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06HapymeH~e EMC-3~$eKTa 3aCTaB~no M~POBY~ 06~eCTBeHHOCTb 

06paT~Tb 60nee np~CTanbHOe BH~MaH~e Ha cne~~~~KY KBapKOBO~ 

CTPYKTYPW AApa ~ ee HecBoA~MOCTb K KBapKOBO~ CTPYKType COCTaB
nA~~~X HYKnOHOB, XOTA K TOMY BpeMeH~ 6~no HeMano $aKTOS, YKa
3~8a~~~X Ha 3TO 06CTOATenbCTBO , a TaKme nonWTOK ~X TeopeT~

-reckoro OCMblcneH~ffi}Yc T04K~ 3peH~A KBapKOBO~ CTPYKTYPbl. flocne
A08aBW~~ 3a 3T~M noTOK TeopeT~4eCK~X pa60T npeAnom~n ~en~~ 

cnexrp B03MomHOCTe~ AnA o6bRCHeHV1H aror.o 3$$eKTa 13/. llpaana , 
MHor~e TaK~e 06bRCHeH~H OKa3~Ba~TCR HeYAOBneTBop~TenbHWM~ noc
ne ~3MeHeH~H AaHHWX AnH OTHoweH~H CTpYKTYPHWX $YHK~~~ B o6nac
T~ Man~x x!~5/. Ce~4ac, KorAa OCHOBH~e npe~nomeH~R, nO-B~A~
MOMY, BWCKa3aH~, MomHO nonWTaTbcH nOCMOTpeTb Ha H~X c eA~HO~ 

T04K~ 3peH~fl ~ o~eH~Tb, B KaKO~ CTeneH~ MW nOH~MaeM KBapKOBY~ 

CTPYKTYPY aTOMHoro RApa ceroAHA ~ 4TO e~e HymHo npOACHHTb. 

1. CBR3b CTPYI<TYPHbIX $YHKUV1Vi R,llPA V1 HYl<nOHA 

nO-BV1A~MO~Y, BeCToM 16/ 6wno snepBwe 3aMe4eHo, 4TO ypaBHeH~R 
3Bon~~~H KX,ll np~BoART K npOCTO~ CBR3~ Hec~HrynHpH~x CTpYKTYP
HWX $YHK~~~ /pacnpeAeneH~A BaneHTHWX KsapKOB/ HApa ~ ~YKno-

Ha * 

2 A NS x 2 
xF 3 ~ V ( x ,Q ) = r T A ( a) VN (- ,Q ) da , /la/ 

x a 

rne $YHK~~A T:8 YAOBneTBopReT yc noamo 

* ~eAcTBHTenbHo, ypaBHeHHR 3BonwUHH gnH MOMeHTOB pacnpeAene-
HHH He 3aBHCHT OT copTa MHilleHH, T.e . 

. 2 2· 2 2 2 
VA(n,Q )/VA(n,Q ) =VN(n,Q )/VN(n,Q ) =yn(aa(Q )), 

rAe TOtlKa 03HatIaeT npoH3BoAHYW no log Q 2. 113 rrepao r'o paBeHCTBa 
HeMeAneHHo c~eAyeT nponoPUHoHanbHocTb MOMeHTOB pacnpeAeneHHH 
RApa H HYKJIOHa VA(n,Q 2) = TIS (n) VN (n,Q 2)"" tITO 3KBHBaJIeHTHO 
/ l/ . 

___o _ 
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A NS r TA. (a) da = 1 , /16/ 
O 
cneAy~~eMY ~a npaB~na CYMM An~ 6ap~oHHoro aap~Aa /aAecb ~ Aa
nee Bce ~AepH~e ~YHK4~~ nOAeneH~ Ha A/. BB~AY 3Toro e~ MO~HO 

np~AaBaTb CM~cn ~YHK4~~ pacnpeAeneH~~ HYKnOHOB B ~Ape no AO
n~M ~Mnynbca, XOT~ OHa MomeT ~ He B~pa~aTbC~ 4epea KBaHTOBO
MexaH~4eCKY~ OAHOHYKnOHHY~ BonHOBY~ ~YHK4~~. np06neMa B TOM, 
on~C~BaeT n~ OHa np04ecc, KOTOP~~ onpeAen~eT pacnpeAeneH~~ 

/Hanp~Mep, CTp~nn~Hr ~Apa/? 

AHanor~4Hoe COOTHoweH~e MO~HO aan~caTb ~ An~ C~HrneTHoro 

xaaana /7,8/, BKn~4a~Ulero C~HrneTHoe pacnpeneneaae KBapKoB 
~(x,Q2) =~x(q (x,Ql +q (x,Q2)) 1-1 pac npeneneuae rn~OHOB 

r r r 
O(x,Q2) 

2 A S x 2 
~A(x,Q ) = r TA(a) LN(-' Q ) da , /2a/ 

x a 

2 Ar S X 2
0A(X,Q ) = r rA(a) G(--, Q ) da, /26/ 

x a 

rne , aooõuie roaopa , T S I:. T NS, a An~ BblnOnHeHI-1~ 3HepreT1-14eCKO
ro npaBl-1na CYMM AonmHO ycnoB~~YAOBneTBop~Tb 

f
A 

a T 
S 
(a) da == MA/ AMN ~ 1 • /2B/ 

O 

~e~~TB~TenbHO, Al-1arOHanl-1a~PY~ CHCTeMY ABYX nI-1He~H~X ypaBHe
HI-1~ 3BOn~41-1~ An~ MOMeHTOB I. (n,Q2) 1-1 G(n,Q2) B C~HrneTHOM xaua
ne , HeTPYAHO n~nY4l-1Tb c~flab MemAY co6cTBeH~blMI-1 peWeHI-1~M~ 3TO~ 

