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1 • B paMKax napToHHo~ MOAenl1 npo4eccbl c 6onbWVIMVI nonepe4HbiMVI 

11MnynbcaMVI MoryT 6b1Tb VIHTepnpeTI1posaHw KaK cneACTBI1e 611HapHoro, 

>KeCTKOro paCCeRHI1R napTOHOB, COCTaBnRI01!111X Ha4anbHble aAPOHbl/1/, 

c nocneAYI'Jille~ VIX Q>parMeHTa411e~ s KOHe4Hble Ha6niOt:~aeMble 4aCTI14bl, 

8 H113WeM nOPRAKe KBaHTOBO~ XPOMOJ:111HaMI1KI1 /KXA/ 113y4eHI1e 3TI1X 

npo4eCCOB MO>KHO nOAPa3t:~eni1Tb Ha ABa 3Tana: >KeCTKOe pacceRHVIe 

cso6oAHbiX napToHoB, Bbi411CnReMoe s Teop1111 B03MYI!IeHI1~ KXA, 11 MRr

KYIO 4aCTb /pacnpet:~eneHI1e 11 Q>parMeHTa411R napTOHOB/, BBOAI1MYIO 

Q>eHOMeHonorl14eCKVI nocpeACTBOM CTpyKTYPHbiX QlYHK4VI~ KBapKOB VI rniOo

HOB, 

B BeAYI!IeM norapi1QlMI14eCKOM np116n11>KeHI1V1 Teop1111 B03MYI!IeHI1~ KXA 
113ny4eHI1e Ha4anbHbiM11 napTOHaMI1 Konni1HeapHbiX 11 MRrKI1X rniOOHOB 

npVIBOA11T K HapyweHI110 MaCWTa6HO~ 11HBapVIaHTHOCTI1 B QlYHK411RX pac

npet:~eneHVIR f(x, ~). AHanori14Ho TOPM03Hoe Vl3ny4eHI1e rniOOHOB Ko

He4HbiMI1 napTOHaMI1 OTBeTCTBeHHO 3a HapyweHI1e CKe~nVIHra B QlYHK411RX 

Q>parMeHTa41111, 

HapyweHI1e MacwTa6Ho~ 11HBapl1aHTHOCTI1, TO ecTb 3aBI1CI1MOCTVI 

fq/H ( x, Q2) VI Dll/h ( z, Q2 ) oT KBat:~paTa nepeAaHHoro 11Mnynbca Q2. 
Oni1CbiBaiOTCR COOTBeTC TBYIOIIIVIMI1 ypaBHeHI1RMI1 3BOnl041111 /2/, AnR peweHVIR 

KOTOPbiX cnet:~yeT QI1KCVIPOBaTb Ha4anbHble YCnOBVIR nDVI HeKOTODOM 3H~-

4€HVIVI Q 2 = QJ. 3TO, Hanpi1Mep, MO>KHO CAenaTb Ha OCHOBe npaBVIn KBap

KOBoro c4eTa /3/. 

np11 KBaHTOBOXPOMOAVIHaMV14€CKOM nOAXOAe K 113y4eH~~ np04€CCOB 

PO>KJ:1€HI1R 4aCTVI4 /cTpy~/ C 6onbWI1M11 nonepe4HbiM11 11MnynbCaMI1 B a,q
POHHbiX COyJ:1apeHI1RX Heo6XOJ:111MO Y411Tb1BaTb TaK>Ke PaA11a4110HHble no

npaBKI1 K C€4€H11RM 3n€M€HTapHbiX not:~nP04€CCOB, 3To B KOH€4HOM 

C4eTe B€J:I€T K 3aBI1CVIMOCTVI VIHBap11aHTHoro C€4€HI1R OT KBat:~paTa 

nepet:~aHHoro 11Mnynbca Q2 /4/: 

E..!!~ ( AB .. ex 
3 An · ) d p no-+ J et x 

/1/ 

.......... 
I 



XI = -u/ s = xR cos2 8/2, x2 = -t/s = xR siriZ 8/2, 

XR =~.£.. _:PT_ XT 
z = 

X2 XI --+--
Js J s sine sine xb X a 

~ 

S , t , U RBnRIOTCR I-IHBapl-laHTaMI-1 Anfl 3neMeHTapHbiX noAnPOI..IeCCOB: 

t = X
8 

t / Z, 

CyMMI-IPOBaHI-Ie npOI-!3BOAI-ITCR no seeM noAnPOI..IeccaM: 

qq ... qq, qq ... qq, qq ... qq, qG ... qG, 

00 ... qq, qq ... GG, GG ... GG, Gq- ... Gq. 

- 6opHoscKoe ce4eHI-!e mecTKoro pacceRHI-IR cocTaBnR~~~-~x 151 

- ~ffiffieKTI-1RH~R KOHCT~HT~ Cl-1nhHO~ CRR~~-1./f - UI-1COO M00MMTOR KRMO
KOB/. Beni-141-!Hbl ~ab ... cdCih, onpeAenR~~I-Ie xapaKTep yrnosol1 aaBI-1-
CI-IMOCTI-1 1-!HBapl-laHTHOrO 1-!HKn~31-1BHOrO ce4erli-IR, npi-IBeAeHbl B Ta6n.1. 

Yron pacceRHI-Ifl 0 B CI-ICTeMe l..leHTpa MaCC COCTaBnR~~I-IX CBR3aH 
C yrnOM 8 B CI-ICTeMe LleHTpa Mace aAPOHOB cneAY~~HM COOTHOWeHHeM: 

~ cos 8- P. 
cos e = -----~ , 1- {3 cose 

B o6nacTH AOCTaT04HO 6onbWHX 3Ha4eHHI1 xR , xa .. xb, a nepsoM npl-1-
6nHmeHHI-1 yrnbl 8 1-1 0 MOmHO C41-1TaTb paBHbiMI-1. 

