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Preprin t E~~-942(93 )-86 

A.A. GRlGORYAN, A.E. TYUGU 

SPlN EXCITA'l'IONS Ol!' MESONS I.N QCD SUM RU.LES 

Non-local gauge-invariant quark currents are considered a£ 

nadron .sourGe s in the framework of t he QGD s um rules for ana­

lysis of properties of meson excitations. There the contribu­

tion of a "bare" quark loop and gluon correction to the current 

corr elator !·or random spin s tates are calculated. l t is shown 

that in the mass range on Hegge trajectories, there takes place 

a quark-hadron duality - the power correction contribution con­

nected with the gluon condensate, is small with respect to t hat 

of the perturbation theory. The obtained formulae correctly 

descr ibe t he masses of resonances on Regge trajectories 
~ 
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BBe~eaHe 

B aacTOH~ee BpeMH 6on»moe npuaaaaHe nonyqHna KaJIH6poBoqaaH 

TeopJllH CHRbHWC Baamrn~e«cTBH« - KBaHTOBaH xpOMO.ll,HHaMHKa (KX,ll). 

CaMOAettCTBHe rJIIDOHOB, KOTopoe npH B0,1UIT K naAeHHE TeopeTHKO-BOa­

My~eaqecxo« KOHCTaHTli B3aHMOA6'1CTBHH KBapKOB H rJIDOHOB, IT03BO­

JIH6T HCITOJlb30BaT~ Ha MaJIIDC paCCTOHHHHX o6~qHyE T60PHD BOSMY· 

~eHHtt. OAHaKo ee o6nacT» npHweHHMOCTH orpaaHqeaa, nosTowy npH­

XO.lUITCH pa3BHBaTb aenepTyp6aTHBHlie. Il0.1tXOAli, TaKHe, KaK MOAenH 

CTpya, MemKOB H AP· ITpH Bli'll!CJieHHH CTaTHqecKHX xapaxTepHCTHK 

aApOHOB lllllPOKO HCilOJlb3Y8TCH .ll,HcnepCHOHH~ M6TOA, pa3BHTH« B 

pa6oTax llbtiI>MaHa, Ba£1HmTe!taa, 3axapoBa - S V Z - ueTOA [I] • B 

HaCTOH~e« pa6oTe B pru1xax aToro 1.1eTOAa 6yp;yT paccuoTpeHH weao­

H~ c 6on»llll!MH CllHHaMH. MH IlOCTpOHM AByxTOKOB~ KOppeJIHTOp,rAe 

B HaqeCTBe HCTOqHHKOB aApOHOB 6yp;yT paccuoTpeHli HeJIOHanbHliS 

TOKH •. Tru<ott BH6op noaBOJUIT arua HcnoJI»30Ban SVl - MeTOA ARR 

BJ:lqt!CR6HHH HaKnOHOB ~ ' co ' .A2 H f - TpaeKTOpHtt. 

I. ,llByxTOKOBNtt xoppenHTOp 

B xaqecTBe HCTOqHHKa aApOHOB paccMOTpHM KaJrn6pOBOqHO-HHBa-
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pHaHTHlill HeJIOKaJlDHli~ TOK c 6eaMaCCOBblMH KOH~aMK: 

:c+~ 

:iu(x,~)=~(x+s)Xy P exp[i,9 ~ .A.I' (x ') cix~]o/(x-5), 
:ic-5 . 

(I ) 

rP.e 71. Q. a. 

Ji}'(X) = y.Af' (X) 

8TOT onepaTop MoxeT paccMaTpKBaTDCR KaK KX~ - aHanor CT PYHli. 

rrocJie pa3JIOll:6HHR B p!iA no BTOpOit nepeweHHOn ~ fl OH npeA -

CTaBJl!i6TC!i B BHA6 cyMMH JIOKaJIDHlilX KBapKOBblX TOKOB, KOTOplie 

~o6CTB6HHO H CtrnTaIDTCR HCTOqHHKaMH aApOHOB c pa 3HWil'I cnHHaMH: 

st'• ... _sl'n - - ~ 
J.f' (x,5)= ~ nl lfl(X)Of' 'V,u1 ... 'V'fn't'(X) := 

sf'• ' .. 5f'n . 
=L .-.1 JJ-'f'1"·fln(X), (2) 

n 

rP.e ~ __ __,.. 
'1.f" = a.f' - af' + 2 ~8 .A!' t x) . 

