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3aI.I..J;IITa ,llHCcepTaUIIH C0CT0HTC5I Ha 3aCe,llaHHlI crreun:aJIH3Hp0BaH- I 

Horo coaeTa II 720.001.01 B Jia6opaTopuII TeopeTIIqecKott q:>H3HKH I 
HM. H.H.:Soromo6oaa O6'be,llHH€HHOro HHCTHTyTa 51,llepHbIX HCCJie-

,ll0BaHHH " __ " _____ 2003 r. no a,llpecy r.Ily6Ha, MocKOBCKOH 

o6rracTII. 

C ,lllICCepTaUIIeH M02KH0 II03HaK0MHTbC5I B 6n:6JIIIOTeKe O6'he,llHH€H­

Horo HHCTHTyTa 51,llepHbIX HCCJie,ll0BaHHH. 

AaTopeq:>epaT pa3ocrraH " __ " ____ 2003 r. 

y qeHhIH CeKpeTapb C0BeTa, era 
,ll0KT0p q:>lI3lIKO-MaTeMaTn:qecKHX HayK C.B. rorrOCKOKOB 

oBmA5I XAP AKTEPHCTHKA p ABOTbl 

AKTYaJihHOCTh TeMhl 

B HacToaruee apeMa o6ruerrpII3HaHHOH TeopIIett CIIJihHhIX B3a­

IIMO,llettcTBIIH aarraeTCSI KBaHT0BM xpoM0.llIIHaMn:Ka (KXII). KXII 
o6rra,llaeT CJie,llYIOIUHMH ,ll0CT0lIHCTBaMII: 0Ha rrepeH0pMIIpyeMa, 3q:>­

q:>eKTlIBHa5I K0HCTaHTa B3aHMO,lleHCTBlI5I CTpeMHTC5I K HYJIIO Ha Ma­

JibIX paCCT05IHlI5IX H II03T0MY Te0pH5I "aCIIMIITOTIIqecKII CB060,uHa" ' 

cyrueCTByeT Ha,Ue)K,lla Ha ,ll0Ka3aTeJihCTB0 KOHq:>aHHMeHTa KBapK0B 

II rrrIO0H0B. IIepahre .uaa CBOHCTBa II03B0JIIIJIII,. Hcrrorrh3Y5I TeopIIIO 

B03MyIUeHIIH, o6'b5ICHIITh uerrhIH Krracc rrpoueccoa rrpII 6orrhIIIIIX 

rrepe,llaqax HMrryrrhca. O,uHaKo crre,uyeT 3aMeTHTh, qTo rrpoueccbI 

C 60JibllIOH rr~pe,uaqe:ii HMIIYJihCa Me)K)ly rrapT0HaMH C0CTaBJI~IOT 

JilIIIIb 0tieHh MarryIO )l0JIIO BCex rrpoueccoa, i:-.ue. CHJibHbie B3alIM0-

,uettCTBlI5I ,llaIOT BKrra,u. OcHOBHOH 2Ke 3KcrrepIIMeHTaJihHhIH MaTe-
. . 

pn:arr, HaK0IIJieHHbIII K HaCT05IIUeMy BpeMeHII, 0TH0CIITC5I K CBOH-

CTBaM a,up0H0B, r,ue )llIHaMIIKa 60JibllilIX paCCT05IHlIH Me2K.llY KBap­

KaMH II rmO0HaMH HrpaeT cyrueCTBeHHYIO p0Jih, H II03T0MY lIX 0IIlI­

ca.HIIe Tpe6y~T Bb:ocp,u 3a paMKII xopoIIIo pa3pa6oTaHHoro arrrrapaTa 

TeopIIII B03MyIUeHIIH KXII. 
O.UHIIM lI3 Han:6orree rrp5IMbIX MeT0,ll0B yqeTa HerrepTyp6aTIIB­

HbIX 3q:>q:>eKT0B 5IBJISieTC5I KXII Ha rrpocTpaHCTBeHH0-BpeMeHHOH 

peIIIeTKe. O,llHaKO HeCM0Tp5I Ha cyruecTBeHHhIH rrporpecc B 3T0M 

HarrpaBrreH:~rn, KXII Ha peIIIeTKe .B HacToaruee npeMa M02KeT rrpe­

TeH,uoBaTb JilIIIIb Ha 0IIHCaHIIe oqeHh orpaHn:qeHH0ro Krracca a,upoH­

HbIX MaTpIIqHbIX 3JieMeHT0B. 
1

8To· CB5I3aH0 C HeK0T0pbIMlI BHY­

TpeHHlIMH rrpo6rreMaMH KXII Ha peIIIeTKe, TaKIIMH, KaK HarrpIIMep, 

He?.UH03HaqHQCT5IMH B rrepexo,ue K HerrpepbIBH0MY II KHpaJibH0MY 

rrpe,llerraM·n: crroco6e rrocrre,uoBaTeJihHoro BBe,lleHIISI rrerKIIX KBap­

K0B. Oco6eHHO 3TH rrp06JieMbI ,uaIOT 0 ce6e 3HaTh IIpH pacqeTaX 

CIIlIH:•3aBIIClIMbIX Berrn:qn:H, B K0T0pbIX 3q:>q:>eKTbI HapyrneHH5I coxpa­

HeHH5I crrn:parrh~0CTH KBapK0B, BbI3BaHHhle rrn:60 K0HeqHbIM pa3Me­

p0M peIIIeTKII, irn6o HeHyrreBbIMH MaccaMU KBapK0B, n:rpaIOT 3aMeT-

-~~ ;-~~1.,.-::~:~ " l '3b ht.:.-"''' ... ,., •• 1 ;.;,, ••• dn~ 1 · 
I tal:j.:ti'A Z l!t;;.1!1:;;..;i.di 
f 6V.5,;tI,iOT£:M.A -~· .....,..._ 



HYIO ponb. ,C . .llpyroii CT0pOHbI IIMeHH0 CIIIIH0BaJI (pII3IIKa a,llp0H0B 

B rrocne.n;Hee BpeMa rrpIIBneKaeT Bee B03pacTa10mee BHIIMaHIIe KaK 

3KCrrepIIMeHTaTopoa, TaK. II TeopeTIIK0B. MHTepec K rrpo6neMe BbI-

3BaH B rrepByIO oqepe,llb CeHCaUII0HHbIM pe3ynbTaT0M II3MepeHIIH 

KOnna6opauIIeii EMC .l{0nII CIIIIpanbH0CTII rrp0T0Ha, rrepeH0CIIMO:ii 

KBapKaMII. OKa3anOCb, qTo KBapKII rrepeH0CHT oqeHb ManyIO .l{OnIO 

CIIIIpanbH0CTII HyKn0Ha, qTo HaX0.l{IITCH B rrp0TIIB0peqIIII C 02KII­

.l{aHIIHMII HaIIBHO:ii rrapT0HHO:ii M0.l{enII HyKn0Ha, r.l{e BCH CIIIIpanb­

H0CTb rrpoToHa rrepeH0CIITCH TpeMa BaneHTHbIMII KBapKaMII. llanb­

Heiinrne 6onee TQqHble 3KCIIepIIMeHTbI II0.l{TBep,llIInII 3T0T BbIB0,ll. B 

3T0:ii CBH3II B03HIIKaeT uenbl:ii px,ll cpyH.l{aMeHTanbHbIX B0IIp0C0B: 

Bo-rrepBbIX, ecTh nII erreuIIanhHhI:ii MexaHII3M B paMKax Te0pIIII 

CIInbHbIX B3aIIMO.l{eHCTBIIii, KBaHTOBoii• xp0M0.l{IIHaMIIKII, rrpIIB0.l{H­

IUIIii K rrpaKTIIqecKII rronHoii K0MIIeHCaUIIII CIIIIpanbH0CTII BaneHT­

HbIX KBapK0B B rrpoueceax rny6oKO-Heyrrpyroro pacceaHIIa? 

Bo-BTOpbIX, ecnII CIIIIpanbH0CTb HyKn0Ha He orrpe,llenaeTCH ero 

BaneHTHbIMII KBapKaMII, TO KaKIIe ero C0CTaBnHIOIUIIe 0TBeCTBeHHbI 

3a Ha6nIO.l{aeMblll CIIIIH HyKnoHa? 

M, B-TpeTbIIX, rroqeMy C0CTaBHaJI KBapK0Baa MO.l{enb, B K0T0-

poii Beeb errIIH a,llp0Ha orrpe,llenaeTCH CIIIIH0M BaneHTHbIX KBapK0B, 

0IIIICbIBaeT xoporno MH0I'IIe a,llp0HHbie CBOHCTBa, B TOM qIIcne II Te, 

K0T0pbie HarrpaMyIO eBH3aHbI co CIIIIH0BbIMII eTerreHHMII CB060.l{bI? . 

