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P2 · 11805 KosaneHKO c.r. 

rny60KOHeynpyroe e(lll d -pacces!Hne u napTOHHasr Moaenb 
C HapyweHHbiM CKellJJHHPOM 

B paMKax KBSpK-napTonnoll Moaenu c napyweHHbiM cKellnJIHPOM nony'Ie-
Hbi CTpyKTypHble <jlyHKUHH rny60KOHeynpyPOPO e(/l)d -pacCeSIHHSI C y'IeTOM 
3¢Mj>eKTOB <!>epMneecKoro aea~<eHHSI HyKnonoe e aeilTone. B Ka'IeCTBe aeiiTon
Holl BOnHOBOll <i>YHKUHII I!CnOJJb30B8H8 <i>YHKUIISI "Reid hard-core". npueeaeH 
yao6Hblll BHII napaMeTpH38UHII 3TOI"! <i>YHKUHII B HMnynbCHOM npOCTp8HCTBe. 06-
CY)KJ:lSeTCSI npoueaypa H3Bne'ICHHSi HBl!TpOHHbiX 1!8HHbiX 113 ilellTOHHbiX, H aeMOH 
CTpHpyeTCSI Cy!lleCTBeHHSSI 38BIICHMOCTb ee pc3ynbT8TOB OT BbJ60p8 napaMeT
pH38UIIII HyKnOHHbiX cTpyKTypHbiX <i>YHKUKll. H:~llaenHhie cTpyKTYPHhie <i>YHKUIIH 
aellTona xopowo cornacyJOTcsr c 3Kcnepi!MeHTanbHbiMII aaHHbiMII. 

Pa6oTa BbinOJJHena B na6opaTOpH11 TeopeTH'IeCKOll <!>H3HKII 0115111. 

npenpRHT 06be.nnuennoro HHCTHTyTa sr.nepHbiX uccnenosanl!ll. lly6na 1978 

Kovalenko S.G. P2 - 11805 

Deep Inelastic e(ll) d -Scattering and Quark-Parton 
Model with Broken Scaling 

The structure functions of deep inelastic e(ll)d -scattering 
are found in the frame of the quark-parton model with broken sca
ling. The effects of a nucleon Fermi-motion inside deuteron are taken 
into account by using Reid hard-core ware functions as deufercin one. 
We give a convenient form of the parametrization for this wave func 
tion in momentum space representation. The procedure of extracting 

neutron structure functions from a deuteron data is discussed and 
strong model dependence of its results on the type of parametriza
tion for nucleon structure functions is demonstrated. The obtained 
deuteron structure functions are in a good agreement with experimen
tal data. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1978 

BBEDEHI1E 

B HacroSimeil: craTbe Mbi npoaomKHM cpaaHeHae c aKc

nepHMeHranbHbiMH aaHHbiMH pe3ynbT8TOB KB8pK-napTOHHOH 
MOaenH C HapyrneHHbiM CKeil:nHHrOM, npeano)l{eHHOH H8MH 
B pa6ore/l/ .KaK 6binO nOK838HO paHee, OH8 HBXOaRTCSI 

B llOBOnbHO XOpOllleM CornaCHH C 8KCnepaMeHT8nhHblMH 

llBHHbiMH no rny6oKoHeynpyroMy ep -pacceSIHRIO. C uenhlO 

aanbHeil:rneil: npoaepKH Harneil: MonenH Mhl HaMepeHhl npea

npRHSITb aaana3 KaK MO)I{HO 6onee IIIHpoKoro Knacca npo

ueccoa c 6onbiiiHMH nepeaaHHbiMH HMnynbcaMH. 

CneayiDmHil: ecrecraeHHbiil: war tnocne y)l{e npoaeaeHHo

ro 8HanH38 peaKUHH e + p --.e +X) - 81'0 OnHC8HHe Ce"'eHHSI 

peaKUHH e+n--. e+ X, r.e. nonyqeHHe H npoaepKa crpyKTyp

HbiX <PYHKUHH Heil:rpoHa. Heil:rpoHHbie aaHHhie Moryr 6biTb 

R3Bne"'eHbi H3 npoueccoa rny6oKoHeynpyroro aneKTpoH-aeil:

TOHHoro pacceSIHRSI. Deil:ToH, KaK H3BeCTHo, npencraanSier 

co6oil: CBSI38HHYIO CHCTeMy Heil:TpOHa If npOTOH8 C 8HeprHeil: 

CBSI3H ..., 2, 2 MaB. HecMorpSI Ha Manocrb aroil: aenH"'HHbi 

no cpaaHeHHIO C 8HeprHSIMH HaneTBIOlllHX "18CTHU ( - 10 faB), 

Mbl He MO)I{eM npeHe6pe"'b a4J4JeKT8MH aonnepOBCKOrO CMe

llleHRSI, B03HHK810lllero H3-38 HanH"'HSI <lJepMReBCKOrO llBH
)I{eHHSI HyKnoHoa aHyrpa aeil:roHa. TipHMeqarenbHO, "'TO 

8TOT a<lJ<iJeKT OK83biB8eTCSI 3H8"1HTenbHbiM He TOnbKO B pe-

30H8HCHOH o6naCTH, rae Ce"'efme eCTb 6biC1'pOMeHSIIOlll8SICSI 

<iJyHKUHSI 8HeprRH, HO 1'8K)I{e W B o6naC1'H 6onbiiiHX 3Haqe

HHH HHB8pH8H1'HOH M8CChl KOHe"'HhlX npoayK1'0B 1 rae OHO 
SIBnSieTCSI MeaneHHOMeHSIIOllleHCSI <iJyHKUHeil: 8HeprRH. 