B paMKaX TaKOrO nOAXOAa K H3y4eHH~ RBneHHR HapyweHHR CKel1nHHra 
B nPOI..IeCCaX I-IHKn~3HBHOrO o6pa30BaHHR 4aCTHLI /CTpyl1/ C 60nbWHMH 
nonepe4HbiMH 1-!MnynbcaMI-1 (xR -1) a pa6oTax/6,7/ 6blnH cQ>opMynl-lposa
Hbl npaBHna KBapKosoro C4eTa aHOManbHbiX pa3MepHOCTe~ /nKCAP/, 
onpeAenR~~~-~e norapHQlMI-!4eCKI-!e nonpasKH K KaHoHH4eCKHM,To4e4Ho-no
A06HbiM acHMnToTHKaM (a 8/P~)2 ce4eHHI1 npoi-13BonbHbiX aAPOHHbiX peaK-
1..11-111. npl-1 3TOM HOMepa aHOManbHbiX pa3MepHOCTel1 KBapKOBbiX onepaTo
pOB npl-lo6penl-! $H3H4eCKHI1 CMbiCn YABOeHHOrO 41-!Cna cneKTaTOPOB. 

Ha OCHOBe nKCAP B pa6oTe /8/ 6blno nony4eHO 6ecnapaMeTpH4eCKOe 
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Ta6JIHI..\a 

YrJIOBaH 3aBHCHMOCTb 6opHOBCKHX ceqeHHH B ~ 

IIpoiJ;ecc I: (e) a..#,-.c. d 
f{,-.~r....., ~.,.~a ~ 4+(i+tofl6)1 

fA#-~ s u.-c.ose)t 

~.q_, ..... q..~. .!:J.{ 4+(i~w~e) 1 + 4+(!-c.o~el:.-1- a ~ s li- c.o~e)t li+ c.o~e) 1 2 'f ~~~ e 

~d. o;,.- ~.-~.,. 
j_ t ~ ~ 4+li~w~e)t + 4 (1.Hos.e) 1 

S (i+CO~ 6 + S li- wc:,9)1 2 t (1.-c.o~e) 

~6-~~....., ~ ~'l. t (i+ c.os1 e) 

q, .. ~. -'1 c.c,. ~ li+ (t)~t a) L ~ · sZ"1e-11 
cc _, ~.,.(t.,_ t ~ [ 1 ·~ \ li+ c.os e ~s~~[~- -rr 

~al (,._, ~"' Cr ( 4 + (itc.o~e)i) [; 1+ ~se + li-~~ e)~ 
cc .... c. c. s l ~- si." .. e + 2.(i+c.ose) + !i.(i-cose) 1 

T 4 (i- to!>S)1 li+c&..e)t 

Hl-111 WHPOKOro Knacca lKeCTKHX nPOI..IeCCOB ( E~- f (X ) P,T-3(j>Q>) 
d3P T • 

np~-1 3TOM aBTOpbl orpaHH4HnHCb paCCMOTpeHHeM 3Ha4eHHR yrna pac
ceRHHR 8 = 90° B CHCTeMe LleHTpa MaCC aAPOHOB. B HaCTOR~el1 pa-
6oTe cQ>opMynHpoBaHbl nKCAP AnR npoH3BOnbHbiX yrnos pacceRHHR, npo
BeAeHbl AeTanbHbll1 aHanl-13 yrnOBOH 3aBHCHMOCTH HHBapHaHTHbiX Ce4eHHI1 
1-1 a<l><!leKTHBHbiX cTeneHel1 PT 1-1 cpasHeHHe c HMe~~HMHCR 3KcnepHMeH
TanbHbiMH AaHHbiMH. 

2. CQ>opMynHpyeM ceH4aC nKCAP AnR npoH3BOnbHbiX yrnoB pacceR
HHR a BeAy~eM norapH$MH4eCKOM npH6nHlKeHHH TeopHH B03My~eHHI1 KXA. 
KaK 6blnO OTMe4eHO Bblwe, npH H3y4eHHH RBneHHR HapyweHHR CKe11nHHra 
HHKn~3HBHbiX ceueHHI1 lKeCTKHX npolleccos a paMKax KXA Heo6XOAHMO 
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~MeTb ~H$OpMa~~~ 06 3BOfl~~~OHHO~ Q2 -aaB~e~MOeT~ nflOTHOeTe~ 
:<sapKOBbiX fqiH(x,Q 2) ~ rmooHHblx G(x, Q 2 ) paenpeAeneH~~ ~ $par
MeHTa~~oHHbiX 0( z, Q2) $YHK~~~. B Ka4eeTse Ha4anbHbiX yenos~~ npeA
nono)!(~M, 4TO np~ Q2 = Q6 ~ X-+ 1 B~A 3T~X $YHK~~~ onpeAenfleTefl 
npas~naM~ KBapKosoro e4eTa/3( Henonb3Yfl peweH~fl 3Bon~~~oHHbiX 
ypaBHeH~~j8,9~ aHan~3~PYfl BXOAfl~~e B ~HBap~aHTHOe ee4eH~e /1/ 
$YHAaMeHTaflbHble noAnPO~eeebl paeeeHH~fl napTOHOB B H~3WeM nOPflAKe 
Teop~l1 soaMy~eH~~ KXA, nony4~M eooTseTeTBY~~~e Bblpa~eH~fl AflH 
paan~4HbiX KOMnoHeHT: VVV, VSV, GVG(VV, VS, GV) •• ,ce4eH~H ~HKntO

a~sHoro o6pasosaH~H 4aeT~~ /eTpy~/. 

