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Baep,eHHe 

B nocneAnee speM.a B 11wrepaType [1] lllHpoKo. o6cy)KAaeTc.a 

HOBhlH Teope'l'HKo-nonenoit noAXOA K npo6neMe eAHHoro 01111caHH.ll. 

('llf'KTpn Mace II KOIICTa.llT pa.nta)\O1\ M(:'llOIIOl\ C panJlll'lllhlMII KBap

KOllhlMU ,L()OMa-raM11. UToT 110/\Xo,t\ oc11um111 11a :31I11l>PKTIIBHOM ra

MHJ1bT01111a11e KBaHTOBoi:i xpoMOAIIHaMnKn (KX,II.) c ~1eTb1peXKBap

KOBblM 1mallMOAeHCTBHeM. Nlaccbr n KoHcTaHTbI pacnaAOB MeooHOB 

Bbl'-lllCJl.lllOTC.ll nyTeM pell!eHll.ll ,KpaeBblX OaAa'-I A1l.ll CHCTeM ypasue

llllll Ill1rnurepa - Jl.ar1c0Ha (Ul,II.) n BeTe - ConnHTepa ( BC) • .H.BHbIH 

BHA 0THX ypaBHeHHH DaBllCIIT OT OaAaHHOro cpeI-10Meuonor11'-leCKOl'O 

110Te111.n1a11a soaHMOACHCTBH.ll KsapKoB 11 OT rpaHH'-l~hIX ycnosui:t, 

onpeACJI.lleMblX HO q>HOH'-ICCKHX coo6pa)l(CHHH. 06hl'-IHO Me)l(KBapKo-
' ' ' . ) -

Bb!H 110TCHQHaJI BbI6HpalOT B Knacce 0M11HpH,'-ICCKHX UOTeHQHanoB, 

HCIIOJlbOyeMblX B Hepen.aTHBHCTCKHX KBapKOBbIX'MOAen.ax p,n.a T.ll)l(e

JlhlX KBapKoHues. B '-laCTHOCTll, B pa6oTax [1] na npuMepe nnneuno H 

KBaApa·rn<mo, pacTylll,HX IlOTeHQllanoB noKaoa.HO cylll,eCTBOBaHHe ne

TpHBllanbl-101'0 pell!eHH.ll ypaBHeHH.ll fil,II., COOTBeTCTBYIOlll,ero l'OJIA

C'l'OYHOBCKOH MOAe, KOTopan 11rpaeT Ba)l<Hy10 ponb B on11cauu11 cneK

Tpa Jlel'Kl1X MeOOl-IOB. 

UMec-re C TeM nonyn.s11rn1,1e B CIICKTJ)OCKOIIHII 'l'.SDKCJlhlX KBap

KOIIHCB OMlll!pH'-IeCKHe IIOTClll\lHLJlbl B, ypan,HellHH lll,U IIJ)HBOA.llT K 

CHlll'YJl.ll}HlOCT.llM, HO-Oa KOTO()blX OTO ypasneHHe Tep.aeT CMblCJI. B 
JUl'l'epaType AJl.ll HX ycTpauemrn o6bl'fHO 11Cil01lhl3YIOT CTaHAapTHbltt 

Me'l'OA nepe1-1opM11poBKH. sonnonoi:i qiynKQl1H ( 11 MaccbI) KBapKa. Ilo 

cyTH, cunryn.apHOCTH nptt 0TOM ycTpaH.lllOTC.ll oa C'-leT AOIIOJIHH

·renMIO BBeAeHHhIX B raM11JlbTOHHaH KOHTp'-InenoB. CneAyeT OTMe

'l'HTb, '-ITO np.llMOe npHMeHeHHe TaKoro "nepTyp6aTJ.1Bnoro" MeTOAa 

nepeuopMHpOBOK K npo6neMe CB.llOaHHhIX COCTO.llHHH He o6ocno

Bauo, u AO cnx nop neT caM'ocornacosauuoro cnoco6a peryn.apu

oaQHll cuuryn.apuocTett, KOrAa KsapK naXOAHTC.ll sue Maccosou no

sepxuocTH H .llBJI.lleTC.ll COCTaBJl.llIOlll,HM aApoua. 

B pa6oTax (2,3] npeAnO)l(eHo paccMaTJrnsaTb BMecT·o cTaHAap

THott nepeuopMHpOBKH BOOMO)l<Hhie MOAHq>HKaQHH ypaBHeHH.ll fil,U, 
YAOBJleTBO}J.lllOlll,He <pHOH'-leCKHM rpa,HH'-IHbIM ycnoBH.llM. IlpH'-IeM MO

Alll}JHKaQHJl npoHOBOAHTC.ll HelJaBHCHMO OT Toro, COAep)KHT nu ypa-

1rne1rne ill)], c1111ryn.apuocn1. I'nasuoi:i Qenb!O TaKIIX MOAHqmKaQHH 

.llBJUle'l'CJI llOHCK cpeHOMeHOJIOl'H'-leCKOro cnoco6a AJl.ll KOJIH'-leCTBeH

HOl'O 11 Ka'-leCTBem10ro onncaHHJl cneKTpa H KOHCTaHT pacnaAOB Me-

dAYqHO-TJEXHHqECICAH. 

