrh, 'ITO 

rpaBIITIIHO MOryT o6pa30BhIBaThCH B pacna.n:ax .n:pyrttx CY1IepnapTHepoB 

(cKBapKOB, CJie!ITOHOB II .n:p.). 

m3;2nJ/2 cc L MJ _l_ 
s · s m312 Mpi 

3.n:ecb m312 - Macca rpaBHTIIHO, a Ms Macca 6onee TH)KeJioro Hecrn6HJihHoro 

CY1Iepnaprnepa. I13 cpopMyJihl BII,n:HO, 'ITO KOHUeHTPaUHH rpaBHTIIHO 

npo11opuHOHaJihHa ey6y MaCCbl pacna,n:aIOIUIIXCH CY1IepnaprnepoB. ECJIII CIO,n:a 

IlO,[(CTaBHTb 'IIICJieHHhie 3Ha'leHHH II IlOTPe6oBaTb, 'IT06bl Macca rpaBIITHHO 

COCTaBJIHJia HeCKOJibKO K3B, TO TPe6yeMaJI KOHUeHTPaUIIH noJiyqaeTCH 

IlpaBIIJibHOll, Kor.n:a Macca cynepnaprnepoB He O'leHb BeJIHKa H HaxO,[(IITCH B 

.!l:IIailaJOHe 3Ha'leHIIii Ms ~ 100 - 300 f'3B. 3TO - KaK pa3 o6naCTb, KOTOpaJI MO)KeT 

fihnh xopoIIIo IIJytieHa Ha EAK. TaK 'ITO no.n:o6Hbiii cuettapIIii 6y.n:cr 011poBeprnYT 

IIJIII no.n:rnep)K.[(eH B xo.n:e pa60Tbl 3TOro YCKOpIITeID!. Boo6me-TO, C 

KOCMOJIOrH11eCKOii' TO'IKII 3peHIDI, BeCh 3TOT cueHapttii - He O'leHh 

npaB.n:ono.n:o6Hblll. B qacTHOCTII, TPe6yeTCH, 'IT06bI MaKCIIMaJibHaJI TeMnepaTYPa 

BceneHHOtt 6bma HH3KOii, Tnnx ::;I T3B, HHa'le 6y.n:cr rrepeII36hITOK rpaBIITHHO. 
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Ho BCe BapmlHThl C TeIIJioiI TM Tpe6yroT HeCKOID,KO 3K30rnqecKIIX 

KOCMOJior11qeCK11X cueHap11eB. 

Eme O)lHO 3aMeqam1e - B MO)leJUIX C JierKl1M rpaB11Tl1HO BpeMH )KJ13Hl1 

cne)lyromei1 no Macce cynepc11MMeTPJ1qHOi1 qacrnuh1 (NLSP) )lOBOJihHO 60JibllIOe, 

otto· coorneTcrnyeT npo6ery OT Ml1JIJIIIM~OB )lo coTeH M~OB. To ecTb B TaKHX 

MO)lenxx, ecn11 noBe3eT, Ha EAK MO,KHO 6y)leT 3apemcTP11poBaTb HOBhie 

)lOJiro)Kl1BYIUIIe qaCT11UhI, KOTOpbie pacna)laIOTCH, nponeTeB )lOCTaTOtJHOe 

pacCTom11e. B nro6oM cnyqae, Ha116onee Bepoxrno, tJTO TM CBH3atta c HOBoiI 

cp113IIKOi1 Ha xapaKTepHOM Mac1ma6e nopH)lKa T3B 11Jil1 HJ1)Ke, 11 3TO )laeT 

Ha)le)K)ly Ha TO, 'ITO EAK nponheT CBeT Ha 3TY npo6neMY. 3m, KOHeqHo, He 

rapaHT11pOBaHO, 11 CYIUeCTByIDT KaH)ll1)laThl B TM, OTHOCIITeJihHO KOTOpbIX 

YCKOpHTeJihHM cp11311Ka H11qeM He CMO)KeT HaM nOMO%. B nepByIO oqepe)lh, 3TO -

aKCIIOH, · a TaK)Ke CTep11JibHOe Hei1TPl1HO, XOTH eCTb 11 )lpyrax 3K30TIIKa. TeM He 

MeHee, )lOCTaTOqHo o60CHOBaHHbie Ha)le)K)lhl Y3HaTb 'ITO-TO HOBOe B 3TOM 

HanpaBJieHl111 C IlOMOIUhIO EAK 11MeIOTCH. 

Tenepb HeCKOJihKO CJIOB O 6ap110HHOR aCIIMM~l111. .[vrn reHepaUII11 EA 
TPe6yeTCH BbIIlOJIHeH11e ycJIOBl1R, KOTOpbie Ha3hIBaIOT YCJIOBl1HM11 CaxapOBa 

(ccpopMYJI11p0BaHHbIM1111M B 1967 r). Ecn11113HatJaJibHO BceneHHM 6hma 6ap110H

Cl1MM~l1tJHM, KaK cne)lyeT, B qacTHOCT11, 113 11Hcpnxu110HHhIX MO)lenei1, io Ha 

HeKOTOpOM 3Tane 3BOJIIOU1111 )lOJl)KHO np01130RTl1 HapyrneHIIe 6ap110HHOrO tJIICJia. 

TaK,Ke H~HO pa3n11q11e Me)K)ly qacrnuaM11 II attrnqacrnuaMII, TO ecTh C- 11 CP

Hapyrnett11e, 11, HaKOHeu, TPe6yeTCH HapymeHIIe TenJIOBOro paBHOBeC11H cpe)lbl 

(11Haqe He 6y)lYT reHep11poBaTbCH Xl1M11qecK11e IlOTeHUl1aJibI). Hy 11 Bonpoc, 

KOTOpbIR 3aKOHHO TYT 3a)laTb - MO)KeT Jil1 6ap110HHM ac11MM~l1H 

reHep11poBaThCH np11 Hl13Kl1X 3Hepr11HX, nopH)lKa HeCKOJihKIIX COTeH f3B 11Jil1 

T3B? Ha nepBb1i1 B3rJijl)l, orneT OTP11uareJihHb1i1, no cne)lyroIUeiI npIIq11He. HaM 

113BeCTHO, 'ITO npOTOH o6na)laeT mraHTCKl1M BpeMeHeM )KJ13Hl1 - 6onee I 033 
JieT. 

Ecn11 nepecq11TaTh 3TO B MaCIIITa6 3Hepmi1, Ha KOTOpOM npOIICXO)ll1T HapyrneH11e 

6ap110HHOro tJIICiia, 3TO nonyqaeTCH BeJIH'll1Ha nopH)lKa I 016 
f3B - MaCIIITa6 

BeJil1KOro 061,e)ll1HeHIIH B3aIIMO)lei1CTBl1i1. 

O)lHaKO Ha caMOM )leJie 3TO He TaK, 11 )la)Ke B 3JieKTpocna6oi1 TeOpII11 

6apIIOHHOe 'll1CJIO y)Ke HapyrnaeTCH. Xorn 3TOro 11 He Bl1)lHO Ha ypOBHe 

cpei1HMaHOBCKl1X )ll-l.arpaMM (Ha ypOBHe reop1111 B03MyIUeH11i1), HO 3TO npoHCXO)lIIT 

HenepTYP6aTHBHO. Ilp11qeM np011CXO)ll1T no-pa3HOMY B BaKyyMe Il npII BblCOKHX 

TeMnepaTYPax. B BaK)'Y.Me BepOHTHOCTb TaKl1X npoueccoB KOJIOCCaJibHO 

no)laBJieHa, KaK e-lG,r'/g;. ~10-165
• A npII BbICOKilX TeMnepaTYPax 

3KCnoHeHU11aJibHOro no)laBJieHl1H HeT, a eCTb 60JibIIIl1e TeIIJIOBhie cpnyKTyau1111 

( ccpanepOHbI), KOTOpbie npIIBOMT K HapyrneHl1IO 6apIIOHHOro tJIICJia. 3TO 

HapyrneHIIe npoIICXO)lHT 6hICTPO, no cpaBHeHIIIO c KOCMOJiornqeCKHMII 

BpeMeHaMH Il C TeMnOM KOCMOJiomqecKoro pacm11peHIIH, eCJIII TeMnepaTypa 

npeBbIIIIaeT npnMepHO COTHIO f3B. TaK 'ITO He06XO)lIIMM )lJlj{ reHepau1111 

6apIIOHHOi1 aCIIMM~IIII cp113IIKa CO)lep)KHTCH OTqacTII npHMO BHYTPl1 
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3JieKTPOCJia6oi1 TeOp11II. MO)KHO JIii 3TIIM BOCnOJib30BaThCH, tJT06hI crettep11poBaTb 

6apIIOHHyro ac11MMYTPIIIO Ha 3JieKTPocna6oM Macmrn6e? 

TYT eCTh npo6neMa, CBH3aHHM C Me)lJleHHbIM pacm11peH11eM BceneHHOR. 

«Me)lJleHHOe» paCIIIIIpett11e 03HaqaeT, 'ITO IIHTepecyIOIUIIM Hae TeMnepaTYPaM, 

nopH)lKa COTHII f3B, COOTBeTCrnyeT BpeMH )1{113HII BceneHHOR Ha yposHe 10·1° C. 

C TOtJKII 3peHIIH MilKpOCKon11qecKoi1 cp113IIKl1, B qacTHOCTl1, C TOtJKl1 3peHl1H 

CKOpOCTII npoTeKaHl1H 3JieKTPOCJia6bIX npoueccoB, 3TO oqeHh 60JibIIIOe q11cno, Ha 

MHOro nopH)lKOB npeBhIIIIaIOIUee xapaKTepHbie speMeHa 3JieKTPOCJia6bIX 

B3aIIMO)leRCTBIIi1. Il03TOMY TeMn paCIIIIIpeHl1H BceneHHOR OTHOCHTem,Ho 

CKOpOCTII npoueccoB, npoTeKaBIIIl1X B Heil B TO BpeMH, )leiICTBHTeJihHO OtJeHb 

Me)lJleHHbIR, II )lOBOJlhHO TPYJlHO )l0CTl1% OTKJIOHeHIIH OT TenJIOBOro paBHOBeCIIH. 

E)lIIHCTBeHHM B03MO,KHOCTb TYT, nO-Bil)lIIMOMY, CBH3aHa C cpa30BblM nepeXO)lOM 

nepBoro po)la BO BceneHHOR. <l>a30BblR nepeXO)l - Cl1JlbHO HepaBHOBeCHblR 

npouecc, KOTOpb!R MO)KeT 6hITb CBmaH C 3JieKTPOCJia6oi1 cp11311KOi1. Mb! 3HaeM, 

qrn 3JieKTPocna6ax CIIMMeTPIIH ttapyIIIeHa B BaKYYMe, B03MO,KHO - 3a cqeT 

MexaHII3Ma XHITca, HO npII BhICOKHX TeMnepaTypax T ~ I 00 f3B otta He 

HapyrneHa. TaK qTo, B np11Hu11ne, B03MO)KeH cpa30BbIR nepexo)l II3 COCTOHHIIH C 

HeHapyrneHHOR Cl1MMeTpIIei1 B COCTOHHIIe C HapyIIIeHHOR (no aHanom11 C 

nepeXO)lOM MeTaJIJia II3 CBepxnpOBOMIUero COCTOHHl1H B HOpMaJibHOe, np11 

nOBbIIIIeHIIII TeMnepaTYPbI). B IlpIIHUl1ne, 3TOT nepeXO)l MOr 6hI 6bITb nepeXO)lOM 

nepBoro po)la. Tor)la BceneHHM nepeoxna)l11nacb 6h1, n 3TO nepeoxna)K)leHHoe 

COCTOHHl1e npeBpaIUaJIOCb 6h1 B COCTOHHIIe C Xl1ffCOBCKOi1 cpa3oi1 TaK, KaK 

nOKa3aHO Ha p11c.12. 

Pnc. 12. «KlfII.llll\aJI» BceneHHaJI, ,ll;filleKaJI OT TeTIJIOBOrO paBHOBeCil.ll 

IlY3blpbKII HOBOR cpa3bl C HapyrneHHOR CIIMMeTP11ei1 C xapaKTepHb!M pa3MepoM 

10·
16 

CM (ornetJaIOIUIIM 3JieKTPOCJia6oi1 cpII3IIKe), HaqanII 6bI paCIIIIIP.l!TbCH II 

CTaJIKHBaToCll CBOIIMII CTeHKaMII. Ilp11 3TOM B MOMeHT CTOJIKHOBeHl1H OHl1 MOrJIII 

6b1 pac1IIIIpIITbCll )lO 60JibllIIIX pa3MepoB, cpaBHilMbIX C TOr)laIIIHIIM ropII30HTOM ( 

r~0.IH-1 
,.._; IMM). To eCTh MaKpocKonnqecK11e nY3hipII c HapyrneHHOiI cpa3oi1 

q>OpMIIpOBaJIII 601 «6ypJIHIUyro» BceJieHttylO 11 06ecneq11san11 Cl1JibHO 

HepaBHOBeCHbIH npouecc. B TaKOM cueHapIIII 6ap110HHM aCIIMMeTp11H Morna 601 
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reHepMpoBaThC.11 Ha :meKTpocJia6oM Macnna6e, II HacqeT :noro MMeIOTC.11 BnoJIHe 

K0HKpeTHhie MexaHM3Mbl. 

IlOCKOJibKj' Mbl Bee 3HaeM npo CM, TO, 0CTaBMCb B ee paMKax, M0)KH0 

paccqIITaTh JII06oii: npo11ecc M Bhl.llCHHTh, ecTb TaKoii: nepexo.z:i: HJIM )Ke HeT. Orncr 

noJiyqacrc.11 o6eCKj'p8)KMBaIOIIIMM, a MMeHH0: qJa30BOro nepexo.z:i:a B CM HeT. 

IloTOMY qT0, B C00TBeTCTBMII co BCeM, qTo Mbl 3HaeM npo K0HCTaHTY 

caM0)].eii:cTBII.11 XIIrrC0BCK0ro 6030Ha ( eCJJM BepMTb B CM) - 0Ha 60JJbIIIM, qTQ M 

o6ecneqIIBaeT rna.z:i:Kym CIIIMBKY 6e3 <PmoBoro nepexo.z:i:a. 3TO nepBhiii: 

OTPIIIIaTeJibHhiii: M0MeHT. Bmpoii: 3aKJJJOqaeTC5! B TOM, qm HapyIIIeHMe CP B CM, 

B paMKax MexaHII3Ma Ko6MIIIM-MacKaBhl, oqeHb cna6oe, CJJIIIIIK0M MaJI0e, 1IT06hI 

o6ecneqMTb Ha6JJIO)].aeMy10 6apMOHHyIO acMMMeTPMIO. MO)KHO JIM BblHTM M3 :noro 

n0JI0)KeHM.11, 38 cqcr paCIIIMpeHM.11 CM? OTBeT n0JI0)KMTeJihHblll, M .ll;JJ.ll Toro, 

tJT06bI o6ecneqIITb qJa30Bblll nepexo.z:i: nepB0ro po.na, HJ)l(Hbl H0Bbie n0JJ.11 M H0Bbie 

qaCTMIIbI, K0T0pbie IIHTeHCIIBH0 B38MMO)].eii:CTByIOT C XMrrC0BCKMM noJieM II 

3a.z:i:ep)KMB8IOT CK8ThIB8HMe XIIrrC0BCK0ro n0JUI B MMHMMYM C HapyrneHH0H qJa30ll. 

3TM qaCTMIIbl )].0JI)KHbl npIIC)'TCTB0B8Tb B K0CMMtJeCK0H IlJJ83Me npM TeMnepaType 

I 00 f3B. 3TO 3H81IIIT, qTQ Macca 3TIIX 1I8CTMII He )].0JJ)KH8 npeBhIIII8Tb HeCK0JJbKIIX 

C0TeH f3B (300 f3B, eCJJII 6onee TQqHo). TaK 'ITO )].0JJ)KHbI cyIIIeCTB0B8Tb He 

0tJeHb T.ll)KeJJhie 1I8CTMIIbl, xop0III0 B38MMO)],eii:cTByIOIIIIIe C XMffC0BCKMM 6030HOM. 

B cynepCMMMerpIIqHbIX M0)].eJJ.llX p0Jib T8KHX tJaCTHII M0ryT BblII0JIH.llTh 

cynepCMMMerpM'IHhie naprnepbl TOII-KBapKa. Hx MH0ro H3-3a TPMilJJeTH0CTH TIO 

IIBeTy, OHM M0ryT 6hITb )].0CTaT0'IH0 JierKMMII M CMJibH0 B38MM0)].eii:CTByIOT C 

XMITC0BCKHM 6030HOM. II03TOMY, eCJIII IIX Macca 3aMeTH0 MeHhIIIe 300 f3B, OHM 

CM0ryT o6ecneqMTb qJa30Bblll nepexo.z:i: nepBoro po.na. OII.l1Tb-T8KM, TaKHe M8CCbl M 

1I8CTMIIbl BII0JIHe Haxo;::vrrc.11 B 30He o6HapJ)KIIMOCTM EAK. KpoMe TOro, ey)KeH 

)].OIIOJIHMTeJJhHblll MCTQqHMK HapyrneHII.11 CP, M ero xop0III0 6bIJJO 6hl MMeTb B 

XIIITC0BCK0M ceKTope, II0CK0JJbKY BC.II ,LUIH8MIIKa qJa30BOro nepexo.z:i:a 

onpe.neJI.lleTC.11 XMffC0BCKIIM ceKT0p0M. H 3T0 M0)KHQ c.neJiaTb, .no6aBMB 

)].0II0JJHMTeJJbHhie XHrrC0BCKHe II0JUI M peaJIH30B8B CP-HapyrneHMe BO 

B3811MO)].eii:cTBM.llX Me)K)].y HIIMII. H CH0Ba, HaJIMqMe HeCK0JibKIIX XMffC0BCKIIX 

II0Jieii: - BII0JIHe npoBep.11eMM BeIIIh, C TO'IKM 3peHM.ll nporpaMMbl EAK. 

B KatJeCTBe 06I11ero BblB0)].a no npo6JJeMe 6apIIOHHOH aCMMMeTpMM M0)KH0 

CK838Tb CJJe)].yIOIIIee. B Te0pIIM M0)KH0 nplf)].yMaTb M 6oJiee CJJ0)KHbie M0)].eJJM, qeM 

06cy)K)].aBIIIMC.11 Bhlllle, HO, B n1060M cnyqae, 6apMoreHe3Mc npM TeMnepaTYPe T -
I 00 f3B, TO ecTb 3a cqeT 3JJeKTPOCJia6h1x B3attMo.neii:crnMii:, TPe6ycr cJI0)KHOH 

)].IIHaMMKH B ceKTOpe, HapyrnaIOIIIeM 3JieKTPOCJJa6y10 CIIMMeTPMIO. B 3TOM IIyttKTe 

K0CM0JI0rII.11 II qJII3MKa 3JieMeHTapHbIX qaCTMII, npoBep.11eMM Ha EAK, oqeHh TeCH0 

CB.ll38Hbl M 38MKH)'Tbl .npyr Ha .npyra. On.11Tb-TaKH, HeT HMK8KMX rapaHTHH, qTQ 

EAK .z:i:acT mqHhIH orneT o TOM, KaK 6hma creHepMpoBaHa 6apMOHHM 

aCMMMeTPM.11. Ee reHepa11II.11 B03M0)KH8 CaMbIMII pa3HbIMII cnoco6aMM, M 0)].MH H3 

oqeHb ycneIIIHbIX K0HKj'peHT0B - JJenToreHe3MC, CB.ll3bIBaIOIIIMH 6apM0HHyIO 

acIIMMeTPMIO c MaccaMII HeiiTPIIH0. EcJJII 3T0 TaK, TO ycKopMTeJihHa.11 qJM3MKa TYT 
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«HM npII qeM» II HMqero He CM0)KeT np0.!ICHIITb. ECTb M .npyme BapIIaHThl, TaK)Ke 

He CB.ll3aHHhie C ycK0pIITeJUIMII 1I8CTIIII. Ho .II xoqy n0BTOpMTb, qTQ EAK B mo6oM 

BapIIaHTe n0M0)KeT HaM np0)].BIIHyrbC.11 B paHHIOIO BceJJeHHYIO, nocK0JibKj' OH 

6y.neT np0B0)].MTh ll3MepeHII.ll qJM3MKH Ha M8CIIITa6e C0TeH f3B, a TaK0H M8CIIITa6e 

B V 10·8 10·10 
Tel\mepaTYP C00TBeTCTByeT BpeMeHaM )Klf3HM ceJJeHH0M OT .no ceKyH)].. 

