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OEII(ASI XAPAKTEPMCTMKA PABOThl 

06neKT UCCJie)I.OBaHIUI u aKTyaJibHOCTh TeMhl. 

Orr11caHHe IT110Ha KaK CBH3aHHOfO COCTOHH11H KBapKa 11 aHTHKBapKa c 

MOMeHTa C03,ll,aHHH KBapKoBoi1 MOJI,eJI11 (feJIJI-MaH 11 UBei1r, 1964), a oco6eH

HO rrocJie co3JI,am-rn KX,ll (1972) HBJIHeTCH aKTyaJibHOH 3aJI,aLie:I1 Teop1111 cp11311-

K11 3JieMeHTapHbIX qacTm.I,. I1 BOT ITOLieMy: c OJI.HOH CTOpOHbI, IT110H HBJIHeTCH 

rrpocTe:I1rneI1 KBapK-aHT11KBapKOBOH Cl1CTeMOH, Ha KOTOpoI1 MOIKHO rrpoBepHTb 

rrpe,ll,CKa3aTeJibHYIO crroco6HOCTb Teop1111, a c JI.pyro:H CTOpOHbI, ero CBOMCTBa 

qpe3BbILiaHHO BalKHbI ,ll,JIH OITHCaH11H pe3yJibTaTOB 3KCrrep11MeHTa, IIOCKOJibKY 

IT110HbI - OCHOBHbie qacTm.I,bl, o6pa3yeMbie B aJI,pOHHbIX rrpou,eccax. TeMa 

ITHOHa I1 ero CBOHCTB HHTeHCHBHO o6cy:JKJI,aeTCH Ha MelKJI,yHapO,ll,HbIX KOHcpe

peHIJ,HHX 11 B rreqaTHbIX l13,ll,3HI1.HX. 

ll.eJiblO pa60Thl .HBJI.HeTC.H: 

1. TiocTpoeHHe MO,ll,eJIH HeJIOK3JibHbIX BaKyyMHbIX cpe,ll,Hl1X, ODHCbIBaIO

III,HX HerrepTyp6aTHBHbIH KXL(-BaKyyM, cor.rracoBaHHOH c ypaBHeH11eM 

JI,B111KeHHH KX,ll 11 KaJI116poBoqHoI1 11HBap11aHTHOCTbIO. 3To II03BOJIHT 

KoppeKTHO yLIHThlBaTb HerrepTyp6aT11BHhlH BKJiaJI, B rrpae11nax cyMM 

KX,ll JI.JIB JierKHX Me30HOB. 

2. I1syqeH11e 3JieKTpOMafHI1THOfO cpopMcpaKTopa l1 aMIIJIHTYJI.bI pacrrpeJI,e

JieHH.H ITHOHa. 

HayqHhie noJioLKeHH.H, BhIHOCUMhie Ha 3aw,uTy: 

1. TioKa3aHo, qTo MHHHMaJibHaH rayccoea MOJI,eJib He YJI.OBJieTeop.HeT ypaB

HeHHHM JI.BHJKem-rn: 6e3MaccoBoti KX,ll 11 rrp11BOJI.HT K HerrorrepeLIHOCTH 

HerrepTyp6aTHBHOfO BKJiaJI,a B KoppeJI.HTOp BeKTOpHbIX TOKOB. 

2. TiocTpoeHa yJiyLirneHHa.H rayccoBa MOJI,e.rrb HeJioKaJibHbIX KOHJJ,eHcaroB, 

cor.rracoBaHHaH K3K c ypaBHeHHHMH ,ll,BHIKeHH.H, TaK I1 c rrorrepeLIHOCTbIO 

KoppeJIHTopa BeKTOpHbIX TOKOB. 



4 

3. TipOI13Be,LJ,eH pacY:eT o6JiaCTI1 )J,OI1YCTI1MbIX 3HaY:eHI1H K03cpcp11u.11eHTOB 

a2 11 a4 rereH6ay3poBcKoro pa3JIOJKeHI15I aMITJIMTYAbI pacrrpe,II.eJieH115I 

rr110Ha B yJiyY:rneHHOH Mo,II.eJI11. 

4. BbIY:I1CJieH 3JieKTpoMarHI1THbIH cpopMcpaKTop rr110Ha B 

rrpocTpaHCTBeHHO-ITO,LJ,06HOH o6JiaCTI1 KBa,LJ,paTa rrepe,II.aY:I1 I1MITYJib

ca 1 - 10 f3B2 B MI1HI1MaJibHOH 11 yJiyqweHHOH MO,LJ,eJIHX. 

HayquaH HOBH3Ha 

Bee pe3yJibTaTbI, rrepeq11cJieHHb1e B pa3,II.eJie "HayY:Hbie rroJioJKeHI15l, BbI

HOCI1Mbie Ha 3a1I.J,I1Ty" 5IBJI5IIOTC5l HOBblMI1. 

HayquaH H npaKTHqecKaH u;euuocTh 

TioJiyY:eHHbie pe3yJibTaTbl Il03BOJI5IIOT I13yY:aTb JierKMe Me30HbI B paMKaX 

rro,LJ,XO,II.a rrpaBHJI cyMM KX,U c HeJioKaJibHbIMH KOH,LJ,eHcaTaM11, He HapyrnaH 

rrp11 3TOM ypaBHeHMH )I,BI1JKeHI15l KBapKOBOro IIOJI5I I1 MI1HI1MI13I1PYH Hapywe

HI1e KaJI116poBOLIHOH I1HBapirnHTHOCTI1. 

Anpo6aU.HH pa60Tb1: 

Pe3yJI1TaT11 rrpe)I,cTaBJieHHbie B ,LJ,HccepTau,1111 .ll.OKJia)I,bIBaJIHCb 11 06-

cyJKAaJIHCb Ha HayY:HblX ceMI1Hapax Jia6opaTopHI1 TeopeTHY:eCKOH cpI13I1KI1 

HM. H.H. BoroJI1060Ba (Ol1.Hl1, ,Uy6Ha), Ha ceM11Hapax Kacpe.ll.pbI TeopeT11Y:e

CKOH cp11311KH l1pKyTcKoro rocyAapcTBeHHoro yH11Bepc11TeTa (HfY, HpKyTcK), 

Ha ceM11Hape EBporreHcKoro u.eHTpa TeopeT11Y:ecKoH cpI13I1KI1 (ECT*, TpeH

TO, l1TaJII15l, )I,eKa6pb 2006), B MtoHxeHcKoM yH11Bepc11TeTe HM. JlIO)I,BMra 11 

MaKCI1MI1JII1aHa (LMU, MIOHXeH, MapT 2008) 11 Ha MeJK)I,yHapo.ll.HbIX KOHcpe

peHu.11r.i:x: "PoJK)I,eH11e, CBOHCTBa I1 B3aI1MO)I,eHCTBI1e Me30HOB" (KpaKOB, TioJib

llJa, I1IOHb 2006)' "HoBbie HarrpasJieHI15l B cpI13I1KI1 BbICOKI1X 3Hepr11H" (.HJITa, 

YKpa11Ha, HIOHb 2006), "CTpyKTypa a)I,poHoB" (Mo,II.pa-fapMOHI15I, CJioBaKI15l, 

ceHTH6pb 2007), "CTpyKTypa a)I,pOHOB 11 KX,U" (faTY:11Ha, Pocc115l, 11IOHb 

2008), "Bo36YJKAeHHa5I KX,U" (3aKorraHe, TioJibIIJa, cpespaJib 2009). 
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IIy6JIHKau.uu: Tio MaTep1-raJiaM )JJ1cceprau,I111 orry6m1KoBaHo 6 pa6or /1, 

2, 3, 4, 5, 6/ B OTel.JeCTBeHHbIX 11 sapy6elliHbIX H3,ll,3Hl15IX. 