I. BHBJIHOTEICA J 

OHJIH ~J 



OOHOB KaK CB.llOaHHblX COCTO.llHHii KBapKa II aHTUKBapKa C pa:JIUl'-1-

HbIMll apoMaTaMH ( OT 7r AO T). 
B HaCTO.llmeii: pa6oTe Mb! ·6yAeM HCcneAOBa.Tb pa:lJJll'lllhle MOAH-

1Jm Ka1.1.m1 y paB11c11 u.11 Ill Jl, c l10TP111~m1.110M, 11 P<'J\<"T,rnJ111101u11 l\l cnCioii 

pao1-1ocTb ABYX noTeHQlla.JIOB lOKaBhI. U :JTOM c:1r1ae ypaBue1111e 

Il)JIIHHMaeT BIIA CHCTeMhl HeJIIIHeiiuhlx 11wrerpaJlbllblX ypam1e11111i, 

UaBJIC.llmux OT napaMe·rpoB IlOTeJIQJlaJia II TOKOBhlX Mace KBapKOB. 

CncKTP MeOOIIOB BhI'-lllCJUICTCll C: ITOMOUJ.1,JO peuwr111ii CIICTCM ypa

BHCIIl1H III)], u BC AJUI pa:3111,1x u11a;1ennii na.par-.1eTpoB 110Tem.1.1rn11a, 

KOTO)Jble q>llKCHpy10TC.ll IIJTCM cpamICHII.ll pewe1111i1 ypmrnemrn .GC 
C 0KCilCj)llMCHTaJlbHblMU AaHIH,IMH (ypOBIIII ai1epr1111 II KOHCTaIITbl 

pacnagoB MeooHoB). Ha116onee IIOAXOAJimnM MeTOAOM 'IIICJiemrnro 

perueHJI.ll Kpaenoii: oaAa'-ln AJI.H ypaBneun11 III)], u BC_ c: MeH.iIIOUJ.H

MUC.ll napaMeTpaMu, Ha iiarn BUl'JIJIA, JIBJIJie-rc.n HAMH* (4 ], KOTOphlH 

ucnoJlbOOBaJIC.ll AJl.ll pernemui :JTHX ypanne1111ii: B pa6oTax [2,3,5]. 
Pa6oTa 110110.>KeHa B cneAy1omeM nop.llgKe. B paoAeJie 1 cl}iopMy

n11poBaua KpaeBaH UaAa'-la AJI.ll ypaBHeHHJl ill,U II paccMaT)JllBaIOTC.ll 

ee Mogu¢uKaQuu. B paogene 2 npegcTaBneHa oaAa'Ia 11a co6cTneH

Hhie oua'-leHH.ll AH.ll ypaBueu1rn BC n ycnonnc uopMHJJOBKII co6cTBeu

u1,1x <JJYIIKQHH 0Toro ypauue11m1, a. Ta.JOI<e 1J,op1v1yJia. HJl.ll 011_pege11e1rn.i1 

KOIICTaH'rLI JJellTOIIHOro pacua.na MCUOIIOB. Paage11 ;3 IIUCllllllJ.Cll MC

·rogaM '-lucneHnoro perueHJIJJ paccMa·rpuuae1v11,1x ua1,a'1. B pauneJie 4 
aHaJIHOHJ)YIOTC.ll UOJIJ'ICHHbie 'IIICJICHHbie peayJILTa'l'bl. 

1. MoAH<PHKau;uu ypaaHeHHJI ffiauHrepa - ,UaiicoHa 

YpaBHeHHe ill)], B HHBWeM IlOJJ.llAKC Teopuu BO:JMymeHH.ll no 

l'JIIOOHHblM nonJIM ( B KynoHOBCKOll Kan116poBKe) M0,1(110 npegcTa

BHTb B cnegyromeM BHge [1]: 

{ 

E(p)cos(2v(p)) =mo+ ½jdifV(IJJ- <J1)tos(2v(q))/(2rr)3 

(1) 
E(p)sin(2v(p)) = p + ½J difV(l1i- <Jl)~sin(2v(q))/(211-)3, 

rge HHTerpnponaHHe BegeTC.ll B TpexMepHOM HMl1JJibCHOM npo

CTpaHCTBe, ~ = (p/p, ij/q) - CKaJI.llpIIoe 11pomrne11e1111e egHHH'-JHbIX 

"l'pCXMepIIbIX BCKTOJ)OB, 1no - uaganuan KOJICTall'l'a ( TOKOBa.ll Ma.Cea 

KBapKa). E(p) l1 v(p) - COOTBeTCTBCIIHO llCKOMbie rJIICJJl'll.ll II BOJIHO

Ban q,yuKQH.ll KBapKa. 

*HenpephlBHhlH amiJior MeToAa Hb10To11a 
;· 

t./' 

i" 

"--, ,· 

..,. 

}' 

Ecm1 11peue6pe'11, yrnouoii uau11c111v1ocT1,10 pe111e1111.H, TO nocne 

11uTerp11poBamrn 110 yrnal\t ( Uq) cm"reMa ypau11c1111ii ( 1) 11p1111111v1aeT 

BIIA 

l'At' 

{ 
~(p)c<~8('211(p)) = 111() + /1 
/~(p)s111("2,.(JJ)) = p + Ii. 

ex, 

11 = j tl,1V1(JJ,:J)co.-;('2P(q)). 

u 
'X> 

h = j dq\'2(J',l/)si11('2P(<J)), 

u 

Vi = 1 ('2~r3 q2 j cLHV(lp - <Jl), 

. 1 1 21 -Vi·= 2 (2rrPq df!~V(lp - ,71). 

IloTeHQHan nua11Mogci'icTIHI.ll IIMCCT BIIA 

0: .V = -{exp (-JL1r) - exp (-J.L2r)} + C, 
7' 

(2) 

(:!) 