Bn0JJHe Bep0.!ITH0, qTQ reHepaIIII.11 6apIIOHHOH acIIMMe'rpMM, KaK II qJOpMIIpOB8HMe 

qaCTMII TM, np0H30IIIJIII MMeHH0 B 3TOM BpeMeHH0M npoMe)KyrKe. 

ECTb M eIIIe 6onee pa.ll;MKaJibHa.11 B03M0)KH0CTb, K0TOpa.11 M0)KeT .naTb 

C0BepIIIeHH0 MH0e n0HMM8HIIe BceJieHHOH II ee 3B0JJIOIIIIII. 3Ta B03M0)KH0CTb 

CB.ll3aHa C 0)].HMM ll3 BapMaHT0B peIIIeHM.11 npo6JieMbl MepapxMii. IIpo6JieMa 

MepapXMH 38KJIJOqaeTC.ll B TOM, qTo xapaKTepHblll 3JJeKTpOCJia6bIH M8CIIITa6 

nors.11.z:i:Ka 10
2 

f3B 6e3YMHO MaJI, no cpaBHeHIIIO C rpaBMT8IIII0HHbJM M8CIIITa60M 

IO 9 
f3B. O.n:IIH II3 cnoco6oB pernMTh npo6JieMy - cynepcMMMeTpM.11, cnacaIOIIIM 

pa3JIMqMe Me)K)].y 'l\rnCIIITa6aMII OT pa3pyrneHII.ll pa.z:i:M8IIH0HHbIMII nonpaBK8MM II 

o6'h.!ICH51IOIIIM caM HH3KHH 3JieKTPOCJJa6brii MaCIIITa6 JIOrapIIqJMM'leCKOH 

3B0JIIOIIMeii K0HCTaHT B38MM0)].eii:cTBMH C 3Hepmeii:. Ho eCTb M .z:i:pyroii BapMaHT -

CKa38Tb, 'ITO Ha caM0M .neJie rpaBMTaIIII0HHhIH M8CIIITa6 - B0BCe He 101 
f3B, a 

BCero JIHIIIb T3B HJIM nop.11)].Ka HeCK0JibKIIX C0TeH f3B. TaKM B03M0)KH0CTh, xorn 

H BbirJUl)].HT oqeHb 3K30TII'leCK0H, TeM He MeHee cyrnecTByeT, X0T.11, CKopee Bcero, 

3T0T no.z:i:xo.z:i: TPe6yeT npMC)'TCTBII.11 .z:i:on0JIHMTeJJhHbIX np0CTPaHCTBeHHbIX 

H3MepeHMH. Tor.z:i:a M0)KH0 CK838Tb, qTQ B qJM3IIKe cyrnecrnyeT Bcero 0)].MH 

4JYH.D:aMeHTaJibHbIH 3HepreTH1IeCKIIH M8CIIITa6, II 3T0T MaCII1Ta6 KaK pa3 

C0Bna.naeT C xapaKTepHbIM 3JJeKTPOCJJa6bIM M8CIIITa60M nop.11)].Ka T3B. IlpII 3TOM 

BC.II K0CM0JI0rll51 npcrepneBaeT M3MeHeHH.ll. HanpMMep, roBop.11 0 TeMnepazype 

BceJieHHOH, npM)].eTC.11 paccMaTpIIB8Tb 3HatJeHH51 II0p.11)].Ka T3B MJIII HH)Ke, HO 

HIIKaK He BbIIIIe. Oil.llTb-TaKM, roB0p.11 06 IIHqJJJ.llIIIIH, ee T0)Ke HY)KH0 6y.ncr 

paccMaTpIIB8Tb npII IIJJ0TH0CTII 3HepmII nop.11.n:Ka (T3B)4. 3To )Ke 0TH0CMTC.11 M K 

TeMnepaTYPaM, npII K0T0pbIX reHepttp0BaJI8Cb 6apMOHH8.ll aCMMMeTPII.ll. JlII60 

eCTb C0BCeM pa.ll;IIKaJibHM B03M0)KH0CTb, BeChMa MHTepeCHa.11 He T0JibK0 )].JUI 

TeopeTMK0B: BbIIIIe Macrnrn6a T3B HaqMHaeTC.11 Henocpe)].CTBeHH0 KBaHT0Ba.11 

rpaBMTaIIII.11, qTQ 6hI HII 3H81IIIJI0 3T0 CJI0B0coqeTaHIIe. Tor.z:i:a Bee, qTo Mbl BII)].MM 

BO BceJieHHOH, - TeMHa.11 MaTepll51, 6apIIOHHa.ll aCIIMMeTpll51, MCTOqHMK 

Heo.n:Hopo.z:i:Hocreii IlJJ0TH0CTII Bo BceJieHHoii - Bee 3T0 «.neJio PYK» KBaHT0Boii 

rpaBIITaIIIIII. 3TO 6bIJJO 6b1 C0BCeM HHTepecH0 II 3aMeqaTeJibH0, n0CK0JibKY 

OTKpbIJJ0 6hI HaM C0BepIIIeHH0 H0ByIO o6JJaCTb IICCJie)].0BaHMH. Mbl CM0fJJII 6bI 

II3YtJaTb KBaHT0ByIO rpaBIITaIIIIIO M caMyIO paHHIOIO BceJieHeyIO Ha KOJJJiaii:.nepax, 

qT0 oqeHb II0X0)Ke Ha xoporny10 MeqTy. TaKM B03M0)KH0CTb eCTb. Xorn 0Ha M 

oqeHb 3K30TMqecKM, HO )].0CTaT0qHQ B036J)K.D:8IOIIIM Boo6p8)KeHIIe. 

CYMMnpy.11, cKa)Ky, qm EAK BnoJIHe M0)KeT 0TKphITh TO, qTo .11BJI.11crc.11 AA.II 

Hae )KM3HeHH0 B8)KHbIM - C0CTaB M np0IICX0)K)].eHIIe TM M MexaHM3M reHepaIIMM 

6apnoHHOH aCIIMMeTPMII. BnOJJHe B03M0)KH0, 0)].H8K0, qTQ MexaHII3MbI, CT0.llIIIIIe 

38 3TIIMM .D:BYM.11 .llBJieHII.llMII, C0BCeM He Te, qTQ o6Cy)K)J.8JJIICb B 3T0M )].0KJia.ll;e II 

Ceiiqac M3)"18IOTC.ll TeopeTIIK8MII. 3TO 6hIJIO 6hr )].8)Ke eIIIe 6oJiee MHTepecH0. 
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Mo)KeT CJ1)'11IITbC.SI TaK, lJTO Mhl o6Hapy)KHM II 6onee 3K30THlJeCKIIe II 

BhI.11.aIOll.UieC.si: aemII, Harro.n.o6IIe HII3K03HeprernqecKoii rpaaIITau1111 Ha Macrma6e 

T3B H .n.orronHIITeJihHbIX 113MepeHHii. Moe JIH<JHoe MHeHIIe - EAK arroJIHe MO)KeT 

BbI.D,aTb .D,a)Ke TaKOe, 0 qeM TeopeTIIKil ceiiqac II He IIO.D,03peaaIOT. B JII060M 

CJI)'11ae, B pe3yJibTaTe pa60Tbl EAK lp113IIlJeCKa.SI KaprnHa MMpa 6y.n.eT lfHOii, II 

KOCMOJIOrIIH - B TOM lJilCJie. 
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.n:HCKYCCHHilOC~E.n:OKJIA,M. 

HHHPAH: 
Borrpoc: «Mo)KeT JIII EAK 6bITb rroJie3HhIM .D.JI.SI rrpo.si:cHeH11.si: aorrpoca c TeMHOii 

3Hepmeii?» 

B.A.: Bp.si:.n. JIii, rroTOMY 'ITO ceiiqac HeT H11KaK11x MO.D.eJieii HJIII coo6pa)KeHI1ii, 

roaop.si:m11x H8M O TOM, lJTO CBOllCTBa T3, lJTO 6bI OHa 113 ce6.si: Hlf rrpe.D,CTaBJI.SIJia, 

MOryT 6b1Tb II3ylJeHbl Ha YCKOpHTeJIHX. 

Borrpoc: «Bbl yrroM.SlttyJilf O .ll.Byx B03M0)KHbIX 061,HCHeHil.SIX TM - XOJIO.ll,HOii TM 
113 HeiiTpaJIIIHO If Temmii TM lf3 rpaBIITilHO. A eCTb JIIl CMeIIIaHHb!e aapnaHTbl, B 

KOTOpbIX paccMaTPHBaIOTC.SI BKJia.ll,bl rrepaoro If BTOporo TlfIIOB 0.ll,HOBpeMeHHo? 

ITOCKOJibKY, KaK .SI IIOHIIMaIO, rrpo6JieMbl eCTb Il TaM, If TaM, He II03B0JilfT JIii 

KOM6IIHaUil.SI cn:eHap11eB peIIIlfTb IIJilf OCJia611Tb 3TH rrpo6JieMbI?» 

B.A.: .n:a, eCTb TaKlfe MO.ll,eJilf, C co6CTBeHHO CMeIIIIIBaHIIeM TlfIIOB. Ho TaK, lJT06bI 

MO)KHO 6bIJIO peIIIIITh «rrpo6JieMbI» XOJIO.ll,HOii II TeIIJioii TM 0.ll,HOBpeMeHHO -

TaKOfO IIOKa He Blf.D,HO. Boo6me roaop.si:, BBe.ll,eHHe .ll.Byx TIIIIOB TM Ka)KeTC.SI 

HeKOTOpbIM nepe6opoM. 

Bonpoc: «KaKyIO poJib B rrpo6JieMe TM MOrYT 11rpaTb cTepIIJibHbie HeiiTPIIHo?» 

B.A.: CTepIIJibHbie HeiiTPIIHO - 3TO O.ll.HH 113 KaH.D,H.D,aTOB B TM, np11qeM B 06e11x 

aepCil.SIX - Il B XOJIO.ll,HOii, II B TellJloii. 5I He CTaHY OCTaHaBJIHBaTbCH ceii<Jac 'Ha 

3TOM Il0.ll,p06Ho, HO CKa)KY, lJTO TaKa.SI B03MO)KH0CTb o6cy)K.!J.aeTC.SI COBeprneHHO 

cepbe3HO. Xorn 3TO TPY.ll.HO )],JI.SI 3Kcnep11MeHTa, c TOlJKH 3peH11H Ha6JIIO.ll,eHH.S1 

B3aHMO.ll,eiicrn11ii lJaCTJIU: TM B .ll,eTeKTOpax. 

Bonpoc: «B HTan1111, a fpaH-Cacco, r.ll,e CTOIIT O.D.MH 113 .ll,eTeKTopoa 

CJia6oB3aIIMO.ll,eiicrnyIOIUIIX lJaCTHU:, IlJIII eme B KaKIIX-TO aHaJIOflllJHbIX 

3KCrrep11MeHTaX eCTb JIii KaKIIe-TO HOBbie pe3yJibTaThl, CB.Sl38HHbie C cero.D,H.SIIIIHeii 

TeMoii?» 

B.A.: ECTb, KOHelJHO. Bo-nepBblX, IlOJiyqeHO MHO)KeCTBO orpaHIIlJeHIIii Ha 

CBOllCTBa lJaCTIIU: TM, TOlJHee, Ha MaCCbl Il celJeHil.SI B3aIIMO.ll,eiicTBH.SI C o6bilJHblM 

aemecTBOM. HMeIOTC.SI B B11.ll.Y He Te ce<JeHII.SI, 0 KOTOpbIX IIIJia pe'lb cero.ll,H.SI, Mb! 

o6cy)K.!J.aJIIl CelJeHII.SI aHHilfHJI.SIU:IIII, KOTOpbie eCTb aemb BIIOJIHe lpIIKCIIpOBaHHaH. 

A CelJeHII.SI ynpyroro pacce.SIHII.SI, B 0TJIIllJIIe OT 'HIIX, eCTb aemb .ll,0B0JibHO 

np0H3B0JibHaH. H ceiiqac no.n.o6Hbie 3KCnep11MeHTbl II 113MepeHil.SI aKTIIBH0 

np0B0.ll,.SITC.SI, Il He T0JihK0 B fpaH-Cacco, a TaK)Ke II y Hae, B EaKcaHCKOii 

06cepaarnp1111. B TelJeHIIe 6JIIl)KattIIIIIX .ll,eC.SITlf JieT, HaBepHoe, MO)KH0 

paCClJIITbIBaTb Ha KaKHe-T0 onpe.ll,eJieHHbie pe3yJibTaTbI. 

OHHH 

Bonpoc: <ol X0TeJI crrp0CIITb 0 lpOTOHax. OHII OT.ll,eJilfJIIICb B M0MeHT 

peKOM6IIHfillllll c orrpe.ll,eJieHHOll Bb!COK0ii TeMrreparypoii, a Tenepb Mb! IIX 
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Ha6mo.naeM npII TeMneparype oKono 3 K II mMepHeM aHmOTpomno :noro 

II3JI)"leHIIH. IlpII 3TOM cqIITaeTCll, qTQ qJOTOHhl, pa3 }')I{ oIIII OT)leJIIIJIIICh, 

IIpOJieTaIOT CB060)lHO II HII C qeM He B3aIIMO)leHCTB)lJOT. IJoqeMY )Ke rnr.na TaK 

ynana IIX TeMnepaTypa?» 

B.A.: OTBeT oqeHh IIpOCTOH - npOCTPaHCTBO pacrnrnBaeTCll, ,ll,JIIIHa BOJIHhl qlOTOHa 

yBeJIIIqIIBaeTCll BMeCTe C 3TIIM pacrnttpeHIIeM, qacTOTa na,naeT. CoorneTCTBeHHO, . 

na,naeT H TeMneparypa. 0 coxpaIIeHIIII :rneprntt TyT, Boo6me-ro, roBopIITh He 

npHX0)lIITCll, IIOTOMY qTo Harna BceJieHHM - He CTaTIIqecKM CIICTeMa, ee 

C0CTOJIHHe MeHlleTCll co BpeMeHeM. A B 3aBHCllIIIHX OT BpeMeHII BHell!HIIX IIOJIJIX 

(B ,naHHOM cnyqae - B rpaBIITaUIIOHHOM) 3Heprnll, KOHeqHO, He coxpaHlleTCll. B 

ueJIOM, IIO OTHOllleHIIIO KO BCeil BceneHHOH rQBOpHTh O coxpatteHHll JIJIII 

HecoxpaHemm 3HeprHII )lOBOJlbH0 6eCCMbICJieHHO. Jl)"IIIIee, qTQ TyT MO)KHO 

c.nenaTh - 3TO CKa3aTh, qTQ IIOJIHall 3Heprnll BcerreHIIOll, BMeCTe C 

rpaBIITaUIIOHHblM ,ne<peKTOM Mace, paBHa Hymo. 3TO - e,nIIHCTJ3eHHOe CKOJibKO

HH6y,nh OCMbICJieHHOe yTBep)K,ll,eHtte. 

IllUlcJ>, raTqnua 

Bonpoc: «Kor.na )l0Jl)l(Hbl 6hIJIII OTKpbITh w. If z 6o30Hhl, BCe IIOHJIMaJIII, qTQ 

o6H3aTeJibHO )l0Jl)KH0 npOII30llTJf qTO-TO Ha Macrnrn6e COTH!l f3B - HHaqe 

Hapyrnanach YHHTapHOCTb B cna6hIX B3aHMO)lellCTBlillX. A BOT ceil
1
rnc HaCKOJlbKO 

BepOHTeH neCCJIMIICTJfqecKHll cuettapIIil? ,[(onycrnM, OTKpOIOT TOJibKO O)lllH 

XllITCOBCKllll 6o30H II 6oJibIIIe HJfqero. H qTQ rnr.na - 6y,neT o,nHa CM, If HHKaKIIX 

BblXO)lOB 3a Hee Mbl He YBH)lIIM?» 

B.A.: MHe XOTeJIOCb 6bI ,naTh pa3BepHyTblll OTBeT Ha 3TOT aonpoc. ,[(aBai1Te 

ceilqac BepHeMCll K KOCMOJI0flllI II IIOCMOTPHM, KaKIIe yp0Kli Mb! MO)KeM OTCIO,na 

ll3BJie%. B KOCMOJIOrttli eCTb 60JibIIIOe KOJIIIqeCTBO 3KCIIepIIMeHTaJibHO 

Jf3MepeHHbIX qwcerr, KOTOpbie BbirJill,ll,llT KaK CJI)"laHHbie «.npy)KCCTBeHHbie» HaM 

COBIIa,ll,eHHll. HanpHMep, IIJIOTHOCTb T3 - ee cero,ll,Hllll!Hee 3HaqeHHe 6e3yMHO 

ManeHhKOe, 10·3 (3B)4. EcrrII 6h1 xapaKTepHhIH 3HeprernqecKHH r.rncrnrn6 T3 6hrn 

6hI .npyrHM, CKa)KeM, 60JibIIIliM Bcero Ha )],Ba IIOpll,ll,Ka, TO Hae C BaMll He 

cymecTBOBaJIO 6bl. IloTOMY qTQ CJIJIIIIKOM 60Jiblllall IIJIOTHOCTb T3 npIIBeJia 6hI K 

oqeHh 6hICTPOMY pacrnHpeHHIO BcerreHHOH, If HHKaKJfe ranaKTifJ(li He ycnem1 6bI 

cqiopMIIpOBaTbCll. EcTb If .npyrHe qJICJia, CKa)KeM, IICXO)lHM BeJIIIqJIHa 

<pnyKTyauHi1 IIJIOTHOCTH Ha ypoBHe 10·5_ To)Ke B TOqHOCTii COOTBeTcTByeT 

Tpe6yeMOMY, IIOTOMY qTQ IIMeHH0 IIpII TaKllX 3HaqeHHllX qiopMiiP)lJOTCll 3Be3)lbl, 

HO He CBepxMaCCHBHbie ranaKTHKII 6e3 nrraHeT. H TaK ,nanee. TaK )Ke II B qlli3HKe 

qacTIIU, ecJIII COBCeM qyTb-qyTb CMeCTIITb 3HaqeHIIH Mace nenmx KBapKOB IIJlll 

3JieKTPOMarHHTHyIO KOHCTaHTY, TO nerno ,no6IIThCll HapyrneH!ill C0OTHOIIIeHIIH 

Mace HeHTpoHa II npoTOHa. ,[(Jill cymecTB0BaHIIH aTOMa BO,ll,OpO)l8 IiaM Tpe6yeTCll, 

qT06hI HeHTP0H 6hIJI qyTb TJl)KeJiee npOTOHa, HO OH He ,ll,OJI)KCH 6bJTb HaMHOro 

TJl)KeJiee, IIHaqe 6y.nyT OTCyTCTBOBaTh crn6llJlhHbie ll,ll,pa. TaK!iM o6pa30M, )lJill 

Harnero cymecTBOBaHIIH qpe3BbJqaifHO cymecTBeHHa 3Ta TOf!KaJI IIO)lCTPOHKa 

3HaqeHIIH Mace Hei1TPOHa II npoToHa. EcTh If ,npyrne «crryqail.Hbie» Ba)l(Hhle 
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qJICJia. TyT 3aKOHOMepHO IIOCTaBJITb BOIIpoc - He llBJllleTCll Jill 3JieKTpocrra6bIH 

Macrnrn6 TaKllM )Ke «cnyqai1HhIM . .np}')KeCTBeHHbIM» napaMeTpOM? Ilo,no6HM 

IIOCTaHOBKa npHBO)lliT K TOMY, qTo Ha3hIBaeTCll aHTpOIIHbIH npHHUHil. OH roBOpHT 

HaM O TOM, qTQ 3HaqeHIIH napaMeTPOB MOryT 6hITb oqeHh «CTpaHHbIMll» 

(HaIIpHMep, HeTHIIJiqHO MaJieHbKllMH). ,[(Jlll 3TOro )lOCTaTOqHo npe,nIIOJIO)KlfTb, qTo 

qiyH,naMeHTaJibHbie napaMeTPbI MOryT JfMeTb caMbie pa3Hbie 3HaqeHIIH B pa3HbIX 

qacrnx BcerreHHOH. Mbl )Ke )KlfBeM IIMeHHO B TOH qacrn, r.ne Bee 3HaqeHJfll 

napaMeTpOB TaKOBhl, qTQ .nonycKaIOT B03M0)KH0CTb cymecTBOBaHJfll )Klf3Hll. EcrrH 

3TO TaK, TO BcerreHHall CTaHOBIITCll COBepIIIeHHO .npyroi1, Jf3 e,nHHCTBeHHOH OHa 

npeBpamaeTCll BO MHO)KeCTBeHHYIO, Ka)K,ll,all qacTb - co CBOHMJI 3HaqeHJfllMll 

<pyH,naMeHTaJibHbIX napaMeTPOB. B 60JibIIIJIHCTBe CBOJIX o6nacTei1 OHa 6y,neT 

HenpHro,nHa ,nJill cymecrnoBaHIIll ycrnilqIIBhIX CTPYKTYP H, B KOHeqHOM cqeTe, 

)Klf3Hli. H TOJlbKO B oqeHh MaJIOM KOJIIfqecrne CBOHX o6nacTei1 OHa 6y,neT 

«,npy)KeJII06HOH» K HaM. TaK qTQ, eCJIJf 6y,neT o6Hap}')KeH TOJihKO XllITCOBCKJfll 

6o30H II 60JihIIIe HJiqero, C O,ll,HOH CTOpOHbl, 3TO 6y,neT rpycrno. C ,npyroi1 - 3TO 

noCJI}')KllT npllMbIM YKa3aHHeM Ha aHTPOnHyIO KapmHy MHO)KeCTBeHHbIX 

BCeJieHHbIX. To eCTb 3TO 6y,neT 03HaqaTb, qTQ Mbl .no6panHCb .no Toro npe,nerra, r.ne 

napaMeTpbl II OCHOBHbie KOHCTaHTbl qlli3JfKJf onpe,neJIJIIOTCll II3 aHTPOnHhIX 

coo6pa)KeHHH. 3TO TO)Ke oqeHb IIHTepeCHO, TaK 'ITO ,na)Ke no.no6HhIH 

OTPHUaTeJibHblll pe3yJihTaT 6y,neT no3HaBaTeJihHbIM. 

