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06III.AH XAPAKTEPHCTHKA PA60Thl 

O6neKT HCCJie,U,0BaHHH n aKTyaJihH0CTb TCMhl. 

O1111caH11e llH0Ha KaK CBH3aHH0f0 C0CT0HHHH KBapKa 11 aHTHKBapKa C 

M0MeHTa C03.JJ.aHHH KBapKoBoi1 M0.JJ.eJJH (feJJJI-MaH H UBei1r, 1964), a oco6eH

H0 rrocJJe C03.JJ.aHHH KX.ll (1972) HBJJHeTCH aKryaJibHOH 3a.JJ.aYei1 reopttH qJH3H

KH 3JleMeHTapHbIX YaCTHU.. 11 BOT ll0YeMy: C Otl,HOH CT0p0Hbl, flH0H HBJIHeTCH 

rrpocrei1wei1 KBapK-aHTHKBapKOBOH CHCTeMOH, Ha KOTOpoi-1 M0)KHQ npoBepHTb 

rrpe.JJ.CKa3aTeJibHY!O crroco6HOCTb TeopHH, a C JJ.pyroi-1 CT0P0,Hbl, ero CBOHCTBa 

Ype3BbIYaHHO Ba)KHbl .ll.JIH 0llHCaHHH pe3yJJbTaT0B 3KC11ep11MeHTa, ll0CK0JlbKY 

llH0Hbl - 0CH0BHbie YaC_THU.bl, o6pa3yeMbie B a.JJ.p0HHbIX rrpou.eccax. TeMa 

llH0Ha 11 era CBOHCTB HHTeHCHBH0 o6cy)KJJ.aeTCH Ha Me)Kt1,yHap0J1.HblX KOHqJe- ' 

peHU.HHX H B rreYaTHbIX H3.JJ.aHHHX. 

UenhIO pa6oTbI HBJIHeTcH: 

l. IlocTpoeHHe M0.JJ.eJJH HeJI0KaJJbHbIX BaKyyMHbIX cpe.JJ.HHX, 0llHCbIBa!0-

1.lJ.HX HerrepTyp6arnBHbIH KX,ll.-BaKyyM, cornacoBaHHOH c ypaBHeHHeM 

,ll,BH)KeHHH KX,ll. H KaJm6poBOYHOH HHBapHaHTH0CTblO. 3TO 1103B0JIHT 

KoppeKTH0 Y'-IHTbIBaTb HerrepTyp6aTHBHbIH BKJJa,ll, B rrpaBHJJaX cyMM 

KX,ll. .JJ.JJH J1ern11x Me30H0B. 

2. l13y'-leHHe 3JieKTpoMarHl1TH0ro qiopMqiaKTOpa 11 aMITJll1TY.JJ.bl pac11pe,!1,e

JieHl1H 11110Ha. 

Hayqubie Il0JI0lKeHHH, BblH0CHMbie ua 3aIIJ.ttTy: 

l. IloKa3aHO, '-ITO Ml1HHMaJibHaH rayccoBa M0JJ,eJib He Y.JJ.0BJJeTBopHeT ypaB

HeHHHM .ll.B11)KeHl1H 6e3MaCCOBOH KX.ll 11 11p11B0.JJ.l1T K Herrorrepe'-IH0CTl1 

HerrepTyp6aTl1BHOro BKJia,ll,a s KoppeJIHTOp BeKTOpHbIX TOK0B. 

2. IlocTpoeHa YJIY'-IWeHHaH rayccoBa M0,ll,eJib HeJJ0KaJJbHbIX K0HJJ,eHCaTOB, 

cornacoBaHHaH KaK C ypaBHeHl1HMl1 .JJ.BH)KeHHH, TaK H C rrorrepe'-IH0CTblO 

KoppeJl5ITOpa BeK1{!]1Jife~~1Ill HHCTH'fYT 

SiAepHI:,IX MCCJieAOBam1t1 

I BI1Bn110TEffA I 
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3. ITpoH3Be,n:eH pac4eT o6JJaCTl1 .n:orrycTHMbIX 3Ha4eHHH K03cpcpm.1.11eHTOB 

a2 11 a4 rereH6ay3pOBCKOro pa3JJO)KeHHH aMITJlHTY.D:bl pacrrpe,n:eJJeHHH 

rr110Ha B YJJY4WeHHOH Mo.n:eJ111. 

4. BbI411CJJeH 3JleKTpoMarHHTHbIH cpopMcpaKTOp ITHOHa B 

rrpocTpaHCTBeHHO-rro.n:o6HOH o6JJaCTl1 KBa,n:paTa nepe,n:a411 HMITYJJb

ca 1 - 10 f3B2 B MHHHMaJJbHOH 11 yJJyYrneHHOH Mo,n:eJJHX. 

Hay1rna11 uosu3ua 

Bee pe3yJJbTaTbl, nepe4HCJJeHHbie B pa3,n:eJJe "Hay4Hble ITOJJO)KeHHH, BbI

HOCHMbie Ha 3arn,11Ty" HBJJHIOTCH HOBbIMH. 

Hay•rnasi: " npaKTnqecKaSI u,eHHOCTb 

IToJJy4eHHbie pe3yJJbTaTbl IT03BOJJHIOT H3y4aTb J1ern11e Me30Hbl B paMKaX 

no.n:xo.n:a npaBHJl cyMM KX,U C HeJJOKaJJbHbIMH KOH,n:eHcaTaMH, He HapyrnaH 

rrp11 3TOM ypaBHeHHH .D:BH)KeHHH KBapKOBOro ITOJJH 11 MHHHMl1311PYH Hapywe

HHe KaJ1116pOB04HOH HHBap11aHTHOCTl1. 

Anpo6au,usi: pa6oTbI: 

Pe3yJJbTaTbl rrpe,n:CTaBJleHHbie B .n:11cceprnu1111 .D:OKJJa,n:bIBaJJHCb 11 06-

cy)K,n:aJJHCb Ha Hay4Hb!X ceMHHapax Jla6oparnp1111 TeopeTH4eCKOH ql11311Kl1 

HM. H.H. EoroJJI06oBa (O11fll1, ,Uy6Ha), Ha ceM11Hapax Kacpe,n:pbI TeopernYe

CKOH cp11311K11 11pKyTcKoro rocy.n:apcrneHHoro yH11Bepc11TeTa (HfY, 11pKyTcK), 

Ha ceMHHape EBponeifCKoro ueHTpa Teopern4ecKoH cp113HKH (ECT*, TpeH

TO, 11TaJJHH, ,n:eKa6pb 2006), B MIOHXeHCKOM YHHBeprnTeTe HM. JlIO.D:BHra 11 

MaKCHMHJJHaHa (LMU, MIOHxeH, MapT 2008) 11 Ha Me)K,n:yHapo,n:HbIX KOHcpe

peHUHHx: "Po)K,n:eH11e, CBOHCTBa 11 B3a11Mo,n:eifcTB11e Me3oHos" (KpaKOB, IToJJb

rna, HIOHb 2006), "HOBbie HarrpaBJJeHHH B ql11311Kl1 Bb!COKHX 3Heprnif" (5Ima, 

YKpa11Ha, HIOHb 2006), "CTpyKTypa a.n:poHos" (Mo.n:pa-fapMOHHH, CJJoBaKHH, 

ceHrn6pb 2007), "CTpyKTypa a.n:poHoB 11 KX,U" (faT4HHa, Pocc11H, HIOHb 

2008), "B036y)K,n:eHHaH KX,U" (3aKorraHe, IToJJhrna, cpespaJJb 2009). 
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Ily6JiuKau,1rn: ITo MaTep11aJ1aM .n:r1ccepTaum1 ony6J111KoBaHo 6 pa6oT /1, 

2, 3, 4, 5, 6/ B OTe4eCTBeHHbIX 11 3apy6e)KHblX 113.D:aHHHX. 

