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nony"!eHhl npe;JCTBBilef!HII ililll Uf!K,,~3HBHbiX Ce"!ef!Hll B pa~tKBX rpex

MepHOA ~Op~ynupOBKH KBBHTOBOR TeOpUU DOllH. C npHBl!eYeHHeM MeTOUB KBap
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~uark Cou~ting Method for Inclusive Processes 

Representations for inclusive cross sections are ob
tained within the three-dimensional formulation of quantum 
field theory. A n~mber of consequences on the behaviour 
of inclusive ~haracteristics of large transverse momentum 
processes is obtaine1 using the quark counting method for 
electromagnetic form factors and for differential cross 
sections of binary processes. 
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C) 1976 06loeOU>WHHWU UHC•u•y• -'OE'PHI>IX UCCAe006QHUU,lly6Ha 

.11ccne.noBaHHH HHKni03HBHbJX npoueccoB ,naiOT Ba)I(HhJe 

CBC.IJ:CHHH 0 xapaKTepe B3aHMO,neiCTBHH a,npOHOB npH BW

COKHX 3HeprHHX ;'I ,2/. 

HaCTOHJUaH pa60Ta DOCBHIUCHa H3Y'ICHHIO HHKnl03HBHbiX 

peaKUHi c 6onhlllHMH nonepe<IHhJMH HMnynbcaMH H o6cy)l(

.neHHIO B 3TOH CBH3H CTpyKTypbl a,npOHOB. 

flpH paCCMOTpeHHH ,naHHOrO Kpyra BOllpOCOB B 6onb

lllHHCTBC cny<IaeB llpHBneKaiOTCH KBapK- napTOHHbie MO.IJ:CilH 

H pa3J1H'!Hble HX MO.IJ:HlPHKaUHH, B pe3yJ1bTaTe '!ero Ce4e

HHH HHKJ1l03HBHbiX npouecCOB Bblpa)l(alOTCH 4epe 3 .IJ:Hlblbe

peHUHaJlbHWe CC'ICHHH B3aHMO,neHCTBHH T04C4HO-no,no6HWX 

COCTaBJIHIOJUHX /KBapKOB/ H HX CTpyKTypHbiX lPYHKUHH 
2 ·:~/ 

3,neCb B paMKaX KBaHTOBOH TeopHH llOJlH 6y,nyT nony-

4CHbl npe,ncTaBJieHHH .IJ:JIH HHKJ1l03HBHbiX Cel.feHHH o6pa3o

BaHHH l.faCTHU C 60I1blllHMH nonepe4HhiMH HMilYilbCaMH. 

flpH :HOM 60J1blllOe BHHMaHHe y,neJIHCTCH aHaJ1H3Y IlpH6JIH

)I(CHHH, IlpHBOAHJUHX ua OCHOBC IlOI1Y4CHHbiX npe,ncTaBJICHHH 
~ ~ 4--7/ 

K KBapK- napTOHHOH KapTHHe B3aHMO.IJ:CHCTBHH a,npOHOB 

.nnx 4ero y.no6uo HCilOilb30BaTb TpexMepuyiO dJopMynlfpoB

KY KBaHTOBOH TeOpHH I10J1H~ 1 , B KOTOpOH BOJlHOBWe lPYHK

UHH a,npoHOB HMCIOT CMbiCJl aMilJlHTYA BepOHTHOCTH /eM., 

uanpHMep,' 9 ·· /. 

0CHOBHOe MCCTO B npe,nnaraeMOH pa6oTe 3aHHMaeT 

HCCJlC.IJ:OBaHHC CTCllCHHOrO IlOBe,neHHH CC'ICHHH HHKJ1l03HBHhiX 

npoueccoB B o6nacTH 6oJiblllHX nonepe<IHbiX HMilYilbCOB. 

)l.eno B TOM, 'ITO llpH H3Y'ICHHH rny60KOHeynpyrHX npo

ueCCOB B 6hepKCHOBCKOM npe,nene 6hii10 llOKa3aHO, 'ITO 

npH .nocTaT04HO o6mHx npe.nnono)l(eHHHX ua nose.neuHe 

CilCKTpanhHhlX lPYHKUHH dJopMdJaKTOphl HOCHT aBTOMO.IJ:CJib

HbiH xapaKTep iJO/ 

F(s,t)- t-N f(t/s). 
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Cy~eCTBOBaHHe aHanorH<JHoro pe)I(HMa B cny'lae HH

I<Jll03HBHhiX peai<U:HH fihiJIO 060CHOBaHO B pa6oTe II 

IJO,ll;'lepi<HeM, O,ll;Hai<O, 'ITO llpH 3TOM llOI<a3aTeJih CTeneHH 

N H BH,ll; aBTOMO,ll;eJihHOH 4JyHI<U:HH f(t/s) He CBH3aHhi He

llOCpe,ll;CTBeHHO co CTPYI<TypoB: a,11;poHOB. 

Tai<aH CBH3h MO)I(eT fihiTh ycTaHOBJieHa Ha OCHOBe 

MO,ll;eJihHhiX npe,ll;llOJIO)I(eHHH I2 . Tal<, HanpHMep, B HaCTOH

~eB: pa6oTe o6cy)I(,Jl;aeTcH cTeneHHOH 3ai<oH, I<OTOphiH cne

,11;yeT H3 llOJiy'leHHhiX npe,ll;CTaBJieHHH ,Jl;JlH HHKJ1l03HBHhiX 

Ce'leHHH, ecJIH npe,Jl;llOJIO)I(HTh, 'ITO ,Jl;JlH 3JieKTpOMarHHTHhiX 

4JopM4>ai<TOpOB a,ll;pOHOB H ,Jl;H4>4>epeHU:HaJihHhlX Ce'leHHH 6u

HapHhiX llPOU:eCCOB CllpaBe,Jl;JIHBhl npaBHJla KBapi<OBOrO C'le

Ta /I3,I4/. B 3TOM cny'lae ce'leHHe HHI<J1I03HBHoro po)I(,Jl;e

HHH 'laCTHU:hi C fiOJihlliHM llOnepe'IHhiM HMIIYJihCOM HMeeT 

CJie,Jl;yiO~HH BH,ll;: 

da (A C ) ~N ,, ----- B-· +X - p. ·' (x ) 
d 3p/ E T T ' 

IlpH'leM aBTOMO,ll;eJihHaH 4>YHI<l.I,HH :f (x T) H 3Ha'leHHe IIOI<a-

3aTenH cTeneHH N xapai<TepH3YIOTCH cTpyi<Typou a,npoHa 

H Bhl'IHCJIHIOTCH llO npaBHJiaM KBapKOBOrO C'leTa ,Jl;JIH 6H

HapHhiX peai<U:HH. B 3TOH 4>opMyne BeJIH'IHHa N HeceT 

HH4>0pMaU:HlO 0 COCTaBJIHIOIUHX a,ll;pOHa, 6naro,11;apH B3aHMO

,Jl;eHCTBHIO I<OTOphiX IIpOHCXO,ll;HT ,Jl;aHHaH MHO)I(eCTBeHHaH 

peai<U:HH. 

