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B He.IJ.aBHe:H pa6oTe /I I Mbl ycTaHOBHJIH, ucxo.IJ.JI H3 

8HaJIH38 8CHMDTOTHK )l,HarpaMM cl>eHHM8H8, qTO peHOpMH· 

pyeM8JI KB8HTOB8JI TeOpHJI DOJIJI /PKTll/ C M8Jib1M 3Haqe

HHeM HHB8pH8HTHOrO 38pJI)l.8 llpH 60JILWHX BHpTyaJILHbiX 

HMDYJILC8X npHBO)l,HT K MO.IJ.HflJHD;HpOB8HHOMY napTOHHOMy 

OOHC8HHID, KOTOpoe npHHBM8eT BO BHHM8HHe B38HMO)l,eB· 

CTBHe napTOHOB. 0K83biBaeTCJI, MO.IJ.HciJHn;HpOB8HH8JI /H, CJie

)l,OBaTeJILHO, 06blqHaJI/ napTOHH8JI MO)l,eJIL TeCHO CBJI38H8 

C BHJILCOHOBCKHMH onepaTOpHbiMH pa3JIO)I(eHHJlMH / 2 /. llo

)l.06HaJI H)l,e.tl 6LIJI8 T8K)I(e BbiCK838H8 ,l),)I(Op)l.)I(H H llOJIHT • 

u;epoM /3 I . B .IJ.8HHoA pa6oTe Mbl uccJie)l.yeM :ny CB.ti3L 

B "CT8H)l.apTHOi" KBapKOBOB MO)l,eJIH rpy6oKOHeynpyroro 

ep-pacce.tiHHJI /4/. 
CTpyKTYPHble fllyHKUHH onpe.IJ.eJIHM cJie)l.yromHM o6pa-

30M: 

f' (P,q)--
1 

I Jd4 Xe 1qX<fl,aiJ (X)J (O)IP,a>,/1/ 
11v 811 a P. v 

I')l,e p , q - 4-HMDYJILCbl MHWeHH H BHpTyaJILHOrO flloTOH8 

COOTBeTCTBeHHO. Pa3JIO)I(eHHe Ha CBeTOBOM KOHyce HMeeT 

BH)l. 

2 2 (I) 
A(X)B(O)-I C

1
(X 1 11 ,n)O 

n,l p.I 
/2/ 

CuHryJI.tlpHoclH fPOH3BefeHH.tl A (X) B (0) cocpe.IJ.OToqeHbl 

B flJYHKUHJIX C (X 1 11 , n ) , a 0 ll I ... !l n JIBJIJIIDTCJI on epa TopaMH 

Tuna 

(I) 2 - I 
0 (X,!l )-1/J (X).y D ... Du A

8
bi/Jb(X). /3/ 

p. I · ··11 n 8 l11 !l2 ,.. n 
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CHHrymipHOCTH cPYHKll,HH C B o6lll,eM cnyqae OTllH'IHbl OT 

KaHOHH'IeCKHX, IT03TOMY He06XO~HMO BBeCTH MaCWTa6HbiH 

napaMeTp ll C pa3MepHOCTbiO MaCChi, cny:>Kalll,HH rpaHHIJ,eH 

Me:>K~Y "6onblliHMH" H "ManhiMH" paccToilHHilMH. Pa3yMHO 

ITO~'IHHHTb ll ycnOBHIO p. >> IDhadr , HO BHYTPH 3TOH o6nacTH 

Bbi60p KOHKpeTHOrO 3Ha'leHHil ll rrpOH3BOneH. To, 'ITO Bbi

pa:>KeHHe A (X) B ( 0) He 3aBHCHT OT ll, rrpHBO~HT K TOMY, 
'ITO 0 (i) 3aBHCilT OT ll : ll2 ilBllileTCil napaMeT-

Ill·· ·P.n 
pOM peHOpMHpOBKH 3THX orrepaTOpOB. 3TO nerKO ITOHilTb, 

ecnH 3aMeTHTb, 'ITO B narvaH:>KHaHe HeT qneHOB, HMeiOill,HX 
cTpyKTYPY orrepaTopoB 0 (I , T.e. pacxo~HMOCTH 

-. 
1

... lll···P.n 
<~I 0 l P > B TeopHH B03Mylll,eHHH He MoryT 6b1Tb ycTpaHe
Hhl rrpHMeHeHHeM o6bi'IHOH R -orrepau,HH /s/: Heo6xo~HMO 
~OITOllHHTb ee peu,eiTTOM peHOpMHpOBKH orrepaTOpOB 
Q (I) , xapaKTepH3YIOlll,HMCil napaMeTpOM J1 

