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1. BBEJlEHHE 

YpaaHeHHR 3aono~HH HrpaoT aa*HYO ponb npH aHanHae KaK HHKno-
3HBHbiX /l,2/, TaK H 3KCKnoaHBHbiX /a/ *eCTKHX npo~eccoa. OHH onHcbl
aaoT 3aBHCHMOCTb ~YHK~HH pacnpeAeneHHR napTOHOB H napTOHHbiX BOn
HOBbiX ~YHK~HH OT peHopMHPOB04Horo napaMeTpa ~· Xopowo H3BecTHo, 
4TO AnR nocneAOBaTenbHOrO y4eTa paAHa~HOHHbiX nonpaBOK He06XOAH
MO 3HaTb 3BOnO~HOHHble RApa no KpaHHeH Mepe B ABYXneTneBOM npH-
6nH*eHHH.JlnR HHKn03HBHbiX npo~eccoa ABYXneTneable pac4eTbl 6blnH 
BblnonHeHbl HecKonbKO neT TOMY Ha3aA 1 4•51• Bb14HcneHHe RAeP 3Bono
~HH AnR 3KCKn03HBHbiX npo~eCCOB RBnReTCR 6onee CnO*HOH 3aAa4eH, 
H nepBbiH I noKa eAHHCTBeHHbiHI peaynbTaT - AByxneTneaoe RAPO 
3BOnO~HH AnR BOnHOBOH ~yHK~HH nHOHa - 6bln nony4eH COBCeM HeAaB
H0/6•7/. 06a pac4eTa 1161 H /7/ I ablnonHeHbl a caeTonOA06HoH aKcH
anbHOH KanH6poBKe C HCnonb30BaHHeM TeXHHKH, aHanorH4HOH pa3BH
TOH a/5/ AnR HHKnoaHBHbiX npo~eccoa. HaaecTHo, OAHaKo, 4TO ceeTo
noAo6HaR KanH6poBKa BeCbMa CHHrynRpHa, 8 4aCTHOCTH, B HeH nORB
nROTCR 11nHWHHe11 ynbTpa~HoneTOBble paCXOAHMOCTH, KOTOpble ycTpa
HROTCR ~aKTH4eCKH 11 pyKaMH 11 lnoApo6HocTH eM. e /5/ I. KpoMe Toro, 
~?W nn~u~~WWR~nnr~ R/7~ A n~n~ecce OAC4eTOB 3BOnOUHOHHOrO RaOa 
AnR aonHOBOH ~yHK~HH nHOHa BCKpblnHCb HOBble oco6eHHOCTH 3TOH 
KanH6pOBKH, He npORBHBWHe ce6R npH paC4eTe RAep AnR HHKn03HBHbiX 
npo~eCCOB. He CnHWKOM BAOXHOBnR~HM RBnReTCR TaK*e TO, 4TO 
BbiPa*eHHR, nony4eHHble 8 CBeTOnOAo6HOH KanH6pOBKe AnR OTAenbHbiX 
AHarpaMM, c~eCTBeHHO 6onee rpoM03AKH, 4eM CYMMapHbiH BKnaA 
acex AHarpaMM. Bee 3TO cTaBHT 3aAa4y paapa6oTKH 6onee perynRp
Horo MeTOAa pac4eTa RAep 3aono~HH AnR 3KCKno3HBHblx npo~eccoa. 

B HacTOR~eH pa6oTe AaeTcR KpaTKoe onHcaHHe Hoaoro MeTOAa, 
n03BOnR~ero npoBOAHTb pac4eT RAep 3BOno~HH B KOBapHaHTHbiX Ka
nH6poBKaX, HanpHMep B ~eHHMaHOBCKOH, CBOHCTBa KOTOPOH XOPOWO 
H3y4eHbl H OnHCaHbl BO BCeX y4e6HHKaX no KBaHTOBOH TeOpHH nonR. 
C noM~bo 3Toro MeToAa HaM YAanocb aocnpoHaaecTH peaynbTaT 
pa6oTbl /7 I IH, c HeKOTOPbiMH oroaopKaMH - pa6oTbl 16 1 I H TeM 
caMbiM nOATBePAHTb, 4TO B paC4eTaX 16 •

7
'/ He 6blnO AOn~eHO CHCTeMa

TH4eCKHX OWH60K, o6ycnoaneHHbiX CaMHM ~aKTOM HCnOnb30BaHHR CHHry
nRpHOH CBeTonOAo6HOH aKCHanbHOH KanH6pOBKH. 

