
OfibBAMHBHHbiM 
MHCTMTYT 
HABPHbiX 

MCCnBAOBaHMM 

B.A.Be.llHHKOB, IO.n.J.1aaHoB, 
n r M~HPR r r KnRH~PHKn 

KBAHTOBOXPOMO~J.1HAMJ.1qECKAH 

MO~EJlb HYKJIOHA 
C PEJIHTJ.1BJ.1CTCKJ.1M OCUJ.1JIJIHTOPHWM 
B3AJ.1MO~EHCTBJ.1EM ME~~y 

COCTABJIH10m11MJ.1 KBAPKAMJ.1 

HanpaaneHo a lKypHail "RAepHafl $H3HKa" 

AY6Ha 

P2-82-408 

1982 



BBEAEHI1E 

K HaeTOA~eMy SpeMeH~ Ha OeHOSe KSaHTOSOH XpOMOA~HaM~K~ 
/KXA/ YAanoeb AOeT~4b 3Ha4~TenbH~X yenexos s noH~MaH~~ A~Ha­

M~K~ meeTK~x saa~MOAeHeTs~H nenToHos e aApOHaM~. MemAY TeM 
see 6onee aKTyanbHWM eTaHOS~TeA sonpoe 0 TOM, ASnAeTeA n~ 
ae~MnTOT~4eeK~ eso60AHaA Teop~A S03My~eH~H /TB/, np~MeHAeMaA 
AnA nony4eH~A npeAeKaaaH~H KXA, aAeKsaTH~M MeTOAOM s o6naeT~ 
3Kenep~MeHTanbHO ~3MepeHHbiX 3Ha4eH~iii nepeAa4 Q 2. Cy~eeTsyiOT 
eepbe3H~e OeHOSaH~A om~AaTb S 3TOH o6naeT~ Q2 3aMeTHOro SKna­
Aa 3Q>Q>eKTOS, He soenpo~3SOA~Mb1X s paMKax TB. np~4eM ponb no­
eneAH~x AOnmHa S03paeTaTb no Mepe yMeHbWeH~A Q 2.CpeA~ 3T~X 
3Q>Q>eKTOS Ha~6onee ~3SeeTHbl eTeneHHble (-k)n nonpasK~ K eTpyK-

Q 
TypH~M <I>YHK~~AM rny6oKoHeynpyroro paeeeAH~A, o6yenosneHH~e 
SKnaAOM S~nbeOHOSeK~X onepaTOpOS S~eW~X TS~eTOS. 

HapAAY e TS~eTos~M~ nonpasKaM~ HeManosamHyiO ponb np~ yMe­
peHHblx Q2 MoryT 1-1rpaTb ~ APYr~e AsneH~A HenepTyp6aT~sHoro xa­
paKTepa. 0AHO ~3 TaK~X ASneH~H paeeMOTpeHO S HaeTOA~e~ pa6oTe. 
Pe4b ~AeT o npoAsneH~AX s rny6oKoHeynpyroM paeeeAH~~ np~ yMe-
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Ta6HWX eTpyKTYPHWX o6pa30SaH~~ T~na cneKTpOeKon~4eeK~X KSap­
KOS, A~KsapKOS, KnaeTepOB APYr~x KOH~~rypa~~H. 3T~ 3Q>Q>eKTW, 
S OTn~4~e OT TS~eTOSWX, ey~eeTSeHHW He TOnbKO np~ 6onbW~X 3Ha-
4eH~AX X, HO ~ 80 see~ o6naeT~ ~3MeHeH~A X (Q 5: X _::: 1) • 

QeyasnAA S eTopoHe sonpoe 0 MeXaH~3Me Q>opM~pOSaH~A eoeTas­
nAIO~~X /eneKTpOeKOn~4eeK~X/ KSapKOS ~3 TOKOSWX KSapKOS ~ rniOo­
HOS, paeeMOTp~M S paMKaX ASYXYPOBHeSOH MOAen~ eneAeTS~A r~no­
Te3W 0 ey~eeTSOSaH~~ S HyKnOHe yKa3aHHWX eTpyKTYPHWX o6paao­
saH~~. nema~aA S oeHOSe MOAen!-1 Q>~3~4eeKaA KapT~Ha S o6~~X 4ep­
TaX eoOTSeTeTsyeT npeAeTasneH~AM 0 MHOroypOSHeSO~ eTpyKType 
HyKnoHa, SWAS~HYTWM KoryToM ~ CaeK~HAOM 111 . KoHKpeTHwe sepc~~ 
ASYXYPOSHeSO~ MOAen~ pa3S~Tbl s pa6oTaX 12•3/. 

0eTaHOS~MeA Ha OeHOSHWX nonomeH~AX 3TO~ MOAen~ ~ nOACH~M 

ene~~<l>~4eeK~e 4epTw paas~saeMoH HaM~ sepeH~. 
npeAnOnaraeTeA, 4TO S HyKnOHe MGmHO SWAenHTb Hsa eTpyKTyp­

HWX ypOSHA e ey~eeTSeHHO pa3n~4HWM~ eso~eTSaMH. nepSWH eTpyK­
TYPHW~ yposeHb npeAeTasnAeT eo60H TpH eoeTaSnAIO~~X KSapKa, 
noTeH~HanbHOe S3a~MOAeHeTS~e MemAY KOTOpWM~ o6eene4HSaeT KOH­
Q>a~HMeHT. np~ ysenH4eHHH Q Ha4HHaeT npOASnATbeA napTOHHaA 
eTpyKTypa eoeTasnA~~X KSapKOS, Q>opMHPYIO~aA STOpOH CTpyKTypHW~ 
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PHc.J. B3aHMOAeHCTBHe BHemHero 
TOKa C HyKnOHOM B paMKaX AByx­
ypOBHeBOH MOAenH: Q 2 =- q 2 =- (k-k ')2; 

Q2 
X = -- ; P • (Po , P I ) - HMnynbC 

2Pq 
HYKnoHa, 

ypoaeHb HYKnoHa. EcTecTaeHHO npeA­
nonomHTb, 4TO CBOHCTBa BTOporo 
ypOBH~ He 3aBHC~T OT THna aApOHa 
11 ~an~~Tc~ yHHBepcanbHWMH. HaM 
npeAcTaan~~Tc~ aecbMa aamHWMH cne­
AY~~He ABa acneKTa ABYXYPOBHeBOH 
MOAenH: ao-nepawx, ~BHWH y4eT He­
awneTaHH~ KsapKoB, ao-aTopwx, cos­
Me~eHHe napTOHHWX H cneKTpOCKOnH-
4eCKHX npeACTasneHHH 0 CTpyKType 
HyKnoHa. 

