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BBE.D:EHHE 

0AH11M 1113 uarrpaBJieimtt, pa13BHBaeMhIX B ~ocneAHee BpeM.ll An.ll e)l;H

H006pa::rnoro orr0camrn crreKTpocKorr00 nerKHX H T.irnrnJihIX. KBapKoHHeB, 

JIBn.lleTC.ll rri:,eAnO)I(eHHaJI B [1] IIOTeHQHanhHaJI MOAeJih C HCIIOJih130BaHHeM 

ypaB~emrn illBIIHrepa - nawc-~Ha (m-:i:o AJI.ll IrnapKo"B :II ypan~e~'iI'n, BeTe 

---ConmITepa ( B-Ci) AJI.ll HX CB.HtJ'a~HhIX COCTO.l!HHII C eiinHhI~· cpel;~MeIIO-
• , ·. '. ·, : '• ! c \ ' i '" . '- , It• . ' ,, 

JIOI'll'ICCKHM fIOTeHI.J,11anoM. 

YpaBHe1rne ill-)]; B paMKax µ·accMaTp1rnaeMoro rro~~op,a MO)KeT' 6hIT.h 

CB'eAeHo K CHCTCMe P,BY; ~eJIHHettHhI~ H~Terparrb'H~Jx"yp'aini:e~n:il ~- Tpex

~epHOM rrpo~TpaHCTBe;·p~inenn-H' KOTopbit ~ BoniIO~aJI <PYH~_nn.ll -~ cpy~-

1(1.1,11.ll BHepr1111 KBap1ia ~ BXOP,.l!T, B cBoIO o'-Iepep,h, n ypa~HeHH~ B-'C, rrpep;

C';'~BJl.l!R)U~ee c:06011 3ap;a'-ly ~a co6cTBeHHhi~ □Ha'-leHH.H p;il~ cncTeMhI _nHT~

;panbHh!X ypairneHIIII n TpexMepH'aM npocTpaHCTBe. Co6CTBeHHhI~ t3Ha'-!e

lUl.ll H co6cTBeHHLie ¢ynKI.J,tttt ypaBHeHH.ll B-C HMeIOT ¢11□1P-iecKttII cMhICJI 

ypo1rne11 ·:mep~HH 0 BOnIIOBhIX iP}tHKQHH MetJoHa. . . . . •. . 

. P.llp;oM aBTopoB ( cM., narrp11Mep, [2]) rrpoBop;JITC.ll 11ccnep;oBaHH.ll ypa

B_1ieH11tt ill-,ll, n B-C c panirn'-IHhIMH anp;aMn 0¢¢eK'l'HBHhIX rr·0Ten1.1,0an:0B, 

Bb16paHHbIMH 113 KaKnx-Jin6o qm□11'-1ecK11x coo6pa)I(eI-IJIH. I(eJILIO TaKttX 11c~ 

cnep;0B3:H11ii, IIOMHMO HtJy-qemrn xapaKTepHCTHK Mop;enn na Ka~eCTBeHHOM 

}'.POBHe, .l!Bn.lleTC.ll orr~caHHe .ttMeIOIIIIIXC.ll 0KCIIepttMeHTanhHhIX p;aHHhIX, B 

T?M '-IIICne _ cpE:KTpOB Me□OHOB 11 KOHCTaHT neIITOHHhIX_ pacrrap;OB._ . 

Ilp11 peme1i11n rr~cnep;neii' tJap;a~m neo6xop,11Ma pa3pa6oTKa p;ocTaTO'-IHO 

0¢q>eKTl1BlIMO 'MaT~M~Tlf'-le_cKOro l1 Bhl'-ll1CJI,11Ten~noro arrrrapa;a· p;n.ll ·pe

rneHH.ll cuc-r.eM ypaBnennii ill-,ll, 11 B-C. TaKoii arrrrapaT panpa6aThI:eaeTC.ll 
' . . . 

B HaCTO.l!IIIee BpeM.ll, 11 C era IIOMOIIIhIO rrony'-le~bl HeKOTOphie pe□yJihTaTbI, 

·OTHOC.l!IIIlfeC.ll K pa3Bl1THIO IIOTeHI.J,ttaJibHOII MOp;enu KBapKOHll.ll, 

. 'TaK, B pa6oTe [3]. nattp;eHbl, crreKTJH,I l~etJOHOB P,JI.ll c~y'-laJI o,CI~HJIJI.ll

TOpHoro n0Teu1.1,nana. 13 pa6oTe [4] rrpoBep;eno ttccJiep,oaanue ypaBHenttii 

ill-J( 11 B-C P,JI.ll rr0Te~r1.1,ttana raycca tt naiip,eHLI ycnoBtt.ll op,noBpeMennor~ 

orrncaHtt.ll KoncTaH'n,1 pacnap,a 11 Macchi ocnoBnoro cocTo.ll,Htt.ll rruor-ra. 

B uacTO.l!IIIeii p~6o;e · cttcTe~hI ypaBuenm1 ill-,ll, 11 B-C ttccJiep;y10TC.ll 

P,JI.ll,JJal3Jil1'-IHl,IX Mop;mpttKaI.J,Hll ypaBHeHtt.ll ill-)], C IIOTeHI.J,llaJioM, cop;ep)I(a

i'~ttM Ko~6mia1.1,tt~~ KYJI?HOBcKoro 11 Jittn~iino, pacTy11.1,ero .'-IJieHoB: 

1 
V(r) = -o:- + O'r, 

r 
(1) 

rp,e o: II a - rrapaMeTphI q0Ten1.1,uana. B tt_MnyJihCHOM rrpep,cTaBJieHttH 



yKaoaHHLIH noTeHu;11arr MMeeT crreAy10rn.11tt BIIA: .',: 

V(I - ;;1)· ; ,.4,r: 871" 
p- q,_ ~ -a, __ ;;12 - a,-_,;;14· 

. . . p q,. , .... p q, 

-;1,1._ (2) 

"'iicc~eAO~a~11'e pac~Ma~p~rna~MOII MW\elll~ .c IIOTeH11,11anoM Jl),(2) npeA~ 
: ; "/, ,, . : : ' •;.,,. . . . ' : . .. ,-',•. ' . 

C_TaBJI.HeT _MHTepei::, IIOCKOllbKY IIOTeHu;11an TaKoro BHAa ncno_nb:JywrcJI B 
' ; ,, : .. • .• - ' \ : . ; f 1. ,. • ~ : • ' ' . ' 

paMKaX 11HbIX IIOAXOAOB All.ll orrucaHH.lI crreKTJ)OCKOIIl1lI T.ll)l(enux KBapKO-

Htte1;1, (~M-, B. 'Icl:CTHOC:ru, [1,2,5]), . . ,,' : , .. 
. Il;eITblO Ha~To~iiie'ro llCCJieAOBaHH.H, KaK n B' pa6oTe [4], .lIBJI.HeTC.ll orrpe-

' ' t, • ' , .•' , ~ ' " ' ' ' '. ' • • ' ' : • I , • 

AeJieHMe crroco6oB MOAH<t>,IKau;utt ypaBHeHll.lI ill-,II,, 3Ha'IellHH napat-.IeT)JOB 

~~-;:~HQ~~n'{~ T-o~oBoii MaccbI KBapKa AIIJI ~OBMecTHoro on11~aHm1 Macchi n 

KOH~Ta~Thl ~aCII~Aa rr~oHa. OAHaKO pa3pa60TaH:1oe rr'porpaMMHO~ 06ec

rre'IeH11e MO)l(eT l1CIIOllh30BaTbC.lI rrpH pac'IeTaX crreKTJ)OB KaK nerKIIX, TaK 
. ' . f I • , ' 

ll T.H)l(eJibIX KBapKOHHeB . 