2. BOnHOBAR ~YHKUHR nHOHA H EE 3BOnDUHR 

BonHoayo ~YHK~HO nHoHa ~(x,Jt2) MO*HO onpeAenHTb cneAY~HM 
o6paaOM /B/: 

'~·~, ... c ... ,'!C. ~. 
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/1/ 

rAe nil - HeKOTopbl~ ceeTonoAo6Hbl~ eeKTOP I n 2 = 0/, o6ecne4HBa~Q~qHH 
BbiAeneHHe CHMMeTpH4HO~ 6eccneAOBO~ 4aCTH KanH6pOB04HO-HHBapHaHT
HOrO noKanbHoro onepaTopa uy5 y Dill''' o 11Nd c KBaHTOBbiMH 4HCnaMH 
1T- -Me3oHa; D" =all -i gA8"r a - "KoeapHaHTHaR npOH3BOAHaR' Ae~cT
BYIOIIIaR Ha none d -KeapKa; I P> - OAHOnHOHHoe cocTORHHe c HMnynb
coM P, a 1'2 - peHOpMHpOB04Hbl~ napaMeTp AnR COCTaBHbiX onepaTOpOB, 
3aBHCHMOCTb MOMeHTOB aN OT 1'2 OnHCbiBaeTCR ypaBHeHHeM peHOpM
rpynnbl 181: 

d 
1'- a (ll2) = 

diL N 
/2/ 

rAe ZNK. - MaTPHLia aHoManbHbiX paaMepHocTe~ 181• KoM6HHHPYR Bblpa>Ke
HHR /1/, /2/, MOJKHO nony4HTb ypaBHeHHe 3BOniOLIHH AnR BOnHOBO~ 
<I!YHKLIHH nHoHa /S/! 

1 
f V (x,y; g) xNdx = 
0 

r M:lTntAIIPLtf 7. rnnTwnmP.I-IIAP.M 
NK. 

3. 3BOJl~lUHOHHbiE .R,QPA B KOBAPHAHTHbiX KAJ1H6POBKAX 

/3/ 

/4/ 

CTaHAaPTHbl~ MeTOA Bb14HcneHHR aHOManbHbiX paaMepHOCTe~ COCTae
HbiX onepaTopoe ocHoBaH Ha paano>KeHHH eenH4HHbl (Dv IY')N no CllopMy
ne 6HHOMa, TaK 4To6bl 3aBHCHMOCTb onepaTOpHO~ eepWHHbl OT KBap
KOBbiX H rniOOHHOrO none~ CTana RBHO~: 

/51 

rAe rp (k) : {D av)k rp, ,QanbHei'IWH~ pac4eT npOBOAHTCR o6b14Hb1M o6pa-
30M, .QnR HHK~I03HBHbiX nPOl.leCCOB AeTanbHOe OnHCaHHe Bbi4HCneHH~ 
AaHo, Hanp~o~Mep, e pa6oTe/9/, 06o6111eH~o~e Ha 3KCKnK>3HSHbl~ cny4ai1 
Tpe6yeT nHWb He3Ha4HTenbHbiX MOAH<I!HKal.IHH /eM., HanpHMep, pa6o-

2 

TY 1101, e KoTopoi1 noApo6Ho o6cy>KAaeTcR OAHoneTneeoi1 pac4eT I. OA
HaKo nocTpoeHHe V{x,y;g) no H3BecTHbiM 3Ha4eHHRM ZNK. RBnReTcR 
AOBOnbHO cnoJKHOH npo6neMo~. KpoMe Toro, H3 HMe~Q~qerocR onbiTa 
pac4eToe RAep AnR HHKni03HBHbiX npo1.1eccoe ~o~aeecTHo, 4TO npRMoe 
Bbi4HcneHHe HenocpeACTBeHHO RAPa P(z) npeACTaenReT co6o~ 3Ha4H
TenbHO 6onee npOCTYIO 3aAa4y, 4eM Bbi4HCneHHe COOTBeTCTBYIOIIIHX 
aHoManbHbiX paaMepHOCTeH YN· B Aei'lcTeHTenbHocTH npocTei'!wH~ cno
co6 nony4eHHR YN COCTOHT B Bb14HcneHHH CHa4ana P( Z),a 3aTeM ero 
MOMeHToe, KOTOpble H AaiOT YN• 0AHoneTneeble pac4eTbl eenH4HH ZNK. 
H V(x,y;g)CBHAeTenbCTBYIOT o TOM, 4TO AnR 3KCKni03HBHbiX npo1.1eccoe 
3TO 3aMe4aHHe cnpaBeAnHBO Aa>Ke B 6onbWeH Mepe, 4eM AnR HHKni03HB
HbiX. 

