
~" 

~.~~ 

" 

~r 
"I 

,?~ 

~rl 

'20' xon, 

Ili t. 
~r 

• J' 

lIIi/I 

), . 
'k 

, ...'~ 

" .' J,f 
'I' ",/ r.;,'" 

,{ 

; 

.. 

Pe,l1aXTOp E.'K.AKceHOBa. MIlK~T H.A. KHCeJIeBoH. 
ija6opO.B.meCTaKOBoA: 

, ~ 

; hO',I1mtcaHO 8 neq8Tl» 23. 11•87,.. ~
 

~opM'T·60x9Ql16. 04JceTHaR neqaTh. Yl&.-H3,11JJÚCTOB 1,35.,
 
:. ' THpa;K 490. 3aka3 ,:39884 '.
 

'1 H3.natenh9Kldk; ornen 06'he,l1HHeHHOrO HHcTHTyra k,l1epHblX HCCne,nOBaHHH.
 
, .uy6H8 MOCI<OBCKOAo6naCTH. .',
 

;:;, ,clf 

;I'• I 

fl 
l 

'. !: 

";'j')i 

a' 
\ 

·1 

\ 

r.r.BYH8TJlH 

HccnE~ÓBAHHE PA3MEPOB 
B ~EPHOM BEmECTBE 

COOfilll8HIR 
Ofih8AIH8HHoro 

HHCTITYTa 
RA8pHblI 

··1 CCI8ADI8HII 

AJ'OHa 
" 

P2-87·-777 

HYKnOHA 

'1987
 



\'.; 

"~o 

,6 I 
~r, 

, 
" 

!Ilr~l 

~ 
,-' 

I' 

..~ 

l", 

'~ 
.", .~ 

~l' V 

!l:f I' ít 
I,' 

I 

~\ 

,u 

" 

. " 

ilt 
II 11 

"l 
f \ 

( ~. 

~, 'J 

) 

.~l ..'I-t' ,1, '~ 

i~'~~ .1',; 

./, 

I' 'i,~.j !~"i .'i 
\1 li 

I 

." 

.fJ 

\/' 

J,'II 

., 
. í 

I 

t ...
L, 
~ 

í ':I, 

11 " I 
~,.' .. 
~. 

i· '. 
~ \1: Ti. 

~" ~ . ~.

@, ,Ó&&~AHHeHHLIjt 'HHCTHTYT 
;.." ~~ 

"~ í'. 

'ÍY·o::r---"'--·-

RAepHLIX HCCJIeAOB8HHH ny6Ha, 
'I 

l~87 
" :11 

~:;l"l.. 

~i''' 

.~'. 

I. BBEJlEHI1E 

HYK.1IOH npe,nCTaBJUHIT C060H CJlO:>KHYIO CHCTeMY, H ero CBOHCTBa B anpe 
H3MeHHIDTCH no cpaBHeHH10 co CBOHC'I'BaMH CB060,ll;HOrO HYK.1IOHa. MeHHeTCH 
paasrep HYKJlOHa, 3J1eKTpHqecKHH H MarHHTHhlH cPopM<paKTophl, MarHHTHhlH 
MOMeHT, norrapaayesrocrs, 3<PcPeKTHBHaH Macca H T.n. 06 3TOM CBH,D;eTeJlh
CTBYIOT MHOrOqHCJleHHhle naaasre, nonyseaasre B nponecce acero Pa3BHTHH 
H,nepHOH cPH3HKH. MO,neJ1h xapansaoro MelllKa CBM 111 , ycnemao orracsr
BalOII.mH crpoeaae H CBOHCTBa caoõonnoro HYKJlOHa, MO:>KeT 6hlTh npasre
aeaa B H,nepHOH <pH3HKe, H OHa naer B03MO)f(HOCTh HCCJle,nOBaTh CBOHCTBa 
HYKJlOHa, naxonameroca B anpe 12-4~ 

B TeqeHHe HecKOJIbKHX nOCJle,nHHX ner mrrepec K HCCJle,nOBaHHIO H3Me
HeHHH HYK.1IOHa B artpe no cpaBHeHIDO co CB060,ll;HhIM HYKJlOHOM 6hIJI Bhl3BaH 
06HapY:>KeHHeM H3MeHeHHH CTPYKTYPHOH <PYHKUHH HYKJIOHa B anpe - EMC
3<PcPeKTa/51 . O,nHO H3 rrpocreãmax 06'bHCHeHHH sroro 3<txPeKTa COCTOHJlO 
B TOM, qTO HMnyJIbChl KBapKOB, COCTaBJlHIOmHX HYKJIOH, YMeHhlllalOTCH 
nna HYK.1IOHa B H,nepHOM aeurecrne, H ztna sroro npennonaranocs, qTO Pa3
Mephl HYKJlOHa YBeJIHtlHBaIOTCH npasrepao aa - 20 +30% 161 . XOTH B HHhIX 
nonxonax EMC-3<P4>eKT ynaerca onacars H 6e3 3THX npennonoaceaaã 171 , 
B pane pa60T 06hlqHhle ,nJlH H,nepHOH cPH3HKH sxcnepasrearsr 6hIJIH npoaaa
JlH3HpOBaHhl c nensro norryuars CBe,neHHH 06 H3MeHeHHH pasxrepoa HYKJIOHa 
B anpe. Ilpa 3TPM asropsr pa3J1Ht1HhlX HCCJI~OBaHHH npaxonar K cyutecr
BeHH'O pa3J1Ht1HhlM 3aKJllOqeHHHM. B paõorax 81 H3 OllblTOB no xsasaynpy
rOMY pacceamoo 3neKTpOHOB na OCHOBaHHH MO,ll;eJlH <pepMH-ra3a H3BJleKa
rracs 3apR,nOB8JI IlJIQTHOCTh anpa (,lUIH 008 Pb ) H cpaBHHBaJIaCh c paccxa
TaHHOH TeopeTmecKH B pasncax MO,neJlH 19/.,113 aroro cpaBHeHHH nenanocs 
3aKJIlOlIeHHe o Heo6xo,nHMOCTH YBeJlmeHHH paswepoa npOTOHa ae MeHee 
qeM aa - 20 +30%. Ho 3'1'0'1' BhIBO,n MO,KeT 6hlTh BnOJlHe Cm?aBe,lUlHBO no
CTaBJleH non COMHeHHe 1101, TaK KaK TOqH'OCTh Mo,neJlH 197 ae BhICOK8", 
H cymeCTBYIOT aasre, õorree peanHCTH1.IecKHe pacxersr 3apH,nOBOH IlJIOTHO
CTH 11V, p;a H MO,neJIh <pepMH-ra3a MO)f(HO B JlyqllleM cnyxae HCnOJlh30BaTb 
JlHlllh ,nJIH xasecraeaaoro H3yqeHHH B3aHMo,neHCTBHH 3n.eKTpOHOB c H,npaMH. 
OnHCaHHe rnyõoxoaeyrrpyror-o ee'" -pacceaaaa c nepenaneã HMnYJlhCa 
q - 600 M3B/c na Cpe,IUlHX azrpax (Ca, Fe) rpeõyer 112/ H3MeHeHHH ~JleKTpH
secxoro <popM<paKTopa HYK.1IOHa, qTO, COrJlaCHO pa60Te / 131 , Mp:>KeT õsrn, 
CBH3aHO c YVeJIlflIeHHeM ero paasrepoa. B 1141 H3 aaanor-axasrx OnhITOB 
TaK:>Ke zrenaerca BhIBO,n O TaKOM H3MéHeHHH anexrpaxecxoro <popM<paKTopa 
HYKJlOHa, KOTOPOMY cooTBeTcTBYeT YBeJIH1.IeHHe panayca HYKJIOHa ae Me
aee qeM na - 20%. Ho H3 aHanH3a Y-cKeHJlHHra B HHKJl103HBHOM e e <paccea-