(4) 

(5) 

(6) 

(7) 

!'AC n,11, 1,Jt:i, C - napaMcTphl IIOTCIIQmLJia., /LI :p /1-2· B 111v111yn1,c110M 

IIJJC/\CTa.BJICIIIHI yKaua11111,rit IIO'l'CIIUlla.JI MQ;l(e'I' 61,1Tb aa.1111ca.u Ka.K 

V(p - q) = 41ro: {,L21 + 1~, - 11F - JL22 + t,, - <JF} + 

+ C(21ri
3o(lp- <Jl) • (8) 

fpaqi11'-lecKHH BHA noTt;HUHaJrn AJJ.ll parnm'-lHhIX n11a'1ennii napa

MeTpoB µ1n µ2 npH C=O npegcTa.BneH Ha puc.l. Ka.K 6ygeT noKa

oauo HH)Ke, KOHCTaHTa C 06ecne'I11BaeT npaBIIJlbIIOe aCl!MllTOTll

tJeCKOe noBegeuue aueprnn KBapKa np11 60111,wux IIMIIYJibcax. l1apa

MCTJ)hI µ1, µ2 II 0: 6ygyT q>IIKCllpOlia.Ilbl nyTeM c:paBHCHll.ll pe111e1111ii 

ypaBHCHH.ll BC c 0KcnepUMCIITaJihHhIMU ganuhlMII. 0'-lem1gno, '-ITO 

npn µ1 < < 1 II µ2 > > 1 IIOTCHIJ.llaJI C:Ta.HOBIITC.ll IIOXO)h:JIM Ha pac

npocTpaHeHHblH B cneK'rpocKon1111 agpouos Kyno110BcK111i. B :JTOM 

cJiy'-lae noTCHI.J.Han (7)-(8) MmKno pa.ccMaTp1111a.Th Ka.K c11oco6 pery

JIJlpHoaunu KJJIOHOBCKOfO llOTCIIIJ.llaJJa B .}'Jih'rpal{JIIOJll'TOBOii 06J1a-
;;12 2 

CTll{lf-<11 >>µ2)-
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Tenepb npuaegeM BIIA ypaaHe11Irn (2) a pa:rn11•1111,Ix uap11all'rax 

Mop;1tcp11Kal..(11ii, paccMO'l'pe1111ux u pa6oTe [2]. 
Bap11awr I. 

B oTor-.I nap11at1T<' ( '.=O. 'ITO o:I11a'IaPT nTC)"l'("l'IIIII' 1'){1111 ra 110-

TCIIL(llaJla 11a IIOCTOJlllll,\'I0 IW)lll'lllll.\'. Tor)\a ('lf('Tl'~lil )"Pilllll<'llllii 

IIMeeT Bll,[I, 

Uapuawr 2. 

{ 
£(p)cos('2P(p)) = 1110 + 1, 
£(p):.i11('211(p)) = p + 12, 

(9) 

U :)TOM cnyqac :)llepl'llll KBapi,:a, 11epeu11p<>/\<'Jlll!'Tl'll C Y'IPTUM 

cguura, T.e. 

1'/11. • 
C* 

E"'(p) = E(p) - 2 , C:* = -'2 ii111 j dq\-'..i(JJM,l/)sin('2v(q)). 
1' M--+00 

0 

Torga cucTeMa ypan11e1111ii 11p111111MaeT BIIA 

BapHall'r :3. 

{ 
E*(p)cos('2v(p)) =mu+ 11 
E*(p)sin('2v(p)) = JJ + h, 

(10) 

B U'l'OM uapuawre C=O, 110 11pcnpal..l..lc11uc pcmc1111JI 11 cao601111oe 

II acu M ll'l'O'l'H l(C 60J1 LWHX II M IIYil l,COB o6PCIIP'I II 11.LP'l'('.lf 11,Y'l'CM IH,I 'I11-

Talllrn acHMll'l'OTH'ICCKOI'O JH'LIH'IIHll sin('2v(q)) - q/ J,;(q): 

00 

1J1
) = j dqVi(p, ,j)(8i11.('2v(q)) - q/ E(q)). 

0 . 

Ypaa11e11ue HMeeT BHA 

Uap1ta11T 4. 

{ 
E(p)cos('2v(p)) =mo+ ft 
E(p )sin(2v(p)) = p + 111

). 
(11) 

8ToT CJIJ'Iaii notJBOJl.lleT Oll,CHHTh :JHa•1eHHe ['},. KaK H:JBeCTHO, B 

Mogen.llx T1rna HaM6y - 11ona- Jlan11uo [6] (unu B T.H. "cenapa6enh-

110M" npn6JIH)KeHHH) :)TOT HHTerpan TmI<geC'I'BCHHO paBeH Hymo. 

Yµau11eH11e B GTOM cnyqae nµu1111MaeT BHA 

' ('l.) _ 1µ,c/2 -0,C=O. 

{ 
E(p)cos(2v(p)) =mu+ Ii 
E(p )8in('2v(JJ)) = p + tf l, 

4 

( 12) 

• 

J., 

-~ 

BapnaHT .5. 
B :)TOM aapuaHTe acHMilTOTU'ICCKH cao6op;HOC )];BlUKeuue KBapKa 

B ofo1acTlf 60.ribllllfX HMIIym,coa )];OCTHraeTCH na C'fe'.r Bbl'HITaHIUI 

nm6oµ:noro pcmemrn, a HMe1rno 

00 

if>= jdqVi(p,q)(sin(2v(q))"-·q/ Eo(q)), Eo(q) = Jm'l + q2
• 

0 . . 

Ypa1rne1111e nMeeT cne,[l.yJOl..l..lHH mm: 

{ 
E(p)cos(2-v(p)) =mo+ Ii 
E(p)sin(2v(p)) = p +If). 