CiieAyeT o~Me~MTb, 'ITO AII.ll pa3nH'IH,blX BllAOB noTeH11,HanoB ypaB11e

mrn III-,II, n B-C CBOA.HTC.ll ·K pa3llll'IHhIM. BHAa1vi HemrnettHhIX <l>y1rn~110-

~~rr~m'.1x ·ypaBHeHIItt, 04l<peKTllBHhlM cpeACTBOM peIIIeHHJI KOTOphlX .llBJIJI

eTC_if nerrpepbIBHhitt anarr6r MeTOAa IhroToHa (HAMB) [6] II ero· MOAH<lm~ 

. K~u;;rn. IlbIOTO~OBCKlle HTepa11,11onu1,1e cxeMhI ycrrernifo HCIIOIIb30Bam~ch 

rrpu ,,'IMCne,;UiOM pernenm1 0THX ypaBHeHHll C ocu;nnn.ll;,,cipnhIM .IIOTellIJ,H

arroM [7], IIOTenu;narroM, rrpeACTaBJI.HlOiu;l;M KOM6niia11,mo KY~OHO,BCKO,ro n 

ocu;nnrr.HTopiloro 'IJieHOB {8], rroTeHu;nanoM faycca [4]. B AaHnott pa6o-re 

AiIJI peIIIeHH.ll 3aAa'In B-C TaK)Ke HCIIOJib3YCTC.ll wrepau;'iwrrnbIH rrpo11,ec~ 

mi OCHOBe MOAH<JlnKa11,nn HAMB. . . 
,. B 'pa6oTe Cq_)OpMyn11poBaHhl 'IIOCTaHOBKH 3ap;a'I AJI.H CllCTeM ypaBHe~ 

m1ii ill-JJ: n B-C c rroTeHIJ,~;arroM (1 ),(2), o6cy)KAaIOTC.H pa:JJIWIHLie MOAH

qmKau;ntt ypaBneni1:.H ID-.U ( TaK· H~tJLrnae1v1h1e "nep'enopM~pbBrrn BOJIHOBott · 

q)YHKIJ,1111 KBapKa BHYTPH MC30Ha''), ?IlllChIB~IOTC.lI MCTO/];hI 'IllCJICIIHOro 

HCCJIC/];OBaHU.lI. l1 rrpeACTaBneHhl IIOJiy'leHHhIC 'lH,CJieHHLie peayJibTaThJ. 
• - _. • ' j ' 

L YPABHEHlIE IDBHHrEPA - ,UAHCOHA 

C11cTeMa ypaB'ne_nntt ID-.U AII.ll aaµ;annoro rroTenu;Harra V(IP - 1/1), n, 

paMKax paCCl\-IaTpi-1Bae1v1oro IlOAXOAa HMeeT' cneµ;y10r'ii,nu BHA [7]:' ' . ' 

{ 

E(p. )cos(2v(p)) =mo+ -
2

1
1· .dqV(lf- g1.)cos(2v(q))/.(27r./ 

. . . ' ( ;1) 
E(p)sin(2v(p)) = p + •½IdfjV(l'ii- lJ1)lsin(2i,(q))/(211")'3, · 

~t-' 
·2 

.,,.: : 

'· ·(, ~ 

' ·~ .. _,. ~ 

• '!. : ' 

,i) 

b 

t 
l 
' ' 

rAe HHTerpnposam1e BeAeTc.H B TpexMepnoM npocTpaHCTBe Koopµ;mrnT 

BeKTOpa ij, t = (p/ P, ij/ q) - CKaJI.HpHoe IIPOH3BeAeHHe CAHHH.'IHhIX Tpex

MepHhIX BeKTopoB, mo - naµ;aHHa.H KOHCTaHTa (Macca KBapKa). E(p) H 

v(p) - COOTBeTCTBeHHO 0Heprirn H · BOIIHOBa.H <pyHKI.l;II.lI KBapKa, KOTOphle 
HaAO HaHTJl. 

Ilocne HHTerpHpoBamrn ITO yrrraM f!ij CHCTeMa (3) IIpHHHMaeT BHA . 

r):J,e 

{ 
E(p)cos(2v(p)) '=mo+ /i(p), 
E(p)sin(2v(p)) = p + h(p),, 

00 

li(p) = j dqVi(p,q)cos(2v(q)), · 
0 

00 

h(p)° = j dq½(p, q)sin(2v(q)), 
0 

1 1 21 -Vi(p,q)=2(27r)3q df!V(lp-q1), 

½(p,q) = .½ (
2

~)3q2 j df!(V(l'ii- ~)-

(4) 

(5) 

(6) 

(7) 

(8) 

PerneHH.H CHCTeMhl ypaBHeHHtt ( 4) ,3aBHC.lIT KaK OT BHAa IIOTenu;uarra, 

TaK H OT aCHMIITOTH'IecKoro IlOBeAeHH.lI <pyIIKI.l;HH Vi (p, q) H ½(p, q) np11 

p-+ 0, q = canst ( HJIH q -+ 0, p = canst), 
p-+ oo, q = canst ( 1rn11 q-+ 6o, • p ='canst), 
IP-qi-+ 0. . 

KpoMe Toro, H3 <pH3H'IecKHX coo6pa)l(eHntt <pynKu;nn /i(p) H h(p) 
AOJI)l(Hbl YAOBIIeTBOp.lITb orrpeAeIIeHHhIM acHMIITOTH'Ie,cKHM ycJIOBHJIM rrpn 
p-+0np-+oo: · 

lim Ii = 0, lim h = 0, lim Ji = canst < oo, lim h = canst < oo. 
p-;-+oo p-+oo p-+O p-+O (9) 

8'1'0 iiaKJiaAhIBaeT orpanu'IeHH.H na Krracc AorrycTHM~Ix rroTeHu;~arroB. 

II p11· 0TOM ·AJI.H neKoTophi·x noTeHu;narroB, nc~orrboyeMhIX B crreKTpocKo

mrn aApOHOB, llHTerpaJihl /i(p) II j2(p) B aCHMII;OTHKe MaJihIX 11601IblllllX 
• I • • • 

llMIIYIIhCOB HMeIOT paCXOAIIMOCTJl. . . 

,[(rr:a y'cTpaire1rn.ii a paCXOAHMOCTH B paMKax MHO)l(eCTBa BbI6paHHhIX IIO

Tenu;nanoB p.Hg aBTopoB i:rPeA~araeT 3aMeHH;b CHC;eMy ( 4) ~HCTeMOll TaK 

.. 

3 



HaOhIBaeMhIX rrepeHOpMIIpOBaHHhIX ypaBHeHI.tH ( 06bl'iHO TaKott rrpHeM HC

IIOIThOYeTCJI B Teop1m BooMylll,eHI1tt ): 

r;a;e 

·{ E(p)cof(2v(p)) = mo(l.-:Zm) + /i(p), 
E(p )sin(2v(p)) = p( 1 - Z) + h(p ), 

Zm =. co,nst < oo, Z = const < oo. 
-'. f 

'Ilop;6IIpaJI Zm JI Z, p;lI.lI HeKOTOpbIX IIOTeHI.J,JtalIOB' MO)KHO p;OCTH'ih BhUIOJJ

HeHJI.lI qmolt'IeCKJIX Tpe6oBaHHH, HaKnap;bIBaeMbIX Ha CHCTeMy ( 4 ). He

KOTOphie aBTOpbI rrpe;a;naraIOT IIOCTO.lIHHbie Zm' z naMeHHTh <f>yHKI.1,H.lIMH 

Zm(p), Z(p) II rro;a;6upaTh IIX crre11,11alil,HhIM o6pao·oM. ::hII aonpocbI 06-

cy2K;a;a10TCJI, B 'IaCTHOCTl1, B pa6oTax [2]. 
B HaCTO.lllll,ett pa6oTe MhI npe;a;naraeM. ;a;pyrou, 6onee o6rn.Hii cnoco6 

Mo;a;mJmKaI.J,IIII CHCTeMhl ( 4). CoxpaH.a.a .au;a; CJicTeMhI III-)], ( 4), nne;a;eM n 

Bhlpa)KeHJI.lI (5),(6) HeKo~opbI~ HOBhie <f>YH~I.J,HH ft(p,q) 11 h(p,q) CJJe;a;y10-

W.IIM o6paooM: ' 

oo· • 

fi(p) = j dq½(p,q)cos(2v(q))fi(p,q), 
o· 
00 

h(p) = J.dq½(p,q)sin(2v(q))h(p,q)_ 
I 1 0 • • 

(10) 