ITocTpOHM TenepD HHBapHaHTHliit ,ll,BYXTOKOBlitt KOppeJIRTOp, B ~U­

pOM c nOMO~DE HHTerpHpOBaHHH 9 onpeAeJieHHblM BSCOM no BT OPl:W 

nepeueHHliM B o6bKX H6JIOKaJIDHbllC TOKax, BXOAH~X B Koppe JIHTOp, 

BliAeJieH BKJia"jJ. ~pOHHl:ilX COCTOHHHn c }J.llHHblM CilHHOM n • ~a 

STOrO paccuoT pHM ~yHKUHH [2 ] : 

4 

(2nl! 1/z { '.S1J11 
yl'1"·J'n(l}1~) =[ 2"(n!)i ] ~-g;' 

~ J..}ln } 

~- ~~. ' 
(3) 

r.IJ,e LP = ~JI - 9-fl ( '¥ s)/ q~ • qarypHlie CK06KH OSHaqa-

ET BliqST cneAOB. 

~yHKI.IHR y.J'•·"J'"(ci-1 ~) YAO~Jie!BopaeT ycnoBHHM: 

}'1· .. }'n 

~.f'1Y (<f,~)=O J 
· ~J.1}12 ld}''}'

2 --·J.l\q., s> = o; 

sd4~J-P '~z0(~~)6(5~+Uz)~}J1•••.Pn(Ci,g)x 
(4 ) 

uv, ... >in' 4:Jr i:: nP1· .. pn, 111···\>n 
";:J (~,~) = 2ri:;:t vn,n' (Cy) 

rAe n .)J1 ···Pn, Y1 .-•Vn 
(~) - npoeK~OHHlitt onepatop Ha COCTO-

H HHBapHaHTHO~ uacco~ q.l • ~YHKI.IHH HfU'le co CilHHOM _n 
LJ µ, ... Jin ~ (~,~) npe"JJ.CTaBJIH~T co6oM qeT!ij)eXMepHym aanHCh 06liqHJ:i1X 

clj')epHqeCKHX rapMO!il!K. Mli . MOEeU BB6CTH ,lij!a;zuioe npeACTaBJieHHe, 

pacCMOTp6HHqe illBHHrepou [3] ' H TOr}J.ll noJiyqHM: 

Un,.A - Lin'J\( e_..(q,)~P)­
::J ('}1~) - 0 J-5.Lz' -

)J1 .. :)Jn ( 2n )! 2.n + 1 ]
1/2 [ 1 ]" 

= enA (C}-) S}"• ... §pn[ 2.n(n!)2 45t J-51' :::. 

2n+1 } 1/z JI,· ··,tin = [ 
4

T! € 0~ (c.p 1:Jp 1 .• _µ~ (q,, $), 

5 
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r;zi;e 
11 _ _ _ • •)J, ... pn n ). 1 C-
J\- n, n.+1, ... , n-1,n, €n). () g (O.)=OJ\ X 

Cj.- 'JJ• .. •)Jn V J 

;. •JJ• .. :f'tt e v, ... ~n n )J1 ".)Jn) y, ... Vn I a.) 
£....._ en]\, (q,) nJ\. <q,) = \ r ; 

).: -n 

ft. q,'- ). q.''CfK 
e.)' tcp = (Jet' , OK + R (''}o + J?)), }I= (O, K). 

B Clt!CT6M6 ~ f = ( 'l-o 1 0) : 

lJ n/.. · n.71. __. - J\. l\ 
;:i (CJ,;~)=~ (s/1~1) , e_,u=(O , ot<)· 

~HTerpan (4) MOXHO nepenHcaTh B ;zi;pyrou BH;zi;e, c;zi;enaB saweHy 

nepeueaHwc: 

- - p. a= 8,.u(q,)$ ao = (<tr)/ JC? . 