IlpHBJiei<aTeJihHaH B03MO)I(HOCTh - C'IHTaTh 3TH co-

CTaBJIHIO~He I<Bapi<aMH. Tor,11;a MHO)I(eCTBeHHhiH npou:ecc, 

B OCHOBHOM, 6y,11;eT HOCHTh XapaKTep pO)I(,Jl;eHHH IIY'IKOB 

I cTpyB:/. Ilocne,Jl;HHe 3I<CnepHMeHTaJihHhie ,Jl;aHHhie B o6-

JiaCTH fiOJihlliHX llOllepe'IHhiX HMllYJihCOB, llO"BH,ll;HMOMy, OT

,Jl;aiOT npe,ll;llO'ITeHHe Tai<OMY MeXaHH3MY · I5.·. Il03TOMy B 

pa6oTe 3Ha'IHTeJihHOe BHHMaHHe y_nen.HeTCH B03HHI<HOBe

HHIO IIY'II<OB H H3y'leHHIO HX Ba)I(HeHlliHX CBOHCTB. B qacT

HOCTH, I<ai< O,ll;HO H3 CJie,Jl;CTBHH 3TOrO MeXaHH3Ma, OTMeTHM 

yHHBepcanhHOCTh onHcaHHH rny6oi<oHeynpyrHx npou:eccoB 

C y'laCTHeM JiellTOHOB H a,ll;pOHOB. 

I. IlpH H3y'leHHH npou:eccoB o6pa3oBaHHH qacruu: c 

60JihlliHMH IIOIIepe'IHhiMH HMllYJihCaMH y,11;06HO HCllOJih30-

BaTh 4>opMyJIHpOBKY KBaHTOBOH TeOpHH llOJIH Ha HYJih· 

nnoci<oCTH 'I 6 . IlpH TaKoM onucaHHH ponh 3Hepruu P0 .. E 

4 

H TpexMepHOrO HMIIYJihCa p HrpaiOT "3HeprHH" p- H 
+ri + 

"TpexHMIIYJihc" .!' ,~( P 
1 
t-l~,r,11;e P - = P0 ± Pz . 

A,11;poH A xapai<TepH3yeTcH 4-HMIIYJihCOM P~(P-,p) H 

Ha6opOM I<BaHTOBhiX 'IHCeJI a· Bei<TOp COCTOHHHH a,ll;pOHa 

. A ! ~! P- ,P , a' HBJIHeTCH co6cTBeHHOH 4>YHI<U:Hen nonHoro 

raMHJihTOHHaHa H -

H i P , P, a • c~ P-IP~ P , a , . 

Mhi C'IHTaeM, 'ITO raMHJihTOHHaH H nocTpoeH H3 4>yH

,naMeHTaJihHhiX IIOJleH IJI i (x) H Bei<TOp JA > HBJIHeTCH, BO

Ofillle rOBOpH, 4>oi<OBCI<HM .;TOJ16U:OM B IlpOCTpaHCTBe 'IHCeJI 

3aiiOJ1HeHHH on epa TOpOB IJI ; 
B 3TOM cny'lae B Teopuu nonH Ha HYJih·nnoci<OCTH ,Jl;JIH 

Ce'leHHH HHKJ1l03HBHOrO o6pa30BaHHH 'laCTHU:hi C IlpH CTOJIK· 

HOBeHHH a,npoHOB A H B MO)I(HO nony'IHTh cne,Jl;yiO~YIO 
IIpH6JIH)I(eHHYIO 4>opMyny fi 

r,11;e 

da•\B •CX 

d3pTE 
2 f A n· 

1(2) 2s"!•' P4. (pT-xAT,x;a)p (q -yB y·f1)x 
TT .'\ ... • B T T' •t-

1 

. (2)' 2 
xzp(.(k -zC',z ;y)IT I x 

c' T T A'IJ',c'o' 

~ -·I 2 2 dk 
X ( C X Y ) dp d q -=- dx dy X 

T T kl 

2 2 
x o r A.--=.!! 1 1L=t.L-

A1 B ~ 

2 c -y 
f- ---- t-

c+ 

r l_ ( s ' t- t' r u ' - C 2 - k 2- A ' 2- B ' 2) 1 dad {1 d y, 
k ~ 

s':::: xy s, t ' 
X 

"'-t 
z 

u Lu 
z 

/1/ 
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H 

X t I A; t I ~ A+ p + 
= p a ' y ~ ph B ' = A ' B = p R · · · 

(2) 
BenHl.fHHa Tl\ 'll,. c 'D- - aMnnuTy,lJ,a pacceHHHH BHe Mac-

co sou nosepxuocTu cucTeM A' B '~c 'D ', KoTopbie onuchma

IOTCH BCKTopaMH cocTOHHHH !A'>, JB '> , JC'" H JD '>,cooT

BeTCTBeHHO. <l>yHKU.HH (J A' , p B' , p C Bbipa)l(aiOTCH cne-

}J,YIOJl.IHM o6pa30M: A B C ' 

\ ' /\ ' 2 
p (p,a)==~C 11 JJ$ (p , ... ,p,, ... ,p

11
)1 X 

;\ - II A -2 -J 

2 2 
11 (Pp -xAT) ~me 

X (j ( a - ::£ __ .!__ _____ ..!.J X 

Xp 

~ n 2 
x r'l (A - 2 Pn )x .... x II d Pn dxn , 

- 2-r 2 IIPc/.i rT r 

121 

\' 
r)J,C Ef> A - cPYPhC- o6pa3 O)J,HOBpCMCHHOH IKBa3HllOTCHUHanb-

HOHI "sepwHHHoH:" cPYHKIJ.HH 

A , r 
cD (p' , ... ,p' ... ,p')o(p -p ,- L p ) 

A _ I _ _a _A _ A _ i 

a 

= f 
i L p. X; 

a i- .I-.. 
II dx . e < A ' I 'P 

1 
( x ) .. . 'P ( x ) I A > . 