CI-1CTeMbl f±(n,Q ) = ~(n,Q ) +C~(as(Q2») G (n,Q) /r,qe C± - Al-1a
rOHan~a~PY~till-1e K03~~~4I-1eHT~, B~4I-1Cn~eM~e 4epea MaTpl-14Y aHOManb
HblX paaaepuoc r ea/': 

+ 2 4- 4- 2
fÃ(n,Q ) = TÃ(n) fN(n,Q ) • 

Y4TeM Tenepb TO 06CTOflTenbCTBO, 4TO KaK HYKnOH, TaK 1-1 ~APO ~B

n~~TC~ CB~aaHH~MI-1 COCTO~HI-1~MI-1 KBapKOB ~ rn~OHOB. no 3TO~ npl-1
41-1He nponaraTOp KBapKa /1-1 rn~OHa / <p Iq(O) q(e) Ip>,B CB~aaHHOM 
COCTO~H~1-1 -Aon~eH YAOBneTBop~Tb OAHOPOAHOMY ypaBHeH~~ 6eTe-Con
n~Tepa /pl-1c.l/, co6CTBeHH~e aHa4eHI-1~ KOToporo onpeAen~~T 3Hep
rl-1~ /Maccy/ KBapKa B CB~aaHHOM COCTO~HI-1I-1. ~YHK41-1~ pacnpeAene
HI-1~ KBapKOB B~pa~aeTC~ 4epea npeAen 3Toro nponaraTopa np~ 

ç~O, peryn~p~aoBaHHoro c nOMO~b~ napaMeTpa ynbTpa~1-10neTOBoro 

06peaaHI-1~ Q2. B npI-16nl-1~eH~1-1 BeAy~ero TBI-1CTa, T.e. npl-1 oT6pac~

2 

p = + 

BaHI-1H nonpaBOK 1/Q2, ypaBHeH~e pl-1c.l An~ MOMeHTOB pacnpeAene
HI-1~ CTaHOBI-1TC~ anre6pal-14eCKI-1M c K03~~1-14I-1eHTaMI-1, He aaBI-1C~~I-1MI-1 

OT Q2, a cneAOBaTenbHO, ~ OT Macc~ KBapKa, a nOTOMY OAI-1HaKOB~
MI-1 KaK An~ ~Apa, TaK 1-1 An~ HYKnOHOB, T.e. 

I,(n,Q2) = Kqq(n) I.(n,Q2) +Kqo(n) G(n,Q2). 

nO 3TO~ npl-141-1He 

( I,(n,Q2) ) =( I.(n,Q2) ) =(l-K (n))-1 Kqo(n), /3/- 2 A 2 N qq
G(n,Q) G(n,Q) 

a Tt = TÃ=Tl, 4TO 1-1 npl-1BOAI-1T K COOTHOWeHI-1~M /2/. 
HeMeAneHH~M cneACTBl-1eM CooTHOWeHI-1~ /2/ ~BnfleTC~ paBeHCTBO
 

cpeAHI-1X Aone~ I-1Mnynbca rn~oHoB, a TaK*e Bcex KBapKOB ~ aHTI-1~
 

KBapKOB B RApe 1-1 B HYKnOHe.
 

~x q>A == <x o>A 
=1. /4/
 

<xa >N <x O>N
 

/4/3TO CüOTHOWeHl-1e XopOWO B~nonHReTC~ An~ AaHH~X BCDMS • AnR KO
• r opux <Xq>A / <x q>D - 1 = f paBHbl OI 7-t2% An~ asor a / An~ AaHHblX 

EMC! V f = 7, 1±3,6%/. 
COOTHOWeHl-1e /4/ ~opManbHo npOTI-1BOpe41-1T TaKme Fl-1nOTeae pec

Ke~nl-1Hra /9/ B 06b~CHeH~11-1 3~~eKTa EMC, nOCKonbKY, cor.nacuo 3TO~ , 
rl-1nOTeae, nepeXOA OT HYKnOHa K ~APY 3KBI-1B~neHTeH nl-160 POCTY 
Q2, nl-160 YBen1-14eHI-1~ Ka4anbHoro aHa4eHI-1~ Qo' npl-1 KOTOpblX, CO
r nacao KX~, cpeAH~~ Aon~ I-1M-nynbca rnlOOHOB pacr e r , a KBapKOB 
naAaeT. 

B aaKnlO4eHI-1e 3Toro paaAe~a nOA4epKHeM etile paa, 4TO KaK ypaB
HeHl-1e 3BOn1041-11-1, TaK 1-1 COOTHOWeHl-1e /~/ rionY4eHbl B npl-16nl-1~eHI-1I-1 
BeAYUlero TB~CTa ~ n03ToMY COOTHoweHH~ /1,2/ He BKnI04a~T 3$$eK

o ~ 

Pac i l , 
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Ta 3KpaHlIlpOBKIIl, KOTopb11ll <t>OpMa11bHO RB11ReTCR 3<t><t>eKTOM eucure ro 
r aac r a 110.11/

0 

2. EMC-3<1><1>EKT 

I. 
nOCMOTplllM Tenepb, 4TO 03Ha4aeT B paMKax 3Toro <t>opMa111ll3Ma 

EMC-3<t><t>eKT. 6YAeM C4I1lTaTb, 4TO <t>YHK~1Il1ll TA onpeAe11R~TcR, xo-
TR 6~ npIll611Ill~eHHo, 3<t><t>eKTIIlBH~M pacnpeAe11eHlIleM HYK110HOB B RApe, 
11I B OCHOBHOM cocpeAOT04eH~ B OKpeCTHOCTIIl a =1 /T.eo HY11eBoro 

,
IIlMnY11bca :HYK110HOB'I. 

