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1. BBE.[IEHHE 

B pa6oTe/1/ np~ ~3y4eH~~ RBneH~R HapyweHMR cKeAnMH-
ra MHKni03MBHbiX Ce4eH~A npOI..IeCCOB C 6onbWMMM P T 6blnM C$OpMy
nMPOBaH~ npaBMna KBapKOBOrO C4eTa aHOManbH~X pa3MepHOCTeA 
mecTKMX npOI..IeCCOB B KX,£1. npM 3TOM OKa3anocb, 4TO CTeneHb Ha
pyweHMR CKeAnHHra MHKni03HBH~X Ce4eHMA CBR3aHa C 4MCnOM 3neMeH
TapHbiX COCTaBnRIO~HX aApOHOB, y4aCTBYIO~~X B npOI..IeCCe pacceRHMR. 
0TMeT~M, 4TO B~BOA~/l/ OCHOB~BanHCb, B OCHOBHOM, Ha HeCHHrneT
HbiX KOM6MHal.I~Rx cTpyKTYPHbiX <I>YHKI..IMA /HanpHMep, TMna F q -Fq I, 
AOMHHHPYIO~HX B pacceRHMM aApOHOB npH XT - 1. 

0AHaKo npH ~3y4eH~~ HapyweHHoro cKeAn~Hra B paMKax KX.£1 4ac
To OKa3~BaeTCR He06XOAHM~M y4~T~BaTb BKnaA~ C~HrneTH~X KOM6~
Hal.I~A napTOHH~x <I>YHKI..I~A pacnpeAeneH~R. B oco6eHHOCT~ 3TO sam
HO ~MeTb B B~AY np~ $OpMyn~pOBKe npaB~n KBapKOBOrO C4eTa, TaK 
KaK CTeneHb HapyweH~R CKeAn~Hra OTAenbH~X ~X KOMnOHeHT pa3n~4-
Ha. 0TMeT~M, OAH~KO, 4TO M3-3a ManOCT~ COOTBeTCTBYIO~~X KOMno
HeHT napTOHHbiX pacnpeAeneH~A B o6naCTH 3Ha4eH~A X- 1 3T~ 3$
$eKT~ MOryT npORB~TbCR n~Wb B B~CW~X nopRAKax TeOp~~ B03My~e
H~R ~ no~ He6onbWIIIX 3H31.1P.HIIIRX n_ nnR nnnhllllll>< ~H.::.UPHIAtA M()MPUTf"l<> 

(n>4) aHOManbH~e pa3MepHOCT~ C~HrneTH~X ~ HeCHHrneTH~X KOM6HHa
l.IHA CTPYKTYPH~X $YHKI..I~A npM6n~meHHO cosnaAaiOT. 

8 HaCTOR~eA pa6oTe ~3y4aeTCR BKnaA C~HrneTH~X COCTORH~A 
B Ce4eH~R o6pa30BaH~R CTpyA ~ OAHH04H~X 4aCTMLI C 6onbWHM~ pT 
B aAPOHH~x coyAapeHHRX. AHan~3~pyeTCR snHRH~e pa3nM4H~x KBap
KOB~x apoMaTOB ~ rniOOHOB Ha CTeneHb HapyWeH~R CKeAn~Hra /3a
BMC~MOCTb OT pT/ ~HKni03~BH~x ce4eH~A o6pa3oBaH~R aAPOHOB B 
meCTK~X npOI..IeCcax. C y4eTOM B03MOmH~X CMHrneTH~X COCTORH~A 
KBapKOB~X pacnpeAeneHMA ~ 3neMeHTapH~X nOAnPOI..IeCCOB meCTKoro 
pacceRH~R B aAPOHH~X COyAapeH~RX B BeAy~eM nopRAKe TeopH~ 803-
My~eH~R KX.£1 ¢>opMyn~pyiOTCR npaBMna KBapKosoro C4eTa aHoManbHbiX 
pa3MepHocTeA. Pe3ynbTaTbl AnR cooTBeTCTBYIO~Mx ~HKni03~BHbiX ce4e
HMH npM 6onbWHX XT npeACTaBnRIOTCR B B~Ae pa3nomeH~R B PRA no 
CTeneHRM f = 1 - XT: 
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Ko3$<l>~l.IMeHTbl pa3nomeH~R onpeAenRIOT nocneAoBaTenbH~e CTeneH~ 
norapM$MH4eCKoro y6~BaH~R Ce4eH~H, CBR3aHH~e C BKnaAaMIII HeBa
neHTH~X /cneKTaTopHbiX/ KOMnOHeHT BOnHOBbiX ¢>YHK1..1~H aApOHOB. 
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2. HAPYWEHHE CKEnnHHrA CTPYKTYPHbiX ¢YHKUH~ 
rnYoOKOHEYnPYroro PACCE~HHR B KXA 