JIHqHblH BKJia,U. aBTopa: 

I1ccJie.n.osaHH5I, cocTaBJI5IIOWJie ocHosy ,IJ,HccepTaI..LHOHHOH pa6oTbI, 

BbIITOJIHeHbI B coasropcTBe c A. n. BaKyJieBbIM, C. M. M11xaHJIOBbIM H 

H. r. CTecpaHHCOM. TioJiyLieH11e 11 HHTeprrpeTaI..LH5I pesyJibT3TOB !1 COOTBeT

CTBYIOWJ1X 331I.l,HU.l,aeMbIX ITOJIOllieHHM B cyrn,eCTBeHHOH Mepe C,IJ,eJiaHbl JIH4HO 

COHCKaTeJieM. 

CTpyKTypa u o6'beM ,n;uccepTaII,HH: 

,ll11ccepTaI..LmI COCT011T 113 BBe,IJ,eHl15I, 4eTbipex rJiaB, 33KJII04eHl15I 11 

0)1,HOro rrp11JIOLKeHIUI. 06rn,11:i1 o6beM ,n,11ccepTau1111 101 CTpaH11ua M3U.ll1HO

I111CHOro TeKCTa, BKJIIOLia5I 30 p11cyHKOB, 5 Ta6JI11I..L 11 CITHCKa Jll1TepaTypbI I13 

99 H3I1MeHOB3HI1H. 

KpaTKoe co,u.epJKattue pa60Tb1: 

Bo Bse,u.ettuu o6cym,n,aeTc5I cospeMeHHoe cocT05IHHe rrpo6JieMbI, oT

pameHa aKTyaJibHOCTb HCCJie,n,yeMOM TeMbI, ccpopMyJI11poBaHbI ueJIH H MeTO)J,bI 

pernem-rn rrocTas.neHHbIX sa,n,aLI, l13JiaraeTCH KpaTKoe co,n,epmaH11e pa6oTbI. 

B rrepso:H rJiase rro,n,po6Ho paccMaTp11saeTC5I ITOJl.XOJI. rrpaB11JI cyMM 

(TIC) KX,ll rrpe,IJ,.nomeHHbIH B Ul1KJie pa6oT /7 /. 3ToT rro,IJ,XOJI. rrosBOJI5IeT pac

C4I1TbIBaTb xapaKTepI1CTHKI1 a,IJ,pOHHbIX COCT05IHI1H (MaCCbI, pacrra,IT,Hbie KOH

CTaHTbI, M3fHl1THbie MOMeHTbI)' HI14ero He fOBOp5I 0 caMOM rrpouecce CB5I3bI

B3HI15I KBapKOB B a,IJ,pOH, T. e. o6XO)J,5I rrpo6JieMy KOHcpaHHMeHTa, '-ITO 6bIJ10 

rrpo,IJ,eMOHCTp11posaHo B /7 / ,IJ,JI5I Jr-, p-, w-, J/'lj;- H "7c-Me3oHoB. 0,IJ,Ha H3 rJiaB

HbIX H,IJ,eH ITO)J,XO,IT,a OCHOBaHa Ha TOM, 4TO cpI13I14eCKI1H BaKyyM He COBITa,IJ,aeT 

c OCHOBHbIM COCTOHHHeM Teop1111 CB060,IJ,HbIX ITOJieH, I103TOMY 6bIJ10 rrpe,IJ,

JIOllieHo BBeCTH HeHyJieByIO KOHCTaHTY (OI : q(O)q(z) : I 0) ~ (qq) = canst, 

Ha3bIBaeMyIO KBapKOBbIM KOH,IJ,eHCaTOM. TipH 3TOM HeJIOKaJibHOCTbIO, T.e. sa

BI1CI1MOCTbIO BaKyyMHbIX cpe,IJ,Hl1X OT KOOp,ll,HHaT ITOJieH, rrpeHe6peraJIH H HC-
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xP 
~ 7r(P) 

u(O) 

PI1C. 1. ¢11311qecK11i1 CMbICJI n110HHOH AP. 

I10Jlb30B3JII1 (KaK MbI I1X H33bIBaeM) JIOK3JlbHbie KOH,LI,eHC3TbI. 

0,LI,HI1M 113 He,LI,OCT3TKOB B I1CI10Jlb30B3HI1I1 JIOK3JlbHbIX KOH,LI,eHC3TOB rrp11 

rrocrpoeH1111 TIC KX,ll /8/ )J,Jrn aMITJII1TY,LI,bI pacrrpe,LI,eJieHI1H (AP) rr110Ha 

c.p1f(x, µ2) CJie,LI,yeT rrpI13HaTb ITJIOXYID c6aJiaHCI1pOBaHHOCTb ITOJIJI-Ia:EOill,erocH 

TIC (cM. /9/ H ccbIJIKI1 B Het'I). TI110HHaH AP HBJIHeTcH aMrrJIHTYAOM rrepe

xo)J,a 7r(P) -+ u(Px) + d(P(l - x)) cpH3HqecKoro ITHOHa c I1MITYJibCOM p B 

ud-rrapy c HMITYJibCaMH xP H (l-x)P (3,LI,eCb x - ,LI,OJIH HMITYJibCa, x E [O, 1]), 

B KOTopoti: KBapK H aHTHKBapK H3XO,LI,HTCH Ha CBeTOBOM KOHyce, KaK ITOKa3aHO 

Ha pHc. 1. 0Ha orrpe,LI,eJIHeTCH corJiacHo 

(0 I J(z)/'µ"(5u(O) I n:(P)) lz'~o = if,Pµ fo1 dx eix(zP) cp,(x, µ2), 

r,LI,e µ2 cpHKCHpyeT TOLIKY HopMHpOBKH. TiepTyp6aTHBHhIH BKJia,LI, B TIC 

KX,ll B Be,LI,ymeM rropH,LI,Ke orrHcbrnaeTCH crreKTpaJibHOM rrJioTHOCTb:EO THrra 

p~ert ( X, s) rv x( 1 - X), HBJIHeTC5I r Jia,LI,KOH cpyHKIJ,HeH H HMeeT MaKCHMYM B 

