
\ , 
HHCTItlTyT TeOpeTHqeCKOH. H 

3KCnepHMeHTanbHOH~H3HKH 

15-98 

\ 

<L 
~ \- II.ll.JIeBllHTOB 

\-\ 
1 J 

· _ __.__.'( 

PeaKUIUi 1f-P --r KOA(B) li-firt06ne~Jf.J~(r) fJ:.S.-
. . --_·····,·,,_····"·····i··_···__ · -

I 
. " _ , ". -~ ..~ ~_ ---l--_-.J 

!.... __.+_~~ .. _-+__....J 

........_..~. ~ ,__.__.. _.j__~_-+-_-..J 

-." __ ~ _-_._..~r-l -+--_--1 

. 
ij 

(··-· .. ·--··----··--Jir---+--......I 
1 I;" ~_~ ~~---+-_---J 

"...-~--_.___jl~----i~----I 



YnK 530.1 ~-16 

PeaKllJUI ICP~KOJI(~) .til np06JIeM8 UA(1): TIp€IIPZHT vIT~ I5-93. 

H.ll.JIeBHHToB - M ., 1998 - 200. 

113MepeIIlIJI MaJIoA CllIiIH-op6HTaJIhROH aMUJIHTy.n.hl peaKllHH 1r-p -+- [(oA(I:) UpH 

s ~ 10 r3B2 IIH<popMHpyeT 0 MexaHII3Me II neJIH'IHUe CKaJlJlpHOro nepexo.n.a. uu -t 88 

nps IIonHOH 3Hepnn~: KBapKOB :S 1 r3B2. . . 

PHc.-9, ClIRCOK JIHT. - 12 HaRM. 



1	 PeaKIuul 0- ~ --+ 0- ~ C pO)K)l;eHHeM H oe3 pO:>K,l(eHH.SI 

cTpaHHocTH. 

CymecTByeT pe3Koe OTJIIItIHe peaKIl!iI:H C pOJK.n;eHHeM CTpaHHOCTH 1f-p -7 

KOA (a) H rr-p -7 [(oE (b) OT peaKIlluf 7r-p -7 7r°n (c), 1f-p -7 TJn (d) 
H J(-p -7 J(°n (e) [1] - [4], KOTopoe DhIpaJKaeTCSI B oTcyTCTBHH MaKcHMyMa 

.n;H4>~epeHUHaJlbHbIXCeqeHHR peaKUHR (a, b) IIpll MaJIbIX, HO KOHeqHhIX no

nepeqHbIX nepe.n;aHHhIX HMnyJIbCaX qi B 06JIaCTM 8 .<. 10 f3B2 (pe.n;2KeBCKaJI 

06JIaCTb), cpaBHHTe pMC. 1 II pHC. 2-4. AHaJIH3, IIpoBe.n;eHHbIH B [5], IIOKa3a.JI, 

qTO MaKcHMyM D nll~~epeHUHa.rrbHbIX CeqeHH5IX 

da	 _ I 12 I 12(Rq.L)2 (1)dql	 - mo + ml -2

o6yCJIOBJIeH .n;OMHHaHTHOCTbIO ml (B (1)). ml - CIIHH-Op6I1TaJIbHhII1: l:IJIeH 

aMnJIMTy.n;hI peaKIJ:IIR 0- ~ -7 0- ~, rna - qJleH aMIIJIHTYAbI, He 3anHC5IIllRH OT 

CIII1Ha, R = 1-;- 2(r~B )-1 - panllyc BbIqeTa .n.OMl1HHPYIOIllHX nOJIIOCOB P e,U2Ke. 