OeTaHOBHMe.R eel:14ae Ha aaeHeHMoeTH eTpyKTYPHblx ¢YHKL!HI:i nap
TOHH~x paenpeAeneHHH oT eenH4HH~ KBaApaTa nepeAaeaeMoro HM
nynbea G2, npeAeKaa~eaeMol:i KXA. C 3Tol:i 1..1enb~ paeeMOTPHM ypae
HeHH.R, onpeAen.R~lJIHe 11 3Bon~l..ll-1~ 11 

( Q 2 ) nnoTHOeTeH KBapKOBbiX 1-1 
rn~OHH~x paenpeAeneHHI:i q (x, Q 2 ), G (x,Q2 ), enpaeeAnHB~e e TeopHH 
B03MYlJieHH.R npOH3BOnbHOH peHOpMHpyeMOH TeOpl-11-1 non.R KBapKOB 1-1 
rn~OHOB 121; 

2) (Ql 1 dy X 2 X 2 ) 
aqi (x,Q as f - [ p (-) qi (y,Q )+ Pqe (-)G(y,Q ) , - a ln Q 2" = 2rr X y qq y y I 1 I 

· 2 ( Q2) I 2 f 2 X 2 
aG(x,Q) as f ~[ B (~) I q.(y,Q )+Pee(-) G(y,Q )]. =--- eq . 1 J y d ln Q :! 2rr x Y Y 1"' 

CyMMHpoeaHHe 3Aeeb npeAnonaraeTe.R no seeM THnaM /apoMaTaM/ 
KBapKOB 1-1 aHTHKBapKOB, a ¢YHK1..11-11-1 Pij (z) npeAeTaBn.R~T eo6oJ:i 
BepO.RTHOeTI-1 eOOTBeTeTBY~lliHX KBapK-r n~OHHbiX nepeXOAOB. 3aMeTHM, 
4TO see 3TO engaBeAnHeo eTporo An.R 6eaMaeeoe~x KBapKoe. 

npoBOA.R pa3AeneHHe nnOTHOeTeH paenpeAeneHHH napTOHOB Ha 
BKnaA~ eaneHTHbiX "' 11MopeKHX 11 I SU(t) -eHMMeTpH4H~x/ KBapKOB 
/e 4aeTHOeTH, An.R npoToHa/: 

qx)- q v (x) + q
5

(x), q v- u,d, 
121 

q 
8
(X) .. u, ii, d, d, ·s, ·s, ••• , 

ypaBHeHH.R /1/ eBeAeM K TpeM I-1HTerpOAH¢¢epeHL!HanbH~M ypaBHeHH
.RM An.R nnOTHOeTel:i: qv(x,Q 2), q 5 (x,(~ 2 ), G (x,Q 2 )eooTBeTeTBeHHO. 
nepeoe H3 HHX MOmeT 6~Tb YAOBneTBepeHO n~60H pa3HOeTb~ KBapKo
B~X nnoTHoeTel:i I u-u , u ..... s ..•• , "' T. A. I "' .RBn.ReTe.R Heee.RaaH
H~M e ABYM.R APYrHMH. npi-14HHa 3aKn~4aeTe.R B TOM, 4TO 3BOn~I..II-1.R 
e Q2 nnOTHOeTH BaneHTH~X KBapKOB onpeAen.ReTe.R TOnbKO TOPM03-
H~M H3ny4eHHeM rn~oHoe, HnH Ha .R3~Ke onepaTopHoro paanomeHH.R 
"' peHopMrpynnoeoro aHanHaa - onepaTopaMH, HeeHHrneTH~MH 

no rpynne apoMaToe. HanpoTHB, TaK Haa~eaeM~e eHHrneT-
H~e onepaTOp~ onpeAen.R~T eOOTBeTeTBY~lJIHe nnOTHOeTH paenpeAene
HHH rn~HOB H KBapKOB B KOM6HHai..IH.RX,eHMMeTpH4H~X no apOMaTaM 
/HanpHMep, I =U+d+S + ii + d +'B+ ... /. no3TOMY ABa APYrHX ypae
HeHH.R An.R nnoTHOeTeH q 8 , 0 eB.R3aH~ APYr e APYrOM 1-1 onpeAen.R
~TeR eMeeb~ HeeHHrneTH~X H eHHrneTH~X 4aeTeH onepaTOpOB. Onpe
Aen.R~lJIHMH 3Bon~LIH~ no Q 2 npo1..1eeeaMH e AaHHOM eny4ae .RBn.RKJTe.R: 

2 

~ 

11 pOmAeHHe rn~oHaMH MOpeKHX KBapKOB /nap/ e noeneAY~lJIHM Top
M03H~M l-13ny4eHHeM; 2/ pomAeHHe TOpM03H~X rn~OHOB. 

