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BBE,[IEH~E 

B HacTOR~ee apeMR a 3Kcnepa-1MeHTax no rny6oKOHeynpyroMy pac­
ceRHI-110 nenToHoa Ha HYKilOHax 1-1 RApax YAenReTCR 6onbwoe BHI-1MaHI-1e 
l-13y4eHHIO caoAcTa KaapKoa~x pacnpeAeneHI-1A. B 4aCTHOCTH, ycTa­
HoaneHo pa3Ill-141-1e B <I>YHK41-1RX pacnpeAeileHHR /<I>P/ KBapKOB pa3Ili-14-
H~X apoMaTOB, 0Ka3ailOCb, 4TO H3MepeHHOe 3KCnepi-1MeHTailbHO OT­
HOWeHa-1e d(x)/u(x) (u(x), d(x) - <I>P u- 1-1 d-KaapKoa a npoToHe, 
X -6bepKeHOBCKaR nepeMeHHaR) IlHHeAHO y6~aaeT C pOCTOM X 1-1 3KCTpa­
nOila-1pyeTCR B Q npa-1 X = 111·5/, 

nocneAHee MO~HO 06bRCHI-1Tb, npeAnOilO~I-18, Hanpi-1Mep, 4TO npa-1 
AOCTaT04HO 60ilbWHX 3Ha4eHI-1RX X aaneHTHble d- H U -KaapKI-1 o6pa3yiOT 
CBR3aHHyiO CI-1CTeMy - KilaCTep, npa-1 3TOM n04TH BeCb HMnyilbC npOTO­
Ha /B CHCTeMe 6eCKOHe4HOrO 1-1MnyilbCa nOCileAHero/ npa-1XOAHTCR 
Ha OCTaBWI-1ACR u-aaileHTH~A KBapK. no 3TOA npH41-1He BepORTHOCTb 
06Hapy~eHI-1R d-KaapKa npH X • 1 CTaHOBI-1TCR cy~eCTBeHHO MeHbWe 
TOA, KOTOpaR npeAnonaraeTCR B HaHBHOA napTOHHOA MOAeilH, rAe 
npa-1 6onbWI-1X 3Ha4eHI-1RX x HMeeTcR paaeHcTao d(x) I u(x) = 1/2. 

B HaCTOR~eA pauoTe H3IlO~eHH~A B~We HHTyi-1TI-1BH~A MexaHI-13M 
nOAaBileHHR <I>P d-KaapKa peaili-130BaH B paMKaX ABYXYPOBHeaoA 
KBaHTOao-xpoMOAHHaMI-14eCKOA /KX,[I/ MOAeill-1. B 3TOA MOAeill-1 RBH~M 
o6pa30M Y41-1TbiBaiOTCR HeKoTopble 3<l><l>eKTbl HenepTyp6aTI-1BHoro xa­
paKTepa, o6yCI10BileHHble Cy~eCTBOBaHHeM B HYKilOHe KpynHOMaCWTau­
H~X CTpyKTypHbiX o6pa30BaHI-1A Tl-1na o6Ila4eHHbiX /COCTaBilRIO~I-1X/ 

KBapKOB H KilaCTepoa, 
0cTaHOBI-1MCR KpaTKO Ha OCHOBH~X nOilO~eHI-1RX ABYXYPOBHeaoA Mo­

AeilH 1-1 npi-1MeHReMOA HaMI-1 ee MOAH<I>HKal.IHI-1, npeAnonaraeTCR, 4TO 
B npOTOHe MO~HO BbiAeilHTb ABa CTPYKTYPH~X ypOBHR C cy~eCTBeHHO 
pa3Ili-14HbiMH CBOACTBaMI-1 /6,71, nepBbiA ypoaeHb - 3TO COCTaBilRIO~HA 

U -KaapK 1-1 KilaCTep, 06beAI-1HRIO~HA B eAI-1HOe uenoe OCTaBWI-1eCR 
COCTaBilRIO~I-1e ll- 1-1 d-KaapKI-1, 