Cne.llyeT OTMeTIITh, qTo eme 3a.l{onro .llO pe3ynhTaTa EMC a~o­

ManbHbie CIIIIH0Bbie 3cpcpeKTbI Ha6nIO.l{anIIeb TaK2Ke II B .llpyrIIX IIH­

Knl03IIBHbIX II 3KCKnI03IIBHbIX a,llp0HHbIX rrpoueeeax IIpII BbIC0KIIX 

3HeprIIHX. Bee 3KerrepIIMeHTbI rrpIIB0.l{IInII K 3aKn10qeHIIIO, qTQ CIIIIH 

IIrpaeT cymeeTBeHHYIO , p0nb B a,llp0HHOH (pII3IIKe He T0nbK0 IIpII 

HII3KIIX 3HeprIIHX II ManbIX rrepe,llaqax IIMrrynbea, r.l{e M02KH0 6blnO 

6bI 0)KII.l{aTb 6onbllIIIe eIIIIH0Bble aCIIMMeTpIIII, CBH3aHHble C BK~a­

.l{aMII HeHyneBbIX a,llp0HHbIX Mace B HapyrneHIIe coxpaHeHIIH CIIII­

panbH0CTII, HO TaK2Ke II B rrpoueccax rrpII BbIC0KIIX 3HeprIIHX II 6onb­

llIIIX rrepe.l{aqax IIMrrynhca, r.l{e cornaeHo rrepTyp6aTIIBHo:ii KXLI Bee 

CIIIIH-3aBIIeIIMbie Ha6nIO.l{aeMble .l{0n2KHbI 6bITb Manbl. O.l{HaKo, .l{0 

EMC pe3ynhTaTa 3TIIM .l{aHHbIM He 6blno y.lleneHo .ll0CTaToqHoro 
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BHIIMaHIIH B CIIny T0I'0, qTQ TeopeTIIqeeKoe OIIIIeaHIIe 3TIIX rrpouee­

C0B Tpe6yeT .l{eTanhH0I'0 0IIIIeaHIIH rrpoueeea a,llp0HII3aUIIII KBapK0B 

II rnIO0H0B B Ha6nIO.l{aeMbie a,llp0HbI, qTQ M02KH0 C.l{enaTb nIIllib B 

paMKax HerrepTyp6aTIIBHOii KXLI. 
KpoMe CIIIIH0BbIX aHOManIIii, B rroene,l{Hee BpeMH TaK2Ke IIHTeH­

eIIBHO 06ey2K.l{aIOTCH II Ha6nIO.l{aeMhle B a,llp0HH0M MIIpe aH0Ma­

nIIII, 3aBIICHIUIIe OT apoMaTa KBapK0B, yqaCTBYIOIUIIX B .l{aHH0M 

rrpoueece. IlpII 3T0M 3KcrrepIIMeHTbI yKa3hIBaIOT Ha B3aIIM0eBH3h 

Me2K.llY o6oIIMII HBnemrnMII. A IIMeHHo, ycIIneHIIe rrpoueeeoB B orrpe­

.l{eneHHhIX eoeToHHIIHX 0TH0eIITenhH0 apoMaTHbIX SU(2)1 II SU(3)1 
rpyrrrr 0Ka3anoeb CIInbH0 3aBIIeIIMbIM II OT IIX CIIIIH0B0I'0 eo,llep2Ka­

HIIH. Cne.l{yeT TaK2Ke 0TMeTIITb, qTo apoMaTHbie aH0ManIIII 06b1qHQ 

eBH3bIBaIOT e 6onhllIIIM µapyrneHIIeM B HeK0T0pbIX KaHanax rrpa­

BIIna OKy6o-UBeiira-MII3YKII (OUM), rro.l{aBna10mero peaKUIIII c pa3-

pbIBHbIMII KBapK0BhIMII nIIHIIHMII. B a,llpOHHOii erreKTpoeK0IIIIII OUM 

rrpaBIIno, HarrpIIMep, 3arrpemaeT IIpIIMeeII CTpaHHbIX KBapK0B B B0n­

H0BbIX cpyHKUIIHX a,llp0H0B, coeT0HIUIIX II3 u- II d- KBapK0B. 3To 

rrpaBIInO .l{0B0nbH0 xoporno BbIII0nHHeTCH .l{nH 6onbllIIIHeTBa peaK­

UIIii, 0,l{HaKO B HeKOT0pbIX cnyqaJix Ha6nIO.l{aeTCH ero aH0ManbH0e 

HapyrneHIIe. B KXLI OUM rrpaBIIno HBnaeTea CTporIIM B rrpe,llene 

6onhrnoro qIIcna UBeT0B, T.e. B nII.llIIpy10meM rropa,llKe no l/Nc 
pa3no2KeHIIIO. l/Ncpa3no2KeHIIe rnIIp0KO IIerronh3yeTea B a,llpoH­

Hoii cpII3IIKe II II03T0My yeTaH0BneHIIe rrpIIqIIH ero HapyrneHIIH eeTb 

TaK2Ke 0.l{Ha II3 cpyH.l{aMeHTanbHbIX 3a,l{aq B TeopIIII eIInbHbIX B3aII­

MO.l{eiicTBIIii. Mecne.l{OBaHIIe MexaHII3M0B HapyrneHIIH rrpaBmrn OUM 

,l{aeT TaK2Ke Ba2KHeiirny10 1rncpopMaUIIIO 06 apoMaTHOH II errIIHOBOll 

eTpyKTypax KBapK0B0I'O M0pH B HyKn0He. 

K eo2KaneHIIIO, B CIIny 0TMeqeHHbIX Bbillie rrpIIqIIH, HaII6onee 

rrpaMoii MeT0.ll paeqeTa HerrepTyp6aTIIBHhIX 3cpcpeKT0B, KXLI Ha 

perneTKe, 0Ka3anC51 He oqeHb ycrrellIHbIM B BblqIIeneHIIII BeJIIIqIIH, 

xapaKTepII3YIOIUIIX CIIIIH-apoMaTHYIO eTpyKTYPY KBapK0BbIX MOpeii 

B a,llp0Hax. KpoMe perneToqHbIX paeqeT0B eymeCTBYIOT II pa3JIIIq­

Hbie aHaJIIITIIqeeKIIe MeT0.llhI yqeTa 3TIIX 3cpcpeKTOB, oeHoBaHHbie Ha 

eoBpeMeHHbIX M0.l{eJI51X BaKyyMa KXLI. MHcTaHTOHhI, M0IUHbie aa-
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KYYMHble qmyKTya:rurn rJIIOOHHhIX IIOJie:ii, rrpe,ucTaBmIIOT O,IUIH H3 

HaH6onee <pyH.n;aMeHTaJihHhIX acrreKTOB HerrepTyp6aTHBHOII KX.U. 

OHH 6bIJIH TeopeTIIqeCKII OTKpbITbI II BIIepBhie H3yqeHhl B pa6oTax 

IIomIKoaa II coaaTopoa H T'Xoocpra oKono 25 neT TOMY Ha3a.n;. C 

MOMeHTa OTKpbITII.sI HHCTaHTOHHa.sI <pII3IIKa pa3BIIBaJiaCh B HeCKOJih­

KIIX HarrpaBJieHH.sIX. 

Ilepaoe HarrpaaneHIIe 6hlno, B TO:ii HJIH HHO:ii cTerreHH, CB.sI3aHo c 

o60CHOBaHIIeM <pyH.n;aMeHTaJihHOII pOJIII HHCTaHTOHOB a CTpyKType 

BaKyyMa KX.U, HarrpIIMep, B o6ocHoBaHIIII HHCTaHTOHHoro Mexa­

HII3Ma CIIOHTaHHOrO HapyIIIeHII.sI KIIpaJihHOII CHMMeTpHH B KX.U II 

B B03HHKHOBeHHII rJIIOOHHOro KOH.n;eHCaTa. 

BTopoe HarrpaBJieHHe 6bIJIO CB.sI3aHo C rrpHJIO)KeHII.sIMH HHCTaH:. 

TOHHOII (pII3HKH .ZJ;JI.sI pacqeTa pa3JIIIqHhIX a.n;pOHHhIX CBOIICTB, Ta­

KIIX, HarrpHMep, KaK MaCChl a.n;pOHOB H HX <pOpM <paKTOpbI. 

TpeThe HarrpaBJieHHe, HCCJie,IJ;OBaHIIe HHCTaHTOHOB Ha peIIIeTKe, 

Haqano 6ypHO pa3BHBaThC.sI JIIIIIIh B IIOCJie.ZJ;HHe ro.n;bl. TaK Ha­

rrp.sIMYIO 6bIJIO IIOKa3aHo, qTO HHCTaHTOHhl .sIBJI.sIIOTC.sI Ba)KHelIIIIIIMII 

<pJiyKTyauH.sIMH rJIIOOHHhlX IIOJie:ii B BaKyyMe, IIOJiyqeHbI oueHKII HX 

IIJIOTHOCTII II cpe.n:Hero pa3Mepa. 

EoJihllla.sI pa6oTa, BhIIIOJIHeHHa.sI B 3THX HarrpaBJieHH.sIX, rrpIIBeJia 

K Bhrno.n;y, qTo Mo.n;enh BaKyyMa KX.U KaK )KH.ZJ;KOCTII HHCTaHTOHOB 

.sIBJI.sieTC.sI, IIOBII.ZJ;HMOMY, HaH6onee a.n;eKBaTHOII MO,n;eJihIO .ZJ;JI.sI He­

rrepTyp6aTIIBHOrO BaKyyMa KX.Il . .IlJI.sI OKOHqaTeJihHOrO CTaHOBJie­

HH.sI TeOpIIH Tpe6yeTC.sI, 0.ZJ;HaKO, y6e.n;IITeJihHhle .n;oKa3aTeJihCTBa, 

qTO Ha6n10.n;aeMble CBOIICTBa a.n;pOHOB He MOryT 6bITh OIIIICaHhl 6e3 

rrpIIBJieqeHH.sI IIHCTaHTOHOB. CrrIIHOBa.sI II apoMaTHa.sI <pII3IIKa a.n;po­

HOB, r.n;e 3aTparIIBaeTC.sI .ZJ;IIHaMIIKa KBapKOB II rJIIOOHOB Ha 60JihIIIIIX 

paCTO.sIHII.sIX, .sIBJI.sieTC.sI KaK pa3 O.ZJ;HOII II3 o6nacTe:ii HaII6onee qyB­

CTBIITeJihHhIX .ZJ;JI.sI rrpoaepKII pa3JIIIqHhIX HerrepTyp6aTIIBHhIX KX.U 

Mo.n;ene:ii. 