8 H3nomeHHOM nOAXOAe pacce~HHe BHeWHero TOKa Ha HYKnOHe 
OnHCWBaeTC~ AHarpaMMOH, npeACTaaneHHOH Ha pHc.1. B CHCTeMe 
6ecKoHe4Horo HMnynbca (IMF) paccMaTpHsaeMwH npo1,4ecc HMeeT ae­
po~THOCTHY~ napTOHHY~ HHTepnpeTai,4H~. 3TO n03BOn~eT 3anHCaTb 
CTpyKTYPHWe ~yHK1,4HH B CTaHAapTHOM BHAe: 

2 2 ~o 2 I F2 (x, Q ) .. X I r (x. Q ) + - r (x, Q ) ' 
v 9 8 

/1/ 
2 2 F

3 
(x,Q ) =-3fv (x, Q ) , 

rAe F~H F 8 - cTpyKTypHwe ~YHKI.4HH rny6oKoHeynpyrHx npo1,4eccoa 
e(I-L) + P .. e(I-L) + X 11 v(ii) + N /HaocKan~pHa~ MHWeHb/ -+ 

,- 1 .. +) +X . r r r - ~YHK1,4HH pacnpeAeneHH~ /~P/ .aaneHT-
,.. \IL ' v' 8' g 
HWX, MOPCKHX TOKOBWX KBapKOB H rn~OHOB B HYKflOHe. 

An~ AByxypoBHeBOH MOAenH 3TH ~yHKL4HH onpeAen~~Tc~ cneAy~­

~HMH BWpameHH~MH: 

2 

1 2 
rv(x, Q

2
) = fdydzl>(x-yz)<f>q(y)fvlq (z,Q ) 

0 

l ~ X 2 .. f <f>q(y)rvlq (-, Q ) • 
J: y y 

1 3 
r (x, Q2) = ( ~ l: </> (y)f I (..!., Q2). 

8 x y 3 q 8q y 

r ,(x,Q2) = J ~ l: </> (y)r I (..!.., Q2) • 
J: y q q gq y 

/2/ 

HenocpeACTBeHHO BWTeKa~~HMH 113 aHaflH3a AHarpaMMW /pHC. 1/.3AeCb 
BBeAeHW ~q(Y) - ~p COCTaBn~~~ero KBapKa q B HyKnOHe no AOne 
npOAOflbHOrO HMnynbca '/ ; fvlq , f 81q , f g/q - cliP aaneHTHWX, 
MOpCKHX TOKOBWX KBapKOB H rn~OHOB B COCTaan~~~eM KBapKe q, 
~YHKL4HH ¢q H ftlq nonHOCTb~ onpeAen~~TC~ AHHaMHKOH nepsoro 
H BTOporo ypOBHeH COOTBeTCTBeHHO. 

B pa3BHBaeMOH aepCHH ABYXYPOBHeBOH MOAenH npeAnonaraeTCR, 
4TO AHHaMHKa nepsoro ypOBH~ eCTb KBaHTOBOMeXaHH4eCKOe ABHme­
HHe TpeX COCTaBn~~~HX KBapKOB, 3anepTWX B HyKnOHe pen~THBHCT­
CKHM OCI,4Hnn~TopHWM noTeH1,4HanoM napHoro aaaHMOAeHCTBH~. An~ 
OnHCaHH~ AHHaMHKH BTOpOrO ypOBH~ npHMeH~~TC~ CTaHAapTHWe Me­
TOAW KXA-TeOpHH B03My~eHHH. nocneAHee 03Ha4aeT, 4TO rilq pac­
CMaTpHBa~TC~ KaK peWeHH~ HHTerpOAH~~epeHI,4HaflbHbiX 3B0fli01,4HOHHWX 
ypaeHeHHH /3Y I IlHnaToea-AnTapennwnapH3H 141 I JlAn/. He Bbi4HcnRe­
Mwe no TB Ha4anbHWe ycnOBH~ 3Y 3aAaiOTCR Ha OCHOBe CTaTHCTH4e-

w w w 15,61 cKoH napToHHOH'MOAenH c peAmeBCKOH acHMnTOTHKOH • 
8 pa3Aene 1 nony4eHW ~p COCTaBn~~~HX KBapKOB, paCC4HTaHHWe 

C noMO~b~ BOflHOBOH ~YHK1,4HH /Bell/ pen~THBHCTCKoro OCI,4HflflRTOpa. 
B pa3Aene 2 a paMKax KXA npoaHanH3HposaHa cTpyKTypa cocTas­
nRIO~HX KBapKOB,An~ 4ero npH6flH*eHHO peweHW 3Y H HaHAeHW B RB­
HOM BHAe ~p (il • 8 pa3Aene 3 npHBeAeHbl npeACKa3aHHR AByxypoe­
HeBOH MOAenH A~~ CTpyKTypHWX ~YHK1,4HH rny60KOHeynpyroro e{J.t )P-, 
v(v)N -pacceRHH~ H K03~HI,4HeHTa npoAOflbHOH aCHMMeTpHH B 
pacceRHHH nonRpH30BaHHWX 3fleKTpOHOB Ha non~pH30BaHHOH npOTOH­
HOH MHWeHH. noKa3aHO, 4TO npeACKa3aHHR XOpOWO Cornacy~TCR C 
3KcnepHMeHTanbHWMH AaHHWMH. 