Tor;zi;a HHTerpan 3alllt!W6TCff B BH;D;e: 

jdao jd \al \n\i )dri ~ f, ~ ldet ( ~i: )\ · 28(a
2

+R
2

) • 

n n· . ).11 ... J.ln •v, ... Vn' n:.>. - .i<n
1

7'.
1 

-

xb(0
0
[cf)f

0 

f;-
0

,en>- (cperi'~.' (Cj,)· !1 (rl)~ · (f1)"' 

r,l!.e 

~ bnn' n.J.l• " '.JAn,~1' " v" ( cp' 
2.n+1 

- -; -rl=U \0\. 

(6) 

(7) 

OTCIO.lJA c11e lJ.Ye 'r, t1T O ec111t1 Bwe cTo b ( a 2 
+ R2

) no;zi;cTaBlt!Tl> 
}J1 ... }'n v, ... yn 

JII06yll cJ>yHKIU1ll J (a<) , TO CTPYRTypa n (cp 

cox paHHTCR, lt!3MSHKTCR Jllt!Wb K03i)J<plt!!.U!6HT nepe~ He~. 

"' •• epb pg.ccMOT,.>IM Bblj:;Ci;J;6H>l6! 

. "1 na f 1 

nn,~z,R},R~)= LSd4.xe'~x ~ fFn, bn,?; ~ . 
n1 fn nz1n L 4' K sd4 ( 2 2 

><C.\,LA c.\.K.le_,u(Pm)ev (Pm) .f•20 Pmf)&(r +Rg)" 

11..fl ,s 2r'Jd 4rz2o(Pm'l)5('1 2 +R~) JP! . ('12t. 

• ~n,A1(Pm,s) ~/'n2:Az(Pm,'1,)>< 
(8) 

- -iP ;x: x{ <O.l~J'(O,~)lrn><rnl.J~(O,q)lo>e"Rm · ' 

<Oj Jv(O,fI)jrn ><m/ Jf'(O>f)IO>e mX, 

t" :> 0 

tx< 0. 

B 3!0U BblpallflHHH cy11.ua L. ClepeTCH no Boey a,ll;pOHHI:iDI CUC !'OH-
m 

HHHll, poJK;zi;ae.Mbl.M TOKalllt! J_µ(X,~) H Jy (O,f'/) 'H I_IO Beau 

BHyTpeHH!t!ll KBaflTOBl:illl lll!CJlaM 5THX COCTOHHH~, Pm - lt!llIIYJlbC 
2 2 

cocTOHHHH m , R § 1t1 R'l :- . p~aMepH11e naprui:eTpbl, cteneHb 

CJ1JzJ3 
cl.. Cly;zteT onpe.D;eneaa HHllCe, ,., :A, la - xoai)J<pH!.U!eHTbl KJieClma-

-rop.D;aaa, HHAeKCll n1 H nz .uoryT npHHH11aTb aaaqeaHH n-1 

n , rt+ 1 • M1i1 B ;zta.nHelllllHx cJ>opuynax orpairnqHMCll c11yqae11 

11,=n2=n-1 

IlOKallCeM, tlTO B ;ll;aHHOM BllpaaeHlt!lt! Il?f CYTCTByeir TOJlbKO BKJia;v; 

COCTOHHH~ CllHHa 11 

BBe;zi;ew 0Cloaaat1eHHe: 

~ \l n ri, 
1 n, ·1n •}, ... vn ;.i, . .. _µ,,, 

¢ .... "(Pm,R2,m)= L. ~ L c>-,'iA. eni'l (Pm) e,,,il., (Prn). 
J.:-n .:l.1-n1 ,:-1 

~ e~\pm) ~d4 5 J 2;~( \ / p~ ( ~ 2 
)"' ~/11 

.. . _µ~(Pm,~)· 25 (Pm~) x 

(9) 

x 6 ( ~ 2 + R
2

) < 01 J.f' (o, ~)Im>. 
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8Ta rl>YHKTT,HH CKIUl6TPKtIHa IIO HHA6KCaJI "Yt 

YCJIOBHlill: 

K Y'AOBJieTBOpHeT 

~-~n • . 
~~1~ . (~ 1 R 1 m)=O, 

o cp.Y,vz · .. vn 2 
av,-V. (Pm,R,rn)=O, (IO) 

OTKY'Aa CJ16AY6T, 'll'l'O OHa KM66'l' 'BHA HCTO'llHKKa HeKOTOporo COCTO-

HID'lfl m co QIIHHOM n 11 rpop»aJIHaMe PapH1Hl!llKHrepa [3] • 
n 2 2. 2. 

