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1. Pacnpe,QeneH~e 3neKTp~4eCKoro 3ap~Aa - cy~ecTBeHHa~ xapaK
Tep~CT~Ka HYKnOHa, Henocpe,QcTBeHHo oTpa~a~~a~ oco6eHHocT~ ero 
CTpoeH~~. Heo6xo,Q~MOCTb paCCMaTp~BaTb HyKnoH KaK cnO~HY~ C~CTe~ 

MY 6bJna OC03HaHa ,QaBHO ICM., Hanp~Mep,!l,2/ I. Ce~4ac, õnaronepa 
TOMY, 4TO Ha OCHose KXA Anfl on~caH~~ HYKnOHOB pa3B~Ta MOAenb 
MewKoB/3/,~ccn~AoBaH~e pacnpeAeneH~~ 3neKTp~4ecKoro 3apRAa HYK
noua IKaK ~ ~HbIX ero cBo~cTBI noaoõoeraer snonue onpenenenuuü 
$~3~4ecK~~ CMblcn. Tenep s RCHO, n04eMY HYKnOH oõnanaer CBO~CT

BaM~ He T04e4Ho~ 4acT~4w, a cno~Ho~ COCTaBHO~ C~CTeMW KOHe4Horo 
JI~I 
I pasxep a , Henocpenc r aeuaaa OTpa)!(eH~eM cnoxuoro c rpoeuan HYKI10Ha, 

pacnpeAeneH~~ 3neKTp~4eCKoro 3ap~Aa B HeM cnY)!(~T ~3Mep~eMW~ Ha,i 
onWTe cpeAH~~ KBaApaT~4HW~ 3apRAo8W~ paA~YC HYKnOHa <r 2>N • OCOl 

I 6eHHO ~HTepeCHO ~ccneAoBaH~e pacnpe,qeneH~R 3neKTp~4eCKoro 3ap~Aa 
l~ " 

"i B He~TpOHe - 3neKTp~4eCK~ He~TpanbHO~ 4aCT~4e. Ben~4~Hbl <r 2>N 
~ nonY4a~TC~ ~3 onWToB no pacce~H~ID 3neKTpOHOB ~ MIDOHOB Ha npOTO

,1 Hax ~ Ae~TpOHax,3neKTpOpO)!(AeH~ID n~oHOB Ha HYKnOHax, pacce~H~ID 
.\ MeAneHH~x He~TpOHOB Ha 3neKTpOHax cnO~HWX aTOMOB-/CM!4/ I. H3 

~-~-~ o6pa6oTK~ 3T~X onWTHWX AaHHwx ~3BneKaeTCR Ben~4~Ha 

2 2 2 
<r >N =z <r In >N + <r F >N 
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COAep)!(a~aR nOM~MO <rin>N' Henocpe,qCTBeHHO OTpama~~e~ pacnpeAe-
neH~e 3ap~Aa B noKOR~eMCR HYKnOHe, TaKme $onA~-4neH <r~>N /5-7( 

o6ycnoBneHHbI~ Han~4V1eM Y HYKnOHa aHOManbHoro MarH~THoro MOMeH
Ta IlN /T. e., B KOHe4HOM C4eTe, pa3YMeeTCR,. r axxe cr poeuaea HYK
nOHa/. COOTBeTCTBeHHO Ben~4~HaM IlN. AnR nROTOHOB ~ He~TpOHOB 

~MeeM 

2	 2 2 
<r F >n = -O, 1276 $M 2, . <r y> p = O, 1861 $M .	 /21 

2
AnR npOTOHoe Ben~4~Ha <r >p /1/ nonY4aeTCR ~3 pa3n~4HWX onw-
TOB /8- 10/ COBnaAalOW.e~ B npenenax OW~60K Ic T04HOCTb~ - 3%1; 
c 3TO~ me T04HOCTb~ Ha~AeM c Y4eTOM 11/, /2/ 

__.:._.._ •."...., J 
2	 2 

<r.In > p = 0,503 $M.	 /3/ 

~ 061>e.n.~eHlJ~~Ü HHCTHTYT R,tl;epHblX HC<;,ne.n.OBllHsW Jl~6~~, 1986: 
~nR He~TpOHa <r 2 > /1/ Vl3 pa6oT/ll~13bTnVl4a~Tc~ TaK~e He3Ha

n 
I..4~Te.nbHO, XOTR ~ HeCKonbl<O õonsure , ·lQ~.' IIPo.T!?HtH-

. h iH;UH.~m, ValiC'nrãYl ) 
•	 'I auefJB&lZ HCC ,"e~OB~tm~ 1 
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<r 2> -0,1132 <t>M2/ 11/, .<r 2> -O, 1199 <pM 2 /12/ • 
fi' n jo (p r)q = __( ).p. -lpt -2 3 2 

n n 
/4/ 1S 

t 
_ • ...... x. e _ . 2-4 /10/V2 /411 l(a.v)j (pr) ~ , x- p R, j( = R (x - sín x)x<r 2> - O, 1397 <t>M 2/ 13/ 

