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I", i'l: HOCTli MaCChI xaapxa BHe MelllKa. Pa3BliTHe sroro nonxona npaaerro 

.t I>'J ",1' 

" 
l K nocrpoeaaro MIT -MO,lJ;eJIH /2/, B KOTOpOH sanapaaae KBapKOB B MelllKe\, '. I 

~ ~"r 
1'I"1r,,'" rI!;: 

V' 

oõecneueao oõpatnenaesr B HYJIb HOpMaJIbHOH K nOBepxHOCTH COCTaBJIHIO~eH 
r;(~i:. ,~"il 1 .. 'v- ~,~ 

-rorca, a ,lJ;JIH YCTOHqliBOCTli vreunca Tpe6YeTCH paBeHCTBo IioYJIIO ,lJ;aBJIeHliH,#" ' 
(', 

If.o .~ {Ir \1 ? ~ 
iJ 1 

na ero IÍoBepXHoCTli, srro 06eCneqHBaeTCH BKJIIOqeHlieM B MO,lJ;eJIb BaKYYM
i' y.IJ (1.- I,
 

t 1<; fi
 aoro ,lJ;aBJIeHliH B. B MIT-MO,lJ;eJIH ne BblllOJIHHeTCH COXpaHeHHe aKCHaJIbHO

Ir" / .•' • 

À ~I~ Ir ro TOKa, H ,lJ;JIH YCTpaHeHliH sroro nporaaopexaa nOTpe6oBaJIOCb BKJIIOqe
~ 

•1;. \1' ""It• 
..

.~! HHe B MO,lJ;eJIb B3aHMO,lJ;eHCTBliH 'KBapKOB c nHOHHbIM nOJIeM na nOBepXHOl\ 

~, ..c ': [1,1 era vreunca. TIocTpOeHHaH TaKHM 06pa30M raõpazuraa MO,lJ;eJIb xapam.aoro
1~ffj"