Bh16IIpaJI paolil1'IHhIM o6paooM cf>YHKI.J,HJ1 ft H h, MhI nony-qaeM pao

JJH'IHhie Mo;a;mJmKa11,11H 'yp~BHeHI.l.lI ill-)],. T~K, HaIIpHMep, e<;JJl1 

{

. · ·'cos(2v(p)) ~ r;;0 ; ✓;2 + m[ · ·J1: = ' .. ,. . . .. ) ' 
cos(2v(p)) 

f 
_ sin(2v(p)) - 1 

2 - ' . , sin(2v(p)) 

.. : (11) 

TO noJJy'IaeM CHCTeMy ypanneHitii III-)],, paccM0Tpeuuy10 B pa6oTe [9]. 
Ilpu ff= 1 ·11 f 2 ~ 0 ~bl UMeeM o;a;11·H ·u'o' nap11a1ITOB Mop;11.<lJ11Ka~n•u ;pa-

BHeii:idr' ill-.I(, r'aCCMOTpe~HhlH B. p~6oT~;[4], it'.~-~'. .... : : . ·.,';, ,., 
B 'Ka~edrne nap1iaHTOB BbI6opa' cpyiIKtiuu Ji"'it h MoryT pacctvrn

TJ)HBaTbC.lI, Harrp11Mep, anan11TH'ICCKHe. peii.i'eHltji yJaBHCHH.lI. :in peAH~~ 

repa: c; CObTBe'l'cT'nyiorn.uM ~0TeH11,'n~~~M· [iol,' a. TaK~e ··q;yHKQ'ii~' BH,U.a 

paexp('~fipflinn 7pa/(pci-{1)"'·~·~.~-; rAe·a'to·,;r~· 1,,y'> o:. ·'. '- .. , 

,f 

\ 

l, 

( 

r 
f 

, OTMPTll~i. 'ITO l~OCKOJILK.V JH'UI~Hllll E(p) 11 D(p) CIICTCMbl ( 4), (7), (8 ), 
( 10) OTIHCbJBaJoT He CB06o;a;111,1e KBapK11, a KBapKII, HaX_O,[\JllI.J,llec.a B CB.lI:JaH-. 

HOM cocToJ1m111 ("anyTp11 1v1ea0Ha''), To BhI6op <f>ynK11,1111 ft II h MOiKHo 

CBJitlaTL He TOJJhKO C pemeHl!JIMII CIICTPMbl Ill-)],, 110 II C peUIPHIIJIMII li1 (p) 

11 U2(p) ypaBHemrn E>-(\ T.e . .ft= .f1(p,U1(p)},h = h(p,lfi(p)). Ypa

B11e111111 Ill-fl II f>-C B :lTOM CJJ.V'Jae Ha~10 pemaTL KaK e;a;1rn_v10 c11cTel\1y 
ypaB!IE'IIJBI. 

8a.MPTl1M, 'ITO B 11a.mw1i pa60T<:''Mbi lie aa1111Ma.el\JC.ll o6onioBa.HlleM 3a

MPllbl CIICTeMLI ( 4 )-( 6) Ila CIICTeM_v ( ·!),( 10) 11 KOHKIJPTIIOI'O BbI6opa <f>yu

Kl(IIli f1 11 h 11cxo11J1 11:1 ljJw111•1crK01i KOpjH'KTIIOC1'11 :\JOlV',111. Kp11Tep11eM 

npa.B11JihHOCTH Toro IIJJII 1111oro Bb16opa. i)TIIX 1l>YHK11,11ii B 11acTo.arn.eM nc

CJJP/WBa11u11 JIB/lJl{'TC.lI 11paBJ1JJb1IOe aCIIMTITOTll"leCKOP llOBP/\eHJte pemeH1111, 

OTCYTCTBite pa.cxo;a;11MocTe11 B 1111Tcrpa.JJax Ji II h, a: TaK;Ke KOJllI'iecTBeH-

11oe ormca.1111e :lKC11ep11MeHT.a/ll,HblX ,[\allllh!X ~\JJJI MaCCbl II KOHCTaHTbl pac
na11a OCHOBIIOI'O COCTOJIHIIJI 11110·11a.. 

06paTHM oco6oe BHIIMitHII(' Ha npaBll/lbHYID na.1111cL CHCTPMhl ypa.

BHe11u1i ( 4) AH.» m111e11Ho pacTy11.1,ero noTe1111,uaJJa.. II011cTaBJJJ1.a rroTe1111,11aJJ 

(2) B CHCTCMY (4), Mb! no11y'•iaeM IIHTerpaIIb! Ii II /2, J)ilCXOA.lill\IIPCJI np11 

1ft - 111 -+ 0. llcnorrhtJy.» COOTHOUICHI((' ( TO;!i:,[\PCTBO) 

l l . l 

I- :;1'1 = ::,6.,..-1_ ;;12 p - </1 L, p - q, (12) 

( 6.,.. - orrepaTO!l Jlarrnaca, ( · )
11 = ~( ·) ), rncTeMy ( 4) nepen11meM rne1w

IOW.JIM o6panoM: 

l'Ae 

{ 
E(p)c~s(21,(p)) =mo+ h1\· + liL, 
E(p).m1.(2v(p)) = p + 121,; +In, 

l • 
f1K = ii:-/1],;, 

p 

l • 
121,; = ii:-lu.;, 

p 
CT 'II 

111, = -:,-l1K, 
L.JJ 

· a .,, 2 ~ 
In= -:,-[f2K - 2 121\·], 

L.}J }J 

- I 
n = -

2
11' n, 

00 

l 
CT= --CT, 

71' 

. J JJ+q Irn:(p) = dqqlnj-.-lco.~(2v(q))J1(p,q) 

(13) 

( 14) 

p- q • 

000 .· (15) · •' 2 . ·2 . . J . J) +q . JJ+q . 
f.2K(JJ) = dqq[-l + . lnj--j]szn(2v(q))h(p,q). 

"2.pq p - </ 
0 . 

5 



TaKIIM o6panoM,. cHcTeMa ypaBueu11it ill-,IJ, An.ll n0Tenu;11ana (2) cBo

AIITC.ll, K p~weHHIO _Kpaeaoit :~a:Aa'lll An.ll CIICTeMbl uemrneiIHblX ypaBnem111 

(13)-(15) C rp'au'H'IH~IMH yc'.~()BH~l\,111 ' ' . 

lim v(p) ='= o,· liin v(p) = rr/4, lim E(pj = const, lim E(p) = p. 
P-;-+0 . ,_ p-,.oo • p-,.Q p-,.oo 

· 2. YP ABHEHHE BETE - COJIITHTEP A 

PacCMOT.pllM ypaBHem1e B-C An.ll nceBAOCKan.llpHbIX MenouoB, coi.:To

.llllll!X ll:J 1rnapKOB c pa:JHblMH MaccaMll [7]: 

,M Lm(p) = Et(p)Lm(p) -

j (
2
~3 V(lf- q1)[cF)c{;) + (sF)sF)lLrn(tf),(16) 

rAe 
(+) ' 

Gp- = cos(v1(p) ± v2(p)), 

'(+) . 
Sp- = sin( v1 (p) ± v2(p) ), 

v1, vz 11 E1, E2 - pewemrn ypaEiHeHJ-i.ll ill-,I], AnJI KBapKa 11 aHTIIKBapKa, 

Et(P) = E1(p)+E2(p) - 110rruall :rnepm.ll Menoua, M - copcTI~eHHoe mm
'leHHe (Macca CB.ll:Jam,~ro COCTO.l!H11.ll),Lc)- BOJIHOBble <PYHKIJ;HH. YcnoBne 

nopMnpOBKH HMeeT BHA 

4Nc j dij L1(ij)L2(if) = l, M (2rr)3 
(17) 

rAe Ne = 3 - KBaHTOBoe_ -q11cno. Hcnorrb:JYJI nony-qeuubre peweHH.ll cn

CTeMbI (16), MO,KHO Bbl'IHCJIHTb KOHCTaHTbl nenTOHHblX p
1

acIIaAOB IICCBAO

CKan.llpHblX MC:JOHOB: 

4Nc J dij . _ 
F1r = --x;r ._ (21r)3 L2(q)cos(.v1(q) + v2(q)). (18) 

BrneM HcKaTb peweun.ll cHcTeMbl (-16) B .cneAy1011IeM BHAe: • 

L(;)(P) = t ~ U(;)tm (p)Yi,~(0, </>), 
l,,n '\ . 