1 ... ... ' n v = r I r 

3TO,Ha nepB~~ B3rnRA,HeBamHoe pa3n~4~e OKa3~BaeTCR AnR He~TpOHa c nonHblM cn~HOM 1/2 ~ ~30cn~HOM 1/2 ~ ~x npoeK4HRM~ To = +1/2,
Kpa~He cyurecr aeaaax , nOCKonbKY Ben~4HHa <r ~n >n' ~3Bne4eHHaR ~3 a z = ~1/2, cpenaee norte .<; > = ~, paAHYC Mewt<a R ~ 3Hepr~~-3a
onaruux AaHHblX /4/, cor'nacao /1/, /2/ nonyuae t ca paaaor'o 3HaKa: nepTblX B HeM KBapKOB p onpeAenAIOTCR ypaBHeH~AM~ 

n~6o 

2 .... 2 ==!. 1"{2 .1 C-cu + 1 + i{ ) ~ (r) 3 477f JO ( x ) j 1 ( x) ô s ' /11/.<r ~n >n = O, O144 <t>M 2/ 1/ , <r ~ In >n 0,0077 <t>M 2/ 121 . n~60 /4a/ 

13/ 
.<r ~n >n= -O, O121 <t>M 2/ /46/ F(R) = 0, Í12/ 

2B MOAen~ MeWKOB /3/ BbI4~CnReTCR ~MeHHO Ben~4~Ha <r ~n >N' KaK aro 
-2B cz <aF(r)/ar) I -.lL /13/B~AHO HenocpeACTBeHHO ~3 AanbHe~w~x paC4eTOB. r-R 417 

2
2. HHTepecYIOi!4YIO Hac BenH4~HY .<r in >N MomHO 04eH~Tb B MOAen~ /13a/F(r) "" 3(j2(rp) - j 2 ( r p )) - .E.. • ~ • <~(r)/3)j (pr). j l(pr) .KHpanbHoro MeWKa CBM/ 3/ . cor.nacao KOTOPO~ HYKnOH, a r aiose ~Hble o 1 f 3 o . 

6ap~OHbI - ~33 -pe30HaHC, penepOBCK~~ pe30HaHC ~ T.A. on~CblBaIOT

CR narpaHm~aHOM B3a~MOAe~CTBY~~X KBapKOBoro ~ Me30HHoro none~: BblnonHeH~e /12/, /13/ 06ecne4~BaeT OTCYTCTB~e TOKa 4epe3 nOBepx
HOCTb Mewt<a ~ paBeHCTBO HynlO AaBneH~A Ha ero nOBepXHOCT~. AHa

f. CBM= ~q' + ~17 + ~int • /5/ nor~4Hble /11/-/13/ ypaBHeH~A HeTpYAHO Bbln~caTb ~ AnA COCTOAH~1tI 

MeWKa-6ap~OHa c ~HWM~ cn~HaM~ H ~30~n~HaM~: ~33 ~~306aPbl, pene
pOBCKoro pe30HaHca ~ T.n. KBapKOBoe none t<BaHTyeTcA no COCTOA~q ;:: : (iqpq - B): ®v, /6/ 
H~AM /10/, ~ Ben~4~Hbl p, R, onpeAenA~He 3T~ COCTOAH~A, nony

-+ 2 ... 2 4alOTCA /BMecTe co cpeAHHM noneM ~ / ~3 /11/-/13/. OTMeT~M, 4TO 
f. 17 = - :[ ir /2 + <a

ll 
17) /2]:, /7/ R , P B CBM oTn~4aIOTcA, KOHe4Ho, OT 3Ha4eH~H AnA MIT -MeWKa, 

rAe nHOHHoro nop.~ HeT, HO OTn~4~A 3T~ HeBen~K~/3/. 
1 - i - -+ ... n~OHHoe none B /7/, /8/ cOAep~~T HapRAY co cpeAH~M KnaCC~4e~ .• =-:-qq:ô - -:qY5Tq17:Ô , h = c:;:: rn11 1, f o:s 0,66. /8/

m t, 2 'S 2f S CK~M none« <~ > ,. ~. onpeAenAeMblM COBMeCTHO c R, P ~3 /11/- /13/, 
... ... . ... ... .... .... 