JluqHbIH BKJia,11. aBTopa: 

l1ccJJe,n:oBaHHH, COCTaBJJHIOUJ,He OCHOBY .D:HCCepTaU110HHOU pa60Tbl, 

BbinOJJHeHbI B coaBTopcrne c A. IT. EaKyJJeBbIM, C. M. Mr1xaifJJOBbIM H 

H. r. CTecpaH11COM. IToJJy4eHHe 11 11HTepnpeTaUW1 pe3YJJbTaTOB H C00TBeT

CTBYIOUJ,11X 3aUJ,HUJ,aeMbIX ITOJlO)KeH11U B cyrn,eCTBeHHOH Mepe c,n:eJJaHbl Jl114H0 

C011CKaTeJJeM. 

CTpyKTypa u o6oeM ,11.ucceprnu,uu: 

,U11ccepTaUHH COCTOHT 113 BBe,n:eH11H, 4eTbipex rnaB, 3aKJJI04eH11H H 

O.D:H0ro np11JJO)KeHHH. O6rn,11H o6beM .n:11ccepTaUH11 101 CTpaHHiI,a MaWHH0-

ITHCHOf0 TeKCTa, BKJJI04aH 30 p11cyHK0B, 5 Ta6JJ11U H CITHCKa Jl11TepaTypbl 113 

99 HaHMeHoBaHHH. 

KpaTKoe co,11.epJK.aune pa6oTbI: 

Bo Bse,11.enuu o6cy)K.n:aeTCH cospeMeHHOe COCTOHH11e rrpo6JJeMbl, 0T

pa)KeHa aKTyaJJbHOCTb 11CCJJe,n:yeMOH TeMbl, ccpopMyJJHpOBaHbl ueJ111 H MeTO.D:bl 

perneHHH ITOCTaBJJeHHbIX 3a,n:a4, H3JJaraeTCH KpaTK0e co.n:ep)KaHHe pa6oTbl. 

B nepsou rnase rro.n:po6Ho paccMaTp11saeTcH rro.n:xo.n: npaBHJJ cyMM 

(ITC) KX,U rrpe,n:JJO)KeHHbIH B U11KJJe pa6oT /7 /. 3TOT no.n:xo.n: rro3BOJJHeT pac

C4HTbIBaTb xapaKTepHCTHK11 a.n:poHHb!X COCTOHHHH (MaCCbl, pacrra,n:Hble KOH

CTaHTbl, MarH11THbie MOMeHTbI), HH4ero He roBopH O caMOM rrpouecce CBH3bI

BaH11H KBapKOB B a.n:poH, T. e. o6xo,n:H rrpo6JJeMy KOHcpaHHMeHTa, 4TO 6b!Jl0 

rrpo,n:eM0HCTpHpoBaH0 B /7/ .D:JJH 7[-, p-, w-, J/'lj;- H 7]c-Me30HOB. O,n:Ha H3 rnaB

HbIX H,n:eif rro.n:xo.n:a OCHOBaHa Ha TOM, 4TO qJ113H4eCK11H BaKyyM He COBna.n:aeT 

C OCHOBHbIM C0CTOHH11eM Teop1111 CBo6o,n:HbIX ITOJJeH, IT03TOMY 6bIJ10 rrpe.n:

JlO)KeHO BBecrn HeHyJJesyIO K0HCT3HTY (OI : q(O)q(z) : I 0) ~ (qq) = canst, 

Ha3bIBaeMyIO KBapK0BbIM K0H,n:eHC3TOM. ITpH 3TOM HeJJOKaJJbH0CTbIO, T.e. 33-

BHC11MOCTblO B3KYYMHbIX cpe,n:HHX OT Koop,n:HHaT ITOJJeH, rrpeHe6peraJJH H HC-
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1r(P) 

u(0) 

P11e. 1. ct>tt3H4eCKHii cMblCJJ nttoHHoii AP. 

nOJib30BaJrn (KaK Mbl 11X Ha3bIBaeM) JIOKaJibHble KOH.D,eHeaTbl. 

O.n,Hl1M 113 He.11,oeTaTKOB B 11eITOJib30BaHl111 JIOKaJibHbIX KOH.D,eHeaTOB np11 

noeTpoeH1111 flC KX)]. /8/ .11,JIH aMnJil1TY.D.bI paenpe.11,eJieH11H (AP) ITl10Ha 

'Prr(x, µ 2) eJie.11,yeT ITp113HaTb ITJIOXYIO e6aJiaHCHpoBaHHOeTb ITOJiyl.JaIOw:eroeH 

flC (eM. /9/ 11 eebIJIKl1 B Hett). D110HHaH AP HBJIHeTCH aMITJI11Ty.11,oii ITepe

xo.11,a 1r(P) --+ u(Px) + d(P(l - x)) q>l1311l.JeeKoro ITl10Ha e 11MITYJibeOM P B 

ud-ITapy e 11MITYJibeaM11 xP 11 (1-x)P (3.11,eeb x - .11,oJIH 11MITYJibea, x E [O, 1]}, 

B KOTopott KBapK 11 aHTl1KBapK HaX0.11,HTeH Ha eBeTOBOM KOHyee, KaK ITOKa3aHo 

Ha p11e. 1. OHa OITpe.11,eJIHeTeH eorJiaeHO 

(0 I d(z)'yµ--y5u(0) j 1r(P){
2
=

0 
= ifrrPµ 11 

dx ix(zP) 'Prr(x, µ 2
), 

r.11,e µ 2 qmKrnpyeT TOYKY HOpM11poBKl1. flepTyp6aTHBHbIH BKJia.11, B flC 

KXJJ. B Be.11,yw:eM ITOpH.D,Ke OITl1ebrnaeTeH erreKTpaJibHOll ITJIOTHOeTb!O Tl1na 

p~ert (x, s) ~ x(l - x), HBJIHeTeH rna.11,KOH q>yHKU:11ett 11 11MeeT MaKel1MYM B 

u:eHTpaJibHOll TOl.JKe x = 0.5, B TO BpeMH KaK HeITepTyp6aTl1BHbJe BKJia.11,bl, 

onpe.11,eJIHeMbJe JIOKaJibHblMl1 KOH.D,eHeaTaMl1, .11,a!OT BKJia.11,bl Tl1ITa 

C1 c) ( X) + ( C2 + C3 X) 61 
( X) + ( X --+ X) , 

r.11,e X = 1 - X, eoepe.11,0TOl.JeHHbJe B KOHU:eBbIX TOl.JKax X = 0 11 X = 1. TaKoe 

ITOBe.D,eH11e HenepTyp6aTl1BHbIX BKJia.11,0B o6bHeHHeTeH TeM, l.JTO JIOKaJibHblll 

KOH.D,eHeaT He «npoITyeKaeT» qepe3 ee6H 11MITYJibe, ITO 3TOH np11411He Beeb 

11MITYJibe ITl10Ha .11,0JI)KeH HeeTl1 O.ll,11H 113 ero KBapKOB, l.JTO He ITpe.11,eTaBJIH

eTeH .11,0eTaTOl.JHO peaJI11eTl1l.JHbIM ITp116Jil1)KeH11eM. HaITOMHl1M, l.JTO JI0KaJib