'(19) 

l'AC Yim( 0, </>) - cq>epH'ICCKHC <f>YHKIJ;HH. 

6 

) 

\ 

}. 

t 
_;, 

'·· IloAcTaBHM (19)'B qiopMynhI (16),(17) npµ l,m,='0 (cqiepn'IecKH CHM

MeTpll'IHbii'1 cny'Iatt ). TorAa Afl.ll noTeHu;HaJia: (2), o6ooHa'lllB ;i:vrn KpaTKo

crn UG)90 = U(i), ~oµy-qn~ . 

rAe 

MUm(p) = Et(p)Um(p)-
' : ' '. 00 / / ' . '••' ' : • • l • ' : ' ' ' I'.' ' ~, . ' C > 

2·J·d [cC+)c· (:;)Ti: c· · ) +· s(:;)s{~)Ti: (_. ·)1.·u- · ( · ). (20) - q · p ·· q vi p, q • p' q · v2 p, q G) q., 
0 

4N, 1 ex/. 
Mc,(27r~a IdrU1(q)U2(q) = 1, 

0 . 

" p· 
Vi(p,q) = -Vi(p,q), 

q 

" p . 
V2(p,q) = -Vi(p,q). 

" 'i ~ ': \' ,q I·' 

(21) 

Vi (p, q) tt Vi(p, q) onpeACJI.l!IOTC.ll qiopMynaMH (7),(8). 

<Pop Myna Afl.H >KOHc:raii;bl rrenTOHHbIX pac~aA~B npinAeT BHA '. I 
' \. . 

00 . 

F1r = 4:c (2~)3 ✓,i; j dqqU2(q)cos('l!~(q)+J2(q)); 
. . 0 

', • (22) 

. ~ . -. •. 

1:.JJ06hi ycTpaHMTb pacXOAII1'10CTh. IIHTerpanos njfa Ii - iii -4'. 0 'Afl.lI 

JIHHCHHO pacTyIIi;ero IlOTeHIJ;Jiana, TO'IHO TaK )KC, KaK II B npeAhIAYID;CM 

panAerre, nepen11weM CHCTeMy (20) cneAyJOrn;HM o6paooM: · 

l'Ae ·i: ,; 

{ 
Et(p)Ui(p)-:- MU2(p)- 2J1(p) = 0, 
Et(p)U2(p)- M,Ui(p) :-;- 2]z(p) = o; 

J1(p) = cl->[aw}K\p) + ;cw}i\p))"l +·: 

. , (23) 

; • 1 ;, ''' c..:. ( :_ , {.:.) ; : \ 1 'if ' . , ( - ) II . 2 (-'-) , : 
+ Sp [aW2K (p) + 2((W2K (p)) ~ p2 W2K(p,))], (2'.i) 

h(p) ~ cf>[awH\p) ~·~cw;t>'(p))"] + ~ 
!ft·,,:,·<i , :, ', 2 .. , '. . ;, 

+ .st>[awJt)(p) + ;c(wJP(P))" ~ :2 wJt)(p))], (25) 

;7. 



00 

,,.1·, :H •wi .. :H\', \W!~t;;::;}d_<11n1P.~ q1c{~)uGj(q), r-; . ":. (26) 
,::\:t,.~;q.1 ,~r:---: :n,~ 1<~!~.·.-•d<,- . 1 ~.~;a~ .~~;.:' ·~·::_,1, i ... ;: 1, ,,: , ,.:· ' .. , 1i; :;J)·i•,: 1,. 

00 ,., . . . ' 

W2~) = J dq[-1 + P
2 
+ q2 lnlP_+·q iis:~!)~J 2 (q,).. (27) 

2pq p_-.q . . }1). ' ' 
0 , .I '. . • .• ~ _; .• '. •.~ ' 'j 

IlocKOllhKY HHTefP\Ulfl (26) 11 (27) 11Me10r ~HHryrr.npHOCTH npH 

jp:.:+,izl, r-;-i,-. p;[ux, yµ;oo'Iiq"-np"~,i(cTaBH;L'Jc,' s: ciI~AYJOI.QC!-4 Bip~e: 

(!) (!) (!) 
w1K = WnK + W12K, 

··· w<!},_:.:1w· (!) 1, w'C!) · /. · 
2K - 21K +. ,22K' · 

r}.l.e 

(+) (+) i '; . ·,' ' ; ' wllK = Cp:: S½(p)ric6(p), ' .. ,, ; '; '.' ., ' 

C!) 00 . \·+ ~ ;:. C!f· ,,; .. , ., er 1:;t. , .. -.. ;·. 

W12K·•:::= ·Idqlnlp:.:_ q.l[Cq ·!Um(q)-,-Op ,UGy(P)ls•.· 
0 

W(!) ,, s(!)STf( )U ·c·) \ ' \ 21K = . p - v2 p m •P , -·, , , 

(28) 

(29) 

wC!~ = 
it• .. •. t22K 

00 ,, 

j d [-1 p2+q
2
ln[p+qlJ[i!)U2 ( )- c:;C!)U2 ( )] 

q .. '\~ •'2p<j':'I p.!.!.'q••••q .h (i}CJ.,,<>'J), ,•(1) p) 
,;;:'U!)J)1\.I',. •:! ~; 

SVi(p) 

' '•• Tf ( ) ,;.Bv2 P 

,~0 -~ ,i;'.: '; :, . ,,~.-~,, ;: . .;. ,·i,1.·;' ~-;it! t1 1 . 

J·dqlnl;~ :I,'':· ·' ' ',,,;: · •;,,, '''' .,, "· 
l · '•2 •2 . ' ' 

J _,, ·- ' \ 'p -+ q ii: p + q 1
,; '. ' ! 

dq[-1+, , 
2 

. ,,,lril-r-;:-:;-1]., . 'l ' ' ' •., ', .. pq . ' ' p ....... q ' •\ '' ' ' ! 

OTMeTIIM, 'ITO aHalIOl'H'IHbIH npHeM llCilOIThl30Ba~c.n H npH BbI'IHCJieHHH 

IIHTerpalIOB (15). ,Upyroii BapHaHT npe}.l.CTaB_lleHH.lI 11HTerparroB (26), (27) 
: '. 'i' ,. , .... . . ·,,. '.; ·'' ' }.l.aeTC.lI B npHlIO)KeHn11.· ,,,:;:· ,·: ... , ·;: ,- ,,,j ,,'. ;J,,! ,f.J ,,·, ,\. 

.. TaKHM o6p~ol'\1, cH~TeMa ypaBHeirnii {;W). npH,EIHMaeT BHA l3a}.l.a'lll Ha 
i., ,. : . , ,-• , i l _. . ; ,, . \ · ;.J , . ; . ·,fl. I' !t,_.1 .' 
co6cTBeHHhte,oita'leHn.n ''. ·1 ·,,.·· · ! ',. · • \,' ,',•: '"', ·: • ' 

'·, } 

{ 
V13U{' + V12Uf + V11U1 - MU2 - 2J12 = 0, (

3
0) 

Vi3Ur + V22Uf + V21 ll2 - AfJh - 2.f22 = O 
," ~-'~; 1 :·: ,: \•·', -~!' '. 1 :',~··}l ·;:•fj·;\: 1 

.... _~•-\ .:.-· i'-.~ /.•\. 
c YCJIOBHeM HOpMHpOBKH '(21) w rpaHH'IHbIMll ycrroBiiJIMH · · .. 

