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BBEAEHHE 

Hay4eHHe 3KcKn~a~BH~x npo~eccoe eaaHMOAe~cTBH~ 4aCTH~ npH 

BbiCOKVIX 3Hepn1fiX \II 60J1bWVIX nepeASliSX HMnynbCOB nOCTSBI-1!10 aa

A84Y nO!ACKS 3$(j}eKT\.118HbiX MeTO,QOB O,m1C8HI4fl COCT8BHbiX Cli!CTeM 8 

KBaHTOBoi:1 XPOMOA~8Ml.-1Ke /KX,U/, no3BO.OfiiO~HX Y'·H1TbiBSTb 3¢$eKTbl 

KSK MaJlbiX, TaK ,J.1 60I1bWIIIX paCCT0fiHHC1. 8S}f{Hyl0 pOJlb 3AeCb MoryT 

CbtrpaTb TpexMepHbte ,Q\IIHSMH4eCKHe ypSBHeH\IIfl AilR Clt1CTeM 48Cn'1U, 

e nepeMeHHblX ''ceeTosoro ¢>poHTa'' /1,2/. 

8 pa6oTe It I HS npltiMepe npocTei:1wei:1 Clo1CTeMbt, COCTO.RW.eH \113 

KBapKa H 8HH1KBSPKS /Me30H/, o6cy>K,Q8J1SCb npo6.neMa BbiBOAS T8KHX 

ypasHeHHH e KXA H H3y4eHHR Ha HX ocHose acHMnTOTH4ecKoro noee

AeHJ.IIfl ¢opM¢laKTopa nHOHa np~-1 6onbWVIX nepeAa4ax lo1Mnynbca. Obmo 

npeAflO}f{eHo HCxoAHTb 143 Ka.n~6poao4Ho-~Haap~aHTHoro o6o6~eHvtA 

ABYX48CTH4HOH aMnJH..fTYAbl 6eTe-ConnvtTepa: 

x2 
A~ 

_ ig f dz LA 

X (x ,x ) = Sp<O\T\b(x )\b(x )e •t 1 

p 1 2 1 2 
IP>, /1/ 

cnpoeu,vtpOB8HHOH Ha HYilb-nJlOCKOCTb (X 1
- x 2)+=0, rAe X+ ""x 0± x3.0T

MeTvtM, 4TO onepau,vtA T a.¢opMyne 111 BKJ1~4aeT KaK xPoHonorvt4ec

Koe ynopAA04eHHe ¢epMHOHH~X noneH, T8K ~ ynopAA04eHHe nepeMeH

HbiX K8J1vt6pOB04HOro BeKTOpHoro nom=! BAOJlb HeKOTOporo KOHTypa 

~HTerpvtpOB8HHR, COeA~HR~~ero T04K~ x 1 ~ x 2 . 8 COOTBSTCTB~H 

C Tpe6oaaHvteM o6pa~eHHA B HYJlb nOilHOrO U,BeTa COCTOAHHA \P> B 

¢opMyne Ill 6epeTcA cneA no nepeMeHHbiM u,BeTa. 

npvt paCCMOTpeHH~ npou,eCCOB B38HMOAei1CTBHA C 60!lbWHMH nepe

A848M~ vtMnynbca KOHTYP vtHTerpHpoaaH~A a I 1 I YA06Ho Bbt6paTb 

T8KHM 06pa30M, 4T06b1 OH nOJlHOCTbiO ne>Ka.n B nnOCKOCT\11 1 onpeAeJ1A

eMOi1 ypaBHeH!IIeM X +=(X1 -x2 )+=0; np~ 3TOM ¢~KCHpyeTCA K8!1H6poa

Ka aeKTOpHoro no.nA A+= A++ A 8 =0 laKCH8IlbHaA Kanvt6poaKal. B 

3TOM cny4ae Bbtpa>KeHHe I 1 I COAeP>KHT nvtwb nonepe4Hbte KoMnOHeHTbt 

BeKTOpHOrO nonA, TaK KaK 

~ ~ 

Ill CTpeMio1TCA K HYiliO npH (x 1 -X 2 ) ~-+ 0. 