BHYT~eHHRR KaapK-rnJOoH-napToHHaR CTPYKTypa KpynHOMacwTa6-
H~x 06beKTOB /KilaCTepa 1-1 COCTaBilRIO~ero U-KaapKa/ <!>OpMI-1pyeT 
BTOpoA CTPYKTYPH~A ypoaeHb npOTOHa, B I-13IlO~eHHOM nOAXOAe B3aHMO­
AeAcTBHe BHeWHero TOKa C npOTOHOM Oni-1C~BaeTCR Al-1arpaMMOA, 
H3o6pa~eHHOA Ha PHC. 1, B CHCTeMe 6ecKoHe4HOro I-1MnyilbCa npoTo-
Ha (P ~~) A1-1arpaMMa HMeeT aepoRTHOCTHYIO napTOHHyiO HHTepnpeTa-
41-110, ,[lnR cTpYKTypHoA <I>YHK4HI-1 npouecca p. + p ~ p. +X, Hanpi-1Mep, 
COXpaHReTCR <I>OPMYila: 

F 2P.P (x, Q2 ) =xl..ir (x,Q 2 ) +.l.fd (x,Q 2 ) + 2
9
0 fM(x,Q 2

). 
9 u 9 /1 I 

<IJP f I (X, Q 2 ) onpeAeilRIOTCR 1-1HTerpailaMI-1: 

f d (x, Q2) 
1 d X 2 
f .2l... ¢(y) rv/2 C-y' Q ) 
X y 

/2/ 

- <I>P aaneHTHoro d -KaapKa a npoToHe; 

f (x, Q 2 ) 
u 

1 dy I X 2 X 2 
f-¢(y) fv/1 (-,Q) + fv/2 (-,Q )I 
X y y y 

131 

- <I>P aaneHTHoro u-KaapKa a npoToHe; 

fM,g (x,Q2) / dy_¢(y) I r <~. Q2 ) + r <~. Q 2)1 
x Y M,g/1 y M,g/2 y 

/4/ 

- <I>P MOpCKI-1X /aHTH-/ KBapKOB /M/ 1-1 riliOOHOB (g) B npOTOHe.B <!>op­
MyilaX /2/-/4/ fjlt o6o3Ha4aeT <I>P napToHa i -ro Tl-1na a co­
cTaanRIO~eM KaapKe, a f 1; 2 - COOTBeTCTBYIO~YIO <I>P B KilaCTepe, 
<l>yHK4HR €/J~) 1-1MeeT CM~Cil <I>P KpynHOMaCWTa6Horo o6beKTa no AOile 
nPOAOilbHOrO I-1MnyilbCa npoTOHa y, <JlyHKl.ll-11-1 €/J(y) 1-1 f i/k nOilHOCTbiO 
orpeAeilRIOTCR AI-1HaMI-1KOA nepaoro 1-1 BTOporo ypOBHe~ COOTBeT-

CTBeHHO, 
B oaccMaTDI-1BaeMoM nonxone noennonaraeTcR, 4TO nepa~~ ypoaeHb 

onpeAeilReTCR KBaHTOBOMexaHI-14eCKI-1M ABI-1~eHI-1eM KpynHOMaCwTa6H~X 
o6beKTOB a penRTI-1BI-1CTCKOM OC41-1IlnRTOPHOM noTeHul-1ane 

181
. TaKI-1M 

o6pa30M y41-1T~aaeTcR Hea~neTaHI-1e KaapKoa. 

k 
k 

p 

,[IIlR ona-1CaHI-1R A1-1HaMI-1KI-1 BTO­
poro ypOBHR I-1CnOilb3YIOTCR npeA­
CKa3aHI-1R KX,[I-Teopl-11-1 ao3My~eHI-1A, 
T,e. <I>P f!/k paccMaTpi-1BaiOTCR 
KaK peweHI-1R 1-1HTerpo-A1-1<I><I>epeH­
l.li-1ailbH~x 3BOI1104HOHH~X ypaaHe­
HI-1A /3Y/ nHnaToaa-AnTapeilill-1-
napl-131-1 /9/. KaK I-13BeCTHO, AilR 
peweHI-1R 3Y He06XOAI-1MO 3aAaTb 