OcHOBHaJI uenb ,Z:UICCepTa.IJ;:HH COCTOIIT B ycTaHOBJieHIIII CB.sI3II 

Me)K,n;y Ha6n10.n;aeMhIMH CIIHHOBhIMII II apoMaTHhIMII aHOMaJIII.sIMII, 

rrpO.sIBJI.sIIOIUIIMHC.sI B a.n;pOHHOII crreKTpOCKOIIHII II B CTOJIKHOBeHII.sIX 

3JieMeHTapHhIX qacTHU, co CJIO)KHO:ii cTpyKTypo:ii aaKyyMa KX.U, 
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CB.sI3aHHOII C cymecTBOBaHHeM CHJihHhIX HerrepTyp6aTHBHhIX <pJiyK­

TyauII:ii TJIIOOHHhIX II KBapKOBhIX IIOJie:ii. 

Hay-CIHaJI H0BH3Ha H npaKTHqeCKruI ueHH0CTb. 

B .ZJ;HCCepTaUIIII npe,n;JIO)KeH HOBhIII no.n;xo.n; K IICCJie,n;oBaHHIO Ha-

6n10.n;aeMhIX CIIIIHOBhIX II apoMaTHhIX aHOMaJIHII B (pII3HKe a.n;pOHOB, 

ocH0BaHHh1:ii Ha yqeTe CJIO)KHO:ii cTpyKTYPhI aaKyyMa KX.U. TaK no­

Ka3aHo, qTO cymecTBOBaHIIe HenepTyp6aTHBHhIX BaKyyMHhIX rJIIO­

OHHhIX IIOJie:ii, MHCTaHTOHOB, IIpIIB0.ZJ;HT K cneuH<pIIqeCKIIM crnrn- II 

apoMaTH0-3aBIICIIMhIM B3aIIMO.ZJ;elICTBII.sIM Me)K,n;y KBapKaMII II rJIIOO­

HaMH. 8TII B3aHMO.n;e:iiCTBII.sI Jie)KaT B OCHOBe Ha6n10.n;aeMhIX aHOMa­

JIHII. B npe.n;naraeMOM rro.n;xo.n;e B03HHKaeT TaK)Ke rny6oKa.sI CB.sI3h 

Me)K,n;y CIIHHOBhIMH H apoMaTHhIMH 3<p<peKTaMII. 8Ta CB.sI3h cne.n;yeT 

<paKTHqecKII H3 Heo6xo.n;HMOCTH co6JIIO,n;eHII.sI IIpIIHUIIIIa IIayJIH .ZJ;Jl.sI 

KBapKOB B IIOJie IIHCTaHTOHa. 

B paMKax onepaTopHoro pa3JIO)KeHII.sI anepBhie npo.n;enaH rron­

HhI:ii aHaJIII3 CIIIIH-3aBIICIIMhIX CTPYKTYPHhIX <pyHKUII:ii HYKJIOHa c 

yqeTOM BKJia.n;a cna6hIX TOKOB. IIonyqeH p.sI,n; Ba)KHe:iinrnx HOBhIX 

npaBIIJI cyMM Me)K,n;y pa3JilfqHhIMII CTPYKTYPHhIMH <pyHKUH.sIMII. Pe-

3YJihTaT 3TOro aHaJIH3a II03BOJIHJI onpe,n;eJIHTh KOppeKTHOCTh IIpH­

MeHeHH.sI pa3JIIIqHhIX KBapKOBhIX Mo.n;ene:ii K OIIIICaH.HIO IIOJrnpII30-

BaHHOrO rny60KO-Heynpyroro pacce.sIHH.sI JieIITOHOB Ha HYKJIOHe. 

O.n;HIIM II3 pe3yJihTaTOB .ZJ;HCCepTaUHH .sIBHJIOCh ycTaHOBJieHHe 

CB.sI3II Me)K.ZJ;y <pII3IIKOII .ZJ;II<ppaKUHOHHhlX npoueccoB IIpH 60JihIIIIIX 

nepe,n;aqax IIMIIYJihCa II CIIHHOBO:ii <pH3HKo:ii. TaK OKa3aJIOCh, qTo 

BBe.n;eHa.sI B pa6oTe HOBa.sI TpaeKTOpII.sI Pe,n;)Ke, f 1' C HeHaTypaJih­

HOII qeTHOCThlO II BhICOKIIM HHTepceIITOM, II03BOJIIIJia o6b5tCHHTh He 

TOJihKO aHOMaJihHOe IIOBe.n;eHHe CIIHH-3aBIICIIMOII HYKJIOHHOII <pyHK­

UHH 91 ( X) B o6JiaCTII MaJihIX 3HaqeHIIII EhepKeHOBCKOII nepeMeHHOII 

x, HO TaK)Ke ynpyroe IIpOTOH-IIpOTOHHOe, IIpOTOH-:aHTIIIIpOTOHHOe 

pacce.sIHIIe II .ZJ;II<ppaKUIIOHHOe pO)K,IJ;eHIIe BeKTOpHhIX Me30HOB Ha Hy­

KJIOHaX IIpII 60JihIIIHX nepe,n;aqax IIMIIYJihCa. O6cy)K.ZJ;aeTC.sI CB.sI3h 

3TO:ii TpaeKTOpHII co cao:iicTBaMII BaKyyMa KX.U H, B qacTHOCTII, c 

cymecTBOBaHHeM rJIIOOHHOII aKCHaJihHOII aHOMaJIIIII. 

CoaepIIIeHHO HOBhIM IIOJieM_ HCCJie,n;oBaHH.sI 6hIJIO II3yqeHHe IIH-
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TepipepeHUIUI CJia6bIX •II CIIJibHbIX B3aIIMoneiiCTBIIH, B03HHKaIOmeii 

3a ctJeT cJI02KHoii CTPYKTJph1 BaKyyMa KX.II. TaK oKa3aJioch, 'ITO 

crreuH<pH'IeCKHe rrpaBHJia OT6opa no CIIIIpaJibHOCTII ll apoMaTy nm1 

KBapK-KBapKOBblX B3aIIMoneiicTBlIH, HHnyuIIpyeMbIX IIHCTaHTOHaMII 

ll 06MeHaMII :=meKTpOCJia6bIMII BeKTOpHbIMH 6030HaMII, II03BOJI.SIIOT 

IIOHHTb rrpHpony rrpaBHJia /j.J = 1/2 nJIH HeJieIITOHHbIX anpOHHbIX 

pacrranoB. 

Pe3yJihTaTOM llCCJienoBam1ii HBIIJIOCb He TOJlbKO 6oJiee rJiy6oKoe 

IIOHHMaHHe pOJill HerrepTyp6aTHBHbIX 3<p<peKTOB B !pII3IIKe anpoHOB, 

HO lI KOHKpeTHbie pactJeTbl 3TIIX 3<p<peKTOB nJIH MHOrIIX neiiCTBy­

IOIUHX II 1maHIIpyeMhIX 3KcrrepIIMeHTOB: ZEUS, HI, NA48, KTeV, 

WA102, HERMES, RHIC, COSY, Jlab, COMPASS II pHnanpyrHx. 

Ha 3aw;IITY Bhl.ZJ;BIIraroTcH cJie,z:i;yromIIe 
OCHOBHble pe3yJihTaThI: 

1. BrrepBbie IIOKa3aHa nOMIIHIIPYIOIUM pOJib HerrepTyp6aTHBHbIX 

B3alIMOneiiCTBHH KBapKOB qepe3 lIHCTaHTOHHbie <pJIJKTyauIIII B CIIHH­

CIIIIHOBbie pacmerrJieHHH Me2Kny anpOHHbIMH SU(3)1 MJJibTHIIJie­

TaMII. 

2. llaHo 061,HcHeHHe MaJIOCTH noJIH crrHpaJihHOCTH rrpoToHa, rre­

peHOCIIMoii ero KBapKaMII. IloKa3aHo, 'ITO crreuII<pII'IeCKa.SI CIIHH­

apoMaTHM 3aBHCHMOCTb llHCTaHTOHHOro B3aHMoneiiCTBII.SI rrpIIBO­

nIIT K 60JibIIIOMy HapyIIIeHIIIO CIIIIHOBOH ll apoMaTHOH CIIMMeTpIIII 

KBapKOBOro MOP.SI B HJKJI0He. 

3. IlpenJI02KeH HOBblH MexaHH3M onHOCIIHHOBbIX aCHMMeTpIIii B 

CllJibHbIX B3aHMoneiiCTBIIHX, 6a3HPYIOIUlIHC.SI Ha B03HHKHOBeHIIII MHH­

MbIX qacTeii B aMIIJIIITynax KBapK-KBapK0Boro pacce.SIHIIH, IIHnyuII­

pyeMblX IIHCTaHTOHaMH. 