1 J I a a 131 

IlpC}J,llOllO)I(HM, '-iTO COCTOHHHH \A'>, ... JD '> HBllHIOTCH "ro-

llbiMH" COCTOHHHHMH + 
IA'>='I1 10>. 
' a , 

\' H 
B 3TOM cnyl.fae senHl.fHHhi p ·!\ ,p R Bblpa)l(aJOTCH Yepe3 

COOTBCTCTBYIOJl.IHC K.ll. BOllHOBbiC cPYHKU.HH <!JaA , !D~l , y}J,OB

neTBOPHIOJl.IHC ycnoBHIO uopMupoBKH: 

.._, [ 3 n-1 a 2 + 

.:.. 2(2rr) 1 feD (p , ... ,p)l Ao(A-Lp)x 
n A _J - 11 - -f 

n 2 
xBd p xndxn=l. 

I Tf r. r 
141 

6 

TaKHM o6pa30M, Bhipa)I(CHHe 

p a ( p ) = J da p a ( p ; a ) 
,\ _a A _a 

HBnHCTCH O)J,HOl.faCTHl.fHbiM pacnpe}J,CllCHHCM "ronoro" co

CTOHHHH a H p~(pa)d_paiA-:- - CCTh BCpOHTHOCTbero 

HaXO)I(}J,CHHH B a}J,poHe A c HMnynhCOM B HHTepBane I p , 

p +dp I. _a 

_a Or:!teTHM, '-iTO H3 TpaHCcPOpMaU.HOHHhiX CBOHCTB K.ll. 

BOllHOBhlX cPYHKU.HH Ha Hynh-llllOCKOCTH BhlTCKaCT CllC}J,yiO

Jl.ICC CBOHCTBO cPYHKU.HH p (x) 

a ( a 
PI\ £a ; a ) = p A 2 (paT - x AT X ; a). 

Tpe6oBaHHe orpaHHl.feHHOCTH nonepel.fHoro HMnynhca }J,nH 

HCB3aHMO}J,CHCTBYIOJl.IHX COCTaBllHIO!l.IHX }J,aeT: 

a 2 
p (p ,a)o=n(a-p 

1\ _a A 

-l- _,. a 
)o(p -xp )£! (x)· 

aT AT A lSI 

EcnH OTO)I(}J,CCTBHTh "ronoe" COCTOHHHC C KBapKOBhlM 

COCTOHHHCM, TO 3TO npH6llH)I(CHHC 6y}J,CT COOTBCTCTBO

Ba Th KBapK- napTOHHOH cTpyKTypuoli cPYHKU.HH. 

B 3TOM cnyl.fae senHl.fHHa ri6rrA(s)l- 1JTI\'JI'(s',()l
2

npe}J,

CTaBnHCT co6oH: ,lJ,HcPcl>epeHuuanhnoe cel.feuue "6uuapuoro" 

B3aHMO}J,CHCTBHH KBapKOB da ab I d t '. Tor)J,a, B npe}J,ene 

BhlCOKHX 3HCprHH H 6onhlUHX nepe)J,al.f HMITYllbCa s ~ oo , 

I I 11 12 
t S =COnst,U S::Const HMCCM H3BCCTHOC Bbipa)I(CHHC ' 

daAB~cx 
S· 

2 b J dx dy p 3 (x)p (y)xy x 
A B d 3p/E 77 a,b,e 

xo(s'+t'+U}2?dzpcc(z)x daa~ab/dt' 161 

AB~eX 3 
HnH, 0603Hal.faH qepe3 da /d piE CC'ICHHC HHKlli03HBHO-

ro o6pa30BaHH.R COCTO.RHH.R C' = C - T .H. llY'IKa, nony'IHM 
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da AB •C 

d 3p /E 

f z"o2dz d; AB+c 

d3p/E--

c 
p { z ). /7/ 

c 

PaccMoTpeHHoe npH6JIH)KeHHe HHOr)J,a MO)I<HO H3o6pa3HTh 

TaK: 

c 

8 

AHaJIOrH'IHhiM o6pa30M MO)I(HO IIOJIY'IHTh Ce'leHHe HH

KJI103HBHOrO o6pa30BaHHH )J.BYX 'laCTHIJ,, a TaK)I(e pacrrpe

)J,eJieHHH, OIIpe)J.eJIHIOil.IHe KOppeJIHIJ,HH Me)I()J.y '!aCT HIIaMH, 

pO)I()J.eHHbiMH c 6oJiblliHMH norrepe'IHbiMH HMrrynbcaMH. 

HTaK, )J.orrycKaH cyiiJ,ecTaoaaHHe KaapKOBbiX cocroHHHH, 

B3aHMO)J,eHCTBHe a)J,pOHOB B HHKJil03HBHbiX rrpou,eccax MO)I(· 

HO OIIHCaTb CTpyKTypHWMH <iJyHKIJ,HHMH rny60KOHeyrrpyrHX 

JieiiTOH-a)J.pOHHWX rrpou,eCCOB. llO)J.OOHOe CBOHCTBO YHHBep

CaJibHOCTH <iJyHKIJ,HH p (X), KOTopoe IIpHBO)J.HT K J<iJ<iJeKTHBHOH 

JIOKaJibHOCTH B3aHMO)J.eHcTBHH a)J.pOHOB, 6biJIO OTMe'leHo 
B pa6oTe iII/. 

PaccMoTpHM ceii'lac rrpH6JIH)I(eHHe, Kor)J,a a rrpou,ecce 

COy)J.apeHHH O)J,HH H3 Ha'laJibHWX a)J.pOHOB HBJIHeTCH JIH)J,H" 

PYIOil.IHM. CooTaeTcTBYIOIIJ,ee Bbipa)l(eHue )J.JIH HH~}D3HBHo-
ro ce'leHHH a pe)I(HMe S->oo , t/s .. const HMeeT BH)J. · ; 

8 

d
17

AB-.(A)+ ... 