~yHK~ll n ( q,' R~) R'L). MOltHO aamtcan B BH'Ae: 

t1 2 2 2. • r 4 i q,:c .,,. m ;i, ' .. y n e n (Cjt,Rs 1 Rri)=LJd. xe ';;;-- --r (Pm,R 5,rn)" 

xn · f.fl1· .. )ln ;riPmX 
.,,, ... v.,_µ 1 ••• ,µ

0
(Pm) cp (Prn,R~,rn)e 1 tx ~ O, 

Hmt 

n 
2 2 2 1 C els .._- .Y,. ··Vn 2 n <ci.,Rg,R'l)=3T J s-q,2+i.o ~cp (Pm,R~,m)x 

0 

• nv, .. ·-Yn.f'•···)Jn (Pm) cp•...l'• .. Jln(Pm,R~,rn) i p"V"::::(Jso+J'f{,'f). 
(II) 

CJI6'AOBaT6Jll.HO, B nocTp06HHblit KOppeJIHTOP AailT llKJiaA TOJlhKO 
2 2. 

cocTOHHHH c AaHHblM cmrnou n ·• IIapruaeTpbl R ~- H R 'l 3'A6Ch 

IM6JOT CMblCJI napruaeTpOB HeJIOKaJihHOCTH paccMaTpHBaBMblX TOKOB. 
,. - 2. -- 2. 

B CHCTeMe 9'? = ( q, 0 , 0) OHH paBHbl I ~ I !ti I 11, I cooT-

l!eTeTBeHHO, T.e. paccT_OHHHJO M6llt.lzy KOHI.(aMH y; (X - ~) .H 

lY (X -t- ~ )( ljJ (- '1) H ~ Ul)) • M1i1 IIJ:!OHHTerpKpyeu no 
2 ?. 

Rg M R'l. OT o AO = . Ilp~ aTOM cTeneHh cl YA06Ho 
n 

Bb16paT:b TaKon , ttT 0 6bl B Bblp8lt8HJ.1H ,liJifl n ( Cj/ ) He B03HHKaJIO 

HHrppaKpaCHO paCXOAfl!llHXCfl t{Jl8HOB, KOTOpble MoryT IIOflBHThCfl, BCJlH 
2 2 

KHTerpaJibl no R~ H R'l pacxOAf!TCR Ha • 6ecKDHe11HOCTH , 

8 

.j' 

T.e. npK 60JihlllHX ";zuurnax '.' · 

B1i1qHqJie HHe "roJioit" 1rnapK0Boit n eu a 

H r JIJOOHHOit CT6ll6HHOit nonpaBKH . 

)lJIH BbltlHCJI6HHH nepenH!lleM KOppeJIHTOp B CHCTeue q,)4 = ( ~o} 0) 
2 2 

11 6oJiee Y:zl06HoM BK'Ae (BBeAH HnerpHpo:eaHHe no R~ 1t1 R'l. ): 

ft(q_~)= i_Icl4xei<J..t~d3f ~d3{ Cf2 if2)"'• 

n n - 1 1 

4 "\ ~ ~ cn-11n n-11n un-1.J\1 _.. ,, ... n-f~z -) 
• L- L_ L-- .l.1 1;., C "~ KJ\ ;:J ( n ~) -o ( ni ~ 

A ~ -n ~} ,i. = -n-t1 L,K-=-1 

• • 6~ o~ <01 T { Jy (X,f) Jv (01 rf)} ID>, (12) 

r'Ae Mbl HCllOJlh30Ba.JlH lllilpaJ:eID!H (6). 