., ., I • • ,': • '. ~ ', • )- ·, ~' ~ ... i '" I • ' \ ' ',.; ' • I ... \ '. l J . .~ ,;, ;. 

at',:.! ' ,.S'S.' I':-: , l ·1iin u('.l;)'(p }~.fo; I~: .,., li'tfi' (J;{i)'{p) :::/0, t 
p-40 2 . p-+00 \2 

$ 

,i 

i 
) 

> 

~ 

l'/J.C 

Vii Et(p) - 2{ct->[(lcv;(-> + i(cv/->)11
} + s

1
\->[a.s-v}-1+ 

+ ~((.S'V}-l)" -
2
2
sv}-lm, (31) 

£. . p 

Vi2 -2a-[c!-\ci-;1-))' + st>(.svt>)']. (32) 

Vi3 -a-[(C;,->cv1
1'""'> + stlst,rJ-\ (33) 

\·21 Et(p) - 2{C1\+l[iiC'\)+l + i(('\.)+l)"] + S,\+l[aSV}+> + 

+ ~(( L'\/(+))1/ _ 2 Cj'l,'(+))]} 2 ,J '2 p'2 •.• '2 ' (34) 

Vi2 -2a-[c!+\cv?>)1 + s,\+\.sv}+l)'l, (35) 

"'23 - -[c(+)cp(-t') + c•(+) C'\/(+)} a 'p . , V 1 ,Jp ,J 2 ' (36) 

J12 C (.'..)[-,u(-)( ) cr{u/(-)(· ))"] c(-)[-,H-)(· ). 
P O'.YYl'l.K p + 2 YI 1'21\ p + ,JP 0-tY22K p + 

+ 
a- {-) ,, 2 (-) ' 
2HW22r,·(p)) - JJ2 W"221Jp)}], (3i) 

J22 C(+)[-u;{+) ( ) a-(H'(+) ))"} d+)[-'·v(+) ) 
P O-n12KP+2rr12K(P +.Jp, O'.t22K(P+ 

+ ii { (+) . ))" . 2 ,(+) )}} 
2 ( WnrJP - p2 H 22J..·(P , (38) 

cv/!) = C\~!) SVi, C'I/(!) _ ~,(!) L'\,'. 
•' •2 - ,Jr, ,J 2· 

3. METO,IJ;bl qffCJIEHHOro _HCCJIE,IJ;OB-_;\HH.ff 

PellleHHe CIH'.TeMLI (4),(7),(~),(10) (na)\a'ia III-JO Bhl'IIICJJJIJ10c1, no onu

camwMy B pa6oTc [4] a.nropnTMY' peammy1olll,eMy Ilj>IIMCHIITCJlbHO K }.l.aH-

110i'i ::rn}.l.a'fe MCTOA npocTbIX nTepa1u11i [I l]. 
· ,Uirn •mcrremrnro pelllcmrn cncTeMLI (:rn)-(38) (na}.l.a'rn B-C) 61,1n pa3pa-

6oTaH wrepal\HOHHbIH npol\ecc, anarrorii'lllhJli npe}.l.cTaBrreHHOMY B pa6oTc 

[12] n .nnn.n1olll,Httc.n KoM611Hal\Heii HAMH c MeTonor-./ nocrre}.l.0BaTen1,u1,1x 
np 116rrH)KeH11.it. . 

Cornaciw· npe}.l.rraracMoMy no}.l.XOAY f\JJJI na,llaimoro Ha'iaJ1L11oro npn-

6JJH)Keturn -\~(~) (p ), A:(0~ BhI'lllrn.n10Tc.n <PYHKI.\1111 J[~) ·11 J~~) no <}>opM_vnar-.i 

9 



(37) II (38) COOTBeTCTBeHHO. Torp,a CIICTeMa (30) rrpH!ll!MaeT B11/J, ,3a

)],a'III Ha co6CTBeHHbie [)Ha'leHil.ll )],il.ll CIICTeMbl p,mp<f>epeHIJ,llaJibHblX ypa

BHeHIIH'n*dporo nop.lliKa. Ee· pe~eHH·e ooyruecTiimieTc.ll· corrrarno HAMB 
C HCI10Jlb30BaHHeM M0)].11c{mu11poBaHHOro rraKe-ra Ha OCHOBe nporpaMMbl 

· ' ' . · 1 . 1 
SLIPS2 (13]. Ilorry•1ennoe CJie)].yIOIUee rrpH6m_nKem1e (Uc/P), M ) BHOBL 

. ll~I1Qilb3YCTC.ll AJI.ll Bbl'IHCJieHil.ll <PYifKUmI 1gi ll _Jg) ,H T-A:-P.O caMocorrr_aco-

~aHH.ll, T.e. p;o 0/J,HOBpeMeHIIOro BblITOJIHeHl!.ll rrpII HeKOTOpOM n crrep,yIOIIJ,IIX 
ycnos11it: 

{. n·un;c;) - Uff) 1 (P)II < {]' 
jMn - M"-1

1 < tr, 

. { IJ. (n) - J(n-1)1 < . 12 ·12 t2, 
(n) , (n-,1) 

. · . 1122 - .122 · I < tz 
' ' 

(39) 

n1,e tr > 0, €2 > 0 - na)].aHHhre MaJ.Ihre 'l11crra. , 

· · Komt'leCTBo "s11yTpen·n·11x" ~Tepau11~, 11eo6~0/.\HMhIX p,n.ll pewenn~ na

Aa'-<iw na co6cTBeHHbie 3Ha'leHl1~ (30), B 60Jib~llHcTBe 'crry'laes ne rrpe

BbIWaeT 2Q rrpn BXO)].HhIX rrapaMeTpax rrporpaMMhL SLIP:S2 TAU=0.05, 
LST=3, EPS~o.ool.' · · " · ·· · · · 

. -,1111crro "snewn11x" HTepau11it cyruec,Tsenno, :3annc11r OT Bh16opa na

'laJibHoro rrp116rrmKeHH.ll H Korre6rreTc.ll o'i'· 20 AO. 50. Ha116orree 0cpc{>eK

T11snoit, KaK; ,11 B .[12], JIBJI.lleTCJl .TaKall ~prammaJJ,11.ll Bbl'll1CJil1TeJibHOI'O 

rrpouecca, rrp11 KoTopoit rrorry'lennoe )].JI.ll neKoTopbIX nHa'-lennit rrapaMe

TpOB pewen11e 11CI10Jlb3YeTC.ll KaK ,Ha'laJibHOe np116riliM.eH11~ il,il.ll peweHl1.ll 

na)].a'l11 B-C c p,pyr11MH rrapaMeTpaM11 ( T .e. MeTOA npo)].omKeH11.ll no rra

paMeTpy (14]). Ha nep.130M ware B Ka'lecTBe Ha'laJibHoro np116rr11M.eH11.ll 

HCI10Jlb30Banacb qiyHKIJ,ll.ll u(~/P) = pe-p' M 0 = 2. Ilp11 0TOM Ha'laJibHOe 

fHia'len11e 11eB.ll3Kll HMeeT rrop.l!P,OK 102
. 

Bb1'111crrHTeJibHaJ1 cxeMa pearr11nonana na pannoMepnoit ceTKe no apry

MeHTy p C 
0

Uil!'.rbM h w' MMeeT BT
0

cipo~ 'n6P,JIA~K;~xoh1-iMo'cH1, q
0

TO hop,TBep

;K)J,aeTC.ll pac'leTaM11 na rrocrrep,osaTenhHOCTl1 np,soe cryIIJ,a10IIJ,11xc.ll ceToK, 

rrpel(cTanrreiinbIMH s· Ta'.6ririIJ,e 1. ,, 
•·· :, , ;· .'"•·I 

T?-6m1~a ~. llHT~psan. (0,6], 

,mo::::;: 0),a,== Q.1, f':T' 0.1 

I war ceTKH 
. l .. , LM.~ l'lli(0.6) I U2.(0,-6) ,· , 

h=0.100 1.7691 7.8183 6.621,9,, 

. ''. . h/2=Q.050 . . l.}744 . . 7.,7721., ,,,6,60~8 ... 