BamHo OTMeTHTb, 4TO peweHH.R nepe4HeneHHbiX ypaeHeHHH 3Bomo;.. 
1..1"'"' Tpe6y~T aaAaHH.R onpeAeneHH~x Ha4anbH~x yenoBHH. Een1-1 HaM 
HaeeeTHbl ¢YHKL!HH q (x,Q 2) "' G(x,Q ~) An.R HeKoToporo "aaTpa
B04Horo'' 3Ha4eHH.R KBaApaTa nepeAa4H Q 2 = Q 6 , TaKoro, 4TO 
a 

8 
(Q

0
2 ) 1217 << 1, TO HeKoM~e ypaeHeHH.R noaeon.R~T onpeAenHTb 

aHa4eHH.A ¢YHKL!HH q (x,Q 2 ) "' G (x,Q 2 ) An.R n~6oro npoH3BOilbHoro 
3Ha4eHH.R Q 2 > Q0

2 • 

CneAy.R/1~ M~ e~61-1paeM e Ka4eeTee Ha4ailbH~x yenoBHH np1-1 
Q2 = Q~ 1-1 x- 1 3Ha4eHH.R eTpyKTYPH~X ¢YHK1..11-1H q(x) 1-1 G(x), AHK
TyeM~e npaBHilaMI-1 KBapKOBOrO e4eTa /B/, TO eeTb eTeneH.RMI-1 y6~
BaHH.R 3IleKTpOMarHHTH~X ¢opM¢aKTOpOB aAPOHOB, BMeeTe e eoo6pa
meHH.RMI-1 AYailbHOeTH 141. 

B 4aeTHOeTH, eTeneHH v , ·s , g y6~eaHH.R paenpeAeileHHH ea
neHTH~x. MOpeKHX 1-1 rn~OHOB npl-1 60ilbWI-1X X* 

xqv(x) -(1-x)v, 

xq
5
(X)-(1-x) 8

, x-1, 

xG(x) - (1-x)g 

/3/ 

6YAYT onpeAen.RTbe.R eOOTBeTeTBY~lJIHMI-1 4HeilaMH naeeHBH~X KBapKOB 
leneKTaTOpOB/, eoeTaBil.R~lJIHX aAPOH~ 2n

8
-1. 

DouaourAo un:=)auouul~ ~onMU'\IIIAIA nnrA ~Tnu. unr-\IT hLeTL nor-vn Mt'"'IM\1-
o~.--~---- ----·--, .--- "'-- -., 

4eH~, B 4aeTHOeTH, MeTOAOM MeilnHHOBeKOrO npeo6pa30BaHH.R eooT
BeTeTBYIOlJIHX KBapKOB~X H ril~OHH~X nnOTHOeTeH: 

Fi (n,Q 2 )= /xn-1dxFi (x,Q 2 ), i-V,S,G. 
0 

B~nHWeM OKOH4aTeilbHO HeKOM~e peweHH.R ypaBHeHHH 11/, Aa~1111-1e 

rnaBHble BKnaAbl B o6naeTH x- 1 /eM. npHnomeHHe/. An.R nnoTHo
eTeH paenpeAeileHHH BaJleHTH~X IMopeKHX/ KBapKOB 1-1 ril~OHOB HMe
eM""' 

2 xV (x,Q ) _ c (t) --:--.....;;_-

*C T04HOeTbiO AO BenH41-1Hbl 26h •2(h 1 ,h 2 ), rAe h 1 H h 2 - enH
panbHOeTH aAPOHa H KBapKa eOOTBeTeTBeHHO. 

""'OTHOeHTeilbHO peweHHH ypaBHeHHH I 1 I eM. Tal<me /S/. B oTnH4He 
OT noeneAHHX, B HaeTO.RlJieH pa6oTe Y4TeH~ TaKme HeBeAYlJIHe BKnaAbl, 
HrpaiOlJIHe OeHOBHYIO ponb B o6naeTH MailbiX X. 
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(1-x) v+2+ t 
t -----------r--------- ' 

r(V+3+t)[ln 
1
_x+ lfJ(V+3+t) +A] 

2 3 
xS (x,Q ) = 40 c(t) 

2 2 (1-x)v+l+t 
xG (x,Q ) ,. - c(t) --- --- - /4/ 

5 1 r ( V+ 2 + t) [ ln --+ 'P(v+ 2+ t) +A] 
1-~ 

2 (1-x) V+ 1+9/4 t exp It(-} -1 - ~ yE) 
-- c(t) ----------------------

5 r(v+2+9/4t) [ln-1-+ 'P(V+2+9/4t) +A] 
1-x 

r,qe c(t)= c expllt:3/4- y") I r(v+1), a aem1411Hbl r , t , A onpe,qeneHbl 
cne,qy~~I1M o6paaoM: 

16 
f= ---; 

33-2f 

2 2 21- 2f 
t ,. r ln [ a s ( Q0 ) I a s ( Q ) ] ; A '" YE - ro- ' 

l-1 }' ~;:=0,5772 .. , 1{1 (z) = d logf'( z)/ dz RBnR~TCR 41-KnOM 11 ,Ql-1raMMa-$yHK-
4l-1el-1 3~nepa COOTBeTCTBeHHO. 