Ill··· ~-'n 

B cTaH~apTHOH KanH6poBO'IHOH TeopHH B3aHMO~eii
CTBHil KBapKOB HMeeTCil 3 THITa qneHOB B npaBOH 'laCTH 

pa3no:>KeHHil BHnbcoHa: /4 I 
V 2 2 a 

C (X,p. ,n)SITrFillaDp.2 .. .0Jln-lFJ1n l' 

C F ,o ( x; /' n) S I~ a y Ill 

F . 2 2 I -
C ,t(X;Il ,n)S tPaYILI 

D D t/1 l 
ll2 ·· • ll n a 

i 
A ab 

D D -- t/lb l , 
ll2·· · lin 2 

/4/ 

r~e S 03HaqaeT CHMMeTpH3all,HIO H Bbi'IHTaHHe CBepTOK. 

Y~o6Ho BBecTH cne~yromHe cPYHKIJ,HH: 

F ,i 2 2 A 
1 

2 2 2 2 
I C (X

1
1l ,n)

2
AlL =(-<Q > + Q a)tSab E (X,Il ,n), 

F ,0 2 2 2 2 2 
C (X

1
p. ,n) =<Q > Eq(X 1 p. ,n), /5/ 

v 2 2 2 2 2 
C (X

1 
ll ,n) ·< Q > E (X, ll ,n) , 

na 
2 1 2 

<Q >=-n ~~Q r~e Qa- 3neKTpH'IeCKHH 3apil~ KBapKa a, a 

4 

~ 

( 

Orrpep;enilil cllypbe- o6pa3bl cPYHKll,HH E ( x; f.L 
2

' n ) ' KaK 
06bi'IHO /4/ , MO:>KHO rrony'IHTb Bblpa:>KeHHe ~nil MOMeHT<lB 

CTPYKTYPHhiX cPYHKll,HH f 6f: 
- oo d . - S - NS W ( n , q 2) .. f _..!.:!_ W ( w, q 2) = W ( n, q 2) + W ( n, q2 ) , 

n+ 1 l l l 
1 w 

- s 2 2 
W (n, q ) =<Q > 

l 

2 2 
E (q/I.L,n)l, 

q 

- 2 22- 2. 
I f~n,ll )E (q /p. ,n)+fq(n,p.) 

g 

NS 2 2 2 -p 2 
W

1 
(n,q) =I_(Q -<Q >) f (n,ll ), 

p=a,a P 

- -

/6/ 

-q a a -a -a 
r~e f "'~ (f +f ),a cPYHKll,HH f ,f CBil3aHbl C MaTpHq-

HbiMH 3neMeHTaMH cne~yrolll,HX orrepaTopoB: 
n-1 

1-·-I<P 
4 a 

- ~ 
, a I S I t/1 A ( ) ·y D ... D A ( ) t/1 II P ,a> = 

a+- lllll2 lln+- a 

=(±l)n p ... p ;a(a) (n,p.2), /7/ 
Ill lln 

a . n 
1 .... -
4 

I < p, a IS I Tr F D ... D 
a Ill a ll2 P.n-1 

~ l=P ... P f~n,p.2 ), 
n Ill lln 

r~e A+H A - rrpoeKIJ,HOHHble orrepaTophl ~nil KBapKa H 

aHTHKBapKa COOTBeTCTBeHHO. 
Bhlpa:>KeHHe B npaBoii qaCTH paBeHCTBa /6/ HMeeT oco-

6eHHOCTH no n TonbKO cneBa oT rrpilMOH Re n = n 0 rrpH 

~OCTaTO'IHO 60nbWOM ITOllO:>KHTellbHOM 3Ha'leHHH BellH'IHHbl 

no,cne~oBaTenbHO, 

1 no+iw 

w ( w 'q2 ) - ---;- r i\ ( n 'q 
2

) w
8 

d n. 
1 2rr1 n -iw 

0 

/8/ 

BBe~eM cPYHKIJ,HH pacrrpe~eneHHil napTOHOB 

p 2 1 no + lw - p 2 -n 
f (x,ll) =-. r f (n,p. )x dn, 

2rr1 n -lw 
0 

r~e p=a,a,g, a f~x,ll 2)ilBnileTc:S cPYHKIJ,Heii pacrrpe~eneHHil 

/9/ 
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rJIIDOHOB. 0TCYTCTBHe oco6eHHOCTei cnpaBa OT KOHTypa 
HHTerpupoBaHH.ll npHBO,II.HT K TOMY, qTO f p (X, 11