01\trY, 01\tCK 

Bonpoc: «H3BeCTHO, 'ITO O)lHO BpeMll )lOCTaTOqHo 60JibIIIJfe Ha,l],e)K,ll,bl 

B03JiaraJIHCb Ha HeHyrreByro Macey HeHTPIIHO, B qaCTHOCTJf, no BOnpocy 

3aMKHyTOCTJf JfJIJf OTKpb!TOCTJf BceneHHOH. A qTQ ceilqac HMeeTCll no 3TOMY 

nOBO,ny?» 

B.A.: ,[(a, ,neHCTBIITeJibHO. B 70-e rQ)lbI npornrroro BeKa 6bIJI TaKOH MOMeHT, KOr,na 

rpynnoi1 HT3<1> 6hm o6bllBJieH pe3yJihTaT no Macce 3JieKTPOHHoro Hei1TPIIHO 

nopll,ll,Ka 30 3B. 3TO - )lOCTaTOqHo 60JibIIIall Macca, II Ka3aJIOCh, 'ITO no,no6Hoe 

HeHTPHHO 6bIJIO 6hl oqeHh IIO)lXO)lllIIIIIM KaH)llf)laTOM Ha TM (KaK, co6cTBeHHO 

rQBOpll, TOr,na II no,nyMarrH). Ho ceilqac JICHO, qTQ TaKOe HeHTPHHO, )la)Ke eCJIII 6hI 

OHO cymeCTBOBaJIO, He no,nXO)lllT Ha pOJib TM, II )la)Ke Hao6opOT - no,no6Hoe 

3HaqeHHe MaCCbl Hei1TpHHO KOCMOJiornqeCKli 3anpemeHO. IlOTOMY qTQ 

<popMIIpOBaHHe CTPYKTYP B TaKOH MO)leJIH npoIICXO)lIIT COBeprneHHO no-.npyroMy. 

3TO - ropJ1qaJ1, a He TenJIM TM, OHa )lOBOJlbHO .norrro OCTaeTCll 

YJibTpapeJIJITJfBHCTCKOH, If CTpyKTypbI mna ranaKTIIK npocTO He o6pa3yIOTCll, 

noToMy qrn He ycneBaIOT. EcnH TM - 3TO HeilTPHHo, TO BHaqane o6pa3yIOTCll 

rnraHTCKIIe CTPYKTYPbl pa3MepoM 60JihIIIe HeCKOJibKJIX MeranapceK, ll paHbIIIe 

cqHTaJIOCh, qTO nOTOM OHJI MOryT pa3BaJIHTbCll Ha 6orree MeJIKJfe CTPYKTYPhl, 

OTBeqa10mIIe ranaKTHKaM. O,nHaKO ceilqac II3BeCTHO, qTO TaKOro B peaJihHOCTJf He 

npOiiCXO)lliT, II B cueHapttllX C ropHei1 TM norryqaeTCll HenpaBIIJibHbIH cneKTP 

CTPYKTYP, He coBna,na10mHil c Ha6rr10,neHHJ1MII. Ilo3TOMY ceilqac, Hao6opoT, 

K0CMOJIOrIIH .naeT HaM orpaHJfqeHJfll Ha MaCCbl 06h1qHbIX He3K30TifqecKlfX 
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HeiilpIIHO, II '.lTII K0CMOJIOrIIqeCKIIe orpaHIIqemur JiyiIIIIe, qeM Cyn(eCTB)'IOIIIIIe 

'.lKCnepIIMeHTaJibHhie orpaHIIqemur II3 11pHMOro II3MepeHIIH MaCCbl HettTPIIHO. OHII 

Hax0)UITCH Ha ypOBHe npIIMepHO 0,3 '.lB mm Hett:TPIIHO Ka)l(J(Oro TIIIIa (H IIpIIBO)K)' 

oqem, K0HCepBaTIIBHOe orpam1qeHIIe; B K0CM0JIOrIIqecKOM coo6I11eCTBe eCTb 

MHeHIIH, qTQ orpaHIIqeHIIH )],OmKHhl 6h1Th eme )KeC~e). 110'.lTOMY, 110-BII)],IIMOMY, 

HettTPIIHO IIrpaJio He6onbIII)'IO ponh B qiopMIIpoBaHIIII CTPYKTYP, II 

110)],KJII0qIIJIOCb T0JihK0 Ha CaMbIX II0CJie)],HIIX CTa)],IIHX. 

B011poc: «no IlOB0JJ,y peJIIIKT0BbIX HeHTPIIHO - KOrJJ,a. OHII 0TJJ,eJIIIJIIICh IIOCJte 

bOJihIIIOrO B3phIBa, OHM )],0Jl)KHhl 6hIJIII 6bI o6JiaJJ,aTh rnraHTCKIIMH '.lHeprMHMM II, 

C00TBeTCTBeHH0, )],OHTII )],0 Hae 11paKTMqeeKH B HeII3MeHHOM BM)],e. II 
KOHIJeHTPaIJIIH MX )],0JI)KHa 6hIJia 6bI 6b1Th rMraHTeKOH. 3TO KaK-T0 yiIMThIBaeTeH B 

eoBpeMeHHOll KOeMonornqeeKOll KapTIIHe?» 

B.A.: TYT He eoBeeM BepHo. Bo-nepBhIX, HettTPMHO OTIIJeIIMJIIIeb He Ha eaMhIX 

paHHIIX eTaJJ,IIHX, a IIPM TeMIIepaTYPe IIpMMepHO 2-3 M3B, M '.lT0 - He oqeHh 

Bhie0KaH TeMneparypa. Ilo Mepe paelllMpeHIIH BeeneHHOll )],JIMHhl BOJIH TO)Ke 

paCTYT,. MMIIYJihebI yMeHhIIIaIOTeH, B II0JIHOH aHaJIOfHII e qJOTOHaMM. II eero)],HH 

TeMnepaTypa Hett:TPIIHO )],OJI)KHa 6bITh HeCKOJihKO HM)Ke TeM11epaTypbI qJOTOHOB, 

npMMepHo 2 K, a K0HIJeHTPaUIIH HettTPIIHO Ka)l(J(oro TII11a - npIIMepHo I 00 IIITYK 

Ha ey6IIqeeKIIll eaHTMM~ (qJOTOHOB, IIpII '.lT0M, - 400 IIITYK). To eeTb HIIKaKIIX 

rMraHTeKMX KOHUeHTPaIIMH HeT, peJIHKT0BbIX Hett:TpIIHO BO BeeneHHOll )],OB0JihHO 

MaJI0. HeeM0TPH Ha '.lTO, OHM Bee )Ke M0rJIM 6hI BJIMHTh Ha qJOpMIIpOBamie 

eTPYKTYP- Co6erneHHO, orpaHJiqeHMH Ha MaeehI HettTPMH0, o K0T0phIX H roBopMJI 

BhIIIIe, KaK pa3 M IIOJiyiiaIOTCH C yqeTOM '.lTMX peJIMKT0BbIX Hett:TPIIHO. 

A.rlrniicKHii IT, liapuayJI 

Bonpoe: «EenM Ha EAK eoBeeM HMqero He oTKpOIOT, JJ,a)Ke xIIrreoBeKIItt 6o3oH, 

KaK '.lTO IIOBJIMHeT Ha pa3BMTMe qiyHJJ,aMeHTaJihHhIX reopMtt?» 

B.A.: ,[l,a)Ke eeJIM eo6eTBeHHO XIIrreoBeKMll 6030H II He OTKp0IOT, TO Bee paBHO 

0CTaHeTeH Heo6xOJJ,MMOeTh B KaKOM-TO MeXaHH3Me reHepaIJIIM Mace M HapYilleHMH 

3JieKTpoena6ott eMMMeTPIIII. ECTh MHOro MOJJ,eJiett, B K0T0pbIX eymeernyIOT HOBbie 

qaeTMIJhI, 6onee MJIM MeHee 11oxo)l{Me Ha 6o30H XIIrrca. EeJIH )Ke Boo6111e HMqero 

He Hall)],YT, HM XMrreoBeKMll 6030H, HM qTQ-TO IIHOe II3 II3BeCTHhlX eei,iqac 

aJibTepHaTMBHhIX eueHapMeB M «3aMelllaIOIUIIX» qaeTIIu, TO BOT TOr)],a y Beex 

TeopeTMK0B HaeTaHeT IIIOK0BOe eoeT0HHMe. 

HprY, .HpoCJiaBJII, 

B011poe: «C BaIIIett TQqKJI 3peHMH, KaKMe HaM6onee MHTepeeHbie '.lKe11epMMeHTbl B 

aeTP04JH3IIKe B 6JIM)KattIIIeM 6yJJ,Yll-(eM, napaJIJieJihH0 e EAK, 6yJJ,YT npoHeHHTh Te 

)],Be npo6neMhl, 0 K0TOpbIX Bbl cero)],HH paeeKa3hIBaJIM?» 

B.A.: OTHOCMTeJibHO 6apMOHHOll aeIIMMeTPMM - 110-BH)],MMOMY, 60JibIIIe, qeM Mbl 

0 Hett 3HaeM, Mhl II He Y3HaeM C IIOM0IIJhlO K0eMOJIOrIIqeeKIIx Ha6JIIOJJ,eHMll. 1IT0 
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)Ke KaeaeTeH TM, TO 3)],eeh Tpe6ycreH II0HHTh, eeTb JIII JJ,etteTBIITeJibHO 

He06XO)],IIMOeTh 110)],aBJIHTb qiopMIIpOBaHMe o6beKTOB MaJihIX MaeIIITa60B M Mace 

(KapJIMKOBhlX ranaKTIIK). ,[l,JIH '.lTOro He06XO)],MMhl, e 0)],HOH ernpOHhl, Ha6JIIOJJ,eHMH 

Halllett 6JilI)l{Hett BeeJieHHOH, a e JJ,pyrott - TeopeTMqeeKMe pacqeTbl M qIJeJieHHOe 

M0JJ,eJIMpoBaHIIe qiopMIIpoBaHMH eTPYKTYP- B006111e, eenM roBopHTh o 

KOeMOJIOrMqeeKMX Ha6JIIO)],eHMHX, TO TYT, KOHeqHo, Ba)KHO IIpOJJ,BIIHYTbCH )],aJihIIIe 

B II3yiieHMM peJIMKTOBOro MMKpOBOJIHOBOro H3JiyqeHMH, M, B oeo6eHHOeTM, 

II3MepMTh ero IIOJIHpH3aUMIO, K0TOpaH eBH)],eTeJibCTBOBaJia 6b1 0 IIpMCYTeTBMM 

peJIIIKTOBhIX rpaBMTaUMOHHbIX BOJIH. 3To eTaJI0 6bI CJieJJ,yioIIIMM IIO-HaCTOHIIJeMy 

KPYIIHhIM 0TKpbITMeM B KOeMOJIOrMII. 



42 KOCMOJJOrH.H 11 60JlbWOH NlPOHHblH KOJJJJAHJlEP 

BcryrrmeJihHOe CJI0B0 rrpocp. 11.A. foJiyrn1rna (O115Il1) 

Ha CB513H ayn11T0pHH l1IDf (MOCKBa), OMIDf (.ll.y6Ha), IIl15l.<D (faT'mHa), 11,EPH 
()l{eHeBa), yttHBepCHTeT0B 6apttayJia, KeMepoB0, HOBOCH6HpCKa, OMCKa, TOMCKa, 

51 pocJiaBJI». 
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Ayn11TOpH.H l15Il1 PAH (MocKBa) 

Ayn11TOpH.H 115[1{ PAH (MOCKBa) 



44 KOCMOJIOrIDI 11 60JlbWOH AJ].POHHbIH KOJIJIAH)lEP 

AKaJJ,eM11K P AH B.A. Marneee (I15111 P AH) 11 npoqi. M.A. fo.rryre11H (OI1.5lli) 

Ilpoqi. C.B. PycaKOB (<DHAH) H npoqi. H.M. ,[(peMl1H (<Dl1AH) 

AKaJJ,eMHK P AH B.A. Marneee (l151l1 P AH) 11 
aKaJJ,eMHK PAH ,[(.B. llfapKOB (OH.5Il1) 

Ilpoqi. l1.II. Jloxrntt (Hl1IDI<D MfY) 
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06~MHittttblM C9MMH8p KOIU186opa._lf 
Pyi(OBOAKTenb Ill A fonyraMH_ 

M.11. Bb!COl..(Kl1.H 49 

<l>M3MKa Ha 6onbWOM aApOHHOM KonnaMAepe 

O<lepeAHoe 38Ce)l8HHe CeMHHapa COCTOMTCR 30 HIOHR 2010 r. e 15:00 e 
Km¢epeH4-38Jle Y4e6HO-H8y-lHOfO 4eHTpa 06beJ:U,1HeHHOfO HHCTHTyTa ftAepHblX 

11ccneJlOBaHMM (ayA.437 JABHHR JlllfT), Ay6Ha 

nPorPAMMA 

«CTaH.QapTHa~ Mo,Qenb M LHC» 
,l).OKI1c1A4~K M.v1 . 8b1co4K~11 (v1T3¢, MocKsa) 

&;e 1.136eCf11Hble Ha ce20()/-/RWHUU 001b ceoocmea 3/leMeHmapHbDC 'lactnUU. 
onUCbl6alOmC11 CmaHOOpmHOi) Mooenb/0 (CM), OCH06aHHOU Ha /10Ka/1bHOU 
SU(3) tt.SU(2)•U(1) CUMMempUU. &liKH}'IO ponb 8 CM tRpaem MeXaHUJM cnoHmaHHCRO 
HapyweHUR SU(2)-U(1) CUMMempuu, oaiouwu Maccbl 8ClMI 3/leMeHfTlaPHb/M 
'laaTIUU,aM. ~ He omKpblmaR Ha ce200HRWHUU 0eHb 3/leMe/-1fTlaf)HaJI 

'laCtllUu,a - 6o3oH xuuca - 80JHUKaem e MeXaHU3Me COOHmaHHOOO HapyweHUR . 
.[laHHble, nony'leHHble Ha npe(>b/OyU.lux peKOP(JHblX no 3Hep2UU yc,ropumenRX, 
/1036QIIRl0m 8 paMKax CM Halimu 3Ha-leHue ~ Pacwupettue CM 3a C'-/efTI eeeOeHUR 
H08bl)( 3/1eMelf/1laptibDC 'laCITIUl.4 fJ0360/IRef1I U3MeHUfflb npeCclca3aHUe Ol1R Maccbl 
6o3oHa Xuza:a. °"'1:JKO e /1IOOOM cny<1ae JttePi!UR L.HC oocmaJ1IOl,{Ha lJm 
OOHapyJKeHUR XU2ZCOOCICOZO 0030/-la. TeM caMb/M ~Oem Haix>etta nocnelJHRR 
~ '-/aCf11Ui{a CmaHC'JapmHoU Mooenu. 

npMHRTb }"lc)Cnte B 3aCeA,3HMM, JaAllTb eonpocbl K BblCTY™fb B ~KyCCKK MOJl<HO B TO'-IK3X 
.AB')'CTopoHHefO ~ B CWM (AyOHa), 1-1511-1 ("11KTOMIK', MoclCBa), ~ (faT'Hia), 
I..IEPH (354-1-A019), TfY (TOMCX), AfY (6apHay11), KfY (KeMepOBO), OfY {TOMCK), HrTY 
(HoeocHCiMpcK), flpfY (flpocnaenb). 

T at01Ce npenycMOTpeHa 
iHM!i'tepel~e1 

11 

'II [ 
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lJ.rreH-KoppecrroH.ll,eHT P AH Mnxam1 HocmpoBnq BbICOl.(KHH, 
3aBe.ll,yIOil{HH na6opaTOpHeH TeopHH 3JieMeHTapHbIX qaCTHl.( 

HT3<l> (MocKBa) 



CTAimJ\PTHMI MO,l.l;EJlh II LHC 

M.M. BhICOQKllll 

M.H. BhICOQKllli 53 

f!Hcmumym meopemU'lf!C/<OU ti 3KCnepU.Me11111WlbHOll <jJU3UKU, MoCK6a 

Bee 113BeCTHble Ha cerO,LIHJIIIIHlIH ,LleHb CBOHCTBa :meMeHTapHbIX 'laCTIIU 

om1cbIBIDOTCJ1 CrnHJ:1aprnoii_ M0,LleJibIO, ocHoBaHHOH Ha JIOKaJibHOH SU(3) xSU(2) x 

U(l) CIIMMeTp!III. BIDKHyro ponb B CM urpaeT MexaHll3M crroHTaHH0ro HapyrueHIIJI 

SU(2)xU(J) CIIMMeTpnn, .z:1arom11ii_ J\.laCCbl aceM :meMeHTapHbIM 'lacnmaM. 

nocne,LIHJIJI He 0TKpblTaJI Ha cero,LIHJIIIIHIIH ,LleHb 3JieMeHTapHall 'laCTIIUa - 6030H 

Xnrrca - B03Hl!KaeT B MexaHll3Me CII0HTaHH0ro HapyrueHJIJI. ~aHHble, II0JIY'-ieHHbie 

Ha rrpe,Llbl.LIYIUIIX peK0p,LIHb!X ITO 3Heprun ycKopnTeJIJIX, II03B0JIJIIOT B paMKax CM 

HaHTII 3Ha'lemie MH. PacIIInpem,e CM 3a C'leT aae.z:1em1J1 'leTBepToro KBapK

nerrT0HH0ro II0K0JieHIIJI II03B0JIJieT 113MeHIITb rrpe,LICKa3aHJie ,LIJIJI MaCCbl 6030Ha 

Xnrrca. O.LIHaKO B nro6oM CJIY'-iae 3Hepnrn LHC .LI0CTaT0'lHa .LIJIJI o6Hap}')KeHJrn 

xnrrC0BCK0ro 6030Ha. TeM caMb!M 6y.z:1eT Hai'meHa II0CJie,LIHJIJI He,LI0CTIDOIUaJI 

'lacTnua CrnH.z:1apTHOH Mo.z:1enn. 