xaaaroaue <t>nyt<Tya1.4~~ TT'" ~ + 11, <rr> :z O. KBaHTyeTcA n~OHHoe none 
no nnOCKHM BonHaM, H ero <t>YHK1.4~A rp~Ha3AeCb ®v= 1 BHYTP~ MeWKa ~ ® = O BHe ero, a Ô'S - nOBepXHOCT

l1aR ô -<t>YHK1.4~R. B f. int /8/ np~HRTO n~HeltlHOe npH6L1~meH~e no Me
30HHOMY nono , 6apHoHbl B CBM npeACTaenRIOT coõoü CTa1.4~OHapHble Co

<T(~a(X);;fj(Y)]> = ô f3 ~a(x-y) ~ ô _._l_r~elk(;-Y)-1w(k)lxo·YolCTORH~R CHCTeMbI ~3 Tpex KBapKOB, 3anepTblX BHYTP~ MeWKOB c pa3
a a fj (211)3 2cu (k) /14/ 

paC4eTax MeWOK np~H~MaeTCR c<t>ep~4eCK~M. CpeAHee n~OHHoe none 
n~4HbIM~ nonHblM~ cn~HaM~ ~ ~30cn~MaM~ ~ ~x npO.eK1.4HRM~. Bo acex 

2
w(k) c .ll + k • ... ... 8<17>= ~ B 3TOM COCTORH~~ onpeAen~eTCR cornaCHO /7/, / / ypaBHe-

H~AM~ 
B3a~MOAeHCTBHe f 1n t /8/ cBo6oAHoro HYKnOHa c <t>nYKTya4~AM~ nHOH

'fl Horo nonA npHBeAeT, KaK ~3BeCTHo !14-18;K H3MeHeHHIO COCTORHHR2 -+2 ... i - ... 
<- cu + 1 + k ) (p = - -: q Y5 T q : Ô. • /9/ HYKnO Ha 2f s 

...... 

H3 paBeHCTBa HynlO TOKa J.epe3 nOBepXHOCTb MeWt<a, jv = 0, ~ nasne
'P 1h Z-l"" 1 . aIN(E)HHA'Ha nOBepXHocT~,~ Til = O,onpeAenRIOTcR pa3Mepbl MeWKa ~ 3Hep \}IN N 

Z1 1 - 1---/ 115/aE E = MrH~ KBapKoB/ 3/.AnA cTa4~oHapHoro COCTORH~A c<t>ep~4ecKoro MeWt<a
HYKnoHa 'PN T. e. AnR rpex xaapxoa B COCTOAH~~ 

2 3 



3AeCb C06CTBeHHO-3HepreT~4eCKaH 4aCTb HYKnOHa 

-+ -+ -+ -+ - -+ -+ i Er
lN(E) = JdX1Jdx2fdrlN.(xl,X2,r)'I'N (Xt)'I'N (x2 ) e • /15a/ 

3. B HaweM nonxone , B CBM, pacnpeneneaue aapana B HYI<)lO....He
 
Mbl nonyuae-a, BbI4~CllHH cpenaee 3Ha4eHlfle onepa ropa aapsaa <Q>
 
B OCHOBHoM COCTOflHlt1~ MeWKa-HYK1lOHa, KOTOPbl~ onacuaaer cn COOTHO

weH~HM~ /5/-/15/:
 

q 17 q" 17 ""PN (r) PN(r) + PN(r). PN = <Qq >N PN ::: <Q17>N 

/16/ 
AA - 1 + r 1 a -(t') a+(t')

Q :::e:qy (__3 __)q:, Q ::: i:[/(t) 17 _ _ 17_tT-(t')]:e
 
q 4 2 3 17 at' at
 

t ::: t "
 
e - 3apHA npOTOHa, Qq ,Q17 - onepa r opu aapana KBapKOBoro ~ n~OH-

Horo none~. 3T~ cpeAH~e 3Ha4eH~H onepaTopOB B CTa~~OHapHOM CO

CTOHH~~ C~CTeMbl B3a~MOAe~CTBYIOLlU<1X noneü /6/-/8/ Bbl4~cnfleM
 

B npeACTaBneH~~ B3a~MOAe~CTBlt1H: 

-+ " -.... 
per) "= <'I'N! T(QS)I 'l'N> "" <'I'NIA! 'l'N> ::: <'I'NIAI 'PN> Zt' /17/ 

rAe cpeAHee 6epeTcH no COCTOflHlt11O HeB3a~MoAe~cTBYIO~lt1X nOlle~ /6/,
 
/7/, lt1 S - Ma~plt1~a onpeAenHeTCH f int /8/:
 