DnSI yqera anHSIHHSI <iJepMHeacKoro aBH)I{eHHSI HyKnoHOB 

H8 npOUeCC paCCeSIHHSI Heo6xoaHMO 3H8Tb penSITHBHCTCKYIO 
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BonHOBYID ¢YHKUHID aefiroaa. B aacroHmee BpeMH reopHH 
A8HTOH8 eme aaneKa OT CBOero 38BepW8HHH, H TOqHhlll BHA 
ero BOnHOBOH ¢YHKUHH noKa H8H3B8CT8H. 009TOMy npoue
aypa H3BneqeHHH HeHTpOHHhlX A8HHhlX H3 B38HMOA8HCTBHH 
c aefiroHoM aaranKHBaeTCH sa cephe3Hhle rpyaaocrH. Cy
mecrBeHHhlfi nporpecc B arofi o6nacTH HaMeTHJICH nocne 
noHBneHHH pa6or ArByaa H Becra 12•31, Koropbie npeano
MHJIH AOCTaroqao KOppeKTHhlll MeTOA yqera ¢epMH-ABHMe
HHH ayKnoHoB B aefiroae. Paapa6oraHHhlfi HMH Meroa HC
nonhayercH B 60JihWHHCTB8 9KCD8pHM8HT8JihHhlX pa60T 
npH H3BneqeHHH H8HTpOHHhlX CTpyKTypHhlX ¢YHKUHH H3 AaH
HbiX no rny60KOHeynpyroMy ed -paCC8HHHID. Oo CBOeMy 
cymeCTBY npoueaypa H3BneqeHHH HBJIH8TCH H8KOTOpb!M an
ropHTMOM BOCCT8HOBJieHHH nOAbiHTerpanhHOH CTpyKTypHOH 
¢YHKUHH B "smearing""-HHTerpane no ero aaaqeHHID H rpe-
6yer aaaaHHH onpeaeneaaoro BHAa napaMeTpH3aUHH crpyK
rypHbiX ¢yHKUHH aefirpoaa H nporoaa. CymecrBeHHo, qro 
KOHeqHbie pe3ynhT8Tbl T8KOH npoueaypbl, K8K nOK838HO 
B p83A. 2, H8XOAHTCH B CHJihHOH 38BHCHMOCTH OT THna 
Bbi6HpaeMofi napaMeTpHaauHH. TaKHM o6paaoM, H3BeCTHbie 
aefirpoHHhle aaHHhle aecyr sa ce6e HeKorophlfi orneqaroK 
06hlqHo HCnOJih3yeMhlX napaMeTpH38UHH THna napaMeTpH-
38UHH Eaprepa-<PHnMHnca. B TaKofi CHTyauHH HaM KaMeT
CH 6naropa3yMHbM cpaBHHBaTh peaynhTaThl MoaenH aeno
cpeacrBeaao anH crpyKrypHbiX ¢YHKUHH aeihoaa, yqHTbiBaH 
COOTBeTCTByiDIDHM o6pa30M ¢epMHeBCKOe ABHMeHHe HyKno
HOB B AeHTOHe, C BKCnepHM8HT8JihHbMH A8HHblMH no rny-
6oKOHeynpyroMy ed -pacceHHHID / 4/. TaKoe cpaBHeHHe, 
npoBeaeaaoe HaMH B paaaene 2, yKa3hlBaer sa xopowee 
cornacHe npeacKaaaaHfi aamefi MoaenH c BTHMH 9KcnepH
MearanhHbiMH aaHHbiMH. OrciDaa aenaercH Bb!BOA H o co
OTBeTCTBHH BKCnepHMeHTy nonyqeHHhlX H8MH CTpyKTypHhlX 
¢yHKUHH Hefirpoaa. 

nnaH aaHHOH 38M8TKH T8KOB. B paaaene 1 Mbl npHBO
AifM OCHOBHhle CBeAeHHH 0 MeTOAe yqera ¢epMHeBCKOrO 
ABHMeHHH HyKnOHOB B AeHTOHe npH nOCTpOeHHH CTpyKTyp
Hb!X ¢YHKUHH aeii:TOHa no CTpyKTypHbiM ¢yHKUHHM HefiTpO
Ha H nporoaa. 

B paaaene 2 aaHHaH npoueaypa npHMeHHeTcH K peaynh
raraM Hawefi MOAeJIH If npOBOAHTCH Cp8BHeHHe C BKCnepH-
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MeHTanhHbiMH A8HHbiMH no rny60KOHeynpyroMy ep - If 

ed -pacceHHHID/4/. KpoMe roro, aaech Mbi o6cyMaaeM 
CTeneHb BnHHHHH ycpeaHeHHH no ¢epMH-ABHMeHHID Ha KQ
aeqHbie peaynhTaTbi, a raKMe KacaeMCH HeKoTopbiX acneK
TOB H3BneqeHHH HefiTpOHHhlX A8HHhlX H3 aefiTOHHhlX C TOqKH 
3peHHH nonyqeHHhlX H8Mif peaynhT8TOB. 

§1. YYET <PEPMHEBCKOfO ilBH)KEHH.H HYKnOHOB 
B ilEHTOHE 

0pHBeaeM HeKOTOpb!e OCHOBHbie CBeAeHHH 0 M8TOAe 
yqera ¢epMH-ABHMeHHH HyKJIOHOB B A8HTOHe /2/. 

BocnonhayeMCH HeKorepeHTHbiM HMnynhCHbiM npH6nu
MeHHeM, orpaaHqHBBHCh cnyqaeM oaao¢oroaaoro o6MeHa. 
Toraa npouecc pacceHHHH 9neKrpoaa sa aefiroae 6yaer 
onHCbiBaThCH ABYMH AHarpaMM8MH pH c. 1. B 9TOM npH-

.___X ..__....._x 

a) b) 
"" 

p 

p If c. 1. 
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6nH*9HHH HyKnOHhl B aeATOHe cqHT8IDTCH CB06oaHWMH H 

B38HMOaeACTBYIDT C HaneTaiDIDHM sneKTpOHOM H938BHCHMO: 
d n p 

a = a + a . 

Cornacao pa6ore 121, rae o6cy•aaiDTCH pasnHqHbJe THilbi 

ilOIIpaBOK K aaHHOMy ilpH6nH*eHHID1 H8H60nee 3HaqHTenbHbi

MH1 ilO-BHaHMOMy, OK83b!B8IDTCH nonpaBKH ¢epMH-aBH*9HHH 
HyKnOHOB B aeATOHe. 