-;,•t • h/4~0.02,5 .. , 1 }7µ,7 . ., .7]7_61 1 . 6.600q/, 

~ = (h - h/2)/(h/'2 - h/4) 4.16 4.05 . 3.94 
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& 
'·i 

j 
·l 

, Bw11.1crrem1J1,rrp~.BOAJ,J,rruc~-~Q,.8BM;VAX,8,3,50 .~ J;>.<;/AT,,48t ,,;!; 
Heo 6XO)J,11 MO OTMeTUTb, '-ITO IIpUMe~rnue .OIIUCftH.u9r~, ~rr.r:o,PU:J.'M3;.,B.~~;i 

Memmo ./lflWh np11,o·,./; 0,,, KpoMe Toro, B1;>I'-lu_crreHIJJI. no~?-!3~n.11,:';l'l',O:,npu 

a>> 2a uTepauuoHHhIH;.npoIJ,ecc .fle_~xop,nr_CJI.1 ., ,.; ,: •,: .', ,,.,. j,_., , .. , .,.> 

4. AHAJIH3 'CJ:HCJIEHHhIX PE3YJlhTA';c'OB 

· · B 'i'a6rruuax 2a 11 26 npep,cTaBrrenbI penym';'l'a±BI Bbiqnt'rreliIIII' 1µ;rrir·pan1 

rrn'IHhIX n11a'-len1tit rrapaMeTpt':>s' a, 'a- 11'rtio -npfl'Ta-K' 'Haob'IsaeivloM :"tB66oi 
il,HOM peUieHn11'' ypaBHeHl1Jl'ill-)J:'· . ,: ,. ,,.,'.1,,;1, 'i •'-l'.c:,::,;•' 

, . , ·. I I : •. f, ' /, \ > ' • ,' , .' • l ' ~} , f' < •·; •' f; • • ,, ' l J ) •• :·.• ( ".' 

, v(p) -.=.a1·ct9L, · '· J E(p) = Jm5 +p2, • . ( 1 -i •.• ·, '{40) 
' l t. . • ,.n~,Q. . :·.' 1 t, • ;' ~ •. 

,•\ ! -~: 1 '·· ' ' 

COOTB.eTCTBYIOIUeM Bbl6opy- h(p)•= fz(p). ==-o~, •:· ', · :·,, 1.i .,,,,, h , 1_\d-; 

,. 

_ Ta6rruµa'2.~:· iI~~~~·~-~ri]oJ.oL 
· • ·· •.- .::.::'.'.:.;,i,'~A-'t~o·~:q,0_1 

[TI O' . J 'F1r I M,, I ' M1r, I 
0.0 

•0.0 

0.0 

0.0 

~ 

0.005 I 0.005 I 0.48 I 0.92 

0.01. 1-0:005,l·0.68"1; 1.1.2 ; 1;•) r, I{, 

-0.-10 I 0.005 I 2:05 I 3.21 , 

0.50 I 0.005 I 4.62 I 6.96 

1.00 I 0;005 ·I 6;71' H0.35' .:: 

0.10 I 0.006 l L83 •I. 2'.75 

0.10 l·0.006 l L5FI 1:2.43 
,, .. ,, 

Ta6rrIIIJ,a 26. llnTepBan [0,10), 

h= 0.1,a = 0.1,a = 0.1 

,j mo I, ,F1r I M1r IM1r, 
0.01. 0.006 1.31 · 2.58 

0.10 0.06 1.83 2.75 

0.50' 0:27. 2:02· ·3.61 

1.00 . 0.34 2.71 3.35 

3p,ecb n )].arree Mn II Mn, - co6cTsennhle ona'-leHIIJl ypasnemrn 

B-C p,rrJI 6enyorrosoro 11 O)].HoynJionoro pewenIIH, coOTBeTCTBYIOIUHX B pac

cMaTp11saeMOH Mop,errH ocuosnoMy II nepsoMy pap,IIarrbHo BOn6y)Kp,euuoMy 

COCTO.llHl1JlM nuoHa. 

p. 



ii 
I 

' 

IlpH pellleHHH ypaBHeHH.H ffi-,U llCilOITb30BarIHCb Bee BapHaHTbl BbI6opa 

cpyHKIJ;HH Ji n fz, np1IBeAeHHb1e B n.l. 

CneAyeT OTMeTHTh, '-ITO npn HCilOITb30Bc1HllH cpopMyn ( 11) lIHTerpan 

I2L pacxoAHTCll npn p _, 0. Ifpn 11cnonb30Bamrn 

Ii= (½(po,q)- ¼(P,<i))/Vl(p,q) (i= 1,2), 

06ecne'-1llBa10rn;eM CXOAHMOCTb B Hyne, Mbl nonyqaeM n~rap11¢iMH'-leCKYIO 

pacxOAllMOcTb llHTerpanoB liK 11 hK npn p _, oo. 

IlpaBnnhHoe acnMnTOTll'-IeCKoe noBeAeHne llHTerpanoB Ii 11 /2 YAa

Banoch o6ecne'-IHTh nyTeM BbI6opa Ji n h B BHAe paexp(-/3p) nn11 

,pa/(pC< + 1)13, ecnn a 2: 2,/3 2:.2. 0AHaKO IlJJH 0TOM llX BKITaA no HOpMe 

He npeBbilllan 5. 10-
2

, If peweHHll 3aAa'-lll (4),(10) Mano OTITH'IailHCb OT 

( 40), a penynhTaTbI perneHH.H ypaBHeHH.H B-C npaKTll'leCKH coBnaAann c 
npHBeAeHHbIMH. Bblllle. 

'Iloc:i<onhKY ycnOBlleM OAHOBpeMeHHoro onncamrn M1r H Frr .HBH.HeTC.H 
BbIIlOITHeHHe COOTHOllleHH.H 

M1r/ F1r = 1~7 /132 :::= 1.04, ( 41) 

COOTBeTCTBy10rn;ero 0KcnepHMeHTa1IbHbIM AaHHbIM AJI.H OCHOBHOro COCTO.H

Hlfll IlllOHa [5], IlOHllTHO, ''ITO 3Ha'feHIIe F1r nony9aeTC.H cyw,ecTBeHHO llll)Ke 
HMeIOW,HXC.H ou;eHOK. 

HeKoToporo . ynyqweHH.H pe3ynbTaTOB YAanocb, AOfotTbC.H, Bb16npaJI 

ft(p,q) = IlY/[liK + JlL}, h .= 0, T.e. qiaKTll'IecKH IICKITIO'IaJI nnneiI

HhIH IlOTeHu;IIaJI ll3 ypaBHeHH.H m-.u II 3aM.eH.H.H KYITOHOBCKHH IlOTeHu;nan 

annpoKCMMIIpy10w,nM ero noTeHu;nanoM lOKaBb1: 

Vy(1·) == aexp(-µr)/r, µ = 0.001, 

, oo 2 ·2 
a j (p+ q) + µ 

Jiy(p) = - dqqlnl ( )2 + 2 I• . p . p-q µ 
0 • 

0AHaKo ll B 0TOM cnyqae COOTHOIIIeHIIe ( 41) He 6brno nonyqeno . .UmrnMIIKa 

HOMenemrn 3Ha'!eHHH M; II.F1r .An.H 0TOfO BHAaJi npeACTaBneHa B Ta6nn
u;ax 3a, 36, 3B. 
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,1 !1' ;,:);,;. Ta6:111ua :3a. H1nepBa:1 [0,R]. 
a = o.:3. 1i10 = 0.1 /•,· 

.. 1-
, ♦ ~. 

,: !.• '1 ! l j '. i' l 

q._:j 

", ;t ! .:,• 

:r.• I \'\ ; ti-:, 

-I ·a I ·lvl -j--F ·--l'·M'/P -17'-
: ~ t• ! ~ , ' '. 7r , • ' , 7:t" • f . rr .,r, ; 't, ., : f ~ • 

::i' 

0,30 ,2.06 -0;~7 · 

0.25, .. L9i3 - o_.~9 

0.20 - .1°'87 0._99. 
0.15 I L81 I 0:91 

0.1:3 I 1..79. I 0:85 

, -~- I ,, I,_ , , ... , 
. l .!;.·.4· . · t' • ' .. -~· · , . ., ,, . -~:r .. -
: li~: 

2.0 

·' 2;1,,:- : ~ r • .-' ~ 1 .. t i : ~ , 

r;:,•~ I'.,,·,;:~:•) ,.i :ff:~_: I{,,,(". 