Hblll KOH.11,eHeaT B Koop.11,11HaTHOM ITpe.n,eTaBJieHl111 ITOeTOHHeH, l.JTO B 11MITYJibe-
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HOM npe.n,eTaBJieHl111 OTBel.JaeT .n,eJibTa-cpyHKU:1111 c54 (p), T.e. qepe3 KOH.11,eHeaT 

ITpoxot1.11T HyJieBott 11MnyJibe. B pe3yJibTaTe, B TeopernqeeKOH qaeT11 npa

B11JI eyMM, onpe.11,eJIHeMOH onepaTOpHb!M pa3JIO)KeHHeM, ,'I.JIH MOMeHTOB nHOH

HOH AP IT0HBJIHIOTeH KaK y6b1Ba10w:11e e poeTOM HOMepa MOMeHTa N l.JJieHbI 

~ 1/((N + 2)(N + 3)) (ITepTyp6aTHBHb!H BKJiaA), TaK 11 noeTOHHHblH (OT 

c5(1 - x)) 11 paeTyw:11/1 ~ N (OT o'(l - x)) BKJia,'I.bl fJIIOOHHOro 11 KBapKOBOro 

K0H,'I.eHcaTOB. flo3TOMY flC OKa3bJBa!OTeH yeTOHl.JHBblMH 11 xopowo e6aJiaH

e11poBaHHblMl1 TOJlbKO .11,JIH eJiyl.JaH HyJieBoro MOMeHTa N = 0, a y)Ke .11,JIH 

N ~ 2 OHl1 eTaHOBHTCH pa36aJiaHe11poBaHHbIMH 11 reHep11py10T 3aBb!WeHHOe 

3Hal.JeHl1e BTOporo MOMeHTa (e)rr = 0.66, ITOJiyl.JeHHOe B pa6oTe /8/. 

OTMeTHM, l.JTO flC e JIOKaJibHblMH KOH,'I.eHCaTaMl1 .11,JIH cpopMtpaKrnpa 

(<P<I>) ITl10Ha TaK)Ke o6Jia.D,a!OT ITJIOXOH eTa611JibHOCTb!O 11 yeTOHl.Jl1Bbl JIHWb 

np11 eBKJI11.11,0BbIX KBa.11,parax ITepe.11,aq11 11MnyJibea 1 f3B
2 < Q2 < 3 f3B

2
. 

flp11Y11Ha 3.11,eeb Ta ,Ke, l.JTO 11 B eJiyqae flC AJIH AP Me3oHoB: pa3HOrJiaCHe 

B ITOBe.D,eHl1HX ITepTyp6aTHBHOro BKJia,'I.a, ITa,'I.aIOw:ero e poeTOM Q2' 11 Henep

Typ6aTl1BHbIX BKJia.D,OB, KOTOpbie JI1160 IT0eTOHHHbl, JIH6o Jll1HeHHO paeTyT e 

Q2 /10, 11/. 
lfro6bi ITOJIYl.Jl1Tb ITpaBl1JlbHbie 3aBl1CHMOeTH OT N ( Q2 ,'I.JIH <l><I>)' 

Heo6XO,'I.11MO Bbll.Jl1eJIHTb BKJia,'I.bl OT OITeparnpoB Bblewe/1 pa3MepHoern Tl1ITa 

(q(0)D2q(0)), (q(0)(D2)2q(0)) 11 T.IT., IToJiyYaeMblX KaK TettJiopoBeKoe pa3JIO

,KeHHe H3Hal.JaJibHO HeJIOKaJibHblX KOH.11,eHeaTOB (HaITp. (q(0)q(z))). floJIHblH 

KOH.11,eHeaTHblll BKJia,'I. y6brnaeT e poCTOM N (Q2 .11,JIH <l><P), B TO BpeMH KaK 

Ka)K.11,blll ITO OT.D,eJibHOeT11 BKJia,'I. CTaH.11,apTHOro onepaTOpHoro pa3JIO)KeHl1H 

11MeeT eTpyKTYPY Nn (Q2n AJIH <P<P). 3To 03Hal.JaeT, l.JTO .11,JIH IToJiyl.JeH11e 

oeMbJeJieHHOro pe3yJibTaTa Heo6XO,'I.11MO OTeyMM11pOBaTb Beeb TettJiopoBeKl1ll 

PHA, l.JTO BblIIOJIHl1Tb TOl.JHO He ITpe.11,eTaBJIHeTeH B03M0)KHbIM. 

Bo BTopoii rnase paecMoTpeH 11 yJiyqweH MeT0.11,, npet1.JIO,KeHHbIH B 

pa6oTe /12/ AJIH aHaJIH3a Me30HHbIX AP 11 B pa6oTe /13/ .D.JIH aHaJI113a 

Me30HHbIX <l><I>. B 3TOM MeTo.11,e npe.11,JiaraeTeH OTKa3aTbeH OT pa3JI0)KeHl1H 

H3Hal.JaJibHO HeJIOKaJibHbIX KOH,'I.eHeaTOB no paeeTOHHl1HM Me)KAY onepaTopa

Ml1 KBapKOBbIX H fJIIOOHHbIX ITOJieH 11 11eITOJlb30BaTb HeKOTopyIO MO,'I.eJibHYIO 
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3aBl1CHMOCTb OT pacCTOHHl111. Tip11 3TOM BbI6op MO,D,eJil1, napaMeTp113y101ue11 

HeJioKaJibHbie BaKyyMHbie KOH,D,eHcaTbI (HBK), MO)KeT 11rpaTb Ba)KHYIO poJib. 

OCHOBHbIMl1 BaKyyMHblM11 KOH,D,eHCaTaMl1 Hl1)KaJ1we11 pa3MepHOCTl1, 

Heo6xo,D,11MbIMl1 ,D,JIH Haw11x 11CCJie,D,OBaHl111, HBJIHIOTCH: KBapKOBblH 611JIOKaJib

HbIH (ifA(O)qt(x)), KBapK-rJIIOOH-KBapKOBbIH (rfo(O)(-gA~(y) t") qA(x)), YeTbl

pexKBapKOBbIH (IJ'.4(0) q1(y) !Jc(z) qt(x)) 11 rJIIOOHHbIH (A~,(x)At(y)) KOH,D,eH

caTbl. Mb1 pa6oTaeM B KaJI116posKe CD0Ka-Ws11Hrepa :r,,A;'.(x) = 0, no3TO

MY crpyHHbie cpaKTOpbl, Heo6XO,D,11Mble ,D,JIH KaJI116pOBOYHOH l1HBap11aHTHOCTl1 

HeJIOKaJibHbIX o6beKTOB, o6pama!OTCH B e,D,11Hl1Ubl np11 BbJ6ope nyr11 l1HTe

rp11poBaHl1H B B11,D,e npHMOH. 