HHH na H,npax 6bIJlO n<f18f'9Jp t;J..íYm~MtijT.7r / 151 
aa' H3MeHeHHe paasre

tn~... j,.l I -, • 'a.. k .1 ~li . 1 
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pOB HYKJIOHa. B paõore 1161 6bIJl npennpaaar 06WHpHbIH aaanas onbITHbIX 
nanasrx no ynpyror-ry pacceamno 3JIeKTpOHOB na THJKeJIbIX anpax .n;JIH nOJIY
4eHHH 3apH.n;OBOrO pazrnyca nporoaa B H.n;epHOM aeniecrae. OKa3anOCb, tffO 
(B npHHHTbIX npH6JIHJKeHHHX 1161 ) HaHJIY4wee OnHCaHHe srccneparaeirrans
HO Ha6JIIO.n;aeMbIX ce4eHHH ynpyror~facceHHIDI 3JIeKTpOHoB c E:::: 500 M3B H 
nepenaxeã HMnYJIbCa q:::: 2+3 <pM aa 40 Ca H 58Ni, nOJIY4aeTCH npa 
YMeHbweHHH panayca rp npOTOHa na -10%, na 116Sn , 124Sn ,Ha060pOT, 
npa YBeJIH4eHHH r p na -10%, a na eos P b - 6~3 BCHKoro H3MeHeHHH r p . 

C TOH JKe uensto - 06HapYJKHTb H3MeHeHHe paasiepoa HYKJIOHa B xnepaoxr 
aeuiecrne - õsrrr npennpaaar B paõore 1101 aaanas ynpyroro pacceaaaa 
npOTOHOB c E :::: 1 r3B na anpax, AHanH3 npoBo.o;HJICH B par-ncax reopaa MHO
roxparaoro pacceaaaa F'nayfiepa 1171 ,B KOTOPYIO pasr-rep HYKJIOHa r N BXO
.o;HT 4epe3 aMnJIHTY.o;y NN -pacceanaa B H.o;epHOM aemecrae. Ilpa 3TOM pac
npenenenae T04e4HbIX HYKJIOHOB B anpe, axonamee B MO.o;eJIb I'nayõepa, BbI
tlliCJIHJIOCb COrJIaCHO paõore 1111 . OKa3anOCb / 10 1 ,4TO aaanymuee OI1HCaHHe 
pacceaaaa aa anpe 48 Ca nOJIY4aeTcH npa YBeJIH4eHHH r N aa - 1,5%, na 

40 Ca - 6e3 BCHKoro H3MeHeHHH rN , a,na acex HHbIX paccsrorpeansrx H,D;p~ 

( 44Ca, 42 Ca, 48 Ti , ais Pb ) - npn yvreasureaaa r N no xpaâaeá Mepe 

na - 3% HJIH HeCKOJIbKO 60JIee. 
KaK BH.o;HM, pa3JIH4Hble anropsr, no-pasnowry 06pa6aTbIBaR: pa3JIH4HbIe 

onsrrasre naaasre, nOJIY4aIOT pe3YJIbTaTbI, H3 KOTOpbIX HeJIb3H cztenars onpe
ÀeJIeHHOrO 3aKJIlO4eHHH o TOM, KaK MeHHeTCH HYKJIOH B H.o;epHOM aeutecrae 
no cpaBHeHHIO co CB060,I:UlbIM HYKJIOHOM. Ilpa 3TOM Ha,D;O OTMeTHTb, tffO an
TOpbI paCCMOTpeHHbIX asnue pa60T ae Onpe.o;eJIHIOT, KaKYIO HMeHHO BeJIH4HHY 
nOHHMalOT OHH non paar-repavra -HYKJIOHa, ero pa.o;HYCOM r N : pasr-rep R 06
JIaCTH, rne saneprsr COCTaBJIHIOI.IJ;He HYKJIOH KBapKH, cpeznmà KBa,n;paTH4HbIH 
saprmoasrã panayc aeürpoaa .<r ~ > Y! H npOTOHa .< r: >Y! , pasr-rep 06JIac
TH NN'-B3aHMo.o;eHCTBHH H 'r.n. Ho 3TH BeJIH4HHbI, HMelOmHe pa3JIH4HbIH <pH

3H4eCl<:HH CMbICJI, MorYT cyutecraeaao no-pa3HOMY H3MeIDITbCH B H.o;epHOM 
aeutecrae, H pa3JIH4HbIe paccvrorpeaasre nsnne <pH3Ht!eCKHe HBJIeHHH onpene
JIHIOTCH pa3HbIMH BeJIH4HHaMH R , .< r ~ >Y!, H T.n. 113 ananaaa pa3JIH4HbIX 
onbITOB nOJIY4aroTCH CBe.o;eHHH o pa3JIH4HbIX xapaxrepacrmcax HYKJIOHa, CBH
3aHHbIX c ero paavrepawra. Hanpnvrep, aerpynao nOHHTb, tITO H3 onbITOB no 
ynpyrowry pacceaamo 3JIeKTpOHOB MOJKHO cnenars BbIBO.o; 06 H3MeHeHHH Be
JIH4HH < r 2 >Y!, <r 2 >Y2, xapaxrepaayroumx pacnpenerreane anercrpasecxoron p . 
sapana HYKJIOHa, HO ae 06 H3MeHeHHH R aenocpencraeaao. B pane CJIY4aeB 
H3 OnbITOB H3BJIeKaIOT H3MeHeHHe ôp HMnYJIbCa KBapKoB, COCTaBJIHIOlUHX 
HYKJIOH, a 3aTeM nOJIY4alOT coornercrayrouree 3TOMY ôp H3MeHeHHe ôR , 
xoropoe npa 3TOM, pasyvreerca, cymecraeano 3aBHCHT OT TeopeTH4eCKOH-MO
.n;eJIH, HCnOJIb3yeMoH .o;JIH onacaana HYKJIOHa. 

Ih cyutecrayrouiero aaanasa onbITHbIX .o;aHHbIX HeB03MO)KH0 CoCTaBHTb 
ceánac" onpeneneaayro <pH3Hq;ecKYIO KapTHHY H3MeHeHHH, rrponcxonamax c 
HYKJIOHOM, nOMeI..I.J;eHHbIM B anepnoe BeI..I.J;eCTBO. UeJIeC006pa3Ho cnenars 3TO 
HCXO.n;R H3 coapexrenasrx reoperasecxax npencraaneaaâ o crpoeana HYKJIO
na, OCHOBaHHbIX na Mo.o;eJIH jcapansnoro MeWKa CBM 111 

2 

n.	 OIl11CAH11E HYKnOHA B H,lJ;EPHOM BEJ.IJ;ECTBE
 
COrnACHO CBM
 

CB0I1CTBa KaK caoõonaoro HYKJIOHa, TaK H Haxo.n;HI.I..(erOCH B H.o;epHOM 
aenrecrae MO)KHO HCCJIe.n;OBaTb B Mo.n;eJIH xapansaoro MelllKa CBM 111 , rne 
cymecTBeHHYIO pOJIb arpaer B3aHMo.o;eHCTBHe na nOBepXHOCTH MellIKa sanep
TbIX B HeM KBapK0l3 c nHOHHbIM nOJIeM. COrJIaCHO CBM MbI onacsraaer-r HYK
JIOH (a TaKJKe H HHbIe 6apHOHbI - 6. 33 -pe30HaHC, penepOBCIGIH pe30HaHC H 
T.n.) KaK B nYCTOTe, TaK H B H.n;epHOM aentecrae nJIOTHOCTH P JIarpaHJKHa
HOM B3aHMo.o;eMcmYlOmHX xaapxoaoro H Me30HHoro nOJIeH 

(1)~C8M ~ q + ~1T + ~ int • 

(2)~ q ==[iqa q - B]®v, 

-+ -+ 2 -+ " -+ 
~1T _;2/2 + (ap.;) /2 ;TI(p);/2 (3) 

1 ~2 " -+ -+ -+ " -+ 
- ~-+(cu2-1-k -TI(cu,k.p»; -+(t.r). TI(cu,k.O) 0, 
2	 cu, k cu, k 