Ta6nm~a 36. HHTepnaJJ [p,8Lc 
,,/ .. -,, it';'=, o,~,1,1,i,o:==;.o'.1 

,I ,fl•, I- M,r,j _F,r I Mlf/fJ':'::j:•:,; • ••::::·.::· .. :~':.:,.':': 
· 0.25. 2.05 1.83 2.0 i ,, '.. ,.,, 

0.30.,.1.87- 0.99,.,,1,.9,,. ,,,.,_ .. ,. .,,,,, 

0;o5 1.66. ,0;87 .,. 1.9 ,_ ·.·r.1, , ,,,,, 
,f 0.40 0.4'.7 .. 0:~15' · iL2 ,,· - '•( .,, , , ,.;,,,,.,,,.,. 

'' _•;; 1.,1·,.1' ·, ,··;;: ~;: f , I j •, ''I\' •1:; •;. p II:;~.-

', ,,, 'I'; 

~; t I l' . [, 

,. J'r' ,,, ; 

,, ,,:, Ta6iwu;a 31}., lh1TepBaJ1 [0,8],, 

·a= 0.2.0: = o.3 
==========•,; \•~· ~; ·{ 4i ! , '; f ,'r r I I · I Frr I !vi 1r / Frr , · . , . " , - •, 1no ,-l'vl,r 

,, 0.01. 0.75, 

·I 0.05. 1.35. 
~:~~t·'. ~~~6 '· 1 · '': ,,,. 

0.1 1.87 o.9n 1.9 
... ·1,0.15, •2.n3 , 1.02 .2.n 

t , , ! • ~ , t. l : , ! ; ., ·1 ~ i : ~ : ' : , • r , l : : , 

,,q ,IJ,99~1·:ri~c.H, 1;11;,19/)I/He.HH.H, yrnoijllJ\ (,1 L) YAanoc~, ,nllUib nyTeM, rIH,'Ulla.Jlk. 

11oro Bb16opa <l>Yt,IKiiHii u(r),u.~'(p),.6en peu~ellll.ll CJICTl'MbI,(4), (10),, ,B. 
Ka,'-lec;r.~e, v(p.) \?pllIO, ll,CTT(?llh39,~~1[0 peme,HJI!' 31\,Aa'llt Ill-LI,, C, HOTe11u11a110M 

l}.v,ci;,~ flP.~ t.1. =;=,I,, h ,=;:,0,wo ,;=, 0 .. 1, n? =, i) ( llAeCJ, R1 ~ napa¥CTJ), l)Cl'.J'~lir, 
2 2 [ · U~i;111,f!-:,'.+Yffr~·,,. \(c(1:),'F,,/f;FJJ(j;/' /IL)).; ~l], 1 ~,rn'Je.cnw tl.>YH,KUll,11 p11epm11 i 

K,ii,\H1fi},~,½IJl<\:1J!'I,?j?,a,1~f·il~>"'.f!lfH.1!-11c1k ,,, .. ,,•,,;: .\ , ,\ .,, , . 1 , ,,, 

E(p) = Jm6:.rf:JP2 , Cc-~'r C :::;:,;t85, m0 = 0.1. 
,,'.i-·1 

Ilorty¼ei1inlie·1pe3yh1/r'a'rhi• itui' 'ol·ndi3t!clro'; H ),Byx' pa,A'i1aJi hHO tldt~6y)l,;1,l•11-

i!L\'X'll16c'l'b.iii!Hii!'ttl10ila:.('i\l1l; •1rl'')' npt11ie1\i:iHhf!if Ta6rlmv~ 4.'' · ,,,,; ,, '\',•• 
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IT110H 

7r 

1r' 

1r" 

Ta6m11-1a 4. HHTepaan [0,6], 
h = 0.06, mo= 0.1 11n11 mo= 4MaB, 

a= o.o.5,o = 0.1,a = 137/M1r = :380 

M · · LAf(MaB) I F . I F(MaB) I 
0.3~2 137 o.:345 132 

·1.633, :520 0.228, 8 

·2_;,581 1o;io ; 0~ 1:3:1 4 

0TMeT11M, 'fTO TaK ;i<~, KaK l~ B (4], Bh1'fHCJ1eHHbie 1JHa'feHHJJ A1 rr' u M rr" 

OKaaaJIHCb CJII-leCTBeH!JO Hl1;i(e 0KCnepuMeHTa..'!bHbIX 01-1eHOK, npnBe):\eHHbIX 

B,[15].' ' 

·· <Pyui<1-1i1J' ft 11 h B paccMaTpnaaeMoM rny<1ae MoryT 6hITh Hai1i:1eHbI 

11a ypaBHeHHH ( 4 ),( 10) c 11a0ecTHhIM11. E(p ). 11. v(p ), 'ITO JJBJIJJeTcJJ caMo-
• I 1 ' \ . 

CTOJJTeJihHOH oa):\a'feii,. peme1h1e KOTopoii BhIXo,rv(r aa paMKH nacToJJ11-1ero 

11CCJie):\OBaHHJJ. J I.'. f 

He npeTeHAYJJ ua cpuali'fecKy10 o6o~noaanH6cTh, nony'feHHbie ~rncnen-

Hble peoJJibTaTbl ITO):\TBep;K):\3,IOT npl!HIJ,IHIUaJiliHJIO BOOMmKHOCTb O):\HO

BpeMeHHOrO on11caHHJJ MacCbI Mtr n KoHcTaHThI 'pacna,L\a F1r ocuoauoro 

COCTOJJHl1JJ TIHOHa ):\JIJJ CITJ'fall n0Ten1-1uana ( 1 ),(2) iipH COOTBeTCTBJIOII-leM 

Bbt6op'ei cxeMbI 11'nepeuopMHPOBKU". 
, .. ': ·, .• 

3AKJIIO 1lEHHE 

B oaKJIIO'feH11e Mbl XOTHM o6paTi1Tb· BHl1MaHHe Ha rnei:1y10II-1He o6cTO

JJTeJibCTBa, KOTOpbie Heo6XOAHMO J'fHTbIBaTb B; ):\aJibHeiiumx 11ccnei:1oaa

HUJJX. 

.. - HaaeCTHO, 'fTO B JIHHettHbIX. cneKTpaJibHbIX na):\a'fax ( TaKHX KaK ypa

B11eHl1e illpeAHHrepa u~n cu·c~·e·Ma BeTe - Conn11Tepa) npu ci:1aure no

TeH1-1nana BtJaHMO):\ellCTBHJJ H'.3- HeKOTopy10 KOHCTiLHTY imepru'.s! CHC'reMbI 

( cneKTP) C/:\BHraeTcll Ha TY )Ke caMyio aeri11'fu'1-(y. 

.JlerKo y6eAHTbc.ll'; 'fTO aTo caoiicTBo cripaaegn11a6 11 'i:1n:ii: ncxoi:1noii He
;rnueiiHoii Cl1CTeMbI ill-)], ( 4 )-( 6). Ec-:recTBeHHO 6brno 6b1 rt6Tpe6osa/I'b 

BhmonHeHliJJ aToro ycnosw:ir 11 AJIJJ Moi:111ipu1-1upoaanuoii CHCTCMhI ·(4),(10):' 
Il pH 0TOM q>yHKl-llfH ft 11 h AOJI;i(Hbl YAOB'neTBOpJJTb' AOITOJIHH'renbHOM,Y' 

ycnoan10: 

Ji(p,p) = 1, i =1,2. 
C AJ)JfOll CTOJ)OHI,I, JII06air MO/:\Hc{>HKa!-111JI .Cl1CTeMhl, ill-JJ: B HC!{OTOpOM• 

CMhlCJie llKBHBaJieH'rHa BBe):\eHHIO HOBoro ITOT.CHI-1Hana v:, ,KQTOphlll B 06II-1CM1 

1:4 

'~ 

cny'fae JJBJIJJeTCll HCJIOKaJibHhlM. )],nJJ TOI'O 'fT06bl 0TOT HOBhlll rroTeHD;HaJI 