IJ,eHTpaJibHOH TQqKe x =0.5, B TO BpeM5I KaK HerrepTyp6aTHBHhle BKJia,LI,hl, 

orrpe,LI,eJIHeMbie JIOK3JlbHbIMH KOH)J,eHcaTaMI1, ,LI,a:EOT BKJia,LI,bI THITa 

r,LI,e i: - 1 - x, cocpe,LI,oToqeHHbie B KOHIJ,eBbIX ToqKax x = 0 H x = 1. TaKoe 

ITOBe,LI,eHHe HerrepTyp6aTHBHhlX BKJI3,LI,OB o6bHCHHeTCH TeM, qTo JIOKaJibHhlH 

KOH,LI,eHCaT He «rrporrycKaeT» qepe3 ce65I HMITYJibC, ITO 3TOH rrpHqHHe Beeb 

HMITYJibC ITHOHa ,LI,OJI:iKeH Hecnr O)J,HH H3 ero KBapKOB, qro He rrpe,LI,CT3BJI5I

eTCH ,LI,OCTaToY:HO peaJIHCTHqHbIM rrpH6JIHllieHI1eM. HarroMHHM, qTo JIOKaJib

HbIM KOH,LI,eHCaT B Koop,ZJJ1HaTHOM rrpe,LI,CTaBJieHHH I10CT05IHeH, qro B I1MITYJibC-
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HOM rrpe,rr,cTaBJ1eHHH OTBe4aeT ,II,eJ1bTa-cpyHKI..l,HH 64(p)' T.e. 4epe3 KOH,IT,eHcaT 

rrpoxo,rr,HT HyJ1eBoI1 HMITYJ1bC. B pe3yJ1bTaTe, B TeopeTH4eCKOH qacTH rrpa

BHJI cyMM, orrpe,rr,emieMOH orrepaTOpHbIM pa3JIOLKem1eM, ,IT,JI5I MOMeHTOB ITHOH

HOH AP rro5IBJI5IIOTC5I KaK y6brna10mtte c pocToM HOMepa MOMeHTa N 4JieHbI 

rv 1/((N + 2)(JV + 3)) (rrep1yp6aTHBHbIH BKJia,rr,), TaK I1 ITOCT05IHHbIH (oT 

6(1 - x)) I1 pacTy11.l,HH rv N (oT 6'(1 - x)) BKJia,II,bI fJIIOOHHOfO 11 KBapKOBOfO 

KOH,rr,eHcaTOB. Tio3TOMY TIC oKa3bIBaIOTC5I ycTOHlll1BbIMI1 11 xopowo c6aJiaH

cttpoBaHHbIMI1 TOJibKO ,IT,JI5I cJiylla5I HyJieBoro MOMeHTa N = 0, a yLKe ,IT,JI5I 

N = 2 0H11 cTaHOB5ITC5I pa36aJiaHc11poBaHHbIMI1 11 reHep11py10T 33BbirneHHoe 

3Ha4eH11e BToporo MOMeHTa (~2 )7r = 0.66, rroJiyT.IeHHoe B pa601e /8/. 

01MeT11M, llTO TIC c JIOKaJibHbIMH KOH,rr,eHcaTaM11 ,IT,JI5I cpopMcpaKTopa 

( cpcp) I1110Ha T3KLK:e o6Jia,IT,aIOT ITJIOXOH CTa6I1JibHOCTblO 11 ycTOHlll1BbI JII11llb 

rrp11 eBKJII1,IT,OBbIX KBa,rr,paTax rrepe,rr,aq11 I1MITYJibCa 1 f3B2 < Q2 < 3 f3B2. 

Tip11T.I11Ha 3,rr,ecb Ta LK:e, llTO H B cJiyqae ITC ,IT,JI5I AP Me3oHoB: pa3HOrJiac11e 

B rroBe,rr,eH115Ix rrepTyp6anrnHoro BKJia,rr,a, rra,rr,aIOmero c pocTOM Q2, H Herrep

Typ6aTHBHbIX BKJI3,IT,OB, KOTOpble JI1160 ITOCT05IHHbI, JIH6o JII1HeHHO pacTyT c 

Q2 /10, 11/. 

lJTo6bI rroJiyllHTb rrpaBHJibHbie 33BI1CHMOCT11 or N ( Q2 ,IT,JIH <P<:P), 

Heo6XO,IT,l1MO BblllHCJI5ITb BKJI3,IT,bI OT orrepaTopoB BbICllleH pa3MepHOCTH r11rra 

(q(O)D2q(O)), (q(O) ( D2) 2q(O)) 11 T.rr., rroJiyqaeMbIX KaK re.HJiopoBcKoe pa3JIO

LKeH11e l13HaT.IaJibHO HeJioKaJibHbIX KOH,rr,eHcaToB (Harrp. (q(O)q(z))). IToJIHbIM 

KOH,IT,eHCaTHbIH BKJia,IT, y6brnaer c pocroM N (Q2 ,IT,JI5I <P<:P), B TO BpeM5I KaK 

K3"/K,IT,bIH ITO OT,IT,eJibHOCTI1 BKJ1a,II, CTaH,rr,apTHOfO orrepaTOpHoro pa3JIOLKeHI15I 

l1Meer c1pyKrypy Nn ( Q2n ,II,JI5I <P<P). 3To 03Hal!aeT, llTO ,IT,JIH rroJiylleH11e 

OCMbICJieHHOfO pe3yJibTaTa Heo6xo,rr,HMO OTCYMMI1pOB3Tb Beeb TeMJJOpOBCKHM 

p5I,rr,, llTO BbIITOJIHHTb TOllHO He npe,rr,CT3BJI5IeTC5I B03MO"/KHbIM. 

Bo BTopo:H rJiaBe paccMoTpeH 11 yJiyqweH MeTo,rr,, rrpe,rr,JioLK:eHHbIH B 

pa6ore /12/ ,IT,JIH aHaJII13a Me30HHbIX AP H B pa6ore /13/ ,IT,JIH aHaJII13a 

Me30HHbIX ¢¢. B 3TOM MeTo,rr,e rrpe,rr,JiaraeTCH orKa3aTbCH or pa3JIOLKeHl15I 

I13HallaJ1bHO HeJ10K3J1bHbIX KOH,II,eHC3TOB no pacCTOHHHHM MeLK,rr,y oneparopa

MH KBapKOBbIX I1 fJIIOOHHbIX ITOJ1eH I1 I1CITOJib30BaTb HeKoropy10 MO,IT,eJ1bHYIO 
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33BI1CI1MOCTb OT paCCT05IHI1i1. Tip11 3TOM BbI6op MO,neJII1, rrapaMeTp113y10meff 

HeJIOK3JibHbie BaKyyMHbie KOH,neHC3TbI (HBK)' MOLKeT 11rpaTb BaLKHYIO pOJib. 

0cHOBHbIMI1 B3KYYMHbIMI1 KOH,neHCaTaMH HI1LK3HIIIeH pa3MepHOCTH, 

Heo6xo,IJ,HMbIMI1 ,ILJI5I H3WHX HCCJie,noBaHHH, 5IBJI5IIOTC5I: KBapKOBbIH 6HJIOK3Jib

HbIH \qA_ (O)q~( x))' KBapK-f JIIOOH-KBapKOBbIH \qB (0) ( -gA~(y) ta) qA (x))' LTeTbI

peXKBapKOBbIH \qA_(O) q~(y) q(;(z) q~(x)) I1 fJIIOOHHbIH \A~(x)A~(y)) KOH,ILeH

caTbI. Mbr pa6oTaeM B KaJitt6poBKe <PoKa-illBHHrepa xµA~(x) = 0, IT03TO

MY cTpyHHhre cpaKTOpbI, Heo6xo,IJ,I1Mbie ,ILJIH KaJI116poBOLTHOH HHBap11aHTHOCTH 

HeJIOKaJibHbIX o6beKTOB, o6pamaIOTC5I B e,IJ,HHHIJ,bI rrptt BbI6ope rryTH HHTe

rp11poBaHH5I B BH,ne rrpHMOH. 