S ::: T· exp[i J fin·t(x)dx]. /18/ 

B /17/ A - Henp~BoAlflMafl BepW~HHaH 4aCTb, COOTBeTCTBYIO~aH one
paTOPY O. Mw nplt1H~MaeM Aallee, 4TO np~ BW4lt1CneH~~ l(E) /15a/ 
lt1 cpeAHlt1X /16/, /17/ MO*HO orpaH~4lt1TbCH B S-MaTplt1~e /18/ BTO
PWM nplt16nlt1*eHlt1eM no /8/. nplt1 3TOM, KOHe4HO, He 06H3aTellbf int 
HO B ~YHK~lt1lt1 /15/ lt1 B BWpa~eHlt1~ /17/ C4~TaTb Mano~ Ben~4lt1HY 

al(E)/aEiE=M lt1 AellaTb B /15/, /17/ pa3ll0*eHlt1e no He~. AnH 
~nOTHOCTlt1 3apRAa nOllY4aeM Bwpa~eH~H 

ei a a I «,': --+p17 (r) = - --(-- + -_) <IT :(-17 (r,t)17 (r,t'»: x
 
N 8f 2 at at'
 

t::: t '
 

4 4 - -+-+ -+ 
X r d xt / d x2 (: q (x 1) Y5 r 17(x1) q (x 1) : ) s s ( r 1) x 

/19/ 
>N z1'(:q(x2)Y5;;(x2 ) q (X2 ) : ) ô 

S(;2)11 
x 

.J 
pq (r) <IQ (x)l> + <ITIQ (x)_l_ x

N q N q 8f 2 

4 

4 4 -+-+- s«.irX f d x1 Jd x2(: q (x 1) y 5 r 7T (x i ) q (x1): s/ r1) x 

-+ /20/ 
x (:q(x2)Y5;;(x2)q(x2):)~s(;2)H>N Z1' X = r. t , 

YcpeAHeHlt1e 3AeCb AenaeTCH no CTa~~OHapHwM COCTORHlt1f1M MeWKa
HYKnOHa c onpeAeneHHO~ npoeK~He~ ~30cn~Ha, T.e. AnH He~TpOHa 

lt1nlt1 npOTOHa, eonaoaue $YHKU.Hlt1 KOTOPblX noc rpoeuu H3 BonHOBblX 
$YHK~lfl~ KBapKOB, KaK 3TO onacaxo Bblwe. nplt1 BbI4HCneHI-1H /19/, 
/20/ He HaAO Y4HTblBaT b npoueccu , rne BKm04eH~e B3aHMoAe~cTBlt1R 
c nlt10HHbIM nonex MeHfleT COCTO.RHHe HYKnoHa AO l-1 nocne Ae~CTBlt1.R 

onepaTopa a. T.K. Bce 3TH npo~eccw y~e Y4TeHW B /19/, /20/ Ha
nH4~eM B·HHX MHO~~Tenfl z1' npoHcxoAfI~ero oT nepeHopMHpOBK~ Bon
HOBO~ $YHK~lt1~ HYKnOHa /15/. npH paC4eTax B HaweM nOAxoAe HeH3-' 
6e~HO npennonoxeuae o TOM, 4TO BO acex COCTOHHHHX CHCTeMbl aaau
MOAe~CTBYIO~lt1X none~ /6/-/8/ TpH KBapKa BcerAa CBR3aHbI B 6apHoH 
/HYKnoH, ~33-lt1306apy, H T.A./. Bo Bcex npo~eccax B3aHMOAe~CTBHe 

nOnH CO BceMH TpeMR KBapKaMH, 06pa3Y~HMlt1 6apHOH, npOHcxoA~T 

B OAHO~ T04Ke x = r. t, Torna H3 /19/" /20/ 

p17 (r) ::: - ~(L - -ª-..}J d4x Jd
4 
x T (x - x ).TQ(x -x') x 

N 4( 2 at at' 1 2 a 1 fJ 2 

x ÔS(~1)ÔS(;2)'rGÀÀ (r1.t2 , t 1  t 2 ) · (Y5 'a }NÀ (Y5 rfj}ÀN· zl' /21/ 

x = x' 

p 
Q 

( r) ::: 
N 

- -.L- J d
4 

x Jd 
4x 

I(Y5'a}NÀ Ta (x2 - x t \) ' (Y5 'a )ÀN 
4f 2 1 2 À • 

x 

x GÀÀ(r1, r. t 1-t)(QQ (x) ÀÀ GÀÀ (r,r2' t  t 2 ) z 1 + (Q q( X»NN • 
/22/ 

B /21/, /22/ B HaweM npH6nH~eHHH Bowna <PYHK~HR rpHHa MeWKa-HYK
nona B COCTORH~~ À : 

-+ -+ ~ qrÀ (x ") 'I'À ('X) i e ( t'- t)
GÀÀ (r', r, t' - t)::: J _C.!.L . e. /23/ 

27Ti EÀ + ( - iOEÀ 

B /21/, /22/ N ::: n,p o603Ha4aeT He~TpOHHble H npOTOHHble COCTOfl
HI-1R, a CYMMHpOBaHI-1e no À BKn~4aeT pa3ll~4Hble COCTORHHH 5ap~OHOB: 