HO n011Y411lTb nplll He 

FAR= -:::< <T>+«I-a) T>Jr ---+-«I-a) T>x(-- x-2---) + .... 
F F (x) 2 F (x) 

o 

FN(x)
N N N

rAe < > 03Ha4a~T IIlHTerplllpOBaHlIle no a Ha IIlHTepBa11e [O, Al. EC11Ill 
nplllHRTb, 4TO FN .... (l_x)k. k = 3, TO X -3aBIIlCIIlMOCTb aroooro 
11I TpeTbero C11araeMoro 6YAeT onpeAe11RTbCR COMHO~IIlTe11RMIIl 

kx/(l-x) 11I kx/(l-x) o ((k-l) x/(l-x) -2) COOTBeTCTBeHHOo nplll 
3TOM B paüoae X =0,5 aropoe cnaraeaoe OKa3blBaeTCR 611lll3KIIlM 
K HY11~, 11I A11R 06bRCHeHIIlR oTplll~aTe11bHoro 3Ha4eHIIlR R- 1 He06xo
A11I MO , 4T06bl 181 

A 8 '8s
11I1111I /6/.<TA>-!=~A>O .r (TA(a) -TA(a» da = ~A >0 

O 

A11R OTHoweHIIlR R2 CTpYKTYPHblX <t>YHK~1Il1ll F2 ::: 2. 11I 

NS A S NS 
1 - <a TA > = SA > O 11I1111I .r a ( TA (a) - T A (a» da = ÔA > O /7/ 

O 

A11R OTHoweHIIlR R CTpYKTypH~X <t>YHK~1Il1ll Fa onplll 3TOM, nOCK011bKYa
 
B pallloHe X 7:. 0,5 MopCKlIle KBapKIIl npaKTIIl4eCKIIl OTCYTCTBY~T, C11e

AyeT O~IIlAaTb, 4TO Ra ~ R2 • a n03TOMY 

8A 7:.~A /T04Hee, 2/3~io /8/ 

TaKIIlM 06pa30M, /6/ 03Ha4aeT, 4TO 411lC110 " 3<t><t>eKTIIlBHbIX HYK110
HOB" B RApe A011~HO 6blTb 6011bwe A, nplll4eM, KaK BIIlAHO 11I3 /7/, 
Ba11eHT~~e HYK110H~ A011~H~ HeCTIIl T011bKO 4aCTb n011Horo IIlMnY11bca 
RApa. ,lJ.PyrlllMIIl C110BaMIIl, B RApe no cpaaueruuo co CB060AHblM HYK110
HOM npOIllCXOAIIlT nepeKa4Ka 4aCT~ IIlMnY11bca Ba11eHTH~X KBapKOB 
B KBapK-aHTIIlKBapKOB~e napw MOpR. 

X 2 
Pa,311araR FN(- •Q ) aoxpyr a = 1, HeTpYA

a 
C11IllWKOM 60nbWIIlX x: 

FN(x) 1 2 FN(x) F~(x) 

3aMeTIIlM, 4TO YAIIlB11eHlIle, B~3BaHHoe OTKpwTlIleM EMC-3<t><t>eKTa, 6w
110 CBR3aHO c npeApacCYAKOM, 4TO RApo COCTOIllT 11I3 A HYK110HOB, 
n03TOMY Ha pacnpeAe11eHlIle HYK110HOB Ha11ara110Cb YC110BlIle ~A = O, 
4TO He3aBIIlCIIlMO OT BIIlAa T Helll36e~Ho AaeT R(x~0,5) ~ 1. B 3TOM 

T N SCMblC11e pa311lll411le T S 11I '. r peõyeaoe A11R onucauaa 3<t><t>eKTa, 03
Ha4aeT HeCBOAIIlMOCTb KBapKoBolll CTpYKTYPW RApa K KBapKOBO~ CTpYK

Type cB060AHoro HYK110Ha. 
HeCMOTpR Ha 06~HOCTb 1Il3110~eHHoro B~we nOAxoAa, OH n03B011ReT 

CAe11aTb PRA IIlHTepeCHWX 3aK11~4eHIIlIll: 

a/ ~3 /6/, cor11aCHO /2/, HeMeA11eHHO c11eAyeT, 4TO OTHoweHlIle 

A S
 
R2 (x ~ O) = ( TA (a) da = 1 + ~A > 1 •
 

O 

6/ Halll11Y4wllle no T04HOCTIIl /c~cTeMaTIIl4ecKolll 11I cTaTlIlcTIIl4ecKo~/ 

1Il3MepeHIIlR rpynnw BCDMS / 41 nOKa3WBa~T, 4TO npeB~weHlIle R2 HaA 

eAIIlHIIl~elll B 0611acTIIl Ma11blX x HeBe11lllKO 11I cOCTaB11ReT ~ Fe ::: 5% /A11R 
RApa ~e11e3a/, T.e. nplllMepHO TY ~e Be111ll4I1lHY, 4TO 11I nOTepR IIlM
nY11bca Ba11eHTHWM HYK110HOM SFe .3TO 03Ha4aeT He6011bwoe 411lC110 
4aCTIIl~ HeHYK110HHOIll KOMnOHeHTbl (~~A o A) ;a c11eAOBaTe11bHO, 4T06bl 
06eCne411lTb nRTlIlnpo~eHTHY~ nepeKa4KY 3Heprllllll, 3TIIl 4aCTIIl~~ A011~