8 HMnyJ1bCHOM npeACT8BJ1eHHH BOilHOB8A ¢YHKU,HA ABYX48CT!o14HOM 

CHCTeMbl onpeAeJlAeTCA Bbtpa>KeHvteM BHA8 
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• 121 
~ 

r,qe q~(q±,q~); q± ~q 0 ±q
3 ; P~(P± ,0), 

1 q+ np"14€M nepeM€HHaR X=-+- B CJ.111Y CTpOrJ.1X 11
npO€KL.J.YIOHHbiX 11 

CBOii!CTB 2 p+ 
T€0pJ.1J.1 nOJl.A Ha Hynb-nJ10CKOCTJ.1/3/ J.13M€HR€TCR J1J.1Wb B npe,Qenax 0 < x< 1. 

8 p.a6oTe 121 ,qnR cny4a.A 6eccni-1HOBblx 4aCH1ll 6bJJ1o Hai1,qeHO cne
AYIO~ee KBS31·1nOT€H~l1S11bHO€ ypaBH€HJ.1€ B nepeMeHHbiX CB€TOBOrO 
$pOHTa: 

131 

KaK 6blno OTMet.leHo a pa6oTe 111, J.1CnonbaosaHJ.1e ypaeHeH~t~i1 pen.A
Tit1BI4CTCKOC1 KBapKOBOi1 MO,Qenv/

41
, OnHCbiBSIOut!IIX KeapK-SHTV!KBapKOBYIO 

CJ.1CT€My, npJ.1BO,QJ.1T K TpeXMepHOMY ypaBH€HJ.110 Ha HYJlb-nJlOCKOCTJ.1, 
¢opMS11bHO cosna,qaJOw,eMy c ypasHeHVIeM /3/ ,qnR ,qayx 6eccni-1HOBbiX 
l.ISCTI-11...1. nocne,QOBST€JlbHbli1 BbiBO,Q KBS31-1nOT€HU.I-1SilbHOrO yp8BH€HJ.1.A 
HS HYJlb-nnOCKOCTIII ,QJl.A CJly4aR cm1HOBbiX '-laCTitiU. Tpe6yeT ,QeTanb
HOrO H3Y4€HI-1R a.nre6pa1.14ecKo~ cTpyKTYPbl 11AByxspeMeHHbJX 11 ¢yHK
~1.1~ fp1.1Ha 1.1 3aAa4H 1.1X o6pa~eHHR Ha npoCTpaHCTBe BTOporo paHra. 
PeweHM~ 3To~ 3aAa41.1 nocsR~eHa HaCTOA~aA pa6oTa. 

KBA3~nOTEHUHAnbHOE YPABHEHHE AnR ABYX 
CnHHOBbiX ~ACTHU HA HYnb-nnOCKOCTH 

~3BeCTHO, 4TO HenocpeACTBeHHOe npoe41.1POBaHI.1e Ha Hynb-nnoc
KOCTb ¢lyHKL\I.1~ fpi.1Ha Cn1.1HOBblX 4aCTI.1l\ np1.180AI.1T K paCXOARW.1.1MCA 
Bb!pa>KeHI.1.RM. npOCTe~wy~ HnnJOCTpal\1.1~ 3TOMY ¢aKTY AaeT paCCMOTpe
HI.1e ABYXBpeMeHHO~ ¢YHKl\HI.1 fp1.1Ha ABYX HeB3ai.1MOAe~CTByi0~1.1X 
¢lepM1.10HOB Ha Hynb-nnOCKOCTH, OnpeAen.ReMO~ 8 HMnynbCHOM npOcT
paHCTBe BbJpa>KeHHeM BI.1AS 