HYKnOH, Ô33-H306apy H T.A., KaK c nonO~"'TenbHo~, TaK 1-1 c OTpl-1
u.aTellbHo~ 3HeprHe~ EÀ. B Hawe~ MOAenH IE À I eCTb, 04eBlt1AHO, 
npocTo Macca 6apl-10Ha. B Bblpa~eH~e /21/ AaeT BKnaA AI-1arpaMMa 
/24a/, a B /22/ - 1246/. 
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BOIlHI-1CTaA IlI-1H'I-1A anecs coor aer c r aye r nponara r opy naoua ~, cnnour
HaA - $YHK~1-11-1 rpl-1Ha MeWKa o. KpeCTI-1KOM co WTpI-1XOBaHHo~ ,IlI-1Hl-1e~ 
ofi03Ha4eH onepaTop 3apAAa. 3aWTpI-1XOBaHH~~ KPY*OK B /24B/ COOT
BeTcTByeT BepWI-1HHO~ 4aCTI-1, cOAep*a~e~ Al-1arpaMMbl /24a,6/. HaIlI-1
4~e B /21/, /22/ MHO*I-1TeIlA zl' B03H~Kwero BCIleACTBl-1e nepeHOPM~
pOBKI-1 COCTOAH~~ cBofioAHoro HYKIloHa, cooTBeTcTByeT Y4eTY BKIlaAa 
Al-1arpaMM runa /24B/ 114-1~/.aIlA c06cTBeHHo-3HepreTI-14eCKO~4aCTI-1 
I(E) B HI-13WeM no ~ 1nt .nopAAKe I-1MeeM 

~ N (E)	 == - _1_ J d1 J d x J dr ô s (~ ) ô s (~ ) x 
4! 2 1 2 1 2 

/25/ 

x (Y5 Ta )N'\ 0,\,\ (11,1 2 , ',) ~a (~1 - ~2' r)(Y Ta )ÀN •
5 

B AaIlbHe~WI-1X paC4eTaX ~~ orpaH~4l-1BaeMCA B CYMMax no npOMe*YT04
H~M COCTOAHI-1AM ,\ B /21/-/25/ /BHYTpeHHl-1e IlI-1H~1-1 Ha Al-1arpaMMax 
/24// Y4eTOM HI-13WI-1X 6ap~oHH~X COCTOAH~~ - HYKIlOHa ~ A -~30ss 
6ap~,	 ~ I-1cnoIlb3yeM AnA I-1X Macc 3KCnepl-1MeHTanbH~e 3Ha4eHI-1R. 

4. nocne HecnO*H~X BW4I-1CneH~~ npl-1XOAI-1M K OKOH4aTenbH~M B~~ 
pa*eHI-1AM: 

2V OCl
R dkk 2 2 3 48	 6 

z t 1== 1 + -- j -- i 1( k R) 1-uN( k) + - U A( k) I, (u 2 ( k) == 1 + k 2 {2 /
Ó 2 25( 2 cu (k) 

-2ub(k)	 == (E b'+ E N+ cu(k)) 

" q 16"P = (A + A - - (A A + 
n N N 25 Ll 

q 
P = (_A" + LA + 11lA: 

p N 2 N 25 Ll 

VR4
 

A"(r) =---
0Cl 

J dk1k~j

b f 2"2 o 1 

+ (E E + ({)(k»)
b- N 

A q 
A )) Z • e, 
Ll 1 

2 

-2 , 

+ M.A~+ 2!..- U:(rp) + j~(rp))e(R-r))Zl.e,
25 4" 

0Cl 

(k lr)i l(k lR)J dk2k:il(k2r)il(k2R) x 
o 

x [(cu (k l) + E b- EN)- t cu (k2 ) + E b-· EN)~(cu(kj)+Eb+EN)1(cu(k2)+Eb+E~1]x 

6 

-1 
x (cu ( k 1) + cu ( k 2) , 

I' '1 2 
4 2 2 dk.k 2 

00Aq (r)	 == -- VR 8(R-r)(jo (r p ) + j l(rp)) J -- j2(kR)u (k), 
b	 41Tf 2. . 