------= 
d

3
p /E 

1 H' 
- l f p (y)dyo(y(st-u)t-t')x 

8rr2 R' B 

X ll r ~s 1 ",) (x,(l-x) A)T
121 

(s',t')J2• 
,. x A A'B' 

n,A /B/ 

,[I,JIH HarJIH)J,HOCTH :no rrpHOJimKeHHe MO)KHO rrpe)J,CTaBHTh 

B CJie)J.yiOil.le M BH)J,e: 

\ 
-- 0 
~ \\\ 

lnl 
3)J,ech aeJIH'IHHa S , (x,(l-x) \) onpe)J.eJIHeT <iJopM<iJaKTop-

Ho- IIO)J.OOHYIO CTpy\nypy HaneraiOil.lero a)J,poHa A 

(n) t-oo n 2 n 
S (x,(l-x)i\=f fldp (>(lp )x. 
A' Po=l TP I PT 

I 

X r n X edxe 0 (x t L Xp -1) X 
o e.;, A, r; A' 

-A' 
x<l> (p -x

1
\,x

1
; .•• ,p r 

A IT A 'T 

t{l-x ,)1\,x , ... ,p -x ~.x )x 
A A. nT n n 

A, 
X <f> (p ,X , •.. ,p X ). 

A u I nT n /9/ 
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'A' V + 
1 

' B CJiy'!ae ' . a\ a 10' • B' ., -IJI b \0> H eCJIHBf!OA "rOJiblMH' 

COCTOHHHHMH llOHHMaTh KBapKH, tPYHKU.HH pB nepeXO)J.HT 

B KBapKOBYIO crpyKTYPHYIO tPYHKIJ.HIO p~ H T(2} , - B 
- A B 

aMllJIHTYAY pacCCHHHH KBapKOB BHC MaCCOBOH llOBCpXHOCTH. 

00Jih3YHCh OllpC)J.CJICHHCM 3JICKTpOMarHHTHOrO dJopM

$aKTOpa a)J.poHa A H rpaHc$opMau.uoHHhiMH CBOHCTBaMH K.n. 

BOIIHOBhiX tPYHKUHH, HMCCM 

2 
cFA(t)-.-~c .. { S,.(x,{l-x)i\)dx, t=A 1101 

0TMCTHM, 'iTO B 3TOM CJiy'iae BCJIH'iHHa S (x, ... ) 6y)J.CT 
a 

OllpC)J.CJIHT bCH npO)J.OJlhHhlM )J.BH)l(CHHCM COCTaBJIHIOIIJ.HX 

KBapKoB BHyrpu a)J.poHa A ' 17 /. B MrHoBeHHOM npe)J.ene, 

COOTBCTCTBYlOIIJ.CM "3aMOpmKCHHhiM" KBapKaM, B 06hl'!HOH 

KapruHc x. , 11. I I'. - npuBe)J.eHHaH Macca i -cocTan-

IIHlOIIJ.eHI 
1 I I 

L s (x,(l-x)·\) 
a a 

- 2 •O (x-x)F (A ) 
.I\ I 111 

u O)l,HO'iaCTH'!Hoe pacnpe)l,eJieHue IIH,!J,HPYIOIIJ.ero a,ll,poua A 
npH Bh!COKHX 3HeprHHX H 60JihlllHX nepe,ll,a'iaX HMllYIIhCa 

CBO)J.HTCH K llpOH3BC)l,CHHIO rny60KOHeynpyroro CC'iCHHH 

KBapKa Ha a)J.poHe B H KBa)l,para 3JieKrpoMarHHTHoro dJopM

$aKropa HaneraiOmero a)J.poHa A . 

da AB-> A 
-----
d3p/E 

...,, 2 d .• ·-F(t) aaR->a 
a A ----d 3p /E--

J;; a !.J•a 
"' b da "'- p (x) ai.->ab 
b B dt' 

(s',t') 1121 
d 'J>/E 

s'+t'+u =m2 X:-t/:)Jl 2 -t. 1131 

TaKHM o6pa30M, dJopMyJia 1121 COOTBCTCTBYCT yqery CTpyK

rypbi J1H)J.HPYIOIIJ.ero a)J.pOHa. 
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II. lfTaK, HHKJII03HBHhie ceYeHHH 161, 1121 BhipmKe

Hhi Yepe3 AH$$epeHu.HaJihHhie ceYeHHH ynpyroro pacceH

HHH COCTaBJIHIOIIJ.HX a)J.pOHOB H HX CrpyKrypHhiC tPYHKUHH. 

Hcnoiih3yeM ceifyac HHdJopMaU.HIO o6 3THX BCIIH'iHHax, uc

XOAH H3 MCTO)J.a KBapKOBOrO C'iCTa 'l3/. 

KaK H3BCCTHO, npanuna KBapKonoro eYer a )J.aiOT cne

,LI,YIOIIJ.HC Bblpa)l(CHHH )J.JIH 3JICKTpOMarHHTHbiX dJopMdJaKTOpOB 

a)J.pOHOB H )J.HdJ$epCHU.HaJihHbiX CC'iCHHH 6HHapHhiX peaKU.HH 

F (t)- ---1-, \tl>>m 2
, 

A "A-1 A 
t 

1. /141 

r)J.C n A - MHHHMaJibHOC 'iHCJIO BaJICHTHhlX COCTaBJIHIOIIJ.HX 

a)J.poHa A 

2. da An..-cn 

dt 

1 c 

-r;-A-;-"~"j:-;;-~~~=--2r JAB -> CD ( z) ' 

s 1151 
s ·• oo , z· =cos 0, ·~ 1 f 2t / s 

II H; 
B pa6orax npoBOAHIIOCh )J.eraiibHoe cpaBHCHHC 3K-

cnepuMeHraJihHhiX )J.aHHhiX llO 3JICKTpOMarHHTHbiM dJopM

dJaKTOpaM H )J.HdJ$epeHIJ.HaJihHbiM CC'iCHHHM a)J.pOH- a)J.pOH

Hh!X B3aHMO)J.CHCTBHH H TCOpCTH'iCCKHX pe3yiihTaTOB, CJIC

AYIOIIJ.HX H3 npaBHJI KBapKOBOro C'iCTa 114,151. bh!JIO 

nonyYeHo YAOBJiernopureJihHoe cornacue reopeTH'iCCKHX 

npe,l1.CKa3aHHH C OllhiTOM. 