1 . ~YHKUHH PACnPEAEilEHHH CnEKTPOCKOnH4ECKHX KBAPKOB 
B HYKJlOHE 

npeAnOnO*HM, 4TO cneKTpOCKOnH4eCKHe KBapKH ecTb TO*AeCTBeH­
Hble 4aCTH1,4bl C OAHHaKOBbiMH HMnynbCHWMH pacnpeAeneHHRMH · 

~yHK1.4H~ pacnpeAeneHHR KeapKa ~(y, pT) no nonepe4HOMY HMnynb­
cy p T 11 Aone y npOAOflbHOro HMnynbca HyKnoHa P 

1
, a IMF npeA­

cTaBHM B BHAe 

~(y,pT) = lim 
pll....,., 

3 

/3/ 

3AeCb P = l: p1 = (P0 ,0, 0, P 11 ) - 4-HMnymc HyKnoHa; P! - 4-

HMnynbc cocTaBnR~~ero KBapKa (i = 1,2,3) ; <ll 3 (p1 , p2 ,p3 ) - B¢ 
BHyTpeHHero ABH*eHH~ TpeXKBapKOBOH CHCTeMbl; y - AOflR npOAOnb-
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HOrO ~Mnynbca HYKflOHa, nepeHOC~MaR TpeTb~M COCTaBnR~m~M Kaap­
KOM*, 

Mepa ill' ~MeeT B~A 

pill 1 
8 (P- ~p 1 f{}(-) -. 

1 Pu Pu 

3 
n dp~ 

i=l 
p . 

OrpaH~4eH~e x 1= +:::o. HanaraeMoe Ha o6nacTb ~HTerp~poaa-

H~R a a~pameH~~ 131, ~6ycnoaneHo noAaaneH~eM 1 

BKnaAa KOH$~rypai..I~H C X i < 0 !7 I. p ~ 
a IMF 

Bell If> 
3 

(pl'p
2

,p
3

) ecTb peweH~e penRT~B~30BaHHOro ypaaHeH~R Wpe­
A~Hrepa C OCI..I~flnRTOpH~M noTeHu~anoMI81. 

9 K~v ~ v v 
If> 3 (p 1' P2 • P3 ) = 22 exp I -2a (,f .f + r/ 71 ) l , 

11 a 
141 

M2
= P 2 =Pff- P 1~; a - OCI..Ii-1nnRTOpHaR KOHCTaHTa. 
Bo3H~Ka~~~e np~ penRT~B~3a4~"' He$~3~4ecK~e pacTym~e ape­

MeH~noAo6H~e MOA~ ~CKfl~4a~TCR B $OpMyne 141 nyTeM HanomeH~R 
Ha B~ ycnoB~R TaKa6aRw~ 19~ 3T~M o6ycnoaneHo noRaneH~R TeH3opa 
~· 3aa~cR~ero oT 4-~Mnynbca P l..leHTpa Mace c~cTeM~ Tpex Kaap­
KOB. 

noACTaBnRR BbiPil>KeH~e 141 B <!>OpMyny 131, B~nOnHRR ~HTerp~po­
BaH~e ~ ocy~ecTBnRR nepexoA K npeAeJlY pH -+..,, nony4aeM 

2 -~ PT 
cp(y, p ) = (2TT<pT>) exp{- ---J cp(y) 151 

T 2< p2 > 
T 

e -y(l-Sy)
2 

err [ J3'?(1-y)] 

cp(y)=cpd(y)=cpu(Y) = -------------------- 161 
/ e -y( 1-sy > 

2 
erf[ v'37C1 - y )] dy 

o M2 

eCTb <!>P, npo~HTerp~poBaHHaR no pT COCTa8nR~mero KBapKa, Y=~· 
CpeAHeKBaApaT~4H~H nonepe4H~H ~MnynbC <p~> C8R3aH C OCI..I~~­

nRTOpHOH KOHCTaHTOH a lnapaMeTpOM y I COOTHOWeH~eM 

2 2a 2M2 
<p > =- = --. 171 

T 18 y ·72 

0TMeT~M, 4TO ~cnonb30BaH~e Bblpa>KeH~R I 41 AnR B<l> lf>3 (pl'p 2 ,p 3) 
AaeT a pe3ynbTaTe R8Horo npeAenbHOro nepexoAa P 11 -+ "" rnaAKY~ 

<I>YHKI..I~~ cp(y) lp~c.21. B<l> HepenRT~B~CTCKoro OCI..I~nnRTOpa np~8o-

* no npeAnonomeH~~. pacnpeAeneH~R acex Tpex K8apK08 3KB~aa­
neHTHbl, n03TOMY paCCMOTpeH~e MOmHO np080A~Tb AflR n~6oro ~3 H~X, 
a 4aCTHOCT~ AnR 3-ro. 

4 

·, 

PHc.2. ~YHK~Ha pacnpeAeneHHR 
cocTasnaw~ero KBapKa B HyKnoae 
AnR pa3nH'lHblX 3Ha'leHHH napa­
MeTpa Y• 

A~T nocne RBHoro Pni""""nepexoAa K CHHrynRpHoMy pacnpeAeneH~~cp(y) 
KBapKOB cp (y)"" 8 (y- a), 

2. KXA-CTPYKTYPA COCTABnH~HX KBAPKOB 

HaHAeM <!>P TOKOB~X K8apKOB fvlq , fslq lo1 rn~OH08 8 COCTaBnRw­
meM KBapKe q. KaK OTMe4anocb s~we, OHI-1 npeACTaBnRwT co6ol:i pe­
weH~R 3BOfliD41o10HHbiX ypa8HeH~H nAn 141