1 

I v = 50n 4 j 2 (p R ) j 2 (p R ) 1T - 2; 36. 
o 1Ilr 

U.I	 HHAeKC b == N, A Y Ab 1-1 u b yxaaue ae r 
COCTORHI-1A. Ha 3TI-1X $OPMYll cpaay ~eI 
nl-160 AOnOnHI-1TenbHblX HOpMI-1pOB04HWX 
nI-14H~X Al-1arpaMM /24/ I-1MeeM 

Jd;p 
n 

(r) = 0, Jd;p (r) = e. 
p 

3apAA HYKnOHa, KaK 1-1 Aon~Ho·6wTb, 

BI-1A c I-1HblMH nOnAMI-1 117.181
• 

HaBneKaeMaR ~3 onWTOB Benl-141-1Ha 
B n.l, /1/, /2/ B HaWI-1X paC4eTax 
Hl-1eM r 2 c nnOTHOCTblO PN(r)/27/ : 

Jdrp	 (r)r 2 2 
N < r in \t . 

bo	 cu ( k) 1 

/27/ 

HYKnOHHble 1-1 A -pe aoneucuue 
BI-1AHO, 4TO 6ea BBeAeHI-1A KaKI-1X

MHO*I-1Tene~ nepeA BKnaAaMI-1 paa

/28/ 

He MeHAeTCA l-1a-3a BaaI-1MOAe~CT

2 
<r 1n >N ' KaK 3TO onHcaHo 

nOllY4aeTCR npOCTO ~H~erpHpOBa

/29/ 

$opMynbl /27/ AalOT pacnpeAeneHHe 3apRAa B nOKOR~eMCR MeWKe-HYK
nOHe c ~eHTpOM B Ha4ane KoopAHHaT. B~4HcneHH~e corllaCHo /27/" 
/29/ BenH4HHbl cneAyeT, pa3YMeeTCR, KaK AIlR He~TpoHa, TaK H AnR 
npOTOHa cpaBHHBaTb c <r 2 > /1/-/4/. Mw npOBenH paC4eTW AnR

in ri
pa3nH4HblX Bal<YYMHblX Aa8neHHH B H éOOTBeTCT BYIOli.lHX HM, cornacao 
/11/-/13/, paAHYCOB R H X = i R. Cneaye r nOA4epI<HYTb, 4TO peuiao
~YIO pons npH 8bl41-1CneHHH <r} > HrpaeT 8aaHMOAe~CTBHe I<Bapl<OB 
c nl-10HHblM nonex B CBM /6/- ~/~ TaK, AnA He~TpOHa B MIT -MoAe
nu , rAe nHoHHoro noria HeT, KaK ner xo BHAeTb/ 3/ , <r 

1
2 >::l:I O. /Ho,

2	 n rt 2
KOHe4HO, <r F >n /2/ He paaeu HyIlIO/. npHMepbl Bbl41-1CneHI-1H <r in >N 
npl-1BeAeHW 8 Ta61lH~e A1lR Ben~41-1H B, B3ATWX 8 COOTBeTCTBl-11-1 C pe
3ynbTaTaMI-1 COBpeMeHHblX HCCneAOBaHI-1i:1 B KXA 119: H3 Ta6IlI-1~bl BI-1AHO, 

·4TO AnR He~TpOHa n01lY4aeTcR paaYMHoe on~caHHe onblTH~x AaHHblX 
/46/ H3 pa60Tbl/13(nono~~TenbHaR ~e BenH4HHa /4a/, KOTopaR CIle

Ha/ 11•12/.B 

~1 

AOBalla 6w HaweM I-1CCneAOBaHHH nonY4HTbCR He Mo*eT. 3TO 
RCHO ~3 pacnpeAelleH~A 3apRAa 8 HYKnOHe, npHMep I<OTOpOro npeA
c r aenen Ha p~CYHKe. nnOTHOCT b P (r) TaKOBa, 4TO r < R, AllR I<OTOn 
pux Pn (r) > O, 1-1 Te r 2: R, AIlR 1<0TOPblX P (r) < O, AalOT B T04HOCTI-1 
oAHHaKoB~~ BKnaA B I-1HTerpall /28/, BCIleACT8He 4ero OH H paBeH 11

y	 n 

HynlO. ~CHO, 4TO HHTerpan OT r 2p n( r) /29/ oTpH~aTenbH~~, T.I<. 061 
naCTb r? R AaeT OTHOCI-1TenbHO 6onbwH~ BKIlaA B Hero, 4eM B I-1HTer

!:	 paIl OT'Pn(r) /28/. XOT~ OCH080H Kal< Haw~X HccneAOBaHH~, Tal< H pa
60T /21.22/ CJlY}I(HT CBM /6/-/8/, Haw~ Bb'\..l~CIleHI-1R HeCKonbKO OTIlI-1
4aIOTC~ OT BblnOIlHeHHblX B / 2 1. 22( Ta l<, Mbl He CTPO~r-~ 3(M)eKTI-1BHbl~ ra
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"

----------

TaõnHua 

2 1;2 (BenRtIHHhI <r, > tllM) , BhrqHCneHHhIe AJlH paanaxmzx BaKYYMHbIX
in	 n.n -' I 

gaBJIeHHH B _ cr3B/tllM3 ) , cooTBeTcTBYIOIl:UiX HM COrJIaCHO 20/, 

R(tllM), x = pRo 3KCrrepHMeHTaJIhHhIe 3HalleHH1I: <r i 
2 

>1;2n n 

02 / 131 -O	 11+0 <r 2 >1;2 = O 706+002/8-101 
,	 -' , in P , -' 