HCXOAR H3 3TOro 6yAeM npHAepJKHBaTbCR CTpaTerHH npRMOro Bbi-
4HCneHHR aAPa V(x,y;g),MHHYR pac4eT MaTPHLibl ZNrC 3TO~ 1.1enb10 
COnOCTaBHM KaJKAOMy onepaTopy, BXOARIIIeMy B paanoJKeHHe /5/, MHOro-
4aCTH4HYIO BOnHOBYIO <llYHKLIHIO: 

1 k1 kt 
=f ¢r<xo,x1• ... ,xf)x1 ... xf [dx]f+1 

0 

3aBHCRIIIYIO, B006111e roeopR, OT Bb16opa Kan~o~6poBKH*. B /6/ BBeAeHo 
f 

- r ~ , .,.,,. _.. ""'• • " 
UUU;:JHd"tt:HVIt: LUAJf+ l ==U\ ~- 0 Aj} UAo••• UAt • 1-\CUICCt t'I~IIU.iiD.:t.tn 

COOTHOWeHHe /1/-/6/, MOJKHO npeACTaBHTb ~{X) B BHAe CYMMbl no CllyHK
l.IHRM rpk, B3RTbiM C BecaMH, AHKTYeMbiMH CllOPMYnOH /5/: 

00 1 

~(x)= k!-1 fopk(x,z1''"'zk)¢k(zo'"' ,zk)[dz]k+1"" 

1 
=f 8(x-z 1)¢1 (1-z 1,z 1)dz 1 + 

0 
/7/ 

np~o~ nepeHOPMHPOBKe HMeeT MeCTO CMeWHBaHHe <I!YHKLIHH rpk APYr C APY
roM: 

d 00 1 
l'-¢k(lzl.~t2 )= :I f vk. (lzl.lyl)¢, (lyl."2 ) [dy] • 

dl' j = I 0 I I j + 1 
/8/ 

* BblnonHeHHe cneKTpanbHoro ycnoBHR O<x <1 AnR <llYHKLIH~ 
,.~.. ( ) . 6 /II/ - j -'t'f x0 ,x 1,,,.,xt AOKa3aHo B pa OTe , 



OTMeTHM, 4TO H3 ~opMyn /3/, /7/, /8/ B~TeKaeT ycnoaHe Ha RAPa pi 

~ 1 1 
I. f p. (x,lzi)V .. (lz\,lyl)[dz]. 1 =f V(x,z)p.(z,lyl)dz, 

i = 1 0 1 1J J + 0 J 
/9/ 

KOTOpoe AOil>KHO BblnOilHRTbCR B CHny KanH6pOB04HOH HHBapHaHTHOCTH, 
CnpaaeAnHBOCTb /9/ rapaHTHpyeTCR Ha caMoM Aelle TO>KAeCTBaMH 
YopAa, CBR3b1Ba~HMH 4> k -~yHK~HH. 

B3Ra j = 1 a ~opMyne /9/ 1-1 aocnollb3oaaawHcb TeM, 4TO 
p1(z,y 1 ,y 2)=8(y1 -z), npHXOAHM K $OpMyne 