Puc.I. B3aHMOAeilcTBHe BHemHero 
TOKa C npOTOHOM B ABYXYPOBHe­
BOH MOAenH. BepxHHH Kpyr o3-
HaqaeT nu6o KnacTep, nu6o co­
cTaBmiJOIIUiH U-KBapK. p =(Po ,P 11 ), 

Q 2 = - (k - k , ) 2 = -q22' P napT • = xP ' 
p = yP ' X = Q /2Pq • 
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Ha4anbHble ycnOBI1H, T, e, BI1A X -3aB11CI1MOCTI1 <!>P f ilk B HeKOTOpo.:i 
T04Ke Q 2 = Q 5, 3aAaAI1M QP f ilk (X, Q 5 ) Ha OCHOBe CTaTI1CTI14eCKO.:i 
napTOHHOH MOAenl1, B paMKax :no.:i MOAenl1 AnH <!>P f v1 1 (x) 11 f v1 2 (x) 
npeACKa3b1BaeTCH pa3ni14HaH X-3aBI1C11MOCTb, npl14eM <)>p napTOHOB 
e KnacTepe 6biCTpee cnaAaeT AO HynH np11 x ... 1 , T, e. 
fvl 2 /fvl1-(1-x)8 np11 x ... 1, rAe 8>0. 

no npeAnono~eHI1~, d-eaneHTHbiH KBapK HaXOAI1TCH TOnbKO B Knac­
Tepe 11 Oni1CbiBaeTCH f I ; OTHOCI1TenbHO U-eaneHTHbiX KBapKOB npeA-

V 2 
nonaraeTCH, 4TO OAI1H 113 H11X HaXOA11TCH B KnacTepe (fvl2 ) ,a APY-
ro.:i - B COCTaBnH~~eM U-K~apKe (fv 1 ),n03TOMY, cornaCHO Q.JopMynaM 
/2/ 11 /3/, nony4aeM, 4TO t d:!fu ... 0 np11 x ... 1. nocneAHee cooTHowe­
HI1e 03Ha4aeT noAaeneHI1e <!>P eaneHTHoro d-KsapKa e npoToHe np11 
X-+ 1. 

B pa3Aene 1 onpeAeneHa <!>YHK1..111H ¢(y), s pa3Aene 2 npi1BeAeHo 
peweHI1e 3Y 11 nonHOCTb~ onpeAeneHbl Q.Jp KBapKOB 11 rn~OHOB B npo­
TOHe. B pa3Aene 3 npi1BeAeHO cpaBHeHI1e npeACKa3aH11H MOAenl1 
C 3KCnepi1MeHTOM. 

1. CTPYKTYPA nEPBOrO YPOBH~ 

Ha nepBOM ypOBHe npoTOH npeACTaBJlHeTCH COCTOH~11M 113 KnacTepa 
11 COCTaBnH~~ero KBapKa - ABYX T04e4HbiX 4aCTI11..1, B3ai1MOAeHCTBy~­

~11X nocpeACTBOM penRTI1B11CTCKoro OC411JlJlHTOpHOrO noTeHI..I11ana. 
OnpeAeni1M <!>YHK1..111~ ¢ (y) B B11Ae: 

¢ (y) = lim 
P

11
-+oo 

fl~2(p1'p2)1 2 
B(y- P111 /PII)df' 

f 1~2(pl'p2)12df' 
/51 

p =P 1 + p2 , p 1 , p 2 - 4-HMnynbCbl npoTOHa, COCTaBJlHIO~ero KBapKa 
11 KnacTepa, ~2 (p 1 ,p 2)- BOJlHOBaH <!>YHK1..111H /B<!>/ BHyTpeHHero ABI1-
~eH11H CI1CTeMbl KnacTep- COCTaBnHIO~I1H KBapKISI: 

!6! 