IIJIAH 

1. Ilponcxo:lK)],em1e CraH.uapruoiI Mo,i:J,eJIH. Ee He.uocTaTKll. 

2. 3HatJeHIIe M H, cne.uyromee ll3 TOlfHhIX ll3MepeHllll. 

3. Bmumne HOBoiI qin3HKll Ha BeJilltfllHY MH. 

4. BepXHee orpam1tJeHne Ha MH. 

5. 3aKJIIOtJeHne 

IlPOIICXOJl(J];EHHE CTAH):(APTHOH MO,l(EJIII. EE HE,l(OCTATKII. 

llrn npe.ucTaBIDieT m cefo1 CrnH)].apTHM Mo.uem, qin3HKH 3JieMeHTapHhIX qacrnQ 
(B ,llaJihHeiiweM CM), MO:lKHO cqiopMym1poBaTh B .uayx CJIOBax: 3TO 
nepeHOpMnpyeMruI Teopm1 B3allMO)],eHCTB)'IDIQllX 6e3MaCCOBhIX ll MaCCllBHhIX 
BeKTOpHhlX lfaCTllQ ll qacrnQ MaTepllll co CIIHHaMll 1/2 ll 0. Teopm1 po:lK,llanach B 
MYKax: 4-x qiepMHOHHM Teopmi cna6oro B3allMO)],ettCTBIHI HenepeHOpMHpyeMa, B 
TO BpeMH KaK Ha6JIIO)],aeMoe Ha 3KCIIepnMeHTe cna6oe B3allMO)],ettCTBlle 
YHHBepcanbHO, lfTO YKa3hIBaJIO Ha nepeHOpMnpyeMOCTh llCXO)],HOH TeopmI. 
Ilp»Moe cne)],oaamie KBaHTOBOiI 3JieKTPO.D.HHaMHKe, cocToxmee B BBe)],eHHll 
MaCCllBHhIX BeKTOpHhIX npoMe:lKYTOlfHhIX w± 6030HOB, TaK:lKe IIpllBO)],llT K 
HenepeHOpMnpyeMOH TeOpllll. IlepeHOpMnpyeMOH HBIDieTC51 TOJihKO 
llHBapnaHTHM OTHOCJITeJihHO JIOKaJihHhIX KaJI1I6pOBOlfHhIX npeo6pa30B8Hllll 
Teopmi; npn 3TOM M» reHepaQHH Mace W n Z 6o30HOB B CM ncnoJih3yeTCH 
MeXaHll3M Xnrrca. Teopnx IIO)],TBep:lK,lleHa 3KCIIepnMeHTOM: w ll z 6030Hhl 
pO)K)],8!0TC5! Ha KOJIJiatt)],epax, IIX napaMeTPhl COBII8)],8IOT C npe)],CKa38HlleM 
SU(2)r x U(l)Teopnn. ,l(JIH OKOHlfaTeJihHOtt qiopMynnpoBKII CM cne.D.yeT YKa3aTh, 
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qTQ KBapKII H nenTOHbl BXOMT B cnHHOpHbie H CHHrJieTHhie npe;::\CTaBJieHH.8 

SU(2h, HMeeTcJI OL\HH L1y6ncr xnrrcoBCKIIx 6o30HOB, KBapKH npeo6pa3YJOTCJI no 

CnHHOpHOMY npe;::\CTaBJieHHIO onHChIBaIOmeii CHJihHhie B3aHMO.[\ettCTBH.8 IIBeTOBOll 

rpym1hI SU(3), H narpam1maH CM COL\ep)KHT Bee SU(3)xSU(2h xU(l) 
CHMMe'fl)HqHhie qneHbl, He HapyrnaromHe rrepeHOpMttpyeMOCTb. 

B03HHKaeT ecTeCTBeHHblll BOIIpoc: rroqeMy TeopH.8 .[\OJI)KHa 6hITb 

rrepeHopMttpyeMoii? TOJibKO B rrepeHOpMHpyeMhIX TeopH.8X B03M0)KH0 

BbJqHCJieHHe aMIIJIHTYL\ Bep0.8THOCTeii pa3JIHqHbIX npo11ecCOB no TeOpHH 

B03MyIIIeHHll. C HerrepeHOpMHpyeMhIMH TeOpH.8MH TeopeTHKH OCTalOTC.8 6e3 

pa60ThI. Ho noqeMY IlpIIpoL1a 3a60TIITCJI o TeopeTHKax? Eonee rnro: rrepBM 

TeOpH.8, C KOTOpoii CTaJIKHBaeTC.8 qeJIOBeK, TeOpII.8 rpaBHTaIIHH, 

HenepeHOpMttpyeMa. KOHCTaHTa CB.83II B TeOpHH rpaBHTaIIHH 1/ Mt1 (Macca 

IlnaHKa Mp1 = 1019 
r3B) HMeeT TY )Ke pa3MepHOCTh, qrn H KOHCTaHTa cBJI3H GF 

qeTbipexq)epMttOHHOll TeOpHH. 

MM orrncann IIYTh K IIOCT{)OeHHIO CM "cHmy", HCXOL\JI H3 pe3yJihTaTOB 

3KCnepHMeHTOB npH HH3KIIX 3Heprm1x. Ho B03MO)KeH H fiYTh "cBepxy": 

q)yHL\aMeHTaJibHa.8 Teopm1 3a;::\aeTC.8 Ha IIJiaHKOBCKOll IIIKaJie, 3TO 

HerrepeHopMttpyeMM TeopHJI 6onhIIIoro qncna qacTIIII c MaccaMH rropRL\Ka Mp1, 

HMeIOIIIHX pamH'IHbie CIIHHbl. 51CHO, qro LHC HII c COBpeMeHHOii HHBapttaHTHOll 

3Heprneii CTaJIKIIBaIOIIIHXCJI npoTOHOB 7 T3B, HH c 3Heprneii 14 T3B ,lI,IDI 

tt3yqeHHJI TaKHX qaCTIIII He npIIcnoco6neH. 

OTKyL\a B 3TOH cxeMe 6epyrc_g qacTIIIIbl CM, 6e3MaCCOBbie Ha IlJiaHKOBCKOM 

MaCIIITa6e Mace m:M<<Mp1? Mx npoIICXO)KL(eHHe CBJI3aHO C CIIMMeTpH.8MII 

g}YHL\aMeHTaJihHOii TeopIIII. floKaJihHM SU(3) o6ecneqIIBaeT CYIIIecrnoBaHHe 

BOChMII 6e3MaccoBhIX rnrooHOB Gi. floKaJibHM KIIpanbHM SU(2h HapRL\Y c 

T{)IIIIJieTOM 6e3MaCCOBhIX BeKTOpHbIX 6030HOB /4 rapaHTIIpyeT OTCYTCTBIIe 

L\HpaKOBCKIIX Mace KBapKOB II nenTOHOB, MattOpaHOBCKIIe MaCCbl KOTOpbIX 

3anpemeHhl JIOKaJibHOll U(l) C ee 6e3MaCCOBblM a6eneBhIM BeKTOpHblM 6030HOM 

B. llHBapIIaHTHOCTb TeOpIIII OTHOCIITeJibHO o6meKOBapHaHTHbIX npeo6pa30BaHIIll 

o6ecneqIIBaeT 6e3MaCCOBOCTb rpaBHTOHa. TaK B03HIIKaeT rpaBIITaIIH.8. K 
narpaH)KIIaHy nonyqIIBIIIeiicJI TaKIIM o6pa30M nepeHopMIIpyeMoii CM 

L\06aBJIJIIOTC.8 HenepeHOpMIIpyeMbie qneHhl BbICIIIHX pa3MepHOCTeii, IlO)J,aBJieHHbie 

KaK cTeneHH 1/ M;1, qTo npIIBOL\IIT K rronpaBKaM - (Mw I Mpi)2 - 10-34
K 

rrpeL\CKa3aHIIJIM CM. ManocTh 3TIIX norrpaBOK o6opaqIIBaeTcJI npo6neMoii 

"rryCThIHII" - OTCYTCTBIIeM HOBOH q)II3IIKII Ha npoMe)KyroqHbIX Me)KL(y M w z -
100 f3B II Mp1=1019r3B MacIIITa6ax Macc

1
. 3L1ecb MhI cTanKIIBaeMcJI c rnaBHOii 

Ilpo6neMoii CM - XHITCOBCKIIM ceKTopoM. IlepeqIICJieHHble BbIIIIe CIIMMe'IpIIII 

CM He 3anpemaroT MaCCOBblll qneH XIIITCOBCKOro L1y6nern: ' 

M=M1H+H (1) 

I JI 6Jiaro.!lapeH 33 JTO 33MeqaHlte L\.B. IIIIIJ)KOBy. 
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IlpII ecTeCTBeHHOM 3HaqeHIIII Mu - M Pl BaKYYMHOe cpe;::\Hee XIIITCOBCKOro IlOJI.8, 

a BMeCTe C HIIM II MaCCbl w H z 6030HOB, nerrTOHOB II KBapKOB, OKa3bIBaIOTC.8 

nopMKa MaCCbl IlnaHKa. OTcyrcTBHe MaCCOBOro qneHa MOrJIO 6hI rapattrn:poBaTh 

CIIOHTaHHOe HapyrneHIIe Ha MaCIIITa6e M Pl HMeromeiicJI y q)YHL\aMeHTaJihHOll 

TeopIIII rno6anhHOii CIIMMe'fl)IIH, npIIBOMIIIee K rronyqeHHIO SU(2) L1y6nern 

roJIL\CTOyttOB [1]. Ho yqeT PMIIaIIIIOHHbIX nonpaBOK (PIIC. 1) pa3pyrnaeT 

rno6aJihHYJO CIIMMe'fl)IIIO: IIH,n:yIIIIPYeTC.8 KBa;::\paTIIqfio paCXOMIIIIIHC.8 MaCCOBblll 

qJieH C eCTeCTBeHHblM MaCIIITa60M o6pe3aHII.8 A - M Pl. 

BoCCTaHOBIITb IIepapXIIIO M H < < M Pl IlOMOraeT HII3K03HepreTIIqecKaJI 

cyrrepCIIMMMeTpH.8. MaCIIITa6 BaKyyMHOro cpe;::\Hero XIIITCOBCKOro IIOJI.8 77 ~ y 
Msusy, II II3 3HaqeHHJI 77 = 246 r3B cne)J.yeT, qTo Macchi cynepnaprnepoB 

Haxo)J.JITCJI B T3B-HoM )J.IIana3oHe - LHC o6naL(aeT L\OCTaToqHoii 3Heprneii )I.AA 

o6Hap~eHHJI HOBbIX qacTIIII. 

--~-": 
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Pnc.1 

llrnK, rrpo6neMa IIepapxIIii 6y)J.eT pa3peIIIeHa, ecJIII cyrreprraprneph1 6yL1yr 

Haii)J.eHhI Ha LHC. ~yraJI npo6neMa CM - HanIIqIIe 6oJibIIIOro KOJIHqecrna 

3JieMeHTapHbIX qacrn11 II napaMe'IpOB, onIIChIBaIOIIIIIX HX B3aIIMO)J,ettCTBII.8. 

.r:t:eiiCTBIITeJihHO, K~.[\Oe II3 'IpeX KBapK-JieilTOHHblX IIOKOJieHIIll CO)J,ep)KIIT 15 
BeiineBCKIIX q)epMIIOHOB (16 npH HaJIII'IIIII npaBoro Heii'IpIIHO), IlJIIOC 12 
BeKTopHbIX 6030HOB, OL\IIH 6030H XIIrrca II rpaBIITOH - IITOro 59 (IIJIII 62) 
3JieMeHTapHbIX qacrn11. 3To 'IIICJIO 6JIII3KO K KOJIIIqecrny XIIMII'IeCKIIX 3JieMeHTOB, 

II3BeCTHhIX K cepeL\IIHe XIX BeKa. MeH;::\eneeB o6Hap~IIJI onpe)J.eneHHhie 

3aKOHOMepHOCTII CBOHCTB pa3JIIIqHblX 3JieMeHTOB, 'ITO Il03BOJIIIJIO eMY 

rrpe;::\CKa3aTh cymecTBOBaHIIe raJIJiml, CKaH)J,IIH, repMaHHJI, IIOJIOHH.8 II pMa 

L\pyrnx XIIMIIqecKHX 3JieMeHTOB. KBaHTOBa.8 MexaHIIKa Il03BOJIIIJia 061,JICHIITb BCe 

Ha6JIIO)J,aeMoe pa3H006pa3IIe XIIMII'IeCKIIX 3JieMeHTOB KYJIOHOBCKIIM 

npIITH)KeHIIeM 3JieK'IpOHOB K npOTOHaM aTOMHOro .8)1.pa. Bo3M0)KH0, OTKpbITH.8, 

CL\eJiaHHhie Ha LHC, no3BOAAT noHJITh, qTo CTOIIT 3a rn6nII11eii MeH;::\eneeBa XXI 

BeKa, BKJIJOqaromeii OKOJIO 60 3JieMeHTapHbIX qacTIIII. IlpII 3TOM MO)KeT 

rrp0.8CHIITbCH II npOIICXO)KL(eHIIe 60JibllIOro 'IIICJia napaMe'IpOB, OIIIIChIBaIOIIIIIX IIX 

CBOiicrna: MaCCbl 6 KBapKOB II 6 JieIITOHOB, TPII KaJIII6poBO'IHbie KOHCTaHTbl CBH3II, 

4 napaMeTpa CKM MaTpHIIhl cMeIIIHBaHHH KBapKoB H 4 HJIH 6 napaMe'fl)OB PMNS 

MaTPHIIbl CMeIIIHBaHHJI nerrTOHOB, Macca 6030Ha Xttrrca H ero BaKYYMHOe 

cpe;::\Hee - IITOro OKOJIO 25 napaMe'fl)OB. 
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3HA qEHHE Mu, CJIE,I{YIOIIJ,EE H3 TOqHhIX H3MEPEHHH 

M3MepeHHhie c BhIC0Koii T0qH0CThIO Ha ycKopI1Tem1x SLC 11 LEP I napaMelphI Z 
6o3oHa HapH.n:y c rnqHhIM I13Mepem1eM Macchi W 6o3oHa Ha LEP II II T3BalpoHe II 

MaCCbl t KBapKa Ha T:rnaTpOHe II03B0JUIIOT onpe,neJIIITb 3HaqeHIIe M H B paMKax 

CM. B Ta6JIIIIJ,e npIIBe,lleHbl pe3yJibTaTbI qmrn 3KCIIepIIMeHTaJibHhIX .uaHHbIX [2]. 

Cpe.uHee 3Haqem1e MH = 84 f3B IICKJIIOqeHo II0IICKaMII 6o3oHa XIIrrca Ha 

LEP II: MH > 114 f3B. TeM He MeHee, npaMoro nponrnopeqIDI 3,lleCh HeT, II, 

yqIIThIBaH OIIIII6Ky B onpe,neJieHIIII M H, M0)KH0 JIIIlllb CKa3aTb, qTQ s paMKax CM 

XIIITC ,nomKeH BeCIITb MeHbllle 200 r3B. . 

TaoJI, <I>11r CraH,naprnow Mo,neJm 

Ha6mo.naeMrui 3Kcn. 3HaqeHne Pe3VJihTaT dmra "Tara" 

rz,r3B 2,4952(23) 2,4963(15) -0,5 
' 

a,,,H6 41,540(37) 41,476(14) 1,8 

RI 20,771(25) 20,743(18) 1,1 

AF]J 0,0171(10) 0,0164(2) 0,8 

A, 0,1439(43) 0,1480(11) -0,9 

Rb 0,2163(7) 0,2158(1) 0,7 

R, 0,172(3) 0,1722(1) -0,0 

A!n 0,0992(16) 0,1037(7) -2,8 

A' F1J 0,0707(35) 0,0741(6) -1,0 

s,2(QF1J) 0,2324(12) 0,2314(1) 0,8 

ALR 0,1513(21) 0,1479(11) 1,6 

Ab 0,923(20) 0,9349(1) -0,6 

A, 0,670(27) 0,6682(5) 0,1 

Mw,f3B 80,398(25) 80,377(17) 0,9 

m1 ,f3B 172,6(1.4) 172,7(1.4) -0,1 

MH,faB 84~~! 

a, . 0,1184(27) 

1/a 128,954(48) 128,940(46) 0,3 

;/fnd.o.f. 18,1/12 

B K0HIJ,e 3T0ro pa3,lleJia 3aMeTIIM, qT0 Te0peTIIqecKaH Heonpe.ueJieHH0CTb 

3Haqemrn M w 3HaqIITeJihH0 MeHbIIIe COBpeMeHHOH 3KCnepIIMeHTaJibH0H OIIIII6KII, 

paBH0ii 25 I\13B. YrnqHem1e 3HaqeHIDI Mw BMeCTe c II3MepeHI1eM MH Ha LHC 

oqeHh Ba)I(H0 ,llJUI ,llaJibHeHIIIIlX npOBepoK CM Ha IleTJieB0M ypoBHe., 
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BJIIDIHME HOBOH <l>H3HKH HA BEJIHqHHY M8 

HaJIIIqlle H0BbIX qacn1u., yqaCTBYJOlll,IIX B :meKlpOCJia6bIX B3aIIM0,lleHCTBIDIX, 

II3MeHHeT npe.UCKa3aHHe ,llJIH M H. B 0TJIIIqlle OT KBaHTOBOH 3JieKTp0.llIIHaMIIKII, 

r.ue BKJla.ll H0BhIX TH)KeJihIX qaCTilll, II0,llaBJieH, KllpaJibH0CTb 3JieKTpOCJia6on: 

Te0pIIII npIIB0,llIIT K 0TCYTCTBHIO ,neKaIIJIIIHra: BKJia,ll H0BbIX qaCTilll, M0)KeT 6bITb 

yc1meH. IlpttMepoM BJIIDIHIDI H0B0H QJII3IlKII Ha BeJIIIqIIHY MH CJIY*IIT qeTBepTOe 

KBapK-JieIITOHH0e II0K0JieHIIe. IlOHCK Ha T3Balp0He npIIBeJI K Hll)I(HeMy 

orpaHII'IeHIIIO Ha MaCCbl H0BbIX KBapK0B: m,,, mb' > 330 f3B. Ha pIIC.2 II0Ka3aHbI 

pe3yJibTaThl QJilTa npeI.1,II3II0HHbIX ,llaHHhIX C yqeTOM ,[(0II0JIHIITeJibH0fO II0K0JieHHH 

.urra MH= 120 f3B (crresa) II Mu= 600 f3B (cnpasa), cooTBeTcrneHH0. B o6oIIx 

crryqaax serrIIqIIHa x2 Ind o.J. 6JIH3Ka K HMeIOlll,eMYCH B CM - pacIIIIIpeHIIe CM 

H0BhIMil qacTIIU.aMH II03B0JIHeT IIMeTb T5l)KeJibIH 6030H XIIrrca. EcJIII KBapKII 

qernepTOro II0K0JieHIIH HMeIOTCH s rrpnpo.ue, TO 0HII M0fYT 6bITb o6HapY*eHbl Ha 

nepsow q:ia3e pa6oThI LHC, T.K. nx Macca He M0)KeT npeBhIIIIaTh 1 T3B. 