00 1 
V(x,y)= I. f pk (x,lzl)Vkl (lz\,y)[dz\ 1 , 

k= 1 () + 
/10/ 

caoAR~qei'i Bbi4HC11eHHe V(x,y) K pac4eTy RAeP Vu<lzl,y).B Ka>KAOM 
~HKCHPOBaHHOM nOPRAKe TeopHH B03My~qeHHH AOCTaT04HO, B AeHCTBH
TellbHOCTI-10 3HaTb IlHWb HeCKOilbKO nepB~X RAep: V11 H V21 B OAHOneT
IleBOM npH611H>KeHHH, Vu. v21• Val - B ABYXneTileBOM H ToAo 

noAXOA, onHCaHHbiH B~We, npHMeHHM 0 04eBHAHO, H K pac4eTy RAeP 
A11R HHK11~3HBH~X npo~eCCOB, He06XOAHMO IlHWb CllerKa MOAH~H~Hpo
BaTb ~OPMYilbl /6/-/10/, 

1. rcn':'>L anco 
I e '-'..,,,_.., .,,....._, f 

nPOUECCbl 

B T.exHH4ecKOM acneKTe Haw noAXOA 611H30K K ~opMa11H3MY 11 pa3pe-
3aHHbiX11 aepwHH (cut vertex formalism) 112•4/, B 4aCTHOCTH, N -
4aCTH4HbiH BKilaA B onepaTOPHYIO aepWHHY COAep>KHT npOH3BeAeHHe 
8 -~yHK~HH THna 8(x 1-(k 1n)/(Pn)) ... 8(xN-(kNn)/(Pn)). Ho Heo6-
XOAHMO nOA4epKHYTb 0 4TO, nOCKOilbKy B HaWeM C11y4ae 4epe3 onepa
TOPHY~ aepwHHY He npOXOAHT pa3pe3, Hawe HCXOAHOe Bblpa>KeHI-ie He 
COAep>KHT 8 -~yHK~I-iH THna 8 ( k ~ ), CBR3aHHbiX C BHyTpeHHHMio1 IlHHHRMI-1 
AHarpaMMbl, B HHK11~31-1BHOM C11Y4ae, OAHaKO, 3TH 8-~yHK~HI-1 HeTPYA
HO BOCCTaHOBI-1Tb, B~4HC111o1B lo1HTerpa11bl no ki nyTeM B3RTio1R COOTBeT
CTBYIC)Iqlo1X Bb14eTOB, nocneAy~lqlo1H pac4eT B 3TOM C11y4ae nOilHOCTb~ 
coanaAaeT c npHHRTbiM a MeTOAe pa3pe3aHHbiX aepwHH. B ceo~ o4e
peAb A11R RAep 3B011~~1o11o1 0 COOTBeTCTByl()lqHX 3KCK11103HBH~M npo~ec
CaM, lo1HTerplo1pOBaHHe nyTeM B3RTHR Bbl4eTOB AaeT 8-~yHK~Io11o1, CTOR
IqHe Ha 11 HenpaBH11bHbiX11 1llo1HI-1RX, A11R MeCTOHaxoJKAeHHR KOTOpblx 
TPYAHO c~opMy111o1poaaTb KaKio1e-nH6o rpa~lo14eCKHe npaaHna. KpoMe 
Taro, 4HC110 pa3111o14Hb1X eapHaHTOB B AaHHOM C11Y4ae cy~qeCTBeHHO 
6onbwe, 4eM A11R HHK11~31o1BHbiX npo~eCCOB, no3TOMY Mbl He lo1Cn011b3yeM 
npHeM C HHTerpHpOBaHHeM nyTeM B3RTio1R Bbl4eTOB, a B~4HC11ReM lo1H
Terpa11bl no k. Koaaplo1aHTHbiM o6pa30M, Hcno11b3YR a -npeACTaaneHio1e 

1 

4 

8 (x- (kn) ) = -
1
- j da exp lia (x-~) I 11 I 

(Pn) 2~r -oo · Pn 

AllR aepwHHH~x 8 -~yHK~Hi'i. 
M~ o6Hapy>KH11H npH 3TOM, 4TO ~aKTH4eCKH AnR acex AHarpaMM 