r'~~~ 'MelllKa/ 3. 4/, CBM, Y,lJ;OBJIeTBopHeT 06~liM Tpe60BaHHHM reopaa nOJIH,d .. 
OHa ycneunro orracsmaer CBOHCTBa MPOHOB. 3Ta <peHOMeHOJIOrlitIeCKa~MOli- ~,." •.~ t 

~~~ 

\ ,.'I nerrs BocnpOli3BO,lJ;HT OCHOBHbIe xeprsr CHCTeMbI KBapKOB, 9)1(li,lJ;aeMbIe
A. '\.l '.1 ':t ~~ ~:")\, 

IE COrJIaCHO KX.ll. B CBM BeJIHqHHbI, onHCbIBaIO~e CliCTeMY KBapKOB - paaI,.~ , 
1" 

1'" ) 

.f' 
4," xrep wreunca R, liMnYJIbC xsaprca p, cpermee Me30HHoe norre ~, orrpenerra

1>' .11:', ~ IOTCH COBMeCTHO rpaaaaasrr-ra YCJIOBHHMH li ypaaaeaaer-r ,lJ;JIH nOJIH cp, HCTOqt tj JI ~"

., . l{j~ ~'~ HHKOM xo'roporo CJIY)I(aT xaapxn. HaH,lJ;eHHbIe TaKHM o6pa30M BeJIliqHHbI,~. 

\.1 P, R., cp cooraercrayror YCTOHqHBOMY paBHOBeCHIO r-reurxa, H nOJIHaH saep
rHH CHCTeMbI E HMeeT npa 3TliX R, P, ~ a6COJIIOTHbIH MHHliMYM. 

Tarcoe YCTOHtU1BOe COCTOHHHe HYKJIOHa nOJIyqaJIOCb li HCCJIe,lJ;OBaJIOCb B 
4/, 

-'\" 

JIliHeapH30BaHHOH CBM/ rne Me30HHoe nOJIe npaaaxraerca CJIa6bIM, 

li B3aHMO,lJ;eHCTBlie KBapKOB c rarear-r nOJIeM paCCMaTpHBaeTCH KaK MaJIOe 

B03My~eHHe. Ilpa o6CY)I(,lJ;eHliH CBM / 4/ 06pa~aJIOCb BHliMaHlie na pan 

CJIO)I(HOCTeH, B03Hli:KaIO~X npn ee o606~eHHH na cnyxaá CHJIbflbIX Me30H

HbIX nOJIeH. BbICKa3bIBaJIOCb COMHeHHe B B03MO)l(HOCTli aenporaaopesaao

ro nocrpoenaa HeJIliHeHHOH CBM, orracsmaronreã peansasre HYKJIOHbI, H npa. i HliMaJIOCb, qTO B r-aõpanasrx MO,lJ;eJIHX c CHJIbHbIM Me30HHbIM nOJIeM HeH3
UI 

6e)I(Ho npHXO,lJ;MTCH BMeCTO HYKJIOHa paCCMaTpHBaTb He<pli3HqeCKliH oõsexr 

''hedgehog'' - "e)l(",I 4, 5~ B paõore /6/ MbI y6e,lJ;IDIliC~, QTO rarcoe orpaaa.. qeHHe CJIa6bIMH KJIaCCHtIeCKHMli Me30HHbIMH rrOJIHMH cp B CBM npa onaca

HHIi HYKJIOHa He HBJIHeTCH Heli36e)I(HbIM. IToJIaraH MelllOK-HYKJIOH crpepa

tIeC:Kli-CHMMeTpHqHbIM H COOTBeTCTBYIO~liM 06pa'30M ycpenaaa OnliCbIBaID

uiae ero COOTHOllleHliH, B paõore /6/ Y,lJ;aJIOCb B npaõnaxceaaa cpennero 

nOJIH rrpOBeCTH KoppeKTHO ace pacxersr liMeHHO ,lJ;JIH HYKJIOHa - COCTOHHHH 

'rpex: saneprsrx B MelllKe KBapKOB c onpeneneansrra nOJIHbIM cnHHOM li 

lf30cnHHOM H nx npOeKIJ;HHMli. B HaCTOH~eH paõore MbI OTKa)l(eMCH OT 

fitll'hClnil1~!Hj~ti HHCTHTYTI 1 
, "\Q-I':~HtdI ecC' lejlOIíalulía 

6W!;.nlrlr"'n-r=u Ao. • 
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npH6nmKeHHH cpe,l:Uiero nonH H nOKIDKeM, lITO H B 06m;eM cnyqae CHnbHbIX 
Me30HHhIX noneH, npH HanHtUiH cym:eCTBeHHO HenHHeHHoro B3aHMOn;eH* 
CTBHH KBapKOB C Me30HHhIM noneM, KaK KnaCCHqeCKHM, TaK H KBaHTOBhIM, 
ypaBHeHHH CBM onpen;erunoT YCTOHtUiBOe COCTOHHHe MemKa*HYKnOHa, 
npHqeM xapalCTepH3YIOm;He ero BeJIWlHHhI - pa3Mep R, 3HeprHH E (Macca 
M) H T .n. cornaCYIOTCH C Ha6nIOn;aeMhIMH Ha OnhITe. ilPH aHanH3e Hccne,n;o* 
BaHHH B CBM / 41 npHBo,n;mCH coo6pIDKeHHH, cornaCHO KOTOPhIM Me30H* 
HOe none MO)I(FIO CqHTaTh nepBHqHbIM, T.e. Me30H - beCCTPYKTYPHhIM, KaK 
3TO nonaraeTCR B CBM, nHmb ,n;nR cna6hIx noneH, qeM OrpaHHquaaeTCR 
B03MO)I(FIOCTh nocTpoeHHH HeJIHHeHHOH CBM. Bnonae OC03HaBaH Ba)I(FIOCTb 
3THX 3aMeqauHH, Mhi CqHTaeM D;eJIeco06pa3HhIMH BhInonHeHHbIe B HameH 
pa60Te Hccne,n;oBaHHH. Cym;eCTBeHHaH npHHD;HDHanhHaH TpY,l:UiOCTh YCMaT* 
pHBaeTCH B TOMI 41, lITO narpaH~ HenHHeHHOH CBM RBnHeTCR HepeHOp* 
MHpyeMhiM. 8Ta TPY,l:UiOCTb npeo,n;oneBaeTCR 6naron:apH npHMeHeHHlO cynep
nponaraTopHoro MeTo,n;a, n03BonRlOm;ero Hccne,n;oBaTb CHCTeMhI C cym:eCT
BeHHO HeJIHHeHHhIMH narpaH:>KHaHaMH, onHChIBatOm;HMH nOKanH3yeMhie 
H HeJIOKanH3yeMhle B3aHMOn;eHCTBHH I 7 I. 

MhI HaqaeM C 06m;eH noneBOH <popMynHpoBKH CBM, BKnIOqatOm;eH 
cym;ecTBeHHO HeJIHHeHHOe B3aHMo,n;enCTBHe KBapKOB C nHOHHhiM noneM -
KaK KnaCCHqecKHM, TaK H KBaHTOBhIM (pa3n;en 2). B pa3n;eJIe 3 nonyqHM 
ypaBHeHHH CBM, onHChiBatOm;He MemOK*HYKnOH C yqeToM 3Toro B3aHMOn;eH~ 
CTBHH, a B pa3,n;eJIe 4 06cy,n;HM pemeHHe 3THX YPaBHeHHH. KpaTKHe HTorH 
HamHX Hccne,n;oBaHHH co,n;ep)KaTCH B 3aKnIOqeHHH (pa3n;en 5). 

2. OBIUHE YPABHEHHfI HEflHHE3H03 CBM 

06m;HH narpaH:>KHaH CBM I 41 3anHmeM B BH,Il;e 

fCRM == f q + + fl fo+ f l - (1) 

3,n;ecb 
A 

fq == (iqaflq - B)Ov, (2) 

OnHCbIBaeT cB060n;Hhie KBapKH BHyTpH MemKa. BaKYYMHoe ,n;aaneHHe B CBH
3aRo C 3HeprHeH KX.1l-BaKYYMal 4. 8/, 

Ifl 1 :!2 1 :! 2 
~ 11 ", - 11 + -- (a 11) - (3)2 fl 

- narpaH:>KHaH cB060n;Horo nHOHHoro nonH, a 

f 1 -; q [ ex D ( i Y5 -; 'ii / r ) ] q 0 s (4) 

OnHCbmaeT B3aHMOn;eHCTBHe KBapKOBoro H nHOHHOrO noneH, cym;ecTBYIO* 
m;ee Ha rpaHHD;e MemKa. B (2) fJ v == 1 BHyTpH MemKa H fJ v ~ 0 BHe ero, 

2 

a 0 s B (4) nOBepXHOCTHaR 0 -<PYHKD;HH. 3,n;ecb H Be3,n;e ,n;anee HCnOnl,3Y
eTCH CHCTeMa e,n;HI:!HD; h == C == ~= 1. B cym;eCTBeHHo HenHHeHHOM no 
nHoHHoMY nonIO iT B3aHMo,n;eHcTBHH (4) MhI HHr,n;e ,n;anee He 3aMeHReM 

'4
3KcnOHeHT¥ CTepeHHbiM npH6nH)KeHHeM. 11 BKnIOqaeT KaK cpe,l:Uiee Me30H
Hoe none c/> = < " > , HqOqaHKOM KOToporo cnY)KaT KBapKH, TaK Hero KBaH
TOBhIe <PnYKTYaD;HH:;; ~ + ; ,<; > ", O. B paCCMaTpHBaeMOH CHCTeMe 
HeT HHhIX B3aHMo,n;eHCTBHH Me)l(,!l;Y nonRMH, KpoMe f 1 (4). B qaCTHOCTH, 
narpaH:>KHaH nHOHHoro nonR &>11 (3) He BKnIOqaeT npRMoro 11 71-B3aHMOn;eH
CTBHH, TaK qTO B3aHMo,n;eHCTBHe nHOHOB npoHCXO.n;HT qepe3 KBapKOBoe 
none. 

06m;ee ypaBHeHHe n;nH nHOHHOrO nonR: nonyqaeTCH H3 (3), (4) 

(l+(afl )2)~ o~/o; == ~qll;;l-lsin( 1;1 If) x 

... ... ...... ... -1 ... _2 
x [ -; If + i Y5 T ] + i Y5 ( T 17) ;; f 1;'1 x (5) 

x [ cos (I ~ I If ) - f I ; 1- lsi n ( I ;; 1 / f )] ! q Os • 

HeBbIneTaHHe KBapKOB H paBeHCTBO HynIO n;aaneHHH Ha nOBepXHoCTH MemKa 
06ecnequaaeTCH BbIIIonHeHHeM 06hIqabiX rpaHHqahIX ycnoBHH CBM 141 : 

- .-+~ 

q [ exp ( 1 Y5 T ii If) ] q = 0 (6) 

- nHHeHHoe rpaHHqaOe ycnoBHe, 

-+-+ - ~ 

28 -vV[q[exp(iY5T11 f)]q] (7) 

- HenHHeHHoe rpaHHqaoe ycnoBHe. ; - e.n;HHHqahiH BelCTop HopManH K 
nOBepXHocTH MemKa. CooTHomeHHH (6), (7) BhIPIDKatOTCR qepe3 onepaTo
pbI noneH TaK )Ke, KaK H npaBaR qaCTb ypaBHeHHR (5) . .1lanee MbI Hccnen:y
eM CTaD;HOHapHoe COCTOHHHe MemKa. CooTHomeHHR (5)*(7) ycpe.n;HReM 
no CTaD;HoHapHoMY COCTOHHHlO TpeX 3!lnepThIx B Me~Ke KBapKOB C onpe
,n;eneHHhiM 3HaqeHiieM <nonHoro cmma a H H30CnHHa T H HX npoeKD;HH TI:J ' 

a z. B qaCTHOCTH, MR HYKnOHa, KOTOPhIH H paCCMaTpHBaeTCR ,n;anee B Ha
meH pa60Te,a 1/2, T = 1/2.nocne:noroycpe,n;HeHHRH3 (5)-(7) nony
qaroTCR YPaBHeHHH, onpe,n;enHlOm;He COCTOffilHR KBapKoB, pa3Mep MemXa 
H cpe,n;Hee IIHOHHoe none MemKa-HYKnOHa. ,llnR HHhiX 6apHoHoB, HanpHMep 
~33-H306aphI, paCqeTbI OTnHqaroT<lR OT npOBo,n;HMhIX ,n;anee TeM, lITO COOT
HomeHHH (5) - (7) ycpen;HHlOTcR no COCTORHHRM C HHbIMH CIIHHaMH H H30
CnHHaMH, lITO npHBe,n;eT nHmb K HeCKonbKO :RHbIM K03<p<PHD;HeHTaM B no
cne,n;YIOm;HX <popMynax. ,llnH n;anbHeHmHX BhItfHCneHHH Bb~HM H3 nHOH
Horo nonH HaHO ero KnaCCHqeCKOe cpe,!l;Hee 3HaqeHHe ¢ <rr > H npe,n;cta
BHM (4) B BHn:e 

= ... ... 
fl= &>~ + 2 q11' 11 ¢ + 11, 

3 



(8)
S!. qCP = - ~ q[ exp ( i Y5-;;tl r ) ] qô st 

1 - . -+ -+ -+ . -+ -+ 
f q1T= - 2 q {e xp ( 1 Y5 T ( cp + 1T ) I f) - e xp ( 1 Y5 T 1> I r ) 1q ss • 

B npensmymeã paõore /61 MbI accrrenosana nonyvenasre H3 (5) - (7) YPaB
HeHHH, onpenenarourae CTa.IJ;HOHap~oe COCTOHHHe MelllKa-HYKJIOHa B npa
6m.!"'T<eHHH cpenaero nona, xorna B (8) yquTbIBaeTcH S!.qCP H ae axmosaer
CH .d3aHMo.n;eHCTBHe KBapKOB c KBaHTOBbIM nHOHHbIM norrer-r. 3.n;ecb MbI 