B peaKIUf.SIX (c) - (e) mI/mo = 6 -10. 3TO COOTBeTcTByeT 60nee qeM 90% 
BKJIa.n;y Imll2 B HX nOJlHbIe CeqeHI151. IIpH YMeHbweHIIH mI/mo MaKcHMyM 

6bICTpO lICqe3aeT. mI/mo ~ 3 COOTBeTcTDyeT JIlUIIb ynJIOIllemnO .nmptpepcH

UHaJIbHbIX CCqeHllH npn ql = O. T.o. KBa.n.paTllqHbIH BKJ1a.n: Imll2 He naeT 

B03MO)KHOCTM oueHIITb MaJlbIe mI/rno. 
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KaK H3MepHTb HCTlIHHOe OTHOlIIeHUe rnl/rna B peaKIJ;IUIX (a) If (b)? 
BBnny H3DeCTHOI':'1 MaJIOCTU OTHOClITe,ITbHO}I q>a3hI Ul,O If Tnl B pen)KeBCKOM 

06JlaCTlI 8, Hy2KHO H3Mepl1Tb Re(rni/rno). ilml 3Toro CJIe.uyeT p02KlIaTb A, ~ 

Ha nOJHlpU30BaHHoii rrpOTOHHOll: MIImeHH (peaKlJ;IHI 1r-Pt --j, KOA/,) If 1:I3Me

pHTb yrOJI n Me)Kny HarrpaBJIeHUKMU rromlpU3a:u;uu A II HarrpaBneHlIeM rrOJUI

pl13a:U;lIlI rrpOTOHa nOJUlpH30BaHHoII MllilieHII. IIonHplI3a:U;llH MluneHII Jle2KllT 

B llJIOCKOCTlI peaKuuII II rreprrCHnlIh.yJl.sIpHa rryqKyJr- IIPli (mi / mo ) Rq.l.. «:: 1 

7n* 
sinn = Re-1 Rq.l... (2) 

rno 
I-bMepeHHe n npOIl3BO,UHTCH, KaK npn 06hIqHhIX ll3MepeHU.sIX MarHHTHoro 

MOMeHTa A, ~, He COXpaH5IIOIU:llM TleTHOCTh pacrrallOM A/' --j, 1r-p. B03MO./K-

HaJ.[ norpeIIIHOCTb n npII ql ~ 0,3 - 0, 5( r~B)2, o:u;eHeHHaH 113 .uaHHbIX no 

MarHlITHhIM MOMeHTaM A, E, COCTaBJUleT ~ 0,05 - 0,5. 3TO naeT nml HlI./K

Hero rrpe.ueJIa Re(miJmo) .<: 0,05 - 0,5 (R = 1, 7(r~B)-1) B 3aBlICllMOCTn 

OT KOHKpeTHhIX ycnOBll}! 3KcrreplIMeHTa. 

ITp06JleMa U/1(1) II MJlTKHe 6HHapHbI€ ,npoueCCbI. 

113 Tpex ImapKOB n aHTUKBapKOB M02KHO nOCTpOlITb 9 pa3JIlIqHI:llX KOM6uHa

IU:Ill)pllC.5. TplI II3 HUX nCTI:IHHO HeHTpiWIbHhI: UU, dd, sa. B pe3YJIbTaTe 

ClIJIbHhIX B3aI:IMo.n;eHcTBlIM 3TlI KBapK-aHTHKBapKOBhIC COCTOHHIUI MoryT ne

peXO.D;I:ITh .D;pyr B npyra (eM., HanplIMep, [6]). B ~aCTHOCTlI, .uJIH nceB.n;o

CKaJI.sIpHhIX KOM6I-IHa:U;IIH, II3 KOTOpbIX COCTOHT 1rQ, T/,-rl-Me30HhI, pa3pemeHhI 

IIcpeXO'ubI [7] 
ilht,LL ~ dh'5d ¢:=} Si'{5S. (3) 

B rrpeneJIe HyJICBbIX lIofaCC KBapKOB (B KlIPaJIhHOM npe.neJIe) narpaH)KlIaH 

KXlI UXI.,reeT ollHHaKoBYIO <pOpMy .n;mI JIeBbIX (L) II rrpaBhIX (R) KBapKOB 

OH o6JIa.n;aeT KUpaJIbHOH: cHMMeTpnell SUL(3) 0 SUR(3), HO He 06JIa.naeT 

UA(l)~cHMMeTpHe(I,OTBeqaIOIUeiI coxpaHeHHIO 8U(3) CIIHrJIeTHOrO C1KCHaJIh

Horo TOKa, rrOCKOJIbKY rmOOHHhIe B3allMo.ueiicTBlIH HapymaIOT UA(l)~CllMMe

TplIIO. LIa)K€ B KHpaJIhHO!vl rrpenene CHHrneTHhIM aKCI.fi:lJIbHbIM TOK He coxpa

HHeTCH: _ - _ as 
Up (wyP;Y51.l + d'{J-l"Y5 d + S'{JI'''Y5 S ) = 3 trGG f; 0, (4)