A. 06pa3oBaH~e eTpy~ A+B-ojetX 

E _<!Q:_ ( AB ... j et X) 
d3P 

sp-1 
=a ::£ ....L__ D .. ((}) <I>A<I>B, 

0 j 
0 

j l( S P) I J j j 

rAe 

2 

ao 
( as 2 XT ¥) (-) 

T 4 

A( B) 
A(B) "'2(nv -1), 

[as(Q2)] -2r ln(2lsin(}) 

--------------
1 ~~~? 0 \ A 1 -'-? (} 'R \ -~- 2 I \ ~• •• 2 I 

D. . ( (} ) = 1
0 

( l. . ,_ o ( (}) ) , 
I J k, t I J-+ .. t 

f = 1 - x R = 1 - xT I si n (} , r = 16 I ( 33 - 2f ) , 

12/ 

nt<~ - 4~eno saneHTHbiX KBapKoB a aAPOHe A(B). CyMMa 6epeTeH no 
seeM $YHAaMeHTanbHbiM noAnpo~eeeaM (i ,j = V, S, G). 0Te4eT yrna 
npo~3BOA~Tefl OT 4aenl~bl A((}= P;PJ; rc x)- raMMa-$yHK~~fl 3~nepa. 
Befl ~H$OpMa~~fl o HapyweH~~ eKeAn~Hra eoAeP)!(~TeH B TpexMepHbiX 
seKTopax <Vi : 

-+H 
<I> = cHr(H) r as(Q2 )]~ sp)E(O; H = A, B, 131 

-+~H (::\ 
'V"= G ,. 

\~; 

... 
E(O 

I 1 

2 -D~~)~(~) 

~ 
1 r a (Q )] 

: [ 'I'<-H+r e:l):T - '1'. c ~:-:-;~:-~;--:-;-1 

---314 .!_{ __ _ 
'I'(H+r .;+2) +£ 

4 

rAe Cl:l- HOpM~pOB04Hble MHO)!(~Ten~: .;= 1n[a8 (Q~)Ia 8 (Q 2)]; 

21-2f " £ = y - ---1n(1-xR); YE = 0,577 - 4~eno 3~nepa. Ben~4~Hbl 
E ro 

D(sp),08 (sp) onpeAenH~Tefl Hee~HrneTHbiM~ (d(sp)) ~ e~HrneTHbiM~ 
(dS(sp)) aHOMaflbHbiM~ pa3MepHOeTHM~ eoOTBeTeTBeHHO: 

D(n) =d(n) -r(1ln+1n£), f=1-xR' 

If(n) = d" (n) - Jl r ( 1ln + 1 n f ) + ...i 1 n K11 , H = A, B, 
4 4 

/4/ 

d(n) = -r(.! 
4 

n 1 2 
- l -) + 0 ( 1ln ) , 

I K 

d" (n) = -r (1lr - .Jl. l .l.) + 0 (1/n2
), 

4 I K 

rAe 

KA = cos2 0I2, K 8 = sin2 0/2. 

5. 06pa3oBaH~e OA~H04HbiX 4aeT~~ A+ B ... ex 

sp -I A I' (' da f ' ~ 
E--(AB ... CX) = a 0 l --- D k (8) <l>.<l>.<l>k. 

ct3p i,j,ll(Sp) I] I J 

... ~ ... 
Dijk(O) = r<lij-+kf((})), 0 = (PAP<), Kc= 1. 

Bee sen~4~Hbl onpeAeneHbl eooTHoweH~HM~ /21-/4/. $~ryp~py~~ee 
B 3T~x OopMynax eneKTaTopHoe 4~eno sp onpeAenHeTeH eneAY~~~M 
o6paaoM: 

II II 

sp = 2 ( l n; -H) + l ~ s P; , 
i= I i=l 

/5/ 

!61 

rAe n; - 4~eno saneHTHbiX KBapKoB B i -M aAPOHe; H - nonHoe 4~e
no y4aeTBYI'.l~~x s peaK~~~ aAPOHOB (H = 2- AB ... jet X; H=3-AB+ CX), 
a hSp- AononH~TeflbHoe eneKTaTopHoe 4~eno, paeHoe Kon~4eeTBy He
saneHTHbiX eoeTaBflH~~~x: 

H 
s p = s p = 2 ( l n . -H) ; 

V 0 i=l I 
~spv .. 0, 
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Ailfl rniOoHos, 

~sp8 = ~sPv+ 2 Ailfl MopeKHX KBapKOB. 

nony4eHH~e npaBHila XapaKTePH3Y~T eTeneHb HapyWeHHfl MaewTa6HO~ 
HHBapHaHTHOeTH, KOTOpafl OnpeAeJlf!eTefl BeJlH4HHO~ KaK HeeHHrJleTHO~, 

TaK H eHHrileTHO~ aHOMailbHO~ pa3MepHOeTH. npH4eM apryMeHTaMH 
aHOMailbH~X pa3MepHOeTe~ eny~aT eneKTaTOpH~e 4Hena, $HKeHpyeM~e 

KBaPKOB~M eoeTaBOM y4aeTBY~~HX B peaK~HH aAPOHOB. 

3. $opMyJl~ /2/-/5/ noKa3~Ba~T, 4TO H3-3a AOnOilHHTeJlbHOrO 
BKilaAa MexaHH3Ma HapyweHHfl eKe~nHHra yrnosoe paenpeAeneHHe HH
KI1~3HBHO~ peaK~HH He eosnaAaeT e noBeAt;_HHeM 3JleMeHTapHbiX ee4e-

HH~ ~eeTKOrO paeeef!HHfl eoeTaBilfi~~HX (d~ (0)) /eM. Ta6n.1/. 0T-
dt 

KilOHeHHe oT eKe~nHHrosoro yrnosoro paenpeAeneHHfl npH $HKeHposaH-
HOM 3Ha4eHHH 3HeprHH onpeAeilfleTefl BeJlH4HHO~ OTHOWeHHfl Q2(0)/A2, 
TO eeTb apryMeHTOM 3~eKTHBHO~ KoHeTaHTbl eBfi3H a

8 
( Q2) I A - na

paMeTp o6pe3aHHfl/. no3TOMY seebMa Ba~H~~ fiBpfi~Tefl B~6op Onpe
AeileHHO~ 3aBHeHMOeTH Q2 OT HHBapHaHTOB S , t , U noAnpo~eeea /OAH0-
3Ha4HOe $HKeHposaHHe noeneAHe~ B aAPOHH~X eoyAapeHHfiX HeB03MO~HO/. 