B AaJI»He~weu 11ocno11»ayeucH mBHHrepoBcKo~ Ka.JIH6pOBKO~ (3] , 

ll KOTOpon 4 - II-OT6HIUiaJI I'JIKJOHHOro llOJIH .Ap ( :c) ' pacc11aorp.rna­

euoro KaK "BHeIDHee", 111i1paiaeTca B 11H,ne PH'Aa Kamt6po11oqHo-HH -

BapHWITHblX qJieHOll 

1 1 
flµ (:::c) = yxf G.f.J.f (o) + 3 xf .x"'.D°' Gf.P (O) + .. · , 

r.n;e G;iv (O) = Gf.P (O) J../2 

r1!JOOHHOI'O IlOJIH, 

- T6H30p HanpHJreHHOCTK 

IlporraraTop KBapKa S ( ;;c, Y) H P-aKcrroHeaora B aTo£1 

2 
KaJIH6pOBKe c TOttHOCTbJO AO qJieHOll ,...., G HMelOT BHA: 

" " 1 l. i. l. . 
S (X,':j) = 2!if l ( ?:2)?. + 4 Jr2 (c2) 2 ~f X;i Gf.f' (0) -

" 

(I3) 

l ( ' 2 2) r._ 1 z. ... ~ 
192rr 2 -(c2)2 l:J x -(1.j:r:) <.'fa.J3G"P-an2 yG"'fo<0>a.J3 as+ ... ( 14) 
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x+g 
~ (a:')dx_p J = 1 + t3 ~ +xf'G.PJ'(O) dx.J, -

x-~ 

Pexp [ L (J v 
• x-~ 

x+~ x•5 
- ~'/4 · S (xj, d;;c.fl',) J (xp~dx_µ~) Gp,y, (O) G-.f'z.f'z (O) + 

x~ x~ • (15) 

3,ll.eC:& il. = :X -!j 
~ 1 

, Go1.13(0)=2Epva,eG"J3 • MH OCTa:BH-

JIH B paanoxeHHHX Te qJieHH, KOTOpHe cy~eCTB6HHH ,ll.HH BllNHCneHHH 

< G2 > - nonpa.BKH. TpaeKTopHK>, no KOTopott Be;lleTcR HHTerpHpoBa­

HHe, BH6epeu npHMoa, qTO B TeOpHH CTpya COOTB6TCTByeT npe;lleny 

60Jil>filHX ,ll.Hi!H. 
x .. !' 

Tor;lla: ~ x.f dxj, "' 2 oc.f g')' 
x-5 

ECJIH llO,ll.CTa.BHTl> paanOlleHHH (14), (15) B KOppeJIH!Op n"(C}!) 

TO nocJie B3HTHH CJl6,ll.OB no UB0TOBblM H 6HCilHHOPHhlll: HH,ll.0KC&4 H 

HeKOTOPhlX ynpo~eHHtt MH nonyq14y ; 

nn<~!) = i. ~d4xe'C}·i ~d.3f ~ d3yt. 4 (fz rr2) 

n n+1 

)t.L L_ 
.7\=-n ).1,2=-n .. f 

1 
~ n-f1n 

L_ CJ\1 U\ 
~ 1 1< =- 1 

n-<1n ).Iv 
CAZ KA 0' 6 K x 

cl6 5 n-1 .:1\1 * n-1 A'2. - [ ) _ _ .J3_ x 
x ~ · (n~) lj (n.~)" (~6,P~s~+~u~ 9s)l -9µ-J ""-".134 

ol.s z. 

{
3 <:iiG > . 2 

x ~'+ + 24 ar2 [ 4 (so<.) - 4 s=2oe2 + 4 ~2 (clj3)-

-.4(~ol}lgJ3) +4 (clJ3)(o(_~) .:. 4o<'.2(.f35) + ~ c(.2p 2- +(df3)2J} + (16) 

#l' 

cLs 2 
+ 2<-ar-G- > s"s.P oe"J3.PJ36ss 

24.1f2 ).IV6 cl2 J34 + 

1 +-
4 

els < F G~ > ·(oC...J.1J3v +ci.vJ3_µ + ~f'v(clJ3) 

24Jr2 o(. "J3z 

3;ll6Cl> cl = X + '1. - ~ J ft=ri-x-~-

] . 