DTMeTl-1M TaKme, 4TO a paMKax rnaaHoro norapl-1$Ml-14ecKoro npl-1-
6n!-1meHl-1R KX~ np1-1ae,qeHH~e a,qecb paccym,qeHl-1R OTHOCRTCR a paaHo~ 

Mepe l-1 K 3BOn~4l-10HHO~ 3aBl-1CI1MOCTl-1 (Q 2) 4JYHK411~ $parMeHTa4l-1l-1 
KaapKoa /rn~oH.pB/ a a,qpoHbl D (z, Q 2 ). Ycnoa11e "aaal-'IMHOCTI-1 11 16 I, 
aoo6~e roaopR, HapywaeTCR np1-1 paccMoTpeHl-111 a~cw1-1x nopR,qKoa 
TeOpl-11-1 B03My~eHl-1~ h~/. 

3. HHKJli0311BHbiE CEYEHHR nPOL.IECCOB l:<ECTKOfO PACCERHHR A,QPOHOB 

OcHOBHoe ,qony~eHl-1e KapTI1H~ mecTKoro coy,qapeHI1R cocTOl-1T a 
TOM, 4TO ce4eH!-1e o6pa3oaaHl-1R 4aCTI14 np1-1 6onbWI1X 3Heprl-1Rx 1-1 ne
pe,qa4ax l-1Mnynbca ,qoMl-1HI1PYeT Ha,q o,qi1H04H~M mecTKI1M pacceRHI1eM 
COCTaanR~~I1X a,qpoHOB - KaapKOB 11 rn~OHOB. npl1 3TOM KX~ no3ao
nReT B~411CnRTb nonpaBK11 Ha 113ny4eHI1e peanbH~x 11 Bl1pTyanbH~X 

rn~OHOB. 

Ce4eHI1e 11HKn~311BHoro o6pa3oBaHI1R a,qpoHoB /cTpy~/ c 6onbWI1MI1 
PT B CTaH,qapTHO~ KI1HeMaTI1Ke 11MeeT BI1,Q 

AB-+C(j)x 2 fG 

(Eda) "' ~ "i,' f ~dydz 
d3p rr i,j,k xyz2 

cb·· 
~jA(x, ~) jj18(y,(}___;,.!.- Dcjk(Z,~). 

dt 
/51 

3,qecb ( d ~ 1 d f) . . k - ce4eHI1e mecTKoro pacceRHI1R cocTaenR~-
IJ-+ ••• 

lll11X i, j, k = q ( q), G 11 1j /H( DH jk) - 4>YHK41111 pacnpe,qeneHI1R i -ro 
napTOHa a a,qpoHe H 11 pacna,qa k _. H cooTBeTcTaeHHO. HH,qeKCbl 

i , j , k npo6era~T no 3Ha4eHI1RM f apOMaTOB KBapKOB /aHTI1KBap
i<:Oe/ 11 r niOOHOB: 

4 

:0 

r 

1i/H(x,O - xqi (x,Q
2
), 

q = V, S,(G). 

KoHe4HaR CTpyR COCTOI-1T l-13 B03MOmHbiX KOM611Ha4l-1~ KBapKOB /aHTI1-
KaapKOB/ l-1 rn~OHOB, B COOTBeTCTBI111 C Ha4anbHbiM COCTORHI1eM i,j. 