21r 
r.ue O's - KOHCTaHTa CIUlbHhIX B3auMo.uej:'IcTBIIll:~G - Harrp512KeHHOCTH rJIIOOH

HblX rro.rrei1:. 
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TaK<.UI rrapanOKCanhHaJI CI:ITyauuH Ha3h1BaeTCH "rmooHHolr aHOMa.rrneif' , a 

KOMIIJICKC IIpo6JICM, CBJ;l3aHHbIX C HecoxpaHeHneM aKCHaJIhHOrO TOKa, - "IIpo

6JIeMOII UA ( 1)" . 
ECJIli ClUe IIoTpe6oBaTh coxpaHeHIHI YJHCna KBapKoB, YJTO 3KBHBaJ1eHTHO 

coxpaHeHlI1O SU(3}-CI-mrJIeTHOrO BeKTopHoro TOKa, TO B,ZJ;o6aBOK K nepexo.n;aM 

(3) Heln6c)KHO B03HHKalOT nepeXOAbI B CKamIpHOM KaHa.rre uii -*=> dd {:=:=:> 

sS. AMnJII1TYAbI CKa.i"IHpHbIX II IIceB.n;OCK<l.JJ:HPHbIX nepeXO,LlOB BXO,LlHT B 06lUYlO 

YJeThIpeX-KBapKoBylO aMIIJIlITy.n;y T C 1I3MeHeHueM apOMaTa (pnc.6) B Bl'I.n;e 

pMHOCTH (SU(3)"HHBap:HaHTHbI~r.n:eTepMHHaHT T'Xo0<pTa [8].) 

(5) 

II aHaJ10rHYJHO ,ZJ;JIH T(UU -+ 88). 

BeJIHYJHHa 3~; trGG B (4) He 3aBHCliT OT 3Hepnm: nepe3apH2KalOIUHXCH 

KBapKOB. IIo3ToMY (5) CIIpaBe,llJIHBO TaIOKe .n;JIH HepeJIHTHBHCTCKHX KOHCTH

TY3HTHbIX KBapKOB (pacIIIUpeHHaJI MO,ZJ;eJIh HaM6y-HoHa-JIacHHHo NJL [9]). 
B HepemITHBHCTCKOM IIpH6JIH2KeHHH B pe3ynhTaTe cnOHTaHHoro Hapyme

HI.fH KHpaJIhHOH llHBapHaHTHOCTH (5) rrepeCTaeT:mBHceTb OT KOHCTaHThI CBK3H 

}( H onpe.n;eJIHeTCR pa.n;nycoM 06JIaCTH, B KOTOpOH IIpOHCXO.n;HT H3MeHeHHe 

apOMaTOD KBapKOB (YCJIOBHe YJepHOTbI ImapKoB): 

(6) 

KBapKH - He CBo6o.n;HbI, H R OIIpe.n:emleTCH CTpyKTypHhIMH <!>YHKUHRMH B3aH

MO,lleHCTDYIOIIlHX a.npOHOB. B aMIIJIHTY,ZJ;hI rno l'I 'ml R BXO.n;HT KaK pa.n;Hyc 

BblqeTa IIOJIIOCa Pe.n;)J(e. '4JIeHbI (6) rrOJI02KHTeJIhHO orrpe.n;eJIeHbI, II n03TOMY 

CKaJISIpHhIe (0+ = 3Po) H nceB,IToCKaJI.lIpHbIe (0- = ISO) nepexo.n;bI B S

KaHaJIe ,ZJ;eCTpyKTHBHO llHTepq,epHpylOT B CJIyqaSIX, Kor,aa 06a rrepexo,n;a co

.n;ep2KaTCK B O,llHoii <pII3nqeCKOIl aMllJIHTy.n;e. 

IIepen,aeM K 6llHapHbIM rrponeccaM. 