_.,._, .. ..,. !ltlll1!1f-

... ,. ·"' .. !JI ........ 
1bU..uaD(GeV) 

IOU-mD(G<V) 

Puc. 2. MH = 120 r3B, mu +mD=600 r3B, mE= 200 faB, x' lndo.f. = 17,7/l l(cnesa) 

MH = 600 faB, mu +mD=600 r3B, mE= 200 r3B, x 2 
/ ndof = 17,4/11 (crrpasa) 

BEPXHEE orP AHHqEHHE HA Mtt 

IlOIICKII 6o30Ha XIIrrca .uo CIIX nop npIIB0,llllJlll K yserrnqeHIIIO HII)KHeH rpaHIIIJ,bl 

ero Maccb1.· Cornactto ,naHHbIM LEP II MH > 114 f3B. Tesalp0H IIcKmoqIIJI 

3HaqeHIIe MaCCbl, 6JIH3KOe K 160 r3B. B CM HMeeTCH TeopernqecK0e BepxHee 

orpattnqeHIIe Ha MH [3]. Otto CJie.uyeT II3 Bb!qllcJieHIIH aMDJIIITY.llhl pacceHHIIH 

2 ➔ 2 npo,n0JibH0 Il0JIHpll30BaHHbIX BeKT0pHbIX 6030HOB. <l>eHHMaH0BCKIIe 

,[(IIarpaMMbl ,llJIH zz ➔ zz pacceHHIIH II0Ka3aHbl Ha pIIc.3. PaccMalpIIBaeTCH 

pacceHHHe npll BblC0KIIX 3HeprnHX s >> M~ >> M; Il BbI,[(eJIHeTCH .Y-B0JIH0BaH 

aMrrnmy,na pacceHHHH. Otta oKa3hIBaeTCH pasttott /4i = 3✓2GFM~. C .upyron: 

CT0p0HbI, cornaCH0 C00TH0IIIeHHIO yttHTapH0CTII, /4i ~ 8JZ', 0TKy.ua crre,nyeT 

orpaHnqeHIIe M H < 730 f3B. 
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Ilptt nptt6nIDKeHHH M H K BepxHeMy npe,neny yttmapmau:mr aMnJIHTy.llhl 
pacceHHIDI npOHCXO.ntt:T 3a cqer yqera BKJia,na nerJieBblX ,nttarpaMM, KOTOpble no 
BeJittqIIHe cpaBHHBaIOTCH C ,npeBeCHOH !1MilJIIlTy,llOH. TeopHH B03Myru:eHHH 
nepecraer pa6oran, - B3aHMO,neiiCTBHe BeKTOpHblX 6030HOB Ha T3B-Hoii 3Heprntt 
nptto6peraer qepTbl, xapaKTepH3yIOIUHe CMJibHbie B3att:Mo,neiiCTBilH npH I'3B-HblX 
3Heprtt:HX. llittpHHa XHITCOBCKOro 6030Ha CTaHOBHTCH nopH,nKa ero MaCCbl. ,z Z1 Z3 

~ 

---~---< 
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Puc.3 

TaKMM o6pa30M, LHC OTKpoer 6o30H XIIrrca, ,na)Ke ecntt ero Macca 
Haxo,nmcH B6JIII3H BepxHero TeopeTIIqecKoro npe,nena - 3Heprntt 14 T3B B c.u:.M. 
,llJIH 3TOro XBaTaer C II36bITKOM. 

3AKJnoqEHHE 

LHC cnoco6eH o6Hap~IITh 6o30H Xttrrca .llJlH Bcex ,nocTynHblX 3HaqeHttii ero 
MaCChl. 1-faMepeHIIe ee 3HaqeHID! Il yroqHeHIIe BeJIHqIIHbl Mw n03BOJIIIT 
npoBepIITb cnpaBe,nJIIIBOCTI, CM II KOCBeHHO ycTaHOBHTb HaJIIIqIIe IIJIH 
OTCYTCTBIIe HOBblX qacTIIU:, yqacTByIOIUHX B 3JieKTpocna6blX B3aHMO,neiiCTBIIHX. 
Ey,neT OKOHqaTeJibHO ycTattOBJieHO, IIMeeTCH JIII qerBeprne KBapK-JieIITOHHoe 
noKOJieHHe. B03MO)KH0, Mbl Y3HaeM, KaK pernaeTCH npo6JieMa ttepapxttii II qro 
CTOHT 3a 60JibllIIIM KOJIHqeCTBOM 3JieMeHTapHblX qacTIIU: II napaMeTpOB, 
onIICbIBaIOIUIIX IIX CBOHCTBa, B Cratt,napTHoii Mo,neJIII. 

5I 6naro,napeH B.E. I'aBptt:JioBy II M.A. ronyrBtt:Hy 3a npttrnarnemre 
BbICTyntt:Th c ,noKJia,noM Ha ceMIIHape c01py.nHIIqecTBa CMS-RDMS H A.H. 
ronyrBIIHY II yqaCTHHKaM CeMIIHapa 3a noJie3Hble o6c~eHIIH. 

Pa6ora qacTmHo no.n.nep)KaHa rpattTaMII P<l><l>H 08-02-00494, HllI-
4172.2010.2 II KOHrpaKTOM N!! 02.740.11.5158 MHHIICTepcTBa o6pa30BaHMH II 
HaYKM P<l>. 
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~MCKYCCIDIIlOCJIE~OKJIA)J,A 

UEPH, )Keuesa: 

Borrpoc: «HacKOJibKO npHHU:HnHaJibHO .ll,IDI Cratt,napTHoii Mo,nentt, qTo HeiirpIIHO 
CM B03M0)KH0 HMeeT Macey, OTJIIIqHyIO OT HyJIH? KaK Bbl MO)KeTe 
rrpoKOMMeHTIIpOBaTh TO, 'ITO 6o30H XIIrrca 3a,naer y)K CJIIlllIKOM MaJieHbKYIO no 
cpaBHeHHIO e .npyrIIMil 3JieMeHTapHblMII qaCTHU:aMH Macey HeiirpIIHO?» 

M.H.: CraH,napTHaH Mo,neJib onIIcbrnaer Bee, qro Mb1 3HaeM npo cptt3IIKY 
3JieMeHTapHbIX qaeTHu:. B HaqaJibHOM BapIIaHTe CM Maccb1 y HeiirpIIHO HeT. Ho 
.neno B TOM, qTO Bbl MO)KeTe BBeeTII Macey .ll,IDI HeiiTpIIHO e MIIHIIMaJibHOH 
MO,llII(pHKaU:Heii CM, HIIqero He MeHAA npHHU:IInllaJibHO. Bbl MO)KeTe 3a,naTb Macey 
HeII1J)IIHO C nOMOIUbIO "see-saw" MexaHII3Ma nyreM ,no6aBJieHIIH B CM CIIHrnera 
"npaBbIX" qacTHU: C TH)KeJibIM HeiirpIIHO C Maccoii (.nonycTHM nopH,nKa MaCCbI 
IlnaHKa). Macea Ha6nro.nael\mro "neBoro" HeiirpIIHO HBJIHeTCH OTHOllleHIIeM 
KBa.npara M8CCbI "neBoro" IICTIIHHOro ,nttpaKOBCKOro HeiiTpIIHO ( C Maccoii 
nopH,nKa M3B IIJIH ,na)Ke I'3B) II MaCCbl "npaBoro" HeiirpIIHO. Ilo ,npyroMy 
MeXattll3MY B03MO)KH0 YCJIO)KHeHHe XIIITCOBCKOro ceKTOpa. B 3TOM cnyqae MbI 

orpaHIIqIIBaeMCH TOJibKO "neBblMII" ,ny6neTaMil qacTIIU: ("npaBbie" eIIHrJieTbl He 
BBO,nHTCH), 3aTO BBO,llIIM TPHTTJieT 6030HOB XIIrrca. IlpII 3TOM HeiiTpIIHO rronyqaeT 
MaJieHbKYIO Macey TaK3e no MexaHII3MY "see-saw". Bee 3TO Httqero 
npIIHQIInIIaJibHO He MeHHeT B CTatt,napTHOH MO,neJIII. 

IllUI<I>, raT'IUHa: 

Borrpoc: «5I xoTeJI 6hl cnpocmb npo npo6neMy IIepapxIIii, npo6neMy 
H8TypaJibHOCTH. HacKOJibKO 3JieraHTHO MO)KHO pellIHTb npo6JieMy KBa,npaTIIqHoii 
pacxo,nIIMOCTII Maccb1 XIIrrca B paMKax CM?» 

M.H.: CTatt,napTHaH MO,neJib - nepeHOpMIIpyeMM KBaHTOBM TeopIIH. B OTJIIIqIIe 
OT 4x-cpepMIIOHHOH TeopIIH, Bbl MO)KeTe c,neJiaTb nepeHOpMIIpOBKY, nOJIO)KlIB 
Macey XIIrrca .nocraToqHo Mano ii, cKa)KeM I 00 I'3B. B 3Toii cxeMe Bbl MO)KeTe 
Bee BblqIICJIHTb. Ho 3eTerHqecKII OHa He Kp8CIIBa. EcTeCTBeHHOro perneHIIH 
npo6neMbI IIepapxIIn B CM Her. Ho Teoptt:H nepeHopMIIpyeMa, cqIITaTb B Heii 
MO)KHO. 

IUIHPAH: 

Borrpoc: «IIpe,nnonO)KIIM, qro LHC He oTKpoeT HIIqero, KpoMe 6o3oHa XIIrrca 
CTaH.napTHoii MO,nenII. MO)KHO JIII B 3TOM enyqae yrBep)K,naTb, qro LHC oTKpbm 
ampOIIHblH rrpIIHU:IIII?» 

M.I1.: AHTpOIIHbIH npIIHQIIn - 3TO HeKOTOpaH (pIIJIOCO(pIIH. 3aqeM BOo6ru:e 
eTpOIITb yeKoprrTeJIII, 'IT06b1 no,nTBep)K,naTb 3TO rrpIIHUIIII? EenII LHC Haii,ner 
6030H Xrrrrea e Maeeoii OKOJIO 120 I'3B II 60Jibllle Hrrqero, TO OH noeTaBIIT 
rroene,nmoro TOqKy B CM. 
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Bonpoc: «IIpe,llITOJIO)l(HM, LfTO y Hae MaCIIITa6 ynhTpaqmoneTOBOro o6pe3aHHll He 

Macca IlJiaHKa, a 10 T3B. 3To o6ecneLIHT HaM Macey 6o3oHa XHrrca MeHhIIJe T3B. 

Ho B 3TOM cnyqae BO3HHKaeT BOIIpOC, IIO'feMy MaCCbI Iln aHKa MHOro 60JibIIJe 

q>ytt,llaMeHTaJibHOro MaCIIJTa6a?» 

M.11.: MacIIJTa6 rpaaHTaUH:11 1019 
f3B, OTKy,lla OH 6epeTcll? Ecn:11 MacIIJrn6 Bcex 

B3aHMO,lleHCTBHH OKa3bIBaeTCll 10 T3B, TO BCe paBHO OCTaeTCll BOITpoc, 'ITO ,lleJiaTb 

c rpasHTauHeii? 

A.rrrniicKnii rY, EapuayJI 

Bonpoc: «BhI Ha3san:11 rn6JIHUY c napaMeTf)aMH CM nepHo,ll:11'fecKoii rn6n:11ueii 

MeH,lleneesa xx BeKa. CTOI1T Jl:11 O)1(:11.[(aTh, LfTO qJH3HKa Haii,lleT 061,llCHeH:11e, 

IIOLfeMy 3TH napaMeTf)bl I1MeJOT HMeHHO TaKHe BeJII1Lfl1HbI, KaK B cnyqae C 

aTOMHblMH MaCCaMH XHMHLfeCKHX 3JieMeHTOB?» 

M.11.: 51 6hI CKa3aJI, 'ITO ceiiqac Hy)l(eH KaKOH-TO 3KCnepHMeHTaJibHbIH TOJI'fOK. 

)].a, cymecrnyeT TeopHH COCTaBHblX qiepMHOHOB, TeOpl1ll npeOHOB. Ho y)l(e 

npoIIJJIH ,lleCHTKH JieT, KaK MhI 3HaeM CTPYKTYPY CM, HO no,llrnep)l(.[(eHHbIX 

06'hllCHeHHM TIOKa He B:11.[(HO. 

orum: 

Bonpoc; «BBe,lleHHe LfeTBepTOro ITOKOJieHJ1ll ,llOJl)l(HO ,llaBaTb 60JibIIJI1e ITOITpaBKH, 

H3MeHeHHll B npe,llCKaJaHHll, Hanp:11Mep, MarHHTHOro MOMeHTa MIOOHa, .[(Jill 

KOTOporo cyruecrnyJOT ITpeUI13I1OHHbie H3MepeHJ1ll?» 

M.11.: B CTaH,llapTHOH MO,lleJIH eCTb TaKOe Ba)l(HOe ITOHl!THe KaK " ,lleKaTIJIHHr" -

OTUeTIJieH:11e HJI:11 HeOTuenJieHHe. B K3)]. s MarHHTHOM MOMeHTe MIOOHa BKJia,ll 

Tl!)l(eJihIX LfaCTJ1U ITO,llaBJieH CTeneHHbIM o6pa30M - KaK Macca MIOOHa, TIO,lleJieHHall 

Ha Macey _tfaCTHUy B KBa,llpaTe. Kor,lla tfaCTHUa OtfeHb Tl!)l(eJJall, TO BKJJa,ll 

TIOJiyqaeTCll MaJibIM, KaK pa3 nopll,llKa ,llOCT:11rHYTOH TO'fHOCTH Ha6JIJO,lleHHll. B CM 

eCTb aKCHaJibHbIM H HecoxpaID!JOIUHeCll BeKTOpHbie TOKH ( He,llHaroHaJibHble) 

M.H. BbICOUKlill 61 

Ay,llHTOpI1ll 0115Il1 ()].y6Ha) 

A y ,llHTOpI1ll O I15Il1 ()].y6Ha) 
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M.11. Bh1COL1K11.W w ,n:.B. lllwpKOB 

A.B. 3apy6wtt w 11.A. fonyTBHH 

M.H. BbIC0I.IKHM 63 

Ha CB~3H ay)lHT0pHH J1Jil1 (MoCKBa), mum (JJ:y6tta), f11151<1> (faT'fHHa), ll,EPH 
()KeHeBa), ytt11Bepc11TeT0B Eapttayna, OMCKa, TOMCKa. 
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01J:l.eAMHiHHblH ceMMHap 1onna6opa&.1MM ROMS CMS 
' . 

PyKOBQ[ll1TeJ1b l'1 A. ronyre11H 

<l>M3MKa Ha 6onbWOM 3APOHHOM KonnaMAepe 

O<lepe,£1HOe 3aCeJtaHHe CeMMHapa COCT0l1TCA 22 ceHTAl'.>pll 2010 r B 11 00 B 
K0Hq>epeH4-JaJ1e Y'feOHO--Ha~H0ro 4eHTpa O0be.A11HeHH0ro 11HCnrryra MepHblX 

11CCfleJtOBaHl111 (ayA.437 3,QaHl1ll flITT), .QyOHa 

nPOfPAMMA 

«noArOTOBKa H nepcneKTHBbl OTKpblTMH 
6oJoHa XHrrca Ha LHC» 
AoKI1aA4HK A.H. HHKHTeHKO 

(L,1T34>, MocKea/lmperial College, Jl0HA0H) 

ne1a41m l10C8R~eHa "603oHY Xuuca· - 11aa11uqe npe(Jac838HHOU e 7<>-x eo<Jax 
npoUJ/1020 seKa, HO He omlq)blmoii oo cux nop. 5o3oH Xuuca R8/111emar np1NuHOii 
803HUKH08eHUR M8CCbl y ecex ocmanbHU'X U3fJecmHJ,l'X, 3118MeHmapHbl'X 11acmuq. 
OdHOU U3 OCH06Hbl'X qeneii 6onbW020 AilpoHHOi!O Konnaiiilepa R8flRemcR om,q,blmue 
3moiJ 11acmlJl4hl, xorriopoe notJmeepl)uno lib/ Hawe nOHUMBHue 11exaHu:JMa 
oop83068HUR M8CCbl. 5ycem CaH 0030{) nepcneKmU88M omlq)blfflUR u U3Y'-lflHUR 
C80Ua718 6o3oHa Xuuca H8 LHC. 5ycem oocyxileHO, K8K ilBHHble H8KOO/le/1Hble K 
KOHtzy 2011 20da npu 3Hep2UU 7 TeV, Moeym liblmb Uctl0flb3068Hbl (jflR nOC2omoeKu 
Offllq)bll'TIUR 00301/8 Xuuca e 2013-2014 eol)ax, Kazda LHC oocmuZHem M8//080U 

3Hepzuu 14 TeV 

nl)MHllTb y,43CTIII! B 33Cf!A3HMH, J3A3Tb eonpoc1,1 H BblCT)'Olffi, B AHCIYCCMM Ma.HO B 10'«3X 
ABYCTOpOHHero BHAeo,!IOCl)'na B OIIIRIII (Ayt5Ha). IIIRIII ("n.rrOMHHX", Mocn14). OIIIR<I> (raNMHa), 
UEPH (354-1-.l\019), TfY (TOMCK), AfY (63PH3"1Jl), KfY (Kei.tep0110), OfY (OMCK), HrTY 
(HoBOCM611l)Clt), Rpf"Y (RpocnaBnb) 

BMA801'1)3Ht~Mll CeMMHapa ocy~ecT8MeTCR 4epe3 CMCTeMY 
B~KOH<1)epeH4CBfl3H ToMcroro COCYA31)CTI!effHOro YHIIBepcifTer.i. 

:e npeJ:l)'tMOTpewa BHAe0-TP31<Cflllltllll CeMHH3P3 oe3 
~ 'll!P83111tnl!l)Her; http'llrdms nnr rytwebcast 

ynpaB11eHM11 

II 
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K.cp.M.H, AneKCaH,up HHKOJiaeBH':I HHKHTeHKO, 
CTapIImH Ha)":IHbIH COTJ)Y.llHHK I1T3<!> (MOCKBa), 

Ha)":IHbIH coTpy,uHHK Imperial College (Jiott,uoH, BeJI11Ko6p11rnmrn) 
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li030H XHffCA H IIEPCIIEKTHBbl EfO OTKPblTIDI HA 
LHC 

A.H. HHKHTeHKO 

Hucmumym meopemu'lec1<oi1 u 31<cnepuAte11maJ1b11oz1 </Ju3u1<11, Moc1<Ba 

Imperial College, London 

CTaTMI nocBllll.leHa "6o30HY Xnrrca" - qacn111e npe.n,cKa3aHHOil. B 70-x ro.n,ax 

npownoro BeKa, HO He OTKpb!TOll .D,O CllX nop. Eo30H Xnrrca llBJilleTCll npll'IIIHOll 

B03HIIKHOBeHllll MaCCbI y BCex OCTaJibHIIX H3BeCTHbIX, :meMeHTapHbIX qaCTllll. 

O.n,ttoil. ll3 OCHOBHblX ueneil. EoJibWOro a.n,pOHHOro KOJIJiai:'i.n,epa llBJilleTCll OTKpbmle 

)TOH qaCTllllbl, KOTOpoe IlO.D,TBep.D,HJIO 6b! Hawe IlOHl!MaHlle MexaHll3Ma 

o6pa3oBaHnll MaCCbI. TTpe.n,cTaBJieH ofoop nepcneKTnBaM OTKpblTllll n ll3yqettHll 

caoil.CTB 6o3oHa Xnrrca Ha LHC. 

HcTOpmo 6o3oHa Xn:rrca MO)KHO HaqaTh c 1960 ro)J.a, KOr)J.a llieJI,11,0H fmmoy 

061,e)J,HHHJI 3JieKrpOMarHHTHOe II cna6oe B3aHMO.n;ettCTBHH B paMKax 0)1,HOtt 

MO)J,eJIH HCnOJib3YH MaTeMarnqecKHtt annapaT TeopHH KaJIH6poBoqHX nonett .51Hra

MHJIJICa ocHOBaHHOtt Ha onpe)J.eneHHOtt rpynne CHMMelpHH SU(2)xU(l). 

TeopHett KaJIH6posoqHbIX nonett . B lplI3HKe qacTHQ Ha3hIBaeTCH TeopIDI 

OnHCbIBaJOmM B3aHMO)J,ettCTBHe qaCTHQ, B KOTOpott nepeHocqlfKaMH 

B3aHMO)J,ettCTBHH HBJIHIOTCH KaJIH6posoqHbie non» HnH COOTBCTCTByJOmHe HM 

qacTHQbl. IlpoCTettilllIM npm,tepoM TaKOtt TeOpHH HBJIHCTCH KBaHTOBaH 

3JieKrpO)J,HHaMHKa, r)J,e KaJIH6posoqHott qacrnQett HBJIHCTCH 6e3MaCCOBbltt qJOTOH. 