(13) 

B COOTBeTCTBlUI c qiopMynaMH (5)-(6) µ,mr I_IOTCHl..(Hana (7)-(8): 

Vi= o:q [1n I (p+q)2+µ! 1-ln I (p+q)~+µ~ 1], V2 = aq_ 
2p (p- q)2 + fli (p - q)2+µ~ 2p 

. [p2 + q2 + µi 1n/P +q)2 + I'! I - ii+ q2 + µ~ lnl (p + q)2 + µ~ 1] . 
4pq (p - q)2 + /J·i 4pq (p- q)2 + JL~ 

KaK snµ,uo, Moµ,nqmKamrn oaTparttsaeT TOJlbKO HHTerpaII h. 
Ilpn 0TOM o6ecne•maaroTCH acuMnTOTH'IeCKtte ycnoBU.H ,IJ,JI.H qiyu

K1~1m :_meprn11 E(p) tt MaccoBoii q>YHKQUH KBapKa m(p) = 
E(p) cos(2v(p) ), KOTOpbie MOJKHO onpep;enHTb, HCUOJJhOY.H CBOHCTBO 

acuMnT0Tw1ecKoii coo6o,ll.hl: 

lim E(p) = p, lim E(p) = const, lirn m(p) = mo, liin m(p) = const. 
p-.oo p-+0 p-,.oo p-,.0 

)],n.H pememrn v(p) HMeeM cneµ,y101..l..lee acn:MnToTtt"'lecKoe noBep;enue: 

lim 11(p) = 0, 
p-,.O 

lim v(p) = rr/4. 
p-+oo-

(14) 

- Ilo,ll.C'l'aBmu1 noTeHQHaJI (8) B cncTeMy (2)-(6), rrepexop;11M K 

6et3panMCJJHbIM BemI'IHHaM no qiopMynaM 

E = E/&,·1120 = mo/o:,p = p/&,q = q/&,ji = µ/a.,C = C/c"t:, (15) 

rp;e a - MacmTa6 oHeprun. Ou 6yp;e'r q>nKcupoBan no pelllemrnM 

ypasuemrn BC ( TaK KaK pelllemrn ypasHeHM.H ill)], He .irnn.aJOTCj{ He

nocpep;C'I'Benuo 11a61110µ,aeMhIMH ). 
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2. YpaBHeHHe BeTe - ConnHTepa 

Mbr 6ygeM orpam1<nmaTbc.n a.Ha.nm10:v1 JH'meunii ypa.n11emrn l,C 
TOJlbKO oguoro Tllna MeUOIIOH, a. lll\lellllO 11ce11,u,on;a;i11p111,1x t-.ll':JO

IIOB, IlOCKOJihKY B cneKTpe HTIIX '!a.CTIIIJ, cy1IJ,eC'rBe11110 ll)lO.llBJI.lleTC.ll 

0cpcpeKT CllOHTaHHOro Hapymeml.ll KllpanbHOii CIIMMe'l')HIII. KaK 110-

KaDaHo B pa6oTax [2,5], ypam1e1111e BC AJI.ll 11ccB,t\OCKairnpHbIX Me-

00110B, COCTO.llllJ,HX HO ABYX KliaJ>KOB, B ct}leJHI'ICCKII-CIIMMCT)>ll'IIIOM 

cny<iae HMeeT BHA oaga'IH 11a.·coGC'l'BCHIILIC :.lllcL'IPllllll HJl.ll r.11cTCMhl 

gsyx JIHHe11HhIX HHTerpa111,n1,1x ypa.B11e1111i:i: 

C 
M uG)<P) = ( Ei(,,) - 2 )umc,,)-

00 

-2 J dq[cF) cF\11 (p, q) +.sf;) sF) Vl(p, q )furn( q) 
0 

C ycnOBHCM HOpMH}JOBKH 

4Nc l J M (211")3 dqlft(q)l'2(q) = L, 

rge 

- 7' Vi(JJ,'I) = -Vi(p,q), 
1/ 

- 1' V2(1,, q) = -Vi(p, q ), 
. '1. 

( 16) 

(17) 

( 18) 

( 19) 

Vi(p,q) 11 V2(p,q) onpegeJI.llloTc.n <I1opMyJiaM11 (5) 11 (Ci) cooTneT

cTseuno, 

cf~) = cos( v1(p) ± v2(p)), sf~)= sin(v1(p) ± v2(p)), 

v1(p), v2(p) H E1(p), E2(p)- pernenu.ll ypaaneHH.ll III.I], gn.ll KsapKa H 

annIKBapKa, Ne= 3 - KBanToBoe '!Hcno, Et(p) = E1(P)+ E2(p)
nonHaJ1 0Heprn.ll KBapKa 11 aHTHKBapKa, M II U(;) - co6cTaennhie 

:JHa'leHlrn u co6cTBeHHbie cpyHKIJ,HH :Jaga'ln (16), HMelOllJ,lle qJHOH'IC

CKlltt CMbICJI ypOBHett 0neprnn H BOJIHOBbIX <l>YHKIJ,lltt MeuoHa. 

B paMKax paccMaTJHIBaeMoro nogxoga. <JiopMyJia girn onpegene

HH.ll KOHCTaHTbl nenTOHllblX pacnagoB HMeeT CJ1egy1om11i'1 Bug: 

. = 
F1r = 4

Nc _l _J4; / dqU2(q)co.s( v1(q) + 112(q))q. 
M (27r)3 . 

0 

(20) 

6 

;.,. 