H3YQaeM CBM, BKnWqaroI.I.J;Yw H 31'0 B3aHMo.n;eHCTBHe ~q7T' 

3. CYIl(ECTBEHHO HEnl1HEI1HOE B3A11MO,IJ:EI1CTBI1E KBAPKOB 

C KBAHTOBhIM TIl10HHhIM TIOnEM 

MbI accneziyewr CBM, rrarpaaacaaa KOTOpOH conepzcar H CYI.I.J;eCTBeHHO 
aerraaeânoe B3aHMo.n;eHCTBHe KBaHTOBOrO rraoaaoro norra c KBapKaMH 
~ q7T (8). Jlar-paaxcaan (8) S!. q7T HBnHeTCH HepeHopMHPyeMbIM H nxmoxaer 
OnHCaHHe noxanasyevnax B38HMo.n;eHCTBHH. Hccrrenoaaaae CHCTeMbI c TaKHM 
narpaaxcaanowt ynaerca asmornrars nanee õnaronapa npHMeHeHHIO cynep

nponararopnoro xrerona 17/. 
MelllOK-HYKnOH npezrcraanaer C060H CTa.IJ;HOHapHoe COcToHHHe CHCTe-

MbI (1) - (4) B3aHMo.n;eHcTBYWI.I.J;HX xnaprcoaoro H naoaaoro norreá, B KOTO

pOM npHcYTcTBYWT TpH 3anepTblx B MelllKe xaapxa c nornrsrwt CnHHOM 1/2 
H H30cnHHOM 1/2 H HX onpe.n;eneHHbIMH npoeKUHHMH. BOnHOBaR cPYHKUHH 
KBapKOB, HX asmyrrscsr p H paasrep MelllKa R, a TaK)Ke cpenaee norte ~ onpe
.n;enHWTCH H3 YPaBHeHHH, xoropste nonysaiorca ycpe,o;HeHHeM (5) - (7) no 
3TOMY COCTOHHHIO MelllKa H BaKYYMY KBaHTOBOrO naoaaoro nona, Cpen
HHe 3HaqeHHH oneparopoa B ( 5) - (7) asrpaacaevr B npe.n;cTaBneHHH B3aHMO-' 

.n;eHcTBHH/ 9 1 : . 

< NI T ( : q( exp ( i Y5-;.;Ir )) q: 8) I N>s = O, (9) 

(10)2B = - { ~ v[<N I T( : q( exp ( i Y ; -;Ir )) q: 8) IN>] 1s , 
5 

( 1 + (a ),2);(;) < NIT«( ô~..!~~) : ) 8) I N >s (11) 
Jl -~; (1) 

3,IJ;eCb IN> - BOnHOBaR cPYHKUHH rpex aaneprsrx B MelllKe KBapKOB c norr
HbIM cnHHOM J:./2 H H30cnHHoM 1/2 H HX onpe.n;eneHHbIMH npoeKUHHMH, 
nOCTpoeHHaH 06blqHbIM 06pa30M1 41, KaK H B paõore 16/, H3 aorraonsrx 

cPYHK~HH HeB3aHMo.n;eHCTBYWI.I.J;HX KBapKOB B COCTOHHHHX 1 81/.2: 

n jo(pr) -+
 
Jl -"'_( ) Jl n~!- x = PRt
q18Y! J4; i (;ii) j 1 (P r) X l/z ' r ' 

4 

n- a, 'R3( x~ si n 2 X) x - ~ jo (Z) = C;-Jo (Z). (12){. ...; -2z {. + Y! 

3Ta BOnHOBaR cPYHKUHH I N:> 3aBHCH'I: 01' pasvrepa MelÍIKa RH axmyrrsca xsap
KOB p TOqHO TaK )Ke, KaK H BonHOBaH cPYHKUHH 1 N> B OTCYTCTIme ~q7T (8). 
Ho paasrep MelllKa R H HMnynbc xaapxa P, a TaK)Ke cpenaee nHOHHOe norte 
~, onpenenaer-rsre reneps ypaBHeHHHMH (9) - (11), aasre, qeM norryseaasre 
paaee B pa60Te / 61 6e3 ysera B38HMo.n;eHcTBHH S!. q7T (8)..; 113MeHeHHe 3TOH 
aonaonoã cPYHKUHH 'HeB3aHMo,o;eHcTBYWI.I.J;HX KBapKoB IN> H3-3a B38HMO
.n;eHcTBHH S!. q7T KBapKoB c KBaHTOBbIM nHOHHbIM noner-r (H, cnenoaarerrsao, 
qepe3 aero H Me)K)J;Y C060H) onHCbIBaeTCH 8-MaTpHueH 

8 = T [ exp i J d 4 x ( : ~ q 7T ( X ): )] • -, (13) 

TIonHaH B02IHOBaH cPYHKUHH CHCTeMbI IN ll1r »c B~aHMo.n;eHcTBHeMS!. q7T norry

QaeTCH H3\ N> .n;eHCTBHeM oneparopa 8: 8 IN> = I N q 7T >
 
TeM )Ke crrocoõosr asrpaacaexr H 3HeprHW CHCTeMbI:
 

-+ - 00 - - - 
E=Jdr<NJT IN> = EB+Eq+Ecp7Tt E B = 47TR 

3
B/3t 

E q= 3P( R) (14)t 

-+ 

ÔS!.l(r) -+ -+ 
Ecp7T = J d; <NI T « ---------- ; ( r ) )8)\N>.I ;:j -+ 

Ô 7T ( r ) 

Bce oneparopsr B 3THX cP0pMynax 3anHCaHbI BO BBe.n;eHHOM HaMH npencran
neHHH B3aHMo.n;eHcTBHH. Ycpermeaae B (9) - (14) nenaerca no BaKYYMY 
naoaaoro nona, a ace oneparopsr 3anHCaHbI B cPopMe HOpMaJIbHbIX npOH3
Be.n;eHHH, TaK qTO npa ~ q7T= O COOTHOllleHHH (9) - ~14) , OqeBH,IJ;HO, nepexo
.n;HT B cooraercrayrourae COOTHOllleHHH pa60TbI I I. ,IJ:anee accnezryiorca 
ypaBHeHMH (9) - (11) H astpaaceane .unH 3HeprHH E (14)._ MbI yõenar-rca, 
qTO 3TH ypaBHeHHH HMelOT COBMeCTHoe peurenne R, P ,1>, KOTOPOMY COOT
BeTcTByeT aõcomorasrã MHHHMYM 3HeprHH E, H zina 3THX BenHqHH norry
Q~TCH paaysrasre 3HaqeHHH, cornaCYIOI.I.J;HeCH c OnbITOM. 

nnH aaurax Hccne.n;OBaHID1:, KaK õyner BH,IJ;HO B nansaeàurer-r, MO)KHO 
OrpaHHqHTbCH nepasrr-r 'npH6nH)KeHHeM no S!.q7T B astpaacenaa (13) : 

4
8 "'" 1 + 8

1 
= 1 + i T f d y ( : .f

q 
7T ( Y) : ) • (15) 

Ilanee npeoõpaayesr COOTHOllleHHH (9) - (14), crrenya pa3BHTOMY B paõo-
Te 161 nonxony. Cpenaee Me30HHoe norre, KaK H B 161, HI.I.J;eM B BH,1J,e 

N -+ -N - -+ -+ - ~ 

cpa ( r ) = cp a ( r ) < N J a' n IN> == cp a ( r ) a ~ CO se, • (16) 

5 
l 



rne N OTJIHqaeT COCTORHHe HYKJIOHa c onpe.n;eJIeHHOH npoeKUHeH cnaaa 

H H30cnHHa, az H r«. 
Ycpenaaa nanee ace COOTHOllleHHR TaKliM JKe 06pa30M, KaK H B paõo-

Te 16 I, MbI H snecs CBO.n;HM aanaxy K HCCJIe.n;OBaHHIO CcPepHqeCKH-CHMMeT

pasaoro MelllKa-HYKJIOHa (R - ero pannyc}. Bnaronapa 3TOMY ynaerca, 
KaK H B paõore I 61, H36aBHTbCR OT CJIOJKHOH cnHH-yrJIOBOH" H cnHH-H30

CnHHOBOH 3aBHCHMOCTH B nOCJIe.n;YIOI[(HX cPopMYJIax. Torna ypaBHeHHR 

(-9) - (11) npHHHMaIOT BH.n; 

F( R) + F17 "( R) == O, F17 ( r ) = <N' T ( (: qexp ( i Y5; ;/f) q- ) 8 1) \ N> , (1 7 ) 

a a
-2B-~~ --- F(r ) I + -- F ( r ) I (18) 

ar r=R ar 17 r=Rn2 

IlOJIHOCTblO aHaJIorHqHO paõore 161 HaxO.n;HM, qTO cpenaee Me30HHoe nOJIe 

r-remKa-HYKJIOHa HMeeT OTJIHqHYIO OT HYJIR KOMnOHeHTY 

- N - ~  (16a)
q;o ( r) = q;o ( r) < N I TO IN>,
 

-s:
 

H q;o ( r ) onpeztenaerca YPaBHeHHeM
 

- - - 17
 (19)q;o ( r) = - ( Q o ( R) + c, (R)) I ( R, r ) •
 
-N < 

a KOMnOHeHTbI q;[3 =I 0= O. 1BI_ 
Coo'rnomemre (19) norrynaer-r H3 j11) TaK JKe, KaK B pa60Te H3 

(10) nOJIyqaJIH (20), (25). BeJIH~Ha Q/j onpenennerca aHaJIorHqHO o, B 

paôore/ 6 I COOTHOllleHHeM 

_ o~1 ( ; ) , - - -+ -+ - - - - 17 
< N\ T( ( : ---:.---:.---- : ) 8 ) \ N> = < N I (a n ) \ N> <N\ TO IN> Qo' (19a)

1o; ( r ) 

H cpenaee nHOHHOe nOJIe ~ ( r )BO acex 3THX OTHOllleHHRX (17) - (19) HMeeT 

BH.n; (16). <I>OPMYJIbI (17) - (19) 3aMeHRIOT cooTBeTcTBYIOI[(He HM (16), 

(17), (25), (26) pa60TbI I 61. Hs YPaBHeHHH (17) - (19) npa r = R pnpe
~'eJIRIOTCR R, P, ~o(R), ~~o( R), a 3aBHCHMOCTb (f)~( r ),~~ (r ) .n;aeTCR cPYHK

. ,AeH I (R, r ). BbIpaJKeHHR .n;JIR BeJIHqHH F( r ), ~ ( r ) , I ( R, r) conepxcar
CR B pa60Te / 61 (cPOPMYJIbI (25,26, 22a)), H MbI ne BbInHCblBaeM HX snecs 

11
pa.n;H 3KOHOMHH MeCTa. - - - - 

3 (14) .n;JIR 3HeprHH MelllKa HaxO.n;HM E = Eq + E B+ E q;17' Eq;17 == Eq;+E 17 • 

E == ,E + E 17 • 

E
17 

== .r d; < N.,! T ( : ( os: 1( ; ) / o; (; )) ; (; ) : 8 1) 1 N > • 
(20) 

3aBHCHMOCTb cPYHKUHH F ,Qo ,E B (17) - (20) OT BeJIHqHH R, ~o' p naerca 

6 

cPOPMY2IaMH (25), (26), (28) pa60Tb~6/, HO R, P , ;jo B 3THX cPYHKUHRX 

F, Qo' E Tenepb HHbIe. BeJIHqHHbI P , R, q;o o_npe.n;eJIRIOTCR r-eneps ypaBHeHHR

MH (17) - (19), B KOTOpbIX cPYHKUHH F17' Qg casta çonepacar cpenaae 3Ha
-+ -17 

qeHHR oneparopa f q 17 (HJIH ero BapHa.I.J;HH D.~ q 17 /DTr). B BeJIH~HaX F 17 ,Q o 
(17-19) ycpezraaexrsre oneparopsr conepscar TO JKe B3aHMo.n;eHCTBHe ( HJIH 

ero BapHa.I.J;HIO), xoropoe onpe.n;e~ReT H 81, Il03ToMY HaH.p;eHHbIe H3 peure
HHR (17) -(19) aenasaasr R, P , q;o conepacar nonpanxy aroporo nopamca 
no ~q17' BbIqHCJIHB C 3THMH R, P , ~ o nepaoe crraraevroe B (29) COrJIaCHO 

cPopMYJIe (28) pa60Tbx!6/, MbI nonysaevr 3TY BeJIHqHHY TaKJKe c TOqHOCTblO no 
xneaoa aroporo nopamca nO~q17' BTOpOH JKe~eHB (20), Em ecrs cpermee or 

oneparopa nroporo rropaznca no f q17- <NI T(: (O ~ / O;) ir: 8 1) IN> . 
Il03TOMY ero cnenyer BbIqHCJIRTb c HeB03MymeHHbIMH P ,R , ~o , xoropsre no

JIyqaIOTCR H3 ypaBHeHHH (16), (17), (25), (26) pa60TbI / 6/. Torna ace asrpa
JKeHHe (20) nonysaevr BO BTOpOM noparnce no ~q 17. 

Cpeznrae 3HaqeHHR B (17) - (20) BbIqHCJIRIOTCR 06bI~bIMH MeTo.n;aMH 

reopan nOJIR. KaK car-ta ycpenaaesrsre oneparopsr, TaK H B3aHMo.n;eHcTBHe 

f q 17 conepxcar onepaTHBHYIO 3KcnOHeHTY exp ( i Y5; ( ;. + -;p) / f). B zrans