B AailbHeKweM 6yAeM nonb3oBaTbefl eneAY~~HM onpeAeneHHeM senH-
4HH~ Q2 I 10/: 

$aaos~~ o6beM HHTerpHposaHHfl no ~ H xb 
MeHeHHfl Q2: 

x2 ( 1- cos 20) --------R------------------- ·s "Q2.:::; 
4-2xn(l±cos0) + x~( 1 ± cos0) 2 

2 
1-cos 0 ---·s 
3+ cos2 o 

I 
0 <rr/2 

/3HaKH 11+11 eoOTBeTeTBY~T yrnaM paeeef!HHfl O > rr/ 
2 

171 

eOOTBeTeTBeH-

Ho/. OTMeTHM, 4To AOnyeTHM~e 3Ha4eHHfl Q2 AOeTaT04HO senHKH, Ha
npHMep, B eJly4ae 0 = 90°, XT = 0,3: 

ISR ,j s 

SPS ,j s 

1 o 0 ~ Q 
2 I r 3 B I 2-s. 1 50 0 , 

104-s.Q 2 /r3B/ 2 -s.1o 5 • 

H3y4afl 3aBHeHMOeTb pa3IlH4H~X KOMnOHeHT HHBapHaHTHOrO ee4eHHfl 
OT BeilH4HH~ ~ (X T~ sin 0), npHXOAHM K BbiBOAY, 4TO Ailfl yr Jla paeeef!
HHfl 0 = 90°, Ha4HHafl e XT~ 0, 3, BKilaA~ BaileHTHbiX napTOHOB B ee-
4eHHH Ha4HHa~T AOMHHHPOBaTb. tJ..nfl yrna 0 = 20° aHanorH4HOe fiB
JleHHe HMeeT MeeTo y~e npH Man~x 3Ha4eHHfiX x T ( x T ~ 0, 1). CneAosa
TeilbHo, H3Y4eHHe eBOKeTB BaneHTHO~ o6naeTH B3aHMOAe~eTBHfl MO~HO 

6 

npoBOAHTb npH 60ilbWHX 3Ha4eHHfiX XT H 0 = 90° HilH npH epaBHHTeJlb
HO MaJl~X XT H epeAHHX yrnax paeeef!HHfl. 

afrr+' da PaeeMOTPHM senH4HHY R= ~....t: (a"' E--) 
a ( rr-) ct3p 

B o6naeTH 60ilbWHX 3Ha4eHH~ XR, rAe OeHOBHY~ pOilb HrpaeT BKilaA 
KOMnOHeHT BaileHTH~X eoeT aBilfi~~HX, npeAnOila r afl fu/ p (X)~ 2 fd/p (X), 
HMeeM R ( 0= 9 0°) = 2,2. npH4HHO~ Ha6Il~AaeMoro B 3KenepHMeHTe poeT a 
senH4HHbl R( 1<R <2 ) fiBilfleTefl HeeHMMeTpH4HoeTb paenpeAene-

- 3KCll • - I .... I -I 
HH~U-H d-saneHTHbiX KBapKOB B npOTOHe:fu/p(X) dd/p(x)- (1-x). 
ApyrHM HeT04HHKOM poeTa R(xT) Mo~eT eny~HTb BKilaA rn~oHH~x KoM
noHeHT B HHBapHaHTH~e ee4eHHfl. C APYrO~ eTOpOH~, KaK 6~110 OT
Me4eHO s~we, npH epeAHHX yrnax paeeef!HHfl saneHTHafl o6naeTb Ha4H
HaeT AOMHHHPOBaTb npH epaBHHTeilbHO MaJleHbKHX XT, 4TO YA06HO npH 
epaBHeHHH e 3KenepHMeHTOM, J:\e~eTBHTeJlbHO, npH X T ; 0, 3 

R (8=50°) = 2. 0 /3KenepHMeHTailbHoe 3Ha4eHHe R.JKcu.<0=50n. \15= Teop. 
1111 = 63 r3B) .. 2,o~o,4/ • 

C ~eilbiO H3y4eHHfl yrnoso~ aaBHeHMOeTH seilH4HHbl E~-- paeeMoT
ct:lp 

pHM npo~eee o6pa3oBaHHfl ABYX eTpy~ B aAPOHHbiX eoyAapeHHfiX. npH 

Bbi4HeneHHH E~.f- ( AB ... jet X) Heo6xoAHMo nposeeTH eyMMHposaHHe no 
d· p 

seeM 3IleMeHTapH~M noAnpo~eeeaM AaHHO~ peaK~HH, B 4aeTHoeTH, 
a eny4ae o6paaosaHHfl riliOOHHO~ eTpyH a PP- H PP -eoyAapeHHfiX npH 

= 3 e!leAyeT y4eeTb eeMb pa3IlH4H~X KOMnOHeHT: 

--
GG ... GG, uu ... GG, uu .. GG, dd ... GG, dd .. GG, ss ... GG, ss ... GG. 