QqeBHaHO, qro BepXHHe 6nOKH aiiarpaMM p II C. 1 OnH

ChlB8IDTCH CTpyKTypHhlMH tPYHKUIIHMII HyKnOHOB II 38BIICHT 

OT IIMnynhCOB IIX <!JepMIIeBCKOf'O aBII*eHIIH B aeATOHe, 

P acnpeaeneHHe no IIMnynhcaM p HyKnoaos 3aaaercH c¢e

pHqeCKII CHMMeTpiiqHoA penHT'IIBIICT'CKOA BOnHOBOH tPYHKUIIeA 

aeAroaa tjJ <I PI). 3 HaH sry ¢yHKUIIID, MO*HO nposecrii 

ycpeaHeHIIe no IIMilynbC8M <!JepMII-aBII*eHIIH HyKnOHOB II 

nonyqiiTh crpyKrypHbie ¢YHKUIIII aeAroaa: 

3 
d d p -> 2 

W = f ---8 
lt/J(I 1)1 [W n +W p hWns +W ps , (1.1) 

p.v /M P s p.v p.v p.v p.v 
( s s 

n,p 
rae W p.v- crpyK!,YPHbJe ¢YHKUIIII Hetirpoaa II nporoaa 

coorsercrseaao; p 8 , f 
8 

H M 
8 

- 3-IIMnynbc, saepriiH 

H Macca BbineTaiDmero II3 HII*Hero 6noKa aiiarpaMM p II c.l 

cso6oaaoro HyKnoaa ( spectator) . VI H rerpan no d 3p
8 

B ( 1,1) qaCTO H83b!B8IDT 11HT'erpanoM "pa3M83b!B8HIIH", 

HanpasnHH q - 3-11Mnynbc BIIpryanbHoro ¢oroaa snonb 

OCH Z 11 nepeniiCbiB8H IIHB8pi18HT'Hb!H tP830BbiH 06'beM 

M8 d
3

p 8 If 8 B CIICTeMe uearpa Mace BIIpTyanhHoro ¢oroaa 

11 neAroaa, nonyqiiM cnenyiDmn:e Bblpa•eH11H nnH HHBapiiaHT-

HbiX CTpyKTypHb!X tPYHKUHA aeAToHa W :, W ~ qepe3 IIHBa-

pii8HT'Hhie CTpyKTypHble tPYHKUIIII HyKnOHOB W~·.~: 

wm 

W d1 (v, Q 
2

) = f dw Q 1: (Wn(Q 2,w) + W P(Q 2,w)}j ( Q ~w,v)+ 
WT 1 1 1 

( 1.2) 

+ (W:(Q 2,w)+W~(Q 2,w }}j
2

(Q 2,w,v)]. 

wm 

Wd(v,Q ~ 
2 

f dw·Q2 [W;(w,Q 2)+W~w,Q~]jiQ 2,w,v). (1.3) 

3aech 

X -1 w 

WT 

w2-M2 + 1 
-- 2 

Q ( 1.4) 

2 2 2 2 
W = (pi + q) = P i + 2P i q - Q ' w T, m = 

W 2 """'M 2 
T,m 

------+1, 
Q 2 

2 2 w T = (M + M TT ) • 
w 2 

m 
(yS- M) 

2
• 

p. = (p
0

,p , p , p ) - 4-IIMnynbC B381IMOUeHCT'BYIDIDero 
1 X y Z 

C y* -KB8HT'OM HyKnOHa; q = (v, q) - 4-11MnynhC BIIpTyanh-

HOf'O tPOTOHa B CI1CT'eMe nOKOH neATOHa; Q 2=-q 2 ; M -MaC

ca HyK.rwaa; 

2 2 2. 
S = (p d + q) = M d + 2M d v - G , ( 1.5) 

Ps +1 - _,. . 
j (Q 2 ,w,v)=rrM- f d cosO lt/J(Ip 1)1 ~ 

1 - s s yS -1 

( 1 .6) 

- 2 
2 Ps +1 - -> 2 Px 

j (Q ,w,v)=rrM-...= f d cosO JtjJ(ip 1)1 -; 
2 V S -1 s s M2 

(1. 7) 

p +1 - ... ... 
j (Q 2,w,v)=rrM 

8 f dcose lt/J(Ip J)J 2 ~(p_,v,q); 
3 v s -1 s s 1 

( 1.8) 

q ... -2 .... 2 2 ... 2] 
J(pi ,v,q) =M [(po-(v/lqJ)pz) +(G /JqJ)px; ( 1.9) 

7 



p2 =8/4 -(W2+M 2)/2+(W2-M2)2;4S; 
s 

(1.10) 

E = V p- 2 M2 
s s + p 2 = (1 - cos 2e ) . p 2/2; 

X S S 
(1.11) 

p = [(M +v)p -cose-- JqJ.; ]/yS; 
z s s s (1.12) 

Ps 
___ 2_2_ - ::; .... ...., -

v 2p x + P z • cos e s = P s. q/! q 1 • P s . (1.13) 

B HarrucaHHi:>IX Bhillle cpopMynax rrpe.nrronaranocb, LITO 

CTPYKTypHvre tPYHKUHH HyKnOHOB W nt',~ (w,Q 2) 38BHCSIT' l'OJ1bKO 

Ol' .nByx nepeMeHHhrx w If G 2 • IlocKOJ1bKy, Bee Me, 

B38HMO.[le:il:Cl'ByiOIUHH HYKJ10H H8XO.OHT'CSI BHe MaCCOBOll IIO

BepXHOCT'H, ero CTPYKTypHhie ¢YHKUIIH .nonMHbi aaBHCel'b 

TaKMe If Ol' v • O.nnaKo Tpy.nHoCTH yLieTa TaKoro s¢¢eKTa 

Cl'OJ1b BeJ11fKH 1 LITO e.[lHHCTBeHHOll B03MOMHOCTblO IIpeO.[lO

J1eTb HX SIBJ1SieTCSI IIpe.OIIOJ10M8Hife 0 M8J10CTH .[l8HHOrO s!jl-

!jleKTa If IIpHHe6peMeHHe V -38BifCIIMOCTblO B W ~·~ • 
T 8K8H TO'lK8 3peHHH llpHHSIT8 B pa6orax /2,3/, XOTSI' OHa 

If OCII8pHBaeTCSI pHJlOM 8Bl'OpOB, B 'l8CTHOCTH B pa6oTe / 5 ( 

CornacHo o6ruerrpiiHHTOMy MHeHIIIO, rrpe.nnoMeHHoe B pa-

6ore Becra /2/ rrpH6J1HMeHHe penHTIIBHCTCKo:il: BOJ1HOBO:il: 

tPYHKUiflf .[lellTOHa B ero CIICTeMe IIOKOSI HepenSIT'HBHCT'

CKOll OK83hlB8el'CSI B 60J1bll!HHCT'Be cnyqaeB YllOBJ1eTBOpH

TeJ1bHhlMo TaKHM o6pa30M, MOMHO BOCIIOJ1b30B8l'bCSI OllHOll 

H3 H3BeCTHhlX MO.[leJ1bHhlX HepeJ1SIT'HBilCTCKHX BOJ1HOBhlX 

tPYHKUH:il: .ne:il:roHa c uenbiO yqera paccMarpHBaeMoro s¢

¢eKTa 12,3/. 