2
) • 1 npH 

X 2 1 
06paTHOe npeo6pa3oBaHHe MennHHa .n.aeT <iJopMyny 

I 
- p dx n 2 
f (n,/1 ) -= f --X f (x,/1 ) , 1101 

0 X 

c noMOJ..UhiO KOTopoB: paseHCTBO IBI MO>KHO 3anucaTb B su.n.el
1 I 

2 I_ d X 2 2 2 2 p 2 w I ( w ,q ) = j - IE 0 ( q I 11 'w X ) ! - ( Q p- < Q > ) f (X ' 1-L ) + 
Ilw X p-a,a 

1111 

~ 2 2 2 2 22 2~ 2 
+ E ( q I ~t , w x ) ! _ < Q > f P ( x , 11 ) + E ( q I 11 , wx) <Q > f (x,ll ) . 

q p-a,a g 
. 2 

ll3 paBeHCTBa 1111 cne.n.yeT, qTO <iJyHKUBHfP(x, p. ) 
urpaiOT TY *e ponh, qyo H <iJyHKUHH pacnpe.n.eneHHJI napTOHOB: 

f P(x, 11
2 ) onucblsaeT onuenneuue napToHa c 4-uMnynhCOM 

x_P OT HYKJIOHa c 4-HMllYJibCOM P, a <1JyHKUHHE(q2/p.2,wx) 

OllHCblBaiOT B3aBMO,II.eHCTBHe M~>K,ZJ,y napTOHOM H BHpTyaJib.;.' 
HblM <iJoTOHOM. cl»yHKUHH f P( X, p. ) Y.IJ.OBJieTBOpJIIOT yCJIOBBJIM 

HOpMHpOBKH BCJie,II.CTBHe coxpaHeHiUI HeKOTOpblX onepa

TOpOB. OnepaTop SlifyP.l D
112

1j!-TrFp. 1a F 11a2 l JIBnJI
eTCJI TeH30pOM 3HeprBH-HMllYJibCa, cne.D.OBaTeJibHO, 

- 2 I g 2 a 2 ! f P(2,J-L ) • 1 HJIH f X dx{f (x,l-' ) +! (f (x,ll ) + 
0 a 

1121 
p•a,a,g 

+ f 8c x, J-L 
2 

) ) 1 .. 1 . 

OnepaTop (i a y P. o/b JIBJIJie.TCJI onepaTopo:u: seKTop-
uoro ToKa, u ero coxpaueuue npHBO.D.HT K npasuny cyw:w: 

I a a 2 r dx ! I f (X' p. 2 ) - f (X, 11 ) lc -c N , 1131 
0 a a 

r.n.e c a- coxpaHJIJOIUeecg KBaHTosoe qucno napToHa a l3nexT
puqecKHB 3apJI,II., CTpaHHOCTb, 3-g KOMllOHeHTa H30CllHHal, 

a cN·HyKJIOHa. 
cl>yHKUHH E ( q 2 I 11 2 , n ) MoryT 6blTh swqucneuw B Teopuu 

B03MYIUeHBH, xor.n.a HHBapHaHTHblH 3ap.a.n. g"2(q 2
) Man Ha 

Manblx paccTOJIHBJIX, T .e. npu -q 2.:? ·11 ~. Hau6onee 3cWiexTHB

HO npH 3TOM HCllOJib30BaHHe MeTO,II.OB peHOpMaJ1H3aUBOHHOH 

6 

I 

! 

rpynnhl IPr I 14•6 1. YpasHeHHJI Pr cne.n.yroT H3 Toro, 'iTO 
W ( n , q 2 ) He 3aBHCHT HH OT jJ. , HH OT napaMeTpa ,\ peHOp

MHpOBKH o6blquoil R - onepauus. YpasHeHHJI ynpomaiDTCJI, 
ecnu nonmKHTh ..\ s 11

2 
pasHI::.IMH. IIpoH3BO.D.H~4Jl6~W ld·(lnl1) 

pasHa Hynro, OTCJO,II.a cne.n.yiDT ypaBHeHHJI p r ' . A npuopH 
2 2 2 

Huqero uenh3.11 cKa3aTb o senuquue E(q IJ-L ,n,g (11 )) npu 

q2=-fL2,no3TOMy npe.n.noqTBTeJibHee HCllOJib30BaTb 11 -cxeMy 
peuopMupoBKB Is!, T .e. HOPMHpoBaTh E q(q2 I 11 2, n ,0) '"'1 . 