Hbl 6blTb AOCTaT04HO TR~e11blMIIl /p-Me30Hbl, NN -riapu 11I1111I nlllOHbl, Aa
11eKlIle OT MaccoBolll nOBepxHocTIIl/. C11eAoBaTe11bHo, HapRAY c MopeM 
B HYK110Hax RApa He06xOAIIlMO, XOTR 11I Ma110e (""~A ) • HO AOCTaT04HO 
xecrkoe Ilx01111eKTIIlBHoe Mope" KBa pK-a HTIIlKBaPKÓBblX na p • 

,lJ.elllcTBIIlTe11bHO, IIlCn011b3YR COOTHoweHIIlR /1/ 11I /2/, HeTpYAHO 

n011Y411lTb A11R MOpR RApa 

~ A NS x A S NS x /9/0A(X)=kA-VA=( TA (a)ON(-)da+((TA-TA )~N(-)da, 
a a 

rAe nepsoe C11araeMoe onpeAe11ReT Mope B HYK110Hax 11I AocTaT04Ho 
6blCTPO nanae r c x, aropoe ~e - K01111eKTIIlBHoe ~eCTKoe Mope, no

CK011bKY 

_ S NS S NS .... 
a ' = <a(TA -TA ) > I«TA -TA ) > = SAI ~A -,1. /10/ 

O 

,lJ.11R nlllOHOB Ha MaccoBolll nOBepxHocTIIl 3Ta Be11lll411lHa COCTaB11ReT 
fi

1T
/MN -1 /7 . BOT n04eMY nepexa-nca IIlMnY11bca B n~OHbl 1121 He AaeT 

AocTaT04HO YAoB11eTBoplllTe11bHoro onlllcaHIIlR OTHoweHIIlR s 0611acTIIl 
He6011bwlllX X - C11IllWKOM MHoro nlllOHoB HY~HO A11R Toro, 4T06w 06ec

ne411lTb 5% nepeKa4KY IIlMnY11bca. 
B/ T04Ka nepeceveuaa Xo " rne R2 ( xO ) = 1, 

o r copra RApa 11I Xo 7:. 0,3. 
,lJ.elllcTBIIlTe11bHo, eC111ll 11erKIIlX 4aCTIIl~ HeT 11I 

ayer /BeAY~1Il1ll TBIIlCT/, TO npu Ma11blX a T1(a) 

n04TIIl He 3aBIIlCIIlT 

3KpaHIIlpOSKa OTCYTCT
AÔ11~Ha 6blTb AOCTa
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nOTepR ~Mnynbca BaneHTH~M~ KBapKaM~ ~MHK TaKaR ~e, KaK
T04HO rnaAKO~ $YHK~~e~. ~cnonb3YR ABa nepBblX 4neHa pa3no~eH~~ 

~ B cpeAHeM no RAPY /')MlK = /')A ' nOCKonbKY ~3MeHReTCR CTpYKTypa
/5/, HeTPYAHO Ha~T~ 

Ka~Aoro HYKnOHa, B Te BpeMR KaK nepeKa4Ka ~Mnynbca B MHorOKBap
x x KOBO~ $nYKTya~~~ Aon~Ha 6blTb cyutec r eeauo õonsuie ,xo O S O S -1 

3 --- == [ 1 - r (l T ( a ) d (l I (r T ( a) d (l - /".. A) ] , 111 I 
/')6q> /')A·	 11211 - xo O	 O 

a ~cnonb3YR rnaAKOCTb T ~ (l N, Ha~AeM, 4TO Bblpa~eH~e B npaaoã 
4aCT~ np~6n~3~TenbHO paBHO (1-x ( N+2) I(N+l»-1 , r ;e .o
(N-+oo) 1/3>x> 0,28 (N==O) ~ He 3aB~C~T OT Ben~4~Hbl T»/"... 
3TOT $aKT AOCTaT04HO XopOWO nOATBep~AaeTcR 3Kcnep~MeHTanbHo. 

06paT~McR Tenepb K MOAenRM. Pa3H~e MOAen~, no cy~ecTBY, 
3TO pa3H~e cnoc06~ nepeKa4K~ ~Mnynbca. OAHaKo He Bce ~3 H~X, 

c Hawe~ T04K~ 3peH~R, Ka~YTCR YAoBneTBop~TenbH~M~. M~ y~e yno
M~Han~ o MOAenRX peCKe~n~Hra 19/, r ne HeKOTopaR nona .~Mnynbca 
nepeKa4~BaeTCR B rn~OHHY~ KOMnOHeHTY. Ho rnaBH~~ HeAOCTaTO~ 

~X B TOM, 4TO KaK rn~OHHoe, TaK ~ KBapK-aHT~KBapKOBoe Mope
 
HYKnOHa OCTa~TCH AOCTaT04HQ MRrK~M~, 4TO AaeT cn~wKOM 60nbwy~
 

Ben~4~HY R2 ( x ~ O) IXOTR 4aCTO aa r opu OTKa3bIBa~T caoesi MOAen~
 

B np~MeH~MOCT~ B 06naCT~ ManblX x I. TaK~M ~e HeAOCTaTKOM, KaK
 
y~e rOBop~nOCb B~we, CTpaAa~T ~ MOAen~/121 c nepeKa4KO~ ~Mnynb

ca B n~OH~, 6n~jK~e K MaccqBo~ nOBepXHOCT~. OCTanbH~e MOAen~
 

r oyõo MO~HO paanenur s Ha r p« ka re r opua':
 
ai MOAen~ c nepeKa4Ko~ ~Mnynbca B MaCC~BHY~ Me30HHY~ KOMno

HeHTy / 1311p , w, BHeMaCCOB~e n~oH~1 ~n~ ~e B HYKnoH-aHT~HYKnoH
H~e/81 nap~. hO-B~A~MOMY, 3Ta KOMnOHeHTa CBR3aHa c KOpOM RAep
H~X	 c~n, npoRBnR~~~McR Ha Man~x Me~HYKnoHH~x paccToRH~RX. OA
HaKO TPYAHO o~~AaTb, 4TO HYKnoHbl, c6n~3~Bw~Cb Ha CTonb Manoe 
paccToR~~e I ~O,5 $M/, coxpaHRT CBO~ ~HA~B~AyanbHocTb ~ KBap
KOBY~ CTpYKTYPY ~ He npeapaTRTcR B MHoroKBapKoB~e COCTORH~R. 