8 

§2, AHAfll13 .LIEMTOHHb!X .LlAHHb!X B PAMKAX 
KBAPK-TIAPTOHHOM MO.LlEflVI C HAPYWEHHbiM 
CKEMflVIHfOM 

Bocrronb3yeMCSI Ha:il:.neHHhiMH HaMH paHee cTpyKTYPHhiMH 

!jlyHKUIISIMH HYKJ10HOB /1/ If OIIHC8HHOll Bblllle TeXHIIKOll Y'-Ie-

1"8 ¢epM1IeBcKoro .OBHMeHIISI HyKnOHOB B .ne:il:ToHe .nnSI o~pe

.neneHHSI CTpyKTypHb!X !jlyHKUHll .ne:il:TOHa W 1~2 , 

BbiiiHll!eM SIBHbi:il: BH.O cTpyKTypHhrx !jlyHKUif:il: HyKnoHoB: 

p 2 2.. 2 
W1 (G ,x) =(G 2v(x,Q J + 3·a 1 c(x,Q~)/2M, (2 .2) 

Wn,p(Q2,x) = 4M2x Wn,p(Q2 ) n_ 2 'G2Jx.Gl+'G1c(x,Ql 
2 ('"" ~ 1 ,X ' W - - ( 2 3) pi ~ 1 3 M • • 

~YHKUHH pacrrpe.neneHHSI "B8J18HTHhlX" If "MopCKIIX" IIapro

HOB G 
2
v H G

1
c lfMeiOT B Hall!e:il: Mo.nenH cne.nyiOIUHti BH.n: 

G 2V(x ,Q 2) 

2 
G 1c(x, Q ) 

X 

- 2 
x -\12 (1-x) 2g(Q ) 

B(_!_,2g(Q 2 ) +1) 
2 

X 

¢(g( Q ~, 2g(Q2) + 1, -{3(1- x)) 

- 2 - 2 3 
¢(g(Q ) . 2g(Q ) + -2, -{3) 

- 2 - 2 
g(Q ) (1- x) 2g( Q ) + Y2 

= --------------------------- X 

X 

3.x 

- 2.. - 2 3 
¢(g(G J, 2g(G ) + :2'..: {3(1-x)) 

----
¢(g(Q2), 2g(C~·2) + ~. -{3) 

2 

(2.4) 

(2 .5) 
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- 2 g 
rae g(Q ) = ----- - lfHB8pli8HTHbiH 38pSIJl rrapTOH-

1- aln Q2 
2 2 

r'niOOHHOr'O B381iMO)leHCTBif5I ( Q -lf3MepSieTCSI B f3B ) ; 

f3 - rniOoHHbitl. cTaTifCTif'IeCKifH tlJaKTOp ( CM. /1/). B Ka

qecTBe BOJIHOBOH tPYHKUiflf JlBHTOHa Mhl 1iCITOJlb3yeM "R~d 
hard-core " - BOJIHOBYIO tPYHKUiflO /6/, KOTOp851 ITpeLICT8B-

JISieT co6oti CMBCb 3S C If 3 D[" COCTOHHifH 11 o6pawaeTC51 

B HYJib B KOOPLllfHaTHOM rrpocTpaHCTBe rrpli r:;: r P -5,48 ¢1M. 

B rrpliJIO*eHiflf Mhl rrp11BOJllfM yno6Hhli1 B11Ll rrapaMeTpli3a

Uiflf 3TOH tPYHKUiflf B lfMITYJibCHOM rrpOCTp8HCTBe, a TBK*e 

rpatlJifK ee 38BifCifMOCTif oT lfMITynbca p . OposoaH lfHTer

P~'~POBaHife crpyKTYPHhlX tPYHKUifH (2.1)-(2.3), cornacHo 

tlJopMynaM ( 1.2 )- ( 1.3) C yK838HHOH Bb!Jlle BOJIHOBOH tPYHK

UifeH JleHTOH8,ITOJiy'IIfM lfCKOMhlB CTpyKTypHhle tPYHKU11H 

neAToHa. YlicneHHhle pe3ynbT8Thl 3Toro HHTerpliposaHHSI 

rrpHBeneHbi Ha p 11 c. 4,5. 

103 

3 

102 

3 

101 

3 

~~ 100 t • - 19,5 f:oB 
o - 16,0 f:oB 
• - 13,5 f:oB 

~a 3 0 - 7,0 f:oB 

~ 10-'1 
f)= 50° 

10~2 t '~ 0 0.2 0.4 0.6 0.8 1.0 
X 

PH c. 2, lllftlltllepeHUHaJibHOe ce'IeHife rny6oKoHeynpyroro 

ep-pacceSIHHSI. CrrnornHhle Kp11Bhle- rrpencKa3aHHSI HaweA 

Moaenlf. To'IKif - 3KcrrepHMeHT /4/, 

10 

9 

3 

102 

3 

101 

3 

f~ 
roo 

t:CO 
"' 3 

-'""' 

~ 161 

4 - 19,5 f:oB 
" - 1a,o raB 
o - 13,3 raB 
" - 10,4 f:oB 
0 - 6,5 f:oB 
f) = 60° 

3 

10-2 

3 

103 

0 0.2 0.4 0.6 0.8 1.0 
X 

P If c. 3. llutlJ4JepeHUif8JibHOe ce'-IeHHe rny6oKoHeyrrpyroro 

ep -pacceHHHH. CnnowHbie KpliBhie - rrpeacKa3aHHH Haweti 

MoaenH. KpHBbie - 3KCnepuMeHT 141. 

Mbr npoBenH cpaBHeHHe pe3ynbT8TOB HaweA MonenH 

C OJlHHMI1 H TBMH *B 3Ha'IeHH51MH napaMeTpOB JlJ151 CJIY'I851 

JleHTOHHOfi If rrpOTOHHOA M11IlleHH C COOTBBTCTByiOill11MH 3K

cnepHMeHT8JlbHbiMH aaHHbiMH /4/, OpH 3Ha'I•~HHHX napaMeT

poB g = 0,66449; a = 0,15175; {3 = -2,5 BGJ1H'I11H8 x2 /x2= 
: 269,9/283. llaHHoe 3Ha'IeHife x2/x2nonyqeHo rrocne 

OT6paChlB8HH51 H3 290 3KCIT8pHM8HT8JlbHhlX TO'IeK 'IBThlpeX, 

o6naaaiOWHX 6onbWHMH napuuanbHhiMH x 2( W < 2 f3B). 

llnH HITJllOCTp8U1111 BJIH51HH51 3tPtPBKT8 4JepMH-LlBii*BHif51 H8 

KOHB'IHhle pe3yJibT8Thl Mhl T8K*e rrpOBBJllf 8H8JlH3 6e3 y'Ie-
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ra aroro s¢¢eKra, r.e, Bhl6Hpanu crpyKrypHhle ¢YHKUHH 

ABllTOHB B BHAB 

.d 2, .p 2 n 2 5 2. 4 2.. 
W 1(x,Q J =W 1(x,Q) +W 1(x,Q ) = 3 c2 v(x,Q J+"3G

1
c(x,Q ) . 