He)J,OCTaTKOM MO)J,eJIH fnemoy 6bIJIO TO, qro KaJIH6poBoqHbie nOJIH ()).a II CaMH 

qacTHQbI) 6hlnH 6e3MaCCOBbie. EcnH qJOTOH )J,ettCTBHTeJibHO 6e3MaCCOBM qaCTHQa 

TO KanH6posoqHoe none oTBeqa10mee 3a cna6oe B3aHMO)J,ettcTBHe )J.On)KHO HMCTh 

Macey, KaK 6hlnO OC03HaHHO ~e TOr)J,a, nOCKOnhKY cna6oe B3aHMO)J,ettCTBHe 

)J,ettCTByeT Ha KOpOTKHX pacCTOHHIDIX. PemeHHe npo6JieMbI 6C3MaCCOBbIX qaCTHQ 

B KaJIH6posoqHbIX reopHHX 6hlnO npe)J,JIO)KeHO B 1964 ro)J,y O)J,HOBpeMeHHO B rpex 

CTaTbHX II aBTOpOM 0)1,HOtt H3 CTaTett 6hIJI 6pHTaHCKHtt lplI3HK-TeopernK Ilerep 

XHrrc. OblJIO BBe)J,CHO HOBOe none (TaK Ha3hIBaeMoe "none XHrrca") KOTopoe 

HMeeT He Hynesoe BaKYYMHOe O)KlI)J,aeMoe 3HaqeHHe II nOTCHQHaJI He 

CHMMerpHqHbltt OTHOCHTenhHO nOJIO)KeHIDI B BaKyyMe XOTH II CHMMerpHqHbltt 

OTHOCIITenbHO HyneBoro 3HaqeHIDI noM. TaKOtt cneQHaJibHbltt BbI6op IlOTeHQHaJia 

IlOJIH XHrrca Ha3bIBa!OT cnoHTaHHbIM HapymeHHeM CHMMelpHH. KanH6posoqHbie 

noJIH II BCe OCTaJibHbie qaCTHQbl B3aHMO)J,ettCTBYH C noJieM XHrrca npHo6peTa!OT 

MaCCbl. B 1967 ro)J,y BattH6epr lI CanaM BBeJIH 3TOT MexaHH3M reHepaQHH Mace B 

3neKTpocna6yio MO)J,Cnh fn3moy. MacCHBHbie KaJIH6poBoqHbie 6030Hbl 6bIJIH 

OTKpbIThI B 1983 ro)J,bl B CERNe IlO)J,TBep)J,HB TaKHM o6pa30M npe)J,CKa3aHIDI 

3nCKrpOCJia6ott MO)J,CJIH, KOTOpM BMecre C KBaHTOBOtt xpoMO)J,lIHaMHKOtt (TeopHH 

CHJibHbIX B3aHMO)J,CttCTBHtt) o6pa3yeT· TaK Ha3bIBaeMyJO CTaH,n:apTtty!O MO)J,eJih. 
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E.UHHCTBeHHOH qacTHueii, He OTKpb!TOH )lO CHX nop B CTaH,llaprnoii MO)leJIH 
HBmieTCH 6o3oH· Xttrrca, COOTBeTCTB)'IOIUHH nOJIIO Xnrrca. ,lv!H OTKph!THH 3TOH 

qacTHUhI 6bm nocTPoeH IiOJihIIIoii a.upoHHhIH KOJIJiaii.uep (LHC) H .UBa .ueTeKTopa 

ATLAS H CMS. KoJIJiall,llep II .ueTeKTophI 6bIJIII cnpoeKTHpoBaHhl TaK, qrn 6b1 

OTKpb!Tb 6030H XIIrrca BO BCeM B03MO)KHOM )lIIaIIa30He ero MaCCbl OH 100 )lO 
1000 f3B. 

Macca 6030Ha HBJIHeTCH CB060)lHbIM napaM~OM MO)leJIII. Ha 

cero)lHHIIIHIIH )leHb eCTb orpaHIIqeHIIH Ha Macey 6030Ha XIIrrca B CTaH,llaprnoii 

MO)leJIII H3 3KCnepIIMeHTOB Ha LEP II Tevatron, r.ue BeJIIICb IIOIICKII 3TOH qaCTIIUbl 

II OHa He 6hIJia noKa HaH,lleHa: Macca )lOJI)KHa npeBbIIIIaTb 115 f3B II He 6h!Th B 

IIHTepBaJie 158-17 5 f3B, J,fa TOqHhIX II3MepeHIIH napaMeTPOB CTaH.Uaprnoii 

MO.UeJIII, Macci.1 W 6o3oHa II Macchi t KBapKa cJie.UyeT, qrn Macca 60301~a Xttrrca 

.llOJI)KHa 6bITh MeHhIIIe qeM 160 f3B. Iio3oH XIIrrca 6y.ueT po)K)laTCJI Ha LHC B 

OCHOBHOM npII B3aIIMO)leHCTBIIII rmOOHOB. Ha PIIC.l (cJieBa) IIOKa3aHO ceqeHIIe 

po)K)leHIIH 6o3oHa Xttrrca Ha LHC KaK <PYHKUIIH ero Macchi .UM pa3JIIIqHhlx 

MexaHII3MOB po)K)leHIIH: npII B3aIIMO)leHCTBIIII rJIIOOHOB, BeKTOpHbIX 6030HOB W, 
Z, npII COBMeCTHOM po)K)leHIIII 6o3oHa XIIrrca C. BeKTopHblMII 6030HaMII II C 

napaMH b II t KBapKOB. HeMe)lJieHHO nocJie pO)K)leHIIJI, 6030H XIIrrca pacna.uaeTCJI 

Ha .upyrne qacTIIUbl no KOTOpb!M ero MO)KHO 3apernCTPIIPOBaTb B )leTeKTope. Ha 

pIIC.l ( cnpaBa) nOKll3aHbI BepOHTHOCTII pacna.ua 6o30Ha XIIrrca Ha pa3Hhle 

qacTIIUbl KaK q:>yHKUIIH ero MaCCbl. ECJIII 6030Ha XIIrrca cyiuecrnyeT, T.e. 

MeXaHII3M reHepaUIIH Mace npe)lJIO)KeHHblH IleTepOM XIIITCOM cnpaBe)lJIIIB, TO OH 

6y.ueT OTKphIT Ha LHC B 2013-2014 ro.uax B .UByx Mo.uax ero pacna.ua, Ha .UBa 
6o3oHa .UBa H q:>ornHa: H-+WW-+lvlv, H-+ZZ-+41, H-+yy. 

:0 .e, 
:c 
i 

MH[Gd~ 

-~ 
1
p:.:::::bb/ ~ WW l 

i§ 

200 300 500 1000 

M,;[GeVJ 

Puc. 1. CeqeHIIe pO)KAeHHH 6o30Ha XIIrrca Ha LHC rorn: pa3JIIIqHhIX MexaHII3MOB 

po~eHmI (cneBa) II BepOHTHOCTII pacrr~a 6o30Ha XIIrrca Ha pa3Hble %CTHl.(bl (crrpaBa) 

KaK (p)'HKl.(IIJ:I ero MaCCbI, 

Ha pIIc.2 (cJieBa) noKa3aHa IIHTerpaJibHaH CBeTHMOCTb, KOTOpyIO He06XO)lIIMO 
Ha6paTb, qTo 6bI C)leJiaTb OTKphITIIe 6030Ha XIIrrca )lJIH pa3JittqHhIX 3HaqeHIIH ero 

I I \ 
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Macchi B Mo.uax H-+WW-+lvlv, H-+ZZ-+41, H-+yy. Macca 6o3oHa XIIrrca MO)KeT 

6hITb IIOMepetta no ero npO.UYKfaM pacna.ua, q:>OTOHaM II JienTOHaM, 

3apernCTPIIPOBaHHhIM B )leTeKTope. ToqHOCTb II3MepeHIIH MaCCbl IICnOJib3YH 

pacna.uhI H-+yy, H-+ZZ-+41 MO)KeT 6hITh Ha ypoBtte 0,1-0,3 % .llJlH Mace MeHhIIIe 

200 f3B, KaK nOKa3aHO Ha pIIC.2 (cnpaBa). 

lJY~ ~ 
~ 

t CMS,30fb"1 

CMS :i': 
~ 

--:t 
~ 1'-
<:l 

Jl 
~ 

.Q 

~ v~ J 
1o•r "iii ---H-4yycuts [-H➔yy 0 

C -H-+riop1 ---H➔ZZ➔41 .E 1 . -H➔ZZ➔41 :::, 
..J -•- H-+WW➔212v 

100 200 300 400 500 epo 10
~oo 200 300 400 500 spa 

MH,GeV/c MH,GeV/c 

Puc. 2. lfHTerpaJibHaJ:I CBeTHMOCTb, KOTOPYIO Heo6XOAIIMO Ha6paTb, qTO 6hI CAeJiaTb 

OTKpb!TIIe 6030Ha X-1-1rrca MJ:I pa3JIIIqHbIX 3Haqemiil: ero MaCCbI ( CJieBa) II TOqHOCTb 

II3MepeHIIJ:I MaCCbI 6o30Ha XIIrrca, KaK <pyHKl.(IIJ:I MaCCbI (crrpaBa). 

Ilo COBpeMeHHblM npe,llCTaBJieHIIHM CTaH,llaprnaH MO)leJib JIBJIHeTCJI He 

COBCeM Y.llOBJieTBOpIITeJibHOH TeOpIIeH. Otta He npe.UCKa3bIBaeT, HanpIIMep, 

TeMHOe BeIUeCTBO o6HapJ)KeHHOe BO BCeJieHHOH. 

B HaII6onee nonyJIHpHOM paCIIIHpeHIIII CTaH,llaprnoii MO)leJIII 

cynepcIIMM~IIII pa6omeT TaKoii )Ke MexaHII3M XIIrrca .UM rettepaUIIII Mace, 

TOJibKO qIICJIO 6030HOB XIIrrca 6onbllle - J)Ke He O)lIIH, a qeTbipe 6o30Ha - TPII 

tteiiTpaJibHhIX (h, H, A) II O.UIIH 3apJ1)KeHHIIii (/I'). H3MepeHHbie 3HaqeHIIH Mace W 
II t KBapKa cornacyroTCJI nyqIIIe co 3HaqeHIIJIMII, npe,llCKa3aHIIHMII B 

cynepCIIMMeTpIIII, qeM co CTaH.uaprnoii MO)leJihlO, KaK IIOKa3aHO Ha pIIc.3 (cneBa). 

Macchi 6030HOB XIIrrca II IIX KOHCTaHTbl CBJ13II C .upyrnMII qacTm.(aMII 3aBIICJIT B 

nepBOM npII6JIII)KeHIIII TOJibKO OT )lByx napaMeTPOM MO)leJIII, MaCCbl 6030Ha 

XIIrrca, A (M.4) II TaHreHca p ( tan p - OTHOIIIeHIIe BaeyyMHbIX 0)KII.ZiaeMhIX 

BenIIqmi .ZIByx .uy6JieTOB XIIrrca). Macca caMoro Jiernoro tteiiTPaJihttoro 6o3oHa 

XIIrrca, h He npeBbIIIIaeT 140 f3B, KaK noKa3aHo Ha pIIc.3 (cnpasa). Ha pIIc.4 

noKa3aHbl o6JiaCTH B nJIOCKOCTII napaMeTPOB M.4 H tan p ' r.ue B03MO)KHO 

oTKphrrIIe 6o30HOB h II H B Mo.uax pacna.ua h, H-+yy , rr (pIIc.4, cJieBa) II 6o30HOB 
A II H B Mo.uax pacna.ua A, H-+rr. Ha pIIc.4 (JieBhIH) 3TO o6nacTH BhIIIIe 

nJHKTIIpHOH JIIIHIIII II npaBee BepIIKaJibHbIX KpIIBblX. Ha pIIc.4 (cnpaBa) 3TO 

o6naCTII BbIIIIe KpIIBbIX. 
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-l 

80. 70 !- experimental errors 68% CL: 

-- LEP2/Tevatron (today) 

-- Tevatron/LHC 

80.60 ,- -- ILC/GigaZ 

MSSMi'.2~ 
both models~ 

cg. 
:I 

--m~ ...... , FH2.4, m1 .. {172.5+4 6) GeY 

-- + 3 GeV theory unc. 

He,,...,,.eyer,Hallit,_Stouci"llel,~••We,glo,,n'tQ 

160 165 170 175 
m,[GeV] 

180 185 BO 90 100 110 120 130 140 150 
m,[GeV] 

Puc. 3. l13MepeHHoie 3Haqemrn Mace W H t KBapKa H o6nacTH, npe,ucia3aHHble a 

cynepcHMMelJ)HH H Crntt,uaprnoii Mo,uenH (cneaa). Macca caMoro nernoro 

HeHipaJibHOro 6o3oHa Xttrrca, h KaK q>yttKU:HH tan fJ ( cnpaaa). 

Ilo KpaiiHeii Mepe 0,11,HH H3 qeTh1pex 6030HOB Xnrrca, a HMeHH0 CaMhlll 

Jiernnii 6010H h 6y,11,eT o6Hap)')KeH Ha Eom,rnoM a,11,poHH0M K0JIJiaii,11,epe. ECJIH B 

npnpo,11,e peaJIH30BaH onpe,11,eJieHHhlll Ha6op napaMelp0B M0,lleJIH, TO TOJihK0 h 
MO)KeT 6hJTh 0TKphIT H 6y,11,eT o6Jia,ll,aTh TeMH )Ke CB0HCTBaMH, KaK H 6030H Xnrrca 

B CTaH;:i:aprnoii M0,11,em1. TaKHM o6pa30M, 6y,11,eT HeB03M0)KH0 Il0HHTh KaKruJ 

MO,ll,eJih rrpaBHJihHllil ( eCJIH cynepCHMMeTpH%Ie qaCTHU:hI CJIHIIIK0M TR)KeJihie H He 

6y.n:yT OTKph!ThI Ha K0JIJiall,11,epe ). B 3T0M CJiyqae IlOlpe6yeTCH JIHHettHhlll 

KOJIJiall,11,ep H TaK0H npoeKT )')Ke paccMalpHBaeTCH. 

<!l. 
C: 
.l!l 

M,:•2000.Vtr/-

µ•2D0G.vtc2 

m....,. • 1100 G.Wc2 

-~pm!x:X1•2~ 

200 300 400 500 soo 100 a.po 
MA,GeV/c 

<!l. 50 
C: 

.l!l 

CMS,30fb"' 

pp ➔ b1>4>, t = h,H,A 
~•Cl!nario 

"sun•1T•V~ 
l\,•2000.V!ct 

ll•2DO~V!rJ 
m_.._.eooa.w~ 

Stop mire X, • 2 .",.,,,,, 

Puc. 4. O6JiaCTH B IIJI0CK0CTll napaMeip0B MA II tan~, r,ue B03M0'lKH0 0TKpbITHe 
6o30HOB h n H B Mo,uax pacna,ua h, H-+yy ,rr (cneaa). O6nacrn (cMOIJ)H TexT) B 

IIJIOCKOCTH napaMeip0B M.4 ll tan /J, r,ue B03M0'lKH0 0TKpbITHe 6o30HOB A If H B Mo,uax 

pacna,uaA, H->rr (cnpaaa). 

0TKphITIIe 6030HOB Xnrrca - 3T0 TOJihK0 Haqano. Heo6XO,lllIMO H3MepIITb 

ero Macey, TaKHe KBaHT0Bhie qucJia KaK CilHH H qeTH0CTh, K0HCTaHThI CBH3H C 

AH. HHKHTEHKO 75 

o6hJqHhIMH qacTHU:aMH n ,11,pyr c ,11,pyroM n cpaBHHTb c npe,llCKa3aHHhIMH 

3HaqemrnMII B pa3Hh!X M0,lleJIHX. 3TO pa6om KaK MHHYMYM Ha 5 JieT nocne 

cru.rnro 0TKpbITHH, lpe6yromllil ynopHoro lpy.n;a MH0rHX yqeHbIX 

3KCrrepttMeHTaTOp0B H TeopeTIIK0B qTQ 6hI C,lleJiaTh ,ll,0CT0BepHoe 3aKJIJOqeHIIe 0 

MeXaHII3Me rrpoHCX0)K,lleHIIH Mace. 3aBeprneHIIeM nporpaMMbI llCCJie,11,0BaHIDI 

CB0HCTB 6030Ha Xttrrca 6hIJIO 6hI np,moe H3MepeHHe K0HCTaHT XttITC0BCK0ro 

noTeHU:HaJia, IICn0Jih3YH Mo;:i:y pacrra,11,a H->HH. O.nHaKO 3T0 He no,11, CHJIY LHC 

(,11,JIH 3T0ro IlOlpe6yeTCH 60JibIIIe 50 JieT Ha6opa ,llaHHhIX), HO 3T0 M0)KH0 C,lleJiaTh 

Ha IlJiaHHpyromnMCH JIIIHettH0M K0JIJiaii,11,epe. 
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,ll,HCKYCCIDI IIOCJIE ,ll,OKJIA,ll,A 

OIDIH, ,ll,youa: 

Borrpoc: «Y Hae ceu'IaC 12 <pyH)].aMeHTa.JlbHblX qaCTHU - 6 KBapKOB 11 6 JieITTOHOB. 

HM BCeM H)')KHO )],aTh Macey. XBaraer JIM TOH M)].eOJIOrHM, 0 KOTopou Bbl ceii'IaC 

paccKa3a.rrII, 'IT06bl :no C)],eJiaTh )].JUI BCex 3TMX 'IaCTMU? 11 )].IDKe eCJIM Ha 3TO 6y)].eT 

ITOJIO)l(MTeJihHblll OTBeT, TO tty)l(HO 12 pa3HbIX KOHCTaHT B3aMMO)],ellCTBHSI. B 'IeM 

TOr.lla rrporpecc TeopMM M nporpecc 1Hattm1, ecJI11 Teopm1 He COKpamaer 'IMCJIO 

napaMerpOB?» 

A.H.: MexaHII3M XMrrca )],aeT Macchi BCeM CYI11ecrnyro1IIIIM qacTm.1.aM. 11 
JienTOHbl, KBapKII II Ka.JIM6pOBO'IHhie 6030Hbl nonyqaroT Macey aBTOMaTM'IeCKII M3 

B3aMMO)],eHCTBHSI C noJieM Xrrrrca. .5I He 3HaIO no cpaBHeHMIO C 'IeM C'IMTaTb 

nporpecc - CrnH.llaprnrui: MO.lleJih CO.lleP*MT 19 napaMerpoB, a HanpMMep 

cynepCMMMeTJ)M'IHbie MO)],eJIM IIMeeT 124 napaMerpa. 

Bonpoc: «l-IeM 06b51CmreTC51 orpOMHa51 pa3HMI].a Mace 'KBapKa M, HarrpIIMep, u MJIII 

d KBapKa? KaK 3TO B03MO)l(HO c O.llHMM rroJieM X11rrca? B TO BpeMH KaK B KX,[( 
rJIIOOH B3aIIMO)].ellcTByeT co BCeMM KBapKaMM 0)].MHaKOBO.» 

A.H.: A B 3JieKrpOCJia6ou MO)leJIII HeO)lMHaKOBO. 3TO orrpe)].eJI51TC51 IOKaBCKIIMM 

KOHCTaHTaMM CB51311, KOTOpbie np11cyrcrnyroT B JiarpaH)l(liaHe TeopIIM. TaK 

noJiyqaeTC51 no Ilp11po.ue 3JieKrpOCJia6h1x B3aIIMO)],ellCTBIIll. 3TII KOHCTaHTbI 

orrpe.ueJI51IOTC51 113 3KCrrep11MeHTa. Ilo'IeMy, Harrp11Mep, 'IIICJIO_ ITJiaHeT CoJIHe'IHOll 

CIICTeMbl orrpe)].eJieHHoe? Bhl MO,KeTe 06b51CHIITb? 3TO TaKOro TIIIIa Borrpoc. 

TrY, ToMcK: 

Bonpoc: «ECTb JIii YBepeHHOCTb B TOM, 'ITO 'IIICJIO ITOKOJieHIIll 'IaCTIIIJ. 

orpaHII'IIITbC51 rpeMH? ECTb JIii )l(eCTKIIe orpaHII'IeHII51 Ha 3TO 'IIICJIO?» 