61 nepeKa4Ka BHYTP~ Ka~Aoro HYKnoHa/14~ T.e. ~3MeHeH~e ero 
KBapKoBo~ CTpYKTYP~ 3a C4eT Bn~RH~R BHYTp~RAepHoro nonR. C~

Aa ~e MO~HO OTHeCT~ ~ npeBpa~eH~e 4aCT~ HYKnOHOB B /')-~306a
pbl 115/. OAHaKO Mbl He B~A~M" KaK~M cnocoõox 3AeCb MO~HO õsrno 6bl 
nonY4~Tb ~eCTKoe Mope. 

BI nepeKa4Ka BHYT p~ MHorOKBa pKOBblX $nYKTya ~~~ 1161. n p~ 3TOM 
nOA MHorOKBapKOBO~ $nYKTya~~e~ nOH~MaeTCR KaK CBR3aHHoe COCTOR
H~e, TaK ~ COCTORH~e ABYX ~n~ 60nee HYKnoHoB, KBaRK~ KOTOp~X 

~cnbITan~ B3a~MOAe~CTB~e, KaK, Hanp~Mep, B paõor e 110/, ~n~ Y4~
T~BaeTCR 06MeHHoe B3a~MOAe~cTB~e KBapKoB B KOHe4HOM COCTORH~~, 

KaK, Hanp~Mep, paccMoTpeHHoe B pa60Te 117/. TaKoe B3a~MOAe~CT
B~e	 He~36e~HO AnR COCTaBH~X HYKnOHOB. OAHaKO 3aAa4a B~4~cne
H~R	 KBa~KOBO~ CTPYKTYPbl TaK~X COCTORH~~ Ka~eTCR crons ~e cno~

Ha,	 KaK ~ B~4~cneH~e KBapKOBO~ CTPYKTYP~ RApa. 
He06xoA~MO nOA4epKHYTb Ba~Hoe OTn~4~e MHorOKBapKOBoro CO

CTORH~R OT ManOHYKnOHHO~ KoppenR~~~/181 IMHK/. AnR nocneAHe~ 

J
 
TaK, ecn~ C4~TaTb, 4TO nepeKa4K~ B HYKnOHax He npo~cxOA~T, TO
 
/')A == P/')6q' r ne P - BepORTHOCTb epnYKTya~~~. B CY~HOCT~, COOTHO

weH~e /121 MO~HO paCCMaTp~BaTb KaK onpeAeneH~e MHàroKBapKoBo~
 

$nYKTya ~~~. 3Aec b, B 4aCTHOCT~, B03MO~Ha CTaT~CT~4eCKaR peanu

1161 1. 3a~~R ~eCTKoro MOpR ICM~ KOHApaT~K 

JlaHHble no CTPYKTYPHblM $YHK~~flM, B~A~MO, He 'n03BonR~T YB~'

AeTb pa3n~4~~ Me~AY 3T~M~ TpeMR copTaM~ MOAe~e~, ~ He06xOA~Mbl 

nO~CK~ HOB~X ~CT04H~KOB ~H$OpMa~~~. OA~H ~3 TaK~X ~CT04H~KOB 
~3Y4eH~e nonY~HKn~3~BHbIX r rtyõokoueynpyr ax npoueccoa , f A -+ f'hX 
c per~CTpa~~e~ aApOHa B KOHe4HOM COCTORH~~. Qc06eHHO ~HTepeCHO, 

Ha Haw ~3rnRA, ~3Y4eH~e a~xOAa à-pe30HaHCOB, a TaK~e K- ~ ~ 
KaK 4aCT~~, Hecy.~~x ~H$OpMa~~~ O KonneKT~BHOM Mope. ~Me~~~eCR 

AaHH~e rpynn~ EMC/191 rbBopRT O nOB~weHHOM B~xOAe aHT~npOTOHOB 
~3 Ae~Tep~R no cpaBHeH~~ c BOAOPOAOM. OHO Morno 6~ rOBop~Tb 

B norrs ay noasuueaaoro cOAep~aH~R B RApax NN-nap 18/, XOTR npeau
weH~e CTonb 3Ha4~TenbHo, 4TO B~rnRA~T HenpaBAonoA06H~M: B 06
naCT~ Man~x x ~ 0,025 OHO COCTaBnReT 100%! Ecn~ 3TO He ow~6Ka, 

TO HOBoe OTKp~T~e! 

aHT~npOTOHOB, KaK 
He B nonb3Y TaKoro 

3. KYMYnRT~BHWE 

Bnp04eM, AaHH~e no KYMynRT~BHOMY pO~AeH~~ 

M~ YB~A~M H~~e, nO-B~A~MOMY, rOBopRT 
06bRCHeH~R EMC-3$$eKTa.
 