2 2 2 2 
Kllv = gllv -2PI-'Pv/M ,b- OCI..II1nmnopHaH nocTOHHHaH, M = P = P0 -P

11
• 

BbmonHHH I1HTerp11posaH11e e /5/ 11 nepeXOAH K npeAeny P 
11 

... ""• 

nony4aeM AnH ¢(y) OKOH4aTenbHO: 

4 

r;::- exp 1-y (1- 2y/ l 
¢ (y) = J .::.!_ () (y) () (1- y) ....::.::;~~:..-.:.:..:....__:_ 

rr erf -./y 
171 

- M2 "' - 2b . KaK y~e oTMe4anocb, ..,yHK1..111H ¢ (y) HBnHeTCH <!>P co-

cTaBnH~~ero u-KsapKa 11 /11n11/ KnacTepa no AOne nPOAOnbHoro 11M­
nynbca npoToHa y. 

np11 $11KCI1pOBaHHOM y Bblpa~eH11e /7/ nOJlHOCTb~ onpf:!AenHeT 
CTpyKTYPY nepsoro ypOBHH. 

2. KXA-CTPYKTYPA BTOPOrO YPOBH~ 

AnH onpeAeJleHI1H cTpyKTYPbl sToporo ypoBHH Ha.:iAeM Q.JP TOKOBbiX 
KBapKOB 11 rn~OHOB B KpynHOMaCWTa6HbiX 06beKTaX, KaK y~e OTMe4a­
JlOCb, 3TI1 Q.JyHK1..11111 HBJlH~TCH peweHHeM 3Y nl1naTOBa-An;apennH-napl1-
311191. nocneAHee, KaK 113 seCTHO, onpeAenHeT nHWb Q -3aBI1CI1MOCTb 
Q.JP· 3aBI1CI1MOCTb Q.JP OT X Q.JHKCHpyeTCH Ha4anbHbiM11 ycnoBI1HM11 3Y. 

'3aAaAI1M Ha4anbHble ycnoBHH 3Y, T. e. <l>P f ilk (x, Qy) np11 QJHKCW 
poBaHHOM Q 2= Q ~ Ha OCHOBe CTaTHCTI14eCKOH MOAenH 10I • B MOAenl1 
npeAnonaraeTCH B03MO~HOCTb BOCCTaHOBneHHH <)>p filk BO BCeM HH­
Tepsane 0 < x < 1 , Ha OCHOBe noBeAeHHH 3T11X <)>yHK1..111H B o6naCTI1 Ma­
nbiX X : 

f ilk (x) 

i=v,M,g; k=1;2. 

-X-> 0 
f i (x) 

!8! 

A 171 B 6 BHA onepaTopa A ilk aHanorH4eH npHBeAeHHOMY B pa6oTe • bl epeM 
3aTpaB04Hble Q.JyHKI..II-111 fi B BHAe: 

f (x) = x -a , 
v 

r- a =--. 
8x 

f (x) = a e -fh I x • 
g 

Q 2 __ Q20 B pe3ynbTaTe np11 <)>11KCHposaHHOM 
ro k-saneHTHbiX KsapKos,nony4aeM: 

/9/ 

-a r-1+(k-1)(1-a) ) 
2 x (1-x) ~(a,r+(k-1)(1-a);-t:l(1-x) 

f (x Q ) = • 
vlk' 0 B(1-a,r+(k-1)(1-a))~(a,r+k(1-a);-t:l) 

/10/ 

~(a ,r+k(1-a) ;-t:l (1-x)) 

~(a, r+ k (1- a) ;-t:l) 

5 



rAe «<l(a,,b, z) - BblpO>KAeHHafl nmepreoMeTpl-14ecKafl <!>YHK41-1fl. BbJpa>t<e­
HHfl /10/ onpeAenfi~T BHA Ha4anbHbiX ycnOBI-1~ 3Y I x-saBHCHMOCTb 
<l>P I np1-1 Q 2 = Q 8 Anfl cocTaBnfl~ll\ero u -KsapKa (k = l) 1-1 KnacTe­
pa (k = 2). 

He OCTaHaBnHBafiCb nOAP06HO Ha np04eAype HaXO>KAeHHfl peweHI-1~ 
3Y, l-13nO>KeHHO~ B pa6oTaX /7,12/, OTMeTHM nHWb, 4TO Anfl HaXO>KAe­
HHfl peweHHfl l-1CnOnb3yeTCfl Bap1-1a4HOHHbl~ MeTOA npo6HbiX <!>YHK41-1~. 

nocneAHHe Bbl61-1pa~TCfl B aHanl-1Tl-14eCKOM Bl-1Ae /10/, npl-1 3TOM npeA­
nonaraeTCfl, 4TO BCfl Q2 -saBHCHMOCTb cocpeAOT04eHa B napaMeTpax 
r , a , f3 : 

a(Q 2 ) = a (O) + a ( 1) • s, 

r(Q 2 ) = T (O) + 16/25 • 8, 

{3(Q2) = {3(0)+{3(1). s. 