4. BrrepBble C II0MOIUbIO orrepaTOpHoro pa3JI02KeHIIH Bbl'IIICJieHbl 
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BKJianhl TBHCTa-2 ll' TBMCTa-3 B HJKJIOHHbie CIIHH-3aBMCHMbie 3JieK­

TpOCJia6hie CTpyKTYPHbie <pyHKUIIH rJiy6oKOHeyrrpyroro pacce.SIHH.SI. 

IloJiytJeHhI HOBhle npaBttJia cyMM nJIH 3TMX <pyHKUMii. 

5. BBeneHa aHoMaJihHaH TpaeKT0pMH Pen2Ke c HHTepcerrToM 6nH3-

KHM K enHHMUe II HeHaTypaJihHOH tJeTH0CTbIO ll IIOKa3aHa ee Ba2K­

HOCTb B rrpoueccax anpoH-anpoHHoro, <pOTOH-anpoHHoro H nerrTOH­

anpoHHoro pacceHHll.SI npH BbICOKHX 3HeprHHX ll 60JiblllllX nepena­

qax. C IIOM0IUhIO 3TOH TpaeKTOpIIII ycTaH0BJieHa CBH3h Me2Kny aHo­

MaJihHhlM rro:seneHHeM CTIMH-3aBHCMMOH <pyHKUMM HYKJIOHa 91 (x, Q2) 

ll nH<ppaKUHOHHbIMll rrpoueccaMH rrpH BblCOKHX 3He'prMHX lI 60Jib­

IIIMX rrepenaqax llMIIYJibCa. 

6. BrrepBble Bbl'IllCJieH, BKJian o6MeHa rJIIOOHHbIM nyxOBblM IIOJIIO­

C0M, CBH3aHHbIM C aKCMaJihHOH aHoMaJIHeii, B Ce'IeHH.SI ynpyroro 

<pOT0- ll 3JieKTpopo2KneHM.SI q> Me30H0B Ha npOTOHe npM Hll3KHX 3Hep­

rHHX ll IIOKa3aHa Heo6xonHMOCTb yqeTa HenepTyp6aTHBHbIX 3<p<peK­

TOB B 3KCJII03llBHblX npoueccax C 60JiblIIMMM nepenatJaMH lIMIIYJibCa. 

7. IIpenJI02KeH HOBhIH MexaHM3M YCHJieHM.SI CJia6bIX pacnanoB anpo­

HOB, B03HIIKaIOIUMH 3a C'IeT HenepTyp6aTHBHOro BKJiana llHCTaH­

TOHOB. 3TOT MexaHM3M npHBOnHT K crreuH<pH'IeCKOMY BHny llH­

Tep<pepeHUHM CJia6hIX ll CMJibHbIX B3aIIMOneiicTBMH, qpe3BbI'IaHHO 

lIYBCTBMTeJibH0MY K KBaHTOBbIM 'IllCJiaM Ha'IaJibHbIX ll KOHe'!HblX 

anpoHHbIX COCTOHHMH. 

Anpo6anIIH pa6oThl. 

Pe3yJibTaThI, ll3Jl02KeHHbie B nttccepTaUMM, noKnanhIBaJIMCb Ha 

ceMHHapax OM5IM, MT3<t>, MHCTHTyTa MaTeMaTHKH HM. C.JI. Co-

6oneBa CO PAH, HMM5I<t> MrY, C.IleTep6ypcKoro M5I<t>, UEPH, 

IIE3M, UeHTpa TeopeTIItJecKoii <pH3HKH nnH CTpaH TIIxoro OKeaHa 

B CeyJie, UeHTpa TeopeTHtJecKoii <pH3MKM CeyJihCKoro HauttoHaJih­

Horo yHttBepcHTeTa, yHMBepcttTeTa HMTyM6aJihna B BepJIMHe, yHH­

BepcttTeTa r. BaJieHCHM, yHttBepcttTeT0B IlH3hI M TopHHO, ToKIIH-
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CKOrO Tex:HOJIOrMqecKoro MHCTMTyTa, TOKMHCKOro yHMBepCMTeTa, 

yHMBepcnTeTOB r. Ko6e M r. XnpocnMhI, a TaK2Ke Ha Me2K.Uy­

Hapo.UHhIX KompepeHUM5Ix: "SPIN90", BoHH, 1990; "Adriatico Re­

cearch Conference on Polarized Dynamics in Nuclear and Particle 

Physics", TpnecT, 1992; "16th Workshop on High Energy Physics", 

IIpoTBMHO, 1993; "6th International Symposium on Meson-Nucleon 

Physics and Structure of the Nucleon", Bnay6eftreH, 1995; "Work­

shop Deep-inelastic scattering and related phenomena", PnM, 1996; 

"Workshop on Future Physics at HERA", raM6ypr, 1996; "SPIN96", 

AMcTep.uaM, 1996; "XIII International Seminar on High Energy 

Physics Problems", .Uy6Ha, 1996; "5th International Workshop on 

Deep Inelastic Scattering and QCD" , YnKaro, 1997; "SPIN98", 

IlpoTBMHo,1998; "Workshop on Physics with Polarized Protons at 

HERA", raM6ypr, 1997; "Workshop on Polarized Protons at High 

Energies - Accelerator Challenges and Physics Opportunities", raM-

6ypr, 1999, " International Workshop on Deep Inelastic Scattering 
and QCD" , KpaKOB, 2002. 

Ily6JIHKarurn:. IIo MaTepimJiaM .llMCCepTaUMM ony6JIMKOBaHo 31 
pa6oTa. 

CTpyKTypa H OO'beM ,nHccepTaIJ;HH . .UttccepTaUM51 COCTO~T 

ll:3 BBe,UeHM51, 8 rnaB M 3aKmoqeHM51. OHa co.uep2KMT 163 CTpaHMUhI 

MallIMHOITMCHOro TeKCTa, 39 pttcyHKOB M 4 Ta6JIMUhl, pacnOJI02KeH­

Hhle B TeKcTe. CnttcoK JIMTepaTyphI BKmoqaeT 278 HaMMeHoBaHMH. 

Co.n:ep)KaHHe .n:11ccepTau;1111 

Bo BBe,neHHe co.uep2KMTC51 ofoop JIMTepaTyphI, IlOCB5II.UeHHblH He­

nepTyp6aTMBHhIM MeTO,llaM BhlqncneHMH B KBaHTOBOH xpOMO,llMHa­

MMKM. O6cy)KJ{aIOTC51 COBpeMeHHhle npo6neMbl, CB513aHHble C Heo6-

XO,llMMOCTbIO yqeTa cno2KHOH cTpyKTYPhI BaKyyMa KX.U B a.upoa­

aoft q>M3MKe, M onpe.uen5IeTC51 OCHOBHaJI 3a,uaqa .UMCCepTaUMM. 
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B nepBoii rnaBe paccMOTpeHhI 3q>q>eKThI BaKyyMa KX.U B cneK­

rpocKOITMM a.upoH0B. O6cy2K,uaeTC51 H0Ba51 BepCM51 MO,llem1 KBapKO­

BhIX MellIKOB, B KOTOpOH Macca a.upoHa onpe,ueJrneTC51 q>opMynoft: 

M2 = E2- < P2 >, 

r.ue E-eCTh 3HeprM51 MernKa, < p 2 >-BKJia,ll .llBM2KeHM51 ueHTpa Mace. 

B aarneft BepcttM Mo,uentt 3Heprtt51 MernKa 

E = Ekin + Ea + E1ong + Einst 

COCT0MT M3 KMHeTttqecKOH 3HeprttM KBapKOB Ekin= Li Niwi, r.ue Ni­
KOJittqecTBO KBapKOB copTa i B a.upoHe, IlOTeHuMaJia O,llH0fJIIO0HH0ro 

o6MeHa, Ea, M 3HeprMM inaMMO,lleHCTBll:51 KBapK0B C .llJIMHH0B0JIH0-

BhIMM, E1ong, M K0p0TK0B0JIH0BblMM, Einst, BaKyyMHhIMII q>nyKTY­

aUM5IMII (P11c. l). OTMeqaeTC51 K0peHaoe 0Tn11qtte HOBOH Bepctt11 

3g -----0 ®-- m 
a) b) c) d) 

PHc.1. BKrra,uhl a) KIIHeTttqecKOH 3Heprtt11, b) o.uHorn100HH0ro 06-

MeHa, c) B3aIIMo.ueftcTBII51 qepe3 KBapKOBhIH K0H.UeHcaT II d) IIH­

CTaHT0H0B B 3Hepr1110 a.upoHa. HacTaHTOH o6o3HaqeH KaK I, Kpe­

CThI. 0603aaqa10T KBapK0Bhie K0HUhI, CB513aHHbie qepe3 KBapKOBhIH 
K0H,ueaca T. 