B 0,1 0,2 0,4 

R 

x 

<r ~ >1;2
In n 

<r2 >1;2
in p 

------ 

0,975 

2,0 

-0,270 

0,755 

0,827 

1,99 

-0,275 

0,665 

0,687 

1,96 

-0,280 

0,575 

0,04~<:- -~ _.~ --  ---, 

P,. ~ """,,'0,1 PacrrpegeJIeHHe rrJIOTHOCTH 
\"	 s apana D HyKJIOHe rtpn B = 

0.03 \\	 = 0,1 r3B/tllM 3, R =0,975 !pM.
\ 

\ 
\ 

CrrJIOmHaH KpHBaH - rrnOTHOCTb 
P n (r) s apana B HeHTpoHe,\

0.02 mTpHXOBaHHan, - Pp (r) B rrpo-. 
TOHe. R - pagHYc MemKa

\ 
\ HYKnOHa. ITnOTHOCTh rrpHBe
\ 
\0.01 geHa B egHHHUax e/tllM 3 • ~JIH -, r < R rrJIOTHOCTh rrpoToHHoro 

3apHga pa3geJIeHa Ha 10. 

\ 

" 

-0.01 

~ I ...L. __ > l.........l ....L l I---L j
 

• 2 ~R 

M~nbTOH~aH, a AenaeM Bce paC4eT~ c f CBM /5/-/8/, ~cnonbaYR 
06~4H~e MeTOA~ Teop~~ non~, KaK y*e OTMe4anOCb, paBeHCTBa /28/ 
BblnonH~IOTc~ AnA onpeneneauoã <l>opMynaM~ /27 / nnOTHoCT~ aBTOMaT~

4eCK~, 6ea BBeAeH~A KaK~x-n~60 AononH~TenbH~X HOpM~pOB04H~X 

K03<txt>~~~eHT08. Euie paa noA4epKHeM, 4TO Bbl4~cnAeMaA B CBM ae
n~4~Ha /29/ no caMOMY MeTOAY ee nonY4eH~~ COOTBeTcTByeT nepBOMY 
cnaraeMOMY B /1/, ~ He Mo*eT BKnlO4aTb <l>onA~-4neH /2/, KaK 3TO 
npI1.H~MaeTc~ B 121,22/. CpeAH~e KBaApaT~4Hble paA~YCbl, Bbl41.1CneHHble 
B Hawei1 paõore, OTn~4aIOTC~ OT nony-reuuux B 121.221 He 04eHb CIMlbHO. 
HHO~ nony-u-nac s aaB~C~MOCTb 3T~X Ben~4~H OT R /T. e. OT B /. 
KaK B~AHO ~a r aõnauu , <r ~ > B Haw~x pacser ax npaKHI4eCKvt no-

In	 n 

8 

CTOAHHbl np~ vtaMeHeH~~ B /a C H~M ~ R, X / B paaYMHblX npeaenax: 
O, 1 r3B/<l>M 3 ::; B s 0,4 r3B/cIJM 3. Ben~4~Ha me <r i2 > MeHAeTC~ npu. n p
3TOM CYl.I.\eCTBeHHO, ~ ~a cpaBHeH~A C onWTOM /3/ Momwo OTAaTb npeA
n04TeH~e paC4eTY c B = O, 1 r3B/$M 3,.R = 1 ,cIJM, X::I P R = 2. 

CpaBH~Ba~ Bbl4~cneHHble <r ~n >N C onaroa , cneayer ~MeTb B B~AY, 
4TO Haw~ paC4eTW B CBM cOAepmaT PAA ynpO~eH~~. npeAnonaraeTcA, 
4TO MomHO B CBM orpaH~4~TbCA Y4eTOM n~Wb n~oHHo~ CTeneH~ CBO~ 

60Aw ~ He BKnlO4aTb B3a~MoAe~cTB~e c ~H~M~ MeaOHHWM~ nonAM~: p , 

líJ , ~ T.A. Mbl ~c.nonbayeM' n~He~Hoe no 11 np~6n~*eH~e CBM. 4TO 
B nYCTOTe / 3,OO/.HO,MomeT 6WTb 050CHOBaHO AnA HYKnOHOB KOHe4HO, 

n~Wb np~6n~meHHO, Bo Bcex pac4eTax Y4~TblBaIOTC~ n~Wb np04ecCbl 
c OAH~M B~pTyanbHwM n~OHOM. ~ He ACHO, B KaKO~ Mepe 060CHOBaHHO 
3TO np~6n~meHl.1e. Mbl Y4~TbIBaeM B npOMe*YT04HbIX COCTOAH~RX n~Wb 