npOUECCW
 

a~yr~M ~CT04H~KOM ~H$OpMa~~~ MorYT cnY~~Tb KYMynRT~BH~e npo
~ecc~, T04Hee, npo~ecc~ pO~AeH~R K--Me30HOB ~ aHT~HYKnOHOB 

Ha RApax B 06naCT~ x> 1, nOCKonbKY, KaK y~e rOBop~nocb, cne
~~~~KO~ RApa RBnReTCR~~eCTKoe Mope aHT~KBapKOB l$opManbHo ~X 
MO~HO npencraaar s KaK aaneur aue aHT~KBapK~ B MOpCK~X aHT~HYKno

Hax/. 
npe~Ae Bcero, OAHaKO, B03H~KaeT 3aKOHOMepH~~ Bonpoc: B Ka

KO~ c r eneuu ceveuue pO~AeH~R KYMynRT~BHbIX 4aCT~~ onpenenaer ca 
KBapKOBbIM~ CTPYKT.YPHbIM~ $YHK~~RM~ RApa FA(x)? BeAb noxa He CY
~ecTByeT AOCTaT04HO HaAe~H~X AaHH~X no rny60KoHeynpyrOMY pac

~	 ceRH~~ nenTOHOB B 06naCT~ x > 1, XOTR ~ ~Me~TCR YKa3aH~R Ha no
A06~e cnekr pos KYMynRT~BHbIX Me30HoB ~ CTPYKTYPHO~ et>YHKU.~~ F2 
B 3TO~ 06naCT~ 1201. Ce~4ac c yuiec r ayer ABe T04K~ 3peH~R 12/ Ha~,	 RBneH~e KYMynRT~BHoro pO~AeH~f1. 3TO IlropR4~ell MOAen~, B KOTO
p~x TR~enoe 06pa30BaH~e B RApe, He06xOA~Moe AnR pO~AeH~R KYMY
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n~T~BHO~ 4aCT~~bl, C03AaeTC~ HaneTa~~~M aAPOHOM 3a C4eT ~BneH~~ 

T~na r~APOA~HaM~4eCKarO CmaT~~ M 06pa30BaH~~ TRmenOrO $a~ep60na 

~n~ MHOrOKpaTHOrO paccenaaa ; ~ "xononuue" MOAen~, rAe r axoe 06
pa30BaH~e cy~ecTByeT B xonOAHOM ~Ape 3a C4eT $nYKTya~~~ nnOT
HOCT~/21/ ~ 06pa30BaH~~ MHorOKBapKOB~X COCTO~H~~ ~n~ 60nbworo 
$epM~-~Mnynbca HYKnOHa ~3-3a MHorOHYKnOHH~X Koppen~~~~) T.e. 
$aKT~4ecK~ 3a C4eT oc06eHHocT~ CTPYKTYPHO~ $YHK~~~ ~Apa /a ~oc '. 
nenaee apexs , KameTc~, "õeper aepx" ~MeHHO 3Ta aropaa T04Ka .~ 
3p~H~~/. 06ut~M CBO~CTBOM xononaux MOAene~ aanaer ca He3aB~C~
MOCTb $parMeHTa~~~ napTOHa ~Apa OT copTa ~Apa. 3TO n03Bbn~eT ! 
3an~caTb ce4eH~e npo~ecca B B~Ae/22/ 

~ ~~ ='PA~h (x,y,p
t

) =!A 

FA(a) fh ( ~ .s . PT) _~a /13/ 

rne X = -u/s, y = -tis, a $YHK~~R fh 3aB~C~T OT KOHKpeTHO~ MO
Aen~, HO He 3aB~C~T OT A, T. e. OAHa ~ Ta me KaK An~ fiApa, TaK 
~ An~ cB060AHoro HYKnOHa. KOM6~H~PY~ /13/ c /1.2/, HeTpYAHO 
nonY4~Tb eCTeCTBeHHoe B~pameH~e, ~nn~cTp~PyeMoe p~c.2a; 

A A~
 

'P (x, P ) = J N (a) p ( ..!.,p ) da + I N (a) P-;o. ( .x,PT) da, /14a/
 
A~h T x A N~h a T x A .['j~h a 

rAe BaeAeH~ 0603Ha4eH~~ 

1 S NS ~ 1 S NS /146/), N = -- ( TA - TA)NA="2(TA+TA 2 

nepBoê ~3 H~X, B c~ny ManOCT~ 3$$eKTa EMC, T.e. 6n~30cT~ T
S 

TNS ~ , MomHO np~6n~meHHo /AO ~ 10%/ C4~TaTb pacnpeAeneH~eM HY
KnOHOB B ~Ape no Aon~M ~Mnynbca. B 3TOM cnY4ae An~ KYMyn~T~B

HblX ~ CTp~nn~HrOBbIX HYKnOHoa H~06xOA~MO' A06aB~Tb -rneu , nponop
~~oHanbHbl~ NA(x) • Y4~TbIBa~~~~ A~cco~~a~~~ j=lApa' /~~c"2/. 60nee 
Toro, ~MeHHO OH OKa3bIBaeTC~ OCHOBHblM npa P

T 
~ O 23/. TaK~M 06

pa30M, napaMeTp~3Y~ $OPMY cneKTpa CTp~nn~Hroa~x ~ KYMyn~T~BH~X 

A ·A 

x 
.~ 

'\ 

! 

a) b) I 
PHc.2. 

8 

npOTOHOB /c HOpM~pOBKaM~ 

<NA> = 1 + ~ A/ 2 , <a NA>Ki80 Oubna = 1 - ôA / 2 / ~ ~cnonb3Y~ /14/K
8.9 GeV/c c 3Kcnep~MeHTanbH~M ce4eH~

eM An~ 'PN~17 ' Mbl nonY4~M 
~ Pb60 ce4eH~e pomAeH~~ KYMyn~T~B

H~X n~OHOB /STopoe cnarae