Ope)J.nonaraH cnpane)J.JIHBOCTh npaBHII KBapKonoro eye

ra, no,lJ.cTaBHM 1151 B Bhipa)l(CHHH 161 H 1121. Tor)J.a 

)J.JIH HHKJII03HBHhiX ceYeHHH o6pa3oBaHHH AB -•C+ ... B a)J.

poHHhiX nyqKax H IIHAHPYIOIIJ.HX a)J.poHax AB ... A+... c 6oJihlllH-

MH nonepeqHhiMH HMnynhcaMH npu s ... oo , t/ s-const, 

u/ s-const llOJIY'iHM COOTBCTCTBCHHO 

da AB..-CX 
3---- _. 2 p -N ~ C 
d P IE A 'R • ... T A B < x T , e, ... ) 1161 

AB..-AX da 
2 

-N-4(nA-0 (C) 

d 3 p/ E----> A 'B 'p T ~ B ( xT , ... ) ' 1171 

11 



r.IJ.e 

:Fe (x , ... )= f 
AB T 

-2 A' H' C 
dxdyz dzp p p ,o(s'tt'+u')f(z) 

A B C s 

/18/ 
H CTCIICHb N CBH3aHa C MHHHMaJibHbiM '-IHCJIOM COCTaBJIHIO

~HX COCTOHHHH A',B', C',D::N,.,2[(nA,+nHd'f;-+n(),)-2], 

yqacTBYIOII.(HX so B3aHMO.IJ.eHCTBHH Ha 6oJiblliHe yrJibi. B 

cnyqae, Kor )J.a COCTOHHHH A ',B ',C ', D' rrpe.IJ.cTaBJIHIOT co6oii 

KBapKOBhle COCTOHHHH, pa3MCpHhlH C'-ICT )J.aeT IIOBC)J.CHHe 

pT
4

, B COOTBCTCTBHH C pe3yJibTaTOM rrapTOHHOH MO)J.e-

JIH /S/. 0)J.HaKO Ha OIIbiTC )1.0 CHX IIOp TaKaH 3aBHCHMOCTb 

He Ha6JIIO)J.anacb. 

B TOM CJiy'-lae, KOr)J.a COCTOHHHH A '8 'C 'D' )J.OIIYCKa-

lOT Cyll(CCTBOBaHHe CHCTCM C KBaHTOBhlMH '-IHCJiaMH a)J.po

HOB, rrpaBHJia KBapKOBOrO C'-leTa )J.JIH HHKJI103HBHOH peaK

UHH AB • C +X rrpHBO.IJ.HT K 3Ha'-leHHHM rroKa3a TeJIH cTe

rreHHoro y6biBaHHH N = 12 (A'= 77, B '= 77) H N=16 (A '=77 ,B'=p) cooT

BCTCTBCHHO. 

06paTHMCH K JKcrrepHMeHTaJibHoii CHTyauHH. Ha6niO-

. )J.aeMoe Ha. OIIbiTe (pp->77tX) 3Ha'-leHHe N=S a o6nacTH JHep

rHii ISR 
119

' MO)I(eT cJiy)I(HTb KocaeHHbiM yKa3aHHeM Ha cy

ll(eCTBOBaHHe KBapKOBbiX IlpOMC)I(YTO'-IHbiX IIO)J.IIpOU,CCCOB, 

HarrpHMep, 77q -pacceHHHH (A'=77,B'~q). 

3aBHCHMOCTb )I(C rroKa3aTeJIH N oT rrepeMeHHoii xT rrpH 

JHeprHHX FNAL
1 20 / MO)I(eT CBH.IJ.eTeJibCTBoaa Tb a IIOJib3Y 

HeCKOJJbKHX rrpoMe)l(yTO'-IHbiX MexaHH3MOB. B '-laCTHOCTH, 

)J.JIH HHKJI103HBHOH peaKU,HH C o6pa30BaHHCM 77 -Me 30HOB 

B pp-cOy)J.apeHHHX 

~~-- (pp-• 77) -A( X ) p"8 

d 3p/E T T 
+B(x ) p·l2+ .... 

T T ll9l 

)],JIH HHKJII03HBHbiX CC'-ICHHH IlpOU,CCCOB C o6pa30BaHHCM 

JIH)J.HpyiOII.(HX a)J.pOHOB, orpaHH'-IHBaHCb rnaBHbiMH BKJia)J.a

MH MHHHMaJibHoro '-IHCJia cocTaBJIHIOII.(HX H3 I 17 I, rrony'-IHM 

CJie)J.yiOII.(He CTCIICHH y6biBaHHH: 

da 
d :! pIE- ( 77 p ~· 77 ) : 

12 

·8 
PT 

-12 
PT , ... , • 

-16 
PT (xT=l) 

-+ 

• 

da 
d 3p ~~--(pp • p): 

da 
d-:lp/ E- ( 77p • p) 

p-12, p -16, ...• 
T T 

~12 
PT , ... 