f dq_ dq.:_ G
0 0 

(P , q, q' ) ~ 

8(q.-q~)o(q~ -<i~) /4/ 

2 



rAe 14HA€KCbl ( 1) 14 (2) yl<83bi8810T, 4TO COOTB€TCTBYIOll.IJ.II€ y -MaTpl4-

~bl A€~CTBYIOT Ha cnJ.IIHOBble J.IIHAeKCbl 1-ro 1o1 2-ro $epMHOHOB. 04e

BJ.IIAHO, 4TO HHTerpan 141 Jllo1H€~HO paCXOAJ.IITCA 1<8K 

y<1ly (2) 
+ + Jdq 

x( 1-x) -
!51 

npH4€M K03$¢H~H€HT npH paCXOAAll.I€MCA J.IIHTerpane nponop~HOHBJ1€H 

npOJ.II3B€A€HH~ ABYX HHJlbnOT€HTH~X onepaTopOB y~)y~) .nocne,Q

Hee 06CTORT€1lbCTBO nOACK83biB8€T nyTb o6o6~eHHA M€TOA8 nocTpoe

HJ.ilfl ABYXBP€M€HHbiX ¢yHK1.1.1-1ti rplo1H8 Ha HYJlb-nilOCKOCTb. A lo1M€HHO 

OnpeA€Il€Hio1e ABYXBpeMeHHOH ¢YHK1.1.HH rplo1H8 AOilmHO BKI1~48Tb 

Tpe60B8HH€ Bbi60pa no,QnpOCTp8HCTB8 Cnlo1HOpOB, AJl.R KOTOpOrO 4J1€Hbl 

THna 151 He A810T BKJla,Qa. B 48CTHOCTH, YMHOmeHHe $YHK1.1.1o1~ rplo1H8 

c o6el4x cTopoH Ha onepaTOP y ~) y 12
) npVtBO,QJ.IIT K xopowo onpe,Qe

neHHO~ npoeK41o11o1 $YHKI.I.Io114 rpHHa ABYX Hea3alo1MOAe~CTBY~~I4X 4ac

Tio14· 
Cne,QyeT y6e,Qio1TbCR, O,QH8KO, 4TO COOTB€TCT8Y~~He A8HHOMY no,Q

npocTp8HCTBy Cnlo1HOPOB KOMnOH€HTbl BOJlHOBO~ ¢YHK1.1.11H CI4CT€Mbl H€ 

06pa~a~TC.R TOm,QeCTB€HHO 8 HYJlb. 4T06bl nOK838Tb _3TO, paCCMOT

pi4M_ o6~H~ BJ.II,Q BOJlHOBOH ¢YHK4HJ.II CHCT€Mbl KBapKa 1o1 8HTHKB8pKa 

C KBaHTOBbiM~ 4~CJlaM~ nceBAOCKan•pHOrO Me30Ha J p ~ 0- : 

X (P' q) ~ y 5 (x 1 +X 2 p + X 3 q + X 4 [ p q)) , !6! 

2 
r,Qe Xi - CK8J1RPHbl€ ¢YHKLI,HH nepeMeHHbiX (Pq) 14 q , 

HHTepecyiO~J.IIe H8C KOMnOH€HTbl H8XO,QRTCR CI1€AYIO~HM o6pa30M 

(y(2l~-(y(1)) ): 
I' I' T 

171 

r,Qe lo1CnOJ1b30B8HO COOTHOW€Hio1€ y + y _ y+ = y + • 

TaKJ.IIM 06pa30M, COOTBeTCTBy~~He BB€,Q€HHOMy BbiW€ no,QnpOCTpaH

CTBy KOMnOH€HTbl BOflHOBOH ¢YHK41o1H nC€B,QOCK8IlRPHOrO M€30H8 8 o6-

~eM cny4ae OTII""4Hbl oT Hy.nR, nplo14-eM nepable ABa 4JleHa. a 17 I OT

B€4810T 8HTHnapan.ne.nbH~M CnHp8JlbHOCTRM KB8pKa H 8HTJ.IIKBapKa / 1s
0

-

BOJ1Hal, a noc.neAHH~ - napannenbHbiM I 3 P0 - aonHal. 0TMeTHM,4TO 

napannenbHOCTb laHTHnapannellbHOCTb/ onpe,QenReTcR 143 ycnoai4R 

y(lly<2l x(P q)~-y X (P q)y ~+x(P,q). 
55 • 5. 5-

/8/ 
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BbtpameHHe /7 I noAcKa3btsaer BillA npoeKTHpyiOu.tYIX onepaTopoa, 
KOTOpble MOryT 6b1Tb J.IICnOJ1b30SaHbl np'-1 0nJ.1CaHYIYI Cii1CTeMbl ABYX 
CnYIHOBbiX 4aCTYI'-' C 'KBaHT0Bb1Mtll I..!YIC!laMI-1 nYIOHa Ha HYJlb-nJlOCKOCTYI: 

- aHT"napannenbHbJe cn"panbHOCT" l· 
191 

- napannenbHbte cm1panbHOCTH (1=1,2) 

Depe~,QeM renepb K nocrpoeHI-110 KaaaY~noreH~YianbHoro ypaaHeHI-1R 
,QJl.A ABYX CnYIH.OBbiX l..!aCTYI'-' B nepeMeHHbiX CBeTOBOrO cl>pOHTa. 