(2.6) 

B sroM cnyqae aenH'IHHa x 2JX 2= ~.Q.._( 3AeCb Mhi or6pocu-
283 2 

lllf re )KB TO'IKH c 6onbWHMH napUHBllbHblli.IH X ) • npu 

06pa60TKB ABHHhlX MW Y'IHThlBBliH KBK cnyqafiHhle, TBK H 

CHCTBMBTH'IBCKHB OWH6KH 8KCIIepHMBHTB. 0KOH'IBTBllbHhle 

pe3yllbTBThl BhliiOliHBHHOro BHBliH3B DpHBBABHhl HB rpa¢H

KBX p H C, 2-5. 

to4 

3 

103 

3 

10 2 

{~ 
3 

!::CO 
101 

"' ..... 

3 

~~~ ...... to• 

3 

10-t 

t 
0.0 

. -. -
~ • so• 

0.2 0.4 

X 

06 0.8 1.0 

X 

" ... 

p H C, 4, illf¢¢epeHUHBllbHOB CB'IBHHB rny60KOHeynperoro 

ed -pacceSIHHSI, CnnoWHhie KpHBbie - npeacKa3aHHSI Hawefi 

Moaenu, To'IKH - sKcnepuMear/4/. 

l2 

to' 

3 

103 

3 

I ~ ,, 
' l

e 3 

) 
) 

"'· 1::-~ tOt 

3 

... ~ 
~ toO 

3 

to·t 

l 
0.0 

.. -.. -. -

. -
19,5 faB 
16,0 faB 
13,3 faB 
10,4 faB 
6,5 faB 

6 - 60° 

0.2 0.4 

X 

... 
0.6 0.1 1.0 

p H C, 5. ilu¢¢epeHUHBllbHOe CB'IBHHe rny60KOHeynpyroro 

ed -pacceSIHHSI. CnnowHhie KpHBbie - npeacKa3aHHSI aawefi 

Moaenu. To'IKH - sKcnepHMeHr / 4 /. 

PaccMorpHM renepb aonpoc o6 H3Bne'IeHHH HefirpoHHhlX 

crpyKrypHbiX ¢yHKUnfi H3 aefiTOHHbiX, TaK, B pa6ore /4/ 

HCIIOllb3YBTCSI DpOUBilypa H3BliB'IBHHSI, CXeMBTH'IBCKH npea

CTBBliBHHBSI Ha pH C, 6. KaK y)Ke OTMB'IBliOCb BO BBBilBHHH, 

BCSIKaSI npoueaypa noao6aoro poaa, B TOM 'IHcne 11 sra, 

IIO-CyWeCTBy, SIBliSIBTCSI anropHTMOM BOCCTBHOBliBHHSI 

IIOAbiHTerpallbHOfi ¢YHKUHH W ~ 
2 

DO 3HB'IBHHIO ee "smea-

ring""-HHTerpana Wnl,~ (eM.' 1,1) H Tpe6yer AOIIOJlHHTBllb

HOfi HH¢opM8UHH 0 XapaKTepe X-3BBHCHMOCTH W~, 2 If Wt
2

. 

B aaHHOM cnyqae raKaSI HH¢opMaUHSI 3BKliBilbiBaercSI B nep

Bhiii H wecrofi 6noKH cxeMhi pH c. 6 B BHae napaMerpH3a-

u H H CliBilYIOWero THIIa: 

13 



~~03 
;>t..tT. 

w;_p3KC(I. 

• 
\J.4~og = ji3 P·Pcp) ~PJUoa 

hl'f!S J PS 
2 = -w;_ - VIz JU03 

• 
S" ljlp I w.PS 

' 
2. /lJ o~ 2 JUoS I 

I 

Wzt1=~hs srl 
t 

w:oi Cf'lAT Wzn 
t 

~s s Fc wn W, = cJ3 p (p) 2 ,/l(03 
2 ./1.1 0~ 

t 

s~ = w:osi'Nz~os 
~ 

HeT 

Puc. 6.
1 

CxeMa H3Bne<IeHIHI HefirpoHHbiX naHHbiX H3 nefi

TOHHbiX 14/, 

14 

5 . 1 M2 
Wp,n .,., p,n(l ')I,- , 

V ==X.c.. a. -X ,X ==W ==W+ --. 
2 i==3 I Q2 

(2. 7) 

Ecnu llie Terrepb Mhl rrorrwraeMCH cpaBHHTb HefirpoHHhle 

JlBHHhle, ITOllY'I8HHhl8 ITO DpOUeJlype, Dp8JlCTBBl18HHOll Ha 

pHC. 6, C 11CIT0llb30BBHH8M rrapaMeTpH38UHH (2,7), H COOT

B8TCTBY!OliiH8 3HB'I8Hf!H CTpyKTypHOll <iJyHKUHH vW 2 (2,1), 
TO ITOJ1Y'IHM CylUeCTB8HHble paCX0)KJl8HHH M8)KJly HHMH (pH C, 7), 

2 

to' 

2 

10 1 

~I~ , 
"lc;;l 
~'- 2 

10" 

bl~ 
"b~ ' 

2 

10"' 

' 
2 

• _ 6,5 fsB 
• - 10 4 fsB 
• - 13:3 fsB 
"' - 16,0 fsB 
"' - 19,5 fsB 

f) =50' 

10" 2 • 

0.,0 o.so 0.60 0.70 0.80 090 
X 

• 

X 

•• 
... 

" 

pH C. 7, J.1JIJ110CTp8UHH MOJl8llbHOll 3BBHCHMOCTH H3Bl18'I8H

HbiX HefirpoHHhiX naHHhJX, Tot:IKH - naHHble, H3Bllet:IeHHbie 

C HCITOllb30BBHH8M rrapaMeTpH38UHH (2, 7), 
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B ro )Ke apeMSI Mbi BH!lenH, 'ITO nefiroHHhie naHHhie xoporno 

onHCb!Ba!OTCSI npH HCnOJib30BaHHH vW~ (2.1) B <iJopMyllaX 

( 1.2)- ( 1.3). TaKHM o6pa3oM, npouenypa H3BJie'IeHHSI Hefir

poHHhiX !laHHb!X H3 JleHTOHHbiX cyiUeCTBeHHO 38BHCHT OT MQ

!lelllf. ITosroMy HaM npencraanSieTCSI 6onee onpaanaHHhlM 

npoBO!lHTb npoaepKy Monenefi HefirpoHa He Ha H3Blle'IeHHhiX 

HeHTpOHHhlX llaHHhlX, a Henocpe!lCTBeHHO H8 nefiTOHHhlX, HC

nOJib3YSI TeXHHKY yqera <iJepMHeBCKOPO llBlf)KeHHSI HyKJIOHOB 