0AHaKo KaK noKa3~BaiOT T04H~e pae4eT~ B paMKax KXA, Ha4HHafl 
e xT" 0, 2 BKilaAaMH MopeKHX KBapKoB MO~Ho npeHe6pe4b. Ae~eTaH
TeilbHO, HX AOilfl Bdo/deosl)(pp .. qqx) eoeTaBilfleT OKOJlO 8%. 8 eny-
4ae peaK~HH PP ... GGX Hx BKnaA MeHbWe 1% npH seex yrnax paeeef!HHfl. 
npH 3TOM riliOOH~ AaiOT 60ilbWO~ BKilaA /76%/, 4TO o6yeilOBileHO 60nb-

WHM 3Ha4eHHeM aenH4HHbl c.!g_( GG ... GG), KoMneHeHpyiO~e~ ManoeTb npH-
dt 

MeeH riliOOHOB B aApOHe no epasHeHHIO e Ba!leHTH~MH KBapKaMH. 6e3 
y4eTa MOpeKHX KBapKOB_ peaK~Hfl PP-.GGX onpeAeilfleTefl TOilbKO _OAHO~ 
KoMnoHeHTo~(GG...GG),a PP-+GGX- TpeMfl KOMnoHeHTaMH (GG... GG, uu ... GG , 
act. GG) • 

PHe, 1 npofleHfleT xapaKTep BilHfiHHfl KBapKOBOrO eoeTaBa y4aeTBYIO
~HX B peaK~HH aAPOHOB Ha yrilOBYIO 3aBHeHMOeTb HHBapHaHTH~X ee4e
HH~1 o6paaosaHHfl rn10oHHO~ eTpyH B PP- H K+ P -eoyAapeHHfiX. Bbl6op 
3THX peaK~H~ o6yenOBJleH TeM $aKTOM, 4TO OHH, B OeHOBHOM, onpe
Aeill110Tefl eAHHeTBeHHbiM noAnpo~eeeoM GG ... GG. /KpHBble OTHOPMHposaHbl 
B T04Ke 0= 0° /. 3Ta KaPTHHa nerKO o6o6~aeTeR Ha Bee aApOHH~e 
npo~eeebl. B 4aeTHOeTH, Ka~AaR KOMnOHeHTa HHBapHaHTHOro 

ex 
E ..d.a_ ( AB-+ . X) ee4eHHR eoxpaHReT eHMMeTPHIO eOOTBeTeTBYIO~ero 

d 3p Jet 
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~~--------~~------------~ 
-- de~itgg-gg) I 

2,01,---------,-------------------~ 
Eo•!d'ol& ·'10'1 

R• Eda:td5 pt8·S31 l 1.00 \ ------ Ed~'I>IPP-ggxl I / 

\ ------ Ed44fpt .. p-ggx) I / 
\ ot5 •0,2 ! / 
\ ! / 
\ ! / 
\ I I 

\ I 
\ I / 
\ I ,' 
\ j ! 

\ / I 

\ / / 
\ I I 

40 

\ / / 
\ I ' ' / / \ I ' 

',,, ./"' ,,' 
20 

'·-....... · 

~a -o.& -o.4 -o2 o 0.2 o.4 o.6 aa 
cos9 

1,0 

-6-5~32f3B PP- rr"x 

~ 
1,5 

0.5 

0,1 0,2 0,3 

PHc,l. YrnoBaH saBHCHMOCTh ceqe- o6pasoBaHHH 11° -MesoHoB B pp
HHH o6pasoBaHHH rniDoHHOH CTPYH coy~apeHHHx. 3KcnepHMeHTanhHWe 
B PP-H K+p -coy~apeHHHx. ~aHHWe - Hs/12/. 

d;;. 
(~(8))ab AnH Me3oH-Me3oHHoro ~ HyKnoH-HyKnoHHoro pacceHH~H. 
AaHHaH c~MMeTp~H HapywaeTcH e cny4ae Me3oH-HyKnoHHoro B3a~Mo
AeHCT8~H, TO eCTb, KOrAa 4~Cna 8aneHTH~X K8apK08, y4aCT8YID~~X 
8 coyAapeH~~ aAPOH08, Pa3H~e. AeHCT8~TenbHO, 3Kcnep~MeHTanbHOe 
~3MepeH~e yrn080H 3a8~C~MOCT~ ~H8ap~aHTHbiX ~HKniD3~8H~X Ce4eH~H 
' ~ - f"O"" I 

~ ua ~ r r-+11 ""-J J 111-111 uuJibWI1x nonepe4H~x ~Mnynbcax' '"'' C8~AeTenbcT-
8yeT 0 POCTe OTHOWeH~H 

a ( pp .. 17° X. 8 = 9 0° ) I a ( pp .. 17° X, 8 = 5 3° ) 

c y8en~4eH~eM 3Ha4eH~R x T I eM. p~c, 21* · 

da 
(a=E-) 

d3P 

B Tafin.2 np~8eAeH~ TaK~e 3Kcnep~MeHTanbH~e AaHH~e/13,14/ 
da -n m 

~ cooT8eTCT8YI".l~~e 3Ha4eH~H n ~ m(EctP- APT (1-x T) ) AnH 

pa3H~X yrno8 pacceHH~H, paCC4~TaHH~e c noM~biD nKCAP. HecMOTPH 
Ha Cy~eCT8y~~yl".l HeOAH03Ha4HOCTb 8 TeopeT~4eCKOM onpeAeneH~~ 8e
n~4~H n , m, cornac~e c 3KCnep~MeHTOM YA08neT8op~TenbHOe. 

4. nony4eHH~e nKCAP C8~AeTenbCT8Y~T o HapyweH~~ MaCWTa6HOH 
~H8ap~aHTHOCT~ 3aKOHa PT4, TO eCTb 

8 

Ta6nm.~;a 2 

Tipou;ecc Js 
X 8 0Teop.m Teop. 

CCbmKa 
/fsB/ ":3Kcn. m3Kcn. 