Moe, eCTeCTBeHHO, AaeT Ma

~ AI 

pp 
ny~ nonpaBKY/. 3Ta nporpaM

40 Ma An~ ~Apa Ae~Tep~~ 

/C ~enb~ YMeHbW~Tb Bn~~H~e
 

BTOp~4H~X ~AepH~X 3$$eKTOB/
 
20
 6blna eunonaeua B paõore /22/ 

, ! I ~ nOKa3ana npeKpaCHoe corna
c~e c 3Kcnep~MeHTOM. Hennoo:~ ~ 
xoe cornac~e nony~eHo ~ An~ 

OTHoweH~~ BblXOAOB K+ /17+ 
~~ 
2 3 x 

3TO nOATBepmAaeT He3aB~C~
PHc.3. MOCTb npo~ecca $parMeHTa~~~ 

OT copTa ~Apa /no Kpa~He~ 

Mepe An~ nerK~X ~Aep/, nema~y~ B OCHOBe /14/, ~ 03Ha4aeT, 4TO 
"aaneuruue" KYMyn~T~BHble MeTOAbl HeCYT TY me ~H4>opMa~~~ o «aap
KOBO~ CTpYKType RApa, 4TO ~ KYMyn~T~BH~e HYKnOH~/24/. OAHaKO 
oc06eHHOCT~ KBapKOBO~ CTpYKTYP~ ~Apa 3AeCb CKp~T~. 

~HTepnpeTa~~~ me N B /14/ cy~ecTBeHHO 3aB~C~T OT MOAen~ ne
peKa4K~, a nOCKonbKY BTopoe cnaraeMoe B /14a/ AOM~H~PyeT An~ 

"MOPCK~X" KYMyn~T~BHbIX 4aCT~~ /Hanp~Mep, K-, p/, TO OH~ aece 
Ma 4YBCTB~TenbH~ K cne~~$~Ke KBapKOBO~ CTPYKTYP~ ~Apa. 

An~ OTHoweH~~ BblXOAOB K+ /K -
,Hanp~Mep, B 06naCT~ x 2: 1, ~Me

eM 

A x 
[ NA (a) 'P +( -) da 

K+ ~ x N~K a 
f=------ /15/

K- A 
~ x


[ NA (a) p +(-) da
 
x N~K a
 

r,qe np~6n~meHHo C4~TanOCb 'P~ _ "" o +. 3Kcnep~MeHTanbHo ~3
N-+K N-+K 

BecTHo/25/, 4TO Ben~4~Ha r An~ ~Aep AI ~r Pb B npeneriax OW~60K 
nOCTO~HHa B oõnacru 1 < x < 2, 3 /p~c. 3/. 3TO 03Ha4aeT, 4TO 
$YHK~~H N ~ N nOA06Hbl npyr npyry ~ OT n~4a~TC~ m1tJJ~ K03$$~~~eH
TOM. ~3-3a pa3Il~4~~ B HOpM~pOBKax 3T~X $YHK~~~ «N > = I1A/2 • 
.<aN>=OA/2:::!iN2)MomHO om~'AaTb', 4TO AnR MexaH~3MOB a/ ~ 6/ 
r ~ 2 (1 + ~A/2) / DoA, ~cnonb30BaH~e peayns ra r oa 06pa60TK~ AaHHblx 
SLAC /2B/ An~ EMC-3$$ekTa AaeT /8/ f AI ~ 65, / !iAI ~ 0,036/, :::f p b 
~ 45, / Do P b ~ 0,058/, 4TO RBHO asuue . axcnepaaeur ankaor-o 3Ha4eH~n 
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I pac • 3/, oco6eHHO Anfl anlOMII1HII1f1 Ir1~n ::. 101. Ecria >Ke nepexau m1TEPATYPA 
Ka	 npoll1CXOAII1T B MHoroKBapKoB~x COCTOflHII1f1X, onpeAenfllOTKOTop~e 

Ce4eHII1f1 pO>KAeHII1f1 KYMynflTII1BH~X KaOHOB B 3TO~ o6nacTII1 x, TO 1I13-3a
 
Manoro npo~eHTa TaKII1X COCTOflHII1~, PA ' nepeKa4Ka B Ka>KAOM 1113 HII1X
 
~6q = ~A IPA AOn>KHa 6blTb r opaano õonsuie , 4eM B cpeAHeM no f1APY,
 

l-1 r::2(1+~6q/2)/66q' 3KCnepll1MeHTanbHoe 3Ha4eHII1e rA1 COOT ~ 

BeTcTByeT ~6q = 0,22 111 PA = 16%. 3TO MO>KHO pacc-rarpaaar s KaK
 
YKa3aHIrle B nonb3Y MHorOKBapKOBoro MexaHH3Ma KaK KYMynflTII1BH~X
 

flBneHII1~, TaK 111 EMC-3<t><t>eKTa. 06paTII1MCfI r eneps K KYMynflTII1BHblM
 
aHTlI1npOTOHaM. ECTecTBeHHo, OHII1 4YBCTBII1TenbH~ K MeXaHII13MY nepe
 J 
Ka4KII1 II1Mnynbca B NN-napbl. Llnfl OTHOWeHII1f1 BblXOAa npOTOHOB 111 aHTII1

npOTOHOB nOA yrnoM 90° B CII1CTeMe nOKOfl flApa TaKme cnpaBeAnll1BO
 
Bblpa>KeHlI1e runa 1151, xor opoe nae r Benll141-1HY noparnca 2 I ~~::1 0+2 •
 

3KCnepll1MeHTanbHafl me rpaHII1~a OTHOWeHII1f1/ 25 / P/P> 104 , 4TO, no

BII1AII1MOMY, II1CKnlO4aeT 3TOT MeXaHII13M. C AeYro~ CTOpOHbl, ecnll1 He