BaKyyMHOe cpe,D,Hee 611JIOKaJibHOfO no KBapKOBbIM noJIHM oneparnpa 

MO)KHO npe,D,CTaBl1Tb B o6meM B11,D,e 

ab 
00 ~ 

cca b tJ J { bsA XBA } 2;4 (qA(O)qs(x))= Ne 4 (qq)fs(o:)- 4 iAofv(o:) eax do:, (1) 

0 

r,D,e Ao= 20:s1f(ijq)2 /81, fs(o:) 11 fv(o:) - cpyHKU1111, napaMeTp113YIOIU11e CKa

JIHpHbIH 11 BeKTOpHbIH KOH,D,eHCaTbl, COOTBeTCTBeHHO. Tp11JIOKaJibHbie BaKy

YMHble cpe,D,Hl1e aHTl1KBapKOBoro, rJIIOOHHOro 11 KBapKOBblX noJieH Y.D.06Ho 

Bblpa311Tb Yepe3 rp11 CKaJIHpHble cpyHKU1111 f;(o:1, 0:2, 0:3) (CM. /12/): 

r,D,e 

1 3 . 

(ils(O)(-gA~(y) t")qA(x)) = 4 L (r~(x, y)) AB M;(x2, y2
, (x - y) 2

), 

i=l 

M;(xz, Yz, (x - y)2) = (2) 
00 00 

A; Jf f do:1 do:2 do:3f;(o:1, a2, o:3) e(a,x2+n2y:+a3(;-y)2)/4; 

000 

3 1 ) Ai= - 2Ao; fv(x, y '!}Xv - 'Yv(xy); 

A2 = 2Ao; r~(x, y) - 2 YYv - 'YvY ; 
3 3 

A3 = +2Ao; fv(x, y) . a 
ZYaX(3Evaa1i'Y5'Y · 
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BaKyyMHbie KOH,D,eHCaTbl YeTbipeXKBapKOBbIX oneparopoB B npe,D,nOJIO)KeHl111 

rnnoTe3bl O BaKyyMHOH ,D,OMl1HaHTHOCTl1 /7 / npeo6pa3y!OTCH B npo113Be,D,e

Hl1H .D.BYX 611JIOKaJibHblX KBapKOBblX KOH,D,eHCaTOB (1). B Harnett pa6ore Mb] 

He npoBO,D,11M rpy,D,oeMKl1X Bbl411CJieHl111 /14/ C HeJIOKaJibHbIM rJIIOOHHbIM KOH

,D,eHCaTOM, a 11CnOJib3yeM MO,D,eJibHbie np116JI11)KeHl1H BKJia,D,a 3TOro KOH,D,eHca

Ta, OCHOBaHHbie Ha pacYeTe C JIOKaJibHbIM KOH,D,eHCaTOM, YTO onpaB,D,bIBaeTCH 

MaJIOCTb!O rJIIOOHHOro BKJia,D,a, a TaK)Ke aHaJil130M npoBe,D,eHHbIM B /14/. 
TaKl1M o6pa30M ,D,JIH onpe,D,eJiemrn MO,D,eJI11 HeJIOKaJibHbIX KOH,D,~HCaTOB, 

Y411TbIBaH Jil1Wb TeH30pHble crpyKrypbl, OTBeYa10m11e pa3MepHOCTHM KOH,D,eH

caTOB He BbIWe 6, Heo6XO,D,11MO BBeCTH 5 cpyHKU,1111 fs, fv, f; (i = L 2, 3). 

5IBHbIH B11,D, 3THX cpyHKU,1111 ,D,OJI)KeH 6paTbCH, Boo6me rosopH, 113 KOHKpeTHOH 

MO,D,eJil1 Henepryp6aTl1BHOro BaKyyMa KX)l, Hanp11Mep 113 11HCTaHTOHHOH MO

,D,eJil1, JI1160 113 MO,D,eJI11poBaHl1H Ha perneTKe. B OTCYTCTBl111 11HcpopMaU,1111 0 

KOOp,D,11HaTHblX 3aBl1Cl1MOCTHX KOH,D,eHCaTOB 6bIJIO npe,D,JIO)KeHO /12/ noJib30-

BaTbCH nepBbIM HeTp11B11aJibHblM np116Jil1)KeH11eM, Y411TbIBalOIU11M Jil1Wb KO

HeYHYIO w11p11Hy npocrpaHcTBeHHOro pacnpe,D,eJieHl1H KBapKOB B BaKyyMe: 

fs(o:) = b (o: - ,\~/2) ; fv(o:) = b'(o: - ,\U2) ; 

f;(o:1, 0:2, 0:3) = b (0:1 - ,\~Aq/2) b (0:2 - ,\~Aq/2) b (0:3 - ,\~Aq/2) . 

(3a) 

(3b) 

8 3TOH MO,D,eJI11, TaK Ha3bIBaeMOM (<,D,eJibTa-aH3aU,e>>, B KaYeCTBe napaMeT

pa 11cnOJib3yerCH cpe,D,HHH B11pryaJibHOCTb KBapKOB B BaKyyMe: (k2) = 

,\~ = (qD2q)/(qq), ou,eHeHHaH B TIC KX)l 11 Ha peweTKe. OcTaJibHbJe na

paMeTpbl HeJIOKaJibHOCTl1 He onpe,D,eJieHbl. TaKOH MO,D,eJIH OTBeYaer rayccosa 

cpopMa HBK B Koop,D,11HaTHoM npe,D,cTaBJieH1111, no3TOMY B ,D,aJibHeiiweM Mb! 

6y,D,eM Ha3bIBaTb ero rayccoBOH MO,D,eJlb!O HeJIOKaJibHblX BaKyyMHblX KOH,D,eH

caTOB. 

B nepBbIX pa6oTax no TIC c HeJJoKaJibHbIMl1 KOH,D,eHcarar,rn II!ll'Jlilll

JiaraJiocb, YTO napaMeTpbl HeJIOKaJibHOCTl1 pa3Hb[X KOH,D,eHCaT0B (,\/' ,\v H 

AqAq) M0ryT pa3Jil14aTbCH /13, 12/. B ,D,aJibHeiiweM, ,D,JIH ynpomeHl1H MO,D,eJil1 

11 yMeHbWeHHH 411CJia napaMeTp0B 6bIJia npe,D,JI0)KeHa Ml1Hl1MaJibHaH M0,D,eJib 

B KOTopoii BBe,D,eH e,D,11Hb[H napaMeTp HeJI0KaJibH0CTl1 Aq- KaK ,!l,JIH CKaJIHpHo-
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ro 11 BeKTOpHOfO KBapKOBOro (CM. {3a)), TaK 11 ,/l)IH KBapK-rJIIOOH-KBapKOBOfO 

(cM. (3b)) KOH)l.eHcarnB /15/: >.v = AqAq = >.q. Bo srnpott rnase noKa3aHo, 

4TO 3Ta MO)l,eJib, TaK)Ke KaK 11 ee 0606rueH11e (3), np11B0)1.11T K HapyweHl1!0 

ycJIOBl1H nonepe4HOCTl1 KoppeJIHTOpa BeKTOpHWX TOKOB 11 He corJiacyeTCH C 

ypaBHeH11HM11 )l.B11)KeH11H 6e3Maccosoii KXJ].. 

YpaBHeH11e J].11paKa )l,JIH KBapKOBoro noJIH q(x) 11MeeT B11)1, 

(iD1o1' - m) q(x) = 0, me Dµ = 81, - igA~ta - KOBap11aHTHaH npo113BO)l.

HaH, OTCIO)l,a noJiy4aeM ypaBHeH11e )l,B11)KeHl1H )l,JIH pa3)1,B11HYTOro KBapKOBOfO 

TOKa ij(0),µq(x) B CJie)l.yIOIUeM B11)1.e: 

(i8µ - m) ij(0),µq(x) = -gij(0)A~(xW,1,q(x). 