1 - -+Z 
~. = - - q [ exp ( i Y5 T 1T / f)1q õ h = c rn 

1T 
= 1. f 0.66. (4)

lnt 2 _	 s 

3.n;eCb ®v = 1 BHYTPH MellIKa H Ov = O BHe ero, a ô's-nOBepXHOCTHaH ô
<PYHKI.UiH. B - BaKYYMHoe naaneaae, axonamee B CBM 111 , BeJIH4HHa KOTO
poro B nansaeãurax pacserax MeHHeTCH B npenenax, .o;onYCTHMbIX CorJIaCHO 
pe3YJIbTaTaM coaper-reansrx HCCJIe.n;oBaHHH / 181 . :tJanH4He B (3) nOJIHpH3a
UHOHHoro oneparopa nHOHa B anepaósr BeI..I.J;eCTBe Il (p ) OTJIH4aeT 3TO BbI
pascenae OT· JIarpaHJKHaHa caoõonnoro nOJIH. B CBM CBOMCTBa MeIlIKa-UYK
JIOHa B H.o;epHOM aeuiecrae MeHHIOTCH no CpaBHeHHIO c nycroroã HMeHHO 

::!
BCJIe.o;CTBHe H3MeHeHHH YpaBH~HHH naoaaoro ~OJIH 1T H3-3a HanH~H nOJIH-
pH3aI.UiH anepaoü cpensr TI (cu, t. p) . Ilpa 3TOM MbI onacsraaesr B nan
HOH paõore, KaK H B npensrnyumx 12- 41 , Me30HHoe' nOJIe B cpene, HCnOJIb
3YH BeJIH~HY TI (p ) , xaparcrepaayroutyio cpennae CBOHCTBa anepaoro ne
utecrna H naoaaoro nOJIH B HeM, rronoõao TOMY, KaK B 3JIeI<:Tpo.o;HHaMHKe 
cpenaae CBoMcTBa cpensr onacsraarorcn .o;H3JIeKTpH4ecKoH npOHHuaeMOCTblO 
H MarHHTHOM BocnpHHM4HBOCTblO. Y4eT nOJIHpH3aUHH cpensr WlH rraoanoro 
nOJIH, B3aHMo.n;eMCTBYlOmero c KBapKaMH na nOBepXHOCTH MelllKa-HYKJIOHa, 
03Ha4aeT Y4eT aapazty c .o;HarpaMMoH (4a) TaKJKe H acex naarpasoa rana 
(46), conepzcautax 4aCTH4H0-.n;bIp04HbIe, .H306ap-.o;bIp04HbIe H r.n. B036YJK
.o;eHHH B cpene c KBaHTOBbIMH llliCJIaMH nHOHa. 
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---+ IV 
17'~/ ( 4a) 

'N 
-;> ri 
Ft~ (46) 

" -+ 
Bce 3TH npO~eCChI ysrreasr B BeJIHqHHe n (W, k , p) . TIOJIHpH3aUHOHHhIH one

-+ 0 ~ 

parop 11 (W, k , p) H <!>YHKUHH I'paaa nHOHa ~ (W, k , p) B H,nepHOM 

BeI..I.J;eCTBe nO,np06HO HCCJIe.n;OBaJIHCb B paõorax /19/ . 3TH BeJIHqHHbI MO)KHO 

r nOJIyqHTb H3 qHCJIeHHbIX pacseroa COrJIaCHO 1191 H HCnOJIb30BaTb B ztans-
HeHllIeM npa BhIqHCJIeHHH pa3JIHqHbIX <!>H3HqeCKHX BeJIHqHH, KaK 3TO ztena
JIOCb, aarrpnsrep, B IIDI . B ,naHHOH paõore MbI BOCnOJIb3yeMcH npa p == ()o 

(nJIOTHOCTH 06bItIHbIX anep) , nOJIyqeHHOH aa OCHOBaHHH qHCJIeHHblX pacxe
TOB /19 I, . annpOKCHMaUHeH II (W, k, p), KaK 3TO ,neJIaJIOCb HaMH· paaee B 

pane pa60T 121, 2- 41 • TaKaR annpOKCHMauHH npa p = Po nepenaer 3aBHCH

MOCTb n OT p ,w ,k H BnOJIHe npaeranesra ,nJIH HallIHX HCCJ1e,nOBaHHH 

BJIHHHHH anepaoro BeI..I.J;eCTBa na CBOHCTBa HYKJIOHa. B ~3TOH armporccaxsauaa 
( CM. /21/ ) BbIpaJKeHHe (3) B R,nepHOM BeI..I.J;eCTBe npaaavraer BH,n: 

l... L (a (k)w 2 - Y(k) (k _ k ) 2 _ W2) ; 2 -+ (t , ~) == (3a)
!f." 2 w,k o os, k 

2
""_ 1 L (a ( k ) ( ..i.- ~ -+ (t, r» 2+ ( Y(k )( k - k o ) + W2 ) ;} (t, r) 1, 

2 k rit k k 

r,ne 

v(;)2+ 25À2 b2/4 - 5Àb/2, w 2 > o; w(p) == o; pO=1,5; c = 1,1
o o - c c 

w== { o, úJ < o; Pc=P~ +5dÀ/c; d =0,2; À =070,5o 

~ 2 2 2 2 
b = 0,6; w o = C ( PCO- P ) + 5 d À; k o = kc + K ( p - p~); K == 1,3; kc = 3; (36) 

1,6, k .s 3k O,S , k .::;: 3k o o
 
a(k) == { y(k)= 2
{1 +0,6(3k /k)2, k > 3k 1-0,2(3k /k) , k > 3k . , o o o o 

KaK BH,nHO, annpOKCHMauHH (3a) , (36) TaKOBa, tffO npa 60JIbllIHX k » k o 
cnexrp nHOHOB B H,nepHOM BeI..I.J;eCTBe 

4 

;,. 

w (k) = (êd2 + (k - ko ) ~ y ( k » '12 / V a (k ) (3B) 

npaxrasecxa coanaaaer co cnexrposr CBo6oAMbIX nHOHOB 

w(k) = (1 + k 2 ) '12 (<ü(k) -+ k, k -+ 0Cl). (3r) 

BapHOHbI B CBM npe,nCTaBJIHlOT co60H CTauHOHapHbIe COCTOHHIDI 'l'b 
CHCTeMbI H3 Tpex KBapKOB, saneprsrx BHYTPH MellIKOB c pa3JIHtlHbIMH nOJIHbl

MH cnHHaMH H H30CnHHaM~ H HX npoeKUHHMH. Bo acex pacserax nanee Mbl 

nonaraese MellIOK c<!>epHqeCKH-CHMMeTpHtIHbIM. BOJIHOBaJI <!>YHKUHH C<pePH

secxoro MellIKa-HYKJIOHa (panayca R ), T .e. OCHOBHoro COCTOHHIDI TpeX 
-+ -+ 

KBapKoB c nOJIHhIM cnHHOM a H H30CnHHOM T H HX npoeKUHHMH ao' T', 

CTPOHTCH'o6bltIHbIM 06Pa30M / V H3 <PYHKUHH KBapKOB B COCTOHHIDIX '1 S ~: 
p. 11 jo(pr) p. 

q '12 == ~ ( . (-+-+ )' (p») X li
18 ,/477 1 a n J1 r i'2 

'h-2 3 2 . 2 -4 R 
Jl == R (x - sm x) x ,x == p , j o ( z) == J .77 . Jo li (z).
 