B nefiroHe, npenno)KeHHyJO B pa6ore /2/. EcnH Heo6xonH

MOCTb B H3BJie'IeHHH HefiTpOHHb!X naHHbiX BCe )Ke B03HHKaeT, 

TO npOH3BOJllfTb STO H3Blle'IeHHe, no HaiUeMy MHeHHIO, 

cnenyer c npHBJie'IeHHeM rex HJIH HHhlX ¢lf3H'IeCKHX coo6-

pa)KeHHi1 OTHOCHTellbHO HCnOllb3yeMOPO Tlfna napaMeTpH3a

UHH CTpyKTypHhlX tPYHKUHH CB060llHhlX HYKllOHOB, KOTOphle, 

KpOMe TOPO, llOll)KHbl npHBOJlHTb K B03MO)KHO llY'IllieMy Onlf

CaHHIO npOTOHHhlX If nefiTOHHhlX !laHHhlX. C STOH TO'IKH 3pe

HHSI <iJopMyJihl (2.1)-(2.2) llllSI npouenyphl H3BJie'IeHHSI OKa-

3bJBaJOTCSI 6onee npenno'ITHTenbHbiMH no cpaaHeHHIO c (2.7). 

Bo3BparnaHCb K cnencTBHSIM Hamefi MonenH llJISI crpyK

rypHbiX tPYHKUHH HeHTpOHa If npOTOHa, OTMe THM CJ!e!lyiOIUee 

COOTHOllieHHe: 

R = W n /W P 
2 2 

_. 
x~l 

2 
a· (2.8) 

0Ho HMeeT MeCTO B 60llbiUHHCTBe napTOHHblX MO!leJiefi, HC

nOJib3yJOIUHX TO'IHYJO SU (3)-cHMMeTplfiO. 4acro yKa3biBa

ercSI Ha TO, 'ITO llllSI !laHHOPO OTHOIUeHHSI SKCrrepHMeHT naeT 

CKOpee 1/3, '!eM 2/3, If STO CBH3bJBaeTCSI 06b!'IHO C He06-

XOllHMOCTb!O BBe!leHHSI B p83lllf'IHhle MO!lellH napaMeTpOB 

HapymeHHH SU (3 )-CHMMeTpHH. OnHaKo BbiBOllbi o npenenb-

HOM 3Ha'IeHHH R, KaK npaBHJIO, nena!OTCSI Ha OCHOBaHHH 

roro HllH HHoro BH!la napaMeTpH3aUHH. Xopomee cornacHe 

C SKCnepHMeHTallbHbiMH llaHHbiMH /4/ HaiUHX tPYHKUHH W~ 
If W f n03BOJISieT C!leJiaTb BblBOll 0 TOM, 'ITO COOTHOIUeHHe 

(2.8) STHM naHHbiM He npoTHBope'IHT. TaKHM o6pa3oM, 

B naHHOM cnyqae HeT Heo6xonHMOCTH HapymaTb SU(3)-CHM

MeTpHIO • .LlnSI HJ!lliOCTpaUHH 3aBHCHMOCTH OTHOIUeHHSI R OT 

X B Harnefi MO!leJIH npHBOlllfM rpa<iJHK (p If c. 8-9). 

16 

7.95 

b 7.65 

0 
<£) 7.35 . 
tp 

Q. 
u. 
~ 7.05 
u. 

-s.75L __ ,___---=-'=-----;;-";,----n"R--tO" 
0.0 0.2 0.6 1.0 0.4 0.8 

X 

p If c. 8. KpHBbie npencKa3aHHH MO!lellH llllSI R = W0 /W p 

(Caepxy BHH3 E = 19,5; 16; 13,3; 7,0 rsB). 2 2 

I 
0 

7.95 

: 7.65 

~ 
~ 7.35 
tp 

Q. 
u. 
~ 7.05 
u. 

s.7sL_--'---:-':-----;;;--~---,LO 
0.0 o.2 0.4 0.6 0.8 tO 

)( 

P If c. 9. KpHBhie npencKa3aHH SI MonenH anSI R = W ~/W f 
(Caepxy BHH3 E = 19,5; 16; 13,3; 10,4; 6,5 fsB). 
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3AKfliOLJEHY!E 

YITaK, Mbl IIOK838ll11, 'ITO rrpellll0)1{8HH85I H8MI1 B pa60TB /1/ 
KB8pK-rrapTOHH85I MOllBllb C HapyWBHHbiM CKBHll11HrOM H8XO

ll11TC5I B XOpOWBM COrll8CI111 C 9KCIIepHMeHT8llbHhlMI1 ll8HHhl

MI1 no rny6oKoueyrrpyroMy pacceHHI1ID aneKTpoHoB Ha rrpo

TOHe H neilTOHe 

e+p .... e+X, 

e+d .... e+X 

11 He Tpe6yeT BBelleH115I HapyWeHHOH SU (3)-CI1MMeTpi1H, 

Ebrno TaK)I{e rron'IepKHyTo, 'ITO y'IeT rrorrpaBoK, CBH3aH

HbiX c acp¢eKTOM ¢epMHeBCKoro llB11)1{eHI15I HYKllOHOB B neil

Tone, IIp11BOll11T K 3H8'II1TellhHOMY YllY'IWeH11ID COrll8CI15I 

C 9THMI1 9KCIIep11MeHT8llbHblM11 ll8HHbiM11, 

KpoMe Toro, Mbl XOTI1M IIOll'IepKHyTh, 'ITO rrp11 11CIIOllb-

30B8HHH HMBIDll111XCH B HacroHwee epeMH ueilrpoHHbiX nau

Hhlx, 113Blle'IeHHhlX 113 pacceHH115I ua neilToHax, cnenyer 

C06lliDll8Tb 113BeCTHYID OCTOpO)I{HOCTb, IIOCKOllbKY OH11 HeCyT 

H8 Ce6e OTIIe'IaTOK 11CIIOllh3yeMOro IIp11 11X IIOlly'IeHI111 TI1IT8 

rrapaMeTp1138U1111 CTpyKrypHhlX ¢YHKU11H, 

B 38KlliD'IeHI1e aeTop Bbipa)l{aer rny6oKyiD 6naronapHOCTh 

n.C.Ylcaeey 38 Hay'IHOe PYKOBOllCTBO 11 B.A.Mewep5IKOBY 

3a BH11Man11e K naunoil pa6oTe. AeTop 6naronap11r raK)I{e 

B.r. ManbiWKHHa 3a rroMOWh B 'I11ClleHHbiX pac'Ierax ua 3BM 

11 B.Yl.Huo3eMueea 3a rrone3Hhle o6cy)l{neHI15I. 