neámevr MbI OrpaHHqHMCR HCCJIe.n;OBaHHeM BJIHRHHR f q 17 na CBoHcTBa Melll 

Ka-HYKJIOHa B COCTORHHH YCToH~Boro paBHOBeCHR H B6JIH3H aero, rne, 
KaK YBH,ll;HM HHJKe, cpenaee nHOHHoe nOJIe orcaasjaaerca He60JIblllHM 

~o< 1. B 3TOM cnysae B aenasaaax (17)-(20) I<"'rr ,Q:J, E
1T 

MOJKHO .n;JIR na
urax oueaorc H BbIRCHeHHH YCTOHqHBOCTH_ CHCTeMbI OCTaBHTb JIHIÍlb qneHbI, 

ae conepxcamae f;o, H JIHHeHHbIe no q;o . Oneparopasre 3 KcnOHeHTbI 

e xp ( i Y5 ; ( ; + -;p) / f ) B (17) - (20) rrpencraanaevr B nane ~ec~oHe~oro 
pana no CTeneHRM oneparopa KBaHTOBoro naonaoro nOJIfI ( 17) , a KJIaC

CHqeCKOe cpezmee nOJIe OCTaBJIReM aesne B CTeneHH He asnne nepaoü. Be
JIHqHHbI F17 , Q:J, E 17 BbIpaJKaIOTCR sepea cpeznrae 3HaqeHHR B COCTORHHH IN> 
OT T - npOH3Be.n;eHHR HOpMaJIbHbIX npOH3Be.n;eHHH orreparopos KBaHTOBoro 

rnromroro nOJIR :; H xaapxonoro nOJIR q , 3TH cpenaae no reoper-ie BHKa 

asrpaxcaer-r qepe3 nponararopsr nHOHOB 

oa [3 ~ ( x - y) = i Da [3' d ( x - y) = i < O I T ( 17 ( X) 17[3 ( Y)) I O > = (21)a 

d4 p 1 i P ( x- Y) 
= o r ----- ----------- e

2a [3 . (2 17 y" ( 1- p - i o) 

H 6apHOHOB 

G ( t ~ - t) = .r _~\_ ~~~-?_~~_a~L __' ei € ( t- t~) 
v a (22) 

-00 217 E +€ - iOE 
v v 

3.n;eCb v = N ,~ , '" OTJIHqaeT COCTORHHR c pa3JIH~bIMH nOJIHbIMH cnHHOM 

H H30cnHHOM, r.e. pa3JIHqHbIe COCTORHHR 6apHOHa - HYKJIOH, ~33-H306apy 

H T .n., a a - COCTORHHR C Pa3JIHqHbIMH 3HaqeHHRMH npoercnaá cnaaa H H30

7 
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CIDma, I ;;'a >- BOJlHOBaH <PYHKQHH sroro COCTOHHHH, nOCTpOeHHaH H3 <PYHK'

QHH HeB3aHMo,n;eHCTBYlOII.UiX KBapKOB (KaK cPYHKQHH IN > ) , a ~ H3 (20) 

ero 3HeprHH. Ilpa pacserax B namexr nonxone HeH36e)Jrno npermonoaceaae 
o TOM, tITO BO ncex COCTOHHHHX B3aHMo,n;eHCTBYlOII.UiX norreá (1) - (4), (8), 
KaK peansnsrx, TaK H BHPTYaJIbHhIX, KBapKH acerna CBH3aHhI B 6apHOHhI 

HYKJlOH, 6. 39 -H306apy HT.,n;. Bo acex rrponeccax B3aHMo,n;eHcTBHe Me30HHO

ro nOJlH co BceMH Tpe~H KBapKaMH, 06pa3YlOmHMH 6apHOH, npoacxonar 
B O,n;HOH TOtIKe x = t ,r . BhInOJlHHH B (17) - (20) ycpenneaae no xaaprco
BhIM COCTOHHHHM, rrpaxonar-i K Bhlpa)l(eHHHM ztna F ,Qo"', E 

." ." 

. 4 - 
-1 <0 I T." ( :s .r d y [ < N I (: L ( X) : ) ova ( : f q (Y): ) I N> - J 

va ." 
(23) 

- <NI (: S? q." ( Y) : ) ava ( : L( X) : ) IN>] ) I°>, 

rne L(X) - ycpenaaevrsrâ oneparop B (17) - (20) : 

_ . ~ ~ ~ af' l ( X) af 1( X) ~ 
q( x ) [ exp( i Y. r ( <p ( X) + tt ( X) ) I f )] q( X) t (-~-----), (-~----- -; (X ) ) • 

5 a;(X) ai7(X) 

'J;. 03HatIaeT T-ynopH,n;OtIeHHe nHOHHhIX oneparopoa, a <°I· •• ·1 0>- Yg>e,n;

HeHHe no BaKYYMY KBaHTOBOrO nnoaaoro nOJlH. 3KC~OHeHThI exp(i Y5-;;/r ) 
npezrcraaneasr 6eCKOHetIHhIM pH,n;OM no CTeneHHM.", H ztna BeJlHtrnH F." , 
~~ E." nonyuaiorca Bhlpa)l(eHHH B nane 6eCKOHetIHhIX pH,n;OB no CTeneHHM 

n 
rrporrararopa naoanoro nOJlH d . CHMBOJlHtIeCKH tIJIeH pana, conepxcanraá 
d n, MO)I(HO npencrasars zraarpaso-roã 

(23a) 

KOTopaH conepaorr n BOJlHHCThIX JlHHHH, H306pa)l(alOmHX naonaste npona
raropsr (21). Cnnomaaa JlHHHH cooraercrayer nporrararopy (22). Kaan
paTHK B (23a) aaoõpaxcaer ycpenaaer-rsrà oneparop L( X), a TOtIKa - B3aHMO

,n;eHcTBHe Íq.,,( Y~ TIocJle ,n;OCTaTOtIHO rpoM03,n;KHX BbltIHCJleHHH naxoznoa 
H3 (23) )J;JlH nxonmneã B (17) BeJlHtIHHhI 

00 _ _ _ • 6 
I.. F (r ) = :s r dko ( 1'0 - E + E - i oE )- 1_~__ L 5t: ( r, R) X 

tt V ....:~ N v v 4 tt i = 1 I 

(24)Jl2 2 ~ ~ 2 - - 2R 2
 
x (---) r 00

d I k I • 1k I {F. ( k) + g. <1>. ( k ) } --- v. (k t R, r ) t

4." o I I I I tr I 

8 

;.. 

F. (k) = r d 4x e i k x i ~ c i (m) (_ i 6. ( X)) fi ; (25) 
I. fi= 1 

- 4 ikx 00 fi 
<I> i ( ~) = .r d x e i L ci (fi) (i' 6.( X)) (26) 

fi= 1 

3,n;eCb HH,n;eKC v OTJlHtIaeT HYKJlOHHhle H 6.-H30õapHhle COCTOHHHH BHPTY

aJIbHOrO 6apHOHa B (23), YtIeTOM KOTOphIX MhI rranee orpaaasawca: v = N t 

6.; CYMMHpOBaHHe Be,n;eTCH I.!0 COCTOHHHHM KaK c nOJlO)l(l1TeJlbHOH, TaK 

1;1 c oTpHQaTeJlbHOH saepraeã Ev . ,UJlH BXO,n;HII.UiX B <POPMYJlhI (25) - (26) 

BeJlHtIHH HMeeM cnenyromae asrpaaceana: 

2mc.(m) =(fi+ /l.)t- / r (m + l ) ; /l == 1;
1 I 1 

ç:l 3 4 = 1; g2 5 6 = - 1 ; , , . , 

N N 100
~l = 9s(r) s(R), ~2=--9-A(r)'A(R), 

11 
2 

6= 2;
,5, 

1l
3 4 

= 
, 

3; 

(27) 

-
(j) N 10 <p (r) 
J\ 3 = - -9seR) A(r) -~...

f ' 

N 10 N 10 - . 
~4 = - g-s(r) A(R) <P (R) Ir. ~ =-A(R)s(r)ep (r)/!,

o 5 9 o 

N 10 
~6 = - A (r) s (R) <p o (R) I f , 

9 (28) 

(j) 6. _ (j) N 32 
(j) 6. = 0, J\2 - J\2 --,J\ 1,3,4,5,6 25 

ser) = j~ (rp) - ji(rp), A(r) = io(pr') h(pr), (28a)· 

V1,3,4=i o(kR )io(kr). V2,5 ,6 = i 1(kR)jl(kr). (29) 

<!>0pl\:1YJla (24) conepzcar <PYPbe-06pa3hI F'(k) (25),~ (k) (26) cynepnpo

nararopon /7/ - õeCKOHetIHDIX pH,n;OB no CTeneHHM nponararopa naoanoro 
nOJlH. KaK BH,n;HM, npa BKJllOtIeHHH B narpaaacaaa CBM cymeCTBeHHO-HeJlH

HeHHoro B3aHMo,n;eHCTBHH í? qzr (8) "Me30HHoe OÕJlaKO" CBM conepaorr 
COCTOHHHH c Jl106hIM tIHCJlOM BHPTYaJIbHhIX nHOHOB c pa3JlHtIHhIMH nOJlHhIMH 

MOMeHTaMH H tIeTHOCTHMH (BeJlHtIHHhl ~ i ' ei B ztansaeãnmx <POPMYJlax). 

Cpena HHX, B tIaCTHOCTH, ecrs COCTOHHliH, xoropsre MO)I(HO aarepnpera
poaars H KaK p -Me30HHhle, a -Me30HHhle ~ T .n. Cynepnponararopsr <1>, F ona
csmaror TaKHe MHoronHOHHhle COCToHHHH-cynepõ030HbI. OHH, OtIeBH)J;HO, 

3aMeHHIOT OÕhltIHhlH nponararop naoaa B JlHHeapH30BaHHOH CBM, xorna 
B í?q." OCTaBJleHhI rnnus JlHHéHHhle no -; xrreast. BKJllOtIeHHe BHPTYaJIbHhlX 

cynep6030HOB MO)l(HOpaCCMaTpHBaTb H KaK 3<p<peKTHBHhIH yser <pJlYKTya

U;HH xaapxoaoro nOJlH: npHCYTCTBHe B npOMe)l(YTOtIHOM COCTOHHHH õeCKO

HetIHOrO tIHCJla CBH3aHHhlX KBapK-aHTHKBapKOBhIX nap. ,U~bHeHlIlHenpeoôpa
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30BaIUiH n03BOJIHIOT rtepecrpoars õecxonesaste pazrsr B F, <D TaK, qTOnonyxaror-, g(Z, \k i) = _i7T(-1)z C\k 1 _i8)2z-2, (35) 
CH Bblpa)KeHI1H, rrpaevrnexrsre ,n:JIH aauiax I1CCJIe,n:OBaHI1H; MeTo,n:bI Bblql1CJIeHmi 

/ 7 / 3TI1X ePYHK~I1H F(k) (25),<1l(k) (26) nonpoõno 113JIO)KeHbI B . HBHble I1HTerpaJIbI no d \k I B (33) HBHO BbltII1CJIHIOTCH, 11 ,n:JIR F17 (r) nOJIYtIaeM 
BblpIDKeHI1H ,n:JIH rpypse-oõpasoa cyrreprrponar-aropon B nane xopouio cxo npa r == R 
,n:HmI1XCH PH)J;OB ynaerca nOJIYqHTb JII1111b ,n:JIH cynep6030HOB, nOCTpOeHHbIX 

6 -o + ioo113 6e3MaCCOBbIX qaCT~/7/. Ilpa Bblql1CJIeHl111 cynepnponararopoa MbI
 
OrpaHl1qHBaeMCH 3TI1M npl16JII1)KeHl1eM aesne zranee. Tor-na HaXO,n:I1M F

7T(R) == L ~ 5{v (R, R) f dz c i (z + 1) [ç i - COS 7TZ] r/ (z ) x (36)

i 

l V==N,~ i =11. -o-ioo 
-o + i 00 

F.Y (k ) == - f dz éS y (z ) coa 17 Z (k2 + i o )Zt.- 1 I 

1 i (30) 
-o - i 00 

-0+ i 00 ... y() 2 . )z-1~~ 
1 

(k ) '.r d z c i z ( k + 10 , (31) 
-o - 100 

r,n:e 
-í 17 z 

i 1Te • c i (z + 1) .cY(z r 
i	 ------- (32)2sinYl7z.sinl7Z.r(Z).r(z + 1) (41T)2z 

171
 
11 BeJIl1qHHa y> 4 . Ilo,n:cTaBI1B (30), (31) B (32)~noJIyqaeM 1101
 

6 -0+ i 00 • 

v ...y 1 
. Fl7(r ) == ~ L 5{ (r I R ) ( dz c. (z) [ /;. - cos 17 z ] - x 

(32)
11 == N I ~ i=1 i -o _i 00 1 1 417 

00 -+ -+2 _-+
 
xfdJkl·\kJ V.(k,r,R)·.1(Z,(k\),
 

1o 

r,n:e 
- -+ 00 ::=. ~ ::: -1 -+2 2 z-1 
5(z,lk\)=(dk (k -E +E ) (-k +k +io) == 

-00 N lI-ioEv0.0	 o 

1 - 2z z 
-217i2 (-I). r (2/3 - z ) 