1. PeaKUIUI (a)-(e) IIpH BbICOKnx 3HeprnKx H,ZJ;yT no cxeMe pnc.7, r,ZJ;e 

BHyTpeHHKH YJaCTh aMIIJIHTy.n;bI 76 - HepeJIXTHBIICTCKaJI KBapKOBaJI qeTblpex

XBOCTKa pnc.6. 3TH. KapTHHa cornacyeTc.SI co CTeneHHhIM na.n:eHHeM pe,aiKeB

CKIiX aMIIJIIITyll C pOCTOM 3Hepnm. 

2. B t~KaHa.rre Bcex II.lITH peaKI.vu1 (a)-(e) JJ;OMHHItIPYlOT 06MCHHO BbIPO

iK,lIeHHbIe BeKTopHbIe ( 3Sr) II TCH30pHbIe ( 3P2 ) IIOJIIOCa Pe.n;2Ke. lb TO:JK.n;eCTB 

<t>:npua c.rre.uYE'T, "'ITO npu TaKOM BhlPOJKDCHIUI B S-KaHaJIe qeTblpeXXBOCTKH 

OCTaK)T('H JlI:lllIh 3PO-H 1So~nepexo.n;hI. 
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3. AMTIJUITyn;a m1 onpen;emICTC.SI 3Po-rrepexon;oM flu ---t dd(ss), a B 11'1,0 

I.fHTepq,epllPYIOT 3po·u 180- nepexo.n;hI. MaKclIMyM B .n;Hlpq>epcHIUlaJIbHhIX 

ce"tJemulx pCaKIJ;lIIl (c)-(e) (mI/mo = 67 10) 03Ha"tJaeT, "tJTO HHTepq,epeHI.lIHI 

B COrJ1aCIIH C (6) .n;ecTpyKTMBHaJI 11 C1.fJ1hHaJI, nOCKOJ1hKY npH y"tJeTe J1HlIIb 

o.n;Horo 3 Po-nepexo.o;a ml/mo ;:S 2. 
4. PacqeT Imml( 3Po) B n;aHHOJI MOn;eJI:H (CM. .popMynbI (36)-(39) B pa60Te 

[5]) n;aeT: 

Imml( 3PO) = 4,63· 21rNcR2j32exp{-[qi(R2+ a' In sa') + ,BIn sa/]}, (7) 

r.ue Nc = 3 't.1HCJIO UBeTOB, R - pa.D;MYC BhI"tJeTa, fJ = 1 - a(O), a(O) M a'-
HHTcpcenT H HaKJIOH TpaeKToplilI nOJ1lOca Pen;.iKe, COOTBCTCTBeHHO. K03.p.pn
IlHeHT 4,63 orrpe,D;C.JIHeTCH YCJIOBIIHMH yHHTapHOCTH H "tIepHoThI". (7) npo

BepHeTCH nyTcM onpe,D;eJICHH.SI rrapaMeTpOB 3KcnOHeHThI H3 naHHbIX no .rIHq>

.pepeHD;I..uWIhHbIM ce"tJeHIlHM peaKunH (c), (d) B 06J1aCTII s = 8 - 400 r3B2 

H ql = 0, 005 - 0, 3( r~B)2 11 nO.rICTaHOBKH 3TUX napaMeTpoB B npe,D;3KCnO

HeHIlHaJIbHhIH q>aKTop. B pe3YJIbTaTe: Imml( 3Po)/Imml(3KcncpMMcHT) = 
1,09(1 ± 0,1) 11 0,7(1 ± 0,2) .o;J1H peaKllllH (c) 11 (d), COOTBCTCTBeHHO, D 

06J1aCTII s OT 8..n;0 400 ['3B2 H ql ;S 0, 1(r~B )2. 

MTaK, Bce cyru;eCTByIOIUHe JJ:aHHhIe 0 pcaKIlHHX (c)-(e), B KOTOphIX CTpaH

HOCTh He pO)l{,J];aeTCH, COrJ1aCYIOTC.SI C npc.o;CKa3aHl1HMH Mo..n;eJIM NJL + ..n;eTep

MHHaHT T'Xoo£llTa. 