nepeA,qeM Tenepb K aHanl13y BKna,qOB pa3nl-14HbiX 3neMeHTapH~X 
no,qnpo4eccoa mecTKoro pacceRHI1R a 11HKn~311BHOe ce4eHl-1e /5/. 
B HI13WeM np1-16n11meH1111 

qiqj-> qiqj. qiG _, qi G, GG _, qi qi , 

- q, q. _, GG , q. q.-> q. q .• GG -+ GG. 
1 J I J I 1 

Bb14l-1cneHl-1e BKna,qa ynpyroro pacceRHI1R aaneHTHbiX KBapKOB a 
E da j d 3 p (AB _. c (j) x) npoao,q11nocb a /I/, Mbl oCTaHOBI1MCR ce~-
4ac Ha aHanl-13e He,ql1aroHanbHbiX BKna,qoe VG , VS 11 T. ,q. a ae
,qy~eM np116nl-1~eH1-11-1 TeOpl111 B03My~eHI1~. ~nR npOCTOTbl paCCMOTpl-1M 
cny4a~ paCCeRHI1R Ha yron (;1,.90°. no,qcTaBnRR B /5/ COOTBeTCTBy~
~11e CI1HrneTHble KOMnOHeHT~ $yHK4l-1~ pacnpe,qeneHI1R napTOHOB /4/ 
1-1 npoBOAR I1HTerp1-1poeaH11R a o6nacTI1 6onbWI1X 3Ha4eHI1~ I x, xTI 
AnR va-KoMnoHeHTbl ce4eHI1R 11HKn~3l-1BHoro o6pa3oeaHl-1R CTPYI1 a 

AB -coy,qapeHI1RX, nony4l-1M 

[ Eda Tp (AB _, 

Sp 
. ] 2 as 2 f 2 
Jet+X) ve"--K(-) -Lvc<PT), 

5 Pi r(Bp) 

/6/ 

r,qe 

A+B 2 2 2 -2rln2 
K-cAr(A)c 8 r(B)2 (xT/4) (as(pT)) , 

A 2 A 

~= ln(as(Qo) las(Q2)), sp =A+B=2(nA+nu-2), 

2 12rr 
(33-2t) l~g( P\1 A 2), r = 16/ (33-2f), ( = 1-2pT I j"i", as(p ) = ---

c A , c B onpe,qeneHbl a $opMyne /4/. 
Bxo,qR~I1~ a /6/ MHomi1Tenb Lvc(Pt) co,qepml-1T ac~ l-1H$OpMa411~ 

o HapyweHI111 cKe~ni1Hra a pacnpe,qeneH11RX napTOHOB 1-1 npe,qcTaenR
eT C060~ $aKTOP norapi1$MI14eCKOrO OTKnOHeHI1R OT T04e4Ho-no,qo6-
HOrO ce4eHI1R pT4 : 
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2r 
2d( s + Il _ --1 - 2r log f 

2 s + 
2 (as(PT)) --~------ _ 

L v c ( 8p • p T) • --ip(B";-1--;~f)+ A - log { 
171 

s 13 1 
2 d(sp +ll+d (s +ll-- r(--+logd 

(a
5 

(pT)) P 4 ~+1 
- -------------------------

IJI(B+1+9/4r~)+A-logf 

AHOManbH~e pa3MepHOCTH, onpeAenA~~He /7/, COOTBeTCTBY~T 
HeCHHrneTHO~ H CHHrneTHO~ KOMnOHeHTaM $YHK~H~ pacnpeAeneHHA 
napTOHOB H HMe~T CTaHAaPTH~~ BHA: 

n 
N S 3 1 1 d(n) '= d =-r(- -~ -)+0(--), 
n 4 bd k 0 2 !81 

s 33- 2f 9 n 1 1 
d (n) =-r(-- -- ~ -)+0(-). 

16 4 k=l k n 2 

npoBOAA aHanorH4Hble Bbi4HCneHHA, COOTBeTCTBY~liiHe BKnaAaM 
KOMnOHeHT vs ' sa ' GG ' ss. HCKOMOe HHKn~3HBHOe Ce4eHHe AB-> 
j~ + X Mo~eM npeACTaBHTb e BHAe 

E A B-> j x' V, G, S E da A R-> j x 
( da ) _ ~ a. . ( ___ ) . . , 
-3-- - . . I) d3p IJ d·p l,j 

E da) = 
( d'\> ij 

a s 2 sp -1 2 
K (-2 ) f Lij (sp ,pT), 

PT 

rAe MaTpH~bl /HanpHMep, AnA A+B->jet(q,q)+ ... / 

a = 

4no 55 
VV, - [ 41f-16]. n8-

9 9 

4nA Sf 55 
-9-[41f-16], g-[41f-16], g-2f 

55 
-gnA, ~2f, 

9 
2f2_ 

48 

L. 