EcJI11 npo113secT11 ycpe)l.HeH11e 3Toro onepaTopHoro ypaBHeHl1H no ¢113114e

CKOMY BaKyyMy KXJ]., TO MbI nOJIY411M TaKoe ypasHeH11e )l.JIH KOH)l.eHcaTOB 

8µ(01 ij(0),µq(x)I 0) = i(0I ij(O),µgAµ(x)q(x)I 0). (4) 

HeTpy)l.HO y6e)l.11TbCH, 4TO MllHl1MaJibHaH MO)l,eJib (3) He y)l.OBJieTBOpHeT 3TOMY 

ypaBHeHl1!0. lfro6bI 11cnpaBl1Tb 3TOT He)l,OCTaTOK, Mb! npe)l.JiaraeM 11CnOJib30-

BaTb YJIY4WeHHblH )l,eJibTa-aH3aU, )l.JIH KBapK-rJIIOOHHOfO KOH)l,eHcarn: 

f; ( 0:1, 0:2, 0:3) = (5) 

(1 + X;8xi + Y;8Yi + Z;8z.) 8 ( 0:1 - x;Av) 8 ( 0:2 - y;Av) 8 ( 0:3 - z;Av) , 

r)l.e Av= >-i/2. Tor)l.a )l.JIH BbJnOJIHeH11H (4) Heo6xo)l.11Mo HaJIO)Kl1Tb cJie)l.yIO

ru11e ycJIOBl1H Ha napaMeTpbl: 

12 (X2 + Y2) - 9 (X1 + Y1) 

x;+Yi 

1; 

l. 

(6a) 

(6b) 

11cXO)l.H 113 npe)l.nOJIO)KeHl1H, 4TO KBapK 11 aHTl1KBapK B BaKyyMHOM KOH)l,eHca

Te B onpe)l.eJieHHOM CMblCJie B3al1M03aMeHHeMbl, noCKOJibKY B3al1MO)l,eHCTBYIOT 

C rJIIOOHOM 0)1.11HaKOBO, Mbl noJiy4aeM )l,OnOJIHl1TeJibHble ycJIOBl1H: 

Y; = Z;; Yi= Z;. (7) 

) 
) 
I 

1 
' 

) 

II 

Ho noJiy4eHHOro ycJIOBl1H (6) 11 npe)l.nOJIO)KeHl1H (7) HBHO He )l,OCTa

T04HO )l.JIH ¢11Kc11poBaH11H BBe)l,eHHblX B 3TOH MO)l,eJJl1 napaMeTpOB. J].onoJJ

Hl1TeJibHbie orpaH111IeH11H MoryT 6bJTb noJJy4eHbl 113 ycJIOBl1H nonepe4HOCTl1 

KOppeJIHTOpa: 

rr;v = i jd-1xe'rJ.C(OIT [1/;'(0)J:(x)] !O), (8) 

)l.BYX BeKTOpHbIX TOKOB 

1:(x) = u(x),vd(x); 11,(0) = d(Oh1,u(O), 

OTBe4a!OIU11X 3apH)KeHHOMY p-Me30HY, C o6o6rueHHbJM nepBblM TOKOM 

N . - ( --, )N 1µ (0) = d(0h, -inv D v n(0) , 

r)l,e n - npo113BOJibHblH cseTono)l.o6HblH BeKTop, n2 = 0, y)l.OBJJernopHIOIU11H 

nq =f 0. 3TOT KoppeJIHTOp 11cnOJib3yeTCH np11 113yqeH1111 aMnJil1TY)l.bl pacnpe)l,e

JieHl1H p-Me3oHa 11 ero KOHCTaHTbI pacna)l,a. OneparnpHoe pa3JIO)KeH11e Koppe

JIHTopa )l.BYX aKCl1aJibHO-BeKTOpHblX TOKOB, 11CnOJib3YeMoro np11 noCTpoeHl111 

I1C KX)]. )l.JIH n110Ha, TeCHO CBH3aHO C onepaTOpHblM pa3JIO)KeHl1eM 3TOfO 

KoppeJIHTOpa. O4eBl1)1.HO, 4TO KOppeJIHTOp (8) )l,OJI)KeH o6Jia)l,aTb nonepe4HO

CTb!O no OTHOWeHl1!0 K TOKY J-;}"(x): qvIT:v = 0, 4TO HBJIHeTCH CJie)l,CTBl1eM 

KaJI116pOB04HOH l1HBap11aHTHOCTl1. Ha~rn 6bJJIO noKa3aHO, 4TO )l,JIH Ml1Hl1MaJJb

HOH MO)l.eJil1 3TO He TaK 11 npoeKU,11H nµnv, 11CnOJib30BaBWaHCH B pH)l.e pa6oT 

(Hanp11Mep /12/) np11 113yqeHl1l1 n110Ha, 11MeeT BKJia)l, OT Henonepe4HOH CTpyK

TYPbl. 

TaK)Ke KaK 11 np11 aHaJil13e rrc KXJ]. )l,JIH AP n110Ha Mb! 11HTepecyeMCH 

KoH¢opMHblMl1 MOMeHTaM11 nocJie 6opeJieBcKoro npeo6pa30BaHl1H B_q2_,J>.f2, 

BbJ)l.eJIHH Henonepe4HYIO CTPYKTYPY npoeKTopoM nµqv: 

2N M4 ~ k (2N) ~ [ k nµqv] (~ )L = Ao £:o(-2) k B_q2_,J\12 IT1w-;q , 

r)l,e (2f) - 611HOMl1aJibHble K03¢q>11u.11eHTbl. J].JIH nonepe4HOro KoppeJJHTopa 

BeJJl1411Ha (eN)L = 0 )l,JIH BCex u,eJJblX HeOTp11u,aTeJibHbIX N. B YJIY4WeHHOH 

MO)l,eJil1 (5) nocne yqern yKa3aHHbIX ycJJOBl1H (6) 11 (7) y Hae OCTa!OTCH 
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60 
(eO)L 10 (~10)1. 10 (~lO)L 50 ,,, ,,, 

8 --- 8 I-.. 
40 ,,, ,, ... I \ ,,, 6 , ', 6 ' 30 ,,, 

4 , ✓ ' 4 I \ ,, 
I ' 20 

,, 
2 I ' ,,,. 2 I ... ,,,. . ' ... 10 -- ~ 0 0 .... .... 

~ ~-0 -2 -2 ., 
0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 o., 0 0.1 0.2 0.3 o., 

P11c. 2. KoH<popMHbJe MOMeHTbl (C:2.v)L(,6.) Henonepe4HOro BKJla)\a B 1<oppeJ1HTOp BeKTOpHbIX TOKOB 

J<aK cpyHKUHH OT ,6. = A~/(2M2
) npH N = 0, 2, 5 )\JlH YJJY4WeHHOH MO)\eJlH (cnJJOWHaH JlHHHH) B 

cpasHeHHH C noJ1y4aeMbIMH /\JlH MHIIHM3JlbHOii MO)\eJlH (wTpHXOBaH JlHHHH). 

cBo6oJ.J,HbIMl1 CJJeJ.J,y10m11e napaMeTpb1: x, X1, X2, X:i, Yi, Yj 11 X,, = >.~/>.t, 
B npeJ.J,TI0JI0)KeHl1l1 X1 = :r2 = X:1 = .1:. Ml1Hl1Ml13aIJ,l1H nepBbIX 6 M0MeHT0B 

(eN)L(b.) J.J,JJH N = 0, 1, 2, 3, 4, 5 J.J,aeT HaM CJJeJ.J,yIOUll1H Ha6op napaMeTp0B: 

Xu = 1.00; (9) 

X1 = +0.082; Yi = Z1 = -2.243; X1 = X2 = _X3 = X = 0. 788 ; 

X2 = -1.298; Y2 = Z2 = -0.239; Y1 = Y2 = Y3 = 1 - x = 0.212; 

X3 +1.775; Y3 = Z3 = -3.166; Z1 = Z2 = Z3 = 1 - X = 0.212. 