L ' 2 Z \,+ i'Z
 

Koop,nHHaTHYIO BOJIHOBYIO <PYHKnmo sarnnuesr B aane npoaaaeneaaa KOOp

,nHHaTHbIX <PYHKUHH KBapKoB, a cnHH-H30cnHHoBYIO (cnHH-apOMaTHQecKYIO) 

qOCTpoMM H3 06hJqHbIX CIIHHOBblX. H H30Ton-cnHHOBbIX <PYHKUHH cMemalUioH· 

cHMMeTpHH/ V . .z:lJIH HHblX õapaonoa, T.e. HHblX COCTOHHHH rpex KBapKoB, 

BOJIHOBaJI <PYHKUIDI CTpoHTCH TaKHM )Ke 06Pa30M. Cpenaee nHOHHóe nOJIe 

cp = <; > B CTaIUfoHapHoM COCTOHHHH onpenenaerca COrJIaCHO (3), ( 4) 
ypaBHeHHHMH 

'j -+ -+ -+ -+ 0 -+ -+-+
 
ep(r) == - f dr 1:r (r - r 1 ) < 8 ..... int(r 1) / 8 ep ( r 1 ) > , (5)
 

r,ne 
-+-+ 

-+ -3 -+ -+ i k r
~(1) rdt~(p,r,t)= (277) fdk~(p,k,O)e 

(6)
-1 -+ 2 -+2 -+
 

~ (p,<ü, k) = <ü - k -1 - ll(p,<ü, k).
 

a. 
B nYCTOTe P == O, II = OHMeeM oõsrsaoe BbIpIDKeHHe 

-+ -r 
~(r) ==-:-e /477r, (6a) 

a B H,nepHoM aentecrae, HCnoJlb3YH armpoxcasramno (3a), (36), nonysaese 

~ 1 ::: a (k )<ü 2_ Y ( k ) (k _ k o ) 2 _ új 2 , (66) 
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-r JJ;.Ci" -+ e r
1, ( r ) = - . c (k sin( k r) + .l-: oos( k r)), r = .-L, (66)217ry o o r o C;;;2c 

H3 paBeHCTBa HYJIIO To~a xepea nOBepXHOCTb Mellll<a, ry = O, H ,l:(aBJIeHIDI aa 
ero nOBepXHOCTH, «t» /a~ = o, nOJIyqaIOTCH ypaBHéHHH /V 

<q [ esp (i y5 ~ ;/ f )] q >s = 0, (7) 

(8)
- 2B = _a_ <q[ exp ( i Y5 4> T / f)1q > 

ar S 

onpenenmourae paaxrep MellIKa R H 3HeprHH aaneprsrx B HeM KBapKOB p . 
B (5), (7), (8) cpenaee õeperca no CTaQHOHapHOMY COCTOHHHIO CHCTeMbI; 

3HaqOK s YK8.3btBaeT, qTO 3TH COOTHOllIeHIDI BbInOJIHHIOTCH na rpanaue MellI

xa. Ilonpoõaoe HCCJIe,l:(OBaHHe H pemenae CHCTeMbI ypaBHeHHH (5), (7), (8) 
B npH6JIHiKeHHH ccPepHqeCKH-CHMMeTpHqHOrO MellIKa-HYKJIOHa 6bIJIO BbInOJI

aeao HaMH paaee B paõorax /2, 3/ ,l:(JIH Pa3JIH1ffiOH nnOTHoCTH anepaoro ae

urecraa P , H snecs HeT Heo6XO,l:(HMOCTH nOBTopHTb 3TH pacsersr. MbI npHBO

,l:(HM nanee JIHllIb OCHOBHbIe pe3YJIbTaTbI, nonyuenasre B /2, 3/ ,l:(JIH. panayca 

R MellIKa-HYKJIOHa B H,l:(epHOM aenrecrae 06bIqHOH nJIOTHOCTH Po • B/3/ ace 

ypaBHeHHH peuranacs 6e3 npe,l:(nOJIOiKeHHH o MaJIOCTH ~,a B /21 MbI orpa

HHqHJIHCb JIHHeHHbIM npH6JIHiKeHHeM no ~. KaK 6bIJIO nOKa3aRO B 3THX pa

60Tax, CMHrqeHHe nHoHHoH MO,l:(bI B H,l:(epHOM aemecrae (H3-3a HaJIHlIIDI ll( p) 
B (3), (6» BbI3bIBaeT YCHJIeHHe nOJIH ;p MellIKa-HYKJIOHa, qTO B CBOIO ose

pens aener K YMeHbllIeHHIO R . BbIqHCJIeHHbIe COrJIaCHO pa60TaM /2, 8/ ae

JIH'qHHbI R ,l:(JIH cB06o,l:(HOrO HYKJIOHa H ,l:(JIH HYKJIOHa B H,l:(epHOM aeuiecrae 
06bI1ffiOH UJIOTHOCTH Po npaaenensr B Ta6JIHue. KaK BH,l:(HM, R B anepaosr 
BemecT!3e yr-reasuraerca na HeCKOJIbKO, .... 4 ~7%, npouerrroa. Hano oTMeTHTb, 

qTO npa 3TOM npOHCXO,l:(HT TaKiKe YMeHbllIeHHe H HMnYJIbCa KBapKOB P, 
npanna, xpaáae He3HaqHTeJIbHOe, acero na ~ 1+2%. Pa3YMeeTcH, npa 3TOM 

OCTaeTCH x = PR> 1, KaK Toro Tpe6YeT CooTHOllIeHHe Heonpe,l:(eJIeHHOCTH. 

KaK BH,l:(HM, eCJIH H3 KaKHX-JIH60 onbITOB (aanpasrep, /5/) H 6Y,l:(eT cne

JIaR onpeneneaasrã BbIBO,l:( 06 YMeHbllIemrn: P, 3TO YMeHbllIeHHe OTHIP,l:(b 

ae ecrs 06H3aTeJIbHOe CJIe,l:(CTBHe YBeJIHqeHIDI R. K COnOCTaBJIeHHIO OIlbIT

HbIX ,l:(aRHbIX c pacxeraraa MbI enie aepaeraca, a reneps yqTeM KBaHTOBbIe 

cPJIYKTyauHH naoanoro nOJIH, qTO n03BOJIHeT BbIqHCJIHTb cpezmae xaanparas
nsre aapazioasre panaycsr HYKJIOHOB < r ~ > B H,l:(epHOM seuiecrse. 

111. BblqHCJIEHHE-CPELJ;HErO KBA,D;PATHQHOrO 3APRLJ;OBOrO 

P ALJ;HYCA HYKJIOHA B RLJ;EPHOM BEIUECTBE 

ll\10HHOe nOJIe B (3), (4) CO,l:(epiKHT aapany co CpeAHHM KJIaCCHqeCKHM 

nOJIeM cp = <; >, orrpenenaesrsn-r COBMeCTHO c R, P H3 (5), (7), (8), 
~ "1 -+ -+ 

KBaHTOBbIe cPJIYKTyauHH: 17 = cp + 17 , <, 17 > = O. Ilporrararop naoaaoro nOJIH 

CorJIaCHO (3), (3a) , (36) 

6 

;. 

-+-+-+ -+1 I 
-+ i k ( x- y) - icu(k) x yo 

Ci" ' -3 dk e o
< T [17 (x) 17~ (y) ] > = Ô ~~ (x - y) = Ô ~(217) r 

a I-' aI-' a aI-' a(k)'ú.l(k).2 (9) 

Cnexrp nHOHOB ú.l (k) B H,l:(epHOM aemecrae H B nYCTOTe naa <popMYJIaMH 

(3B) , (3r) • LJ;JIH ,l:(aJIbHeHllIHX pacseroa Y,l:(06HO BBeCTH ente BeJIH~IDIY 

-+ -+-+-+ -+[ Ia dk ik(x-y)-iú.l(k) x-y (9a)g) (x - y) = r e o oa ,-+ 

2ú.l(k) 

KOTOpaH OTJIHqaeTCH OT (9) OTCYTCTBHeM MHOiKHTeJIH l/a ( k) non mrrerpa

JIOM. Ilpn ysere B3aHMO,l:(eHCTBHH xaaaroaoro naoaaoro nOJIH'; c xaapxa
MH MbI OrpaHHqHMCH B ~int 06bI1ffibIM B CBM JIHHeHHbIM npH6JIHiKeHHeM 

no nHoHHoMY nOJIIO: 