HYKnOH ~ ~33-l.1ao6apy ~ npeHe6peraeM BKnaAOM np04eCCOB C 60nee 
B~COK~M~ pe30HaHcaM~. Hanp~Mep penepOBCK~M peaOHaHCOM. npeAno
naraeTCA, 4TO Tp~ KBapKa BcerAa, KaK B peanbHWX, TaK ~ B B~p
r yans aux COCTOAH~~X, caaaauu B 6ap~OH, ~ 11 -xesoaaoe norte Baa~MO
Ae~cTByeT CO BceM 3T~M MeWKOM-6ap~OHOM. B Haw~ ~ccneAOBaH~A C ca
Moro Ha4ana He BKnlO4eHO rnlOOHHoe none B MeWKe. Ha cpaBHeH~~ 

<r fn >N C onblTHblM~ AaHHbIM~ cnenyer , 4TO CBM AOCTaT04HO XopOWO 
on~CblBaeT pacnpeAeneH~e 3neKTp~4eCKoro aap~Aa B HYKnOHe. 60nee 
T04H~~ paC4eT B CBM 6ea nepe4~cneHH~X np~6n~meH~~ np~BeAeT, 

aoaaoxuo , K nY4weMY onacauao Ha6nlOAaeMblX Ha onure cpeAH~X KBaA
paT~4HblX paA~YCOB aapAAa. 

ABTOP 6naroAapeH ~.A.AneKcaHAPOBY, r.B.EcIJ~MOBY. A.B.EclJpe
MOBY, B.A.H~KonaeBY aa noneaH~e 06cY*AeH~~ pa60Tbl. 
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TEMATHqECKHE KATErOPHH llYBnHKAUHA 

OB~E~HHEHHOrO HHCTHTYTA ~EPHYX 

HCCJIE~OBAHHA 

HH.QeKc TeMaTMKa 

1. 3Kcnep~MeHTaflbHaA ~~3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaA ~H3HKa BWCOKHX 3HeprHH 

3. 3KCnepHMeHTanbHaA HeHTpOHHaA ~H3HKa 

4. TeopeTH4ecKaA ~H3HKa HH3KHX 3HeprHH 

5. MareMaTHKa 

6. RAepHaA cneKTpocKOnHA H paAHOXHMHA 

7. $H3HKa TA*eflWX HOHOB 

8. KpHoreHHKa 

9. YcKopHren~ 

10. AaToMaTH3a~HA o6pa6oTKH 3KcnepHMeHTanbHWX 
AaHHwx 

11. Bw4HCnHTenbHaA MaTeMaTHKa H TexH~Ka 

12. XHMHA 

13. TexHHKa ~~3H4ecKoro 3Kcnep~MeHTa 

14. HccneAoBaHHA TBePAWX Ten H *HAKOCTeH 
AAePHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHaA ~H3HKa AAePH~x peaK~HH 
npH HH3KHX 3HeprHAX 

16. ~03HMeTpHA H ~H3HKa 3a~HTW 

17. TeopHA KOHAeHCHPOBaHHOrO COCTOAHHA 

18. Hcnonb30BaHHe peaynbTaToe H MeTOAOB 
~YHAaMeHTaflbHWX ~H3H4eCKHX HCCneAOBaHHH 
8 CMe*HWX o6naCTAX HayKH H TeXHHKH 

19. 5H~H3HKa 

ByHaTHH r.r. P2-86-408 
Mccne~oaaHHe pacnpe~eneHHH 3neKTPH~ecKoro sapH~a HYKnOHa 

B MO~enH KHpaRbHOrO MemKa /CBM/ HCCnegyeTCH pacnpe~eneHHe 
nnOTHOCTH 3neKTPH~ecKoro sapHga B HYKnOHe, B~HcneHM cpe~HHe 
KBagpaTH~Hble pa~HYCbJ sapHga gnH Heil:TpoHa H npoToHa. Pesynb
TaTbl pac~eTOB COUOCTaBnHJOTCH C OUbJTHbJMH ~aHHbJMH, 

Pa6oTa BblnonHeHa B lla6opaTopHH Heil:TpOHHOH ~H3HKH OMHM. 

Coo6mei1He 061.eAHHeiDforo IDICTHtyta ~mepHblX HccnenoaaHHii . .lly6Ha 1986 

llepeao~ O.C.BHHorpagoaoH: 

Bunatian G.G. P2-86-408 
Investigation of the Electric Charge Distribution 
of the Nucleon 

In the cloudy bag model (CBM) the distribution of the 
electric charge density in the nucleon is investigated. The 
r.m.s. charge radii are calculated for the neutron and pro
ton. The results of the calculation are compared with the 
experimental data. 

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