DPY!flO)KEHY!E 

DpaeeneM HeKoTopbre ceenen1151 o "Reid hard-core"
BOllHOBOH 4JyHKU11H neHTOHa t/J(Jp~ , HCIIOllh3yeMOH B pa3n.2. 

KaK OTMe'IallOCb, OHa 5IBJ15IBTC5I 8
1

- 3D l -cMeCbiD COCT05I

H11H, T.e. 

M,... -+ q M ::t.. q 1 M 
f (p) = fs(p) ;Y 110 + fD(PJ .:J 112' (1) 

--> 2 M,-> 2 2 2 
lf(p) I = I, If ~p) I = f + f D • 

M s 
{2) 

18 

rne 

M 2s+ 1 
'!J. L = I. (s,M ,L,MLijM)YLM (e,¢) 

JS M M s L 
(a)M , (3) 

s 

.... 
fD{p) 

f s (p) 

s' L 

1 00 -=- f w (r) . 
v2rr0 r -J/pr)r

2
dr, 

1 00 

virr l u(r) jo (pr) r 2 dr, 
r 

( 4) 

{5) 

u(r) 11 w (r) - panHallbHbie qac r11 S - 11 D -eonu, cooT

eercreeuuo,uopMHpoeaHHhle: 

00 

2 2 f [ u (r) + w (r)] dr = 1 
0 

(6) 

11 3aTo6ynHpOB8HHhle BMeCTe CO CBOHMH rrepBhlMH IIpOH3-

BOllHblM11 B pa6ore /6/. DapaMeTp113Y5I u( r) 11 w (r) B K8)1{

ll0M 38ll8HHOM 11HTepBalle IIOllHHOMOM TpBTbeH CTBIIeHH, H8H-

lleM c rroMOWhiD (4) 11 (5) f (p) 11 f (p) • nocne aroro 
s D 

6yneM HMeTb rrapaMeTpi138UI1ID BOllHOBOH 4JyHKUH11 neilTOHa 

B HMITYllhCHOM rrpencTaenenaa: 

4 
¢ (p) = p 21 !/! (p) 1 2 = I. a k P i - 1 

i= 1 1 

ua Ka)KllOM 11HTepeane pk< P < pk+
1 

• Koa¢¢auaeHTbi 

38ll8Hbl T a 6n If U e H 1, Y CllOBI1e HOpM11pOBKI1 llll5I <;f>(p) 
HMeeT B11ll: 

00 

4rr f dp¢(p) = 1. 
0 

fpa¢11K ¢ rrpaeeaeu ua p 11 c. 10. 

(7) 

k 
a. 

1 

( 8) 

19 



Ta6nHua 1 Dpo.uomKeHHe T a 6 n H u hi 1. 

-
k Pk/0,7 a~x10m m I a kx 10 n r; ~ a!xlO r 

.__.....,.... 
a~x10f f r 

(F-1) .L...!.-
I .001 -.129476 ..051 .!70183 ..04 -.383716 -0! .1<13524 -04 
2 .003 -.247952 +05 .I€0785 ..04 -.35~352 -+{)0 .323380 -03 
3 .005 -.345880 -+{)5 .!95377 -+{)4 -.!07£00 -+{)! .152?95 -02' 

4 .007 -.416514 +05 .2!009! -+{)4 -.2IGG59 +OI .309250 ~2 
5 .009 -.456515 -+{)5 .220?66 ..04 -.305GI6 +OI .670?05 -02 
6 .OII -.456045 ..05 .223?92 1-+{)4 -.337000 +OI .783200 -02 
7 .0!3 -.448233 -+{)5 .21674.5 -+{)4 -.244084 +OI .3?4912 -02 
8 .015 -.4CS334 +05 .1987!5 +04 .2?E08? +GO -.988?49 -02 
9 .017 -.320'fll8 +05 .!53012 +04 .821702 +0! -.558684 -01 

IO .02! -.18703? +05 .687793 +03 .259!00 -+{)2 -.179?18 +CO 
II .025 -.66?124 +04 -.2125.'2! +03 .483649 +02 -.3s643r l+m 
12 .029 .212031 +04 -.97".49! +03 .703780 +02 -,57S·1I3 +COl 
13 .033 • 733910 +04 -.!49345 +04 .874163 +02 -. ?5(8?2 

+COl 
!4 .037 .975775 +04 -.17541! +04 .969989 +02 -.CS2!6I ;-GJ 

15 .041 .!01324 +05 -.!79926 -+{)4 .98?871 +02 -.S::J590? +00 
16 .045 .934316 "'l-169205 +04 .93933? +02 -.832568 ;..QO 

!7 .049 .726434 +04 -.!331?6 +04 • ?84989 +02 -.570300 +00 
IB .057 .4~8029 +04 -. 906522 +03 .514576 +02 -.639!44 -01 
!9 .055 .243222 +04 -.5C349I +03 .256728 +02 .4S28S2 +CO, 
20 .073 .II5047 ..04 -.228859 -+{)3 .533780 +OI .9G578I i+mi 
21 .OSI .419428 +03, -. 519!32 +02 -.893820 +OI .IZS971 11-0I! 
22 .089 .321?91 +021 • 5!0668 +02 -.!80661 +02 .!63941 1+0!! 
23 .097 -.!55?64 +03 .!05524 +03 -.233262 +02 .I8C874 +Oil 
24 .105 -.233793 +03 .!29978 +03 -.258806 +02 .!89769 i+Oii 
25 .II3 -.250598 +03 .!35567 +03 -.264999 +02 • .I9205G I+OII 
26 .129 -,21II66 +03 .120200 +03 -.245037 +02 • I83•U2 l +DI ! 
27 .145 -.!60009 -t03 .9?9574 '..o2 -.212802 +021 • 167840 +01 1 
28 .I6I -.II6S85 +03 .7?2II5 +02 -.17915? +02 .1-19975 +Oil 
29 .177 -.?25529 +02 .533635 +02 -.!36796 +021 .!24539 +OI 
30 .209 -.38325? +02 .320490 +02 -.925532 +01 .939289 +001 
3! .24! -.207753 +02 .191133·1 +02 -.623264 +0~~ .69788'1 !+CG 
32 .273 -.II5t:.84 +02 .II9I32 +02 - • .U8960 +OI .5I2379 1+0~~ 