(;) i - -+-+ 
01.. =--: qy 17Tq: (10)q17 2 f 5 

TaKHM 06pa30M, MbI cnepaa CTpoHM MeIiIoK-HYKJIOH - CTaUHOHapHoe COCTO

HHHe CHCTeMbI rpex KBapKOB co Cpe,l:(HHM nHOHHbIM nOJIeM ~ ,H 3TY aanasy 

MbI MOiKeM peuiars T01ffiO, ae npezmonaraa MaJIOCTH ;P, a 3aTeM B3aHMO,l:(eH

CTBHe c KBaRTOBbIM nHOHHbIM nOJIeM yqHTbIBaeM KaK B03MYmeHHe (10). 
Tarcoe npH6JIHiKeHHe B CBM npHeMJIeMO ,l:(JIH BblflCHeHHH <pH3HqeCKOro Mexa

HH3Ma H3MeHeHHH, npoacxonaurax c HY:KJIOHOM B H,l:(epHOM aentecrae, H no

JIyqeHHH pa3YMHbIX <pH3Ht1eCKHX OUeHOK HHTepeCYlOmHX aac BeJIHqHH.< r ~p>~ 
B3aHMO,l:(eHCTBHe f q17 (10) HYKJIOHa c <pJIYKTyaUHHMH naoaaoro nOJIH 

npeacne acero npanener, KaK H3BeCTHO /22- 24,/ , K H3MeHeHHIO COCTOHHflH 

HYKJIOHa 

Ih -1 
\l'N =: \l'Nzl " zl = 1- ia~N(E)/aE IE=M' (11) 

3,l:(eCb c06cTBeHHo-3HepreTHqeCKaH qaCTb HYKJIOHa. 

, ..... -+ -+ -+ - -+ -+ iET
 
~ N(E ) =J d x lJ d x 2 I d T ~ N(x l' X2 ,r) \l'N(x 1) \l'N (x 2) e • (lIa)
 

HHTepeCYlOmaH aac BeJIHqHHa 

2 -+ 2 -+ 
<r N > == Jd~r PN(r), N =: n,p (12) 

onpenenaerca, OqeBH,l:(HO, pacnpenenenaexr 3JleKTpH1leCKOro aapazra HYKJIOHa 

PN( r ), xoropoe B namevr noaxone CBM, MbI nonysaexr, BbIqHCJIHH cpeziaee 

aaaseaae oneparopa sapaaa < Q > B OCHOBHOM COCTOHHHH MemKa-HYKJIOHa, 

KOTOpbIH onHCbIBaeTCH COOTHomeHHHMH (1) - (12) c yxeroxr H B3aHMO,l:(ea. 

CTBHH (10) KBapKoB,COCTaBJIHlOmHX Mell10K, c KBaHTOBbIM nHOHHbIM nOJIeM 
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q 17. q ,.. 
PN = PN + PN ' P N = <Qq >N' 

Oneparopsr sapana KBapKOBOrO 
CH rrarpaaacaaaasta 5!. q H f 17 

17 

P N = 
,.. 

.< Q 17 >N • (13) 
,.. 
Q q H naoaaoro 
(3), (3a): 

,.. 
Q17 noneá onpenenmor-

Qq = e:qy.4((1+ '3)/2 - 1/3)q:, '1} 
,.. -+ + -+ a -+ 
Q (t,r)= ie:l 2 17.-+k(t,r)- 2 17--+!t',r)a(k') - (14) 

17 k-+ cu, at " , -+, ot, kcu, cu, k 

a 2 17+ -+ (t,1)a(k) 2 17-,-+,(t',t)I: t = t' 
- atcu,k cu,k cu~k' cu,k 

e - sapan nporoaa, ,[(nH caoõonaoro rraoaaoro nona a = 1. Cpennae aaase
HHH oneparopoa sapana B CT8,QHOHapHOM COCTOHHHH CHCTeMbI B3aHMOneHCT- • 
BYIOIIJ;HX norreã (1) - (4), (10) BhIqHCnHeM B npencraaneaaa B3aHMoneHCT
BHH /22- 26/ : 

~ - '" - - 
PN(r) =.<'PNIT(QS)!'PN > = <'PNIAI'P N> (15)=<'P NIAI'PN>zl' 

rne cpenaee õeperca no COCTOHHHIO HeB3aHMoneHCTBYIOIIJ;HX noneã, a S -MaT
paua onpenenaerca ~ q17 (10) . 

S = T exp [ i ( d 4 x f q17( x)] • (16) 

B (1,..5) A - HenpHBOnHMaH aepmaaaaa sacrs, COOTBeTCTBYIOII.Ul.H orreparo
PY Q . Ilpa BhIqHcneHHH I. N (lIa) H cpenaax (13) orpaaaxasrca B S
MaTpHn;e (16) HH31l1HM (BTOphIM) nOpHnKOM no ~ q17 (10). Ilpa 3TOM, KO
aesao, ae oõasarensao B <PYHKUHH (11) H BhIp~eHHH (15) ClIHTaTb ManoH 
BenHlIHHY aI, N (E )/ aE I E = M H zrerrars B (11), (15) paanosceaae no 

HeH.,[(nH nnOTHOCTH sapana nonysaesr BhIp~eHHH 

17 -+ ei ,.. 4 
P N (r) = 8 f 2 < I T l Q 17 (x) .f d xl {d 

-+ - -+-+ 
X a. s ( r 1 ) (: q (x 1 ) Y5 T17 ( xl) q ( xl): ) X 

-+'- -+ -+ 

4 
x2 x 

(17) 

X as (f2 ) (: q (x 2) y 5 T 17 (x 2 ) q ( x 2) : ) li >N' z 1 ' ;'1 
,.. 1 4 4P: (~) z 1 <I Qq (x) I >N +<ITlQ (x)--2 (d xl.f d x 2x 

(18) 
q 8f' 

... 

x 0s(11) ( : q ( x1") Y5 ;;(x l)q(x 1 ) : ) x 

-+ - -+-+ -+ 
. X o. s ("'2 ) (: q ( x 2) 'Y5 r 17 (x 2) q (x 2) : ) li >N' Z i: X = r, t , 

Ycpeziaeaae snecs ztenaerca no CT8,QHOaapHhIM COCTOHHHHM MelllKa-HYKnOHa 
c onpeneneaaoá npoexuaeá H30cnHHa, T.e. zrna HeHTpOHa HnH npOTOHa, aon
HOBhIe <PYHKn;HH KOTOphIX nocrpoeasr H3 BonHOBhIX <PYHKUHH KBapKOB, xax 
3TO OnHCaHhI asnne. Ilpa BhIqHcneHHH (17), (18) ne nano yxarsraars nponec
ChI, rne axrnoueaae B3aHMOneHCTBHH c nHqHHhIM nonesr MeHHeT COCTOHHHe 
HYKnOHa no H nocne neHCTB~ oneparopa Q, T.K. ace 3TH npoueccsr Y)Ke yq
TeHhI B (1 7), (18) npHcYTcTBHeM B HHX MHOiKHTenH Z 1 ,npOHCXOnHmero 
OT nepeaopsraponxa BonHOBhIX <PYHKUHH HYKnOHOB (11). Ilpa pacserax 
B aauresr nonxone HeH36e)KH0 npennonoaceaae o TOM, qTO' BO acex COçrOHHH
HX CHCTeMhI B3aHMOneHCTBY1pIIJ;HX noneü (1) - (4) TpH xaapxa acerna CBH
3aHhI B õapaoa (HYKnOH, â 33 - H30 6aPY, H T.n.). Bo acex npoueccax B3aHMO
neHCTBHe nona CO BceMH TpeMH KBapKaMH, 06pa3YlOmHMH 6apHOH, npoHCXO
nHT B onHOH TOqKe x = t, r .Torna H3 (17), (18) nonysaesr 

17 -+ ei· 4 4 ·a ma C1'I , C1'I a C1'I a
P (r) =-- {d x d x [-.v (x-x ).lJ~(x -x )-.u (x-xl)-JJ~(x -x1]x

N 4 f2 . 1 2 atal t-' a at t-' 

-+ -+ .-+ -+ (19) 
x Os (r1) Os (r2) 1 GÀÀ(r l' r2, te t 2) (Y5 Ta )NÀ (Y5 T/3)>..N Z 1'. x = X' 

4
pq(r) =-~2{ d X1 {d,4 x2 I. (Y5'a)NÀ Ta (x 2- xl) (Y5 Ta )ÀN X 

N 4f À 

-+ -+ ,.. -+-+ ,.. (20) 
'xCh (r1,r,t1-t)(Q (x)\\ .OM(r,!2,t-t2) z l + (b ( X» NN ·Zl. 