P ~20(x -1) 
T T 

1201 

a cornacHH c JKcrrepHMeHTaJibHbiMH pe3yJibTaTaMH FNAL, 
ISR 15,19,20_ 

0TMCTHM, '-ITO 3Ha'-ICHHH HHKJil03HBHblX CIICKTpOB B 

3KCKJI103HBHOM rrpe)J.eJie X T ·40 1 COrJiaCyiOTCH C Ha6JIIO)J.ae

MbiMH 3Ha4CHHHMH .IJ.HdJdJepeHU,HaJibHblX CC4CHHH yrrpyroro 

du -8 d -10 
pacceHHHH Ha 6oJiblliHe yrJibl ---(77p>77p)-s ; __!!_ (pp •pp)-s , 

dt dt 

B COOTBCTCTBHH C rrpe)J.CKa3aHHHMH aBTOMO)J.CJibHOrO KBap

KOBOrO C4eTa l:l H IIpaBHJI COOTBCTCTBHH CC4CHHH HHKJIJ0-

3HBHbiX H 3KCKJil03HBHbiX peaKU,HH 21 IIpH S • oc, t/s-conSJ, 

u/ s-const H xT .1 . 
JaMCTHM TaK)I(e, 4TO xapaKTepHbiM CBOHCTBOM )J.JIH 

CIICKTpOB JIH)J.HpyiOII.(HX '-laCTHU, HBJIHCTCH 3aBHCHMOCTb rro

Ka3aTeJIH CTCIICHHOrO y6biBaHHH OT IlpHpO)J.bl IIa)J.aiOII.(ero 

IIY4Ka '-laCTHU,, B OTJIH4HC OT MeXaHH3Ma, IIpHBO)J.Hil(ero 

K o6pa30BaHHIO IIY4KOB. f1pe)J.CTaBJIHCTCH BCCbMa HHTepec

HbiM pacrrpOCTpaHHTb 3TOT aHaJIH3 Ha IIpOU,CCCbl HHKJII0-

3HBHOrO o6pa30BaHHH peJIHTHBHCTCKHX H)J.ep122 , paCCMaT

pHBaH HX KaK MHOrOKBapKOBble CHCTCMbl. 

PaccMoTpHM rroBe.IJ.eHHe tPYHKU.HH :f.~~ (x), orrpe)J.eneHHbiX 

B 1181. )],JIH H3Y'-ICHHH CTPYKTYPHbiX CIJYHKU.HH p(x), axo

.IJ.Hil(HX B orrpe)J.eJieHHe :f~H (x, 0), HCIIOJih3YCM CBOHCTBa 

dJopMdJaKTopoa a o6nacT~ 6oJiblliHx rrepe.IJ.aHHhlX HMIIYJib

coa. no orrpe.IJ.eneHHIO 1101, a Bbipa)l(eHne JJieKTpoMar

HHTHoro dJopMdJaKTOpa OCHOBHOH BKJia)J. IIpH 60JiblliHX 3Ha-

4CHHHX t=q 
2 

BHOCHT 3Ha'-leHHH tPYHKU,HH Sa (x,(l-x)q) B6JIH3H 

T04KH x ·1. Bxo)J.Hil(He a Bhipa)l(eHHH S a<x,(l-x)q) H p ~ (x) 

".IJ.BYX'-IaCTH'-IHbie" K.II. BOJIHOBble tPYHKU,HH . 

a a . ,. 2 2 
SA ( x , 0 T ) = p (x ) = ~ f l <fl, ( k .

1
., x) I d k T 

A n ·' 
/21/ 

YJJ.OBJieTaopHIOT K.rr. ypaaHeHHto. 

13 



a 2 -
SA (x,(l-x)qT),o Jd kT<I> (kT,x)<f>(kT+(1-x )qT,x). 

PerncHHe 3Toro ypaBHCHH» B HH3lllCM npH6JIH)I(CHHH 

onpc).l,CII»CT, COrJiaCHO 1211, CTpyKTYPHYIO <i>YHKU.HIO 

(!~ (X) ' ( 1- X ) 2n A -:1 

X >I 
122/ 

r).l,C n ;\ - MHHHMaJibHOC '-IHCJIO BaJICHTHbiX COCTaBJI»IOlQHX. 

31 or BH).l, <i>YHKU~H P',\ (x) cooTBCTCTByeT 3Ha'-ICHHIO I 141 
<i>opM<i>aKTOpa f;\ (.[)A pH 60JlblllHX q 2 , KOTOpOC ).l,aCTC» npaBH

IIaMH KBapKoBor-o C'-ICTa. flpu 3TOM 1221 H I 141 Haxo).l,»T

C» B COOTBCTCTBHH C COOTHOlllCHHCM, llOIIY'-ICHHbiM B pa-

6ore )J,pciiJia H JIHa z:l . 

l1Tepauuu K.n. ypaBHCHH» ).l,JI» BOIIHOBOH <i>YHKU.HH ).l,aror, 

B0061QC rOBOp», 60JICC CJIO)I(HOC llOBC).l,CHHC <]J ~ ( k T• X ) • 

CooTBcTCTByroma» 3TOMY perneHHIO crpyKrypHa» <i>YHKUH» 

l;\ (X) 06Jia).l,aCT noporOBbiM llOBC).l,CHHCM 1221 npH X -~ 1 , 
onpe).l,CII»CMbiM 3Ha'-ICHHCM n~~2n(aA) -1 , r).l,C n(aA) -

MHHHMaJibHOC '-IHCJIO KBapKOB, KOTOpOC MO)I(CT o6pa30BaTb

C» B CHCTCMC C KBaHTOBbiMH '-IHCJiaMH COCTO»HH» aA 

0TMCTHM, '-ITO TaKOC pClllCHHC COOTBCTCTBYCT npC).l,llOJIO)I(C

HHIO napTOHHOH MO).l,CJIH 0 HaJIH'-IHH B a).l,pOHC B ).l,OllOJIHC

HHC K BaJICHTHbiM COCTaBJI»IOlQHM T .H. "MOp»" KBapK

aHTHKBapKOBbJX nap. 

l1TaK, npH <i>HKCHpoBaHHbJX yrJiaX BbJJICTa a).l,pOHOB C 

60JiblllHMH nonepC'-IHbiMH HMllYilbCaMH ).l,JI» <i>YHKI.J,HH J C (x, ... ) 
~ An 

MO)I(HO noiiy'-IHTb CJIC).l,YIOlQYIO 'l'OpMyJiy: 

r M 
J (x T , (J = cpuKc) ::: ( 1 - x ) 

X= X , 
T 

X ... 1 
T ' 

r).l,e M =n,~ +n8 +n c + 2 - B ciiy'-lae 

ny'-I:Ka~ H M""n'A+n'
8 

+n'c + 1 

HO'iHOH 'iaCTHI.I,hl. 

14 

1231 

o6pa30BaHH» 'iaCTHI.J,bl H3 

- llpH o6pa30BaHHH O).l,H-

HanoMHHM, 'iTO TaK KaK n ,~ =2n(aA )-1, _To ).l,JI» crpyK

TYPHOH <i>YHKU.HH npoTOHa n'A=3,5,7 ..• (A'~q,77,q, .• ) H 7r-Me3o-

Ha nA,=l(A',.,q,q) HMCCM COOTBCTCTBCHHO. 