C ..n;pyroH CTOpOH.bl, HeT Pa3JUI"tJIUI B S-KaHaJIbHhIX rrcpcxo.D;ax ,IJ;JUI peaKUIlH, 

He po.iK,aaIOIll;HX H p0.iK.n;alOmHX CTpaHHOCTb: II TaM, II TaM HMeIOTCH JI1IIIIb 

3PO.H lSo-nepeXO,1lhI. 

OTKy..n;a .iKe pa3JIUt:IHe B mt/mo ,UJIH peaKUHH, po.lK,D;aIOIU1IX 11 He P0)l{.D:aIO

m;ux CTpaHHOCTb? 

ECTeCTBeHHoe 05'bHCHeHHe COCTOHT B TOM, "tJTOepOPMaJIbHO SU(3)-HH
BapHaHTHhIH ,IJ;eTepMHHaHT T'Xoo'lJTa TallT B cc6e SU(3)-HeUHBapHaHTHyIO 

,D;By3HatIHOCTb B CK3..-rUIpHOM KaHaJIe. 

B 3Po = 0+ nepexo,ae uu ~ dd npOeKUH.SI Op611TaJIbHOrO MOMeHTa Lz Ha 

HOpMaJIb nJIOCKOCTIl peaKIlI.fM COXpaH.SIeTC.H (pIlc.8a), a B 3Po = 0+ rrepexo.n;e 

uil ~ SS He cOXpaHH€TCH (pHc.86). COXpaH€HI-I€ Lz 03Ha-qaeT, "tJTO peaKIlIlH: 

uu ~ del - IIJ1a.HapHaJI, VI HMeeTCH CHJ1bHOe CllI-iH-Op6HTaJIhHOe B3aHMo,aeH

CTBHe ml ( 3Po, Lz coxp.), KOTopoe orrpe.ueJIHeTCH (7). 13 3Po-nepexo.ue B 

peaKUIHl 'U:U ~ ss L z t.taCTH"tJHO MJIH nOJIHOCThlO He coxpaHjJ:eTC.H. B rrOCJIe,a

HeM CJIY~Iae n11 ( 3Rh L z He coxp.) == O. 
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OqCBH.llHO\ qTO 3THM BapnaHTaM OTBCqaCT pa3HaJI .llI1HaMI1Ka CKaJUIpHhIX 

nepCXO.llOB fi:u -7 dd 11 fj,lL -t SS. B nepBOM CJ1yqae M02KHO rrpe,ll;nOJIOJKHTb 

nnaHapHyIO rmooHHyIO ncccHKy plIc.9a [10]. BTOpOH cJIyqaiI COOTBcTcTByeT, 

CKOpCC, HHCTaHTOHHoMy ncpcxoJJ;y [11], eCJIH paccMaTpHBaTb HHCTaHTOH KaK 

cTOXaCTHqCcKYIO IflnIOKTyaUHIO KXn BaKyyMa. AMnnHTY,UHhIlI aHaJUl3 7Tp -7 

KA(~) n03BOJIHT On;eHHTb BKJIa,UbI 3THX MexaHH3MOB nopo3Hb. 

TIceB,UocKaJUlpHbIC ncpexo,UhI B 5U(3) CHHrJICTe VIMCIOT MHoro 3KcnepHMcH

TaJIhHhIX npOSIBJIemHI M XOpOllIO 1I3YQeHhI. CKaJUpHbIC nepeXO.IlbI nOqTM He 

M3YQCHhI, T.K. ,UaHHbIC 0 CKaJIHpHbIX MC30Hax CKY.llHhI VI Hconpc.nenCHHbI [12]. 
HHlflopMan;MIO 0 CKaJUIpHhIX nepexo.nax .nalOT CIIMH-Op6MTaJIbHblC aMnJIIiTy.nbI 

MilTKlIX 6MHapHbIX npOn;CCCOB. 

5I rJIy6oKo npH3HaTCJICH JI.B.Oh.'YHIO 3a npOQTCHMC pyKonHcH, MCrrpaBJIC

HHC OIlIH6oQHOrO onpc,nCJICHH5I UA (l) CUMMeTpHH, co.ucp2KaBIUerOC5I B rrcpBOM 

napMaHTe pyKOllItlCH, H o6cyiK,UeHHc 3aTpoHyTblX B ::nOH pa60Tc nonpOCOB. 
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