OnpeAe!lYIM AByxspeMeHHYIO cl>YHK~YIIO rpHHa B '-'!MnYilbCHOM npOCT
paHCTSe BblpameHYieM 

G ~ f dq__ dq.:_ Sp rr (i) C (P , q,q ') rr (i) , /10/ 

r,Qe npoet.tHpyi0[4VIe oneparopbl 11 aa,Q.aHbt ct>opMynaMH /9/. 
B npH6J1HmeHHH HeaaawMOAe~cTByiO~HX 4aCTYILt Ha~AeM, Ha~pHMep, 

r,Qe S(x, q J.) WMeer BillA cPyHKI.lYIYI rpHHa 6eccnwHOBbtX I..!SCTYIU. Ha 
Hynb-nllOCKOCTYI: 

~ 1 
S(x,q )~ ----

.L x(1- x) 

B(x) 8(1-x) ------=:r-r,--·-2--
2 qJ. + m . 

p - +H 
x(1 - x) 

-1 Or;lpe,Qe!l.A.A o6paTHbtl1 oneparop 'C coOTHOWeHJileM 

/11/ 

/12/ 

/13/ 



~ o603Ha4afl 4epe3 ·00 HeCBfl3aHHY~ ~YHKU.~~ rp~Ha napw KsapK

aHTIIIKBapK /npOrA3BeAeHrAe no.nHbiX nponaraTopos KsapKos/, AJlR 

KBa3rAnOTeHU.rAana ABYX CnrAHOBWX 4aCTIA4 Ha Hy.nb-n.nOCKOCT~ no.ny-

4aeM $OpMy.ny 15 / 

/14/ 

BonHoBafl ¢YHK4Hfl CIACTeMbl 

.;, (x, q l ) ~ J dp _ Sp (• x (P, q)) /15/ 

/16/ 

npiA 3TOM BblnOnHfleTCfl ycnOBHe HOPMIApOBKI-1: 

!171 

KBA3~nOTEHU~Ail 0/lHOrlliOOHHOrO 05MEHA 

B KBaHToso~ 3neKTPOArAHaMrAKe paa.nomeH!IIe Ksaa!-1nOTeH4rAana /14/ 
B PfiA no $1A31A4eCKO~ KOHCTaHTe CBfl31A n03BOnfleT C He06XOA!IIMO~ 

T04HOCTb~ Ha~TIII V 8 ~HTepecy~~e~ HaC Ha npaKTI-1Ke 0611aCTIII H3Me

HeHI-1fl nepeMeHHWX ql., <i_L, p. fiCHO, 4TO HeT HaAemAbl BWnO.nHIIITb TO 

me caMoe a KXa a nonHOM o6DeMe, nocKonbKY Hac !IIHTepecy~T Te 
..,. 2 ..,. 2 2 11 " 

3Ha4eHIIIR Ql., q~ , p , KOTOpble npiAXOARTCR Ha IAH~paKpacHbll-1 

nOntOC11 3¢¢eKTIIIBHOf0 3apRAa 3TO~ TeOPIIIIII. no3TOMy peweHIA€ TaKO~ 

3aAa4111, HanprAMep, KaK HaXOmAeH!IIe cneKTpa CBfl3aHHbiX COCTORHIII~ 

Ill on~CaH!IIe IIIX B3aHMOA€~CTBIAR np1-1 HIII3KIAX 3HepfiiiRX TaK lllniA 

IAHa4e CBR3aHO C AanbHe~WIIIM nporpeCCOM TeOpiAIA B nOIACKax 3¢¢eK

TI-1BHbiX MeTOAOB BbiXOAa B o6.naCTb CIAilbHOall CBR3111. 