; 

df Vlq (X, 8) 1 oy X 
ds = J -fvlq (y,s) pqq (-), 

lt y y 

di(x,s) = f &ti.(y s)P (.!..) + r 
ds x y ' qq y glq 

181 

dfglq (x,s) .. {~ti.(y,s)P (!..)+f 
cl ~ ... '! gq '! g I q 

X 
(y,s) P gg <-;- )i, 

lnln Q 2/A2 
-----), 

lnQ2/A2 
g2(Q 2) = 1 (1- !!1_ 
161r2 f3 lnQ2jA2 f32 

2 0 38 0 
{3

0 
=11-an; {31 = 102-Tnr• nc=4- 41-1cno KsapKos~x apoMaTos; A -

KXA napaMeTp. tl>yHKI..II-11-1 pacmenneH~R P ij ~;~3BeCTHbl 1 101 • 
AnR peweH~R 3Y Heo6xoA~Mo 3aAaTb Ha4anbH~e ycnoa1o1R, TO ecTb 

lllP KBapKOB 1o1 rniDOHOB fi/q np1o1 $1o1KCio1pOBaHHOM 3Ha~eHHio1 Q2 =Q02, 

Ha4anbHble ycnOBHR He RBnRIDTCR npeAMeToM TB, KaK npas~;~no, OHI-1 
onpeAenRwTCR 1-13 napaMeTpH3al..llo1~ 3Kcneplo1MeHTanbH~x AaHH~x 1 111. 

0AHaKo ropa3AO npeAn04Tio1TenbHee socnonb30BaTbCR AnR 3TOH 
4en1o1 MOAenbw, cornacy~e~cR c ocH08HbiMH nono>KeH~RMH KXA.B AaH­
HO~ pa6oTe AflR 3aAaHI-1R Ha4anbHbiX yCn081o1H BOCnOnb3yeMCR CTaTH­
CTH4eCKO~ K8apK-rniDOHHOH MOAenbiD C peA>KeBCKOH aCHMnTOTio1KOH, 
pa3Bio1ToH HaMI-1 paHee 8 PRAe pa6oT It>,& I. 
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8 OCHOBe MOAen~ ne~~T npeAnOno~eH~e 0 B03MO~HOCT~ BOCCTa-
HOBneH~Jl c!»P fl/q (z,Q~) B ~HTepeane 0~ Z~ 1 np~ <)>~KC~po-
BaHHOM Q2=Q~ ~CXOAJl ~3 noBeAeH~Jl 3T~X <)>yHKI.I~H B peA~eBCKOH 
o6nacT~ (z- 0): 

r 11q (z,Qg) .. A1 (tlz)', r 11q (z,Qg)--+t1 (z). 
z-+0 

3KcTpanon~pyro~~H onepaTop A1 cTpo~TCJl e paMKax cTaT~CT~-
4ecKoro noAXOAa 6bepKeHa-nacKoca 1121 ~ KyT~-Bai1cKon<)>a 1 18/~ ~Me­
eT B~A 

a <o> (t I z) 

a< 1>(rl0) 
a<1> (tlz) 

.As,, <rl z) = rs ,, <z> 
a <1> (fl 0) 

+oo 
a(t) (fl z) .. ( dae -la(1-z) x 

-oo 

Ha OCHOBe peA~eBCKQrO aHan~3a aMnn~TYAW B~pTyanbHOrO 
TOH-3<1><!>eKTa <)>yHKI.I~~ f 1 BW6paHW B B~Ae 

- 1 - - " - .. Q_ 

rv(z) .. ...;-z , f 8 (z) .. ~· r,(z) =; e ..-~ 

KOMn-

rAe r , a , f3 - ceo60AHWe napaMeTpw MOAen~. 
0KOH4aTenbHwe awpa~eH~Jl Anll <I>P np~ <!>~Kc~poaaHHOM Q 2 =Q~ 

~MeiOT .B~A 

-'~(1 )r-1 ell(a,r;-f3q(l-z)) 
rv/ (z, Q~) "'_z __ ~_ 

q B('A,r) 

2 r-a r-':4 rs/q (z, Q o> = --(1-z) 
8z 

ell(a,r+ ';4; -f3q) 

ell(a,r+'-"; -pg(1-z)) 
ell (a, r + 'A ; - f3 q) 

2 a -{3 z r- 'A 
rg/q (z,Qo>·-ze '<1-z) ell(a, r + ~; -BcU- z)) 

ell (a. r + 1~ ; - {3 1 ) 

191 

rAe f3q•f3 1 - f3; ell(a, f3; z) - awpo~AeHHaA nmepreoMeTp~4e-
cKaA <)>yHK1.111A. 

3TH BWpa~eH~A eCTb He 4TO HHOe, KaK Ha4anbHWe ycnOBHA 3Y, 
3aAaHHWe np11 Q2 = Q~ , 

PeweH~e 3Y 6yAeM ~CKaTb B ABHOM B~Ae C nOMO~biO eapHai.I~OH­
HOrO MeTOAa npo6HWX <)>yHK1.111H. 

6 
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I 

Bw6epeM npo6Hwe <I>YHK1.111~ e aHan~T~4ecKoH <)>opMe Ha4anbHWX 
ycnOBHH 191. npeAnono~~M, 4TO BCA Q2 -3aBI1CI1MOCTb I s -3ae~­
C~MOCTbl 3aKnl04eHa e napaMeTpax r, a, f3q , f3,. OrpaH~4~BaAcb 
n~HeHHWM no s np116n11~eH11eM, 3an11weM 

a(s) = a<0> + a<l>. s, 

r (s) = r (O) + ~: • s , 1101 

f3 (s) (s) = f3 (0) + f3 (1) • B • 
q,g q,g 

KOHCTaHTW a (O), ,(O) , {3(0) onpeAenAIOT Ha4anbHWe ycnoB~A 3Y 
B T04Ke Q~, KOHCTaHTW a (1) , {3 ~1) , {3 ~1) 3aAaiOT 3BOnl01.1~10 <I>P no 
Q2 lit onpeAenAJOt np110n111KeHHOe peweH11e 3Y Anll AaHHWX a (O) , r (O) , 

{3(0? Bee KOHCTaHTW 8 COOTHOWeH~AX 1101 11 napaMeTp y, He 3aB~­
CJl~~H OT Q2,onpeAen~M 113 ycnOBHA M11HI1MyMa <)>yHKI.I~OHana: 