/11/ 

g~Q~) 
3AeCb s = ln( ) - 3Bon~4HOHHaA nepeMeHHafl, 

g2(Q2) 

- 2 g(Q ) - KOH-

CTaHTa CBfl31-1, Bbi41-1CneHHafl B rnaBHOM norapl-1$Ml-14eCKOM npl-16nH>KeHI-11-1 

3 

26lnQ 2/A 2 

A - KXA-napaMeTp. 

3Ha4eHHfl npHBeAeHbl s Ta6n1-14e/, onpeAenfleM npl-16nH>KeHHoe peweHHe 
3Y, np1-1 3TOM norpewHoCTb socnpoHsBeAeHHfl KXA 3Bon~41-11-1 fb1Pa>KeHH­
fiMI-1 /10/ HeBenHKa, OAHaKO MOHOTOHHO pacTeT C pOCTOM Q , AOCTI-1-
raf! 15% npH Q 2"" 400 f3B2;c2. 

TaKHM o6pasoM, nonHoeTb~ onpeAeneHa KX,ll-cTpyKTypa BToporo 
ypOBHfl. npl-1 3TOM 3a$HKel-1pOBaHbl Bee CB060AHble napaMeTpbl MOAenH 
/eM. Ta6nl-14Y/, n03TOMy, cornaCHO $OpMynaM /2/-/4/, nonHOCTb~ 
onpeAeneHbl HCKOMble ¢P KBapKOB 1-1 rn~OHOB B npoTOHe. B eneAY~ll\eM 
pasAene 3TH <!>P cpasHHBa~Tefl e 3KcnepHMeHTanbHbiMH AaHHbiMH. 

Ta6mu.1,a 

n a p a M e T p bi 
ctlHKCHpOBaHHbie 

nOCTO.RHHb!e 

a (O) r (0) f3 (0) a (1} f3 ( 1) 
Q2 A 

y a 0 

f3B2/c2 • f3B 

2,537 2,985 0,123 0,001 0,424 -1 ,640 0 0, 17 

6 

} 

3. CPABHEHHE nPEACKA3AHH~ MOAEnH 
C 3KCnEP~1MEHTAnbHbiMH AAHHbltH1 

Ha pHc.2 AaHo cpasHeHHe B o6nacTH yMepeHHbiX 3Ha4eHH~ Q2 

/1 f3B2Jc2 < Q2 < 15 f3B 2/c2/ npegcKa3aHH~ MOgenH C 3KCnepHMeH­
TanbHblMI-1 ga-;:.HbiM; no rny60KOHeynpyroMy 1-LP -paccefiHH~ /13/. npHBe­
geHHble TeOpeTH4eCKHe KPHBble no Cyll\eCTBy f!Bnfi~TCfl penepHbiMH, no 
HHM $HKeHpy~TCfl BCe CB060AHble napaMeTpbl MOgenH 1-13 ycnOBHft HaH­
ny4Wero OnHCaHHfl gaHHbiX 1-1 OAHOBpeMeHHOrO C 3THM YAOBneTsopeHHfl 
3Y. 

X•0,06 ! 
+ XoCJ,08 ; 

+ 
X·0,10 

X•O.TJ 

• 
X•0.11 

' 
:.1 

5 9 IJ 

PHc.2. CTPYKTypHa.R ~YHK-
ll,H.R F [P npol.J,ecca l-IP ... 1-Lx. 
llaHHbie H3 pa60Tbl /13/, 

Ha pHc.3 npHBegeHbl 3KcnepHMeH­
TanbHbJe T04KH 12 •3•141 H npeACKa3aHHfl 
PfiAa MOgene~ 11 ~ 171 , BKn~4afl gaHHY~, 
gnfl OTHOWeHHft Qp d - H U -KsapKOB 8 
npOTOHe f d (x)/f u (x) • 3aMeTHM, 4TO 
nosegeHHe fd/f u ... (1- x) np1-1 x .. 1 
HaHny4WHM o6pa30M OTBe4aeT gaHHbiM. 
B pa6oTe 1161 3TOT 3KcnepHMeHTanbHbl~ 
$aKT CTaBHTCft BO rnaBy yrna - TaM 
cpasy npegnonaraeTCfl, 4TO fJfu-(1-x). 