,UJJH o6cy)KJ.J,eHl1H Ka4eCTBa YJJY4IIIeHH0ro aH3au,a Mb! npl1B0J.J,l1M Ha 

p11c. 2 rpaqrnKl1 3aBl1Cl1MOCTeH KOHqJOpMHblX M0MeHT0B (eN)L(b.) Henone

pe4Hb!X BKJJaJ.J,0B OT 6ope,1eBCKOro napaMeTpa ,6. = >.~/(2M2) J.J,JIH N = 0, 2, 5 

B YJJY4IIIeHHOH M0J.J,eJ111 (5) co 3Ha4emrnMl1 napaMeTpoB (9) B cpaBHeH1111 

c Ml1Hl1MaJJbHOH MOJ.J,eJJb!O (3), rJ.J,e Bee ITapaMeTpbl HeJJOKaJJbHOCTeH paBHbl 

(>.v = AqAq = >.q)- KaK Bl1J.J,H0 113 ITp11BeJ.J,eHHbIX rpaqi11KoB, YJJY4IIIeHHaH 

MOJ.J,eJJb (5) 3Ha4l1TeJJbHO yMeHbIIIaeT a6COJJIOTHYIO BeJJl14l1HY HeITonepe4HbIX 

KOHqJOpMHblX MOMeHTOB (eN)L, T. e. JJY4IIIe Y4l1TbIBaeT nonepe4HOCTb BeK

TOpHoro KoppeJJHTOpa. O)Kl1}],aTb T04HOro BbITIOJJHeHHH ycJJOBl1H IT0nepe4HO

CTl1 HeITepTyp6aTl1BHOro BKJJaJ.J,a B KoppeJJHT0p BeKT0pHWX TOKOB He np11xo

J.J,l1TCH, IT0CK0JlbKY 3TO CBH3aHO C Bb!X0J.J,OM 3a paMKl1 rayccoBa ITp116J111)KeHl1H, 

KOT0pbIM Mb! ITOJJb3yeMCH. 

B rpeThen rJiase Mb! ITPHBOJ.J,HM pe3yJibTaTbI aHaJ1113a npaBHJJa cyMM 

KX,U .LI:JJH ITHOHHOH AP B YJIY4IIIeHHOH Mo.n:eJ111 B cpaBHeH1111 c Ml1Hl1MaJibHOH 

13 

M0J.J,eJJblO. IToJJy4eHHaH BO BTOpOH rnaBe MOJ.J,eJJb TI03BOJJHeT 6oJJee T04H0 pac

C4l1TaTb KOHqJOpMHbie MOMeHTbl (eN)rr AP Til10Ha 'Prr(x, /L2) J.J,JIH N s; 5. Ha 

OCH0Be pe3yJJbTaTOB aH3Jll13a ITepBbIX TIHTl1 (N = 1, 2, 3, 4, 5) KOHqJOpMHbIX 

M0MeHTOB (eN)rr B npaBHJJaX CYMM KX,U /15/ Mb! 113BJJeKaeM o6JJaCTb J.J,O

nycrnMbIX Ko3qiqi11u11eHTOB fereH6ay3pa a.2 11 a.4 (cM. p11c. 3), 3aJ.J,a10m11x AP 

Til10Ha B Bl1J.J,e pa3JJO)KeHl1H ITO ITOJ111HOMaM fereH6ay3pa c::'(x), HBJIHIOUll1MCH 

co6crneHHbIMl1 qJYHKUl1HMl1 1-ITeTJJeBOro HJ.J,pa 3BOJIIOIJ,l1l1: 

1Prr(X,/L2) = 6xx [1 + a.2(µ 2) Ci12(2x -1) + a.4(µ 2) C;/2(2x - l)]. (10) 

ITpoBeJ.J,eHo cpaBHeH11e ( CM. p11c. 3) o6JJacTeH J.J,OITYCTHMbIX 3Ha4eHl1H napa

MeTpoB (a.2, a.4) J.J,JJH YJJY4IIIeirnoi1 MOJ.J,eJ111 11 Ml1Hl1MaJJbHOH MOJ.J,eJ111 c pe3yJJh

TaTaMl1 aHaJJl13a ( CM. /16, 17 / l1 CCblJIKl1 B Hl1X) 3KCITep11MeHTaJJbHbIX J.J,aH

HbIX /18/ rpynIThI CLEO ITO 3JJeKTpoMarn11rnoMy qiopMqiaKTopy Frr__,1,1 ( Q2) 

ITl10H-qJOTOHHOro nepexoJ.J,a 11 pe3yJJbTaTaMl1 peIIIeT04HbIX Bbl4l1CJJeHl1H BTO-

a4 +al -~tl-
(b) 

■ 

-0 .2f \J ,z,t; ·.i ;;,,~1 -0.2 

-0 .4t -0 .4 

-0.6 -0.6 

I l',r,q ·-;;· I <12 

. 0 0.1 0 .2 0 .3 0.4 o. 5 

P11c. 3. Pe3yJJbTaTbI aHaJJH3a /16, 17 /, ocHosa11Horo 11a ITC Ha cseTOBOM KoHyce, /\3HHbIX CLEO 

no F1r--y•-y(Q2
) B cpaBHeHHH c peweTO'IHblMH pe3yJlbT3TaMH /20/, noKa3aHHbIMH 33WTpHXOB3HHOH 

sepTHK3JlbHOH 06J1aCTblO. 3J1J1Hnc la-orpaHH'leHHH /16/ OKpylKeH cnJJOWHOii JlHHHeii (c ueHTpaJJb

HblM 3H34eHHeM +), a orpaHH4eHHH OCHOB3HHbie Ha peHOpMaJlOH3X /17 / - nyHKTHpHoii JlHHHeii 

(c ueHTpaJJbHbIM 3H34eHHeM 0). JleBblH pHCYHOK (a) nOK33bIBaeT cpasHeHHe C npe/\CK333HHHMH B 

MHHHM3JlbHOH MO)\eJlH /15/ (X), a npaBblii pHCYIIOK (b) nOK33bIBaeT TO lKe cpaBHeHHe, HO )\JlH YJJY4· 

weHHOii MO)\eJlH HBK /2/ (♦). OrpaHH4eHHH B o60HX CJJY43HX noK333Hbl H3KJ10Hel!Hb!MH 33TeM-

11e1I1IblMH orype4HOnO/\O0HhIMH 4PTbipexyro.%HHKaMH. TaKlKe on1e4eHbI acHMIITOTH4ecKaH AP(♦) H 

M0)\eJlb /8/ (■). Bee pe3yJlbTaTbl npHBe)\eHbI_ Ha M3CWTa6e illMe/\/\HHra-5IKOBJleBa /L~y = 5.76 L1B2 

II0CJle EP6Jl-3BOJ1IOUHH B CJle/\YIOilleM 33 Be/\yillHM nopH/\Ke. 
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poro MoMeHTa AP rr11OHa, orry6JI11KoBaHHhIM11 JJ.BYMH pa3Jil1lJHbIM11 rpyrrrra

Ml1 /19, 20/. 