- 2 [ 1 -2 X f =X Hy 
-2 

+X ~y . I 11 I 

3AeCb 

1 Nl 
x2 = l: l: 

HY 1-=2,8 Nt Jal 

2 I 2 F 1 (xJ ,QJ )- F 1 (a,y xj,Qj) 
1

2 , 

11 F 1 (x ~ , Q ~) 
8 maa 1 2 

l: ( de fdx ILJ(r11q(alx,s)) -RJ(r 11 q (alx,s))l ·1131 
j•1',l:,, 0 0 

1121 

2 2 
rAe a= (a, r, f3q ,fj1 ); F 1(xJ,QJ)11 L\F 1 (xJ, QJ) - 3Kcnep~MeH-
TanbHOe 3Ha4eHI1e 11 OW116Ka CTPYKTYPHOH <)>yHK1.1~11 B j -11 T04Ke AnR 
1=2 (FNAL1141 ' 1 = 3 (CDHS/U/) B o6nacT~ 1 r3B 21c2 s Qf ~ 
~15 r3B 2 lc2 ; Fl (a,y lx.cf)- CTpyKTypHaA <I>YHK1.111A, pacC411TaHHaR 
no <)>opMynaM 111 B paMKaX ABYXYPOBHeBOH MOAenH C ~CnOnb30BaHI1eM 
ewpa~eHHH 121. 161, 191, I 1 01. B <)>opMyne I 131 L J 111 R J - ne­
aaA 111 npaaaA 4aCTII1 3Y 181 nocne nOACTaHOBKII1 B HII1X npo6HWX <!>YHK-
1.1111H 191. 

MII1H111MII13ai.IHA <)>yHKI.IHOHana /111 no3BOnAeT 3aAaTb Ha4anbHWe yc­
nOBHR 3Y H3 cpaBHeHII1A C 3KCnepi1MeHTanbHWM~ AaHHWM11 BO BCeH YKa-
3aHHOH o6nacTH g2, H3 ycnoBHA MHHHMyMa <I>YHKI.IHOHana 1131 BW411C­
nAJOTCR napaMeTpW npl16nHIKeHHOrO peWeHHR 3Y a (1) , {3 (1) , {3 (1) AnA 

v q g 
3aAaHHWX Ha4anbHWX ycnOBI111. 

3Ha4eHI1A KOHCTaHT, nony4~HHWe B pe3ynbTaTe peweHHA 3Y B 
rnaBHOM norapi1<)>MI14eCKOM npH6n~~eHI111 (LQ) 11 B cneAy~eM nOPAAKe 
TB (NO), np11BeAeHw a Ta6n114e. 
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Ta6nHI.ta 

napa- Q~ A 

MeTpbl 
a<O) r (0) f3 (0) a<1) {3(1) f3 (1) y r3B 2 r3B q g 

7 c 

LO I ,04 1,27 I, II 0,33 -0,23 3,04 0,02 I ,0 o. 17 

NO 1,06 I ,30 0,44 0,25 -0,97 He Bbi- 0,02 I ,0 0,17 
'l:HC 

JlHJlCH * 
* B onpep;eneHHH «!>P no /18/ 3BOJDOI.tHH I'JDOOHHblX «<>P B NO onpep;e-

JleHa HeKOppeKTHO, nop;po6Hee CM. a 161 • 

norpewHOCTb socnpo~sBeAeH~R (jJyHK~HRMH /9/ KXA 3son~~~-~~ KaK 
a LO, TaK H a NO npH6nH>KeHHH Hesen~Ka, OAHaKo pacTeT c poe-
TOM Q2 H npH Q 2 :: 400 r3B 2 /c 2 AOCTHraeT 5·H 0%. 

11TaK, HaMH nony4eHbl peweHHR 3Y - $P r11q ( z,Q~,onpeAenRIOIIIHe 
KXA cTpyKfypy cocTaBnR~~Hx KBapKoB. 0AHOBpeMeHHO c 3THM sa$HK­

CHposaH napaMeTp y, xapaKTepH3Y~~HH $P COCTaBnR~~HX KBapKOB 
B HyKnOHe c/J(y). 

TaKHM o6pasoM, cornacHo ~opMynaM /1/ nonHOCTb~ onpeAeneHbl 
$P TOKOBbiX KBapKOB H r IllOOHOB B HYKflOHe f v , { 8 , f g • 

3. CPABHEH~E nPEACKA3AH~n ABYXYPOBHEBO~ MOAEfl~ 
C 3KCnEP~MEHTOM 

CpasHeHHe npeACKa3aHH~ MOAenH 6yAeM npoBOAHTb a o6nacTH 
yMepeHHbiX 3Ha4eHH~ Q 2, 

Ha pHc.3,4 np~BeAeHbl pesynbTaTbl cpasHeHHR npeACKasaHH~ MOAe­

nH c 3KcnepHMeHTanbHbiMH AaHHbiMH Afl_!l CTPYKTYPHbiX $YHK1.1H~ F 2 
H F 3 rny6oKoHeynpyroro llP- H v(v)N -pacceRHHR. CnnowHble 

KPHBble COOTBeTCTBY~T peweHH~ 3Y B rnaBHOM norapH$MH4eCKOM npH-
6nH>KeHHH, nyHKTHPHble - peweHH~ 3Y a cneAY~~eM nopRAKe TB. no-
npasKH K LO-npH6nH>KeHH~ HesenHKH, OAHaKo HX y4eT yny4WaeT 

cornacHe c 3Kcnep~MeHTOM. 
~CT04HHKOM Ba>KHO~ AOnOflHHTeflbHO~ HH$OpMa~HH 0 CTpyKType HyK­

flOHa cny>KaT 3KcnepHMeHTbl no rny6oKoHeynpyroMy pacceRHH~ nonRpH­
sosaHHbiX 3fleKTpOHOB Ha nonRpH30SaHHO~ npOTOHHOH MHWeHH/17/, 