~~~--§:"2z -- .- x (34) 
(jk I + E - EN ....: i 8) V 17' • T (2 - z ) v 

-+ ::: ~ -+:::::: -1
 
x F(2 -2z, 1 - z, 2 - z, (I k I + E N- E + i ô)(-jk·1 + E N- E + i ô) ).
v	 v 

F B (34) - ranepreowerpavecxaã pazr. Herpynao yõena'rsca B TOM, QTO 
COCTOHHI1H c OTpl1~aTeJIbHOH aaepraeã ~ v < o BHOCHT B F17 (33) cyutecr
BeHHO MeHbllll1H BKJIa,n:, QeM COCTOHHI1H c ~ 11 > 0, 11 MbI orpaaavar-rca B 
(33) ~YMMl1pOBaHl1eM no COCTOHHI1HM HYKJIOHa 11 ~33-11306apbI c Ev > O. 
Ilpa BblqHCJIeH1111 F17 (33) ~peHe6Jle)KeM TaK)Ke pasnocrsro wracc 11306apbI 
11 HYKJIOHa, TaK QTO aeazie E == E > O. Torzta (34) cymecraenao ynpo
niaerca	 N v 

10 

222) x 2R 01 1417') 117', 

I.
 r,n:e
 
e +1 _ 

i( -1) i V17 • r ( z - f - ~ ) • r (z + f + ~) 
i	 j i 1

TJ (z )	 ---------, (37)2z+1 2z
R	 32(417' ) eín 'y 1T z • r ( z + 1) • r (z + 1/3) 

(37a)
f 1 ,3 , 4 =0, f2,3,6 =1. 

Harerpan B (36) BbltII1CJII1M, nerpopraapya KOHTYP I1HTerpl1pOBaHI1H TaK,
171tITo6bI OH OfCBaTbIBaJI nOJIYOCb z ~ O, 11 YCTpeMJIHH npn 3TOM y -+ 1 . . 

-<I>YHK~1111 TJ 1 ( z) I1MelOT aa ,n;eiiCTBI1TeJIbHOH OCI1 nOJIIOCbI rrpn Z = n/y 
(n = 0,1,2... ) 11 rtpa n == z - fi - 1/2 S O, 11 anrerpan B (36) nsrpazca
eTCH B BI1,n:e CYMMbI BbIQeTOB B 3TI1X nOJIIOCaX 

2 2 2 - 1
F1T(R) == 2R cn 1417) 11 x 

6 v 00. n 
x k L 5{i (R, R) 2m { L Res TJ 1 (n) c. (n + 1 )[ e-. - (-1) ] + 

1 1
v==N,~ i= 1 n=o 

fi 
+	 /;i L ResTJi(m + 1/2).c.(m + 3/2)}=
 

m=o
 
1	 (38) 

2 2 6
 
_ 2R

2 
(.1L) 17 - 1 L ~ 5{ 

v 
. (R, R) }{ . 217 i.
 

4" v=~,Ôi==1 
1 1
 

/71
I1TaK, MbI HalllJII1 BeJII1QI1HY F17 B YCJIOBI1I1 (17). TeMI1 »ce MeTo,n;aMI1 Ha
XO,n:I1M B rex )Ke npI16JII1)KeHI1HX 113 (23) 11 BXO,n:Hrn;yIO B YCJIOBl1e (18) 
BeJIl1qHHY 

'I aF ( r ) 222 6 
17 I 2 R ( ..B.-) 21Ti L ~ a:R~ (r,R-) I x, + 
T	 

{ar 'r=R,t ar r==R 1T 417 v='N,~ i = 1 

I 00 n i
 
+ 5{~(R,R) [ L c (n + 1) [Ç'i -(-1) ].Res TJ 1 ( n ) +
 

i	 (39) 
n =0 
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I .
 

fi HanOMHHM, qTO nce pacsersr npoBOMTCH cornacao pa3BHToMY B paõore 16 I 
+ ç1(- ~ Ci (m + 3/2) Res 17 i (m + 1/2) • Ui + 1/2) / R + 

nonxony, B KOTOpOM wremo sc-ayxnon CBO,r(HTCH K cePepHqeCKH-CHMMeTp~
f .• 1 m= o 
1 .• HOMY nYTeM cooraercrayiomero ycpenaeaaa scex asrpaaceaaá, KaK nozrpoõ

+ ~ c.(m+3/2).ReSK1(m+l/2»]L 
HO OnHCaHOB pasnene 3 pa6oThI / 61 .

1 
ID=O _ Bsrsacneaaa, nonoõasre BhInonHeHHhIM asnne npa nonyxeaaa F17 (38), 

Q ~ (41) , npHBO,lJ,HT nrra 3HeprHH E l7 B (20) K nsrpaacenaso 
B (39) npOH3BO,r(HhIe (a:R~ (r,R)/ar) I r= R BhItm:cnHeM,. ,r(HePePepeHI.Ui
PYH COOTBeTCTBYI?mHe ePrH~HH B (28); BenH'lliHhI J{ i onpeneneasr B ·~ 
(38). <l>YHKI.J;HH 77~ (z ), K (z) ,r(81OTCH Bhlpa)l(eHHHMH Toro xce BH,IJ;a, qTO I

I 

H 77 i ( Z ) ( 3 7 ) : . j J 
f 

77 i ( Z ) =-(f +1) 77 i ( Z )/R, 
" 

1 1 

i i(-1)
f 

1 •y;. r (z - f 1 + 1/2) . r (z + e1 +. 1/2 ) 
K (z) = --------- ---- ( 40)2z +2 2z. (32. R (4 11) em 17Z y. r 2; + 1) . r (Z + 1/2) 

<l>0pMyna (39) conepacar (aaanornmro (38» CYMMY BhlqeTOB 3THX 
ePYHKUHM TI 1, K i (40) B HX nonlOca;c npa Z ~ o; nocne BhlqHCneHHH BhI-

Y -+ 1/ 7 xeroa HCKnroqae..,!\'I11Y' norraraa • I. 

Berranana Qo (R) B ypaBHeHHH (19) BhlqHCnHeTCH TaK )l(e, KaK H (38), 
(39) B ycnonaax (17), (18). 

- 17 1 2R2 n2 2
7 

v 
Q (R)=---(--) 217i k I :R. (.R, R) X 

o 4f 17 417 v=N,~ 1 

i = 1 

x I .~ ci(n+l}.Res17i(n)[ Çi-(-l)n] + (41) 
n=o 

fi 
+ Ç. I c . (m + 3/2 ) Res TI i (m + 1/2) [.