TaKHM o6pa3oM, creneHh "3anpeTa" peaKU.HH AB ,c ,x 
llO 3HCprHH 6y).l,eT yBCJlH'iHBaThC» C pOCTOM MHHHMaJibHOrO 

'iHCJia HCB3aHMO).l,CHCTBYIOIIJ.HX COCTaBII»IOIIJ.HX. 

111. 06cy ).l,HM paCCMOTpCHHbiC npH6JIH)I(CHHH C TO'-IKH 

3peHHH pe3ynLTaroB He).l,aBHHX :JKcnepHMCHTOB 
15

: OueHHM 

OTHOCHTCJihHYIO poJib BKJia).l,oB MexaHH3MOB I 161 H I 17 I. 
l1HKJll03HBHbJC CllCKTphi o6pa30BaHHH 77- MC 3 OHOB C 60Jib

lllHMH PT B pp- H 77p -coy).l,apeHHHX B npH6JIH)I(CHHH ny4-

KOBoro MCXaHH3Ma 1161 H C Y4CTOM rJiaBHbiX BKJia).l,OB 

06Jia).l,aiOT O).l,HHaKOBOH CTCllCHblO na).l,CHHH, a HMCHHO: 

da da -8 <J 
---- ( 77 p -> 77 ) - --. --- ( p p > 77 ) - p (1- X ) 

d:lp/E d.lp/E T T 

(} -- <i>HKCHp. 1241 

TaKoe noBe).l,CHHe ce4eHHH cornacyercH c Ha6JIIO).l,aCMbiM 

llOBC).l,CHHC M B o6JiaCTH UCHTpaJihHbiX COY ).l,apeHHH ( () -90°) 

H HC CJIHlllKOM 60JiblllHX xT(xT:;;0,3). 

0).l,HaKO, KaK CJIC).l,YCT H3 3KCnepHMCHTaJihHWX ).l,aHHWX 

FNAL B o6nacTH 3Ha4CHHH x T_ ... 0,3 /
2
''; orHorneHHe ce4CHHH 

pp ... 77 
R( ) Ha4HHaeT na).l,a Tb c yBeJIH4eHHCM x ( R (p ~1 O)= 

77p-+77 T T ' 

= 1,6 _.. R ( p T ,.,4,0) .. 0,25). 

C ).l,pyroH CTOpOHhi, C pOCTOM XT YBCJIH4HBaCTCH Be

pOHTHOCTh o6pa30BaHHH JlH).l,HpyiOlQHX 77- MC30HOB IB peaK

U.HH 77p--> 77 + ••• I, TOr).l,a KaK B pp -coy).l,apeHHHX TaKOH 

KaHan OTCYTCTBYCT. Y4HTWBaH, HapH).l,y C BKJia).l,OM ny4KO

BOrO MCXaHH3Ma 116/, ).l,OJIIO o6pa30BaHHH JIH).l,HpyiOlQHX 

da ( -8 7l 
77- MC30HOB lc CC4CHHCM - 3---- 77P->77 )-p (1-x ) , ).l,JIH 

d p/E T T 

3Ha4CHHH OTHOlllCHHH 77 CC4CHHH R MO)I(HO llOJIY4HTh HCKOMOC 

yBCJlH'iCHHC 4HCJia 77 -Me30HOB, pO)I().l,CHHhiX B 77p -coy

).l,apCHH»X Ha.IJ. COOTBCTCTBYIOlQHM 'iHCJIOM B pp-coy.n.apeHH

HX. 
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M 
R( ~~-) -a (1-xT)' 

rr p -• rr " - 0,5 
T 

M =2 ,0. 

2t 0TMeTHM, 'ITO 3KCllepHMeHTaJihHhie OU.eHKH )J.aiOT 

6JIH3Koe 3HatJeHHe seJIHtiHHhi M P -Mrr = 1 ,6±0,5, <ITo, o)J.

HaKo, HaMHOrO npeBhilllaeT npe)J.CKa3aHHe KBapKOBOH MO
)J.eJIH "CJIHHHHH" 2 ;) 

26 CosoKynHOCTh 3KcnepHMeHTaJihHhlX )J.aHHhlX no Kop-

peJIHU.HHM qacTHU., o6paJosaHHhiX c 6oJihlliHMH pT, yKa-

3hiBaeT Ha TO, 'ITO MeXaHH3M o6pa30BaHHH npOHBJIHeT ce-

6H KaK )J.Byxny<IKosa~ CTPYKTypa c MaJihiM pa36pocoM no

nepetJHoro HMnyJihCa B HanpaBJieHHH, nepneH)J.HKYJIHpHOM 

OCHM nytiKOB. 

Y)l(e OTMetJanoch, <ITO KoppeJIHU.HH <IaCTHU. B o6nacrH 

fiOJihlliHX yrJIOB MO)I(HO H3ytJaTh, OnHpaHCh Ha CBOHCTBa 

y6wsaHHH O)J.HO<JacTHtiHhlX cneKTpos H CTPYKTYPHhlX ~YHK
U.HH 1'1: (z ), I' 

1
1 «:2 (z 1 ,z , .. ),xapaKTepH3YIOil.IHX nytiKH a)J.pOHOB. 

YKa)l(eM B :noH: CBH3H Ha Ba)I(HOCTh npe)J.nono)l(eHHH Maclll

Ta6HhiX CBOHCTB pacnpe)J.eJieHHH p •p (z T ), KOTOphte <IaCTO 

)J,eJiaiOTCH no aHaJIOrHH C ~eHHMaHOBCKHM X - CKeHJIHH-.,-
roM -• 

0TMeTHM, 'ITO ynOMHHYThie MaClliTa6Hhie CBOHCTBa CTpyK

TYPHhlX ~YHKU.HH B )J.aHHOM nO)J.XO)J.e B03HHKaiOT KaK CJie)J.