B (19), (20) B aanresr npH6nH)KeHHH aouma <PYHKn;HH I'paaa MeWKa B coe
TOHHHH 

+00 'P
À 
(x') 'P

À 
(x) i( (t'-t) 

G ÀÀ (1, 1', t' - t) = ( ~ ------e (21) 
-00 217 i E À + e - ioE À 

N = n,.p 0603HaqaeT HeHTpOHHhIe H npOTOHHhIe COCTOHHHH, a CYMMHpOBa
HHe no À axmoxaer paanasasre COCTOHHHH 6apHOHOB: HYKnOH, ~33-H306apy 

H T.n., KaK c nOnO)KHTeJIbHOH, TaK H C OTpHuaTeJIbHOH saepraeã E À .B aameã 
MOnenH I E À I ecrs, oxeaanao, npoero Macca õapaoaa. B asrpazceaae (19) 
naer axnan naarpasoaa (22a) , a B (20) - nHarpaMMa (226). 
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, 
I , 
~ ~+-i_ 

a 6 (22) 

I I I 
I I 1 

~+--e-A-+	 + ... 
B 

BonHHCTaH nHHHH snecs COOTBeTcTByeT nponararopy nHOHa T ,CnnOWHaH
cPYHKU;HH Fpaaa G MeWKa. KpeCTHKOM co lIlTpMXOBaHHOH nMHHeH 0603Ha
lIeH oneparop sapana, 3allITpHXOBaHHblH KPYiKOK B (22B) COOTBeTcTByeT 
BeplllHHHOH lIaCTH, conepacameâ ,nHarpaMMbl (22a, 6) . Hanasae B (19), (20) 
MHOiKMTenH Z 1 ' B03HHKIllero BCne,nCTBHe nepeHOpMHpOBKH COCTOHHHH 
HYKnOHa, COOTBeTcTByeT YlIeTY axnana ,nuarpaMM rana (22B) /22-241. ~H 
C06CTBeHHO-3HepreTHlIecKoH lIaCTH,Onpe,nenHlOmetl Z1 ,B HH3weM (BTOpOM) 
no ~ q17 (10) nopaznce HMeeM 

~ 1 ............

I. N (E) --ó---O- = - 4 f 2 [ d x 1-[ dx2[ d T Ô.s ( xl) ô. s ( x 2) x 

(23) 

x (Y5 Ta )N'\ G,\,\ (x1,x2, r) T Cx x
2 , r) (Y5 Ta ) '\N'a 1

B ,naJIbHeHIllHX pacxerax Mbl OrpaHHtIMBaeMCH B CYMMax no npOMeiKYTOllHblM 
COCTOHHHHM ,\ B (19) - (23) (BHYTpeHHHe nHHHH na ,nHarpaMMax (22)) 
YlIeTOM HH3rnHx õapaoaastx COCTOHHHH - HYKnOHa H ~33 -aaoõapsr, H HC
rrorn.ayexr nna HX MaCC3KcnepHMeHTaJIbHble 3HalleHHH..... 

nOnHpH3aIJ;HH anepaoro aenrecraa, r.e. HaJIHlIMe TI (p ,cu, k) B 3cPcPeK
THBHOM narpaíDKHaHe:f.17 (3), (3a), npasonar, KaK RBcTByeT H3 (5), (6), 
(66), (14) ne TonbKO K H3MeHeHHlO cnexrpa nHOHHbIX B036YiK,neHHH cu ( k) 
H nponararopa naoaaoro nona g) (9), HO H K H3MeHeHlliO oneparopa sapa
na Q17 naoaaoro nona. 31'0 cPOpMaJIbHOe cnencraae H3 aana 3cPcPeKTMB
aoro narpaaacaaaa f.17 (3a) B anepaoã cpene MOiKHO rrerrco nORRTb, YlIM
rsraaa, 1fI'0 nonHpH3aIJ;HH anepaoá cpensr oõycrronneaa rrpoueccasra lIaCTHlIHO
nsrposasrx, asoõap-znapovasrx H T.n. B036YiK,neHHH c KBaHTOBbIMH lIHCnaMH 
naoaa f46). TIHoHHoe B036YiK,neHHe aronosaer B ceõa cynepnoaauaro TaKHX 
COCTOHHHM, 1fI'0 npaaonar K H3MeHeHlliO nponararopa nHOHa B H,nepHOM ae
mecrne. TI03TOMY B cpenaee aaaxenae <Q17 > B cpene naror axnan npouec
csr, npencraaneaasie ,nHarpaMMaMH aana 

I 

4+/~
, 

a 

~ (24)
+... 

6 

;.. 

l1cnymeHHblií MeWKOM-HYKnOHOM J;mpTYaJIbHblM nHOH pacnpocrpaaaerca 
B anepaoã cpene. Oneparop sapana (KpecTHK co lIltpHXOBaHHOH nHHHeH) 
acrpeuaerca Tenepb ne ronaxo B nHOHHOH nMHHH (24a) , HO rarose H B HYK
nOHHblX nHHHHX, BXO,nHmMX B xacranao-nsrpo-nrsre, aaoôap-znapouasre H l' .n, 
B036YiK,neHIDI (246). 3TH nponeccsr YlITêHbl BH,noH3MeHeHHeM oneparopa 
aapazia nHOHa, xoropoe cPopManbHO nonysaerca H3-3a HaJII1l1MH nonapasana

.~ OHHO(O oneparopa Il ( p) B 3cPcPeKTHBHOM narpaazcaaae f. 17 (3), (3a).
I 
, I Ilocne aecnoacasrx, HO ,nOCTaTOllHO rpoM03,nKHX BblllHcneHHH npaxonar-r 
\ J K OKOHlIaTenbHblM BblpaiKeHIDIM nna nnOTHOCTH sapana: 
~ 2 0Cl 2 

z ~ 1= 1 + ~ 2V [ cu ~ ~ ) ~a( k ) j ; ( k R ){ t li N(k) + : li ~ ( k ) } , (25) 
o 

lib(k) = (Eb+ E N +cu(k»-2+ (E b- E N + cu (k ) .... 2, 

P (r) = (A~+ A~-: ~~ (AX + A& )) 'zl' e , n 

17 1 q 16 17 64 q j( 
2

2 2
"» (r) = [-AN+2"A N + 25 A~ +25A~+ 4;"Uo (rp) + h(rp»8 (R-r)] zl' e'(26) 

4 20Cl	 0Cl 

17 VR dk 1k1 . . 2 . . 
Ab(r)=--- .r J1(k1r)J 1(k 1R) .rdk2k2J1(k2r)J1(k~)x 

f 217 2 o a( k ) o
1

x [(ú>(k +E E E	 E xb1) Ny1(cu(k 2)+E b- N)-1+(cu(k 1)+E b+ N)-l 
-1	 -1

x(cu(k2)+E b+E N) ]x(cu(k 1) +cu(k 2» , 

2	 2 
4

A~= ~17 VR S ( R - r ) ( i : ( rp ) + j:(rp» I
0Cl 

a~~)~(k)j~(kR)lib(k) 

4 2 2 -2 
V = 50iL j (pR)j (pR)17 /36.

