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KOB, AB~ra~~~xc~ CBofioAHO BHYTP~ c~ep~4eCKOFO 06beMa pa~~yca 

R. MeWKa, aa npeAenaM~ xo roporo Macca xaapxa m ~ 00 ,4eM ~ 06ec
ne4~BaeTC~ 3an~paH~e KBapKOB BHYTP~ MeWKa. ,[\anee B pa60TaX /2/ 
õuna nocrpoeua MOAenb (MIT)', B KOTOPO~ HeBblneTaH~e KBapKOB 
06ecne4~BaeTC~ 06pa~eH~eM B Hynb HOpManbHO~ K nOBepXHOCT~ Mew
Ka COCTaBn~~~e~ TOKa - "n~He~Hoe rpaH~4Hoe ycnOBl4e". ,[\n~ YCTO~

4~BOCt~ MeWKa Tpe6yeTc~ pa~eHCTBO Hyn~ AaBneH~~ Ha era nOBepx
HOCT~, coxpaHeH~e 3~epr~~-~Mnynbca - "Hen~He~Hoe rpaH~4Hoe yc
nOB~e", 4TO 06ecne4~BaeTc~ Han~4~eM BqKYYMHoro AaBneH~~ B. 
Ho HeBblneTaH~e KBapKoB He~36emHo Bne4eT 3a c060~ B MIT-MOAe
n~ HecoxpaHeH~e aKc~anbHoro To~a. ~TO npoT~Bope4~e YCTpaHeHo 
B r~6p~AHO~ MOAen~ K~panbHoro MeWKa/ 3,4/ - CBM, rAe cy~ecTBeH
HY~ pons ~rpaeT B3a~MoAe~CTB~e Ha r paunue MeWKa aaneprux 
B HeM KBapKOB c Me30HH~M nonek. 3Ta'MoAenb YAOBneTBop~eT 06
~~M Tpe60BaH~~M Teop~~ non~, ~ ee OCHOBaH~eM MomeT cnym~Tb 

:r 

r ' , " .. ' 

KBaHTOBa~ xPoMoA~HaM~Ka /4/. CBM ycnewHo on~C~BaeT OCHOBH~e 
CBO~CTBa aAPOHOB ~ ~x B3a~MOAe~CTB~~. Cy~ecTBeHHO, 4TO CBM, 
6narOAap~ BKn~4eH~~ Me30HHoro non~, AaeT B03MomHOCTb on~caT~ 

AanbHOAe~CTB~e MemAY HYKnOHaM~ ~ n03Bon~eT ~ccneAOBaTb CBOHCT
Ba MewKa-HYKnoHa B ~AepHOM Be~eCTBe, 4TO ~Bn~eTC~ BamHO~ 3aAa
4e~ ~~3~K~ ~Apa. B CBM Ben~4~H~, xapaKTep~3y~~~e MeWOK-HYKnOH, 
- era pa3Mep R, ~Mnynbc KBapKOB p. cpeAHee Me30HHoe none Mew

~ . 
xa cP ~ onpenenaor ca COBMeCTHO ~3 rpaH~4HblX ycnoB~H ~ ypaBHeH~~ 

AnA cP. B COCTO~H~~ YCTO~4~Boro paBHOBec~~ 3Hepr~R MeWKa E. B~
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4~cneHHaR c 3T~M~ R, p, ($, AOn>KHa ~MeTb a6con~THblH M~H~MYM. 
TaKoe YCTo~4~Boe COciO~H~e HYKnOHa nonY4aeTC~ ~ ~ccneAyeTc~ 

B n~Heap~30BaHHoH CBM/ 4/ , rAe Me30HHoe nane np~H~MaeTc~ cna
6~M, ~ B3a~MoAeHcTB~e KBapKOB c Me30HH~M naneM paccMaTp~BaeTc~ 