MO>K-HO HaAeRTbCR, OAHaKO, 4TO npYI BbiCOKIAX 3HeprlllfiX 1-1 6o.nbWIIIX 

nepeAa4aX I-1Mny.nbca np04eCCbl B3arAMOAei1CTBYifl COCTaBHbiX 4aCTIA4 

npo!-1CXOART TaKIAM o6pa30M, 4TO xapaKTepHble paCCTOflHI-1fl Ma.nbl no 

cpasHeHI-1~ C 3$¢eKTIIIBHbiMI-1 pa3MepaMH aApOHOB. t\.nfl OnHCaHI-1fl 

TaKI-1X npOLJ.eCCOB Tpe6yeTCR 3HaTb BO.nHOBble Cf>yHKLJ.IIIIA 1/l(P, x,k, )1-1 
~ ~ ~ 

KBa3!-1nOTeHU.I-1a.n V(x,l{l. ,y,q l.) B o6.naCTIA 

..,.2 -+2 2 
kl., ql. >> p /18/ 

5 



I 
npe,QnO.naraR 3TO YCJ108vte BblnOJlHeHHbiM, paCCMOTpHM 
nepsoe npvt6.nvtmeHvte AflR Kea3vtndreH4Hana /14/. 
8 ABYX4aCTH4HOHenpvtBOAHMOM RAPe K ypaeHeHHR 
6ere-Co.nnHTepa AflR no.nHO~ $YHK4HH rpvtHa napbl 
KBapK-SHTHKBapK 8 nepBOM nOp.RAKe no a

8 HMeeTCR 
TO.flbKO BKJla,Q O,QHOrJliOOHHOrO 06MeHa K 1 /pr.1C. 1/. 
npl-1 3TOM, y,c;ep)f(HBa.R B /14/ m1Wb 4!1eHb1 TOro )f(e 
noPRAKa"' socno.nbaoeaewvtcb npvt6.nvt)f(eHvteM /11/, 
HMeeM 

a ,C(R) 

/19/ 
xf dk dq 

--P2 p2 p2 p2 ((-+k) +id((--k) +i,)((-+q) +id((--q) +id 2 2 2 2 

8b16op aKc~t~a.nbHOair Kan~t~6poBKitl, e KoropoH nponararop r.niOOHa 

n2==0, (nq) = y +.' nOCJle BblnOJlHeHHR CBepTOK npHBO,QHT K CJleAyto-uteMy SHAY 4r.1CIH1TenR no,QbiHTerpanbHoro BblpameHHR: 

6 

~ 4Pa x(l-x)y(l-y)(k-q) + 
+ x-y -

2P2 4 -+ ..... -+ -+ -+ + __ +_(y(l-y)(l-2x)(kl,kl-ql) +X(l-x)(l-2y)(q-'-,k-'- -q-'-). x- y 



3,QeCb eepxHee MJ11.1 HM>KHee 8blpS}f(eHJ.IIfl ,8 $J.IIrypHOi4 CK06Ke 8b16a.t

paiOTCfll 8 COOTBeTCTBI-11-1 C /9/. 06a 8b160pa . npi1BO,QfliT :K CXO,QJ.1MOC:n1 

K8S31·1nOT€H'-'1-1SI1bHOti npo'-'eAYPbl, nocne BblnOJ1H€HI-1fll I-1HTerpHpOBSHMfl 

~t~MeeM 

~ ~ 2•da 
8 

C(R) 
V1 (x,k ~ ,y,q ~) = X 

x(l-x) y(l,-y). 

x((P }+ e<x;~);e<y-x) )(y(l-y)k~ +X(l-xJ<i.~l+{ xy-(l~x)(l-y)}<"k~<iJ 
/20/ 

O(y-x) ) 
~2 ~~ 1x~.2 .. 

Lk -2(k q )+ ---q +i< 
X .l :.I. .l 1-y .1 

nony4€HHO€ Bblpa>KeHr..te He onpe,Q€J1€HO, O,QHSKO, HS <J>yHK'-'11fliX 

1/J (y, Q.l) ,QOCTaT04HO o6utero B14,Qa, nOCKO:nbKY CO,QcipJk~t~\ npm13Be,Qe-

H~e (0(x-y)-0(y-x))/(x-y). no~sneHWe TaKoro 4neHa CB~3aHO 
C 14CnOJ1b30BSHI-1€M SKCMan~HOH Ka:nJ.16pOBKH. 