paC4eT HHKn~3HBHOrO RApa p ( Z) cy~qeCTBeHHO np()lqe, 4eM 3KCKn~3HB
HOro V(x,y).0AHaKO nyTeM AeTallbHOrO aHanH3a COOTBeTCTBY~HX 
~eHHMaHOBCKHX HHTerpallOB B PRAe C11Y4aea HaM YAallOCb HaHTH o6~qHe 
~OPMYil~, Bblpa>Ka~He V(x,y) 4epe3 P(z).B 3THX cny4aRx RAPO V(x,y) 
MO>KHO Bb14HC11RTb ABYMR cy~qeCTBeHHO He3aBHCHM~MH cnoco6aMH /npR
MbiM o6pa3oM 1-1 4epe3 P(z) I 1-1 TeM caMbiM KOHTPOilHpoaaTb npaaHnb
HOCTb pac4eToB AllR Ka>KAOH 1-13 TaKHX AHarpaMM, KpoMe Toro, npa
BHnbHOCTb pe3y11bTaTOB AnR P(z) MO>KHO npoaepHTb 0 cpaBHHBaR HX 
C Bblpa>KeHHRMH AllR Ka>KAOH AHarpaMM~, npHBeAeHH~MH B pa6oTe /4/*, 

06~qHe ~OPMYilbl cnpaaeAilHB~, a 4aCTHOCTH, AllR AHarpaMM, He 
COAep>KaiqHX rll~OHHble IlHHHI-1 0 COeAHHR~IqHe IlHHHH pa3Hb1X KBapKOB 
/eM. pHc.1a,6/. 

AnR TaKHX BKilaAOB so acex nopRAKax TeopHH ao3My~qeHHH HMeeT 
MeCTO COOTHOWeHHe 

/12/ 

= .. - ~ ~ -·- "··----······-- ·--····-- --------··-- ---1 HV A- .a.- A, 3- .a.- J • nnc:o~11V1 ,..,..,. •. ,g, '+''""t-''"'.7"'u ""'''t-'UIQ¥M"'"'uu H""' 
o6o6~qeHHo-Tpeyr011bH~X AHarpaMM THna npHBeAeHH~X Ha pHc.1a,r: 

PHc. I. CTPYKTypa AHarpaMM, AJUI KOTOPbJX HMeiOT MecTo o6~e 
clx>PMYJlblo CBH3blBaiO~e pi ( Z) H Vi (X, y) , 

* M~ o6Hapy>Kio1111o1, npaaAa, 4TO A11R ABYX AHarpaMM ~opMyn~, 
AaHH~e a I 41, HeaepH~. 

/13/ 

5 



AAA 
0. 

P~c.2. OAHoneTneB~e AHarp~, 

Aaro~e BKnaA B V0(x,y). 

~OpMyn~ /12/, /13/ He COAeP*aT HHTerpHpOBaHHH, H C HX nOM~b~ 
MO*HO 6e3 ocd6~x ycHnHH nony4HTb Vi (x,y) H3 Pi (z). 6onee cno*Hoe 
COOTHOWeHHe 

() x/y p.(t) 
v.A (x,y)=l8(y-x) I dt 1 +(x ... i,y ... y)+tri8(x-y)J 

1 0 1- t 
/14/ 

HMeeT MeCTO An~ AHarpaMM pHC,1A, OTnH4a~HXC~ OT npocTeHWeH 
TpeyronbHOH AHarpaMM~ /CM, pHc.2a/ C06CTBeHH0-3HepreTH4eCKHMH 
ecTaBKaMH e rn~oHH~H nponaraTop. no onpeAeneHH~, An~ TaKHX 
AHarpaMM Pi(Z)=pi(Z)+tri8(1-z). 

3aMeTHM, 4TO ~opMyn~ /13/, /14/ cnpaeeAnHB~ HAn~ OAHoneTne
BOH TpeyronbHOH AHarpaMM~ 2a. B 4aCTHOCTH, Hcnonb3Y~ n~y~ H3 
HHX An~ AHarpaMM~ 2a H ~OpMyny /12/ An~ AHarpaMM 26, MO*HO nerKO 
nony4HTb OAHOneTneeoe e~pa*eHHe An~ ~APa 6poACKoro-nena*a /3/ 
H3 ~APa AnTapennH-napH3H/ 2~ 

TeM He MeHee OCTaeTC~ e~e 6 AHarpaMM, KOTOp~e 8~4HCn~nHCb 
TOnbKO OAHHM /np~M~M/ CnOC060M. ~n~ HX npoeepKH M~ HCnOnb30BanH 
••peAYKI.IHOHHY~11 ~opMyny /7 I 

-U+ioo 
~ (Z)=-1- f 

1 2rri 
-u-ioo 

z-N-ldNI_!_(~)NI l N /15/ IV. (x,y,g) x dxl , 
N I dy y=b 0 

1 
An 

OCHOBaHHY~ Ha TOM, 4TO ZNNB ~OpMyne /2/ COBnaAaeT C aHOManbHOH 
pa3MepHOCTb~ y..N .~en~IOIJteHc~ N-H~M MOMeHTOM ~APa P. (z) CHMBonoM 
11An11 a /15/ OOo3Ha4eHa nPOI.IeAypa aHamtTH4ecKoro npoAdn*eHH~ 
B KOMnneKCHY~ N -nnOCKOCTb. 