BaKyyMHoe cpe,IJ,Hee 611JI0KaJibHoro rro KBapKOBbIM rroJIHM orrepaTopa 

MOLKHO rrpe,ncTaBHTb B o6meM BH,IJ,e 

00 

(in(o)q~(x)) = ~: J { o~A (qq) Is( a) - x:A iAo !v(a)} ec;x'/4 da' (!) 
0 

r,IJ,e Ao= 2a8 7r\qq) 2 /81, fs(a) 11 fv(a) - cpyHKIJ,HH, rrapaMeTp113y10m11e cKa

JIHpHbIH H BeKTOpHbIH KOH,IJ,eHC3TbI, COOTBeTCTBeHHO. TpHJIOKaJibHbie BaKy

YMHbie cpe,nHHe aHTHKBapKoBoro, rJIIOOHHoro 11 KBapKOBbIX rroJier1 y,IJ,o6Ho 

Bbrpa3HTb qepe3 TPH cKaJIHpHbre cpyHKIJ,I1H fi(a1, a 2, a 3) (cM. /12/): 

r,IJ,e 

3 

\qs(O)(-gA~(y) ta)qA(x)) = ~ L (r~(x, y)) AB Mi(x2, y2, (x - y) 2), 
i=l 

(2) 
0000 

A· {{{da da da· J·(a a a) e(a1x2+a2y2+a3(x-y)2)/4. 
i }}} I 1 2 3 'l •l) 2, 3 ) 

000 

3 
Ai= -2Ao; r~(x, y) 

A2 = 2Ao; r~(x, y) 
3 

A3 = +2Ao; r~(x, y) 

f)xv -1v(xy); 
A 2 
YYv - 'YvY ; 
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BaKyyMHbie KOH,II,eHcaTbI qerb1pexKBapKOBbIX orrepaTopoB B rrpe,II,rroJJoJKeHHH 

r11noTe3bI o BaKyyMHoI1 ,II,OMHHaHTHOCTH /7 / npeo6pa3y10rc5l B npoH3Be,II,e

HH5l ,II,Byx 6HJJOKaJJbHbIX KBapKOBbIX KOH,II,eHcaTOB (1). B HaweI1 pa6oTe MbI 

He npoBO,II,HM Tpy,II,oeMKHX BbllrnCJJeHHH /14/ c HeJJOKaJibHbIM fJIIOOHHbIM KOH

,II,eHCaTOM, a HCI10Jlb3yeM MO,II,eJibHbie npH6J1HJKeHH5l BKJia,II,a 3TOro KOH,II,eHca

Ta, OCHOB3HHbie Ha pacY.eTe c JIOKaJibHbIM KOH,II,eHCaTOM, lJ.TO orrpaB,II,bIBaeTC5l 

MaJIOCTblO fJIIOOHHoro BKJJa,II,a, a TaKJKe aHaJ1H30M rrpoBe,II,eHHbIM B /14/. 
TaKHM o6pa3oM ,II,J15l orrpe,II,eJieHH5l Mo,II,eJJH He.noKaJibHbIX KOH,II,eHcaroB, 

yt-II1TbIBa5I JIHillb TeH30pHbie crpyKTYPbI, OTBeY.aIOil.I,He pa3MepHOCT5lM KOH,II,eH

caTOB He BbIWe 6, Heo6XO,II,HMO BBecnI 5 cpyHKIJ,HH fs, fv, fi (i = 1, 2, 3). 

fIBHbIH Bl1,II, 3THX cpyHKIJ,HH ,LI,OJJJKeH 6paTbCH, Boo6me fOBOp5I, 113 KOHKpeTHOH 

Mo,II,eJJH Herrepryp6aTHBHoro BaKyyMa KX,IJ,, Harrp11Mep H3 l1HCTaHTOHHoI1 MO

,II,eJJH, JJH6o 113 MO,II,eJJ11poBaHH5l Ha peweTKe. B oTcyrcTBHH HHcpopMau,1111 o 

KOOp,II,HHaTHbIX 3aBI1CHMOCT5IX KOH,II,eHCaTOB 6bIJ10 rrpe,LI,JIOJKeHo /12/ I10Jib30-

BaTbC5I rrepBbIM HeTpHBHaJibHbIM np116JJHJKeH11eM, yY.HTbIBaIOil.I,HM JJHWb KO

Hel1HYIO w11p11Hy rrpocTpaHCTBeHHOro pacnpe,II,eJJeHH5I KBapKOB B BaKyyMe: 

fv(o:) = o'(o: - A~/2) ; (3a) 

(3b) 

B 3TOH MO,II,eJJH, TaK Ha3brnaeMOM «,II,eJJbTa-aH3au,e», B KaY.ecTBe rrapaMeT

pa I1CI10Jlb3yeTCH cpe,II,HH5l BI1pTya.nbHOCTb KBapKOB B BaKyyMe: (k2) = 

A~ = (qD2q) / (qq), oueHeHHa5l B TIC KX,IJ, 11 Ha pewerKe. OcTaJJbHbie rra

paMeTpbI HeJJoKaJJbHOCTH He orrpe,II,e.neHbI. TaKoI1 MO,LI,e.n11 OTBeqaeT rayccoBa 

cpopMa HBK B Koop,II,HHaTHOM npe,II,cTaBJJeHHH, IT03TOMY B ,II,aJJbHeI1rneM MbI 

6y,II,eM H33bIB3Tb ero rayccoBOH MO,II,eJJblO HeJJOK3J1bHbIX BaKyyMHbIX KOH,II,eH

caTOB. 

B rrepBbIX pa6orax rro TIC c HeJJoKaJJbHbIMH KOH,II,eHcaraMH rrpe,II,rro

JJara.nocb, Y.TO rrapaMeTpbI HeJioKaJibHOCTH pa3HbIX KOH,LI,eHcaTOB (Aq, Ay 11 

AqAq) Moryr pa3JJHl1aTbC5I /13, 12/. B ,II,aJJbHeliweM, ,II,JI5I yrrpomeHHH MO,II,eJIH 

l1 yMeHbilleHI15I lll1CJ1a rrapaMeTpOB 6bIJia rrpe,ll,JIOJKeHa MHHI1MaJ1bH3H MO,II,eJib 

B KOTopoI1 BBe,II,eH e,II,HHbIH napaMeTp HeJJOKaJibHOCTH Aq- KaK ,II,JIH CKaJJHpHo-
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ro l1 BeKTOpHoro KBapKOBOfO (CM. (3a))' TaK 11 ,LI.JUI KBapK-fJHOOH-KBapKOBOfO 

(CM. (3b)) KOH,LI.eHcaroB /15/: >-v = AqAq = Aq. Bo BTopoM: rJiaBe rroKa3aHo, 

LJ.TO 3Ta MO,LI.eJib, TaK:.tKe KaK 11 ee 0606meH11e (3), rrp11Bo,LI.11T K Hapywem-uo 

ycJIOBHB rrorrepeLJ.HOCT11 KoppeJIBTOpa BeKTOpHbIX TOKOB l1 He corJiacyeTCB c 

ypaBHeHHBMH ,LI.BH:.tKeHHB 6e3MaccoBOH KX,U. 