B 3THX 3KcnepHMeHTax 6bln H3MepeH K03$$H~HeHT acHMMeTpHH: 

A 1 (x, Q 2) = a 11~:_u8~L • 
<1112 +<1 3/2 

rAe ul/2( 3/ 2) - ce4eHHe norno~eHHR BHpTyanbHOro $0TOHa a cnH-
panbHOM COCTORHHH 1/2(3/2) B S -KaHane. B paMKaX napTOHHO~ MO-

8 

.-----,J..------------, P11c. 3. CTpyKTypHaH tPYHKL\11H F 2 
0,4 j!'':' X.(),OOSl ~ rny6oKOHeynpyroro llP -pacceHHI1ll, 

qJ ~l!'ql)15 1 JlaHHwe "' pa6oTw1 l41. CrrHowHwe KpH-
0.4 t X•0,025 Bble - npe):lcKa3aHI1.ll ):IByxyposHesofi 

O,J ~ $::- i-; X•O.OJ6j _ MO):Iem-1 B LO -npl16nmreHI111, nyHK-
0,4 _ -+- 1 ~ Tl1pHt>Ie - B NO -npi16JIHJKeH1111. 

~ + + + X•0,06 t P11c. 4. CTpyKTypHaH tPYHKL\HH xF 3 
1].4 ~.L l + t ;;.:OB ; rny6o.KoHeynpyroro v(v-;N 

1
-pacceH-

0,3 'it' ."! · ! -!:-.1.: ~ 'i ~ H11H. )laHHbie 113 pa6oTbi 15 • Kp11BbJe 
0,4 ~+ f"T' T npep;cKa3aH11H p;syxypoBHesol'i Mop;enl1 

O,J " X•0.10 B LO -npi16JIHJKeHI111. ...... 

0,4 ~ ... 1=; 
O,J t:'., ~ . 
0.4 ~+4= ~ 
O,J + 
0,4 ]*·* IJ,J 1 T 

O,J 
0,2 

X•O.IJ ... 
X.0,17 

X.0,22 

9 

f 

7J 

~11C,J. K03~11L\11eHT npO):IOJ1bHOI1 
~eTp11H. L\aHHbie 113 pa60Tb/l?/, 

Kp11Ba.H - npep;cKa3aH11e p;syxyposHe-
sol'i MO):IeJIH B LO -npi16JlHJi<eHI111. 

0 l,t 1,% 1,3 1,~ 1.5 X 11,6 1,7 0,1 U 1.0 

AenH A 1 Bblpa>KaeTCR 4epes OP cneAYIO~HM o6pasoM 1181 : 
2 

2 5 f v (x, Q ) x 
A 1 (x,Q ) = - ------

9 F2(x,Q2) 
/14/ 

Ha pHc.S npeAcKa3aHHA AByxyposHeso~ MOAenH, nony4eHHble Ha 
ocHose (j>opMynbl I 14/, cpaBHHBaiOTCR c 3KcnepHMeHTanbHbiMH AaHHbi­
MH /17/• npH x< 0,3 npeACKa3aHHR MOAenH cornacyiOTCR C AaHHbiMH. 
0AHaKO AflR x> 0,3 3KCnepHMeHTaflbHble T04KH ne>KaT BbiWe TeopeTH4e­
CKO~ KpHBO~, KOTOpaR npH X= 1 AOCTHraeT 3Ha4eHHR At= 5/9. JTO 
4HCfl0 xapaKTepHO AflR BCRKO~ napTOHHO~ MOAenH C HeHapyweHHO~ 
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SU(6) -cHMMeTp~-tel1. Bo3MOlKHOCTb yLieTa 3<)1<1leKTa HapyweHHR SU(6)­
CHMMeTpHH B paMKaX npeAnOlKeHHOH MOAenH HCCneAyeTCR B HaCTOR­
~ee epeMR. 

HaMH YLITeH BKnaA no~paeoK K CTpyKTypH~M ~YHK~HRM, CBR3aH­
H~X C HeHyneBOH MaCCOH MHWeHH, 3TOT BKnaA B o6naCTH Man~x X 
oKa3ancR, KaK H npeAnonaranocb, He3Hal.l~-tTenbH~M. 

Ben~-tLIHHa cpeAHero KBaApaTa nonepei.IHoro HMnynbca KeapKoe 
B HyKnOHe CBR3aHa no ~OpMyne /7/ C napaMeTpOM y. A.nR y= 0,02 
HMeeM <p~> = 1 ,4 r3B /c 2• HecKOnbKO 3aB~WeHHOe 3Hal.leHHe <p~> 
06DFtCHFteTCFt, Ha HaW B3rnRA, CHnbH~M 3an~-tpa~~HM B03AeHCTBHeM 
oc~HnnRTopHoro noTeH~Hana. 

3AKJli'J4EHHE 

B pa6oTe pa3BHTa HOBaFt BepCHFt ABYXypOBHeBOH MOAenH HyKnOHa. 
B paMKax MOAen~-t o6DeAHHFteTCR KeapK-rn~OHHaFt KX~ KapTHHa HyK­
noHa C npeACTaeneHHeM 0 HyKnoHe KaK 06DeKTe, COCTOFt~eM H3 
Tpex cne,KTpOCKOnHI.IeCKHX KBapKOB. nocneAHHe CLIHTa~TCFt 3anepTbi­
MH B HyKnOHC penFtTHBHCTCKHM OC~HnnRTOpHbiM noTeH~HanoM. 

RBH~H yLieT 3an~-tpa~~ero B3aHMOAeHCTBHFt, npHBOAR~ero K B03HHK­
HOBeHH~ Y KBapKOB nonepei.IHOro HMnynbca, n03BOnReT paCWHPHTb 
o6nacTb npHMeHeHHR peaynbTaToe TB e CTopoHy yMepeHH~x 3Ha'-le­
HHH Q 2

• 

B HaCTOFt~eH pa6oTe Mbl OrpaHHLIHnHCb OTHOCHTenbHO Man~MH 3Ha-
.. - . - -- 1n . . ,... .... , 
-.~n..,.•nMn A \V ~A :::: u,~J, 1 a" 1\.df'\ IIJJVI A ~ U,c) ts UUJidL. 1 H yM~J,Jt:H-

H~X Q2 3aMeTHy~ ponb HaLIHHa~T ~-trpaTb He YLITeHH~e HaMH CTeneH­
Hble /TBHCTOBble/ H pe30HaHCH~e 3~eKT~. 