5. 06CYMAEHHE PE3YnbTATOB 

6 

2 1 
+CFVF(x,y)+TCFCCVC(x,y)] I+ 

a 
V0 = 

2
: CF8(x-y)F+(x ... i,y ... y). 

VN(x,y)=8(y-x)[-..!Q..F_.!_~_.!_Fln(.!..)1+(X-+X y-+y) 
9 3 y 3 y • • 

V ( ) [ 67 17 X 11 X - -
c x,y =8(y--:x) -F+-.--+-ln--2Flnylnx]+ 

9 3 y 3 y 

V ( ) n [ rr
2 X 3 X X F x,y =u (y- x) -- F+--(- F--) In(-)-
3 y 2 2}' y 

- ( F- F) In(.!..) In ( 1-~) + ( F +..!..) . In2 ( ~)- 2 F lny In x]-
y y 2y y 

-
2
xy Inx(1+Inx-2lni)-G(x,y)+(x ... i,y ... y). 

/16/ 

/17/ 

/18/ 

/19/ 

/20/ 

rAe F=F(x,y)=(x/y)[l-1/(x-y)], 
pai.IH~ onpeAeneHa e~pa*eHHeM 

F = F (i, y) , ••nn~c 11 -one-

- - l -IV(x,y)} =V(x,y)-8(x,y) I V(z,y)dz, /21/ 
+ . 0 

~YHKLIH~ G(x,y) AaeTc~ ~pMynoH 

G ( x, y) = 8 ( x- y)[ 2 ( F- F) Li
2

( 1-:.-) + ( F- F) 1ri2 y- 2 FIn x lny] + 
y /22/ 

+ 2 F Li 
2
(y)[8 ( x-y)- 8 (y- x)]- 2 F Li 2 ( x) [8 (X- y)- 8 ( x- y)] , 

Li (X) :a- j dt ln(l-t). /23/ 
2 0 t 

B~pa*eHH~ /16/-/22/ nonHocTbD coenaAaDT c pe3ynbTaToM, npHee
AeHH~M e/7/, H 4acTH4HO- c pe3ynbTaTOM, nony4eHH~M CapMaAH/6/ 

B pa6oTe/6/,a 4aCTHOCTH~ OKOH4aTenbH~H pe3ynbTaT npeAcTae
neH B BHAe CYMM~: V (x,y) = V (X,y) + Z 8 (X- y) , rAe Z- HeKOTO
paR KOHCTaHTa. 8 CBOD 04epeAb HaWH ~OpMyn~ /16/, /21/ COOTBeT
CTBYDT aHanorH4HOMY npeACTaBneHHD, HOC Z,RBnRIOIJteHCR HeKOTO-

7 



poH HeTp~B~anbHOH ~YHK~~eH napaMeTpa y /Hanp~Mep, Ha OAHOneTne
BOM ypoeHe Z coAeP>K~T BKnaA, nponop~~oHanbHbiH y ln Y.. + y ln y I . Cne
AYeT, OAHaKo, nOA4epKHYTb, 4To Haw pe3ynbTaT An~ V(x,y)cosna
AaeT c np~BeAeHHbiM B pa6oTe/61, 3a ~cKn~4eH~eM ~Me~e.:1c~ a16 1 
~BHOH one4aTK~ An~ MHO>K~Ten~ ( F + x/2y) a V *. 
1 