ynaxoaaauor-o AOnOnHII1TenbHOro MOpfl B N, N - napax HeT, 111 aHTlI1npO

TbH~ flBnfllOTCfI <t>parMeHTaMII1 aHTII1KBapKOB IKBK 111 K-I, TO OTHOWeHlI1e
 
B~XOAOB P/K- AOn>KHO COCTaBnflTb =0,3 InoAaBneHlI1e Ha nopflAoK
 
1I13-3a 3aTpYAHeHHOCTII1 <t>parMeHTa~lI1J,1 q ~ N, 111 B03paCTaHII1e aa C4eT
 
MeHbwero nonepe4Horo II1Mnynbca P npll1 nOCTOflHHOM xl, 4TO 6nll13KO
 
K 3KCnep1l1MeHTanbHO~ rpaHII1~e P/K- <1. 3TO 3aKnlO4eHlI1e, OAHaKO,
 
npOTII1BOpe4111T B~BOAaM, nonY4eHH~M 1113 AaHH~X EMC/ 19 / . n03TOMY
 
Heo6xOAII1MO 60nee aKKypaTHoe II1ccneAOBaHlI1e B~xoAa aHTlI1npOTOHOB.
 

Heo6xOAII1MO TaK>Ke OTMeTII1Tb, 4TO YKa3aHH~e AaHH~e OTHOClI1nll1Cb
 
K CpeAHII1M 111 TfI>Ken~M flApaM, rAe MorYT 6~Tb cy~ecTBeHHW BTOpIl14

Hble 3<t><t>eKTbl nepepacceauaa . 06 3TOM CBII1AeTenbcTByeT KaK noau

weHHafl A-3aBII1CII1MOCTb BblXOAOB K+ 111 P (~A 1,3 ) , TaK 111 B 4-5 pas
 
õonbw~e OTKnOHeHlI1e OT eAII1HII1~bi OTHOWeHII1f1 PA-+ TT I Po-. 17 B 06naCTII1
 
x = 0,6, no cpaBHeHlI110 c I F2D • no 3TO~ npll14111He 6~no 6bl aec a
F2A 
Ma	 >KenaTenbHO II1MeTb xopowll1e AaHH~e no B~XOAY K±1I1 P Ha Ae~Te
pll1l11.
 

B 3aKnlO4eHII1e e~e pa3 nOA4epKHeM OCHoBH~e B~BOA~:
 

ai np1l14111HO~ EMC-3<t><t>eKTa flBnReTCA nepeKa4Ka BaneHTH~X KBap

KOB flApa B KOnneKTII1BHOe Mope KBapK-aHTII1KBapKOB~x nap.
 

GI ManaR Benll14111Ha npeBwweHHR OTHOWeHI-1R CTPYKTypHWX <t>YHK~II1~
 

HaA eAII1HII1~e~ B oõriacr a x :: O yxaauaaer ua meCTKoCTb a ror-o MOpfl
 
IIrlnll1	 Ha 6onbwylO (-M N) Maccy 4aCTII1~ HeHYKnoHHo~ KOMnOHeHTW B RA

. I 
pe.	 • 

•BI MHorll1e 1113 nonynflpHwx MOAene~ OKa3~BaIOTCfI n03TOMY HeYAOB I 

neTBOpll1TenbHblMII1. ! 

ri B~XOA KYMynflTII1BHWX K~Me30HoB cBII1AeTenbcTByeT B nonb3Y 
MHoroKBapKoBoro MeXaHII13Ma EMC-3$$eKTa. 

AI Kpa~He II1HTepecHo 1I13Y4eHIrle BwxoAOB aHTlI1npOTOHOB 1113 flAep. J. 
1 
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E<ppeMoB A.B. P2-87-762
 
5Ip;epHble CTPYKTypHble <PYHKU;HH
 
H KYMYJUITHBHble npoueccu
 

. ITpep;cTaBneHa TOqKa 3peHHH aBTopa Ha KBapKoByro CTpYKTYPY
 
Hp;pa. C 3TO~ TOqKH 3peHHH paCCMoTpeHW pa3nHqHWe Mop;enH,
 
npeTeHp;yro~He Ha oGbHcHeHHe EMC-3<p<peKTa. IToKa3aHo TaK~e,
 

QTO KYMynHTHl3Hble npouec csr nporras aro'r nonorma-rem.asrã CBeT
 
Ha npHpoP;Y 3Toro 3<p<peKTa H CBHp;eTenbCTByroT B nonb3Y HanH

QHH B Hp;pax MHoroKBapKoBWX COCTOHHH~.
 

PaGoTa BblnonHeHa B flaGopaToPHH TeOpeTHqeCKO~ <PH3HKH 
OH~H. 

TIpênpHHT Ü61>eJJ.HHeHHOrO aacraryra HJJ.epHhIX HCCJIeJJ.OBaHHH. .uy6Ha 1987 

ITepeBop; aBTopa 

Efremov A.V. P2-87-762 
Nucl~ar'Structure Functions 
and Cumulative Processes 

The author's point of view on nuclear quark structure 
is presented. Different models for explaining the EMC ef
fect are reviewed. It is also shown that cumulative pro
duction da~a can be used to improve our understanding of 
the EMC effect and to give evidence for it~ multiquark na
ture. 

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