B ABYXYPOBHeBOH MOAenH napTOHHaFt CTpyKTypa COCTaBnR~~ero 
KBapKa CLIHTaeTCFt YHHBepcanbHOH AnR BCeX aApOHOB H paCCLIHTbiBa­
eTCFt e paMKax KX~. Bee paanHLIHe MelKAY aAPOHaMH aaKn~LieHo e Ko­
nHLiecTee cneKTpOCKOnHLieCKHX KBapKOB H xapaKTepe HX B3aHMOAei1-
CTBHFt. 3TO AaeT B03MO~HOCTb B paMKaX H3nOlKeHHOH MOAenH OnHCbi­
BaTb rny60KOHeynpyry~ CTpyKTypy pa3nHLIH~X aApOHOB. 

B o6nacTH np~-tMeHHMOCTH no x H Q 2 (0 s x s. 0,3, 1 (r3B/c)2~ 
S Q 2 S 15 (r3B/c) 2 ) pa3BHTaFt HaMH eepCHFt ABYXYPOBHeBOH MOAe­
nH xopowo cornacyeTCR c HMe~HMHCR 3KcnepHMeHTanbH~MH AaHHbiMH. 

AeTOpbl 6naroAapRT C.A.6yHFtToea aa nocTORHH~I1 HHTepec K pa-
6oTe. 

JlHTEPATYPA 

1. Kogut J., Susskind L. Phys.Rev., 1974, 09, p.3391. 
2. Altarelli G. et al. Nucl.Phys., 1974, B69, p.531; 

Cabibbo N., Petronzio R. Nucl .Phys., 1978, B137, p.395. 

10 

3. Kanki T. Progr.Theor.Phys., 1976, 56, p.1885. 
4. Jl~-tnaTOB Jl.H. R~, 1974, 20, c.181; Altarelli G.," Parisi G. 

Nucl .Phys., 1977, B126, p.298. 
5. lsaev P.S., Kovalenko S.G. Hadronic Journal, 1980, 3, 

p.919; 3naTee H.C. HAP· R~, 1982, 35, c.454. 
6. 6eAHRKOB B.A. HAP· OHRH, P2-81-557, ~y6Ha, 1981. 
7. ~ei1HMaH P. Baa~-tMOAel1cTs~-te ~TOHOB c aApoHaMH. "M~-tp", 

M., 1972. 
8. Kizukuri Y., Namiki M., Okano K. Progr.Theor.Phys., 1979, 

61, p.559; Han D., Kim Y.S. Progr.Theor.Phys., 1980, 
64, p.1852; Kim Y.S., Noz M.E., Oh S.H. J.Math.Phys., 
1979, 20, p.1341. 

9. Takabayashi T. Phys.Rev., 1965, 139, p.1381. 
10. Dokshitzer Yu.L., Dyakonov D. I., Troyan S.l. Phys.Lett., 

1978, 79B, p.290,2969. 
11. Buras A.J., Gaemers K. Nucl.Phys., 1978, B132, p.249; 

Owens J.F., Reya E. Phys.Rev., 1976, D17, p.3003; 
Gluck M., Reya E. Nucl .Phys., 1977, B130, p.78. 

12. Bjorken J.B., Pschos E. Phys.Rev., 1969, 185, p.1975. 
13. Kuti J., Weisskopf V.F. Phys.Rev., 1971, D4, p.3418. 
14. Gordon B.A. et al. Phys.Rev., 1979, B20, p.2645. 
15. De Groot J.G.H. et al. Z.Phys.C., 1979, 1, p.143. 
16. Altarelli G., Ellis R.K., Martinelli G. Nucl.Phys., 

1978, B143, p.521. 
17. Alguard M.J. et al. Phys.Rev.Lett., 1978,41, p.70; 

r-L .. l-- ,, n vv •-~ r~-& u~~:~~- \.l:~~~"r:" 1a~n 
... ~IUooll~l 1\.el • 1\.£\ III~•Y- 0 1 1 • 9 ,,.,.....,., ....,....,,,, ••• __ ...,,,_ '''' ,_, __ ' 

part 1, p.781; Baum G. et al. Phys.Rev.Lett., 1980, 45, 
p.2000. 

18. Gourdin M. Nucl.Phys., 1972, B38, p.418. 

PyKon~-tcb nocTyn~-tna 

2 H~Hft 

B H3AaTenbCKHH OTAen 
1982 roAa. 

II 



HET n~ ITPOSEnOB B BAWEA S~Bn~OTEKE? 

8bl MOlKeTe nO.IlY'IMTb no no'ITe nepe'IMC.IleHHble HMlKe KHMrM, 

eC.IlM OHM He 6bi.I1M '38Ka38Hbl paHee. 

A13-11182 

A17-11490 

116-11574 

A3-11787 

A13-11807 

A1,2-12036 

Jl1,2-12450 

Jl11-80-1 3 

Jl4-CI0-2 71 

Jl4-80-385 

A2-81-543 

A10,11-81-622 

Jl1,2-81-728 

A17-81-758 

A1,2-82-27 

P18-82-117 

TPYAW IX Me*AYH~PDAHOro ~~Mno3~yMa no RAePHO~ 3neKT­
poH~Ke. BapHa, 1977. 

TpyAW Me*AYHaPOAHOro C~Mn03~yMa no ~36paHHWM npo6ne­
MaM CTaTHCT~4eCKO~ MeXaHHK~. Jly6Ha, 1977. 

C6opHHK aHHOTa4~H XV coae~aHHR no RAePHO~ cneKTpoCKO­
nH~ ~ reop~H RApa. Jly6Ha, 1978. 