YpaBHeH11e ,UH pa Ka ,LI.JIB KBapKoBoro rroJIB q( x) HMeer BH,LI. 

(iDµ,/µ - rn) q(x) = 0, r,LI.e Dµ = Bµ - igA~ta - KOBap11aHTHaB rrpoH3BO,LI.

HaB, OTCIO,LI.a ITOJIYl..JaeM ypaBHeHHe ,LI.BH:.tKeHHB ,LI.JIB pa3,LI.BHHYTOfO KBapKOBOfO 

TOKa q(O)/µq(x) B CJie,LI.y10meM BH,LI.e: 

EcJI11 rrpoH3BeCTH ycpe,LI.HeHMe 3Toro orreparopHoro ypaBHeHHB rro cp11311LJ.e

CKOMY BaKyyMy KX,U, TO MbI rroJiyLJ.HM TaKoe ypaBHem1e ,LI.JIB KOH,LI.eHcaroB 

(4) 

Herpy,LI.HO y6e,LI.HTbCB, LJ.TO MHHHMaJibHaH MO,LI.eJib (3) He YAOBJieTBopHeT 3TOMY 

ypaBHeHHIO. 1ho6bI 11crrpaBHTb 3TOT He,LI.OCTaTOK, Mb! rrpe,LI.JiaraeM HCIIOJib30-

BaTb yJiyLJ.rneHHbIH ,LI.eJibTa-aH3au. ,LI.JIB KBapK-rJIIOOHHoro KOH,LI.eHcara: 

fi (a1, a2, a3) = (5) 

(1 + xiaxi + YiBYi + ziazi) 8 (a1 - XiAv) 8 (a2 - YiAv) 8 (a3 - ZiAv) ' 

r,LI.e Av = >-i/2. Tor,LI.a ,LI.JIB BbIIIOJIHeHHH (4) Heo6xo,LI.HMO HaJIO:.tKHTb cJie,LI.y10-

II.I,He ycJIOB11B Ha rrapaMeTpb1: 

l· 
' 

1. 

(6a) 

(6b) 

l1cxO,LI.5I l13 rrpe,LI.ITOJIO:.tKeHI15I, l.J.TO KBapK I1 aHT11KBapK B BaKyyMHOM KOH,LI.eHca

Te B orrpe,LI.eJieHHOM CMbICJie B3311M03aMeH5IeMbl, ITOCKOJibKY B33HMO,II,eHCTBYIOT 

c fJIIOOHOM O,LI.HHaKOBO, MbI rroJiyLJ.aeM ,LI.OITOJIHHTeJibHble ycJIOBl15I: 

(7) 
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Ho rroJiyqeHHoro ycJIOBH.H (6) H rrpe,rurnJio:tKemrn (7) HBHO He ,n:ocTa

roqHo ,[(Jl.H cpI1KCI1pOBaHH5I BBe,n:eHHbIX B 3TOH Mo,n:eJII1 rrapaMeTpOB. ,l(orroJI

HI1TeJibHbie orpaH11qeHI15I MoryT 6bITb ITOJiyLJeHbI I13 ycJIOBI15I rrorrepeqHQCTI1 

KoppeJI.HTopa: 

(8) 

JJ:BYX BeKTOpHbIX TOKOB 

1;;-(x) = u(x)1vd(x); 

OTBeqaIOI.I.I,I1X 3apH:tKeHHOMY p-Me3oHy, c o6o6I.I.I,eHHbIM rrepBbIM TOKOM 

r,n:e n - rrpOI13BOJibHbIH CBeTorro,n:o6HbIH BeKrop, n 2 = 0, y,n:oBJieTBOp5IIOI..l.I,I1H 

nq i- 0. 3TOT KoppeJI5ITOp I1CI10Jlb3yeTC5I rrpH tt3ylJeHI1H aMITJIHTYJJ:bI pacrrpe,ne

JieHHH p-Me3oHa H ero KOHCTaHTbI pacrra,na. OrrepaTopHoe pa3JIO:tKeHHe Koppe

JIHTopa JJ:BYX aKCHaJibHO-BeKTOpHbIX TOKOB, HCI10Jlb3yeMoro rrpH rrocTpoeHHH 

nc KX,l( ,[(JIH ITHOHa, TeCHO CB5I33HO c orrepaTopHbIM pa3JIO:tKem1eM 3TOfO 

KoppeJI.HTopa. OLieBH,nHo, LITO KoppeJIHTop (8) ,n:oJI:tKeH 06.Jia,naTb rrorrepeLIHO

CTbIO ITO OTHOIIIeHHIO K TOKY Jt ( x): qVII~v = 0, qTo HBJIHeTC.H CJie,nCTBHeM 

KaJIH6poBoqHo:ti: HHBap11aHTHOCTH. HaMH 6bIJIO rroKa3aHo, lJTO ,nJIH MHHHMaJib

HOH MO,n:eJIH 3TO He TaK I1 rrpoeKQHH nµnv, HCI10Jlb30BaB1Il35IC5I B pH,ne pa6oT 

(HarrpHMep /12/) rrpH I13ylJeHHH ITHOHa, HMeeT BKJia,n OT HerrorrepeLIHOH CTpyK

TYPbI. 

TaK:tKe KaK H rrpH aHaJitt3e nc KX,l( JJ:JI.H AP ITHOHa Mbl HHTepecyeMC.H 
....... 

KOHcpopMHbIMH MOMeHTaMH rrocJie 6opeJieBcKoro rrpeo6pa3oBaHHH B_q2_,Af2, 

BbI,n:eJI.HH HerrorrepeLIHYID cTpyKrypy rrpoeKropoM nµqv: 

r,ne ( 2;) - 6HHOMI13JlbHbie K03cpcpHI.I,HeHTbI. ,l(JI.H rrorrepeY:HOfO KoppeJIHTOpa 

BeJIHqHHa (~2N/L = 0 ,n:JI.H scex ueJibIX HeoTpttQareJibHbIX N. B YJIYLillleHHOH 

MO,neJIH (5) ITOCJie yLJeTa yKa3aHHbIX ycJIOBHH (6) I1 (7) y Hae OCTaIOTC.H 
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P11c. 2. KompopMHbre MOMeHTbI (eN)L(6.) Henonepe1rnoro BKJia,ll,a B KoppeJI5nop BeKropHbIX TOKOB 

KaK cpyHKU.!111 OT 6. = >.~ / (2A12) np11 N = 0, 2, 5 ,ll,JIH YJIY'-!llleHHOH MO,ll,eJIH ( CTIJIOllIHaH JIHHirn) B 

cpaBHeH!1!1 c noJiy'-!aeMb!MH ll,JJH Ml1Hl1M3JlbHOH MO,ll,eJIH (llITpHXOBaH JIHHHH). 