'f r 

Pewemrn CIICTeMbl (16) gon;1rn1,1 Y/\OBJICTBO)IJl'l'I, acllt-.lllTOTH'IC'CKIIM 

j'CJIOBll.llM: 

lim U(1)(p) = O. 
p-+0 2 

li111 U(1)(p)=0. 
1•-•x, 2 

3. MeTOj:l;bl 'lHCJleHHOI'O HC~JiegoBaHH.H 

ll11cJ1c1111oe pewe1111c ua1~a'I ILUL II GC, 111w.rv·TaBJ1e11111,1x B pau,u,e

Hax 1,2, ll)JOBO,l],HJIOC!, C IICIIOJll,llOlmllllCM 11porpaMMIIOl'O 06cc11e'[C

IBU1, pauJHt60Ta1111oro B [2). ,Uirn pcwe1111n ua11a'111 UlJl 11p11Me1u1JIC.ll 

MeTO,l], ll))OCTblX l!Tepau.nii, a /\JIJI JH'llleHll.ll llcl)\cl,'lll t;(' -- Mogm!m

u,11p0Ball11hiit a.llropwrM ua oc11ouc HAMB, 11pe/\llmKc11111,1ii B pa6oTe 

[7) II ll))OI'paMMHO pea1111bouaHHbiii B [8] ll!)IIMCIIIITCJihllO'K CIICTCMe 

llll'l'erpaJihHbIX ypaBHCHIIIL 

KaK IIOBeC'l'HO, TO'IHOCTh 'IIICJlelllll,IX pewe1111ii ypclBHC'Hlli'I ill.I], 
n BC naBIICHT OT PM - napaMeTpa nepexo.r\a OT 110J1y6ecK0He'lHOro 

IIHTepaaJia HHTerp11poaau11.ll [O, oo) K ,KoHe'IHOMY o·rpeuKy [O, PM] 11 

_OT h - wara Al1CKpeTIIOi:i CCTKII Ila Wl'OM OT)>CUKe. 

l1oCKOJibKY AJl.ll TlOTeHI~lla.Jla. (7) - (8) IIIITCrpallbI (5), (6) :Ja

TyXalOT MegneHHO ll)HI p -+ oo, ll)lllXO,[\HTCJI BC("'J'II BI,['IIICJ!ellll.ll 

11a O'!ellb 60J1bWOM HHTepmwc 1111Terp11pou,1,111111 [O, l'M ], 'ITO Tpc-

6ycT BHa'IH'J'eJ11,11oro ofrheMa KOMII l,(OTCJ>IIOii llalvUITII II yucJlll'IH

BaCT upeM.n Bbl'IIICJ1e1111ii. IloDToMy 111n1 paC'leTax IIHTPJ>IH\.JI 1111Te

rp11pouamrn [O, PM] paofo11mJ1c.n 11a ABe 'IaC'l'II [O, P;,,J 11 [I',w, PM]
B1,1'111cne1111.ll BeJIHCb C HCIIOJll,UOBaIIHCM paBIIOMCJ>IIOii Ce'l'KI1 C rna

l'OM h1 Ha nepBOM HHTepBane 11 6oJiee pegKoii ceTKII ~ waroM h2 > hi 
ua BTopoM. B 6oJihlllHHCTBe cnriaeu h1 = 0.05, I'i,1 = 4, PM = 300. 

KpoMe Toro, gn.ll TlOBbIWeHll.ll TO'IIIOCTII paC'IeTOB B ypaBHeHltll 

III.I], 11cnoJih:JoBan1tcb nonpaBKH Ir 1 (AH.ll ucex sapuawron) 11 h2 (AH.ll 

BapHallTOB 1 u 2), J'il!TbIBaIOU~lle aCllMIITOTII'ICCKOe IIOBE'/\Clllle <l>YH

KIJ,IHI v(p) 11))11 p -+ OO: 

1
2PM 

In= dqVi(p,q)Ju(q), 
. PM 

1
2PM 

122 = dqVi(p,q)fn(q), 
PM 

!11 
1no 

✓ 2 q2 + m 0 

'I 

.fn = J</2 + m~ 

(21) 
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l1pn 0TOM AII.ll CIICTeMbl (2) Mbl IIMecM: 

{ 
E(p)co.s(2v(p)) =mo+ /1 + /11 
E(p)sin(21•(7')) = J> + 1-i + 1-i-i. 

(22) 

'(TO B IICKOTO)JOM CMblCIIe :JKBllliaJll'IITIIO /\UIIOJIIIIITl':11.110:-.1y YBP:111-

'-ICHIIIO IIIITCpBaJia l1HTerp11 J>OBcUIIUI. 

4. AHanHo "<fHCJieHHblX peoyJihTaTOB 

B COO'l'BCTC'l'BIIH C 11peJ\CTa,BJWllllhlMII B (HUl/V'Jia,X I II 2 Mcl.'l'CMa

'l' H 'ICCK Ii M II IlOCTaHOBKaM II Ul,IJJO II JlOBCACIIO 'IIICJICIIJIO(' IICCJICJ\OBa

mte ypan11e11uii lll.Il, n .GC 110 napaMeTpaM n,111,µ-i 11 mo= mo1 = 
mo2- l1p11 0TOM cramrnach U~Acl.'la AJI.ll pa:JJIU'IHblX 1mp11a11TOB CII

CTCMhl fil-.Il, HaiiTH TaKIJC Ulla'IelHl.ll napaMCTJlOB, llJ)II KOTOj)bIX AJI.ll 

ocHOBHhIX cocTO.llHllH ypan11e1111J1 GC BhIIIOJ11rneTcJ1 yciwuue 

.6.. = M 1r ~ l :J 7 ~ l 04 F1r - 1:J2 - . ' (23) 