KaK Manoe B03My~eH~e. B AaHHO~ pa60Te M~ y6eA~Mc~, 4TO TaKoe 
orpaH~4eH~e cna6~M~ nonRM~ B CBM He ~Bn~eTc~ He~36emH~M, 

'J 
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~ B 06~eM cnY4ae An~ c~nbH~X Me30HH~X none~, np~ Han~4~~ cy
~ectBeHHO Hen~He~Horo B3a~MOAeHcTB~~ KBapKOB c Me3bHH~M naneM 
/KaK KnaCC~4ecK~M, TaK ~ KBaHTOB~M/, ypaBHeH~~ CBM onpeAen~~T 

YCTo~4~Boe COCTO~H~e MewKa-HYKnoHa, np~4eM xapaKTep~3y~~~e era 
Ben~4~Hbl - paanep R, 3Hepr~~ E /Macca M/ ~ T. n., cornacY~Tc~ 
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c Ha6n~AaeM~MH Ha On~Te. np~ o6cymAeHHH CBM/4/ o6pa~aeTCR BHH
MaHHe Ha PRA CnOmHOCTe~, BOaHHKa~~HX npH ee o606~eHHH Ha cny
4a~ CHnbH~X MeaOHH~X none~, H B~CKaa~Ba~TCR COMHeHHR B CaMO~ 

BOaMOmHOCTH HenpOTHBOpe4HBOrO nOCTpOeHHR HenHHe~HO~ CBM, onH~ 

C~Ba~~e~ peanbH~e HYKnOH~. TaK, npWHHMaeTCR, 4TO B rH6pHAH~X 

MOAenRX c CHnbHblM MeaOHHblM nonex HeH36emHO npl-1XOAHTCR BMeCTO 
HYKnOHOB paCCMaTpHBaTb He<t>HaH4eCKH~ 06beKT - "hedgehod" 
" e m" /4,5/. KaK Mbl YBHAIo1M, nona r aa MeWOK c<t>epvI4eCKH-CHMMeTpI-14HbIM 
H COOTBeTCTBY~~HM 06paaOM ycpeAHRR onHCbIBa~~l-1e ero COOTHowe
HHR, YAaeTCR' npOBeCTH Bce paC4eT~ HMeHHO AnR HYKnOHa - COCTOR
HHR Tpex aanepT~X B MeWKe KBapKOB c' onpeAeneHH~MH nonHblMH cnH
HeM H HaocnHHOM H HX npoeK4HRMH. 

06~aR <t>opMynHpoBKa CBM, BKn~4a~~e~ cy~ecTBeHHO HenHHe~Hoe 

BaaHMOAe~CTBHe KBapKOB c n~OHH~M noneM, AaHa B paaAene 2. 
B pa3Aene 3 nonY4eH~ ypasHeHHR CBM, onHc~~aID~e~ MeWOK-HYKnOH 
B npH6nHmeHHH cpeAHero nonR. PeaynbTaTbl paC4eTOB cornaCHO 3THM 
ypaBHeHHRM H OCHOBHble BblBOAbl '. cnenyiourae Ha HHX, o6cYAHM B paa
Aene 4. 

2. 06mA~ <t>OPMYn~pOBKA HEn~HE~HOR CBM 

B HawVlX HccneAosaHHRX Mbl HCXOAI-1M Ha oõuier'o narpaHmHaHa 
CBM /4/ 

f CBM.= í q + í 17 + f 1 = í o+ í 1 ' /1/ 

rne 

f q == Ciqaq - B) ()v 12/ 

onHC~BaeT cBo6oAH~e KsapKH BHYTPH MeWKa. BaKYYMHoe AaBneHHe 
B /2/ B CBRaaHO c 3HeprHe~ KXJl-BaKYYMa /4,7/ 