CBo6oLJ,HbIMH c.JieAyIOI.I.IYie rrapaMeTpbI: x, X 1, X 2, X 3, Yi, Y3 11 Xv = A.~/ A~, 

B rrpeLI,ITOJIO)KeHHH X1 .:__ X2 = X3 = x. MHHHMI1331J,I15! rrepBbIX 6 MOMeHTOB 

\eN)L(.6.) AJIH N = 0, 1, 2, 3, 4, 5 LJ,aeT HaM cneLJ,y10m11:H Ha6op rrapaMeTpoB: 

Xv 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 +l.775; Y3 = Z3 = -3.166; Z1 = Z2 = Z3 = 1 - X = 0.212. 

,[(JIH o6cy)KLJ,eHI15! KaIIeCTBa YJIYLII.I.IeHHoro aH3au,a MbI rrp11BOAHM Ha 

pI1C. 2 rpacpHKI1 33BI1CHMOCTeH KOHcpopMHbIX MOMeHTOB (~2N)L(.6.) Herrorre

pe~HbIX BKJiaAOB OT 6opeJ1eBcKoro rrapaMeTpa .6. = A.~/ (2M2) AJIH N = 0, 2, 5 

B YJIYIII.I.IeHHOH MOAeJIH (5) co 3Hal!eHH5!MH rrapaMeTpoB (9) B cpaBHeHI'.IH 

c MHHHM3JibHOH MOLJ,eJibIO (3), rLJ,e Bee rrapaMeTpbI HeJIOK3JibHOCTeti paBHbI 

(A.v = AqAq = Aq). KaK BHAHO 113 rrp11BeLJ,eHHbIX rpacpHKOB, YJIYIII.I.IeHHa5! 

MOLJ,eJib (5) 3Ha1IHTeJibHO yMeHbI.I.IaeT a6COJIIOTHYIO BeJIHllHHY Herrorrepel!HblX 

KOHcpopMHblX MOMeHTOB (eN)L, T. e. JIYllllle YllHTbIBaeT rrorrepel!HOCTb BeK

TOpHoro KoppeJI.HTopa. O)KI1LJ,aTb TOIIHoro BbIIIO.JIHeHI15! ycJIOBH5! rrorrepeIIHO

CTH HerrepTyp6aTHBHOfO BKJiaLJ,a B KoppeJI.HTOp BeKTOpHWX TOKOB He rrp11xo

AHTC5!, ITOCKOJibKY 3TO CB5I33HO c BbIXOAOM 33 paMKH rayccoBa rrp116JII'.I)KeHI15!, 

KOTOpbIM Mbl IIOJib3yeMC5!. 

B TpeTbe:H rJiase MbI rrpHBOAHM pe3yJibTaTbI aHaJIH3a rrpaBHJia cyMM 

KX,ll AJI5I ITHOHHOH AP B YJIY4I.I.IeHHOH MOLJ,eJIH B cpaBHeHHH c MHHHMaJibHOH 
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MO,II,eJibIO. IloJiy11eHHa.5I BO BTopoI1 rJiaBe MO,II,eJib IT03BOJI.5IeT 6oJiee T01IHO pac

C1Il1TaTb KoHcj:>opMHbre MoMeHTbI (eN)7r AP rr110Ha cp7r(x, µ2) ,II,JIB N < 5. Ha 

OCHOBe pe3yJibTaTOB aHaJII13a rrepBbIX IT.5ITI1 (N = 1, 2, 3, 4, 5) KOHcpopMHbIX 

MOMeHTOB (~2N)7r B rrpas11Jiax cyMM KX,U /15/ MbI l13BJieKaeM o6JiaCTb ,II,O

rrycTHMbIX K03cpcpm.J,11eHros fereH6ay3pa a 2 11 a4 (CM. p11c. 3), 3a,II,aIOIJJ,l1X AP 

ITI10Ha B Bl1,II,e pa3JIOJKeHI15I ITO ITOJ1l1HOM3M f ereH6ay3pa C~n( X), 5IBJ15IIOIJJ,I1MC.5I 

co6CTBeHHbIMI1 cpyHKUI15IMI1 1-rreTJieBoro H,II,pa 3BOJIIOUI111: 

IlpoBe,II,eHO cpaBHeH11e (CM. p11c. 3) o6JiaCTeH ,II,OITYCTI1MbIX 3Ha1IeHI1M rrapa

MeTpOB ( a 2, a 4) ,II,JJH yJiy11weHHOM MO,II,eJII1 11 MI1HHMaJibHOM MO,II,eJJ11 c pe3yJib

raraM11 aHaJI113a (cM. /16, 17 / 11 ccbIJ1Kl1 B H11x) 3Kcrrep11MeHraJibHbIX ,II,aH

HbIX /18/ rpyrrrrbI CLEO rro 3JieKrpoMarHI1THOMY cpopMcj:>aKropy FJr-vy*i( Q2) 

rr110H-cporoHHoro rrepexo,II,a 11 pe3yJibraraM11 pewero11HbIX Bb11111cJieH11I1 sro-

(a) a4 (b) 
0 

... 
" -0.2 

" \ 
\ 

..,,, ' I -0.4 ... _ 

-0.6 
a2 

0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5 

P11c. 3. Pe3yJihTaTbI aHam13a /16, 17/, ocHoBaHHoro Ha TIC Ha CBeTOBOM KoHyce, .n.aHHhIX CLEO 

no F7r_.1 • 1 (Q2) B cpaBHemu1 c pellleTOlJHhIMH pe3yJihTaTaMH /20/, 110Ka3aHHbIMH 3alllTp11xoBaHHOH 

BepTHKaJibHOH o6JiaCTb!O. 3JIJIHTIC lO"-orpaHH'-leHHH /16/ OKpy)KeH cnJIOlllHOH JIHHHeH (c IJ,eHTpaJib

HblM 3HalJettHeM +), a orpaHwrettHH octtoBaHHbie Ha peHopMaJiottax /17 / - nyHKTHpHoH JIHHHeH 

(c IJ,eHTpaJibHb!M 3Hat:£eHHeM 0). JleBb!H p11cyHOK (a) TIOKa3bIBaeT cpasHeHHe c npe.n.CKa3aHHHMH B 

MHHHMaJibHOH MO.!I.eJIH /15/ (~).a npaBb!H p11cyHOK (b) TIOKa3bIBaeT TO )Ke cpaBHeHHe, HO .!I.JIH yJiylj

llleHHOH Mo.n.eJIH HBK /2/ ( +). OrpaHw-1eHHH B 06011x cJiytiaHx noKa3aHbI HaKJIOHeHHbIMH 3aTeM

tteHHhIMH orype'-1ttono.n.o6HbIMH t:feTbrpexyroJihHHKaMH. TaK)Ke OTMe'-leHhI aCHMTITOTH'-lecKaH AP ( +) H 

Mo.n.eJib /8/ (II). Bee pe3yJihTaTbI np11se.n.eHbI Ha MaClllTa6e lilMe.n..n.11ttra-.HKoBJieBa µ§y = 5.76 f3B2 

nocJie EP5Jl-3BOJIIOUHH B cJie.n.yIOmeM 3a se.n.ymHM nopH.n.Ke. 
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poro MOMeHTa AP rr110Ha, orry6JI11KoBaHHbIMl1 .ILBYMH pa3Jil1qHbIMl1 rpyrrrra

Ml1 /19, 20/. 