1 1 
m=o 

3,r(eCh ePYHKI.J;HH 1J i (Z ) ,r(81OTCH npeacnar-r asrpasceaaer-r (37), HO BenHql-fHhI 
ç.,f. '/1.,:R V (R,R ) Tenep h HHhl e, He)l(en H (27), (28), (37a); B (41) HMeeM 

1 1 1 i . 

1 ; = 0 , f6=2~ Ç127=-1; t 3 4 5 6 , = 1;, ,f 1 2 7 , =: f 3 4 5 , , ,, , 

f..I. 1 2 = 2; /13 4 5 6 == 3; /14 == 4 ; , , , , 

:R~ =-:R~ = 20s(R)A(R)/3, :R~ ==-:R~==6s2(R)~0(R)/r, (42) 
r 

:R~ '= :R ~ /2 == -:R~ /3 = A? (R) ~o (R) f"1 200/81, l. 
s s (i)N

:R == 0, :R 5 6 7 == J\ 5 6 7 . 32/25.1,2,3,4 , , , , 

12 

4 2 2 6 
E =:.E._(JJ_) 217i L ~ .:Rv (R, R) { ! C, (n + 1) x

l7(R) 9' 417: i 1 
. .v=N,~ i=l n=o 

. E· . (43) 
x Res 77 1 (n ) [ çi - (_l)n ] + e. ± c (m + 3/2) . Res ." 1 (m + 1/2 ) l. 

I m= o i 

3,r(eCh ePYHKI.J;HH ."i (z) npeacnae (37), H 

~ - 1· e --1' = 0, f =1.." 1 2 6 - , "'3 4 5 - , f 1,2,6 :3,4,5 
, I , , 

v 
BeJlHqHHhI 5{i (R, R) B (43), KaK H B (38), (39), (41), BbIp~81OTCH xepea 
<PYHKI.J;HH s, A (28a) npa r ==R: 

N 2 N N N 
:R l ' =: 162s, :R 2 = - :R:3 == -:R 5 =: - 20 As. cpo / f , 

N 2 s s N (44)
:R 4 == 200A, :R i =! 4 = 0, :R 4 ==:R 4 .32/25. 

<I>YHKI.J;HH c. (z) nonyaarorca HeCKOJlhKO õorree CnO)l(HhIMH, qeM panee: 
. 1 • 

ci(Z) =(Z+/l.)(Z+À.)/r(z+l); 111245=0, /1 6 = 1 ; 
1 1 , , , 3 • 

(45)
À 1 == 1; À2 , 6 == 3; 2 . À S 4 5 . =: , 

nO,r(CT8BHB BenHql-fHhI (38), (39), (41) B ycnonaa (17), (18) H B ypaaae
HHe (19), norryuaer-r yp8BHeHHH, COBMeCTHoe pemeaae KOTOphIX naer pana
yc MernKa R , HMnYJlhChI KBapKoB p H cpenaee nHOHHoe norre epo' COCTOH
HHe CHCTeMhI c HaM,r(eHHhIMH R, p , q;o YCTOMqHBO, eCJlH eMY coornercrayer 
MHHHMYM nonaoü 3HeprHH E . KaK H B pa60Te/ 61 , HaxO,r(HM nOJlHYIO snep
rHIO E (R) MernKa-HYKnoHa KaK ePYHKI.J;HIO ero pazmyca, H y6e)l(,lJ,aeMCH, 
qTO COBMeCTHOMY pemeamo R , p ,(fj ypaBHeHHM (17) - (19) B TOqHOCTH 
cooraercrayer MHHHMYM rronaoã 3H~prHH E (20). Cnepaa HaXO,lJ,HM 3a
BHCHMOCTh OT R HMnYJlhCa KBapKoB p( R) H cpenaero nOJlH if;o (R), a aa
TeM c 3THMH p (R ), cp (R) BhlqHCJlHeM E (R2. KaK Y)I(e YKa3hIBaJIOCh asnue, 

o 
nocne ePOPMYJlhI (29), rrepasrá xrrea B (20) E (R) BhlqHCJlHeM c p (R), <Pó (R) , 
HaM,lJ,eHHhIMH H3 (17) - (18), a BTOpOH E (R) - c HeBo3MymeHHhIMH P(RJ ' l7 

(po (R), rcoropsre nOJlYtI.aIOTCH H3 YPaImeHHH (16), (25), (26) pa60ThI I I. 

<I>YHKI.J;HH F17 , (117, aFl7/aR,E l7 Bhlpa)l(aIOTCH B nane PH,r(OB, H3 KOTOphIX 
O,r(HH 6eCKOHeqHhIM, oa npyroá conepxcar KOHeqHOe ql-fCJlO qJleHOB m < E.• 

- 1 
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XOTH BCe 3TH <POPMYJIbI (38) - (45) H KIDKYTCH na nepasrã B3rJIH,Il; xpeaasr
tIaHHO CJIO)KHbIMH H rpOM03,Il;KHMH, OHH BlIOJIHe lIpHeMJIeMbI H Y,Il;06HbI 

,Il;JIH paCtIeTOB B HalIlHX HCCJIe)J,OBaHHHX. KaK JIerKO 3aKJIIOtIHTb H3 BH)J,a 

<PYHKIUiH "li ,C i ' 6ecKoHetIHble p.H,D;bI B 3THX <pOpMYJIaX oveas 6bICTpO CXO

,Il;HTCH: "li (n ) , C i (n ) ,Il;JIH KOHetIHbIX R 6bICTpO y6bIBaIOT C pOCTOM n. CKO

pocrs 3TOH CXO,Il;HMOCTH, pasyr-reerca, cymecraeaaa ,Il;JIH HalIlHX tIHCJIeHHbIX 

paCtIeTOB B cnezryronrevr pasnene. Konesnsre CYMMbI lI0 fi HMelOT rrpar-repao 
TY »ce BeJIHtIHHY, rrro H 6eCKOHetIHble CYMMbI lI0 n . 

Hrax, MbI lI0JIYtIHJIH COOTHOlIleHHH, onacsraaiouiae MelIloK-Hy.KJIOH 

CBM, BKJIlOtIaIOmeH CymecTBeHHO HeJIHHeHHOe B3aHMO,Il;eHCTBHe KBapKOB 

C IIHOHHbIM lI0JIeM, KaK KJIaCCHtIeCKHM, TaK H KBaHTOBbIM. PaCtIeTbI COrJIaC

HO 3THM COOTHOlIleHHHM paCCMOTpHM B CJIe,Il;YlOmeM pasnerre. 

4. PE3YJIbTATbI PACQETOB 11 nx OBCY)I(,UEHllE 

B CBM, monovaronieã B3aHMO,Il;eHCTBHe f (8) KBapKoB C KBaHTOBbIM 
q 1T 

IIHOHHbIM lI0JIeM, HYKJIOH oIIHcbIBaeT~H coorgoureaaasca (17) - (20). OHH 

conepzcar <PYHKIUiH F(R) , àF(r) I ar , Qo (R) , E(R) , BbltIHq[eHH~Ie B_ J,Ja60

Te I~~ H 06YCJIOBJIeHHbIe BKJIlOtIeHHeM ~q1T <PYHKIUiH F ,aF lar ,Qo(R),1T(R) 1T 
E 1T (R), ,Il;JIH KOTOpbIX Y,Il;aJIOCb lI0JIYtIHTb B lIpHHHTbIX lIpH6JIH)KeHHHX HB

nsre BblpIDKeHHH B BH,Il;e p.H,D;OB (38) - (44) . Ilànee H3 COBMeCTHoro peuienaa 

ypaBHeHHH (17) - (19) HaXO,Il;HM paaaonecasre 3HatIeHHH panayca R , HMlIYJIbe
ca KBapKoB Pe , cpenaero lI0JIH ~ oe ' a TaK)Ke HCCJIe,Il;yeM 3aBHCHMOCTb OT 

R BeJIHtIHH E(R),<po(R) , peR) B6JIH3H R Pe3YJIbTaTbI 3THX paCtIeTOB npene. 
CTaBJIeHbI na pHC. 1 H 2 lIlTpHXOBaHHbIMH KpHBbIMH. Ha 3THX »ce pHCYHKax

/6/ 
npaaeneasr ,Il;JIH CpaBHeHHH Te )Ke ~eJIHtIHHbI, BbltIHCJIeHHble B paõore B 

"pH6JIH)KeHHH cpennero nOJIH. KaK BH

,Il;HM, B6JIH3H R ~ 0,5, cooTBeTcTBYIO
1,5 

~ 1 

0.5 

mero paBHOBeCHIO MelIlKa, BeJIHtIHHbI 
-cp' 

~o < 1, I ;;;~ I < 1, TaK tITO ,Il;JIH 3THX 

R ClIpaBe,Il;JIHBO lIpHHHTOe npa BbIBO)l,e 

1 

0,5 
<POPMYJI (38) - (43) JIHHeHHOe lI0 ~o 

PuC. 1. Saeucuuocre OT 6aKYYM1l020 õae

nenus B paàuyca MeLUKa-1lYKJlO1la R, UM

nynsca K6apKo6 p • KIlaCCUIJeCK020 Me301l

11020 nons ~ U e20 npOU36001l0U (p' na epa

uuue MeLUKa U nOIl1l0U 31lep2UU MeLUKa E 6 

COCTOJl1lUU YCTOUIJU6020 pa61l06eCUJl. CnflOLU

1lbIMU KPU6blMU npeõcraenenu pesynsratu 
paCIJeT06 6 npuõnuscenuu Cpe01le20 nonn U3 

15 l
pa60Tbl 6/, a LUTpUX06a1l1lblMU - c YlJeTOM 

E 
lO 63auMOOeUCT6UJl K6apK06 c K6a1lT06bIM nu

01l1l.blM noneu ~q 17 (8). Bce 6eJlUIJU1lbl õauu5 [ , [ [ , 
O 8 B 6 eOU1lU14ax h = c = = 1.m 1T 

14 ~ 

-Ç/Puc. 2. 3a6UCUMOCTb ot paõuyca MeLUKa

2.51lYKIlO1la R e20 nOIl1l0U 31lep2UU E, uunym»
 
ca K6apK06 p, Cpe01le20 nu01l1l020 nOM U
 

2
e2D npOU36001l0U ( ;p , cP') na 2pa1lU14e MeLU

«a. Cnnotuuue tcpueste nonyuenst 6 npuõnu
1,5 \JlCe1lUU Cpe01le20 nons 6 paõore161, a LUTpU \ 

\,,xoeaunue - c YlJeTOM f 17(8). KPU6a!1 "a"q ,,nonyseua npu B = 2, KpU6a!1 "6" - npu , 
\j' B = 7,8. Bce 6eJlUIJU1lbl õanu 6 eõunuuax 

0.5 
\

',.... c =h=m = l . .........,
17 

I' 

.~ 

lIpH6JIH)KeHHe. BeCKOHetIHble pansr B
 
1,5
3THX <POPMYJIax: OtIeHb 6bICTpO CXO)J,HT


CH: pacsrersr lI0Ka3bIBaIOT, tITO C TOtIHO


CTblO ~ 1% B HHX ,Il;OCTaTOtIHO ytrnTbI


aars ae 60JIee ~ 4';- 5 nepastx tIJIeHOB.
 