"nn~coea~" ~opMa /16/ ~en~eTc~ cneACTB~e! Toro, 4TO 

~ V(x,y)dx=Z
00

, a Z
00

(=y
0

) paeHo HyniO ecneAcTe~e coxpaHeH~~ 

aKc~anbHoro TOKa B K~panbHOM npeAene I m q = 0/. 3aMeT~M Aanee, 
4TO n~6a~ A~arpaMMa, a KOTopo.:1 ~MeiOTc~ rn~oHHble n~H~~. BbiXOA~
~~e ~3 onepaTopHOH sepw~Hbl, AaeT HyneeoH eKnaA a Z /a cneAo
eaTenbHO, 11nniOCOBbiH 11 BKnaA B V (X, y)/npOCTO BCneACTB~e TOro, 4To 
np~ N = 0 B ~opMyne /5/ eoo6~e HeT 4neHoe, 3ae~c~~~x oT non~ A • 

Mbl ycTaHoe~n~, 4TO ~MeHHO TaK~e A~arpaMMbl oTeeTCTBeHHbl 3a ~ 
Ha~6onee HeTp~e~anbHble, 3ae~c~~~e oT y eKnaAbl a K03~~~~eHT 
nepeA B(x-y},Hanp~Mep OAHOneTneeoH ~aKTOP (ylny+ylny) ~en~KoM 
o6ycnoeneH A~arpaMMaM~ 26. B ceeTonOA06Ho.:1 aKc~anbHOH Kan~6poe
Ke 3TOT 4neH /a TaK>Ke aHanor~4Hble ABYxneTneeble ~aKTOpbl/ eo3-
H~KaiOT ~3 Z~-~aKTOPOB, CB~3aHHbiX C nepeHOpM~pOBKOH BHeWH~X 
KeapKOBbiX n~H~H. HeTPYAHO y6eA~TbC~ nyTeM np~Moro pac4eTa, 4TO 
B 3TOH Kan~6poeKe Z~-~aKTOPbl ~MeiOT Heo6xoA~MYIO 3aB~c~MOCTb 
OT y. 

HcxoA~ ~3 3Toro Mbl paccMaTp~eaeM cosnaAeH~e Hawero pe3ynbTa
Ta C nony4eHHbiM B n/ KaK OAH03Ha4HOe yKa3aH~e Ha TO, 4TO o6a 
pac4eTa npae~nbHbl ~ 4TO B pa6oTe/7/ HeT c~cTeMaT~4ecK~x ow~6oK, 
o6vcnoeneHHbiX ~cnonb3oBaH~eM ceeTono~ofiHn~ ~Kr~~nhHn~ K~n~fi~nR
K~. 

6. JlHArOHAilH3AL.lH.R 

Jln~ nocneAY~~x np~no>KeH~H " 3aAa4e o ~OPM~aKTope n~oHa Heo6-
XOA~Mo 3HaTb co6cTBeHHble ~YHK~~~ ~APa V(x,y).H3eecTHo, 4To 
B H~3WeM nop~AKe TaKOBbiM~ ~Bn~IOTC~ ~YHK~~~ C !/2 (X- X). 4T06bl 
YETaHOB~Tb 3TOT ~aKT, AOCTaT04HO 3aMeT~Tb, 4TO npo~3BeAeH~e 
YY Vo(X,y) = Vo(x,y) C~MMeTp~4HO OTHOC~TenbHO 3aMeHbl X ... y ~, 
cneAOBaTenbHO, co6cTae~H~e ~YHK~~~ ~Apa V0 (x,y) AOn>KHbl 6b1Tb op
ToroHanbHbiM~ C Be COM X X 3/. 

Ha ABYXneTneeOM YPOBHe, OAHaKo, KOM6~Ha~~~ yy V (x,y)cOAep>K~T 
MHO>KeCTBO 4neHoe, Hapywa!Oiq~x x ....... y c~MMeTp~~. B 4aCTHOCT~, 
a VN ~ VF 3Ta c~MMeTp~~ HapywaeTc~ 4neHaM~, nponop~~oHanbHbiM~ 

ln(itfy) ~ ln (i/y). 0603Ha4a~ ~X CYMMY 4epe3 /1 V , HeTPYAHO 3aMe-
T~Tb, 4TO (NG} 

* 4To6bl ynpocT~Tb cpaeHeH~e c pe3ynbTaTaM~ pa6oTbl/6/ Mbl ~c
nonb3YeM BBeAeHHble TaM o603Ha4eH~~, KOTOpble HCnonb3Y~T~~ 
/c TOH >Ke ~enb~/ ~ a pa6oTe /7 I. 
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as as 2 X 
V