B qeTsepTou rJiaBe 06cyJK,ILaeTC.5I rrocTpoeH11e TIC KX)l .ILJIH rr11-

0HHoro cpopMcpaKTopa Ha OCHOBe KoppeJI.5ITOpa Tpex TOKOB: 3JieKTpOMar

Hl1THOro ToKa Jµ(x) = e,uu(x)11"u(x) + edd(x)rµ'd(x), cooTBeTCTsy10mero 

B3al1MO,ILeHCTBl1IO cpoTOHa c KBapKaMl1 Ill10Ha, l1 .ILBYX aKCl1aJibHblX TOKOB: 

·'5a(x) = d(x)r5/au(x) 11 J~(x) = u(x)/5/;3d(x), rrpe,ILcTaBJI.5IIOil.Ll1X 3ap.5I

JKeHHbIH ITl10H. 3,ILeCb e1L = 2/3 11 ed = -1/3 - 3JieKTp11qecK11e 3ap.5I,ILbl u- l1 

d-KBapKoB. HoBbIM11 3JieMeHTaM11 Hawero 110,ILXO.ILa 5IBJIHIOTCH l1CITOJib30BaH11e 

HeJIOKaJibHblX KOH,ILeHCaTOB rrp11 Bb1q11cJieHHl1 HerrepTyp6aTHBHblX BKJia,ILOB 11 

rrp11MeHeH11e c11eKTpaJibHOH ITJIOTHOCTH B 0( O'.s)-rropH,ILKe /21/, a TaKJKe aHa

Jll1TI1qecKOH KOHCTaHTbI CBH3l1 lll11pKosa-CoJI0Buosa /22/. B MeTo,ILe HeJio

KaJibHbIX KOH,ILeHCaTOB caMblM rrpOCTOM 113 KBapKOBbIX BKJia,ILOB, B03Hl1KaIO

Il.I,l1H 3a cqeT BeKTOpHOH Y:aCTl1 KBapKOBOro KOH,ILeHCaTa (1), l1MeeT CJie,ILyIO

Il.LYIO Q2-3aBl1CHMOCTb: 

H B JIOKaJibHOM rrpe,ILeJie Aq --+ 0 pacTeT c pocToM Q2. KaK l1 0JK11)1.aJiocb, 

HeJioKaJibHbIH BKJiaA l1cqe3aeT rrp11 6oJibWl1X 3HaY:eH11Hx l1Ml1YJibca Q2. EoJiee 

Toro, qeM 6oJibille 3HaY:eHl1H rrapaMeTpa HeJIOKaJibHOCTl1 >.~, TeM 6bICTpee 3TOT 

BKJia,IL yMeHbWaeTCH c pocTOM Q2. 

K coJKaJieH11IO, rrepBaH rro11bITKa 0606m11Tb rro,ILXO.IL TIC KX)l /13/, 
l1Cl10Jib3YH HeJIOKaJibHbie BaKyyMHbie KOH,ILeHCaTbI, HeITOJIHa, IIOCKOJibKY Bee 

eme CO,ILep1K11T BKJia,ILbI JIOKaJibHOro T11rra. I1cToqm1KOM TaKHX BKJia,ILOB HBJIH

eTCH I1Cl10Jib30BaBwaHCH crreu11cp11qecKaH MO,ILeJib ,ILJIH TpeXTOY:eY:Horo KBapK

rJIIOOH-KBapKOBOrO HeJioKaJibHoro KOH,ILeHcaTa. B 3TOH Mo,ILeJI11 HeJioKaJibHbIH 

KOH,ILeHCaT, OITHCbIBaeMbIH cpyHKIJ,l1eH Mi(x2, y2, (x -y) 2) (cM. (2)), HBJI.5IeTCH 

HeJIOKaJibHblM Jil1Wb 110 OTHOWeHl1IO K .ILBYM 113 Tpex paccTOHHl1H x 2 (MeJK.ILY 

KBapKOM I1 aHTl1KBapKOM), y2 (MeJK.ILY aHTl1KBapKOM l1 rJIIOOHOM) l1 (x - y) 2 

(MeJK.ILY KBapKoM l1 rJIIOOHOM). Ha11p11Mep, cKaJIHpHaH cpyHKUl1H M 1, 01111cb1-

sa10maH TeH3opHyID cTpyKTYPY i = 1, B 3Toi1 MO,ILeJI11 He 3as11c11T OT KBa,IL-
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PHc. 4. <PopMcpaKrop n110Ha Q2 Frr( Q2) B MHHHMaJibHOH (unp11xoBaHHaH JIHHHH) 11 yJiy11111eHHOH 

(cnJIOllIHaH JIHHHH) MO)l,eJIHX np11 sHaLieHHH >..~ = 0.4 f3B2 B cpaBHeHHH c 3Kcnep11MeHTaJibHbIM!1 

JJ.3HHbIMH: Cornell /23/ (.6..) 11 JLab /24/ (+). 3areHeHHaH o6JiaCTb, orpaHHLieHHaH wrp11xoBKOH, 

COOTBeTcrnyeT MHH!1M3JibHOH MO)l,eJIH, a o6JiaCTb, orpaHJ1l.JeHH3H cnJIOllIHOH, npe,ll,CT3BJrn:eT ourn6Kl1 

onpe)l,eJieHHH cpcp nHoHa B YJIYLillleHHOH MO)l,eJIH. TiocJie)l,HHe pell!eTOLIHbie pesyJihT3TbI /25/ noKa

saHbI K3K MOHODOJibHb!H cp!1T c Oll!!16KaM!1 ( Cl1JibHOe 3aTeMHeH!1e orpaHHLieHHOe TOHK!1Ml1 JI!1HHHMH) 

npH 3H3LieH!1HX Q2 < 4.5 f 3B2. JlesaH BepTHK3JibH35l llITp!1XOB3HH35l JI!1Hl1H orpaH!1LIHB3eT o6JI3CTb 

npHMeHeHHH HCDOJib30B3HHbIX TIC KXJJ, Q2 ;::; 1 f3B2 , a npasaH BepTHKaJihHaH ll!TpHXOBaHHaH JIHHHH 

orpaHHLIHBaeT o6JiaCTb r)l,e BJIHHHHe BbJ6opa MO)l,eJIH HeJIOKaJibHblX KOH)l,eHCaTOB MaJIO Q2 ,:::; 7 f 3B2 . 

pa Ta paCCT05IHH5I MelKJJ.Y KBapKOM H aHTHKBapKOM x2. I1o3TOMy, rronyqeHHbie 

B /13/ nc TaKJKe o6Jia)l.aIOT He)l.OCT3TK3MH CTaH)l.apTHbIX nc KX,I{. 

HecMoTpH Ha 3TOT KpyrrHbIH HeJJ.OCTaToK, rroJiyqeHHbie B paMKax 3Toro 

IIOJJ.XOJJ,a HerrepTyp6aTHBHbie BKJI3)l.bl OT HeJIOKaJibHbIX KOH)l.eHcaTOB HMeIOT 

MO)l.eJibHO-He3aBHCHMbIH BH)l., T.e. rroJiy4eHHbie Bbipa1KeHH5I )l.JIH HenepTyp6a

THBHbIX BKJia)l.OB rrpeJJ.CTaBJieHbI )l.JI5I rrpoH3BOJibHbIX rrapaMeTpH4eCKHX cpyHK

UHH fs, fv, fi, (cM. (1) H (2)). 3To I103BOJIHJIO HaM HCIIOJib30B3Tb rroJiyqeH

Hbie B /13/ Bbipa:tKeHI·rn, HO yJKe c rrpHMeHeHHeM 6oJiee T04HbIX MO)l.eJieH )l.Jl5I 

HeJIOKaJibHOfO KBapK-fJIIOOHHOfO KOH)l.eHCaTa. 