62,4 0,30 90 7,2 II, 7 6,6~0,8 9 ,6~1 ,o 
PP-+77° X 1131 

62,4 0,30 30 6,6 II, 5 

45 0,39 90 6,4 9, I 5,3~0,2 10,6+1,0 
PP-.j et X - 1141 

45 0,39 30 5,7 8,9 

3Ta AOnonH~TenbHaR cTeneHb, 803H~Kal".l~aH 8 KXA np~ 6onbw~x 3Ha-
4eH~HX XR , nOH8nHeTCH no HeCKOnbK~M np~4~HaM: 

a/ y6~8aH~e ~YHK~~~ pacnpeAeneH~R K8apK08 c pocTOM PT; 
6/ y6~8aH~e ~YHK~~~ ~parMeHTa~~~; 
8/ y6~8aH~e Ce4eH~R 3a C4eT naAeH~H C pOCTOM PT KOHCTaHT~ 

83a~MOAeHCT8~R as ( Pf) . 
Y4eT 8cex 3T~x ~aKTopo8 np~80A~T K 3~eKT~8HOH cTeneH~, Ko

TopaR ~ Ha6niDAaeTCH 8 3Kcnep~MeHTax 8 o6nacT~ PT> 4 r3B/c. 5o
nee 8~COKaH CTeneHb 8 o6nacT~ PT< 4 r3B/c KpoMe 8~wenepe4~C-

. - . --- -· -
J lt:;nnDII\ \I}CII'\. I U~UO I ~CV,Y C I CU-\C r1 4JCnvrn::;;nVJIVI 11"1""1~\..f'\.VI V J ..,\... t a c;;n:Jn, .. wrLA. 

T8~CT08 ~ 8HyTpeHHero nonepe4HOrO A8~~eH~H 
/3~~eKT KOTOporo Man np~ 6onbW~X PT /, 

K8apK08 8 aAPOHe 

B pa6oTe/8/ 6~no nony4eHo 8~pa~eH~e 
8 = cTeneH~ n 3~0 • np~ yrne pacceRH~H 

nKCAP AnH npo~380nbHOro yrna pacceHH~H 
np~H~MaeT cneAY~~~H 8~A: 

AnR 3Ha4eH~R 3~~eKT~8HOH 
90°. C y4eTOM nony4eHHbiX 
8, /2/-/5/, n 3~~ (xT, 8) 

n3~~ (xT, 8) = 4 -2 [ 2 - 2r 'ln(2/8in8) + HD( 8P ) ] R( _1!1.) , 
82 

!8! 

rAe H - 4~cno aAPOH08, y4aCT8y~~x 8 peaK~~~; r , D( 8p ) , 8p 
onpeAenRIDTCH COOTHOWeH~HM~ /2/, /4/, /6/, 

ln[a 8 (8t)/tla(82)] - .......... ~---.. --- -
ln(8

1 
182 ) 

~YHK~~H K8apKo8oro pa3peweH~H, ycpeAHeHHaH 8 ~HTep8ane 3Hep-

r~~ 8 I - 82. 2 
np~ ~~KC~po8aHHOM 3Ha4eH~~ 3Hepr~~ 8(Q -s) OYHK~~H K8apKo-

80ro pa3peweH~H np~H~MaeT cneAy~~H 8~A: 

1 
R(8)·- ---, 

ln~l A2 
9 



n 

8 

7 

5 

.J5 "62GeV 

a2 =2siu;(s2 1-P .(J2l 
/\ • 0.5GeV/c 

pp-n:X 
Trp-TlX 
711f- TlX 

pp-- qX 
'll'P~qx 
n:rr- qX 

PHc.3. 3aBHCHMOCTb 3$
¢eKTHBHoro noKa3aTena 
n 3~ OT KBapKoBoro co
cTaBa ap;pOHOB. 

~ COOT8eTCT8eHHO An~ 3$$eKT~8HO~ CTeneH~ ~MeeM 

n3$$ ( x T. 0, s ) : 4 + 21 2 -2r 1 n ( 2/ sin 0) + HD( sp ) l -
1
-

ln~ 
A2 

/9/ 

3aMeT~M, 4TO 8~pa~eH~e An~ n 3$$ nony4eHO C y4eTOM TOnbKO He
C~HrneTHOrO 8KnaAa. C~HrneTH~e ~onpa8K~ K ~HKn~3~8H~M ce4eH~~M 
Obpa308aH~~ 4aCT~4 np~ AOCTaT04HO 6onbW~X 3Ha4eH~~X XT(XT' 0,3) 
COCTa8n~~T HeCKOnbKO np04eHT08, nony4eHH~e $OpMyn~ C8~AeTenbcT-
8y~T o ToM, 4TO 8en~4~Ha HapyweH~~ cKe~n~Hra /oTKnoHeH~e oT no-
8eAeH~~ PT4 I onpeAen~eTc~ K8aPK08~M cocTa80M aAPOH08, y4acT-
8Y~~~x 8 peaK4~~, HapyweH~e CTaH08~TC~ 3Ha4~TenbHee An~ aAPOH08 
c 6onbW~M 4~cnoM nacc~8H~x cocTa8n~~~~x /p~c.3/. EA~HCT8eHH~M 
napaMeTpOM 8 3T~X $OpMynax ~8n~eTC~ WKana 6ery~e~ KOHCTaHTbl C8~-

3~ A, $~Kc~pyeMo~ np~ rny6oKOHeynpyroM pacce~H~~ nenToHo8. 
C y8en~4eH~eM 3Hepr~~ s( Q 2- s) ~n~ c yMeHbWeH~eH A $YHK4~~ 

K8apK080rO paapeweH~~ R( S) ~ COOT8eTCT8eHHO ll 3Q$ yMeHbWaiOTC~, 
4TO C8~AeTenbCT8yeT 06 ocna6neH~~ 83a~MOAe~CT8~n Me~AY napTOHa
M~ c pocToM cTeneH~ paapeweH~~ "np~6opa". 