Mo,uentt MernK0B OT nonyn5IpHOH MIT Mo,uen11. TaK cTa611rr113a­

UII51 MernKa ,ll0CTMraeTC51 He 3a cqeT, TaK Ha3blBaeMoro, 06'heMH0ro 

'IJieHa B R3, KOTOphIH 6hln BBe,ueH q>aKT11qecK11 "pyKaMtt" B MO­

~enh MellIK0B, a 3a cqeT BKJia,ua B3aMM0,lleHCTBII51 KBapKOB C .umrn-
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HOBOJIHOBOM qacThIO BaKyyMHhIX qmyKTyaunii:, a lIMeHHO C KBapKO­

BhIM KOH.QeHCaTOM. 3TOT BKJian Bhlqncmi:eTc.a C IIOMOIUhIO 3cpcpeK­

TlIBHOro raMlIJibTOHHaHa, KOTOphIM IIOJiyqaeTC.a lI3 raMlIJihTOHliaHa 

KXll c rroMOIUhIO pa36HeHHH KBapKOBhIX lI rJIIOOHHhIX rrorreii: Ha 

KBaHTOBYIO (q(x), b(x)) H KJiaccnqecKyIO (Q(x), B(x)) qacTH: 

\J!(x) = q(x) + Q(x), A:(x) = b:(x) + B;(x). 

BKrran KOpOTKOBOJIHOBOii: qaCTlI BaKyyMHhIX cprryKTyaunii: B MaCChI 

anpoHOB yqlITbIBaeTCH C IIOMOIUhIO KBapK-KBapKOBhIX B3alIMO.Qeii:­

CTBlIM T'XoocpTa Linst, lIHnyunpoBaHHhIX lIHCTaHTOHaMlI, B CIIlIH­

CIIlIHOBOe pacmerrrreHne Mace Me)K,Uy anpOHHhIMlI MJJihTIIIIJieTaMlI 

Einst = - <hi/ Linstd
3xjh > . 

I1oKa3aHo, qTO 3TOT BKJian 60JihIIIOH lI .QOMlIHHpyeT Han BKJia­

.QOM rrepTyp6aTHBHOro O.QHOrJIIOOHHOro 06MeHa. MccrrenoBaHa 3a­

BlIClIMOCTh lIHCTaHTOHHOro BKJiana OT KBapKOBhIX apoMaTOB lI 06-

cy2KnaeTCH rrpnpona HapyIIIeHHH rrpaBnrra OKy6o-UBeiira-MH3YKH. 

Ilonpo6HO pacCMOTpeHO IIIeCTlI-KBapKOBOe COCTOHHlie H-nn6aplIOH 

C KBaHTOBhIMlI qHCJiaMlI JPC = o++, II30TOIIHqeCKlIM CIIlIHOM J = 0 
n CTpaHHOCThIO S = -2. BhlqlicJieH BKJian lIHCTaHTOHOB B Mac.cy 

H-nn6aplIOHa II aHaJIH3HpyeTCH B03M02KHOCTh o6'bHCHeHlIH cyme­

CTBOBaHlIH KOCMHqeCKlIX rryqen: C YJihTpaBhICOKIIMlI 3HeprIIHMlI KaK 

0.QHlIM lI3 rrpOHBJieHHii: rrry60KO CBH3aHHOro, 3a cqeT lIHCTaHTOHOB, 

H-nn6apnoHa. 

Bo BTOpoii rJiaBe 06cy2K,UaeTCH CIIlIHOBM II apoMaTHM CTPYf­

Typa HJKJIOHa lI aHOMaJihHhle O.QHOCIIIIHOBhle aclIMMeTpIIlI B anpoH­

anpOHHhIX BJanMoneii:cTBH.ax. ~ paMKax Monerrn BaKyyMa KXll KaK 

)KlI,QKOCTII lIHCTaHTOHOB rrorryqeHa oueHKa nerrorr.apII3aUIIlI KBap­

KOB, lIHnyunpyeMOM HerrepTyp6aTIIBHhIMlI cprryKTyaUHHMlI rJIIOOH­

HhIX IIOJien:. BhlqlICJieHhl BKJia.Qhl IIHCTaHTOHOB B CIIlIH-3aBlIClIMYIO 

CTPYKTYPHYIO cpyHKUHIO 9Hx, Q2
) Ha KBapKOBOM ypoBHe, B03HHKa­

IOIUHe H3 nnarpaMM n306pa2KeHHhIX Ha PIIc.2 n Pnc.3. BKrran B 
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ql ql ql ql 

a) b) 

P:uc.2. MHcTaHTOHHhiii: BKrran B KBapKoByIO CTPYKTYPHYIO 

cpyHKUHIO 9L B03HHKa10mnii: 3a cqeT KBapK-KBapKoBoro 

B3alIMO.Qe:iicTBlIH. 

rrpOTOHHYIO CIIlIH-3aBlIClIMYIO CTPYKTYPHYIO cpyHKUlIIO 91 (x) 6bIJI 

rrorryqeH C IIOMOIUhIO KOHBOJIIOUlIOHHOM cpopMJJihl 

1
1 dy X 

gf (x) = L -9H-)~qv(Y), 
q X y y 

rne ~qv (y) eCTh HaqaJihHhie rromrpH3aUlilI BaJieHTHhIX KBapKOB, KO­

TOpbie B3HThl B cpopMe, COOTBeCTBYIOIUeii: rrpaBlIJihHhIM aClIMTOTlI­

KaM rrplI MaJihIX lI 60JihllllIX 3HaqeHlIHX X 02KlI,QaeMhIM lI3 Pen2Ke 

TeOplilI .lI rrpaBlIJI KBapKOBOro cqeTa, lI HOpMHpOBaHhl Ha 3KCIIe­

pHMeHTaJihHhie 3HaqeHlIH KOHCTaHT crra6hIX pacrranoB rnrrepOHOB. 

O6mnii: BKJian OT o60lIX B3alIMO.Qeii:CTBlIM B rrepBhIM MOMeHT 91 pa­

BeH 

blf~;t = /41 

dxgf'q(x) = -0.026. 

3Ta BeJilI'IHHa o6'bHCH.HeT Ha6rr10naeMoe HapyIIIeHne rrpaBHJia cyMM 

3rrrrnca-1l2Kacpcpe nrrH HHTerparra OT CTPYKTYPHOH cpyHKUHlI 91 ( x). 
B paMKax lIHCTaHTOHHOro rronxona aHaJilI3HpyeTCH rrpnqnHa ClIJih­

HOro HapyIIIeHlIH apoMaTHOM ClIMMeTplilI KBapKOBOro MOp.H B rrpo­

TOHe. IloKa3aHo, qTo rrpHHUlIII Ilayrrn nrr.a KBapKOB, Haxon.amnxc.a 

B none HHCTaHTOHa, rrpHBO.QHT K rrpeo6rranaHHIO d KBapKoB B rrpo-
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Pnc.3. MncTaHTOHHblii BKna.n B KBapKonyIO CTPYKTypnyIO 

cpyHKUHIO 9'f. OT ·KnapK-rJIIOOHHOro B3aHMO,neiiCTBHH, 

HH,nyn11pyeMoro HHCTaHTOHaMH. 

Tone. IloJiy<IeHa onenKa HapymeHHH apoMaTHOH CHMMeTpHH He­

IIOJIHpH30BaHHOro d ~ 2u II nomipmonannoro MopH Liu ~ -4Lid, 
B03HHKaIOI.UM 3a C'IeT HHCTaHTOHOB. 

PacCMOTpeH HOBblH MexaHH3M .L(JIH 0.L(HOCIIHHOBblX aCHMMeTpHii 

B CHJibHbIX B3aHMO,neiiCTBHHX. <l>yn,naMeHTaJibHM npH'IHHa aCHM­

MeTpHH Jie)KHT B B03HHKHOBeHHH 60JibllIHX MHHMbIX qacTeii B onpe­

,neJieHHOM KJiacce KBapK-KBapKOBblX aMIIJIHTy.n, r.ne KBapK M02KeT 

HMeTb BpeMeHHIIO,n06HyIO BHpTyaJihHOCTb. 3Ta MHHMM 'IaCTb B03-

HHKaeT B pe3yJibTaTe aHaJIHTH'IeCKOrO npo,nOJI2KeHHH HHCTaHTOH­

HOH aMIIJIHTy,nhl H3 IIpOCTpaHCTBa EBKJIH,na, r,ne HHCTaHTOHbl onpe­

,neJieHbl, B q>H3HtJeCKOe npOCTpaHCTBO MHHKOBCKOrO. 

B TpeTheii rJiaBe cmrn-3aBHCHMble 3JieKTpocna6ble CTPYKTYP­

Hble cpyHKUHH HCCJie,nyIOTCH B paMKax onepaTopHoro pa3JI02KeHHH. 

B naqane rnanhl ,naeTcH onpe,neneH11e cnHH-3aBHCHMhlX CTPYKTyp.:. 