COOTBCTCTBy1orn.ee 0Kcnep11MeH'raJ11?HhlM AallHl,IM wrn 1111oua. llp11 

0TOM Macca U- 11 D- KBapKoB, 1m KOTOJJLIX cocTowr nuoH, AOm1<ua 

6LITh B npeAenax TeopeTw1ecKnx 01.(e110K mo = 2 + 10: M3B. 
JJ,u11a.MHKa llUMCIICIIIUI B()Jlll'lllll lvf1r, f'tr l1 D. B IJcUHICIIMOC'l'H O'l' 

napaMCTpou mo,µ1,µ2 l1 0: IIJlC/\C'l'aUJICIHL LI Ta6J1111\a.X 1-7. 
Pa:JMCJ)HhlC BCJIH'-11111 hi Bhl'IHCJICllhI 110 <l>uJHvtyJia.M ( 15). M a.cca 

1r-Meoo11a IIJHIHHMaeTCjl pa.Biwii l:H MnU, 1Jmt•ie11uc Kon<{H{>lll\Hewra 

ci OIIJ)CACJl.l!eTC.ll KaK a= 137/Mtr. 
l1u Ta6JI111.( B11,[\HO, '-ITO TOJlhKO AJUI ua.puawra 1 He YAaIIOCb 

uaiiTn oua'-ICHll.ll napaMeTpon, 06ecne'-111Ba1ow.11e BhlllOJIIICHHe ycJio

B11.ll (23). Ilpn OTOM B BapHaH're 2 KBapKOBa.ll Macca mo OKaOaJiaCb 

oua'-IHTCJibHO 6oJibllle yKanaunoit Bbillle TeopeTH'-ICCKOit OI.(CIIKH. Ilo

CKOJibKY HHTerpaJibI 1?> 11 1f> 6mmKH K uymo, peuyJibTaTbl pac'-le

TOB no sapuaHTaM 3-5 OKa::JaJUICb CXO)J,HhIMll. ::->To BIIAHO TaK)KC Ha 

pllc.2-4, na KOTOpbIX npeACTaBJICHa BaBHCllMOCTb OT' napaMCTJ)OB 

¢YHKQHH v(p ), ouepru11 E(p) 11 Macconoit q.>yHKQllll m(p ), noJiy'-leH

HbIX B peoyJibTaTe pellleHII.ll uap,a'-111 m.u no Ka}I<AOMY 1m 11.llTH na

pHawrou. Ha p11cyuKe 2 np11aep,eu1,1 rpaq_JHKH ouepruu E(p) P,JI.ll Ka

;,1<Aoro nu II.llTH aapuaHTOB, a 'l'aK,1<e cao6op,uoe peweu11e AJI.ll p,anuoii 

TOKOBoi1 MaCChl mo, onpep,CJI.llCMOe no q.iopMyJiaM 

✓ 2 . 1 JJ E(p) =m + p 2 11(p) = -arctg-. 0 ' 2 - 1no 
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Ha pucyHKaX 3 11 4 npHBCACHbl rpaq.>UKII q.>yHKI.(IIH 11(p) 11 m(p) AJI.ll 

Ka,Kp,oro u:J n.llTll nap11anT0B :JaAa'-IH ill,II.. PerneHH.ll ypaaueun.ll BC 

HJI.ll OCIIOBHOrO ( 7r) II nepu1,1x nnyx pap,11am,no boa6y)K]l.P.HHbIX co-
.. ( I ,,. I 

C'l'OJIIIIIII 7r, 7r ) WU! Bapua11'l'a. ll()<'ACTalrnellLI Ila 'pHc.5-10, 
a TaK)Ke a Ta6JIHLl,aX 8 H 9. 

3aKJIIO"<feHHe 

B 11acTOJIW.eH pa6o•re uccJiep,onanbI pa:JIHl'-IHhie uapnaHThl Mo

Al_Iq_JHKal.(1rn ypaBHeHH.ll m.u BMCCTO CTa11p,apTHOH npol.(CAYPhl nepe

HOJ)MllpOBKII BOJIHOBO~I q.>yHKI.(1111 KBapKa, HCilOJibOyeMOH B Teop1111 

BOOMYW.CHHH, H nony'-leHbl '-lllCJieHHble pellleHH.ll CHCTeMbl ypanue

HHH m.u H BC C noTeHI.(llaJioM, HMCIOll.J.llM BHP, IIHHeHHOH KOM611-

Hal.(111I p,Byx q>ynKI.(HH 10-KaBhI. PeweHH.H noJiy'-leHbI P,JI.ll n11011a KaK 

caJioaunoro cocTO.llHH.ll KBapKa II auTHKnapKa, 11Me10rn.ttx ueuynenwe 

TOKOBhIC MaCCbI. B Ka'-leCTBC KpHTepH.ll BbI6opa cxeMhl nepeuopMll

poBKII II q.>11Kc11pona1111.ll cuo6ogHhIX napaMeTpoB Mop,eJIH ncnonhoo

BaHo OKC11Cp11MCHTaJibHOe OHa'-leHlle OTHOllleHll.ll MaCCbI II KOHCTaHTbl 

J1ell'ro1rnoro pacnap,a n11ona (23). KaK H B [2 ], - P,JI.ll n0Te11u,11aira 

(7) - (8) YAaJIOCb HaHTH u11a'-len11J1 uapaMeTpoB 11 MO/(lll}mKal.(1111 c11-

cTcMhI lll,U, 06ecne'-111Ba1011\11e OAHonpeMenuoe onucamtc nnepr1111 H 

IWIIC'l'iUl'l'l,I pacnana OCIIOUIIOl'O COC'l'O.!IIIIUI IIIIOllcL. Og11a1w llpll l)'l'OM 

ypOBllll 011epr1111 pap,11aJibHO· uou6y,I<ACHHhlX COCTO.llHUH IIOJIJ'-IIIJIHCb 

cyw.ec•ruenuo HH)Ke HMeIOll.J.IIXC.ll OKCilCJ)HMCHTaJibHhIX 01.(CHOK. 