TaKHM o6pa30M, B peuopMHpyeMoil TeopBH c acHMn

TOTHqecxs cna6biM B3aHMo.n.eiicTBHeM I g2( q 2 ) « 1 nps 

-q 2 >> m ~adr I MO>KHO HCllOJib30BaTb .MO.D.H<iJHUHPOBaHHYID 
napTOHHYIO MO,II.eJih: B HeH HMeiDTCJi cPYHKUHH pacnpe.n.ene

HHJI napTOHOB, aKKYMYRHPYIOLUHe BKJia,II. 60JihlliHX paCCTOJI
HHH, a BKna.n. MaJiblX paCCTOJIHHH MO>KeT 6b1Tb BblqHCJICH 

no TeopHH B03MYIUeHHH. Heo6xo.n.HMO no.n.qepKHYTh, qTo neT 
HHKaKOH He06XO,II.HMOCTH paCCMaTpHBaTh pacnpe,II.eJieHHfi no 

nonepeqHoMy BMnynLcy kT. Ecnu >Ke HCllOJih30BaTb .113I::.IK 

rtonepeqHblX .HMllYJibCOB, TO ll3 TeOpHH B03MyiUeHHH BblTe

KaeT, 'iTO llpH 60JibWBX k T pacnpe,II.eJieHBJI HMeiOT BH,II. 
- 2 
g(k~ 2 19 I 

F(x,kT)---- HHHTerpanjf(x,kT)d kT paCXO,Il.HTCH • 
k 2 

T 
JTO 03HaqaeT, 'iTO Tpe6yeTCJI HeKOTOpaJI OCTOpO>KHOCTb. 

82 (kr> 
B paccMaTpssaeMoM no.n.xo.n.e nose.n.euue F( x, kT)- --~ 

kT 

npHBO,II.HT K llOJIBJieHHID norapB<iJMHqecKHX nonpaBOK l( Teo

pHD cso6o.n.HhiX I<BapKos. IIoJIBJieHHe napTOHOB c 6onLIIIHMH 

kT o6yCJIOBJieHO B3aHMO,II.eHCTBBeM napTOHOB H DO,II.aBJieHO 

BCJie,II.CTBHe 3TOrO <iJaKTOpOM g 2 ( k ~). JTO npHBO,II.HT I( cy
mecTBOBaHHIO .D.OBOJibHO WHpOKOrO HHTepBaJia 

2 2>> m -q badr 
g2( q 2 ) ln ( -q 2 I JJ. 2 ) « 1, 1151 

B ROTOpOM 06blqHaJI napTOHHaJI MO,II.eJib XOpOIIIO pa6oTaeT, 

a TaK>Ke K TOMY, 'iTO nonpaBKH K CKeHJIHHry MoryT 6b1Th 

D~qHcJieHbl no TeOpHH B03MyiUeHHH B BH,II.e PH.D.a no 
g ( 11 2 ) ln ( -q 

2 I fl 2 
) , KOTOpblil cyMMHpyeTCJl c noMOIUbiD 

ype.nneuuil Pr. 

1 



CyMMHpyeM BhiwecKa3aHHOe: napTOHHble cl>YHKUHH pac

npe.neneHHJI 1/, .neiicTBHTenhHO, cymecTBYJOT a PKTII, 2/ 
OHH He 3aBHC.IIT OT nonepe"IHOrO HMTiynbCa k T• HO 3/ 3aBH· 
CJIT OT napaMeTpa peHOpMHpOBKH /l 

2
, 4/ OHH Henocpe.n

CTBeHHO CBJI3aHhl C MaTpHqHbiMH 3neMeHTaMH onepaTOpOB 

pa3nO)I{eHHJI Ha CBeTOBOM KOHyCe H 5/ OHH TIO,D.qHHJIIOTC.Il 

npaBHnaM CyMM <l>eBHMaHa TIPH ni06hiX 11
2 

BCne,D.CTBHe 

coxpaHeHH.Il COOTBeTCTBYIOIUHX onepaTOpOB. 

Mhl npH3HaTenhHhl A.M.lian.D.HHY, JI.H.JIHnaToay, 

)l..B.IllHpKOBY, )l..CTaMeHOBY, A.H. TaaxenH,D.3e H A.A.Bna

.D.HMHpoay 3a HHTepec K ,D.aHHOB pa6oTe, nnO,D.OTBOpHble 

o6cy)l{.neHHJI H ueHHhle 3aMeqaHHJI. 
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Y CJIOBHB o6MeHa 
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