3aMeTI-1M, 4TO np14 HaweM Bbl6ope npoeK'-'~t~OHHOro onepaTopa /9/ 
CMHrynfllpHOCTb KBS3MnOT€H~Mana 

B CM:ny TO>K,QeCTB Yop,Qa CBfll3aHa C ¢SKTOpOM nepeHOpMHpOBKJ.II KBap

KOBOrO nponaraTopa Z F: 

~ ~ """'"' -)o -)o 

= ZF (k~) fdydq ~·ao,o (x,k~ ,y,q~), 

7 



Ksaat-1nOTeHt.tt-1aJ1bHbl~ onepaTop MO>KHO onpeAe!lt-1Tb, Bbl4t-1TaR 8 
/20/ Ct-1HrynRPHOCTb npVI k J. = q J., X= y : 

8 pa6oTe 161 npo,QeMOHCTPI-1P08aHo, 4TO npeAnonomeHVte o cVtnb
HOM ynop.RAOI.IeHt-1H 8 K8a31-1nOTeHt.tHaJ1bHOM ypaBHeHt-11-1 V (lZ, , q ) ,. 

,-+ 42 ~ ..... .L "" V (k .L ~ 0) 8(k.l-q.JnpH80,Qt-1T K B03MO>KHOCTI-1 ¢aKTOpt-13at.t\llt-1 8KJ1a,Q08 
CHHrynRpHO~ l.laCT\.<1 K8a3VtnOTeHJ..tt-1dl1a 8 8VIAe paCXO,QR~erOC.R MHO>Kt-1-
TeJl.R nepe,Q ¢YHKJ..tt-1e~ 

</>(x,Q 2 ) ~ f o/(X,k~)ctk~ /21/ 
k2 < Q2 

1-1 coKpa~eHt-1~.Lero 80 8cex ¢1-13H'-IeCKt-1X 8e11t-141-1Hax /¢opM¢aKTopax, 
Ce4eHHRX \;1 T.n./. 

Ypa8HeHHe /16/ npeo6paayeTCR K CHJ1bHoynop.R,Q04eHHOMy 8HAY 
nyTeM 8biAeneHHR H3 V ( x, kJ. , y, q .1) 1.1acnt, Hapywa~U4e~ ynopR,Q04eH
HOCTb, VI nocneAY~U4ero ee y4eTa no TeopHH eoaMy~eHt-1~. 

OycT~ onepaTop "pQ onpeAeneH KaK 

(P Q o/ )(x,k~) ~ o(k ~ )¢(x, Q 2 ) 

~ o/(x,k~)YADBneTBOpReT ypaBHeH"~ /16/. TorAa 

/22/ 

-1 
npH 3TOM (1-a ... ] nOHHMSeTCR 8 CMbiCJ1e pa3J10>KeHH.R 

~ s 8 PRA no a • 

8 

llnR ¢ (x,k ~) \13 /21/ " /22/ cneAyeT ypasHeH"e 

a 2 :-" R 2 --¢(x,Q )~fdyG 0 VQ (Q,x,y)<f>(y,Q ) + 
JQ2 

+ 'G 
0 

(Q , x) ¢ (x, Q2 ) JV Q (Q , xy) dy , 

s 

/23/ 



B KOTOPOM CIIIHrynflpHaR 4aCTb KBa3111nOTeH~I-1a!1a MO>KeT 6b1Tb Bbl_,qe
IleHa a BI-1.Qe HeKoToporo MHO>KI-1TeJ1fl nepe,q ¢(x,Q). Onpe,qenr~R 

¢R(x,Q 2 ) = Z(x,Q) ¢(x,Q 2 ) 

1-1 noTpe6oaae BblnOI1HeHI-1fl ypaaHeHI-1R 

-"-¢a(x,G2 ) =fdyG0 (x,G)V~(G,x,y)¢(y,Q 2 ), ao2 /24/ 

HaXO,QVIM C8fl3b ¢aKTOpa Z(x,Q) C CiiiHryilfiPHOCTb~ KBa3illnOTeH~I-1aJ1a: 