8 uaKJIIO'-ICHIIC O'l'MCTHM, 'ITO npoBC,[\CHHhIC paC'ICThl 110,[\TBep

AllJIII BOOMO)l{HOCTb 11Cfl01lb:JOBaHH.ll B '-IHCJICHHbIX HCCJiep,oBaHll.llX no

TCHI.(llaJia (7) - (8) u Ka'-lec-rue ueKoTopoit annp0Kc11Mal.(1IH KyJI0110-

BCKoro noanMop,eitcTBH.ll. B OTOH cB.llOll uecbMa nepcneKTHBHhlM c 

TO'-IKII opeHll.ll om1caHH.ll cneKTl)OB Mace KOHCTaHT pacnap,oB Meoo

HOB npep,cTaBJI.HCTC.ll HCCJIC)J,OBaHHe paccMaTp11BaeMOH MOP,eJIH B cny

'-lae KOM611Hal.(HH IlOTCHI.(llaJia (7) - (8) C OCl.(HIIJI.llTOpHbIM, a TaK)Ke 

C JIIIHCHHbIM IlOTCHI.(HaJiaMH. 

B.H.IlepnyrnuH 6Jiaro,[1ap11T Pocc11itcK11H <t>oHA ~YHAaMeH-

TaIIbHhIX l1ccnep,ona1111it (rpaHT 94 - 02 - 14411). -ABTOJJbI 

H.B.AMupxa11on, E.B.3eMII.llHaJI 1 ll.B.l1yobIHllH 1 T.11.IlyobIHHHa, 

T.A.CTpIDK 611arop,ap.llT Pocc11itcKHH <t>oHA <t>yup,aMeHTaJibHhlX llc

cnep,oaamd1 (rpaHT 94 - 01 - 01119) oa no,[\p,ep)I<Ky. 
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Ta6mn~a 1. BaplrnHT 1: 0: = 1.8, µ 1 = 0.001' /12 = !j 

mo 
ni0 (MoB) . Mrr Mrr/Frr 

(\' 
I~ (l\hH) 

0.1 1G.9 0.8 o.on ;_Hi.!J I !l I li!l.!l.'"1 
0.5 25.7 2.6 0.1:.rn 20.4;35. 51.-1, 
1.0 31.4 4.3 0.225 19,:3;3:3 ;31.'JG 
5.0 47.:3 14.4 0.284 50.947 9.4(i 

Ta6m1Qa 2. BapnanT 2:o: = 1.8, 111 = 0.001, 112 = 5 

mo 
Mrr/I~ '' ni0 (MoB) iv! ,r Frr (l\foH) 

'1.000 110.7.1 0.495 3.674 0.135 276. 7$) 
4.500 389.7 1.582 2.621. 0.604 8fi.59 

. 4;.800 296.8 2.215 2.419 0.91 Ci 61.84 
4.940 270.4 2.503 2.362 1.060 54.74 
5.000 261.5 2.619 2.346 1.116 52.:H · 
5.500 205.8 3.661 2._205 1.660 37.41 

Ta6nnQa 3. ~apnanT 3:n = l .. 8,111 = 0.001,µ2 = 5 

mo 
M,r. Mrr/ I~ 

(f 

1n0 (MoB) 1~ (MnH) 

().001 0.610 0.224 0.2:H O.!M7- fi l 0.G:J 
0.002 1.137 0.241 0.243 0.9!)3 GG8A l 
.0025 1.315 0.261 0.250 1.042 525.9(i 
0.003 1.472 0.279 0.257 1.086 490.49 
0.004 1.765 0.310 0.268 1.158 441.:rn 
0.005 2.036 0.337 0.279 1.208 407.12 
0.010 3.031 0.452 0.322 1.402 303.06 

Ta6nHQa 4. BapnaHT 4:o: = 1.8, µ1 = 0.001,112 = 5 

mo O' 
nio (MoB) Mn Frr lvln/Fn (MoB) 

0.001 0.608 0.225 0.237 0.949 608.19 
0.002 1.043 · 0.263 0.251 1.046 521.62 
0.003 1.551 0.265 0.251 1.056 516.85 
0.004 1.754 0.312 0.269 1.161 4:38.49 
0.005 2.012 0.340 0.280 1.217 402.:Hi 
0.010 2.957 0.463 0.327 1.415 2!)5.7:J 

10 

Ta6J1111.-1a 5. Bap11a11T 5:n = l.8,111 = 0.001,112 = 5 

nio " mo (MoB) M" fl]f' 1'1rr/F,. (l\hH) 

0.002 1.115 0.2.l(i o.:H ri 0. ,7!1 .'i.'i,.li I 

0.005 2.186 o.:H:J o.:n5 0.908 -1:3,. I !I 

0.010 :J.304 0A15 0.39:3 1.055 :i:Jo.:15 

0.020 4.879 0.562 0.460 1.221 2,t:UHi 

Ta6nuua 6. Bapnawr J:n = 1.6, /Lt = 0.0000 I. 112 = 5 

mo 
Mrr/Frr 

t> 

111.0 (MoB) Alrr Frr (l\l:,H) 