/9/ 

/10/ 

/11/ 

AnA A = B.p, VV,.1840/ 27 cooTBeTCTBY~T 3Ha4eHHAM AH$$epeH~HanbH~x 
ce4eHHi:1 3neMeHTapHbiX noAnpo~eccoe, B3ATbiX npH 0- 90°:(<b/dt)ij= 

= rra
2

s ~-· (0) , a .. z ~ •• (90°); KOMnoHeHT~ MaTpH~~ I~ BblnHWeM OTAenb-8 I) I) I) 

HO: 
VV .. (as (p~)) 2D(sp) 

----f(-s -) ~-- • 
p 

6 

) 

\ 
) 

VG .. _g 
5 

2D(sp+ll 
as 

{ 1-----
r(Sp+1) 'P(B+l)+£ 

20(~+ 2) 
3 2 as 

vs "'40 r ( r(s +2)- IJI( B+2)+£ 
p 

3 3 
SG---r{ f _ 

100 . ns +3)['P(A+2)+f] 
p 

s 
D ( s + 3) + D ( sp + 3) 

as P 

'I'(B+ 1+9/4 r~ + e 
I. 

s 
0: ~+ 1) + D ( ~ + 1) 

~s -· --- --I 
'P( B+ 1 +9/4 r~)+£ 

2D(sp+3) 
a s 

'fl( B+ 1)+P 

4 2D(sp +4) 

SS • _9_ ( r 0 2 f _a_s_·=----· 

160 r(s +4) [IJI(A+2)+£H'P(B+2)+f] 
p 

4 
GG "'25' 

2D(sp + 2) 
I as -·---

['1' (A+ 1)+W 'PCB+ l)+f] 

D ( s p+ 2) + D s ( ~ + 2) 
as --------- (1+ A _. B)+ 

[ 'P(A+ 1)+Y][ IJI(B+ 1+9/4 r~)+£] 

:w- \sp + :tl 
as I 

+ ---- ' 
[ \{I(A+1+9/4r ~+fH 'f(B+ 1+9/4r~) +fl 

SV .. VS(A:B); GV,..VG(A:B); GS-SG(A!'B); 

A -A+rf; B-B+ r(; sP•A+B,..2(nA+n8 -2), 

/12/ 

rAe n (n 8) - 4Hcno eaneHTHbiX KeapKOB e aAPOHax A(B). BxOAA~He 
e /12~ noKa3aTenH npH a 8 (Pf) npeACTaenA~T o6o6~eHHe aHoManb
HbiX pa3MepHOCTeH d(n) H d 8 (n): 

1 D(n) .. ~n)- r (- +log£), 
n 

nscn) .. dSCn) -9/4r(1.. -logd. 
n 

21-2f £ •A -logf •yE- - 00 -log(l-XT). 

/13/ 

C$opMynHpyeM cei:14ac npocTble npaeHna, noaeonA~~He c noMO~b~ 

$OpManbHbiX anre6paH4eCKHX npo~eAYP 3anHC~BaTb HHKn~3HBHble ce-
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4eHHR AflR npoH3BOJ1bH~x mecTKHx npo~eccos c y4eToM scex B03Mom
H~x 3JleMeHTapH~X noAnpo~eCCOB H CHHrneTH~X COCTORHHR B PaMKaX 
npH6nHmeHHR BeAY~Hx norapH~MOB KX~. 

Ce4eHHR HHKJ1~3HBHOrO o6pa30BaHHR aAPOHOB H CTpyR npH 6onb
WHX p T H x T = 2p T I JS MomHo nony4HT b nyTeM npocToro nepe
MHomeHHR CTpyKTYPH~X ~aKTOPOB,COOTBeTCTBY~~HX KBapK-rfl~OHH~M 
KOMnOHeHTaM, aBTOMaTH4eCKH Y4HT~Ba~~HX HapyWeHHe CKeRnHHra, 
Bbi3BaHHoro 3Bon~~HeR ~YHK~HR pacnpeAeneHHR H pacnaAa saneHT
H~x IHesaneHTH~xl napTOHOB B KX~: 

<IJH 
v c H I' ( H ) a (p 2 ) D( "p ) 

s T , H = A,B,C, .•. , 

H 3 r.t 2 D(sp) 
<ll ,., c r(H) - ~-- a (pT ) 

s H 40 IJl (H + 2) + e 8 

H 2 
<ll = c r(H) --

G H 5 

2 D ( sp) 

I 
as (PT) 
---·--
'1' (H+ 1) + e 

2 D s( s ) 
as (p T) p 

- --------- !. 
IJl (H + 1 + 9 I 4 r e) + e 

/14/ 

11HAeKCbl H , s .. A+B+ .•. npH 3TOM Y4HTbiBa~T cneKTaTOPHbiR cocTas 
aAPOHOB B pea~~HH B KamAOR KOMnOHeHTe V , S , G. I'!CKOMble Ce4e
HHR* MoryT 6~Tb 3anHCaH~ B pe3yJ1bTaTe OKOH4aTeJ1bHOrO AOMHOme
HHR Ha YHHBepcaJlbH~R MHO~HTenb: 

rF .. (a /p-Tn)::(XT-nl4)::2,~-r:::a--""-. 
0 s s 

11TaK, AflR A+ 8 ... j + x 

A8->jx VSG sp -1 A 8 2 
(!1_da_) "' ao l _£ ___ a .. <11. <ll. (s ,pT) 

d 3p i,j r(~) I) I ) p 
1151 

A 8 A 8 npeACTaBnReT CYMMY no BKJlaAaM nOAnpo~eCCOB V V , V S H T.A. 
npH 3TOM noHHMaeTCR COOTBeTCTBHe v A_,<IJ "\r •.... CneKTaTOPH~e \lHC
na IYABOeHHoe 4Hcno naccHBH~x cocTaBnR~~Hx B HecHHrneTHOM cny-
4ael 