~ ~ 

Z(x.G)=expl- f G 0 V~ (k~,x,y)dydk~l. /25/ 
k 2<Q2 lk ~I 
~ 

nepeoe npi116Il!ll}l(eH!IIe ,QilFI VQ (k.l.,x,y)nony4aeM, HCnOilb30BaB /20/ 
H nepBbli1 4J1eH pa3JlO)I(eHHR B /22/: 

~ 81Tia 8 1-x 1 1 x 1 1 
V (k ,x,y)= (--1 1+--)H(x-y)+-(1 1---)H(y-x)), 
(l)Q~ x(l-x)l-y 0 x-y y 0 x-y 

B V R (k x y)npoi113Be,QeHHe O(x-y) onpe,qenReTCR Kat< -
1-- npH 

(l)Q "· ' x-y (x-y) +' 
3TOM H3 /25/ HMeeM 

2 /v1 (x,y)dy 
Z(x,Q)=(G )o 

¢aKTOPW3a~!IIR BKna,QOB CiiiHrYilRPHOH 4aCTill KBa3~noTeH~illana 
B CTporoynopR,Q04eHHOM Bill.lle /22/,- 04eBIII,QHO, npOBO,QiiiTCFI B npOi113-
B0!1bHOM nopR,QKe a~ B TeOpillill B03MYLl.leHVIi1, eCJWI TOilbKO Bbrnon
HeHbl cne,qyJOLl.lille npe,qnono>KeHiiiR: 

a/ CYl!.\eCTByeT 3Ha4eH!IIe V0 (x,k.l.,y,{i.l.) s Tno~t<e Q ~ 0; 
6/ /22/ ,QaeT <lJOpMSITbHOe B~pa>KeHHe ,QITR V Q (k ~, X,y), CHHryJTRp-

HOCTb KOTOpOrO Tillna ~l_, T. e. Tpe6yeT O,QHOrO Bbi4VITaH!IIR. 
x-y 

O,qHaKo y>Ke s cne,QyJOLl.leM nopR.QKe '3TH ycnoB111R HapywaJOTCR. 
Y4eT noprt,qt<a a~ a onpe,QeneH!IIill /14/ npiiiBOAHT K cne,qyJOll.leMy 

Bblpa}l(eH!IIIO ,Q11R KBa3VInOTeH~IIIaJ1a: 

v = o- 1acK-KDK~yc 'G-1 - v 'a v 
2 ·o o 2+ 1 o 1 o o 1 o 1 

r,qe K 2 - 4neHbl nopR,QKa ai a s:~,qpe EeTe-ConnVITepa /p111c.2a,6/. 
Ecm1 Bbi,Qe!1111Tb norapiii¢MH4ecKH pacxo,QRil.lille·cR BKna.Qbl H 4epea K 

2 
R , eg 

0603Ha4!11Tb KOHe4Hble /He 3aBHCRLl.IJ.IIe OT T0.4Kill 8bi41-1TaH!IIR/ 4J1eHbl 
Tore >Ke nopR.QKa, TO 
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y 
y 

P 2 K -a 2 
HC. • 2 S 

KpoMe Taro, BKnaA Taro me noPRAKa a KeaaHnoTeH~HanbHOe ypae
HeHJ.1e I 16/ BHOCHT nonpaeKy K npoHaBe,QeHI-110 no.nHbiX KBBPKOBbiX 
nponaraTopoe: 

'00 = (l+ZF (~ +k) +ZF(~ -k))'Go,o, 

TaKHM o6paaoM, noc.ne npoae,QeHHR KeaaHnoTeH4Ha.nbHoro npoeKTH-
poeaHJ.1R 8 npOYI3Be,QeHHH :0.'0 V li1H$paKp8CHO paCXOAfiiJ.IHeCR B 8K018Jlb• 
HOH Ka.nH6poBKe BKJ18,Qbl OT ZF COKP81l.1810TCR C T04HOCTbiO AO KOHe4-
HbiX '•UleHOB: 