IPk /0,7 
j e I a~x 10m 

I 
k ['(f-1) 

a ~x toe m a:x 10° n a!x 10 r r , 
I 

33 .305 -.654!46 +OI .735089 +DI -.280393 -tO I .3'72595 +DOl 
34 .337 -.37£03-8 +OI .454929 +OI -.I8Ei3!9 +OI .267ZGO ..ool 
35 .369 -.2151~:3 +OI .27737! -t-O I -.120999 +OI .187200 +00; 
36 .40! -.1200<!-4 +OI .!63272 ...01 -.753?44 +DC .!2633'1 -tOOl 
137 .433 -.4.69305 +DO .677430 +DO -.3374!5 -+{)0 .659094 1-arl 
38 .497 -.625359 -01 • 752390 -01 -,406360 -OI .171!5!37 -Oil 

~ .561 .667761 -OI -.139574 +DO .782920 -OI -.478503 -021 

f4D .625 .830872 -OI -.1697.!3 +DO .968825 -(11 -.860343 -021 

~ .689 .5!69?5 -0! -.!0257! +00 .4903!0 -O.I .274787 -021 

f42 .817 .341034 -02 .!57001 -OI -. 475.:."05 -OI .290268 1-0ij 
~ .945 -.213545 -OI .854043 -OI -.II2898 +DO .494590 -Oil 

-144 1.073 -.2!7353 -OI .• 859778 -OI -.II284.8 +()() .492032 -Oil 

145 1.201 -.!36959 .or .558660 -OI -.753074 -OI • 336236 -OI I 
146 1.329 -.716!47 -02 .29588! -OI -.400847 -or .1?88?31-011 
47 1.457 -.905370 -03 ,229141 -02 -.384509 -03 -.!35923 -021 
48 1.585 .254933 -02 -.!40498 1-0I .253802 -OI -.I4899S -Oil 
~ 1.713 .196'176 -02 -.II0050 -CI .200682 -OI -.nansl..o11 
r.n 1.959 -.132985 -03 .146520 -02 -.460580 -02 .445!69 -021 
51 2.225 -.8!7057 -03 .602462 -02 -.147354 -OI .II9333 -or 
52 2.4BI -.192696 -03 .136960 -02 -.316678 -02 .237936 !-a21 
f-;3 2.737 .I98S27 -03 -.!80903 -02 .5434!6 -02 -.537676 l-02j 
54 3.249 -.965223 -04 .!04813 -02 -.377856 -02 .452458 -021 

: 3.75! .4.082?7 -04 -.5!!924 -03 .2!2771 -02 -.292865 l--02! 
4.273 -.15~543 -04 .239128 -03 -.II53I3 -02 .!84532 l-02! 

fll 4.785 .829'199 -05 -.133392 -03 .7II688 -03 -.!25934 -021 
58 5.809 .273986 -05 -.526457 ..04 .336243 -03 -.7!35!4 -03 
59 6.833 .356275 -00 -.822!39 -05 .6S0085 -0<! -.!60330 -031 
50 ?.Bfll -.597534 -06 .149178 -04 -.12:3919 -031 .342807 -031 
6I B.BBI -..293854 -06 .922042 -05 -.93tiJS2 -04 .3II939 -03 

.. s.Ieoa~.I9!832 -05 .535017 -04 -.497023 -03 .153303 -C2 

63 9.4405 .172948 -06 -.584509 -05 .643544 -04 -.232!01 -03 
64 9. 7203 .150729 -05 -.445833 -04 ,439237 ...03 -.144!30 -02 

-

20 21 
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PH c. 10. BonHoBaSI cpyHKUHH nei1ToHa B HMnynhCHOM 
npencTasneHHH /3/, 

nl1TEPATYPA 

1. KosaneHKO c.r., ManbllllKiiH B.r., Ol1.Hl1, P2-11674, 
lly6Ha, 1978. 

2. Wes G.B. Ann.Phys., 74, No.2, 464 (1972). 
3. Atwood W.B., West G.B. Phys.Rev., D7, 773, 

(1973). 
4. Atwood W.B. Electron Scattering aff Hydrogen 

and Deuterium at 50 and 60 , SLAC-185, 1975. 
5. Bodek A. Phys. Rev., D7, 2331 (197 3). 
6. Reid R.V. Ann. Phys., 50, No.3, 441 (1968). 

22 

PyKonuch nocTynHna B H3naTenbCKHi1 oTnen 
26 HIDnSI 1978 rona. 

HeT JIH npo6eJIOB B Barnei1 6H6JIHOTeKe? 
8bl MOJKeTe OOJJY411Tb no 004Te nepe41!CJJeHHhle HIIJKe KHI!f"lf, 

ecJJI! OHII He 6biJJII 33K333Hbl paHee . 

P1,2·7642 

):\1,2·8405 

P1,2·8529 

A6·8846 

,1].13·9164 

):\1,2·9224 

Tpy JlW M ell(jl,yaapOJlHOi wxonw uono • 
JlbiX y'leHWX no 4JBJBICe BWCOICHX 3Hep· 
rat. rouem., 1973. 

TpyJlW IV MelKJlYH&POJIHoro caunoJay· 
M& no 4JBJBICe BWCOICBX JHepr&i B Jne· 
ueaTapawx 'I&CTBit. Bapaa, 1974. 

TpyJIW MelKJI.yHapoJlHoi wxonw· ceua· 
Hapa MOnO)lbiX Y'leHWX. AJCTyanbHble 
npo6neuw WBJBJCB lneueHTapHwx qac· 
TBit. Co'IB, 1974. 

XIV cosewaHHe no BJlepHoi cnexTpo
CICOnBH B TeOpHH B)lpa. )ly6Ha, 1975. 
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