A.H.: HaCKOJibKO 51 3HaIO, eCTb orpaHII'IeHII51 113 3KCnep11MeHTa.JlbHhIX )],aHHhIX 

.LEP, 'ITO 'IIICJIO ITOKOJieHIIll rpII. Ho Ha caMOM )leJie 3TO orpaHII'IeHIIe o6XO)lIITC51 

- eCTb MO)].eJIII, r)],e CYIIIeCTBYeT 'IeThipe IlOKOJieHII51. 11 TaM HeT y)l(e orpaHII'IeHIIll 

Ha Macey 6o30Ha X11rrca, KaK B cJiyqae CM. 

Borrpoc: «ECJIH Macca 6030Ha X11rrca 60JibIIIM M KOHCTaHTa CB513H BeJI11Ka, TO KaK 

npOBO)lIITb TeopeTII'IeCKIIe pacqeTbl no TeOpHII B03MYIIIeHHH?» 

A.H.: H111Iero crpaurnoro. Macca MO,KeT 6brrh 6oJihIIIa51. IlocKOJihKY caM11 

KOHCTaHTbl He 60JibIIIMe, II03TOMY HII'Iero CTpaIIIHOrO .llJI5I Teop1111 He rrpoIICXO)lHT. 

B CM Teop1rn B03MYI11eH11i1 rrp11MeH11Ma )].JUI JierKoro 6010Ha XHITca. EcJIII Macca 

MeHhIIIe 500 13B, TO TeOp1151 B03MYI11eH11ii pa6oraeT xopoIIIo. EcJI11 6oJihIIIe, TO 

TeOp1151 BXO)].HT B TaK Ha3hIBaeMhlll HerrepTyp6aTHBHhlll pe)l(IIM - 3TO KaK pa3 

o6JiaCTh, r.ue MhI O*II.UaeM TH,KeJihie pe10HaHChl. B 3TOM cJiyqae Teop1151 

CTaHOBHTC51 IIO)l06Ha TeopttII CIIJihHblX B3aHMO)leHCTBIIll, KaK 3TO rrpott30IIIJIO B 

60e rQ)lhl, KOr,ua 6hrnH Ha6JIIO)leHhl pe30HaHCbl. 

A.H. HHKIITEHKO 77 

Borrpoc: «ECTb JIii yBepeHHOCTh B TOM, 'ITO 'IIICJIO IIOKOJieHIIll 'IaCTIIU 

orpaHII'IIITbC51 rpeM51? ECTb JIM )l(eCTKIIe orpaHH'IeHI151 Ha 3TO 'IIICJIO?» 

A.H.: HaCKOJihKO 51 3Haro, eCTb orpaHII'IeHI151 113 3Kcrrep11MeHTa.JlbHhIX ,uaHHblX 

LEP, 'ITO 'IIICJIO rroKoJieH11ii rpH. Ho Ha caMOM ,ueJie 3TO orpam1qem1e 06xo,u11TC51 

- eCTh MO.[(eJIII, r.ue CYIIIeCTBYeT 'IeTblpe IIOKOJieHII51. 11 TaM HeT )')Ke orpaHH'IeHIIll 

Ha Macey 6010Ha Xurrca, KaK B cJiyqae CM. 

HprY, HpoCJiaBJih 

Bonpoc: «Bbl CKa3a.JIII, 'ITO B 2013-2014 r.r. MO,KHO 0)1(11,llaTh 

3Kcrrep11MeHTa.JihHhIX )],aHHhIX LHC 06 OTKpbITIIII 603oHa X11rrca CrnH.llaprnou 

MO)leJIII. ,ll,pyrou ycKOpHTeJih, T3BarpoH, rrpO,UOJI)l(aeT pa60TaTb II IICKJIIO'IaTh 

6o3oH X11rrca B paiioHe 17-180 faB. KaKoii )].ttarraJoH Mace 6y.lleT IICKJIIO'IeH K 

3TOMY BpeMeHM 3TIIM ycKOpIITeJieM?» 

A.H.: Bee MaCCbl B YKa3aHHOM .u11arra30He 6y.uyr HCKJIIO'IeHbI, 3a MCKJIIO'IeHHeM 

He6oJibIIIIIX rrpoMe*YTKOB .llJI51 JierKoro 6010Ha XMrrca. 

Bonpoc: «IlocJie)lHMe rQ)l-)],Ba aKTMBHO o6cY*)laIOTC51 pe3yJihTaTbl T3BaTpoHa, 

KOTOpbie IIOKa3bIBaIOT pacxo)l(.[(eHI151 H3Mep51eMhIX BeJIII'IMH C rrpe,uCKa3aHI151MH 

CTaH.llapTHOH Mo.ueJIM. BeJIH'IMHa II3Becrnou. acHMMeTp1151 "Brrepe,u-Ha3a,U" B 

po)l(.[(eHIIH rrapbl TOII-KBapK II TOII-aHTHKBapK ITO pe3yJihTaTaM 3KCrrepttMeHTa DO 
COCTaBJI51eT 15%, a B CM 3Ta BeJIII'IHHa OKOJIO 5 %. PacXO)l(,[(eHMe HeMHOro 

rrpeBhIIIIaeT 2cr. 11 BTOpoe - 3TO pa3HMUa B 3apMOBOll aCIIMMerpIIII )lJI51 rrapbI 

JienTOHOB 0.[(HOro 3HaKa B pacna.ue B-a.upoHOB, KOTOpM COCTaBJUieT 3cr. KaK Ha 

Balli B3rJUI.ll 3TO OIJ.eH11BaTh? 3To - cJiyqaiiHh1e q>JIYKTYaIJ.MII 3Kcnep11MeHTa, 

He)lOCTaTO'IHM TO'IHOCTb Bbl'IIICJieHMll B CM HJIH 3TO MOryr 6blTh KaKMe 3HaKM 0 

HOBOH q>M3MKe? Mo,KHO JIM 3TO rrpoBepMTh Ha LHC?» 

A.H.: KoHe'IHO *e Ha LHC 3TO MO)l(HO rrpoBepHTh, 11 MhI Bee 3TO rrpoBepMM eme 

pa3. A HaC'IeT OTKphITIIll, 2cr HJIM 3cr - 3TO He O'IeHh IIOKa eme cepbe3HO, 3TO 

Moryr 6hITb CTaTHCTM'IeCKMe <pnyKTyaUMM (pOHa. Il03TOMY 51 6h1 He CJIMIIIKOM 

cephe3HO BOCIIpIIHHMa.JI 3TO ceii'IaC. BOT Kor.ua Ha6epeTCH 4-5cr, TOr,[(a Mhl 

rroroBOpMM 06 3TOM. 
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C!>M3MKa Ha 6onbWOM aApOHHOM KonnaMAepe 

O-repe,QHoe 33C~aHHe CeMHHapa COCT0IITCll 17 HOIIOpsl 2010 r. e 15:00 e 
KOHq>epetnpane Y'!eOHO-Hay'4HOro 4eHTpa OObe,QHHeHHoro HHCTKJYTcl 11,!lepHblX 

HCCfl~OeaHHH (ayA.437 3,Q3HHII Jll,ff), Jly0Ha 

nPOfPAMMA 

«KeapK-rmooHHaA cpeAa» 
AoK118A'•U.1K npocp. 111.M. ApeMHH 

(Cl>HJH'lecKMH HHCTHTyT HM . n .H.Jl~eea PAH, MocKBa) 

O(lcylrdalomai :IICCll&ptJllel/tnan&Hble OaHHble U meopemlJl/eCKIJf/ npeikmaaneHUR 0 
ceoiicm68X KeapK-.111100HHOii c:peOt,,, ~eiiCR e pe,ynt,mame 83ilu11ooeiicmeuii 
aOpoHoe u ROep npu llh/COIIW( :JHePZU1fX Ha YCKDPUmeJIR)( RHIC u LHC. l-ieo&l<IHOCITI& 
3/TIU,: ceoiicme u u,: HeO)f(OOaHHble HOflh/e npoR8/leHUR /l&IJt,leaJOITI no&IWf!HH&IU 
UHmepec u zopR</ue Ouayccuu eo,rpya npeOna2ae111,1,: zunome3 o(! u,: npupo(le_ 
HJyl/eHue coy()apeHuii R<>ep C8UH(l8 Ha LHC, Ha<1UHa10U4eea, s HOll0pe 2010 aoOa, 
npumRZU68em K ce6e oco6oe 8HUMaHue. 

nl)HHllll, Y'13CTMe B 3aCWHHK, JaA3Tb BOllpo(bl II BblC1)'11MTb B AKC~Clllt IIOllOIO B T0'11(3X 
A9YCTOl)OH!lero BM,QeqAOCryna e O~H (.Qy6Ha), Cl>HAH (MotlCBa). (HRH ("nMTOUH111l", Moc1CB3). 
nHR4> (faNKHa), L(EPH (354-1-A019), TTY (Toutl), AfY (liapHayn), KfY (Kewepoeo), orv 
(OIICI), HTTY (Hoeocl1011pc1), RplY (RpocnaBllb). 

llil,lleotpaHCllJlllllll teMHHaP3 OCY\lletTBlllleTCll 'll!pe3 CMCTeuy ynpalll18HIUI 
~petll¥:BIDM TOMCIOro rotyA3ptT!leHtlOfO YffllBepCMTeTa . 
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Ilpo<Peccop, A.4).M.H, Hroph M11xa11nos11q ~eMHH, 
rnaBHbIH ttayqHhIH COTJ)YAHHK <l>HAH (MocKBa) 
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<PU3utJecKuii u11cmumym UM. JJ.H. Jle6eoe6a P AH (MocK6a) 

B pa6ore o6cy,K.naIDTCll 3KcnepIIMeHTaJibHhle /WHHbie II reopernqecKIIe 

npe,[(CTaBJJeHllll O CBOllCTBax KBapK-rJJIOOHHOH cpe,[(bl, o6pa3)'IOJIJeiicll B pe3YJJbTaTe 

B3allMO,[(eiiCTBllll a.rrpOHOB ll ll,[(ep npn Bb!COKIIX 3Heprm1x Ha ycKopureJJllX RHIC II 

LHC. Heo6bJqHOCTb 3TIIX CBOllCTB II l!X HeOJKJI,[(aHHbJe HOBbJe npOllBJJeHIIll 

Bbl3bIBaIOT IlOBbillleHHb!H IIHTepec II ropl!qne ,[(l!CKYCCIIII BOKpyr npe,[(JlaraeMb!X 

rnnore3 06 wx npnpo.[(e. lfayqeHue coy.[(apeHnii ll.[(ep CBIIHila Ha LHC, 

Haq1maIOJIJeecJ1 a HOll6pe 20 IO ro.[(a, npIIrnmaaer K ce6e oco6oe BHl!Mattne. 

fnaBHaJI ueJih ,IIOKJHl,IIa COCTOIDia B TOM, qT06hI COIIOCTaBllTh 3KcnepHMeHTaJihHbie 

,naHHhie ll TeopeTttqecKlle npe,nCTaBJieHHH O CBOMCTBax KBapK-fJIIOOHHOM cpe,nhI, 

06pa3y10mei1CH npII coy,napeHIIHX a,npOHOB II H,nep C BhICOKIIMII 3HepmHMlI. . 

0CHOBHhie 3KCIIepIIMeHTaJihHhie CBe,neHlIH Mhl nonyqaeM ceftqac C TaKlIX 

ycKopIITenei1, KaK Tevatron, RHIC H LHC. ,[l,ocm)KIIMhie Ha LHC 3HeprnII 

coy,napeHIIH napbl npOTOHOB B CllCTeMe ueHTpa Mace B03pOCJIII ,no 7 T3B B 

npOTOHHhIX CTOJIKHOBeHIIHX II ,no 2,76 T3B ,nJIH naphl HyKJIOHOB B CTOJIKHOBeHlIHX 

lIOHOB (pIIC.1 ). 

PHC. 1. Pe3yJibTaT coy.z:1apeHHll HOHOB CBHHila rrpH 3Hepnm 2.76 TJB/HyKJIOH B 

.z:1ereKTope CMS. 

OcHOBHaJI Teopen1qecKaH ll,lleH COCTOlIT B TOM, qTQ a,npOHhl COCTOHT II3 

KBapKOB lI CBH3yIOIQIIX IIX fJIIOOHOB. C poCTOM 3Heprnll IIX qJICJIO ( oco6eHHO, 

fJIIOOHOB) B coy,napHIOIQIIXCH a,npoHax 3aMeTHO B03pacTaeT. B CBH3II C 3TIIM 

B03HIIKaeT BOIIpoc O CBOMCTBaX CIICTeMhl, COCTOHmei1 lI3 60JihllJOro q0cna 
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KBapKOB ll rJIIOOHOB (rrapTOHOB), ll, B qacTHOCTll, 0 B03M0)KH0M rrpmrnnemm 

KOJIJieKTHBHbIX CBOMCTB B TaKOM ClICTeMe (cpe.n:e). 

B paMKax TeopeTnqecKHx nHTeprrpern11nil: ycraHOBllJIOCb o6mee "cornac11e" 

no IIpOTOH-IIpOTOHHbIM (pp) B3alIMO,n:eil:CTBIDIM. MRrnne rrpo11eCCbl C MaJibIMll 

rrepe.n:aHHblMll llMIIYJibCaMll OIIlICbIBaIOTCH C IIOMOIIIbIO q>eHOMeHOJiornqecKHX 

IIO)J,XO)J,OB, rrpe,n:CTaBJieHHM O po)K)J,eHlilI He6oJibIIIllX KOppemipOBaHHblX rpyrrrr 

qacTHII - KJiacTepOB, peIIIeHlIM ypaBHeHHM MYJibTHIIep11q>ep11qecKHX MO,n:eneil: C 

MaJibIMlI rrepe,n:aqaMn lIMrryJibCa. B TO )Ke BpeMH )KeCTKlle rrpo11eccbl, B KOTOpbIX 

rrpOlICXO)l,llT 60JibIIIOM o6MeH lIMITYJibCOB,OIIlICblBaIOTCH B paMKax 

rrepryp6aTHBHOM KBaHTOBOM xpOMO.[(HHaMHKll (KX,Z::O c po)K)J,eHtteM KBapKOB n 

rJIIOOHOB, npttBO.[(HIIIllM K o6pa30BaHllIO CTpyil: ll llX 3BOJIIOIIllll, 

3aKaHqnBaromeil:cH MHO)KeCTBeHHbIM po)K)J,eHtteM a.n:poHOB. 

3KcnepttMeHThl RHIC no coy.n:apeHHHM TJl)KeJiblX llOHOB nOKa3aJill OTJillqlIH 

OT PP B cneKipaX qacTHII, KOppeJIHIIIIHX (,n:Byx-, TJ)eX-qacTnqHbie KOppeJIHllllll; 

CTJ)ytt; Eo3e-3il:HIIITeil:HOBCKHe KOppeJIHIIlIH; xpe6er; ,n:Byrop6ble 

pacrrpe.n:eneHHH ... ), KOJIJieKTllBHblX IIOTOKaX qaCTHII, XllMCOCTaBe (,n:OJIHX 

CTpaHHblX qacTHII, npoTOHOB ll T.,n:.). bbillll c,n:eJiaHbl BblBO)J,bl O TOM, qTo CBOMCTBa 

coy,n:apeHHM llOHOB He CBO.[(HTCH K rrpOCTOMY nepecqery Ha He3aBHCHMbie 

coy,n:apeHHH HYKJIOHOB, a B pe3yJibTaTe o6pa3yeTCH HeKaH KBapK-rJIIOOHHaH cpe.n:a 

( IlJia3Ma, )Kll)J,KOCTb ). 

BMeCTe c TeM, nOHBJieHne xpe6Ta ( cneIIllq>HqecKOM KoppeJIHIIlill, Kor.n:a 

qacTttllbl po)K)J,aIOTCH C MaJiblMll pa3HOCTHMll a3HMYTaJihHblX yrJIOB ll IIIHpOKO 

pacnpe.n:eneHhI no nonHpHhIM yrnaM) B Au+Au-coy.n:apeHHHX np11 3HeprHHX RHIC 

llHTepneTHpOBaJIOCb BHaqane KaK TllnHqHO H,n:epHbIM 3q>q>eKT (pHc.2, CJieBa), HO 

Ha6nro.n:eHHe CMS KOJIJia6opalllleil: aHanornqHbIX qepT B pp-coy.n:apeHHHX c 

3Heprneil: 7 T3B npH 60JibIIllIX MHO)KeCTBeHHOCTHX (pnc.2, cnpaBa) TJ)e6yeT 

.n:pyroro onlICaHlIH. B qacTHOCTlI, B03HHKaeT eCTeCTBeHHhIM BOnpoc O TOM, 

KaKOBO COCTOHHHe B036y)K)J,eHHbIX KBapKOB lI rJIIOOHOB np11 3TlIX 3HeprnHX ll 

MOI)'T JllI npOHBJIHTbCH ero KOJIJieKTlIBHhie CBOil:CTBa )J,a}Ke B HYKJIOHHbIX 

CTOJIKHOBeHIIHX. O6cy)K)J,eHlIIO 3TOM npo6neMhl 6y.n:er nocBHIIIeHO cne11ttaJibHOe 

3ace,n:aHHe Bll.[(eo-ceM11Hapa ROMS-CMS 20 HHBapH 2011 ro,n:a. 

TeopemqecKlie no,n:xO.[(bI MO)KHO pa36HTb Ha TJ)lI rpyrrnhI 

MllKpOCKOIIliqecKaH KX)]; (npo11ecChI B BaKYYMe ll BHeIIIHllX nom1x), 

MaKpOCKOn11qecKaH KX)]; (KOJIJieKTllBHbIM OTKJilIK cpe,n:bI) ll rn.n:po,n:1rnaMHKa 

(TepMO)J,lIHaMllqecKHe ll MexattnqecKlie CBOMCTBa KBapK-rJIIOOHHOM cpe,n:bI). KX.Il: 
HBJIHeTCH OCHOBOM Bcex no.n:xo.n:oB. 

B coy.n:apeHlIHX lIOHOB pa3JlliqaIOT HaqaJibHbIM 3Tan - KOH,n:eHCaT IIBeTHOro 

CTeKJia (KIJ:C) lI rJia3Ma, npoMe~oqHbIM 3Tan - Heycmil:qlIBOCTlI, nplIBOMIIIlie K 
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Kf'II (cpe.n:a! - KBapK-fJIIOOHHaH nJiaJMa) C ee TepMaJilI3aIIHeil: lI 3aKJIIOqlITeJibHbIM 

3Tan - a.n:poHlI3allllH. 

a.i 11::::~TA~_~_reli~in~ry·.:·-.. :r H ::::::::::::::::::11::>:::::::: 
<l 0:2 .. --·~·-:· .. 
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(d) N>110, 1.0GeV/c<pT<J.0GeV/c 
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~ -2 
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Puc. 2. Xpe6ThI, Ha6mo.n:aeMhie B coy.n:apeHHJIX HOH0B 30JIOTa npn :mepnm 200 f'3B Ha 

RHIC (cneaa) H B pp-coy.n:apeHH»x nptt 3Heprnn 7 T3B Ha LHC (cnpaaa) -

Ko1rna6opautt» CMS. 

HaqaJibHbie 3TaIIbl (KIJ:C + 1Jla3Ma) paccMaTplIBaIOTCH B paMKax MlIKpO

no.n:xo.n:a KX)l Han6onee nHTepecHhiil: pe3yJibTaT cocTOlIT B npe.n:cKa3aHHlI 

nepeCTJ)OMKlI BHaqanenorrepeqHblX xpOM03JieKTJ)HqecKHX lI xpm,mMarttlITHbIX 

IIOJiett B KU:C B COOTBeTCTBYIOIIIlie npo,n:OJibHble IIOJIH B f'Jia3Me . .ll:aJibHeHIIIaH 

3BOJIIOIIIIH f'Jia3Mbl B nJia3MY He HCHa ll, BlI.[(lIMO, npolICXO)l,lIT 3a cqer 6bICTJ)O 

pa3BlIBaIOIIIlIXCH HeycmrrqnBOCTeH. Bbl3bIBaeT )J,lICKYCClilI " npo6Jiel\ta 

ycTaHOBJieHIIH TepMO)J,HHaMHqecKOro paBHOBeClIH - TepMaJilI3aIIlllI nJia3Mbl. 