H H 

sp 2( l ni -H) + l ~·~ , 
izl i•1 

H - 4HCJ10 aApOHOB B peaK~HH (H .. 1, m .. ex: H .. 2,AS...jX;H .. 3,AB .. CX); 
n i - 4Hcno saneHTHblx KBapKoB B i -ToM aAPOHe I n i = 2 AflR Me3o
Ha, n i = 3 AflR 6apHoHal; Asp - AOnonHHTenbHOe 4J.1Cno naccHBHbiX 
KBapKOB lrn~OHOBI, npo6era~~HX CfleAY~~He 3Ha4eHHR: 

* B npeAnonomeHHH cnpaBeAflHBOCTH ycnoBHR 11 B3aHMHOCTH 11 /6/, 
nonpaBKH K KOTOPOMY CTaHOBRTCR Cy~eCTBeHHbl Ha AByxneTJleBOM 
YPOBHe. 

8 

_AB ... JX 

vv Sp 

VG sp + 1 
/161 

VS,GG s +2 p 

GS s + 3 p 

ss s p+ 4 

TO eCTb KamA~R cneKTaTOpH~A rn~OH yBef1H4HBaeT 3Ha4eHHe Sp Ha 
eAHHH~Y H KBapK H3 11 MOPR 11 Ha ABe eAHHH~bl: 

~sP .. o 

~s =1 p 

t\sp=2 

AflR aaneHTH~X KBapKOB 

AnR rn~oHos 

AflR KBapKOB H3 11 MOpR 11 . -,--- -- -
B Ka4eCTBe Hflfl~CTpa~HH npaBHfl /14/-116/a~nHweM ce4eHHe npo

~ecca AB _, JX: 

A rl A n 

( Ed~/B:Jx a fA+B-1 {fo ~JV<Pv_!_y_ + fl ~.:,Yf<Py'<~'£_.1\.:;~~ t 

d p 0 f(A+B) r(A+B+l) 

A 8 ... A B 
(avs<~~v<ll s+:A ... B)+ ace <~~c <ll c 

+ f 2 --------------------- + 
r(A+B+2) 

3 ( a SG 'Ill ~ <ll8c + A ~ 8 ) 
+ f ------------

f(A+B+3) 

A 8 
4 ass<ll s <ll s 

+ f --------
r (A+ B +-4) 

lcp. C pe3yJ1bTaTaMH Bbi4HCJ1eHHR 191-1131/. 

117/ 

TaKHM o6pa3oM, a aeAy~eM nopRAKe TeopHH B03My~eHHR KX~ y4eT 
4HCJ1a HeaaneHTHbiX COCTaBJlR~~HX aAPOHOB npHBOAHT K pa3nomeHH~ 
HHKJ1~3HBHoro ce4eHHR mecTKoro pacceRHHR npH 6onbwHx PT(x.~ 
B PRA no CTeneHRM f = 1- xT: 

( 1-x _) A+8-l 2+2f( A+8l A 
3 . 'I" 2 Ll( ") . 

(Ed7-/d p) "'--:t--(a (p )) c. a 
1

£
1 

A B-+j X p s T j,.(J I s 
T 

118/ 

rAe c
0 

.. -1, ~(0) .. 0; Ml) .. 2[ D(A+8+1) -D(:A+B)] H T.A. 
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npH 3TOM CTeneHH 11aHOMailbHbiX 11 IlOrapHQ>MH4eCKHX nonpaBOK on

peAeilfiiOTCfl 4HCilaMH nacCHBHbiX COCTaBilfiiOlJIHX BaJleHTHbiX, 11MOpCKHX 11 

KBapKOB H riliOOHOB, 

Y6~BaHHe nocneAOBaTeilbH~x 4IleHoB PfiAa /18/ Ailfl 60ilbWHX PT 
CTaHOBHTCfl 3Ha4HTeilbHee B 3aBHCHMOCTH OT yBeilH4eHHfl 4HCila He

BaneHTH~X COCTaBilfiiOlJIHX, TO eCTb OT CTeneHH HapyweHHfl CKeAilHHra 

HeMHHHMailbH~X KOMnOHeHT B pa3IlOmeHHH BOilHOBOA Q>yHK~HH aAPOHa 

H pOCTa Q>a30BOro 06beMa cneKTaTOpHbiX KBapKOB COOTBeTCTBYIOlJIHX 
KOMnOHeHT. 