o 1 

3,neCb BenHtmHbI cu (k), a (k) onpeneneasr cPopMynaMH (36, B, r) , nrra 
caoõonaoro HYI<:nOHa, OlleBH,lJ,HO, a = l.l1H,neKc b = N, ~ Y A b H li b 
yxassraaer HYKÍIoHHble H ~ -pe30HaHCHbIe COCTOHHHH. 1133THX cPopMyn cpa

j.	 ay iKe BH,nHO, 111'0 6e3 KaKHx-nH60 ,non01IHHTenhHbIX HOpMHpOBOllHbIX MHO)KM
reneãnepen BKna,lJ,aMH pasnasasrx ,nHarpaMM (24) HMeeM

) 
;v 

.r dr P n (r) = O, .r dr Pp (r) = e. (27)

J 3apH,n HYKnOHa, KaK H nonsoro 6bITh, ne MeHHeTCH 01' BKnlOlIeHHH B3aMMO
{il 

,neHçTBHH c MHblMH nonasra /25.00 / . COXpaHeHHe sapana MelllKa-HYKnOHa 
06eCnellMBaeTCH MMeHHO õnaronaps TOMY, -rro Il (p ) B 'S':.17 (3), (3a) 
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yqHTbmaeT H3MeHeHHe npa nepexone B cpeny ae TOJIbKO cu (k ):n ,HO H 

Q17 - H3-3a npOueCCOB, THna npe,n;CTaBJIeHHbIX ,n;HarpaMMaMH (246) • <1>OPMY

JIhI (25), (26) ,n;8lOT pacnpeneneaae sapana B nOKORw;eMCR MewKe-HYKJIOHe 

c UeHTpOM B aaxane xoopnaaar. ;Pe3YJIhTaTbI BbIqHCJIeHHH nJIOTHOCTH Pn , Pp 
(25), (26) H Cpe,IJ,HHX KBa,n;paTHtIHbIX 3apR,IJ;OBbIX panUYCOB .< r: > l!z ,.< ri> Vz, 
COrJIaCHO (13), (22), 06cy,n;HM B CJlenylOw;eM pasnene. 

IV. PE3YJIbTATbl PACqETOB H HX OBCY)K,UEHHE 

Ilpasrepsr pacseroa DJIOTHOCTH 3apR,IJ;a MewKa-HYKJlOHa B nYCTOTe H 

R,n;epHOM nemecrae 06bIqHOR nJIOTHOCTH npencraaneasr aa pHC. 1 H·2. KaK 

BH,IJ;HM, XOTR o6w;HÜ BH,IJ; 3aBHCHMOCm P n, p ( r ) ,n;JIR HYKJIOHa B R,IJ;epHOM 

aemecrae OCTaeTCR TaKHM )Ke, KaK H WUI csoõonaoro HYKJIOHa, HMelOTCR 

Me)K,n;y HHMH H cymecraeaasre Pa3JIHlIHH. 3TH pa3JIHlIHR BbI3BaHbI YBeJIHqeHH

eM "o6JIaKa" BHPTYaJIhHbIX nHOHOB CBM, lITO B CBOIO oxepens 06YCJIOBJIeHO 

CMRrqeHHeM nHonHOR MO,n;bI B anpe. nJIOTHOCTb 3JIeKTpHqeCKOrO 3apR,IJ;a HeR

TpOHa B cpene npa r < R C'FauOBHTCR npasrepao B 5 paa 60JIbWe, qeM MR 

cB060,IJ,Horo HeRTpoHa. ,UnR nporoaa, aanporaa, npa r .< R nJIOTHOCTb 

Pp (r ) HeCKOJIbKO YMeHblllaeTcR, npasrepao aa 15+20%. llJIOTHOCTb 3apR,IJ;a 

npa r > R, UeJIHKOM 06YCJlOBJIeHHaR HaJIHqHeM naoaaoro "o6JIaKa", aospac
raer npasrepao B 4 pasa H cnanaer cyw;eCTBeHHO MeMeHHee, qeM WUI CB060,n;

aoro HYKJ10Ha. Cpennae 'xaanparasnsre 3apR,IJ;oBbIe Pa.IlHYCbI < r ~ p ~ (12) , 

nOJIyqeHHbIe C, HaH,n;eHHoR DJIOTHOCTblO P n, p ( r ), npaaeneast B' Ta6JIHue. 

Pacsersr cnenaasr MR HecKOJIbKHX 3HaqeHHH napareerpa B - BaKYYMHOrO 

,n;aBJIeHWI, npaestnesnax COrJIaCHO 

pe3YJIbTaTaM cYl.I.\eCTBYIOW;HX HC...
 CJIe,n;oBaHHH /18/ . CpaBHeHHe
 
Q,04r' ''''", .0.' < r 2n•p >~ MR caoôonaoro HYKP... '\ 

Q03~ \
\ 

\ 
JIOHa c OIlbITHbIMH ,n;aHHbIMH ,n;OC

rarosao nonpoõao 06CYiK,1J,aJIOCb 

B / Z7 / ,a anecs MbI HccnenyeM 

H3MeHeHHe BeJIHlIHH R, P , .< r~ > ~ 
Q,02 npa nOMel.I.\eHIDI MewKa-nyKJ10Ha 

PuC. 1. Pacnpeõeneuue MOTHOCTU 3/lPRCL01 
õa 8 ceoõoôuou HYKIIOHe npu B= 
= 0,1 F3B/rj'JM 3, R =0,975 rj'JM.CMow
HaR KpU8aJ1 - 1IIlOTHOCTb Pn ( r ) saps•'---
õa 8 HeüT[JOHe, W7pUX08aHHaR - Pp(r) 
8 npOTOHe. R - paõuyc MeWKa-HYKIIO

na. fL10THOCTb npueeõeua 8 eàUHUI4/lX 
-o.m 

e/t/JM 3. (,llJ1R r < R 1IIlOTHOCTb npo

~. '! I...J..~ TOHHOZO sapxôa pasãeneua na 10).
o 2 riR 

PuC. 2. To »ce, IlTO na pUC. 1, HO 

OIlR HYKIlOHa 8 ROepHO.M eetuecteeP. t----"" I 
" I 

06blllHOÜ ntlOTHOCTU P == 0,5 
== 0,18 rjJ.M-'-3 . o 

.....' ............
 

0.3 . '''-''''''''l 

I.~ 0,2 B R,lJ,pO. KaK BH,IJ;HM H3 Ta6JIH
I' 
I. ! IJ;hI, B R,lJ,epHOM Bel.I.\eCTBe ae
I 
I 

t JIHqHHhI < r~, p >11t YBeJIHqH

·1 BaIDTcR, npasevr 3TO YBeJIHqeIO,, 
I HHe ropaano 3 aaxarerrsuee,
I 
I qeM YMeHhllleHHe BeJIHqHH R,I 

I 

~, 
" 
'---------------

P . .uJIR nporoaa < r ~ >l!z 
YBeJIHqHBaeTCR npHMepHo Ha oI 
15%: a )J)IH HeRTpoHa - anaoe. 
HeTpY,lJ,HO nOHHTb, lffO 1'13 paa-005 , o 

2riR JIHlIHhIX onsrroa H3BJIeKaJOTCH 

CBe,lJ,eHIDI o pa3JIHqHhIX BeJIH

tlHHax R, < r ~ > l!z, xapaxre
PH3YIOl.I.\HX paavtep HYIaIOHa B cpene. TaK, aanpavrep, 1'13 OTIbITOB no ynpyro

MY /16/ H KBa3wnpyrOMY /8/ paccemnno 3J1eKTpOHOB aa anpax MO)f(HO 

nonyvars < r ~ > , HO ae R, nOCKOJIbKY 3TH npoueccsr 06YCJIOBJIeHbI B3aH

MO,lJ,el1cTBHeM 3JIeKTpOHOB c 3JIeKTpHqeCKHM 3apH,lJ,OM, a ero pacnpezierreaae 

Taõnuua 

Paàuyc .MeU4Ka-HYKlloHa R (rjJ.M) , uunynsc K8apK08 p (m 17 C 2 ), X == P R , cpeàuue
2 Ih 2 tA

xeaàparuunue sapsôoeue paàuycu neútpona < r n > (rjJ.M) U nporona <r p> !(rjJ.M) C80

õoõnoeo nytoiona ( p == O) U HYKIlOHa 8 ROepHO.M 8eU4eCT8e HOP.MaIlbHOU. ntlOTHOCTU (p== 
== Po = 0,50 = 0,18 rjJ.M-3) OIlR Pf.l3IlUIlHblX 8aKYY.MHblX Oa81leHUÜ B (F3B/rjJ.M·3). 