TPYAW III Me*AYHapOAHOH wKonw no HeHTPOHHOH ~3HKe. 
AnywTd, 1978. 

ToYAW Ill Me*AYHaPDAHOro coae~aHHR no nponop4HOHan•­
HwM H APeH~BWM KaMepaM. Jly6Ha, 1978. 

TpyAw VI Bceco~3Horo coae~aHHR no ycKOPHTenRM JapR­
*eHHWX 4aCTH4• Jly6Ha, 1978 /2 TOMa/ 

TpyAw V Me*AYHaPOAHoro ceMHHapa no npo6neMaM ~3~KH 
BWCOKHX 3HeprHH. Jly6Ha, 1978 

TpyAw XII Me*AYHapoAHOH wKonw HOnoAWx y4eHwx no ~3HKe 
BWCOKHX 3HeprHH. npHHOPCKO, HP6, 1978. 

TPYAW VII Bceco~3Horo coae~aH~R no yCKOpHTenRM 3apR­
*eHHwx 4aCTH4 0 Jly6Ha, 1980 /2 TOMa/ 

fPYAW pa604ero COBe~aHHR no CHCTeMaM H MeTOAaM 
aHanHT~4eCKHX BW4HCneHH~ Ha 38H H HX npHMeHeHH~ 

a reopeTH4eCKOH $H3HKe, Ay6Ha, 1979 

TpyAW Me*AYHaoOAHOH KOH$epeH4~~ no npo6neMaM 
HeCKOnbK~X Ten B RAePHOH $H3HKe. Jly6Ha, 1979. 

TpyAw Me*AYHapOAHOH WKonw no CTPYKType RApa. 
Anywra, 1980. 

TPYAW VI Me*AYHaPOAHOro coae~aHHR no npo6neMaM KBaH­
TOBOH reop~H nonA. Anywra, 1981 

TpyAW He*AYHapoAHoro coae~aHHR no npo6neMaM MaTeMaTH-
4ecKoro MOAenHpO&aHH~ B R~epHO-~H3H4eCKHX HCCneAOBa­
HHRX. AY6Ha, 1980 

TpyAw VI Me*AYHaoOAHOro ceMHHapa no npo6neMaM $H3HKH 
BWCOKHX 3HeprHH. Jly6Ha, 1981. 

TPYAW I I Me*AYHapOAHOro CHMn03HyMa no H36paHHWM 
npo6neMaM craTHCTH4eCKOH MexaHHKH. Ay6Ha, 1981. 

TpyAW Me*AYHapQAHoro CHMn03HyMa no nonRpH3a4HOHHWM 
RBneHHRM B $H3HKe BWCOKHX 3HeprHH. Jly6Ha, 1981. 

TPYAW IV coae~aHHR no Hcnon•3oaaHH~ HOawx RAepHo­
~H3H4eCKHx MeTOAOB AnR peweHHA Hay~HO-TeXHH4eCKHX 
H HapOAHOX03RHCTBeHHWX 3aAa4. Jly6Ha, 1981. 

5 p, 00 K. 

6 p. 00 K. 

2 p. 50 K. 

3 p, 00 K. 

6 p. 00 K. 

7 P. 40 K. 

5 p. 00 K. 

3 p. 00 K. 

8 p, 00 K, 

J p, 50 K, 

p. 00 K. 

5 p • 00 K. 

2 p. 50 K. 

2 p. 50 K. 

p. 60 K. 

5 p. 40 K. 

p. 20 K. 

3 P. so K. 

3aKa3bl Ha Y!TOMSIHYTble KHHrH MOryT 6b1Tb HanpaBJYeHbl ITO a)lpecy: 
101000 MocKBa, rnaano'ITaMT, n/11 79 

~3JlaTeJlbCKHH OTJleJl 06beJlHHeHHOrO HHCTHTYTa SIJlepHbiX HCCJleJlOB8HHA 

BeAHHKOB B.A. H AP· 
KBaHTOBoxpoMOAHHaMHqecKaa MOAenb HYKnoHa 
C penHTHBHCTCKHM OCQHflflHTOpHhlM B3aHMOAeHCTBHeM 
Me~AY COCTaBnHID~MH KBapKaMH 
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llpeAnO~eHa HOBaH BepCHH AByxypOBHeBOH MOAenH HyKnOHa: 
nepBhlH ypoBeHb - TpH COCTaBflHID~HX KBapKa, sanepThle B HYKflOHe 
penHTHBHCTCKHM OCQHnnHTOpHbM noTeHQHanoM; BTOpoH - yHHBepcanb-
HaH napTOHHaH CTpyKTypa COCTaBflHID~X KBapKOB, AflH onpeAeneHHH 
KOTOpOH peWaiDTCH 3BOniDQHOHHbJe ypaBHeHHH KBaHTOBOH XpOMOAHHaMH­
KH. Ha OCHOBe MOAenH OllHCaHbl 3KCnepHMeHTaflbHbJe AaHHbJe B o6na­
C TH YMepeHHbiX '3 HaqeHHH Q 2 ( I f3B 2 ~ Q2 ~I 0 f3B 2 ). ITonyqeHo 
xopowee cornacHe c 3KcnepHMeHTOM. 

Pa6oTa BblllOnHeHa B Jla6opaTOpHH HAepHblX npo6neM mum. 

npenpHHT 06DeAHHeHHOrO HHCTHTYTa AAePHWX HCCfleAOBaHHH. ny5Ha 1982 

nerinyaKov v.A. et al. 
QCD Nucleon Model with Relativistic Oscillator 
Interaction between Constituent Quark 

PL-HZ-40H 

A new version of two-level nucleon model is suggested. 
The first level-three constituent quarks, which are locked 
up in nucleon by relativistic oscillator potential. The se­
cond level is universal constituent quark parton structure, 
which is determined by solving QCD evolution equations. Model 
predictions are used for describing experimental data in mode-
rate Q2 region ( I GeV2 _5Q2 ~ 10 GeV2).Good agreement with 
experiment is obtained. 

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