BKJIaA KOHetIHOH CYMMbI lI0 m B e;pop


MYJIaX (38) - (43) Toro )Ke IIOpanxa,
 

tITO H 6eCKOHelJHOH. BJIarO,Il;apH 6bICT


pOH CXO,Il;HMOCTH pR,Il;OB paCtIeTbI lI0
 

<popMYJIaM (17) - (20) OKa3bIBaIOTCH
 f> 

ae CJIHlIlKOM CJIO)KHbIMH. 

,UJIH HCCJIe,Il;OBaHHH YCToHtrnBOCTH 

MelIlKa-HYKJIOHa MbI HaXO)l,HM H3 (19), 
'0(17) BeJIHtrnHbI P(R) , ~ o (R) KaK 

qryHKUHH R, a 3aTeM c 3THMH P ( R ) , 
(Po (R) lI0JIYtIaeM E (R) (20). B 3THX 

10 
- ........ --9

pacserax YPaBHeHHe (18) ae HClIOJIb 5" I I ! 

0.3 0.4 0.5 0.6 0.7 0.8 Rsyerca, TaK tITO p(R),epo(R) na pac, 2
 
OT B , OtIeBH,Il;HO, ae 3aBHCHT. 3TO YC


JIOBHe (18) Y,Il;OBJIeTBOpHeTCH npa
 
R = R e' cooTBeTcTBYlOmeM MHHHMYMY E (R). llMeH:Ho 3TH R e H COOTBeT

CTBYlOmH e HM P ,cp ,E lIpHBO,Il;HTCH na pHC. 1 ,Il;JIH KroK)J.orO B. B HalIlHX pac
o

tIeTaX lI0nHaR 3HeprHH MelIlKa-HYKJIOHa E (R ) (20), BbltIHCJIeHHaR OlIHCaH-

HbIM asnne (B paazterre 3) clIoc060M, acerna HMeeT MHHHMYM B TOtIHOCTH 

npa 3HatIeHHH R =. R ' lI0JIYtIeHHOM H3 pelIleHHH ypaBHeHHH (36) -(38),
e 

tITO BH,Il;HO na npasrepax, lIpe,Il;CTaBJIeHHbIX na pHC. 1 H 2. TaKHM 06pa30M, 

npa acex 3HatIeHHHX BaKyYMHoro )l,aBJIeHHH B B CBM, BKJIlOtIaromeH cyure

CTBeHHO nerraneâaoe B3aHMO,Il;eHCTBHe f q 17 (8) KBapKOB C KBaHTOBbIM 

lIHOHHbIM lI0JIeM, cynrecrnyer YCTOHtffiBOe paBHOBeCHoe COCTOHHHe MelIlKa
.1 

HYKJIOHa. 3aBHCHMOCTb E, ~ ,cp' OT R , KaK Y)Ke 06cY)K,Il;aJIOCb asnne, MbI 
o o 

paccMaTpHBaeM JIHll1b B6JIH3H MHHHMYMa E'(R} 
113 pHC. 2 BH,Il;HO, tITO OT BKJIlOtIeHHH ~qTT (8) MHHHMYM E(R) nepesre

maerca cymecTBeHHo, HO npa 3TOM 3aBHCHMOCTb OT R 3HeprHH E (R) (20) 
B6JIH3H MHHHMYMa (lIlTpHXOBaHHaH KpHBaR) HMeeT rrpmvtepno TOT )Ke 
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PuC. 3. Saeucuuocrs cpeõueeo Me30HHOZO H B 06bIqHOH CBM 141 . MbI BblIIOJIHHJIH ace pacsersr .n;JIR MeIlIKa-HYKJIOHa. 
nOIlR 4><r) OT paCCTORHUR r OT 14eHTpa ueiaxa ,llrrR fIHblX 6apHOHOB, T .e. COCTORHHH rpex KBapKOB B MeIlIKe C liHbIM, 'He)l(e
npu B=4. (h=c=~.7T = 1).:5l/2; ] JIH .n;JIR HYKJIOHa, rrOJIHbIM crrHHOM H H30crrHHOM, OHH rrpOBoARTCR TaKHM 

- ~, )l(e 06p'a30M. 
-------'--

rIR 
3 BH,D;, qTO li B rrpH6JIH:meHHH cpenaero 

rrOJIR (crrJIOIlIHaR KpHBaR). Topaano 
CIDIóHee MeHReTCR 3aBHCHMOCTó _(fio (R). 

Ha pHC. 1 npencraaneaa 3aBHCHMOCTó BeJIHqHH R( B) ,p( B) ,cPo(B) , 
E (B), HalmeHHhIx H3 peIlIeHIDI, ypaBHeHHH (17) - (19), OT BeJIHtIHHbI BaKY

YMHoro .n;aBJIeHHR B rrpa H3MeHeHHH B B rrpenerrax, ,D;OrrYCTHMbIX COrJIaCHO 

,CYJ..I.J;eCTBYlOl.u;HM oneaxar-r 181 . Ih pHCYHKa BH,D;HO, qTO BKJIlOqeHHe ~q 17 (8) 
npa acex B CYJ..I.J;eCTBeHHO YMeHóIlIaeT 3HeprHIO MeIlIKa-HYKJIOHa, a cpennee 
Me30HHoe nOJIe npa 3TOM YBeJIHqHBaeTcR. PaBHoBecHbIM' panayc MeIlIKa 

MeHReTCR OT BKJIlOqeHHR ~ q 7T (8) cJIa60, ocoõenao npa 60JIóIlIHX B. Mano 
MeHReTCR 'H HMrryJIóC KBapKOB p . 3aBHCHMOCTó ncex BeJIfI~H OT B OCTa

eTCR TOH )Ke, qTO H B rrpH6JIH)I(eHHH cpennero rrOJIR. IIo <popMYJIaM (19), 

(41), (42) MO)I(HO HaHTH 3aBHCHMOCTó OT r KJIaCCHqeCKOrO cpenaero 
nOJIR MeIlIKa CPo (r ). IIpHMep rarcoro pacsera npencraanea na pHC. 3. KaK 

BH.n;HO, <PYHK~HR CPo P') ,6bICTpO yfisrnaer c pOCTOM r npa r > R . Ha paCCTO

>iHHH r - 2R OT rpaaausr MeIlIKa cp
o 

na ero rpaaane. 
KaK MO)I(HO 3aKJIIO~Tó H3 pHC. 

3YMHoe aaanenae pasvrepa 06JIaCTH, B 

-;- 0,7. 3HeprHR E (20) ,D;JIR B ~ 2 -;- 5 

Y)I(e npaxrepao B 10 pas MeHóIlIe, qeM 

1, B HaIlIHX pacxerax rrorrysaerca pa

KOTOpOH aaneprsr KBapKH, R :::: 0,5-;

.n;OCTaTOqHO 6JIfI3Ka K Macce HYKJIOHa 

M = 6,7. Pa3YMeeTcR, rrOJIHYIO aaeprmo MeIlIKa B CBM, rrOJIyqeHHYIO B 

HaIlIHX pacserax, HeJIó3R HerrOCpe,D;CTBeHHO B TOqHOCTH npapaaanaars Macce 

HYKJIOHa M. Macca M nOJIyqaeTCR H3 3HeprHH E B CBM rrOCJIe BbIqHCJIeHIDI 

PMa nonpaaox K E. B pavncax car-roá CBM MOlKHO ysecrs rrorrpaaxy na 
.n;BH)I(eHHe ~eHTpa Macc, KaK 3TO AeJIaeTCR 06bIqH01'41 : 

92G"2 2M "" VE- - < p >, < p > ~ 3p • ( 46)cm cm 

HCrrOJIó3YR P , E, npaaeneaasre na pHC. 1, JIerKO yõenarsca, qTO BbI~CJIeH

HaR COrJIaCHO (46) M OTJIHqaeTCR OT E na ~ 15%. Ee3 rronpaarcn (46) 

E connanaer C vraccoã HYKJIOHa, KaK BHAHO H3 pHC. 1, npa B ~ 2, rrpa 
3TOM R == 0,54. BbIqHCJIeHHaJl COrJIaCHO (46) rro .n;aHHbIM, rrpeACTaBJIeHHbIM 

na pHC. 1, vracca coanazraer C MaCCOH HYKJIOHa npa B::3 4. 3TOMY B COOT

BeTcTByeT H paayxmoe aaa-reaae panayca R = 0,49 ( == 0,7 ePM) . 3Ta BeJIH

~Ha BaKYYMHoro .n;aBJIeHHR B = 4 (== 0,2 r3B/<pM3 ) HaXO,D;HTCR B COOTBeT

CTBHH C o~eHKaMH, rrOJIyqeHHbIMH B pane pa60T / 81 . Taxoe orracaaae pas
MepOB H MaCChI HyKJIOHa MO)l(HO CtrnTaTó BrrOJIHe ycneurasrra, XOTR, paaysre '1 

eTCR, .n;JIR crpororo COrrOCTaBJIeHHR E C MaccoH HYKJIOHa CJIe.n;OBaJIO 6bI 

yqecT\> 11 HHbIe nonpaarca K E 141 . IIOCKOJIóKY paar-rep MeIlIKa R H HMrryJ1DC 

KBapKOB p B HaIlIeM pacsere OKa3aJIHCó 6JIH3KHMH K 3HaqeHIDIM B 06bIqHOH 

CBM 141, RCHO, qTO cpenaaá KBa.n;paTHqHbIH 3apR.n;OBbIH paznryc HYKJIOHa 

<r 2 > , ero MarHHTHbIH MOMeHT H r'.n. rrOJIyqalOTCR rrpar-repao TeMH )l(e, tffO e 

16 .. 