V, TaK )Ke KaK u 11cxoi:1H~1i'1 n~Tenn;uan V, 61,rn noKaJihHhIM, Heo6xoi:111Mo, 

'fT06hr qiyHKD;HH ft 11 h np1rnai:1ne)KaJin Knaccy qiynKn;nii F(IP - '11)-
IlocKoJihKY yKaoauHbIC Tpe6oaaH11JJ ~rpan11'f11Ba10T BOOMO)KHO<;TH Bhl-

6opa c{>yi1KI-1lfll ft 11 h, AJIJJ HeKOTOpbIX noTenn;uanoa (a 'faCTHOCTH, p;nJJ 

( 1), ( 2)) y;,,i(e He yp;aeTCJI Hatt TH MO)];H!pHKan;uIO, 06ecne'fHBaIOII-1YIO CXOAH

MOCTb HHTerpanoa (5),(6) u BhmorrneHue acnMnToTn'fe<;Knx ycnoBHH (9). 
IloaTOMY c · uaweii TO'fK.ll opemrn 6onee yp;o6uo· 6bIJIO 61,1 ·ycTpaHJJTb 

cuHrynJJpHOCTH ncxop;Horo n0Teu1-1nana ua ypoaue Koopp;11uaTuoro npep;

cTaaneHHJJ (HanpuMep, nyTeM anrrpoKcuMa1-1uu aneMeHTapHhIMH qiyuKn;H-

JJMH c "xopornnMu" caoiicTBaMH ). · ; ' : · 

II, HaKOHeI-1, ITOCKOJibKY aonpoc BbI6opa IIOTeHQHaJia Me)KKBapKOBOI'O 

BOaHMO):\eHCTBUJJ u cnoc.o6a "nepeHopMHpOBKH" ,CUCTeMhI ill-)], a uaCTO

JJlll,ee apeMi He perneH, ae_c~Ma aKTyanhHOH npei:1cTaan:.ireTCll npo6neMa 

nocTaHOB~H o6paTHOll oap;a'fH, J'fHTbIBaIOII-1eii: a p~}.1:K'ax pa~cM·a;puaae-
' , • i ' j • 

Mor.a nop;xop;a ace m,1eIOII-1He·cJJ a~cnepuMeiiTanhHhle p;aHHhre, a TaK)Ke ace 

orpai'rn~reHHJJ, HaKJiap;bIBaeMbie Ha acu~IITOTHKY lI CBOH·C~Ba perneuuii:. 

OguH HO aapuaIITOB .:ra~oii nocTaHOBKli MO)KeT 6bI~b ~n:ep;y10II-1~M. IIo 

cf>utin~eCK:HX co~6pa)KeHHll aap;aeTCll JJBHbI.ll Bill]; <J>yiKll,llH 'I.1 .n lz c HJ)K-. ' 
HbIMH acUMTITOTH'feCK.HMU CBOHCTBaMH C TO'fHOCTbIO ,[\O . rrpoHOBOJibHbIX 

KOHCTaHT, KOTOpbie oaTeM orrpep;eJIJJIOTCJJ c{>HTHpcrnaFi~eM' UMeIOIIl;llXCll 0KC-
rrepilMeHTaJibHbI~ p,aHHbIX. . . . . '·. . . ' 

. ABTOpbI 6naroiapH~I nµ.o'qieccopy E.II.):Kup;KOBY oa B~nMaHne K pa-

6oTe u 1-1eHHbie oaMe'faHHJJ, a TaK)Ke rrpocf>eccopy B.H.Ilep~yrnnHy oa no

netJHbie. o6CJ;i(,[\eH~Jl-
Pa6oTa B_bIIIOJIHeHa rrpu qinHaHcoaoii: rrop;p;ep)KKe P<P<PII (rpaHT 94-

01-01119). 

., 
IIPHJIO)KEHIIE 

·, •. L· 

.• ,!. 

)],pyroii:;,BapnaHT npeACTaBJieHUJJ HHTerpa)lOB. (26) H (27): 

. (:) >(:) - (:) (:). ;. (:) - (:) 
W1K := W11K + W12K• ' W2K· = W21K + W22K• 

rp;e 
11·:. - (:) . . (:r _; . . 

W11K;= Gp SV1(p)UG)(P), 
' OO ·.' . ~ \ l ;· '' . ' -(:) J p + q (:) q (:) W 12K = dqlnl--. l[Cq U(2)(q) - -Gp U(2)(p)], 

p-q 1 p 1 

0 
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W- (!) ·s(!)s~v ( )l' ( ) 
, 21K = p 2 p 1m p , 

W-(!) ·1=d.[ 1. P
2

+q
2
1 lp+ql][S'(!)ll () qc,(!)ll ( )]· 

22K = q - + n -- ·• q (2) q - -,Jp . (2) p , 
2pq . p - q · 1 p _ I . . .. 0 . 

,(X) 

SV1(p) = _! j dqqlnlp + qi, 
p p-q. 

0 

(X) 

- 1 / 2 2 SV2(p)=- dqq[-l+p,+q lnlp+ql]. 
. p O. 2pq p- q 
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AMttpxaHOB 11.B. JI ,tip. 
0 HeKoTophIX npo6neM~?' 110cneHHOro 0cc.rieJJ,0BaHHS1 MoJJ,eJitt 
KBapKOHHSI C KYJIOHOBCKHM JI JIHHeHHbIM noTeH11,HaJiaMH 

-• ' •' - •... '• '~ A 

Pl 1-95-8 

Il,JISI KBapKOBOH noTeHu,ttaJihHOH MOJJ,en0 KXD, c tt~nO~h~OBaHtteM ypaB
HeHtttt lliBttHrepa - Il,aiicoHa ri EeTe - Conntt-Tepa cpopMynttpyeTCSI MaTe
MaTttllecKaSI nocTaHOBKa rpaHH4HblX 3aJJ,a4 B CJiyllae KOM6l1Hall,Hll"KYJIOHOBCKO
ro' ll JIHHeHHO pacTylll,ero_ noTeHu.HaJIOB. PaccMaTpHBaeTCSI MaTeMaTHlleCKaSI 
nocTaHOBKa 3aJJ,a11tt o nepeirnpMttponi<e cttcTeM ypantteHttif llin.mirep~ - D,aii
coHa, ycTpaHSIIOl!iett pacXO)J,llMOCTb.HHTerpaii.o~: IlpeJJ,CTaBJieH HTepau._iioHHblH 
npou,ecc_. Ha OCHOBe 11enpepbIBHOro aHaJiora, MeTOJJ,a ,HbIOTOHa ·. ,tiJISI perneHHSI 
~panHeHllSI EeTe --.COJIIl,HTepa n paMKaX paCCMaTpnBaeMoro IlO)J,XOJJ,a. 06cy)K
JJ,aIOTCSI yCJIOBHSI COBMeCTHOI'O on_HCaHHSI MaCCbl ll KOHCTaHTbl JieilTOHHOI'O paC-
naJJ,a rittoHa. · 

Pa6oTa Bb!IlOJIHeHa B Jia6opaTOpllH Bbl4llCJIHTeJibHOH ,TeXH_llKH H aBTO
' MaTH3all,HH 011~11 . 

. IlepeBOA an~opon ··• 

Amirkhanov I. V. et al. Pll-95-8 
On Sorrie Prob,lems of Numeric;! Inv~stiga_tion of the Quarkonium 
Model with the Coulomb and Linear Potentials · 

The .. mathematical statement of boundary problems- is formulated 
for the quark potential QCD model. on the basis of Schwinger :-::-- Dyson 
and Bethe - Salpeter equations in the case of the combination of coulomb 
and linear potentials. Mathematical statement of problem for renormalization 
of tlie·Schwinger -Dyson system is considered. Iterative method on the base 
·of continuous analogue of the Newton method is pre~ented for numerical 
solution of the.Bethe _:... Sal peter equation in the.framework otconsidered 
approach. Conditions of description of the mass and the foptonic decay co'nstant 
of pion are discussed. ·· · · · · · ·. · 

/ ' 

' The investigation has b~en:performed at the Gboratory of C~mputin,g 
·Techniques and Ai1tomation, JINR. - . - .. . . .· 
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