0.001 0.548:3 0.250 0.24:J 1.0:3 5,1s.:J I 

0.002 1.0:35!} 0.265 0,248 1.05 !il,.!l-1 

0.003 1.3517 0.304 0.260 1. l(j 450.57 

0.004 1.6061 o.:M1 0.27:3 1.25 ,101.5:3 

0.005 1.8262 0.375 0.284 l .:32 :Hi5.2•1 

0.010 2.6743 0.512 o.:J:rn l.!i5 2(i, .• I :J 

Ta61111~a 7. Bap1rnwr 11:n = l.6,µ1 = 0.00001,p2 = 5 

711.Q r Mrr/1~ 
(I 

nio (MoB) Alrr ',r (l\lnH) 

0.001 0.546 0.251 0.244 1.02G !j,l(j_;32 

0.002 1.083 0.2!i5 0.2'14 1.040 G•I I .G!i 

0.003 1.345 0.305 0.262 l.JG8 4'18.'l!j 

0.004 1.596 0.343 0.274 1.251 :m9.07 

0.005 1.821 o.:H6 0.285 J.:Jl 7 :HH.29 
0.010 2.669 0.513 o.:i:11 1.5:i0 2G(Ul2 

Ta6n11ua 8. BapnaHT 4:mo = 0.01 (3IvlnU), 111 = 0.001, 
µ2 = 5,o: = 1.s,& = 302.5 

M F M/F M(MaH) F'(l\foH) 

7r 0.45 o.:J2 1.41 1:37 I 09 
rr' 0.92 0.05 18.8 271 I ;i 
rr" 1.01 0.02 44.4 329 6 
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TafiHntt,~ !>. Ba.p11a11T ,1:mo = U.Ul (:IMnB), ,,, = O.ODI, 

r--.. ,.__ 

11' 

1r' 

·Ir 
II 

II , , -- r:, fl' - 'I r:, ,~ - f1'" r., 2 - ' ' - ~-, ' • - 0,\ 

M F M/F M(MalJ) 

1.9!) 1.06 1.87 J37. 

3.58 0.22 37.6 238 

4.06 0.11 16.5 281 

/i'(J,hB) 

(j!) 

.lG 

8 

0.00 ~ 1 ---~ 
-10.00 

-20.00 

,-- 1/r 
-µ; 
-µ, 

- - µ, 

>' 
• • • o o µI 
...... µ, 
••••• µ, 

0.001, ·µ, =50. 
0.001, µ2 =10. 
0.001, µ, =5. 
0.00001, µ, = 50 
0.00001, µ2 = 1 C 
0.00001, µ, = 5 . 

-30.00 

-40.00 

-50,00 11 I I I I I I I I j I I I I I I I I I j I I I I I I I I I j I I I I I I I I I j I I I I I I I I I ii 
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/ 
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_,,..-::,_...-········'········ 
,.,. 

,.. / 

,.. ,.. 

-J,Qi,!o I I I I I I I I&) I I I I I I I •&;II I I I I I ,6 i i i , , i i j j ~ 
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A~rnpxaHOB 11.B. HAP· · Pll-94-523 
1lHCJieHHoe HCCJieAOBaHHe MO'AH<:PHKaIJ.HH KX.D:-11HcnHpnpoBaHHOH 
· MOAeJIH KBapKOHHY c noTeHIJ,Ha.no~ lOKaBhI · ' 

. IloJiyqeHI>! qHCJieHHhie pemeHHY CHCTCMhI ypaBHemm: IIIBHHrepa ~ .D:att-
. coHa H Bere - CoJinHTepa c JIHHettHOH KOM6HHaIJ,Hett noTeHIJ,HaJIOB lOKaBhI. · 
PaCCMOTpeHhI MOAHq)HKaIJ,HH 'ypaBHeHHY. IIIBHJ;Irepa _:_ .n:a:ucoHa, YAOBJie'fB(}
p51IO~He q)H3HqecKHM rpaHHqHJ,iM yCJIOBHYM, KOTOphie HCil0Jib30BaHhI BMeCTO 
CTaH):(apTHOH npoIJ,eAYPhI riepeHOpMHpOBOK TeOpHH B03My~eHHH. IloKa3aHo, . 
qTQ nyreM onpeAeJieHHhIX MOAHq)HKaIJ,HH MO)KHO B0cnroH3BeCTH 3KCnepHMeH-, 
TaJibHhie 3HaqeHH51 MaCChI H KOHCTaHThI JienTOHHOI'O pacnaAa AJI51 OCHOBHOI'O , 
coCTOYHHY nHoHa. OAHaKo AJI51 Mace paAHaJihHhIX Boa6y~eHHH nHoHa TaKHe 
MOAHq>HKaIJ.HH 'AaIOT oIJ,eHKH, cyn:iecrBeHH0 MeHhIIIHe H3Becn1hlx sKcnepHMeH-
,TaJlbHhIX AaHHhIX. 
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Numerical Investigation of Modification - · ·.. . . · .< 
of QCD.,Inspired Quarkoni'um Model with the Yukawa Potential 
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,, .. .The numerical solutions to the Schwinger -:- Dyson and·B6the - Sal peter 
coupled equations with .the linear combination of. the Yukawa potentials are 
obtai~ed. The modifications of the Schwinger_:; Dyson equation satisfying the 
physical boundary conditions.are considered, which are·used instead of the 
standard renormalization procedure of perturbative theory; It is shown that by 

. means of the defined modifications o~e can reproduce the mass and leptonic 
decay constant of the pion ground state. However, these modifications for the 

. · I pion radial excitations give the estimations that are sniaHer than available I' 

experimental data·. · · · ' · · ··· 
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