0
(x,y) + 11 Vc NG)(x,y) = 1-CrF ( 1 + -( 11-- N ) ln (-) + 

271 271 3 f y 

liS 

- - as X 1 + -- f3o 
/24/ 

+(X-+X,y .... y)l =1--Cr(-) 271 
+ 271 y 

- - 3 +(x .... x,y .... y)l +O(a ). + s 

1 {1--)+ 
x-y 

TaK~M o6pa3oM, HapyweH~e x ..... y c~MMeTp~~ a 11V nponop~~oHanbHO 
nepBOMY K03~~~~~eHTY {3-~yHK~~~ {3 0 = ( 11- 2Nr /3). 3TOT ~aKT He
TPYAHO noH~Tb, 3aMeT~B, 4TO HeKOTOpble ABYXneTneeble BKnaAbl B 
V(x.~ MO>KHO nony4~Tb, 3aMeH~B B OAHoneTneeoH A~arpaMMe 2a 

KOHCTaHTY CB~3~ g(~} 6ery~eH: 

a 
2 2 2 2 2 2 a t 2 ~ 2 t 2 - f3 .....!!. 

g (~ ) .... g (k )=g (~ }11-
2

: {3
0
1n(-

2
-)+ ••• l=g (~ }(--2 ) o 211 +O(a!), 

~ ~ /25/ 

rAe k - ~Mnynbc rniOoHa. 
H3 Bblpa>KeH~~ /24/ BbiTeKaeT, 4TO c T04HOCTbiO AO 4neHOB O(a3

} s 

co6cTBeHHbiMij ~YHK~~~M~ ~Apa Vo + /1V(NC:1~Bn~IOTC~ c~/ 2 + f3oas! 271(x-'i}. 
0AHaKO B yyV G(x,y) ~MeiOTC~ BKnaAbl /Hanp~Mep, npono-p~~oHanbHble 
ln2 (xly)/,Hapywa~~e x~y c~MMeTp~IO 6onee HeTp~e~anbHbiM o6pa3oM. 
AanbHeHweH npo6neMoH ~en~eTc~ Bbl~cHeH~e nP~POAbl 3T~x BKnaAOB 
~ ~X Bn~HH~R Ha Co6CTBeHHble ~yHK~~~ nonHoro RApa. 

]. 3AKJ1104EHHE 

B AaHHOH pa6oTe ~3nO>KeHbl OCHOBbl HOBOro MeTOAa paC4eTa 3BOn~
~~OHHbiX ~AeP /KaK AnR ~HKni03~BHbiX, TaK ~ 3KCKni03~BHbiX npo~ec

coe/ a Koeap~aHTHbiX Kan~6poeKax. YcTaHoeneHo, 4To, xoTR 4~cno 
A~arpaMM B KOBap~aHTHbiX Kan~6pOBKaX 6onbwe, 4eM B aKc~anbHbiX, 
BKnaAbl OTAenbHbiX A~arpaMM ~MeiOT 6onee KOMnaKTHYIO ~OpMy ~. KaK 
cneACTB~e, nposepKa nony4eHHbiX pe3ynbTaToe cy~ecTBeHHo np~e. 
B Ka4eCTBe np~no>KeH~R MeTOAa Mbl Bbi4~Cn~n~ ABYXneTneBOH BKnaA 
B RAPO, ynpaenRIO~ee 3BOniO~~eH BOnHOBOH ~yHK~~~ n~oHa. nony4eH
Hoe HaM~ Bblpa>KeH~e coenaAaeT c pe3ynbTaTaM~ BblnonHeHHoro paHee 
pac4eTa 3Toro RApa B CBeT0110A06HOH aKC~anbHOH Kan~6pOBKe. 3TO 
OnpaBAbiBaeT HaAe>KAY, 4TO BBeAeHHble 11 pyKaM~ 11 Bb14~TaH~R, ~cnonb-
3yeMble B nocneAHeM 110AX0Ae, He np~BOA~T K KaK~M-n~6o C~CTeMaT~-
4eCK~M OW~6KaM, 110 KpaAHeA Mepe Ha ABYXIleTneBOM ypOBHe. 
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