CGC Initial 
Singularity 

Glasma sQGP Hadron Gas 

Pttc. 3. 3TaIIbl 3B0JIIOUHH B npouecce coy.n:apeHHH H0HOB. 

f'n.n:po,n:nHaMnKa KBapK-rJIIOOHHOM cpe,n:hI rrpHMeHHeTCH Ha 3Tane Kf'II lI 

ncnOJib3YeT 3aKOHbl coxpaHeHIIH + ypaBHeHIIe COCTOHHIDI + HaqaJibHbie ycJIOBlIH + 

a.n:poHlI3aIIlIH (pnc.3). HecMOTJ)H Ha 60JibIIIOe qncJIO B03HlIKaIOIIIlIX npo6JieM lI 

rrapaMeTpOB y,n:aeTCH CBH3aTh .n:enaeMbie BbIBO.[(bl C 3KcrrepnMeHTaJibHbIMlI 
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.D:aHHhlMll no B3attM0,n:ettCTBllHM H,n:ep. B pe3yJihTaTe perneHHH ypaBHeHtttt 

m.n:po,n:nHaMHKll nonyqaJOT CBe.n:eHttH O BpeMeHHOtt 3BOJIIOU:llll TeMnepaiypbl ll 

nJIOTHOCTll 3Hepmn, a3llMYTaJibHOM noTOKe, XHMnqecKOM COCTaBe, BH3KOCTll, 

CBOttCTBaX nepeHoca 3Hepmn, BpeMeHll )Kll3Hll KITI, IlJIOTHOCTll 6aptt0HOB. 

OcHOBHOtt BhlBO,n:: KrII npe.n:CTaBJIHeT co6ott CllJibH0 B3attMo.n:ettCTByJOID:yJO 

noqTll n.n:eaJibHyJO )KllL(KOCTb C MaJIOtt BH3K0CTblO. 

3KcnepnMeHTaJibHM npoBepKa xpOMOL(llHaMllKll KBapK-fJIIOOHHOtt cpe.n:bl 

COCTOllT B myqeHllll noTepb 3Hepmn 3apH)KeHHbIMll npo6HttKaMll (napTOHaMll) B 

cpe.n:e. B MHKpo-no.n:xo.n:e myqaIOT B03,n:ettCTBtte cpe,n:hI Ha npo6HttK, T.e. peaKQttJO 

.n:Btt~merocH B cpe.n:e napToHa Ha co.n:ep)KamnecH B Hett u:BeTHbie noJIH. B MaKpo

no.n:xo.n:e llCCJie.n:yioT KOJIJieKTttBHbie B036~eHttH CaMOtt cpe,n:bl, Bbl3BaHHbie 

npo6HttKOM, T.e. 3cpcpeKThI, CBH3aHHbie C ee noJIHpmau:nett, onttCblBaeM0tt 

npoHnu:aeMOCTblO cpe,n:bl. 

MnKpo-no.n:xo.n: paccMaTpttBaeT TaKHe HBJieHttH KaK rarneHne cipytt, 

K03cpcpnu:neHT nepeHoca 3Hepmn c yqeToM 3cpcpeKTOB cpe,n:hI, xapaKTep 

3BOJIIOUllll Cipytt, pOJib yrJIOB0ro ynopH,n:oqeHHH B HllX, U:BeTa ll pa3MepoB cpe.n:bI 

npn nocne.n:oBaTeJibHblX pacna.n:ax napTOH0B. 
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A Simulation 
• Experiment 

Puc. 4. Orrn:crurne .zwyrop6b1X pacrrpe.n:enettuii qacTHu s coy.n:apettmrx uottos 3onorn rrpu 
:mepruu 200 f3B Ha RHIC B paMKax MaKp0-II0,D,X0,D,a (qepeHKOBCKHe rJIIOOHhI). 

MaKpo-no.n:xo.n: ncn0Jib3YeT nOHHTlle xpOMOilpOHHU:aeMOCTll KBapK

rJIIOOHHOtt cpe,n:bl, aHanomqHoe L(ll3JieKTpnqecKOtt npoHnu:aeM0CTll 06b1qHott 

cpe,n:bl, ll .n:aeT CBe,n:eHHH O nJIOTH0CTll napTOH0B B cpe.n:e, noTepHX 3Hepmn Ha 

npe,n:CKa3bIBaeMhie B 3TOM no.n:xo.n:e qepeHKOBCKtte rJIIOOHbl, 0 L(JlttHe CB06o.n:Horo 

npo6era napTOHa, He06biqHOM noBe.n:eHttll pe30HaHCOB B cpe.n:e, pOJill 
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KllJibBaTepHOtt Cipytt, o6pa3yiomettCH B cpe.n:e n038L(ll L(BlI~erOCH B Hett 

napT0Ha, B03M0,KHOM nepexo,n:H0M rJIIO,OHHOM mnyqeHllll. B paMKax .n:aHHOro 

no.n:xo.n:a y.n:aeTcH c xopornett T0qH0CTbJO onncaTu ,n:Byrop6b1x pacnpe.n:eneHntt 

qacTttU: B coy.n:apeHttHx noHOB 30Jiorn npn 3Hepmn 200 faB Ha RHIC (pnc.4). 

YcnernHaH pa6orn LHC B pe,KIIMe CTOJIKHOBeHIIH H,n:ep CBHHU:a c 3Hepmett 

2,76 T3B Ha napy coy.n:apH!OIQllXCH HYKJIOHOB B CllCTeMe u:eHipa Mace, HaqarnH 

BCero Jllllllb 7 H0»6pH 2010 r., y,Ke npttBeJia K ny6JittKaU:llll nepBbIX 

3KcnepIIMeHTaJibHbIX pe3yJibTaTOB. O6Hapy)KeHbl 3aMeTHbie ornnqnH OT 

60JiblllllHCTBa TeOpeTIIqeCKllX npe.n:CKa3aHlltt. BII,n:Ho, qTQ Ipe6yeTCH L(aJibHettlllaH 

llHTeHCIIBHaH pa6orn no IIX OCMbICJieHHIO n KOppeKU:IIll. KoHeqHO, BBtt.n:Y 

CJIO,KH0CTll no.n:xo.n:a K npo6JieMe CllJibHbIX B3attMo.n:ettCTBIItt B npouecce 3TOtt 

pa60Tbl nptt,n:eTCH MOL(II(pllU:llpOBaTb HeKOTOpbie ncnOJih3yeMbie cpopMyJibl ll 

qmTnpyeMble napaMeTpbI. HecM0ipH Ha MHO)KeCTBO OCTaJOID:llXCH 

Heonpe.n:eJieHHOCTett .n:enaJOTCH HOBbie TeopeTnqecKtte npe,n:CKa3aHHH, KOTOpble 

aKTllBH0 conOCTaBJIHIOTCH C nonyqaeMbIMll 3KCnepnMeHTaJibHbIMll .n:aHHbIMll. Ha 

noBeCTKY L(HH ~HOBb BCe OCipee BblL(BttraeTCH B0npoc O K0JIJieKTHBHbIX CBOttCTBax 

KBapK~rJIIOOHHOtt cpe,n:hl, o6pa3y10mettCH B coy.n:apeHIIHX a.n:poHOB ll H,n:ep C 

BbICOKllMll 3HeprttHMll. 
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.Ll:IICKYCCIDI IlOCJIE ,n:OK.JIA,n:A 

HITY, Hosocu6upcK: 

Bonpoc: «KaK lI3BeCTH0 KBapKlI lI rmooHI,I He BhmeTaIOT lI3 anpoH0B. TeM He 

MeHee K onncaHlIIO CB0HCTB KBapK-rJIIOOHH0H )Kll,nK0CTlI IIplIMemieTCH 

ru.nponnHaMlIKa - Hayi<a c03naHHaH nJUI onncaHlIH MaKp0-Mnpa. KaK Bbl M0)KeTe 

np0K0MMeHTlip0BaTh ee npnMeHlIM0CTb K "3anepTbIM
11 

MlIKp0-06'heKTaM?» 

ll.M.: «Kompai1MeHT, ynep)KaHne, KBapK0B np0HBJIHeTCH Ha K0He'IH0M 3Tane. 

Bec,b npouecc oueHHBaeTCH BO BpeMeHa OT l no 10 qiepMlI n C00TBeTCTBeHH0 

BpeMeHa 3B0JIIOUlilI 0'leHh MaJieHhKlie. TeM He MeHee, Korna CTaJilI npnMeHHTb 

rnnponnHaMlIKY, OKa3aJIOCh, 'ITO B03M0)KH0 npocnenHTb KaK 3TanhI npoxonnT 

KBapK-rJIIO0HHaH nJia3Ma B0BpeMH 3B0JIIOUlilI. TeMnepaTypa, nJI0TH0CTb 3Heprnn, 

BCe 3TH BeJilI'llIHbI MeHHIOTCH lI onlICbIBaIOTCH 3aK0HaMlI TepMonnHaMlIKlI. A. y)K 

anpoHn3aunn nponcxonHT n0J)Ke lI HCH0, 'ITO :no He n0HHTbIH no K0HUa 3q>q>eKT, 

C KOHq>ai1MeHTOM noKa cnpaBlITbCH HlIKT0 He M0)KeT.» 

Bonpoc: «Bh1 paccMaTpnBaeTe KoppeJUiunn, npennonarw, 'ITO Monentt nnHei1Hhie. 

HaCKOJibKO 3TO C00TBeTCTBYeT lICTlIHe? HaCKOJibKO 3T0 C00TBeTCTBYeT 

3KCnepnMeHTaM?» 

ll.M.: «1:ITO Bbl lIMeeTe B Bnny no CJI0B0M 
11
JilIHeilHaH"? Ecnn n0CM0rpeTb Ha 3T0 

"xpe6er", TO OH nei1CTBlITeJihH0 BbITHHYT Bn0Jib pa3HlIUhI ncBno6bICTPOT, 

qacTlIUbI IIpaKTlI'leCKlI HeCK0ppennpoBaHhI, a BOT no pa3HlIUe a3lIMyraJibHbIX 

yrnoB 0HlI 0Ka3bIBaIOTCH 0'leHh 
11
3~aThIMlI

11 
- 3T0 TO, 0 qeM H r0B0plIJI - ycJI0Blie 

11
BbicrpoeHH0CTlI

11 
B K0CMlI'leCKlIX nyqax lI Ha6n10naeMhI B 3KCnepnMeHTax 

"xpe6eT". T.e. TaKlie K0ppenHUlilI lIMeIOT MeCT0 6hITb, a lIX 06'hHCHeHne - B0npoc 

6y.nyiuero.» 

TrY, ToMCK: 

Bonpoc: «ECTb JilI aHan0rnH Me)K.l(y runponnHaMlIK0H nJia3MbI lI 

rnnponnHaMlIK0H HnepH0H )KlI.l(KOCTlI? IIM lil',IeeTCH B Bnny runponnHaMlI'leCKaH 

Monenb H.npa.» 

ll.M.: «3TlI npouecCbI npoTeKaIOT npn pa3HbIX ycJI0BlIHX. KBapK-rJIIOOHHaH 

nJia3Ma npn 0'leHb BbIC0KlIX 3HeprnHX, a rnnponnHaMH'leCKaH Monenh H,npa -

CTaTlI'leCKaH Monenh. 3ro C0BCeM pa3Hhie BeIUH.» 

Bonpoc: «.Ll:rrH onncaHlIH KBapK-rJIIOOHHOH nJia3MbI lICn0Jib3YfOTCH ypaBHeHlIH 

C0CT0HHHH. Ho ypaBHeHHH C0CT0HHHH npnMeHlIMbl, Korna ClICTeMa HaxonnTCH B 

TepM0,nHHaMH'leCK0M paBH0BeClilI. HacKOJibKO onpaBnaHo TaKoe npn6JilI)KeHne? » 

lI.M. WEMlIH 91 

ll.M.: «B PeJYJihTaTe pacqeT0M BpeMeHa TepMann3aunn 0Ka3hIBaIOTcH He oqeHh 

60Jibll1lIMlI, 'IT0 n03B0JUieT npnMeHHTb ypaBHeHlIH C0CTOHHlIH.» 

IlIDl<I>, raTquua 

Bonpoc: «KaKne 0CH0BHhie KJIIO'leBbie nyttKTbl Bbl M0)KeTe BhineJilITb npn 

cpaBHeHlIU nByx onncaHlIH - MaKp0CK0nuqecKoro lI JI0KaJibH0ro B paMKax 

nepryp6aTlIBHOH KX)];? Ha 'ITO cnenyeT o6paTlITb BHlIMaHlie B 6JilI)KattIIJlIX 

3KcnepnMeHTax Ha LHC?» 

M.M.: «HeHCHbIM B0npoC0M HBJllleTCH, KaK lI3 MlIKp0 nonxona nony'llITb TaKyIO 

xapaKTepnCTlIKY, KaK xpoMonpoHnuaeM0CTb. PeannCTlI'IHbIX Monenei1, K0T0pbie 

n03B0JUIIOT nonyqlITb TaKyIO xpoMonpoHnuaeM0CTb, KaKyIO n0Ka3hIBaeT 

3KCnepnMeHT, HeT. A qTo KacaeTCH 3KcnepnMeHTaJibHbIX 3q>q>eKTOB, TO 0HH 

HeMH0ro pa3neneHhl - onHn KacaIOTCH TOro, KaK cpena BJIHHeT Ha napTOH, a 

npyrne - KaK 3Ta cpena B036~aeTCH lI BbICBeqnBaeTCH. I103TOMY 3TH nonxonbI 

non0JIHlITeJihHhie.» _r, 

:U:EPH, JKeuesa: 

Bonpoc: «IIpn CT0JIKH0BeHlilI Hnep, HaqnHaH C onpeneneHHbIX 3Heprni1, 

Ha'llIHaIOT np0HBJUITbCH BHyrpeHHlie CTeneHH CB06onb1 - KBapKH lI rJIIO0Hbl. Ho 

aHanornqHyIO KapTHHY M0)KH0 npencTaBHTb lI npn ycKopeHlilI anpciHOB. MO)KHO 

JilI 0)KlinaTh, qTQ npn: nocTaTQqHo 60JiblIIHX 3HeprnHX M0)KH0 roB0plITb 06 

o6pa30BaHlilI CHCTeMhl C KBapK-rJIIO0HHblMlI creneHHMlI CBo6onbI B TaKHX 

CTOJIKHOBeHlIH?» 

M.M.: «.Ll:ettCTBlITeJibHO lI B np0T0H-np0T0HHbIX CTOJIKH0BeHHHX B03M0)KH0 

o6pa3oBaHne qero-rn noxo)Kee Ha KBapK-rJIIO0HHyIO cpeny. 1:Irn 3T0 3a cpena -

KBapK-rJIIO0HHaH IIJia3Ma, cpena lIJilI 'ITO-T0 npyroe - 3T0 lI eCTb npenMeT 

naJibHettIIJHX nccnenoBaHlIH. Oco6eHHO B H0B0H o6naCTlI 3Hepmi1. » 

IDIII, MocKsa: 

Bonpoc: «KaKoe MlIHlIMaJibH0e K0JIHqeCTB0 HYKJI0H0B Heo6xonn:MO CTaJIKlIBaTh, 

qro6bI roB0plITb 06 o6pa30BaHHlI KBapK-rJIIO0HH0H IIJia3MbI? M KaKoe 0TH0IIJeHne 

BpeMeHlI TepMaJilI3aUlilI KO BpeMeHlI BCero B3alIMOnei1CTBlIH?» 

M.M.: «JI HaqHy c nocnenHero Bonpoca. 3TO 0TH0IIJeHHe lICKJIIO'llITeJihH0 MaJI0. B 

TepMo.rinHaMnqecKnx pacqernx BpeMH TepManmaunn nopH.nKa 0.6 qiepMn, a 

n0JIH0e BpeMH 3B0JIIOUlilI - rne-T0 7 q>epMlI. Hacqer qffCJia CTaJIKlIBaIOIUlIXCH 

qaCTlIU }I 6hI CKa3an, qTo nyqrne roB0pHTb 0 nJI0TH0CTlI 3HeprHlI, IIJI0TH0CTlI 

qncna qacrnu Ha ennHHUY nceBno6hICTpOTbl. Ba)KHO qTQ 3Ta BennqnHa B np0T0H

np0T0HHbIX CT0JIKH0BeHHH Ha LHC, CTaH0BlITCH TaK0H )Ke, KaK B CT0JIKH0BeHlIH 

Hnep 3onorn Ha RHIC. TaK)Ke "pa3Mepb1 o6nacTn: coynapeHnH CTaH0BHTCH noqrn 

TaKHMlI )Ke, KaK H no 3TOro B 3KCnepn:MeHTax no CT0JIKH0BeHlIIO H,nep. I103TOMY 

Bech B0npoc 3aKJIIO'laeTCH B TOM, KaK0Ba nJI0TH0CTb 3Hepmi1, K0T0pyIO ynaeTCH 



92 KBAPK-fnIO0HHAfl CPE.l(A 

co6paTb B JJ:aHHOM 061,eMe. A pa3 MbI nepeIIIJitt OT 200 f3B Ha RHIC K 7 T3B Ha 

LHC, TO IlJIOTHOCTh 3Heprntt ecTeCTBeHHO B03paCTaeT.» 

OIUlll, ,lcy6ua: 

Bonpoc: «Kor,na BnepBbie Ha6mo,nrurn nornoIIJeHtte 6bICTPbIX naPTOHOB, TO 

npe,n:CKa3bIBaJIH, qTQ K03cpqmutteHT IlOrJIOIIJeHHH ,n:OBOJibHO 60JibIIIOH J:lJIH JierKHX 

KBapKOB H ,noJDKeH 6bITb MaJibIM ,n:JIH TH)KeJibIX. Ho B nocne,n:CTBHH OKa3aJIOCb, qTQ 

OH TaKOH MaJieHbKHtt: KaK Bbl MO)KeTe 3TO npoKOMMeHTHpOBaTb ?» 

11.M.: «B Bonpoce "rarneHHH CTPYH" eIIJe ,naJieKo He Bee HCHO. 3ToT napaM~ 

CHJibHO MeHHeTCH B 3aBHCHMOCTll OT pa3HbIX no,nxo,noB. E,n:HHOrnacHH B 3TOM 

Bonpoce ,no cux nop HeT. » 

Bonpoc: «KBapK-rJIIOOHHYJO IlJia3Mbl HCKaJIH MHOro JieT. Bee Ha6mo,naeMble 

,naHHble no no,naBJieHHIO PO)KJJ:eHHH qapMOHHeB, IlOBbIIIIeHHoro BbIXO,na 
11
CTpaHHblX

11 
qaCTHU H T.,n. IlbITaJIHCb 061,HCHHTh H C ,npyrttx ToqeK 3peHHH. B 

HaCTOHIIJee BpeMH Bbl cquTaeTe, qTQ KBapK-rJIIOOHHaH IlJia3Ma Hatt.neHa H C 

Heo6xo,n:HMOCTblO eCTb?» 

11.M.: «51 JII06JIIO repMHH 
11
KBapK-rJIIOOHHaH cpe,na". A BOT qTQ 3TO - IlJia3Ma, 

)KHJJ:KOCTb HJIH KaKaH-TO ,npyraH cpe,na, B KOTopoii eCTb He06blqHbie KOJIJieKTHBHbie 

B036~eHHH - IlOKa 3TO eIIJe He,nocTaTOqHo HCHO. CaMO IlOHHTHe KBapK

rJIIOOHHaH IlJia3Ma JJ:OCTaTOqHO CHJibHO MO,n:HcpHUHpOBaJIOCb. CHaqaJia cqHTaJIOCb, 

qTQ 3TO - ra3 H3 CB060,n:HbIX HeB3aHMO,neiiCTBYJOIIIHX KBapKOB H rJIIOOHOB. IloTOM 

CTaJIO IlOHHTHO, qTo 3TO - CHJibHOB3aHMO,neiiCTBYJOIIIaH KBapK-rJIIOOHHaH IlJia3Ma, 

qTQ, IlOCKOJibKY BH3KOCTb MaJia, 3TO - )KHJJ:KOCTb. Ceiiqac HCHO, qTO onucaHHe 

TPe6yeT KBaHTOBoro no,nxo,na - "KBaHTOBaH rn,npo,nuHaMHKa". A qTo 3TO TaKoe 

HHKTO, KaK cne,nyeT He 3HaeT.» 
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