HhlX cpyHKUHH HYKJIOHa B CTaH.napTHOH Mo.nen11. TaK, cmrn-3aBHCH­

MM qaCTb a,npOHHOro TeH30pa, OIIHCblBaIOmero rny60KO-Heynpyroe 

IIOJIHpH30BaHHOe JieIITOH-HYKJIOHHOe pacceHHHe C ytJeTOM Hapyme­

HHH tJeTHOCTH, 3aBHCHT n o6meM cnyqae OT IIHTH CTPYKTypnhlx 
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cpyHKUHH 9i 

C 

Wµv(q,P,S) 
q>-su 

icµv>.u-p 91 (x, Q2
) 

' · q 
. q>-(p. qSU - s. qPU) 2 

+ Zcµv>.u (P. q)2 92(x, Q ) 

[
PµSv + SµPv S PµPv ]93(x, Q2

) + ----- ·q----
2 (P · q) p. q 

f>µf>v ( 2 
+ S · q (P. q)2 94 x, Q ) 

( qµqv) (S · q) ( Q2) + -9µv+-2 p 95 X, , 
. q · q 

A P· q 
Pµ = Pµ - -

2
-qµ, 

q 

A S · q 
Sµ = Sµ - -

2
-qµ, . q 

r,ne q HP- HMIIYJihChl Kan116poBOtJHoro 6o3oHa II HYKJIOHa, cooTnecT­

BeHHo, a s eCTb HYKJIOHHblH CIIHH. 3aTeM np11ne,ueHbl ,n11cnepc11-

0HHhie COOTHOllieHHH ,l(JIH KOMIITOHOBCKOH aMIIJIHTY.L(bI pacceHHHH 

Bnepe.n, MHHMM qaCTb KOTOpoii nponopn110HaJibHa a,npOHHOMY TeH-

30py. Ilanee npOH3B0.L(HTCH CTaH.napTHOe onepaTOpHOe pa3JI02Ke­

HHe T-npOH3Be.neHHH ,nnyx TOKOB, onpe,neJIHIOI.Uee 3TY aMIIJIHTy,ny, B 

HH2KaiirneM_ nopH,nKe KXII. B pe3yJihTaTe nonyqaIOTCH onpe,neneH­

Hble COOTHOIIIeHHH Me)K.L(y MOMeHTaMH CTPYKTYPHhIX q>yHKUHH H 

MaTpH'IHbIMH 3JieMeHTaMH KBapK-rJIIOOHHblX onepaTOpOB TBHCTa-2 

lI TBHCTa-3 Me2K,IJ;Y HYKJIOHHblMlI COCTOHHHHMH. 

Ha OCHOBe 3THX COOTHOIIIeHHH IIOJiytJeHO HOBOe q>yH.naMeHTaJib­

HOe npaBHJIO CYMM 

i 2 _ 11 
dy i 2 93 (x,Q) - 4x 2 95 (y,Q ), 

X y 

a TaK2Ke pH,n ,nOIIOJIHHTeJibHblX npaBHJI cyMM ,L(JIH TBHCT-2 H TBHCT-

3 CIIlIH-3aBHCHMblX CTPYKTYPHhlX q>yHKUHH. B KOHUe rJiaBbl IIOJIY-
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Pnc.4. BKna.n fi-TpaeKTOp1rn B ,nmpcpepemumnhHOe ceqemre 

yrrpyroro rrp0T0H-IIp0T0HH0r0 pacceHHIUI rrpn: BbIC0KMX :meprMHX M 

60JiblllMX rrepe,naqax MMIIJJibCa. CrrJIOIIIHaH JIMHMH eCTb !1 BKJia,n, 

IIITpn:xoBaH rrpe,ncTaBJIHeT BKJia,n rroMepoHa, rrpn: vs= 27.4 GeV. 

'IeHHbie rrpaBMJia CJMM paccM0TpeHbI B paMKax pa3JIM'IHhlX rrapT0H­

HhIX M0,neneir M orrpe,neJieHa CTerreHb K0ppeKTH0CTM 3TMX MO,neneir. 

B qeTBepTo:ii rJiaBe o6cy)K,naeTCH CBH3h rroBe.neHMH crrn:H-

3aBMCMMOH CTPYKTYPHOH <pyHKIJ;MM 91(x,Q
2

) rrpn: MaJibIX 3Ha'IeHM.HX 

BbepKeHOBCKOII rrepeMeHHOH X M Ce'IeHMH ,nn:cppaKIJ;MOHHbIX rrpouec­

C0B rrpn: BbIC0KMX 3HeprMHX M 60JiblllMX rrepe,naqax MMIIJJibCa. Ta­

KaH CBH3b B03HMKaeT ecTeCTBeHHbIM o6pa30M, eCJIM rrpe,nII0JI0)KMTb 

cyw;ecTB0BaHMe HOBOH TpaeKT0pHM Pe,n)Ke C BbIC0KMM MHTepceIIT0M 

M HeHaTypaJibH0ii 'IeTHOCTbIO. O6cy)K,naeTCH B03M0)KHM Herrep­

Typ6aTMBHaH rrpM'IMHa B03HMKH0B€HMH ,naHH0ii TpaeKT0pHM, 0CH0'­

BaHHM Ha cyw;ecTB0BaHn:M aKcn:aJihHoii aH0Mann:n: B KX.11. Mcxo,nH 
M3 aHaJIM3a CIIMH-3aBMCMM0ii qJJHKUMM HJKJI0Ha 91 orrpe,neneHhI rra­

paMeTpbI H0B0H TpaeKT0pMM M ee K0HCTaHThI B3aMMO,neiiCTBMH C 

HJKJI0H0M. 

BbI'IMCJieH BKJia,n 3TOH TpaeKT0pMH B yrrpyroe rrp0T0H-IIp0T0H­

H0e pacceHHMe rrpn: BbICOKOH 3Heprn:M M 60JiblllOH rrepe,naqe MM-
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llJJibCa -t > 3GeV2 
M 110Ka3aHO cornacn:e C cyw;eCTBJIOW:MMM 3KC­

rrepn:MeHTaJibHbIMM .n:aHHbIMM (Pn:c.4). O6cy)K.Zl:aIOTCH 11pen:Myw;e­

CTBa ,naHH0r0 rro.nxo,na 110 cpaBHeHMIO C IIIHp0KO pac11p0CTpaHeH­

HbIM II0.LlX0,I{0M, 0CH0BaHH0M Ha o6MeHe o,n,nepoH0M. 

BbI'IMCJieH BKJia,n !1-06MeHa B ceqeHMH o6pa30BaHHH p II qJ Me30-

H0B B ,nn:cppaKIJ;M0HHbIX qJ0T0H-11P9TOHHbIX rrpoueccax 11PM BbICOKOH 

3HeprHH. Pe3JJibTaThI Hax0,I{HTCH B corJiaCHM C He,naBHHMH 3KCIIe­

pHMeHTaJibHbIMH ,naHHhIMM, rronyqeHHhlMH Ha KOJIJiair,nepe HERA 

B repMaHHM. 

B IUITOH rnaBe o6cy)K.n;aIOTCH 3KCrrepn:MeHThl H llp0B0.l(HTCH 

pac'IeThI ceqeHMH peaKI,{HH, KOTOpbie 'tJJBCTBHTeJihHhI K cyw;ecTB0-

BaHMIO HOBOH aHOMaJibH0ii Ji TpaeKT0pHH. TaK CTPYKTypa Ji Tpa­

eKTOpHM M0)KeT 6bITb HCCJie,noBaHa B 11poueccax, ,I{JIH KOTOpbIX Ba)K­

Ha CIIMH0BM 3aBMCHMOCTh C00TBeCTBYIOW:HX BeplllHH, T.e. B pa3-

JIM'tJHbIX C11MH-3aBHCHMbIX aCHMMeTpMHX. 3To CBH3aHO C TeM, 'ITO 

!1-06MeH o6na,naeT HeHaTypaJibHOH 'IeTHOCTbIO H 1103TOMY 'IJB­

CTBHTeJieH K CllHHaM B3aHMO.n;eiiCTBYIOW:HX qaCTHU, B TO BpeMH KaK 

ll0Mep0HHM TpaeKTOpMH C HaTypaJibHOH 'IeTHOCTbIO orrpe,neJIHeT 

CllMH-He3aBHCMMhle BKJia,I.{bI B aMllJIHTY.LlhI 11poueccoB C y-qacTHeM 

a.npoHOB. Ilo3TOMY MO)KH0 0)KM,I{aTh, 'ITO BKJia.l( ,naHHOH TpaeK­

TOplm M0)KeT 6hITh Bhl.l(eJieH C ll0M0W:hIO M3MepeHHH 3aBMCHW:MX 

OT CIIHHa Ha6JIIO,naeMbIX B a.npoH-a,np0HHbIX, JiellTOH-a,np0HHbIX n: 
qJ0T0H-a,npoHHhIX B3aHMO,neiiCTBMHX. B cnyqae 'tJHCTOro II0MepoH­

HOro o6MeHa 3TH acMMMeTpHM 11paKTH'IeCKH He OTJIH'IaIOTCH OT 

HJJIH. 

B Ha'IaJie rJiaBhI Bhl'tJMCJieH BKJia,n !1 o6MeHa B .LlBJX-CIIHH0BJIO 

11po,nOJibHJIO aCHMMeTpHIO B y11pyroM pp-pacceHHHH. IloKa3aHO, 

'ITO BeJIH'IMHa aCHMMeTpHH .ll0CTMraeT 3Ha'IeHHH ALL ~ -40% II 
MO)KeT 6bITh M3MepeHa Ha ycKopn:TeJie RHIC BROOKHAVEN. !13 

aHaJIM3a 3KCIIepHMeHTaJihHbIX .naHHhIX 110 pa3HHIJ;e llOJIHhIX ceqeHMH 

B3aHMO,I{eHCTBHH 11p0,n0JihH0-II0JIHPM30BaHHbIX llp0TOH0B B pa3JIM'I­

HbIX CllHH0BbIX COCTOHHHH, ~UL, ll0Jiy'IeHa ou;eHKa HHTepce11Ta HO-
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aoir TpaeKTop1rn 

ah (0) = 0.99 ± 0.04. 