B HacTOflll\e~ pa6oTe yKa3aHHoe npe­
genbHoe nosegeHHe gocTHraeTcfl nyTeM 
<IJHKCHPOBaHHfl KOHCTaHTbl a =0. npH 
3TOM npegcKa3aHHfl xopowo cornacy~TCA 
c 3KcnepHMeHTOM. Anfl 3Ha4eHH~ a > 0 
ICU~CIH4CLKdR KpHBafl ~ifu B OOnaCTH 
CpegHHX H 6onbWHX 3Ha4eHH~ X ne>KHT 
BbiWe 3KCnepHMeHTanbHbiX T04eK. 

Ha pHc.4 npHsegeHbl 3KcnepHMeH­
TanbHbJe gaHHbJe /6/ 1-1 TeopeTH4ecKaA 
KPHBafl gnfl K03<IJ<IJH4HeHTa npogonbHO~ 
acHMMeTpHH A 1 , H3MepfleMoro B npo-
4eccax paccefiHHfl nonflpH30BaHHbiX 
3neKTpOHOB Ha nonflpH30BaHHbiX npoTo­
HaX. KpHBafl pacC4HTaHa no <!JopMyne: 

f u (x) + 0,25f ix) + 5f M (x) 

060CHOBaHHe KOTOpoA gaHO 8 pa6oTe /18/, 

Ha PHC.5 H 6 npegcTaBneHbl KPHBble npeACKa3aHHA MOAenl-1 
H 3KCnepHMeHTanbHble AaHHble Anfl OTHOWeHHA CTpyKTYPHbiX 
<IJYHK4HA npo4eccos en ... eX 1-1 ep ... eX ( vp .. 1-Lx 1-1 1-LP ... 11x ) • TaKHM 
o6pasoM, npeACKasaHHfl MOAenH xopowo cornacy~Tefl c WHPOKHM cneK­
TPOM 3KenepHMeHTanbHbiX AaHHbiX. 

7 



1 

0 
0 o.s 

F;" 
p,P 
2 

X 
1 

Pac.S. 0THOWeHHe CTPYKTYPHhlX 

¢YHKL\HH rrpou;eccoB en ... eX H 

ep ... ex . KpHBaH - rrpe):\cKa3a­

HHe MO):\eJ1H • ,[\aHHble H3 pa-
50T 13,41 • 

8 

Pac.3. OTHOIIIeHae fix)/fu(x). 
,[\aHHbie pa6oT 12,3,t4r • FF -
KPHBaH 113 1161 , CR H3 lt?l, 

FJ - rrpeACKa3aHHe pa5oTbi 1151. 

CrrnoiiiHaH KpHBaH - rrpe):lcKa3aHHe 

MO):\eJ1H. 

Pac. 4. Ko3¢¢au;aeHT rrpo):IOJ1bHOJ1 

aCHMMeTpHH. ,[\aHHhle H3 pa6o­

Tbl 1 51. KpHBaH - rrpe):lcKaa aHHe 

MOp;eJ1Ho 

F{'P 
F:. f'-P 

2 

PHc.6. 0THOIIIeHne cTpyKTYPHhlx 

¢yHKL\HH rrpou;eccoB vp -+ ILX H 

ILP ... ILX • KpHBaH - rrpe):ICKa3aHHe 
13,41 

MO):\eJ1H. ,[\aHHbie H3 pa60T 

• 

3AKni04EHHE 

B paMKax AByxypoaHeBo~ KXA MOAenl1 nony4eHbl napTOHHbie CI>P 
KBapKOB 11 ril~OHOB B npOTOHe. Cl>yHK41111 pacnpeAeileHI1R BaneHTHbiX 
U- 11 d -KBapKOB 11Me~T pa3Il114HY~ X-3aBI1C11MOCTb, npl14eM C poe­