CTBHH TpaHC~OpMaU.HOHHhiX CBOHCTB K.n. BOJIHOBhiX ~YHK
U.HH Ha HYJih-nnocKOCTH. B <IaCTHOCTH, 3TH csoH:cTsa npH

BO)J.HT I< CJie)J.yiOil.leMy aBTOMO)J.eJihHOMy noBe)J.eHHIO O)J.HO

H )J.BYX<IaCTHtiHhiX ~YHKU.HH pacnpe)J.eJieHHH 

r)J.e 

16 

c c 
p (k)=p" 2 (k-zC';z) 
C' - C' T T 

/25/ 

c t c2 - . -- 2 , c ,c2 
p C (z2kTI zlkT2'zlz2)_ fd CTpC, (~1~2) 

C I C2 ( k k l T 
PC, -1~2)=f(z-

l 

k2T , 
--, (k 1 +~ )T-(z1 +Z

2
)CT;z

1
,z

2
), z2 

/26/ + 
k +- /C' = 2 1 2 

I ,2 ' z/z 2 =k ~/k ~= y. 

l 
! 

0TMeTHM, 'ITO BH)J. 3aBHCHMOCTH ~YHKU.HH /26/ MO)I(eT 

CJiy)I(HTh yKa3aHHeM Ha "O)J.HO<JaCTHtJHbiH" xapaKTep no

Be)J.eHHH cneKTpa o6pa30BaHHH )J.BYX a)J,pOHOB C 60JihlliHM 

26. 
pT. 

CosoKynHOCTh 3KcnepHMeHTaJihHhlX pe3yJihTaToB /~R

FNAL- H<I>B3/ no H3MepeHHHM cpe)J.HHX MHO)I(eCTBeHHOCTeH 

B a)J.pOHHhlX nytJKaX 281 H pO)I()J,eHHIO a)J.pOHOB Ha H)J.epHhlX 

MHllleHHX 29 npe)J.CTaBJIHeT Cepbe3HOe yKa3aHHe Ha Heo6-

XO)J.HMOCTh ytJeTa 3~~eKTOB KOrepeHTHOrO B3aHMO)J.eHCTBHH 

nytJKOB tJaCTHU. B npou.eccax HX o6pa30BaHHH C 60JihlliHMH 

nonepetiHhiMH HMnyJihCaMH. 0TMeTHM, 'ITO 3a)J.a<Ja B3aHMO

)J.eHCTBHH ny<IKOB /O)J.HOrO B)J.OJih OCH CTOJIKHOBeHHH )J.py

roro, nepneH)J.HKYJIHpHOrO I< HeMy/ MO)I(eT fihiTh paCCMOT

peHa no aHaJIOrHH C KOrepeHTHhiM B3aHMO)J.eHCTBHeM Ha 

H)J.epHhiX MHllleHHX. B 3TOM CJiyqae OHa CBO)J.HTCH K 3a)J.a<Je 

CTOJIKHOBeHHH tJaCTHU.hl C H)J.pOM Ha MaJihle yrJibl B HeKOTO

poH, nosepHyTOH Ha 6-rr/2, CHCTeMe KOOp)J.HHaT 

J(A-cy 

{cj 

J(c) 

fl 
B 3TOH HOBOH CHCTeMe OTC<JeTa B3aHMO)J.eHCTBHe )J.BYX 

nytJKOB MO)I(eT fihlTh paCCMOTpeHO KaK KorepeHTHhlH npo-
30• 

u.ecc , B KOTOpOM KpaTHhle pacceHHHH HrpaiOT Cyll.leCT-

BeHHYIO pOJih. . 
1 

B pa6oTe
131

' B paMKax TaKoro no)J.XO)J.a nony~eHo 38-

KoHaJihHOe pellleHHe )J.JIH aMnJIHTY.Ll.hi nepexo)J.a Tl~1: , Ko

Topoe YtiHThiBaeT npO)J.OJihHOe )J.BH)I(eHHe COCTaBJIHIOil.IHX 

H 3~~eKThl HX nepepacceHHHH. 
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C noMOI.UhiO nonyYeHHoro peweHHH npoBe,D.eHa ou;eHKa 

XapaKTepa pOCTa accou;HaTHBHOH cpe,D.HCH MHO~CCTBCHHO

CTH nyYKa KaK ¢YHKUHH PT . 
8 l.faCTHOCTH, B HCKOTOpOH orpaHHl.fCHHOH KHHCMaTH· 

l.fCCKOH o6naCTH nonyYeH llHHCHHbiH pOCT n(pT )-pT, ec

TCCTBCHHbiH B KorepeHTHbiX MO,D.Cll.!IX B3aHMO,D.CHCTBH.!I a,D.

pOHOB :lH H B npu6nH~CHHH npHMOllHHCHHbiX nyTeH /'12 / . 

8 ,D.ononueuue K 6onee yMepeHHOMY, norapu¢MHYecKoMy no

BC,D.CHHIO n "~;;· (p T ), CllC.D.YIO~eMy H3 M~~eneH TOpM03HOrO 
H3llYYCHH.!I H napTOHHOH KapTHHbl .J, , 3TO flOBC,D.CHHC 

MO)f{CT 6hlTb paCCMOTpeHO KaK B03MO~HbiH BKna,D. B Mexa

HH3M MHOrOKOMflOHCHTHOro OflHCaHHH cpe,D.HHX MHO~CCTBeH

HOCTCH :H. U cornaCHH CO CTpyKTypoH KOHCl.fHbiX l.faCTHU 

B 3KCnepHMCHTaX C 6onbWHMH nonepeYHbiMH HMflYllhCaMif 2~· 
Oco6biH HHTepec npu 3TOM npe,D.cTaBnHeT paccMoTpeuue 

3aBHCHMOCTH OT aTOMHOrO HOMepa HHKlll03HBHbiX CflCKTpOB 

a,D.pOHOB B o6naCTH 60llbWHX nonepeYHbiX HMflYllbCOB. 

8 3aKniOYenue Mhi 6naro,D.apuM H.H.I:ioronro6oua, 

A.A.Jlor·ynoua, M.A.MapKOBa 3a HHTepec K pa6oTe, a TaK

~e C.bpo,D.cKoro, 8.P.l'apceuauumuunu, C.C.IepwTeHna, 

Il . .LJ.appbrona, 8.l'.Ka.D.biWCBCKoro, C.Il.Kynewoua, M . .LJ..Ma

Tecua, P.M.Mup-KacuMoBa, 8.l1.Caupuna, A.A.Xcnawuunu, 

Il.llly6cnuna 3a none3Hbie o6cy)f{,D.CHHH. 
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