.Ilanee 06cy2K.UaIOTC51 crrnH0Bhie 3<pq>eKThI a rrpoueccax yrrpy­

roro q>OT0p0)K,lleHirn BeKT0pHhIX Me30H0B rrpH BhIC0KIIX 3HeprII5IX 

B 3KcnepHMeHTax C Il0JI5IpII30BaHHhIMH q>OTOHaMH H H3MepeHIIeM 

IT0JI5IpH3aUII0HH0ro C0CT05IHH51 K0He1:rnoro Me30Ha. MaTpHI~a ITJI0T­

H0CTH, xapaKTepII3JIOIUaJI yrJI0Bhie pacnpe.ueneHH51 a pacrra.ue BeK­

T0pHoro Me30Ha, BhP:IHCJieHa 3.UeCh C yt:IeT0M IT0Mep0HH0ro H fi­

o6MeHOB. AcIIMMeTpH51 B TaKHX pacna.uax 0Ka3bIBaeTC51 01:JeHh no­

Jie3HhIM cpe.D;CTB0M rrpH BhI,neJieHHH BKJia,ua fi-o6MeHa, IT0CK0JihKY 

IIMeeT CHJihHJIO 3aBHCIIM0CTh OT KBaHT0BhIX 1:JHCeJI, K0T0phie .D;JI51 

yKa3aHHhIX o6MeHhlX MexaHII3M0B pa3JIH1:JHhI. 

B nocne.uHeM naparpacpe rnaahI o6cy)K.llaeTC51 HOBhIM MexaHH3M 

.UJI51 o6'h5ICHeHir51 6oJihIIIoir .uayxcnHHoaoir acHMMeTpIIH, Ha6nro.ua­

eMoir ·a 3Jie'KTp0MarHHTH0M p02K,UeHHe p-Me30H0B Ha HJKJI0He rrpH 

np0Me2Ky'to1:JHOM 3HeprHH, II3MepeHHoii Ha ycTaH0BKe HERMES. 

3TOT MexaHII3M CB513aH C 60JihIIIHM BKJia,noM HHTepcpepellUHH HOBOM 

Ji aHoMaJihHoir TpaeKT0pHH c h Pe,u2Ke o6MeHOM a .uayxcnHHoayro 

aCIIMMeTpIIIO. Bbit:JHCJieHHM BeJIHl:JHHa ,UJI51 ITOJIHOM aCHMMeTpIIII 

A1 ~ 10 _:_ 15% oKa3anach cpaBHHMoii c H3MepeHHOM. 

TaKIIM o6pa30M Ji aHOMaJihHhIH o6MeH Ba2KeH He T0JihKO ITJ)II 

BhIC0KIIX, HO TaK2Ke H rrpH yMepeHHhIX 3HeprH5IX. 

B meCTOH rJiaBe paCCM0TpeHhl HenepTyp6aTHBHhie 3cpcpeKThI 

KX.Il a HeK0T0phlx 3KCKJII03IIBHhIX npoueccax rrpH HH3KHx 3HeprII5IX 

H 6oJihIIIoii rrepe,uat:JII. HMIIJJihca. A IIMeiiHo, pacct:JHTaHhI BKJia,nhI 

B Cel:JeHH51 OIIpe,ueJieHHhIX peaKUIIM, B03HIIKaIOIUHe 3a Cl:JeT 06MeHa 

rJIIO0HHhIM .UJX0BhIM rr'oJiiocoM, BBe,neHHhIM BeHeuIIaHo .D;JI51 peIIIe­

HH51 U(l)A rrpo6ne~hi ·a· CHJihHhIX B3aIIMo,ueiicTBH5IX. 3ToT rronroc 

B03HHKaeT KaK CJie.llCTBHe' rrepHO,UIIl:JH0CTH noTeiiuHaJihH0M 3HeprHH 

KX.Il 0TH0CHTeJihH0 aeJIIIl:JlIHhI T0nonorII1:JecKoro 3ap51,ua II cyme­

CTB0BaHIIeM no.u6aphepHhIX nepexo.uoa Me)K,lly pa3JIH1:JHhIMII KJiaCCII­

qeCKHMII aaKyyMaMH, BhI3BaHHhIX HHCTaHT0HaMII. CymecTBOBaHHe 
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,naHH0ro IT0JIIOCa, CB513aHH0ro C rJIIO0HHOM aKCIIaJibHOM aH0MaJIIIeir, 

5IBJI51eTC51 He T0JihKO rrpHHUHITHaJibHhIM M0MeHT0M peIIIeHH51 O.UHOM 

H3 0CH0BHhIX rrpo6JieM a,upOHHOM cneKTp0CK0IIHII, 60JihIIIOM MaCChI 

77' Me30Ha, HO TaK2Ke npHB0,UilT K ecTeCTBeHH0MY o6b5ICHeHHIO Ha-

6JIIO.UaeMOM MaJI0CTH aKCHaJihH0-BeKT0pHoro CHHrJieTH0ro no apo­

MaTy cpopM cpaKTopy HJKJI0Ha. B npoueccax c yqacTHeM a.upo­

H0B 3cpcpeKThI rJIIO0HH0ro II0JIIOCa 0ITIICbIBaIOT HapyIIIeHHe npamma 

OKy6o-Uaeiira-HH3yKn. 

B KaqeCTBe rrpHMepa Bhll:JilCJieH BKJia,n 06MeHa .uaHHhIM IT0JIIO­

C0M B rrpoueccbl yrrpyroro q>OTO- Il 3JieKTp0p02K.D;eHil51 <p Me30H0B Ha 

HJKJI0He rrpH HH3KHX 3HeprH5IX. Ha 0CH0Be o6o6meHHOro C00TH0-

IIIeHH51 roJih.U6eprepa-TpeirMaHa .D;JI51 aKCHaJihHOM K0HCTaHThI g~ 

2MNG! = Fgr,'NN + 2N1A9GNN, 

II ypaaHeHII51, onpe,ueJI5IIOIUero IIIHpHHY pacna.ua </J ➔ 77', 

· t!f-em 
Fgrf-y<J, + 2N1A9G-y<J, = -Cq, -3' 

C 7r 

r.ue F ~ fiii; J1r, nporraraTop rJIIO0HHoro o6MeHa .A paaeH T0-

rronornqecKoir aocnpHHMl:JIIB0CTH a t:JHCToir 5IHr-MHJIJICOBCKOM Teo­

PHH, x(0)IYM, aeJIHt:JHHa 9ri'-rr/> Mo2KeT 6hITh H3BJieqeHa H3 3KcnepH­

MeHTaJihHOii IIIHpHHhI r <J,➔r,'-y, Cq, eCTh K0HCTaHTa B3aHMO,UeMCTBH51 

<p-Me30Ha C S-KBapKaMH, II0JiyqeHhI oueHKII K0HCTaHT CB513H 3T0ro 

Il0JIIOCa C HJKJI0H0M, 9GNN ' q>OTOHOM H </>- Me30H0M, 9G-y<J,, B pa3-

JIH1:JHhIX KBapK0BhIX M0,UeJI5IX. 

C II0M0IUhIO 3THX K0HCTaHT Bhll:JHCJieHhI BKJia,UhI rJIIO0HH0ro no­

JIIOCa U(l)A rrpo6JieMbI B yrrpyroe q>0T0- II 3JieKTp0p02K.D;eHIIe <p Me-

30Ha Ha npoT0He rrpH 3HeprH5IX B HeCK0JihK0 Ge V. Pe3JJihTaThI pac-

1:JeTOB II03B0JI5IIOT o6'b5ICHHTh He,UaBHIIe 3KCIIepHMeHTaJihHhle ,naH­

Hhie, nonyqeHHhle Ha ycTaH0BKe CLAS B JLAB. 

B ce,n;1>Mo:ii rJiaBe rrpe,ucTaBJieHhI pe3JJihTaThI Hccne.uoaaHH51 

BJIH51HH51 CJI02KHoir cTpyKTJPhI aaKyyMa KX.Il Ha rrpouecchr po2K,ue­

HH51 Me30H0B rrpH HH3KHX H BhIC0KHX 3HeprH5IX. BHal:JaJie rJiaBbI 06-
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cy)K,n:aIOTC.SI aH0Mamn1: B ceqemrnx OKOJionoporoBoro po)K,n:emui: qa­

cniu, co,n:ep)KalUHX CTpaHHhie KBapKH. Ha6JIIO,n:aeMoe 60JihllIOe Ha­

pyllleHH~. rrpaBHJia OKy6o-UBei1:ra-MH3YKH y nopora npOTHBOpeqHT 

60JihllIHHCTBY TeopeTHqeCKHX npe,n:cKa3aHHH, OTHOC.SIIUHXC.SI K .Il:HHa­

MHKe p0)K,I1;€HH.SI CTpaHHhIX KBapKOB B CHJihHhIX B3aHMO.D:€HCTBH.SIX. 

O,n:Ha H3 TaKHX aHoMaJinii: CB.SI3aHa co 3HaqnTeJihHOH BerrttqHH0ii: ce­

qeHH.SI p0)K.Il:€HH.SI 7]-Me30HOB B npOTOH-H€HTpOHHhIX CTOJIKHOB€HH.SIX 

y nopora, r.n:e OHO noqTlf B ceMh pa3 6oJihllle, qeM ceqeHHe po)K,n:e­

HH.SI 7]-M€30HOB B npOTOH-npOTOHHhIX CTOJIKHOB€HH.SIX npH Tex )K€ 

KHHeMaTnqecKHX YCJIOBH.SIX. IlpHBe,n:eHhl KaqeCTBeHHhie apryMeHThl 

B norrh3Y Toro, qTo crreumpnqecKM apoMaTHM CTPYKTypa KBapK­

rrrIOOHHoro B3aHMO,n:eii:CTBH.SI, HH.D:YUHpyeMoro HHCTaHTOHaMH, 

I 1r3p4dp a -a 
~L1J = - Lt'Hooft Bas(P) GµvGµv, 

r.n:e £t' Hooft - B3aHMo,n:eii:cTBHe T'Xooq)Ta, npHBO.D:HT K ycttrreHHIO 

BhIXO,n:a 7]-Me30HOB HM€HHO B npOTOH-HeHTpOHHhlX B3aHMO,n:eii:CTBH.SIX. 