CpaBHeHHH rronyqeHHbIX HaMH pe3yJibTaTOB c 3KcrrepHMeHTaJibHbIMH 

JJ,aHHbJMH /23, 24/ H perneT04HblMH Bbl4HCJieHHHMH /25/ IIOKa3aHbl Ha pHC. 4. 

HarnH rJiaBHbie rrpeJJ.CKa3aHHH JJ.JISI 3Ha4eHH5I HeJioKaJibHOCTH ,.\~ = 0.4 f3B2 

rrpeJJ.CTaBJieHbl B BH)l.e JJ.BYX IIOJIOC c ueHTpaJibHbIMH JIHHH5IMH (rnTpHXOBa5I -
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MI1HI1M3JibH35I, CI1JIOlllH35I - YJIY11llleHHa5I M0,1J,eJII1)' K3LK,1J,35I 113 ITOJIOC COOT

BeTCTByeT MI1HHMaJibHofi 11 YJIYLJllleHHofi MO,lJ,eJIHM HBK, a 1I111p11Ha rroJIOCbI 

rroKa3brnaeT TeopeT11LJecK11e Heorrpe,1J,eJieHHOCTI1 MeTo,lJ,a TIC KX,ll. TioJioca, 

orpaHI1LJeHH35I 1I1TpI1XOB3HHbIMI1 JII1HI15IMI1, OTBeLJaeT rrpe,1J,CK333HI15IM MI1HI1-

M3JibHOH M0,1J,eJI11, a rroJioca, orpaH11LJeHHa5I crrJIOlllHbIMI1 JIHHI15IMI1, - yJiyLJ

llleHHOH M0,1J,eJII1. 

B 3aKJnoqeHHH ccpopMyJI11poBaHbI ocHOBHhie pe3yJihTaTbI pa6oThI, 

rroJiyLJeHHbie B ,lJ,HccepTaIJ,1111: 

1. B MI1HI1MaJibHOH rayccoBoI1 MO,lJ,eJIH BaKyyMa KX,U, 11crroJib30BaBlllei1cH 

B p5I,1J,e pa6oT (Harrp. /12, 15/), HerrepTyp6aTI1BHbIH BKJia)J, B Kappe-

JI5ITOP BeKTOpHbIX TOKOB HerrorrepelieH I1 HeJIOK3JibHbie KOH,lJ,eHCaTbI He 

corJiacoBaHbI c ypaBHeHHHMH ,lJ,BHLKeHHH KX,U. 

2. Tipe,lJ,JIOLKeHa yJiyqrneHHa5I rayccoBa Mo,rr,eJib HeJioKaJibHbIX KOH,1J,eHcaTOB 

(5), corJiacoBaHHaH c ypaBHeHI15IMI1 ,lJ,BHLKeHI15I KX,U, B KOTopofi yKa-

3aHHOe HapyrneHHe K3JII16pOBOLJHOH I1HBap11aHTHOCTI1 MI1HI1MI13I1pOB3HO 

crreIJ,I13JibHbIM BbI6opoM rrapaMeTpOB (9). 

3. l1crrOJib3Y5I rrpe,lJ,JIOLKeHHYEO MO)J,eJib, ITOCTpOeHa o6JiaCTb ,1J,OITYCTI1MbIX 

3HaLJeHI1H K03cpcpI1I.LHeHTOB a2 11 a4 rrp11 µ2 = 1.35 f3B2 rereH6ay3-

poBcKoro pa3JIOLKeHHH (10) AP rr110Ha. Oco6o XOTHM ITO,lJ,liepKHYTb TOT 

cpaKT, LITO pe3yJibTaT B YJIYLJilleHHOH MO)J,eJIH HMeeT corJiac11e B rrpe,1],e

Jiax olll1160K MeTo,rr,a TIC c pe3yJibTaToM rroJiyLJeHHbIM paHee B MHHH

MaJibHOH MO)J,eJIH. 3TO roBOpI1T, c O)J,HOH CTOpOHbI, 0 rrpeeMCTBeHHOCTI1 

06011x IT0,1J,X0,1J,OB, a c ,IT,pyro:t'I - o TOM, 11To Bee xapaKTepHbie qepTbI AP 

B MI1HI1MaJibHoI1 M0,1J,eJI11 rrp11cym11 11 AP B YJIYLJllleHHOH MO,lJ,eJIH. 

4. TioJiyLJeHHbIM 2-rrapaMeTpI1LieCKI1M "rryLJoK" ,1J,OITYCTI1MbIX MO)J,eJieM ,1J,JI5l 

rr110HHOI1 AP HaXO,lJ,HTCH B xopollleM corJiac1111 KaK c rrocJie,1J,HI1MI1 pellle

TOLJHbIMH BbllII1CJieHI15IMI1 /19, 20/, TaK I1 c pe3yJibT3TOM aHaJII13a /16/ 

,lJ,aHHbIX CLEO rro cpopMcpaKTopy Frr-+"f*r. 

5. B MI1HI1MaJibHOI1 11 yJiyLillleHHOM MO,lJ,eJIHX BbILJI1CJieH <Pct> rr110Ha rrp11 eB-



17 

KJIH,LI,OBbIX 3HaLieHH5IX HMITYJibca rrepe,LI,aLI11 1-10 f3B2. Dp11 3TOM yLIH

TbIBaJiacb 0( O'.s)-rronpaBKa, BKJia,LI, KOTopoH B IlHOHHbIH cI:>cI:> OKa3aJIC5I 

paBHbIM rrp11MepHo 20%. CJie,LI,yer orMeTHTb, LITO ueHrpaJibHa5I JIHHI1rr 

rrpe,LI,cKa3aHI1H B yJiyLiweHHOH MO,LI,eJI11 Haxo,LI,Hrcrr rrp11 Q2 < 7 f 3B2 B 

rrpe,LI,eJiax OWH6KH pe3yJibTaTa MI1HI1MaJibHOH MO,LI,eJII1 ' LITO yKa3bIBaeT 

Ha ,LI,OCTOBepHOCTb TIOJiyqaeMWX pe3yJibTaTOB B 3TOH o6JiaCTI1 He3aBH

CHMO or 11crroJib3yeMoH MO,LI,eJIH Herrepryp6aTI1BHoro BaKyyMa KX,Il. B 

o6JiaCTI1 Q2 2:, 7 f3B2 CTaHOBI1TbC5I BaJKHOH HCITOJib3yeMa5I MO,LI,eJib 

HBK. DoJiyLieHHbIH pe3yJibTaT HMeer xopowee corJiac11e c peweroq

HbIMH rrpe,LI,cKa3aHH5IMI1 /25 /, 3Kcrrep11MeHTaJibHbIMH ,LI,aHHbIMH rpyrrrr 

Cornell /23/ 11 JLab /24/) 11 c HeKoropbIMH 113 pe3yJibTaToB roJiorpa

qmqecKoH KX,U. 
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