TaK KaK ycno8~eM np~MeH~MOCT~ Teop~~ 803My~eH~~ KXA n8n~eTc~ 
ManOCTb KOHCTaHT~ C8~3~ a (Q 2), 8eCbMa 8a~eH 8~6op onpeAeneHHO~ 
3a8~C~MOCT~ Q2 OT ~H8ap~~HT08 ~ , t , ~ , Hanp~Mep: 

1-c 4. /10/ 

np~ $~Kc~po8aH~~ 8HeWH~x nepeMeHHbiX s , PT , 0 poeT Q2 8 aa8~
c~MOCT~ oT 8~6opa ypa8HeH~~ /10/ 8bl3~8aeT, 8oo6~e ro8op~, ~3Me

HeH~e Ce4eH~~. np~ 3TOM C POCTOM 3Hepr~~ 3a8~C~MOC Tb OT Q2 CTa
H08~TC~ MeHee aaMeTHo~ /p~c.4/. Yrno8a~ aa8~C~MOCTb 3$$eKT~8HO~ 

10 

n 

8 
pp-nX, A=0.5GeV/c 
- Q2 =oe'P.2 

T 
2 A 

--- Q =-t .JS 
7 

6 

5 

0.1 0.3 0.5 

PHc.5. YrnoBaH 3aBHCH
MOCTb 3~eKTHBHOH CTe
neHH npH pa3HblX X '['• 

GeV 

0.7 0.9 Xr 

n 

9 

0.1 

PHc.4. qyBcTBHTenbHOCTb 
noKa3aTena n 3~ K Bhl6opy 
nepeMeHHOH Q2 npH pa3Hb!X 
3HatieHHHX S , XT (0=90°), 

pp -rr 0 X, ·.fs' = 53/s3Gev 
2 25 t u 

Q §2. p. (j2 , A= 0.5GeVfc 

0.3 0.5 0.7 0.9 Xr 

cTeneH~ onpeAen~eTc~ KaK MHo~~TeneM [2-2r ln(2/sin0) +HD(sp)], 
TaK ~ 3a8~C~MOCTb~ Q2 ~ Q2(0),TO eCTb apryMeHTOM ~YHK4~~ K8ap
K080rO paapeweH~~. 

Ha OCH08e aHan~3a 0- ~ X T -aa8~C~MOCT~ 3$$eKT~8HO~ CTeneHI-1 
MO~HO CAenaTb cneAYIO~~e 8~80Abl /p~c.5/: 

a/ C y8en~4eH~eM XT (Xi> 0, 2) np~ $1-1KCI-1P08aHHbiX 3Ha4eH~~X () 
n:J¢¢ pacTeT. 3To o6ycno8neHo pocTOM MHO~I-1Ten~[2-2rln(-2-)+HJ:Xsp)] 

sin 0 

ll 



3¢qJeKTHBHaH CTerreHh ll ::JcPciJ HHBapHaHTHhlX C€'l€HHH 
ITPH <PHKCHpoBaHHhiX 3Ha'leHHHX XT I e = 90° I. 
3KCIT€pHM€HTaJihHhl€ p;aHHhl€ - H3 pa60T /15-18/ 

As.. ex Js 
lr3BI 

TTTT ~ rrX 10,3 

rrP~rrX 13,7 

PP ... jet X 13,7 24,7 

pp ... TT X 13,7 

pp ... TT X 62 

8 

01 

n3KCn XT 
3<1><1> 

0,35 6,2.:!:_1,0 

0,32 7, 46.:!:_0, 15 

0,35 6,2.:!:_0,3 

0,32 7,93.:!:_0,13 

0,35 6, 1.:!:_0,3 

I 1 

03 OS 

XT =2Pv'J5 

07 

nTeop 
3<1><1> 

6,5 

7,6 

6,4 

8,0 

6,0 

s , 10 3 

10" 
105 

s 10° 

09 

Ta6nHu;a 3 

CcbiJIKa 

1151 
115,161 

1171 
/15,161 

1181 

PHC • 6, 3cPclJe!CTHBHaH CT€IT€Hh ll '3¢<lJ HHBapHaHTHhlX C€'l€HHH 
06pa30BaHHH CTpyi:f H TT -Me30HOB, 

~ COOTBeTCTByeT YM€HbW€H~~ ~HBap~aHTHOrO Ce4eH~~ no Mepe np~6n~
meH~~ K K~HeMaT~4€CKOMY npep;eny; 

6/ "np~ <!>~KC~POBaHHOM XT( X T > Q, 2) C POCTOM 8 3Ha4eH~e 3<l><!>eK
T~BHO~ CTeneH~ YM€HbWaeTc~ ~ ,ll;OCT~raeT CBOero M~H~ManbHOro 3Ha-
4€H~~ p;n~ 0 = 90°. np~4~HO~ 3Toro ~Bn~eTC~ yeen~4eH~e Q2(8) 

12 

/~, COOTB€TCTB€HHO/, YH€HbW€H~e ¢YHK4~~ KBapKOBOrO pa3peweH~~/ 
C POCTOM yrna, ennOTb AO 8 = 90"; . 

e/ poeT n 3<1><1> e cny4ae Q2 =-2;t~/(82 +t 2+~2 ) np~ Manblx 3Ha4e
H~~x x T o6ycnoeneH yMeHbWeH~eM een~4~Hbl Q 2_ x fS. 

B Ta6n.3 np~eep;eHbl 3Ha4eH~~ n3~~n np~ ap;poHHOM o6pa3oeaH~~ 
TT -Me30HOB ~ CTPY~ c 6onbW~M~ PT fp~c .6/. nony4eHHble pe3ynbTaTbl 
ce~p;eTenbcTey~T o xopoweM cornac~~ pac4eToB c 3Kcnep~MeHTanb
HbiM~ p;aHHbiM~ B W~pOKOM ~HTepeane 3Hepr~~. 