BhlqHcJieH BKJia,n: HHCTaHTOHOB, B03HHKaIOIUHH 3a cqeT HeHyrreBoro 

MaTpHqHoro 3J1€M€HTa 

1
3asGa G-a I r,;f 2 < 0 41r µv µv 1J >~ v3 7rm7), 

B OKOJIOITOporOBOe p0)K,Il;€HHe 7]-M€30HOB B npOTOH-H€HTpOHHOM B3a­

HMO,n:eii:CTBHH. Pe3yJihTaThl pacqeTa Haxo,n:.SITC.SI B cornaCHH C 3KC­

nepHM€HTaJihHhIMH ,n:aHHhIMH, norryqeHHhIMII KOJIJia6opauIIeii: 

WASA/PROMICE. 

B nocrre,n:HeM naparpacpe rnaBhI paccMoTpeHhI npouecchI po)K,n:e­

HII.SI Me30HOB B ,n:BOHHhIX ,n:IIcppaKUHOHHhIX npoueccax (IlllII). 3TiI 

npoueCChl HHTepeCHhl KaK C TOqKH 3p€HII.SI a,n:pOHHOH cneKTpOCKO­

IlHII, T.e. KaK HCTOqHIIK rrrI060JIOB If ,n:pyroii: KBapK-rJIIOOHHOH 3K30-

TIIKII, TaK II C TOqKlf 3peHH.SI ITOHHMaHH.SI MexaHH3MOB ,n:IIcppaKUHOH­

HhIX npouecCOB npH BhICOKHX 3Hepr.SIX, r.n:e ,Il;OMHHHpyeT o6MeH C 

BaKyyMHhIMH KBaHTOBhlMH qIICJiaMII, T.e. ITOMepoH. 
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Tl . Tl 

' Pz----~------- P2 

PHc.5. BKJia,n: .D:BOHHOro ITOMepOHHOro o6MeHa B npouecc 

ueHTpaJihHOro p0)K.Il:€HH.SI nceB,n:OCKaJI.SipHhlX M€30HOB. 

O,n:HIIMH II3 HaII6orree y,n:o6HhlX peaKUHH ,Il;JI.SI HCCJie,n:oBaHII.SI He­

nepTyp6aTHBHOH npHpO,n:hI IlOMepoHa If ero CB.SI3H co CJIO)KHOH CTpyK­

Typoii: BaKyyMa KXIl, .SI.BJI.SIIOTC.SI npouecchl ueHTparrhHoro po)K.Il:e­

HH.SI 1J H 1]1 
M€30HOB npH BhICOKHX 3HeprH.SIX. PacnpOCTpaHeHHOe 

MHeHIIe 3aKJIIOqaeTc.SI B TOM, qTo OCHOBHOH BKJia,n: B IlllII .n:aeT 

,n:Boii:Hoii: noMepoHHhlH o6MeH (Pnc.5). B .n:nccepTaUHH BhiqHCJI.SI­

eTc.SI BKJia,n: 3TOro MeXaHH3Ma B ceqeHH.SI po)K.Il:eHH.SI 1J II 1]1 
M€30-

HOB ,n:JI.SI KHHeMaTHKH WA102 3KcnepIIMeHTa B UEPHe. IloKa3aHo, 

qTO ,Il;BOHHOH ITOMepOHHhIH o6MeH npHeMJI€MO OITHChIBaeT ,n:aHHhie 

WA102 TOJihKO B cnyqae p0)K,Il;€HH.SI 1]1 
M€30HOB, B TO BpeM.SI KaK 

,Il;JI.SI 1J M€30HOB pe3yJihTaThl pacqeTa ,n:aIOT 3HaqlfT€JihHO M€Hhll1He 

ceqeHH.SI. y Ka3aH HCTOqHlfK paCXO)K,Il;€HH.SI. MM .SIBJI.SieTC.SI BKJia,n: 06-

MeHa BTOplfqHhIMH Pe,n:)K€0HaMH B Illlll. IlonyqeHa OUeHKa 3TOrO 

BKJia,n:a II IlOKa3aHO, qTO ero yqeT Il03BOJI.SI€T 3HaqlfT€JlhHO ynyq­

llIIITh COrJiaCHe C 3KCnepHM€HTOM ,Il;JI.SI BhlXO,n:a 1J Me30HOB B Illlll. 

B BOCbMOH r JiaBe HCCJie,n:oBaH BKJia,n: HHCTaHTOHOB B cna6hie 

pacna,n:hl a,n:pOHOB. MHTepec K BonpocaM HHTepcpepeHUIIH CIIJlhHhlX 

H cna6hIX B3aHMo,n:eii:cTBHH H ponn BaKyyMa KXIl B Heii: 3aMeTHO 

BhlpOC nocne Toro, KaK He,n:aBHHe 3KCnepHMeHThl o6Hapy)KHJIH 60Jih­

llIOe CP HapyllleHIIe B pacna,nax K -+ 1r1r. 3TOT 3cp<peKT ,noBOJihHO 

Tpy,nHo o6'h.SICHHTh B paMKax CTaH,napTHOH Mo,nenn. O,nHHM H3 

KpaeyrOJihHhlX KaMHeii: 3TOH npo6neMhl .SIBJI.SI€TC.SI H3B€CTHOe npa-

19 



•=0::Sw c::0 
dL 

s· 
R 

UR 

dR 
1=0 

PHc.6. BKrra.u IlleCTH-KBapKoBoro B3an:Mo,ueiicTBmr, 
HH.Uyn;n:poBaHHoro HHCTaHTOHaMn:, B !:11 = 1/2 crra6yIO 

aMrrrrn:Ty,uy. 

BHJIO !:11 = 1/2. 3To cpeHOMeHOJIOrn:qecKOe rrpaBHJIO CBa3aHO C Ha-
6rr10.uaeMbIM CHJibHblM ycn:rreHHeM crra.6bIX pacrra,uoB C H3MeHeHn:eM 
H30TOIIn:qecKoro crrn:Ha Ha Berrn:qn:Hy !:11 = 1/2 IIO OTHOilleHHIO K 
pacrra.uaM c !:1T= 3/2. 

Ilpe,urraraeTca HOBhIH HerrepTyp6aTn:BHhlii MexaHH3M npaBn:rra 
!:11 = 1/2, OCHOBaHbIM Ha TOM, qTO HerrepTyp6aTHBHOe MYJihTH­
KBapKOBOe B3an:Mo,ueiicTBn:e T'XoocpTa, 1rn.uyn:npyeMoe n:HCTaHTO­
HaMn:, TaK)Ke KaK n: crra6oe B3aHMO,UeHCTBHe, qpe3BbJqaiiHO qyB­
CTBHTeJihHO K apoMaTaM n: crrn:parrbHOCTaM KBapKOB. TaK rrpn:Hn;n:rr 
Ilayrrn: .uirn KBapKOB B HyrreBblX MO,uax B rrorre HHCTaHTOHa 03Ha­
qaeT, qTo B3an:Mo.ue:iiCTBn:e ,UOJl)KHO 6hITb aHTHCHMMeTpHqHo OTHO­
Cn:TeJihHO rrepecTaHOBOK JII06bIX BXO,Uanmx n: BbIXO.Uamn:x KBapKOB. 
MMeHHO 3TO CBOMCTBO rrpHBO,UHT K TOMY, qTo O,UHOHHCTaHTOHHbi:ii 
BKrra.u npn:cyTCTByeT B crra6oii !:11 = 1/2 ·aMrrJin:Ty.Ue n: OTCyT­
CTByeT B !:11 = 3/2 aMrrrrn:Ty,ue (Pn:c.6). IlerraeTca Ba)KHOe Ha-
6rr10,ueHn:e, qTO ,UOIIOJIHHTeJibHbIM qJieH B CJia60M raMHJibTOHHaHe 
c !:1S = l, B03Hn:Ka10mn::ii H3 IlleCTH-KBapKOBoro B3an:Mo,ue:iicTBn:a 
(PHc.6), COOTBeCTByeT BKrra,uy orrepaTopa pa3MepHOCTH d :__ 9, KO­
TOpbIM paHee He yqHThrnarrca B pacqeTax crra6blX pacna,uoB a.upo­
HOB. Ilo.upo6Ho BhJqn:crraeTca BKrra.u 3Toro B3an:Mohe:iiCTmi:a B pac­
rra.u K -+ 1r1r n: rroKa3bIBaeTca B03MO)KHOCTh HerrepTyp6aTn:Bttoro 
o6hacHeHn:a ripaBn:rra !:11 = l /2 .urra 3Toro pacna.ua. 
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B 3aKJIIOqeHHH ,UaHa CBO,UKa OCHOBHbIX pe3yJibTaTOB, rrorry­
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