'G V='G V 
0 0,0 1 

R,QpO CHJlbHOynOPRA04eHHOrO ypaBHeHHR /22/ B nOPRAKe 
38HO C KB83HnOTeH4J.18JlOM V2 CJle,QYIOil.IHM o6paaoM: 

V(2)Q (k~,x,y) =(V 2+V1(1-PQ)V1 )(x,k~,y,O) = 
....... _1 o:-' -1 ... ='0 0 'G 0 (K 2+K 1G0 K 1 )G 0 0 0 (x,k~,y,O)-

- fdzV1 (x, z) f de~ '0 0 ,0 (z, 1:) v 1 (z,y). 
f2<Q2 

' ~ 

/26/ 

CBR-

/27/ 

8 OTJ1H4He OT HHTerpHPOB8Hl"ll1 B Vl{JO V1 B /26/ J.1HTerpan no -;.l 
eo BTOPOM c.naraeMOM a /27/ O.naro,QaPR Ha.nH4HIO aepxHero npe,Qe.na 

f G 0 0 (z, ( ) dE~ -.... 2 2 • 
~~ <Q 

Q2 
ln-p2 

a Bee c.naraeMOe He 38BJ.1Cio1T OT J.1Mny11bCOB k .l H q .L, n03TOMY ,q.nR 
4neHOB B'GoVQ• COAep~a~HX norapvt¢M~, ycnOBHR ~aKTOPH3a4HH 
a VI 6 BblnOnHeH~, H, y4HTbi86R /26/, nony4aeM 
~ -+ ~ ....,. ll ·a 0 v Q (tk ~ , x, y.~) = 'G 0 v Q (k~, x. y. 1 l . 
PewaR ypaBHeHvte peHOPMrpynnbl, nonHOCTb~ onpeAenReM aaevtcvt

MOCTb 'Cfo V Q OT HMnynbCa: 



YpasHeHI-1e 

CIJYHKL.11-1Y1 

cJ>aKTOP 11 nepeHOpM~pOBl<~ 11 BOilHOBOi1 

I 
Q2 Jv

1
(x,y)dy 

Z RG(Q, x) ~(In--) o 
,\2 

1-1 ace ypaeHeHltle nocne Bbl6opa Q~ 1k .l 
Hltle /24/ c Keas~noTeHl..l~anoM 

nepeHOPM~pyeTCH B ypasHe-

~2 

~ 8rria,(k") ( 1-x (111+-1-)0(x-y) + 
V!,RG (k",x,y)= X(1-x) 0 ( ) 1-y x-y + 

+.£(1 1 1- - 1-}e(y-x)), 
y 0 (JO-y)+ 

rl:aCCMOTpeHltle KOHei..!HbiX I..!IleHOB TOrO me nop.A,QKa, Hanp~Mep, 

Vl G 0,0 Vl, nplt180,QI-1T K BbiBOAY 0 cepbe3HOM orpaHltll..leHHI-1 VI3IlOJ*<eH

HOrO cnoco6a ¢laKTOPI-13al..II-1YI aKCVIaJ1bHOi:1 paCXO,Ql1MOCT~, KOTOpbti:f 

OCHOBaH Ha npe,QJlO>*<eHHOH B pa6oTe/fi/ npOl..le,Qype ynop.A,QOI..IeHir1fl, 

B 8biCWI-1X nop.A,QKax TeOpl-11.-1 B03Myll.\eHI-1i1, TaKltlM o6pasoM, OCTaeTC.A 

ea}I(Ha.A sa.Qal..la y4eTa BbtCWltlX npH6nltl>KeHY1i1 .Qil.A paaelt1TY1A nocne.Qo

aaTenbHoils cxeMbt onY~CaHI-1.A Ha6J110.QaeMbtX cocTaBHbtx l..lacT~LI a KX,ll. 

AaTopbt r.ny6oKo npltlSHaTenbHbt H.,H.Eioron106osy ~ A.H. Taaxem1A

se sa ltlHTepec K pa6oTe Y1 CT~MYili-1PYIO~He ,QY1CKYCCI-1W, A.H.KBY1HW-

XI-1,Q3e, H.B.KpaCHltlKoey, P,M.Mypa.Q.AHY 1-1 n.A.Cnen1..1eHKO sa nonea-

Hbte o6cyH<.QeHI-1A. 
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