TOM X cJ>p BaneHTHOrO U -KaapKa AOMI1H11pyeT, T .e. np11 X -> 1 11MeeT 
MeCTO COOTHOWeH11e fd/fu -+ 0, 4TO HaXOAI1TCR B COrilaCI111 C 3KC­
nepi1MeHTOM. 5onee 6biCTpoe, no cpaBHeHI1~ c u -aaneHTHbiM KBapKoM, 

naAeHI1e AD HYilR cJ>P BaneHTHOrO d-KsapKa np11 X -> 1 , OfibRCHReTCR 
Haill1411eM B npOTOHe KpynHOMaCwTafiHoro CTPYKTypHOrO o6pa30BaHI1R -
KilaCTepa 113 u- 11 d-cneKTpOCKOnl14eCK11X KBapKOB /KaK 113BeCTHO, 
Tl1n cneKTPOCKOnl14eCKOrO KBapKa onpeAeilReTCR Tl1nOM HaXOAR~erocR 
B HeM BaneHTHOrO KBapKa-napTOHa/. 0cTaBI1RR B CTOpOHe BOnpoc 

0 MeXaHI13Me cJ>opMI1POBaHI1R KpynHOMaCWTafiHbiX OfibeKTOB, 3aMeTI1M, 
4TO B o6naCTI1 60ilbW11X 3Ha4eHH~ X, rAe cy~eCTBeHHbl~ BKilaA BHO­
CRT KOrepeHTHble 3cJ>cJ>eKTbi, Hail11411e KilaCTepa - KOilileKTI1BHOro Ofib­
eKTa - npeACTaBnReTcR aecbMa aepORTHbiM. TaK11M o6pa3oM, nony4eH­

Hoe B HaCTOR~e~ pafioTe pa3Il11411e B QP u- 11 d-KaapKOB ofiyCilOBile­
HO no Cy~eCTBy KOrepeHTHbiMI1, HenepTyp6aTI1BHbiMI1 3CI>CI>eKTaMI1, OAHa­
KO CBR3b 3TI1X 3CI>CI>eKTOB C onepaTOpaMI1 BbiCWHX TBI1CTOB 11 1/Q 2 -

nonpaBKaM11 B HaCTOR~ee apeMR OCTneTCR HeRCHO~. 

ABTOp BblpamaeT rny60KY~ np113HaTeilbHOCTb n.C.I-!caeay 3a pyKo­
BOACTBO pa60TO~, C.A.oyHRTOBy 3a 11HTepec K He~. ABTOp 6narOAa­

peH c.r.KoaaneHKO 11 IO.n.HsaHOBY 3a nilOAOTBOpHble o6cymAeHI1R 
VI IIUMO~b B paC4eTaX. 
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Bep;HHKOB B.A. P2-83-428 

KpynHoMacmTa6HaH CTPYKTypa npoToHa 
H KBapKOBble pacnpep;eJieHHH 

HanHt~HeM KnacTepa H3 u- H d-o6nat~eHHhlX I cocTaBJIHIO~x/ 
KBapKOB B npOTOHe o6bHCHHeTCH B paMKax ,JJ;BYXYPOBHeBOH ~ MO­
p;eJIH 6onee 6biCTpoe, no cpaBHeHHIO c 11-KBapKoM, nap;eHHe p;o Hy­
JIH ITpH X -+ I «lJYHKJ.IHH pacnpep;eneHHH TOKOBOrO d -KBapKa B npo­
TOHe, llpep;cKa3aHHH MO,ll;eJIH XOpOWO COrJiaCyiOTCH C 3KCnepHMeHTOM, 

P a6oTa BhiiTOJIHeHa B J1a6opa TOPHH Hp;epHhiX npo6JieM OIDIH. 

Bednyakov V.A. PZ-83-428 

Large-Scale Structure of the Proton 
and Quark Distribution 

Existence of a cluster of u- and d -constituent quarks in 
the proton within the framework of the two-level QCD model 
accounts for a quicker vanishing of the current d-quark dis­
tribution function at x-+ I, as compared with the u-quark. 
The predictions of the model are in good agreement with the 
experiment. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 
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