IIepB~ qJleH B (fiHrypHhlX CK06Kax COOTB6TCTByeT "rOJlO~" neTne. 

le peitAH OT ne peweHHhlX oc:.f' H ~.fa K Hx qiypI:>e - o6paaau H 

npo1t1nTerpHpoBaa no dn5, dn1 , d 4 K1 7 d 4 x, 

IIOJlytlHM ;llJIH Il6TJlH : 

n n n+1 

no (q,02
) = L(4Jr) 2 L L 

J\ - -n A1
1
a=-n .. f 

1 
~ cn-f1n cn-11n"' 
L-- J\1 LJ\ l\z l<A 
l.Jt<=-1 

00 = d 4 K 
( - \ - ...... 2 -- 2)d.+i ( x 

x jdi~I Jd.Jrii·4(1gl lri,1 · Jce.1T)4 
0 0 

x ~ n-1 .11 1(nK) ~·n- i )\Ynt<) j n- 1 (2JKIJ f1)j~-2 (21K'11r[1) • 

12. ( '2 Kt Kt< + OtK(KCK+q,l)) 
x: K 2 ( K+q,)2 

K 
3p;ec:& nK = i l< I ' <yp::: ( '} o 7 O) , HH;ll6KC!Ulltl l.. 

(17) 

H K 

06oaaaqe1> 1i1 n pocTpaacneaaue cocTaanHlll!U!e 1t1unyJI:&ca K? • IlpH 

.... -
rnTerpHpOBaHilll no n ~ 14 n '!. MH BOcnon:&3 0BaJIHCl> H3BeCTHblM 

paaJioxea.11ei1: 

--- OC> e e 
eLK't.=451 L L. i. !:1 ,,(n1<)~em(n"t)jn(IK1ti'1) (18) 

E=O m=-f 

rAe Jn ( x) - cll!;p1t1qecKaH cpyHKUMli EecceJrn. 



MO:IH O npo.l(eJiaTb ,ltaJibHe~wHe ynpo~eHHR, BCJIH BOCilOJlbSOBaTbCR 

CBO~CTBOM c¢le pHqecKHX rapMOHHK: 

n V2 - n.l. n ) . rt1"n-1j[2n+1] /Kl!:I ( K. 

n, 
1 

n1ln t11" 1 A'-)={n:n· 0 
.._-- L.c . K v (n". i i n+1 ]112 - ,,n:>.ii) 
L .i.,,:?t -n+1· -[-- IKl::i ( " .l.,•-n i•-1 nl- ) 2n+1 

Tor,l(a: 
00 OQ .14 

2n + 1 r -: ( - ( a. K 
n:('li:)=12L 4J,r Jd/gl Jdi'll J (2ar)4 

0 0 

K2(K +<t)2 

(I9) 

x 

x ( [ 2
2n: 1 JI; I+ ( K ('~ +cp))4(1f1c-1{1 2

)"' .. 
1
( 4:n/j0 _1(Z/ i<11f1)jn_,(21K'11if1) 

(20) 

MHHMaR qacn aToro BblpaJKeHJ.l:R JierKO BW!HCJilieTCR IlpH n » 1 

'.Jmn:(C}2) = - G!:rr ~04 rdlfJ rd/if/ 2~;1 (83l)2(1fJ2/tfJzy+',, 
0 0 ' 

•Jn-1(~0Jf/)Jn-1(qo(i[J). (2I) 

B HHBapHaHTHO« aanHCH 3TO BHpalleHHe HM66T BH,l(: 

J rn n : l f) == - 6: Ji ( ~ 2) 
2 rd /°f I rd 17" I ( I r I 2 I q I 2 )"' + 

1 ~ 
0 0 

,,,. 2 2n+1 · J 2 --. 2 ') · (.J 21 z. ') x(8;it) 4!IT Jn-1 \q, IS I Jn-1Cj, ri I ' (22) 

.IocJie i!HTerpHpoBaHHR no 11'1 H 1-;r1 nony~w: 
"1 "I 3 2 - l-i - 1 2 

m n 0 ( q 2 ~ ::: - 6-4 Jf (ct ) .An - I)~ ~ (2~) 

12 

r,l(e 

---~. r( y +o:) 
.fln-t, d.. = J(2fl+1)4'Ji 2-

1 ffi 1( n
2
- 1 _a) 

OCTaBHU noKa ol He~HKCHpOBa!:!HI& H nepe~,l(eM K BWl:HCJieHHro 

rJiroOHHOtt nonpaBKH, BH,l( KOTOpott noaBOJIHT BH6paTb CTeneHb cl.. 

TaKo~. qTo6~ B OKOHqaTeJibHOU BlipalKeHHH He 6b1Jlo HHWpaKpacHo-pac­

xoAHlln'IXCR qJieHOB. 