5. TaK~M o6pa3oM, e rnae~oM norap~<I>M~4eCKOM np~6n~~eH~~ Teo
P~~ B03My~eH~~ KXA nony4eHbl nKCAP p;n~ npo~3BOnbHbiX yrnoe pacce~
H~~, Y4~TbiBaiO~~e 3<l><!>eKTbl HapyweH~~ cKe~n~Hra ~ onpep;en~10~~e oT
KnoHeH~~ oT T04e4Honop;o6Horo noeep;eH~~ ~Heap~aHTHbiX ce4eH~~ 
napTOHHO~ MOp;en~. npoeep;eHHbl~ aHan~3 yrnoBO~ 3aB~C~MOCT~ ~Hea

p~aHTHbiX ce4eH~~ CB~p;eTenbCTByeT B nonb3y YH~BepcanbHOCT~ nony-
4eHHbiX npaB~n. nony4eHHOe 6ecnapaMeTp~4eCKOe peweH~e p;n~ 3aKOHa 
3<!><!>eKT~BHbiX CTeneHe~ XOpOWO 06b~CH~eT <!>~3~4eCKYIO KapT~Hy B3a~MQ
p;e~CTB~~ ap;poHoe c 6onbw~M~ nonepe4HbiM~ ~MnynbcaM~ ~ cornacyeTc~ 

C 3KCnepHMeHTanbHbiM~ p;aHHbiMH, 

AeTOPbl np~Hoc~T rny6oKyiO 6narop;apHOCTb A.H.TaexenHp;3e 3a no
CTO~HHbl~ HHTepec K pa6oTe, a TaK~e H,C,AMarno6en~, C.~.Maepop;He

ey, A.B.Pap;IOWKHHY, A.H.CHcaK~Hy, K.r.4eTbiPKHHY 3a 4eHHble o6cym
p;eHH~. 
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TEMATHqECKHE KATErOPHH nYBnHKAU»A 

OB»E~HHEHHOrO HHCTHTYTA ~EPHWX 

HCc.nE~OBAHHA 

HH,neKc TeMaTHKa 

1. 3KcnepHMeHTanbHaR ~H3HKa B~COKHX 3HeprHH 

2. TeopeTH4ecKaR ~H3HKa s~cOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTpOHHaR ~H3HKa 

4. TeopeTH4ecKaR ~H3HKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. RAepHaR cneKTpocKonHR H paAHOXHMHR 

7. ~H3HKa TR*en~X HOHOB 

8. KpHoreHHKa 

9. YcKOPHTenH 

10. AsToMaTH3a~HR o6pa6oTKH 3KcnepHMeHTanbH~x 
AaHH~x 

11. 8~4HCnHTenbHaR MaTeMaTHKa H TeXHHKa 

12. XHMHR 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHR TBePA~X Ten H *HAKOCTeH 
RAepH~MH MeTOAaMH 

15. 3KcnepHMeHTanbHaR ~H3HKa RAePH~x peaK~HH 
npH HH3KHX 3HeprHRX 

16. ~03HMeTpHR H ~H3HKa 3a~HT~ 

17. TeOpHR KOHAeHCHPOBaHHOrO COCTORHHR 

18. Hcnonb30BaHHe pe3ynbTaTOB H MeTOAOB 
~YHAaMeHTanbH~X ~H3H4eCKHX HCCneAOBaHHH 
B CMe*H~X o6naCTRX HayKH H TeXHHKH 

19. 6H~H3HKa 

ABaJIHaHH H.C., MaTBeeB B.A., Cnenqemw IT.A. P2-83-456 
OeHoMeHonorHqecKHH aHanH3 npoQeccoa ~OHHoro po~eHHH 
qacTHQ c 6onhmHMH PT B KXA 

HsyqaiDTCH KBaHTOBOXPOMOAHHaMHt{eCKHe nonpaBKH K TOqeqHo
TIOA06~ CTeneH~ aCHMTITOTHKaM npoQeCCOB po~eHHH qacTHQ 
npH 6onhmHX nonepeqHMX HMnynhcax AnH npoHsBonhHoro yrna pac
ceHHHH. ~OpMynHPYIDTCH npaBHna KBapKOBOrO cqeTa aHOMaJlhHb~ 
pa3MepHOCTeH AnH npOH3BOnhHMX yrnoB paCCeHHHH, onpeAenHID~e 

norapH~t{eCKHe nonpaBKH K ceqeHHHM o6pa30BaHHH CTpyH H OAH
HOt{~ qacTHQ. C noMo~hiD 3THX npaBHn nonyqeHo 6ecnapaMeTpHqe
cKoe pemeHHe npo6neMhl PT4,onpeAenHm~ee cTeneHh HapymeHHH 
CKeAnHHra B HHKniD3HBHMX aAPOHHMX ceqeHHHX. Ha OCHOBe nonyqeH
Hb~ TeopeTHt{eCKHX pesynhTaTOB npOBeAeH aHaJIH3 3KCnepHMeHTaJih
HOH CHTyaQHH. 

Pa6oTa BMnonHeHa B ITa6opaTopHH TeopeTHqecKoft ~H3HKH OHHH. 

Avaliani I.S., Matveev V.A., Slepchenko L.A. 
Phenomenological Analysis of the High PT 
Particle Production in QCD 

P2-83-456 

In the leading order of QCD perturbation theory the anoma
lous dimension quark counting rules for arbitrary scattering 
angle are derived,which determine the logarithmic corrections 
to the point-like power asymptotics in terms of anomalous di
mensions of the nonsinglet and singlet quark and gluon opera
tors.Parameter-free solution for the effective power exponents 
in a wide class of hard processes,for any scattering angle, is 
obtained. The angle dependent detailed analysis of invariant 
cross sections and effective power exponents are discussed. 
There is a satisfactory agreement with experimental data. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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