5.3AKflIOQEHHE 

OCHOBHOH BbIBO,D; HaIlIeH pa60TbI COCTOHT B TOM, qTO B CBM, conepzca
J..I.J;eH cyurecraeaao HeJIHHeHHOe B3aHMO,D;eHCTBfIe KBapKOB ,C rrnOHHbIM rrOJIeM, 

KaK KJIaCCHqeCKfIM, ratc fi KBaHTOBbIM, cyuiecrayer rrOJIHOCTólO YCTOHqH

aoe cocroaaae CHCTeMbI fI3 rpex aaneprsrx B MeIlIKe KBapKOB C onpenenea
HbIM rrOJIHbIM crrHHOM H fI30crrfIHOM H HX npoexuaar-m. IIpH 3TOM pasvrep 
MeIlIKa-HYKJIOHa R , ero 3HeprHR E (r-racca M) H HHbIe BeJIHqHHbI HMelOT 

pa3YMHbIe ePH3HqeCKHe 3HaQeHHR, corJIaCYlOmHeCR c Ha6JIIO.n;aeMbIMH na 
orrsrre. CJIe.n;YeT nozrsepxayrs , qTO MHHHMYM aaepraa, COOTBeTCTBYIOJ..I.J;HH 

3TOMY COCTORHHIO CHCTeMbI, RBJIReTCR e,D;HHCTBeHHbIM, HHbIX HeT. Koppercr
nsre pacsersr <pH3HqeCKHX BeJIHqHH B CBM C aepeaopraapyerasne rrarpaa
)l(HaHOM, conepacamaxr CYJ..I.J;eCTBeHHO HeJIHHeHHOe B3aHMo.n;eHCTBHe KBaHTO

BbIX xaapxoaoro H Me30HHbIX rrOJIeH, B03MO)l(HbI õrraronapa HCrrOJIb30BaHHIO 
/ 7 / 

cyrreprrporraraTopHoro MeTo.n;a . 
TaKHM 06Pa30M, CBM nparonaa .n;JIR OrrHCaHHR CBOHCTB MeIlIKa-HYKJIO

na B YCJIOBHRX, KOr,D;a Be.J:IHKo cpennee Me30HI-IQe norte H ero <pJIYKTymfIfI. 

II03TOMY CBM MO)l(HO HCrrOJIó30BaTh .n;JIR He06xo.n;HMbIX B cOBpeMeHHoH 

anepaoâ <pH3HKe HCCJIe.n;oBaHHH noaeneaaa MeIlIKa-HYKJIOHa B anepaora 
BeJ..I.J;eCTBe 1111, rrpHqeM ae TOJIóKO B 06bIqHbIX anpax C HOpMaJIbHOH rrJIOT

HOCTólO P H HYJIeBOH rer-meparypoà T = 0, HO H npa 60JIóIlIOH IIJIOTHOCTHo 
P - 2 -:- 3 Po fi revrrreparype T _ 1, xorzra BeJIfIKO cpenaee Me30HHoe none 

H ero ePJIYKTya~HH B R.n;epHOM BeJ..I.J;eCTBe. 

ABTOp rrpH3HaTeJIeH M.K.BOJIKOBY, r.B.E<pHMOBY aa rrOJIe3HbIe 06

CY)I(,ll;eHHR. 
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TEMATH~ECKHE KATErOPHH nYBRHKAUHM 
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2. TeopeTH4eCKa~ ¢H3HKa s~coKHX 3HeprH~ 

3. 3KcnepHMeHTanbHa~ He~TpOHHaR $H3HKa 

4. TeopeTH4eCKaR ¢H3HKa HH3KHX 3HeprH~ 

5. MaTeMaTHKa 

6. RAepHa~ cneKTpocKonH~ H paAHOXHMH~ 

7. ¢H3HKa T~~en~X HOHOB 

8. KpHoreHHKa 

9. YcKopHTenH 

IU, ~BTOMaTH3a~HR oopaOOTKH 3KCnepHMeHTanbH~X 
AaHH~x 

11. B~4HCnHTenbHa~ MaTeMaTI1Ka 11 TeXHHKa 

12. X11MH~ 

13. TeXH11Ka ¢H3H4eCKoro 3Kcnepi1MeHTa 

14. HccneAOBaHH~ TBePA~X Ten H ~11AKOCTe~ 
RAepH~MI1 MeTOAaMH 

15. 3KcnepHMeHTanbHa~ $H311Ka ~AepH~X peaK~11~ 
npH HH3KI1X 3HeprH~X 

16. J\03HMeTpl1~ 11 $11311Ka 3atl.\11Tbl 

17. TeopH~ KOHAeHCHPOBaHHOrO COCTORHI1R 

18. Hcnonb30BaHI1e pesynbTaTos 11 MeTOAOB 

¢YHAaMeHTanbH~X $113114eCK11X ~ccneAOBaHHH 
B CMe~H~X o6nacTRX HayK11 11 TeXHI1KI1 

19. 6110$H311Ka 

BYHaTIIH r .r. 
Mo.~~:em. KHpam.Horo MewKa (CBM), BKJUO'IlllOI.UlUI 
cyJUeCTBeHHO HeJIHHeHHOe B3aHMO.D;eHCTBHe KB&pKOB 
C KBaHTOBbiM IIHOHHbiM OOJieM 

P2-87-850 

Hccne.D;yeTCII MO.lli!Jlh KHpiiJihHOrO MeWKa (CBM) AJIII HYKJIOHa, BKJUOqaJOIUaR cymecr
seHHO HeJIHHeHHoe B3aHMO.D;eHCTBHe KB&pKOB C Me30HHbiM OOJieM, KaK KJlaCCif1lecKHM, 
TaK H KBaHTOB&IM. H3 rpaHH'IH&IX ycnoBHH, o6ecneqasaJOJUHX ycTOH'IHBOCTb MewKa, nonyqe
Hbl ypasHeHHII AJIII pa3Mepa MeWKa R , HMDYJibC& KB&pKOB P , Cpe,II;Hero IIHOHHOrO OOJIII 
if,. HaH.zleHO Bblpa>KeHHe Mil OOJIHOH :meprHH MeWKa.cyKJIOHa E . llyTeM COOTBeTCTBYJO
JUero ycpe.D:HeHHII BCeX COOTHOWeHHH pacqeTbl CBOAIITC.It K CJiyqiUO C4>eP1f11ecKH-cHMMeTpHq
HOro MeWKa. .llJIII KOppeKTHOro Bbi'IHCJieHHII QJH3HqecKHX BeJllf11HH, xapaKTepH3YJOIUHX 
HYKJIOH, B CBM, BKJUO~men HenHHeH8oe KBaHTOBoe B3aHMO.lleHCTBHe, npHMeHReTCII 
cynepnponararopH&IH MeTOA. lloKa3aao, uo s H3yqaeMon o6men HeJIHHeH8on CBM ypas
HeHHII AJIII R , p , fP HMEOOT COBMecTHQe peWeHHe, COOTBeTCTBYJOJUee a6conJOTHOMY MHHH· 
MyMy 3HeprHH MeWKa E H, CJie.D;OBaTI!JlhHO, cywecTByeT ycronqasoe paBHOBecHoe COCTOII· 
HHe MeWKa-ayKJlOHa. 3aaqeHHJI QJH31f11ecKHX BeJIH~ R, E H T.,ll;. B 3TOM COCTOIIHHH corJia
CYJOTCII C OObiTHbiMH .llaHHbiMH. 

Pa6oTa BbiOOJIHeHa B na6opaTOpHH HeHTpOHHOH QJH3HKH OH.RH. 

Coo61QeHJte 06uJuuleHHoro HHCTJtTYT& ll.lleptWX Hccnl!llosBHHli . .lly6Ha 1987 

nepeson O.C.BHHorpaAOBOH 

Bunatian G.G. P2-87-850 
The Completely Nonlinear Interaction of Quarks 
with the Quantum Pion Field in the Cloudy Bag Model (CBM) 

The cloudy bag model (CBM) which contains the completely nonlinear interaction of 
quarks with both the classical and the quantum pion field, is investigated, the nucleon pro
perties are studied. The equations for bag size R, quark momentum p, mean pion field (/, are 
obtained from the boundary conditions which make sure the quark confinement and the 
bag stability. The expression for the total bag-nucleon energy E is obtained and investiga
ted. By means of the properly averaging of all expressions, it is possible to make investiga. 
tions in the spherical bag approach. The superpropagator method is applied in order to con
sistently calculate the physical quantities of the nucleon in the CBM, which contains the 
completely nonlinear quantum interaction. It is shown that in the investigated general non
linear CBM the equations for R, p, ;J, posses the consistent solutions which correspond to 
the absolute minimum of the energy E, and that, consequently, exists the stable equilibri
um state of the bag-nucleon. The values of physical quantities R, E, a.o. in this state coinci
de with the experimental data. 

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