AsTop~ B~pamaiOT rny6oKyiO 6naroAapHOCTb A.H.TasxeilHA3e 3a 
none3H~e o6cymAeHHfl. 

nPHJlOJ:<EHHE 

npeAnOilO>KHM, 4TO pacnpeAeileHHfl BaJleHTHbiX 11MOPCKHX 11 KBapKOB 
1-1 rniOoHoB npH Q 2 

z G5 1-1 6onbWHx x HMeiOT BHA 

2 v xV (x,Q
0

) = c)1-x) , 

xq .(x,Q
0
2 ) ""c (1-x) qs, 

s qs /n. 1/ 

2 g 
xG (x,Q 0 ) = cc(l-x) . 

TorAa peweHHfl ypaBHeHHA 3BOiliO~HH /1/ Ailfl npoH3BOilbH~x Q2 
npHMYT CileAYIOlJIHA BHA: 

10 

1. BaneHTH~e KBapKH: 

'xV (x,Q 2) = cv<Q 2) (1-x)v+t , 

2 cv(Q ) = cvexp I t(3/4 -yF) 1 _f( V+ 1) 
, f(V+ 1+t) ' 

r ~ ~ , t ""r ln ~ <G2,_ 
33-2f a ,fG 2) ' A"' YE -

2. 11MopCKHe 11 KBapKH: 

xqs(x,Q 2) "' F q s V + F q s C + F q sq s' 

21-2f 

20 

2 (1-x) v+2+t 
F = c (Q ) -------------·---

qsV qsV ln.J-+'P(v+3+t)+A 
1-x r(V+ 1) 

cqsV(Q2)"' ~ cvt exp {t(3/4-yE) I r(V+3+t) 

1n.21 

/n.3a/ 

F q c- c G (Q2) 
s q s 

(1-x) g+ 1 + t 

ln 1 :-~ ( g+2:-;)-:;A- -

- c (Q 2) 
qs C 

1-x 

_jJ.-x) g_: 1 +9 /4 t 

ln-1 +'P(g+2+9/4t)+A 
1-x 

r(g+1) 
cq J..G2) .. ~· ccexp{t(3/4-yE) I >fCg+

2
+t) 

s 

1 f(g+1) c (Q2) .2.. ccexp{t(- -9/4yE) I rle+2+9/4t)' qsC 20 r 

F q q"" C (Q 2) (1-x) qs +t 
s s qsqs • 

of(qs+1) 
c (Q2) .. cq exp lt(3/4 -yE) I r(qs+l+t) q sq s 

8 

3. filiOOHbl: 

xG(x,Q
2
)- Fcv+Fcq /Fcc • 

V+ 1+ t 2 (1-x) 
Fcv• 

0
cv(Q) ln_J..-+'P(V+2+t)+A 

1-x 

_ 2 (1-x) v+ 1+9/4 t 

-
0
cv<G) 10_1_ +'P(V+2+9/4t)+A 

1-x 

rJ...v+ 12 ccV.G2). ~ cvexp{t(3/4-yE) I 7'f(V+2+t) 

2 2 f(V+ 1) 
ccJG) ""s cvexp{t(1/r-9/4yE) I r(V+2+9/4 t) 

( 1 x) q s+ 1 + t 
F • c (Q

2
) - ----- -

Cqs Gqs ln_j_+ lJI (q +2+t) +A 
1-x s 

_ 2, ~1-x)qs+l+9/4t - c (Q) --- ~ , 
Cqs ln--1 + 'IJ(q

8
+2+9/4t) +A 

1-x 
2, 4f r(qs+ 1) 

c (Q)-...,...... c exp {t(3/4-yE) I :-rc 2+t) Gq8 o qs q
8
+ 

/n.36/ 

/n.3s/ 

/n.4a/ 

/n.46/ 

ll 



f'(qs+l) 
c- (Q2) ,..!!:_ c explt(l/2-9/4yE)l f'(q +2+

9
/
4
t)-

Cq5 5 qs s 

Fcc • CCC(Q
2
) (1-x) g+9/4t• /n.4s/ 

CCC(Q2) 
f'( g+ 1) 

.. cc exp 1 t(l/r -9/4yE) I r-(g.t"l+974"i") · 

npeHe6peraR B /n.2/-/n.4/ BKnaAaMH HernaBH~X 4neHOB npH x~ 1, 
M~ npHXOAHM K Ha6opy /4/. 
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