B 11ernepToii rnase o6cy,KJJ.aeTCH rroCTpoeH11e TIC KX)l .D,JIH rr11-

OHHOro cpopMcpaKTOpa Ha OCHOBe KoppeJIHTOpa Tpex TOKOB: 3JieKTpoMar

HHTHOro TOKa J1'(x) = eu u(x),1'u(x) + ed d(x),µd(x), coorneTcrny10mero 

B33HMOJJ.eHCTBHIO !pOTOHa C KBapKaMH ITHOHa, 11 JJ.BYX aKCH3JlbHblX TOKOB: 

l5c,(x) = d(x),51c,u(x) 11 Jt8 (x) = u(xhs,ad(x), rrpeJJ.CTaBJIHIOW.11X 3apH

,KeHHbIH ITl1OH. 3.D,eCb eu = 2/3 11 ed = -1/3 - 3JieKTPl1lJeCKHe 3apHJJ.bl u- 11 

d-KBapKOB. HoBbIMl1 3JieMeHTaM11 Haruero ITOJ.1.XOJ.1.3 J'.IBJIJ'.IIOTCJ'.I 11CITOJib3OB3HHe 

HeJIOKaJibHblX KOHJJ.eHCaTOB rrp11 BbllJl1CJieHl111 HerrepTyp6aTl1BHbIX BKJI3,!l,OB 11 

rrp11MeHeH11e crreKTpaJibHOH ITJIOTHOCTl1 B 0( O:s)-rropHJJ.Ke /21/, a T3K)Ke aHa

Jil1Tl1lJeCKOH KOHCTaHTbI CBJ'.1311 ill11pK0Ba-CoJI0Buosa /22/. B MeTo.D,e HeJio

KaJibHbIX KOH.D,eHC3TOB caMblH rrpocTOH 113 KBapKOBbIX BKJl3Jl.OB, BO3Hl1K3!0-

lll,11H 33 ClJeT BeKTOpHOH lJ3CTl1 KBapKOBoro KOHJJ.eHCaTa (1), 11MeeT CJieJJ.yIO

w,yIO Q2-33B11Cl1MOCTb: 

( 
Q2 ) [ _ Q2 >,.2 l 

2 + Af2 - ,\~ exp 2Af2 (Af2 ~ >..D ~ (2 !!_) + Af2 , 

11 B JIOKaJibHOM rrpeJJ.eJie Aq - 0 pacTeT c pocToM Q2• KaK 11 O,Kl1JJ.aJioc~, 

HeJioKaJihHhIH BKJiaJJ. 11ctJe3aeT rrp11 60Jibru11x 3HatJeH11Hx 11MITYJibca Q2. EoJiee 

Toro, lJeM 60Jibllle 3HalJeHl151 rrapaMeTpa HeJIOK3JlbHOCTl1 ,\~, TeM 6hICTpee 3TOT 

BKJl3Jl. yMeHbUiaeTCJ'.I C pocTOM Q2. 

K co,KaJieH1110, rrepsaH rrorrbITKa 0606m11Tb ITOJJ.XOJJ. TIC KX)l /13/, 
11CITOJ!b3YH HeJIOK3JlbHbJe B3KYYMHbie KOHJJ.eHC3Tbl, HeITOJIHa, ITOCKOJibKY Bee 

eme COJJ.ep)K11T BKJl3Jl.bl JIOK3JlbHOro Tl1ITa. YkTOlJHl1KOM T3Kl1X BKJl3J1.OB J'.IBJIJ'.1-

eTCJ'.1 11CITOJib3OB3BlllaHCJ'.1 crreu11cp11tJecKaH MOJJ.eJib Jl.JIH TpexTOlJelJHOro KBapK

rJIIOOH-KBapKOBOro HeJIOK3JlbHOro KOH.D,eHcaTa. B 3TOH MO.D,eJI11 HeJIOK3JlbHblH 

KOHJJ.eHcaT, OITl1CbIBaeMb!H cpyHKU11eH Mi(x2 ' y2, (x - y) 2) ( CM. (2) ), J'.IBJIHeTCJ'.I 

HeJIOK3JibHb!M Jil1lllb ITO OTHOUieHl1!0 K JJ.BYM 113 Tpex paCCTOJ'.IHl1H x 2 (Me,KJJ.Y 

KBapKOM 11 3HTl1KBapKOM), y2 (Me,KJJ.Y aHTHKBapKOM 11 rJIIOOHOM) 11 (x - y) 2 

(Me,KJJ.Y KBapKoM 11 rn100HoM). Harrp11Mep, cKaJIHpHaH cpyHKU11H M1, orr11chI

Ba10w,a51 TeH3OpHyIO CTPYKTYPY i = 1, B 3TOH MOJ1.eJI11 He 3as11rnT OT KBaJJ.-

15 

a.sf Q2 F,,(Q2
) [GcV2

] 

Q2 [GeV2
] 

2 4 8 10 

P11c. 4. <l>opMq>aKTop mwHa Q2Frr(Q2) B MHHHMaJJbHoh (wTpttxosaHHaH JJHHHH) tt yJJy'lweHHoii 

(cnJJOWHaH JlHHH!!) MO)(eJl!IX nptt 3Ha'leHHH >.~ = 0.-! f3B
2 

B cpasHeHHH C 3KcnepttMeHTaJ1bHbIMIT 

)(aHHblMH: Cornell /23/ {.A.) tt JLab /24/ (♦). 3aTeHeHHa!l 06J1aCTb, orpaHH'leHHa!l WTpHXOBKOH, 

COOTBeTCTByeT MHHHMaJlbHOH MO)(eJIH, a o6JJaCTb, orpaHH'leHHa!l cnJJOWHOH, npe)(CTaBJJHeT OWH6KH 

onpe)(eJJeHHH <l><l> nttoHa B YJJY'!WeHHOH MO)(eJIH. TTocJJe)(HHe peweTO'IHbie pe3yJJbTaTbl /25/ noKa-

33Hbl KaK MOHOCTOJlbHblH q>HT C owtt6KaMH (CHJ!bHOe 3aTeMHeHHe orpaHtt'leHHOe TOHKHMH JIHHH!IMH) 

npH 3Ha'!eHH!!X Q2 < 4.5 f3B2 . JleBa!l BepTHKaJJbH3!! WTpHXOBaHH3!! JIHHH!l orpaHH'IHBaeT o6JJaCTb 

npttMeHeHH!l HCCTOJlb30BaHHblX TTC KXJl Q2 ;::: 1 f:iB2, a npaBa!l BepTHKaJJbH3H WTpHXOB3HH3!! JIHHH!l 

orpaHH'IHBaeT o6JJaCTb r)\e BJIH!IHHe Bhl6opa MO)(eJJH HeJJOK3JlbHbIX KOH)(eHcaTOB M3J10 Q2 ;S 7 r:iB2. 

para paCCTOJ'.IHHJ'.I Me,KJJ.Y KBapKOM 11 3HTl1KBapKOM x 2• Tio3TOMY, rroJiylJeHHbie 

B /13/ TIC TaK,Ke o6JiaJJ.aIOT HeJ1.OCTaTKaM11 cTaH.D,aprnbIX TIC KX)l. 