Pacuet 8e1lUIlUH R, p, x c B == 0,2 eunonuen coenacuo paõore /21 , a c B == 0,1 U B == 

= 0,05 - C021laCHO /31 . 

B 0,05 0,1 0,2 

P O Po ° Po ° Po 

R 1,16 1,115 0,975 0,90 0,827 0,802 • 
x 2,0 1,87 2,0 1,8 1,99 1,85 .. 

" 
p 2,415 2,348 2,872 2,80 3,369 3,222 

1 
< r2 

n 

< r 2 
p 

>l!z 

>'li 

-0,262 

0,888 

-0,531 

0,978 

-0,270 

0,755 

-0,528 

Q,850 

-0,275 

0,665 

-0,515 

0,784 

12 
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xapaxrepasyerca HMeHHO BeJIHtlHHaMH < r ~ >Y\ < r ~ >Ih. llpH 3TOM, aHaJIH

3HPYH pacceaaae 3JIeKTpOHOB aa anpax, cnenyer YllliTblBaTb BKJIa,n B pacnpe

nenenae 3JIeKTpHqeCKOrO sapana B anpe ae TOJIbKO rrpOTOHOB, HO H aeãrpo
HOB, T .K. BeJIIDlHHbl .< r.g >~ .< r; >Y! B anpe MorYT OKa3aTbCH onnoro nopan
xa. COrJIaCHO pe3YJIbTaTaM HaIlIHX HCCJIe,nOBaHHH B TaKHX HBJIeHHHX / 16, 8 / 

MO:>Ke'i 06HapY:>KHTbCH YBeJIHqeHHe 3$$eKTHBHbIX paasrepoa nporona B anpe 

< r ~ >Y!, HO ae 60JIee, qeM aa -15%. I'rryõoxoaeynpyroe pacceaaae JIerrTO- .Y 
HOB na anpax onpenenaerca, KaK MO:>KHO 3a:KJIlOqHTb H3 pa60T /5,6, 12- 15/, 

HMrrynbcaMH KBapKOB p H paaraepaxra MeIlIKa R, HO ae BeJIHlIHHaMH 

.< r ~ >Y! • .AHaJIH3 yrrpyroro pacceaaaa nporoaoa c aaepraeã - 1 r3B aa I 
anpax, nonoõasrâ BblIloÍlHeHHoMY B /16/ ,MO:>KeT nars, BH,IJ;HMO, oU;eHKY 

BeJIHtIHHbl R , XOTH OT pacnpeneneaaa 3JIeKTpHqeCKOrO sapana B anpe cese

BHe pacceaaaa nporoaoa TaK:>Ke 3aBHCHT. MO:>KHO oTMeTHTb, qTO. H3 norrroute

HHH aHTHHYKJIOHOB H,npaMH MO:>KHO TaK:>Ke nOJIyqHTb CBe,neHHH o pasraepax R 
HYKJIOHa B anpe, HO TaKoH aHaJIH3, HaCKOJIbKO HaM H3BecTHo, ae npoasao

,nHJICH. KaK MO:>KHO 3aKJIlOqHTb H3 HaIIIHX pacseron, BO acex 3THX HBJIeHHHX 

06HapY:>KHTcH' YMeHbllIeHHe 3epepeKTHBHoro paaxrepa HYKJIOHa B cpene aa aec

KOJIbKO nponearoa, rrpHqeM HMrrYJIbC KBapKoB TaK:>Ke YMeHbllIHTcH, npasna, 

COBceMHe3HaqHTeJIbHO . 

. TaKHM 06pa30M, H3MeHeHIDI 3$$eKTHBHblX paar-repoa MellIKa-HYKJIOHa 

(H 'HMrrYJIbCa KBapKOB), xoropsre MO:>KHO H3BJIeqb H3 aHaJIH3a pa3JIHQHblX 

onsrroa, OKa3blBaIDTCH pa3JIHqHb1MH, HO asraaaasr OHH O,nHOH rrpHQHHOH - H3

MeHeHHeM CB,OHCTB naoaaoro nOJIH B H,nepHOH cpene. Cnenyer OTMeTHTb, qTO 

HCnOJIb30BaHHblH B 3TOH paõore nonxon MO:>KHO npHMeHHTb H ,lVIH HCCJIe,nOBa

HHH HHbIX CBOHCTB MeIlIKa-HYKJIOHa B H,nepHOM BeIl.\eCTBe: MarHHTHoro MO

MeHTa, rrOJIHpH3yeMocTH H T.n. Pa3YMeeTCH, Mbl npOBeJIH B ,naHHOH paõore xa

QeCTB~HHoe HCCJIe,nOBaHHe H3MeHeHIDí, xoropsre nperepnesaer MellIOK-HYK

JIOH B H,nepHOM BeIl.\eCTBe, H ne MO:>KeM npereanoaars aa rosaoe KOJIHQeCT

aenaoe OrrHCaHHe onsrrasrx ,naHHhIX. O crrpaBe,nJIHBOCTH rrOJIYQeHHOrO HaMH 

OnHCaHHH MelllKa-HYKJIOHa B H,nepHOM BeIl.\eCTBe MO:>KHO õyner cyznrrs rro pe

3YJIbTaTaM nam.aeãiuero rutarensaoro aHaJIH3a pa3JIHqHblX 3KcrrepHMeHTOB. 
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ByuaTRH r.r. P2-87-777 
HCCJie,JlOB&HHe pa3Mepos uyKJioHa B JmepHOM Bei.QecTBe 

B MOJJ;eJIH KHpam,uoro MewKa CBM HCCJie,D;yiOTCH pa3MepLI HYKJIO· 
Ha B JI,JJ;epHOM Bei.QecTBe. fiOKa38HO, 'ITO ycHJieHHe fiHOHHOrO UOJIH 
B Jl,llepHOM Bei.QecTBe, o6ycJIOBJieHHOe CMHr'leHHeM UHOHHOH MOJJ;LI, 
Be,JJ;eT K yMem.WeHHIO pa3MepOB 06JiaCTH, B KOTOpOH 3anepTbi o6pa3yl0-
~e HyKJIOH KBapKH, H K yBeJIH1JeHHIO cpe,JJ;Hero KBa,D;paTH'IHOrO 3apH
JJ;OBOrO panuyca HYKJIOHa. Pe3yJILTaTLI pacqeToB conocTaBJIHIOTCH 
C OI'II>ITHbiMH JJ;aHHbiMH. 

Pa6oTa BLmonueua B Jia6opaTopHH ueihpouuoii $H3HKH OH.RH. 

Coo6UU!HIIt! 061.e.IUIHeHHOrO IDicnrryTa JlllepHWlt HCcne,llOBaJUdi • .lly6Ha 1987 

flepeBO,D; aBTOpa 
; 

':1 Bunatian G.G. P2-87-777 
-~. The Investigation of the Nucleon Size in the Nuclear Matter 
~~<: 
Y:.~,, The nucleon size in the nucl~ar matter is investi.gated. accordin~. 
· · to the cloudy bag model (CBM). It IS shown, that the p10n f1eld streng 

thening caused bei the pion mode softening in the nuclear matter leads 
to the decreasing of the size R of the domain, where the quarks com 
posin the nucleon are confined. At the same time, the nucleon r.m.s 
charge radii increase due to the same reason - the pion mode softening 
The results of the calculations are compared with the correspondini 
experimental data. 

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