True KaK Hae HHTepecyeT 06JiaCTb 60JibillHX n ' TO BliqHcJieHHR 

ynpomaroTcH. MOKHO noKaaaTb, qTO KOS!l>W!!llHeHT~ nepe~ rJIIOOHHJ:al 

KOH,l(eHcaTOM, SaBHCHll(He TOJ!bKO OT al,µ 11· j3.f' , Toro xe no-

PHARa no n , qTo i,, 
11 ronaa 11 neTJ!a, a KalK,l(oe Sp , BXOM~ee 

nOMHMO. o(fi H .f3,,u B BH,l(e COMHOlKHTehH B 3TH KOS\WlHizyieHTN, 

.l(06aBJIH6T JllllllHIJIO CTeneHb 11 • YqHTliBaR 3TO, B ipop11yJ1e (I6) 

w~ orpaHHlll!Mca TOJibKO qJ!eaiurn, nponopizyioHaJ!bHblMH Sf sv · 

n<nt;Z> (~!) = L f ct4.xe i~ctjd3f s d3 i 4 ( f 2 ;re r x 
n n-1 1 

""' ~ • ' n · 11n n- • •n u"·' !_• U •n-1112 n ) x 
< L_ L_ L c,.,, ,\ CA KA .::i (n ~ ) J ( 'l. 

). = -n :\1,,=-n-tf i. ,K=-- f 2 

.f' .v - d. 5 fali "o, OK (~ s,u ~ Sv + ~ s .;i~~J' ~so ~p~) · · 
< ~s G 2 > 

x 
24~ 2 

(24) 

x(4(5o1.)2 - 4~2o( 2 +4~ 2(olj3)- 4(cl!= )(f3s )) . 

Ilpo~eJiaB BliKJia,iutH, aaa.norHqH~e npoBe~eHHblM Bbllll6 ,l(~H KBapKOBO~ 

neTmi:, Mli npH,lieM K c ne.l(yIDllleMy npoMe~yToqHouy peayJibTaTy : 

n 2 -· a < ~s G2> z 2 \ d4K -z )· ccl· ; 
n <G2> ('li" ) - L3r --6-- n ~ n - 1,cl J lz.104 (I KI "' 

I3 



x ( - .- 2. 

4(K(K+~)) 

+ K4((K +qf)" 

2(K(K+q,)) 4(K(K+q,>) 
+ + + 

K 2 (< K +cpzJ 2 IKI' K4((K"+<f)2) 2 /K/ 2 

- 4 - ) . (25) 

3.l{eCD Mli OCTaJIHJIH TOJ!DKO qneHs, Jiponop~OHaJ!DHlie n 2 ' H 

BOC~OJ!DSOBaJIHCD cne;cy10111HMH COOTHOmeHHiWB ,ltJlfl cipepHqeCKHX ~YHK­

~Ht.t: 

lo KO a a un-f.il - K a n-r.ll -
~d. '6~ 8 K1atKzs9Ku aKu'O (nK1+Ka)= Kz aK~ !:l cnK,+K2) 

n-
1 ~ n-110 a n-1 ;>., [ n ] Vz 1 n .l. -

L L c>.1 l>. oK' ~ (nK)={- n+1) 2n+ 1 IKI ~ (nK)_ .l.1•-n.+f 1•-1 

(26) 

Hs BHpa&eHHH (25) cne;cyer, qTo npH ol > - Yz OKoaqaTeJIDH!iM 

peaynDTaT HH~paKpacHo pacxo~H'fCH. HH~paicpacaaH pacxo,lU!uocTD 

B creneHHOt.t nonpaBKe oaaaqaer, qTO ·llO 0,lUiO!.t Ha IDIHH!.t B COOT­

B6'l'CTBYIOlll6!.t )Ularpa.wue Teqer llaJIHt.t HMnyJIDC' H TaKaa nHHHR ,liOJillHa 

6HTD napa.MeTpH30BaHa COO'l'B6'l'CTBYIODU'IY BaKYYMHClll cpe,1iHHY [4] • 

UOJIODB d.. = - 3/2 ; Mli H36aBHYCfl OT HH~paKpaCH O!.t pacXO)UIYOC-

?H . B KOa~~eHTe npH rJIDOHHOM KOH~eHcare. Tor~, npOHHTerpH­

.POBaB no d4 K ' llOJ!yqHY Bb!Pa.eHHe: 

n 2 2 2 :ii els (} 2 
Jrn n<Gz)l'}

0
)=fln-1 ,-3/2rt 45< ~ > 

(27) 