HecMOTpH Ha 3TOT KpyrrHb!H HeJ.1.OCTaTOK, rroJiytJeHHbJe B paMKaX 3TOro 

ITOJ.1.XOJ.1.3 HerrepTyp6aTl1BHbJe BKJl3Jl.bl OT HeJIOK3JlbHb!X KOH.D,eHC3TOB 11Me!OT 

MO.D,eJibHO-He3aBl1Cl1MblH B11,!l,, T.e. ITOJiytJeHHbie Bbipa,KeHl151 Jl.JIH HerrepTyp6a

Tl1BHbIX BKJl3,!l,OB rrpe.D,CTaBJieHbl fl.JIJ'.I rrpO113BOJlbHb!X rrapaMeTp11lJeCKl1X cpyHK

U11H fs, fv, f;, (CM. (1) 11 (2)). 3TO ITO3BOJIHJIO H3M HCITOJib3OB3Tb rroJiylJeH

HbJe B /13/ Bb!pa,KeHl151, HO y)Ke C rrp11MeHeH11eM 6oJiee TOlJHblX MO.D,eJieH ,!l,JIJ'.1 

HeJIOK3JlbHOfO KBapK-rJIIOOHHOro KOH.D,eHcaTa. 

CpaBHeHHJ'.I rroJiytJeHHbIX H3Ml1 pe3yJibT3TOB C 3KCrrep11MeHT3JlbHbIMl1 

J1.3HHb!Ml1 /23, 24/ 11 perueTOlJHblMl1 BbllJl1CJieHl151Ml1 /25/ ITOK333Hbl Ha p11c. 4. 

Haru11 rnaBHbie rrpeJJ.cKa3aH11H JJ.JIH 3HatJeH11H HeJIOKaJibHOCT11 ,\~ = 0.4 f3B
2 

rrpe.D,CT3BJieHbl B BHJJ.e J1.BYX ITOJIOC C ueHTpaJibHbIM11 Jil1H1151Ml1 (ruTp11XOB351 -
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MHHHM3JlbH3H, cnJIOWH3H - YJIYtJWeHHaH M0,11,eJIH), K3)K,ll,3H H3 noJIOC COOT

BeTCTByeT MHHHMaJihHOH H yJiyYweHHOH Mo,neJIHM HBK, a wHpHHa noJIOCbI 

noK33bIB3eT TeopeTHYeCKHe HeonpeJI,eJieHHOCTH MeTOJI,a nc KX,U. TToJioca, 

orpaHHYeHHaH WTpHXOBaHHbIMH JIHHHHMH,. OTBetJaeT npeJI,CKa3aHHHM MHHH

MaJlbHOH MOJI,eJIH, a noJioca, orpaHHYeHHaH cnJIOWHbIMH JIHHHHMH, - YJIY'i

weHHOH Mo,neJIH. 

B 3aKmoqeuuu ccpopMyJIHposaHbl 0CH0BHblC pe3yJihTaTbl pa6oTbl, 

noJiytJeHHbJe B ,11,HCCepTaUHH: 

1. B MHHHMaJibHOH rayccosott Mo,neJIH saKyyMa KX,U, HCCTOJib3osaswettCH 

s pH,ne pa60T (Hanp. /12, 15/), HenepTyp6aTHBHbIH BKJia,n s Koppe

JIHTOP BeKTOpHblX TOKOB HenonepetJeH H HeJIOKaJibHbie KOH,11,eHCaTbl He 

cornacosaHbI c ypasHeHHHMH ,nBHMeHHH KX,U. 

2. TTpe,nJIO)KeHa YJIYYWeHHaH rayccosa M0,11,eJib HeJIOKaJibHbIX KOH,11,eHCaTOB 

(5), cornacosaHHaH c ypasHeHHHMH ,nBHMeHHH KX,U, B Kornpott yKa-

3aHHoe HapyweHHe KaJIH6posotJHOH HHSap11aHTHOCTl1 MHHl1Ml1311posaHO 

cneu11aJibHblM SbI6opoM napaMeTpos (9). 

3. 11cnoJib3YH npe,nJIO)KeHHYIO M0,11,eJib, nocTpOeHa o6JiaCTb nonycTHMbIX: 

3HaYeHl1H K03cpcp11u11eHTOs a2 11 a4 np11 µ2 = 1.35 f3B2 rereH6ay3-

posCKoro pa3JIOMeHHH (10) AP nHoHa. Oco6o xornM no,ntJepKHYTb TOT 

cpaKT, tJTO pe3yJihTaT s yJiytJweHHOH Mo,neJI11 11MeeT cornaCHe s npe,ne

Jiax OWl160K MeT0,11,a TIC C pe3yJibTaTOM noJiytJeHHblM paHee S Ml1Hl1-

MaJibHOH MO,ll,eJil1. 3TO rosop11T, C 0,11,HOH CTOpOHbl, 0 npeeMCTSeHHOCTl1 

06011x no,nxo,nos, a c npyrott - o TOM, YTO see xapaKTepHbie YepTbI AP 

s Ml1HHMaJibHOH Mo,neJIH np11cyw,11 11 AP s yJiytJweHHOH MOJI,eJIH. 

4. TToJiytJeHHbIH 2-napaMeTp11tJeCKl1H "nyYoK" nonycrnMhIX Mo,neJieH ,nJIH 

n110HHOH AP Haxo,nHTCH s xopoweM cornac1111 KaK c nocJie,ll,Hl1MH pewe

TOtJHbIMH Sbl411CJieHl1HMH /19, 20/, TaK 11 C pe3yJibT3TOM aHaJil13a /16/ 

JI,aHHhIX CLEO no cpopMcpaKTopy F,r--y*-y· 

5. B Ml1HHMaJibHOH 11 yJiytJweHHOH Mo,neJIHX SbitJHCJieH cpcp nHoHa np11 es-
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KJil1JlOSbIX 3HatJeH11Hx HMnyJibca nepeL1,atJ11 1-10 f3B2 . TT pH 3TOM ytJH

TbIBaJiacb 0( O:.s)-nonpaBKa, BKJiaJI, KOTOpOH B n110HHblH cpcp OKa3aJICH 

paSHblM np11MepHO 20%. CJieJI,yeT OTMeTHTb, lJTO ueHTpaJibHaH Jil1HHH 

npencKa3aH11H B yJiytJweHHOH Mo,neJI11 Haxo,n11TcH np11 Q2 < 7 f382 s 

npeneJiax OWH6K11 pe3yJihTaTa MH!fHMaJibHOH M0,11,eJIH ' lJTO yKa3bIBaeT 

Ha JI,OCTOsepHOCTb noJiytJaeMbIX pe3yJibTaTOS s 3TOH o6JiaCTH He3as11-

CHMO OT HcnOJih3yeMOH MO,neJI11 HenepTyp6arnsHoro BaKyyMa KX,U. B 

o6JiaCTH Q2 .2: 7 f382 cTaHOBHTbCH BaMHOH HcnciJih3yeMaH MOJI,eJih 

HBK. TToJiytJeHHbIH pe3yJihTaT HMeeT xopowee cornaCHe c peweTotJ

HbIMH npe,ncKa3aHHHMH /25/, 3KCnep11MeHTaJibHblMl1 ,naHHbIMH rpynn 

Cornell /23/ 11 JLab /24/) H c HeKoTopbIMH 113 pe3yJibTaTOs roJiorpa

cj:JHtJeCKOH KX,U. 
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