ITpHYlill 11sqHcJieHMeu uogHo noKaaaTD, qTo Kosqxpn~eHTH npH 
- - z BaKYYYHHX cpe,liHHX rn ~ < 't' 't' > H els ( < 't' 't' >) 

PaBH!i HyJID, 8CJIH rt ;;. 3 • ·Tor;!!a c yqeiroM "ronot.t" neTJIH K 

rJIIOOHHOt.t nonpaBKH YHHYaf! qacTD KOppeJI~TOpa 6y,1ieT paBHa: 

I4 

n n 2. J n z) Jm n tci.2) = Jm no l'l) + rn n<Gz> (Cj, °"' 

= - 0 It fl z _3_ [ - !±.. ~ d.,5 2 v n-1
1 

- 3;2 64 '.il 1 9 ll}/)i < :ii G >) (28) 

OTCIO'Aa cJie;cyeT, qiro npz ~z ::p:,n 2 HMeeT M6CTO KBapK-a~pOHHafl 

;cyanDHOC'l'D, T.e. BKJI~ rJiaBHOt.t CT8Il6HHO!.t nonpaBKH, CBaaaHH!iM c 

r;mOOHHHM KOH~eHCBTOY, MM no cpa11HeHHJO c BKJia,ll.OM "roJio«" neTJIH, 

B O'l'JIKqHe OT cnyqaa JIOKBJ!DHblX TOKOB [5]' r,n.e B03liltKaJia WHpO -

Kaf! o6naCTD He;cyan»HOCTH H3-sa CHJ!DHOro pocTa no n 

nonpaBKH. 

rHIOOHHOVI 

Bspa~eirne (28) B6pHO MR CJIYqaeB H30CKaJIHPHQro H H30B6K'l'Op-

HOro TOKOB' Il03'l'OMY CBO«CTBO KBapK-a~pOHHOi1 ~aJI»_HOCTH Il03BOJifl-

eT npHweHHTD SVl - ueTo~ MR BfiqHCJieHHH HaKJIOHOB J> , Ul , 

.Az ' f - TpaeKTOpH«. 

EopeneBCKHi1 o6paa 11~qHcJie~Horo KoppeJiaTopa HueeT BH,n.: 

n 2 ___ 3_ 2 4 _ 2:il2 n." els 2 ) n (M )- 32 'Jr2 fln-1,-3/2 M ( i gM 4 < rt G > · 
(29) 

ECJIH aaciiwaT» niiaBYJO - ~eHOYeHOJIOrHqecKyJO - CTOpOHY npaBHH 

cyMM peaoaaHcou c Maccot.t Mn H CIIHHOM n H 1rnapKOBiiM 

KOHTHHYYMOM c noporoM S0 , TO CTaH~apTHaH npotie;cypa, B~qHc-

.rreHHaa napaweTpow M~ H So B pB.MKax SVl- - wero,n.a npH-
' 

Be~eT K peayJIDTaTy: 

ol
1
a.(O)::::: ri/ M~ =(I :t o1-1) r3B- 2

, Sojn =( t,5±0,2)1382 
1 (30) 

r,n.e 

a.= p1w, .R z.,f· 



SaK.nJOqeHHe 

Mbl n OKaa~. tlTO n O:ZOCOAflllJ,H~ BbldOp H6Jl0KaJll>HblX TOK OB B Ka­

qecTBe a,llpOHHblX HCTOtlHHKOB Il03B0l1H6T pacnpocTpaHHT:b M6TO;n. 

S V~ - npaBH.11 CYMM Ha c.nyqaia M630HOB C 60l1l>WHMH CilHHaMH H npo­

·BeCTH BbltlHCJieHJ!Ul HaKJIOHOB pe~BCKHX TpaeKTOpHlt. 9TH HaKJlOHli 

COBna,llallT . )Id n » i ;n,.nH ~ • w • .Az. H f - TpaeK-

TOpHlt H paBHbl 

r:L' (O) = (1 ± O,l) raB-2• 
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