(i) 1 ~2 i .' ~ 2
tÀ.fT = [ - - fT + - (a 17) ] /3/

2 2 u 

- narpaHmHaH cBo6oAHoro nHOHHoro nonR, a 

fi = - ~ qcexPCi-Yõ; 17=/ f » q .8 ' f =0,67 /4/s 

onHC~BaeT B3aHMoAe~cTBHe KBapKosoro H MeaoHHoro none~; OHO CY
.l.!.leC'TBY~T nHIJJb Ha rpauaue MeWKa. B /2/ () V = 1 BHYTPH MeWKa 
~1 OV == O BH,e ero, a 8e B / br / - nOBepXHOCTHaR B-<t>YHK4HR. 3Aecb 
VI ae3Ae Aanee HcnonbayeTcR CHCTeMa eAHHH4 h ~ o ~ 1. BaaHm17 = 
MOAe~CTBl-1e /4/ HemIlHe~HO no nHOHHOMY noruo lf. BXOARUJ.YIO B /4/ 

2' 

..... 
3KcnOHeHTY M~ HHrAe He aaMeijReM CTeneHH~M npH6nHmeHHeM. i BKn~-

-rae r KaK cpenuee none cP....= < Ti>, HCT04HHKOM «oroporo cnyxar
..... ........ .....
 

KBapKH, TaK H ero xaa-rroaue <t>nYKTya4HH: ir = q; + 17, <17> = O.
 
B paCCMaTpHBaeMO~ CHCTeMe HeT HH~X BaaHMOAe~CTBH~ MemAY nonRMH,
 
KpOMe f 1 Ha /4/. B 4aCTHOCTH, narpaHmHaH nHOHHoro nona f 17 /3/
 
He BKn~4aeT npRMoro 1T17-BaaHMoAe~cTBHR, TaK 4TO BaaHMoAe~cTBHe
 

nHOHOB npOHCXOAHT 4epea KBapKOBoe none.
 
~a /3/, /4/ nonY4aeM ypaBHeHHe AnR nHOHHoro nonR 

(l+(a )2); =(8f 1/8;.) =_ ~ ql\;t-1 sinC!; l l f) x 
ll 

..... ..... ..... 
~ ..... -+- ~ -2 -1 

x [ - 11/f'+ iy 5 r] + i y 5' (r 77 ) •17' IT1[ • f x /51 

• ..... -+ 1 ..... 
x [ cos (I'" I1f) - f. I""1- .sin (I""I1f)] Iq . 8

8 
. 

06pa~eH~e B Hynb HopManbHo~ cocTaBnR~~e~ TOKa ~ep~a.noBepxHocTb 

MewKa, j v = O, H AáBneHHR Ha ero nOBepXHOCTH, aT u / ax Il = O, 
npHBOART K ycnoBHRM Ha rpaHH4e MeWKa /4/: 

..... 

7ü exp CiY5 ;,tl f)]q = O /6/ 

/" nHHe~Hoe rpaHH4Hoe ycnoBHe l l 
/ , 

2B = -~ V[qTexPCiY5;~/f)]q] /7/ 

I' I HenHHe~Hoe rpaHH4Hoe ycnoaue",". i! - eAHHH4Hbl~ aexrop HopMa
nH K nOBepxHoCTH MeWKa. ~BH~e B~pameHHR /6/, /7/ 4e~ea onepa
TOp~ nonR nonY4a~TCR TaK me, KaK H npaBaR 4aCTb /5/. COOTHO
weHHR /5/, /6/, /7/ npHMeHHM AnR onHcaHHR CTa4HOHapHoro COCTOR
HHR MeWKa. YcpeAHHM /5/-/7/ no CTa4HOHapHOMY COCTORHHID Tpex 
aanepT~X B MeWKe KBapKOB c onpeAeneHH~M aHa4eHHeM nonHoro cnl-1
Ha H HaocnHHa, â H r, H HX npoeK4H~ a z ,1'0' B 4aCTHOC TH, AnR 
HYKnOHa, KOTOPbl~ H 6YAeM paCCMaTpHBaTb Aanee, a = 1/2, T = 1/2. 
nocne 3Toro ycpeAHeHHHR Mbl nonY4aeM Ha /5/-/7/ ypaBHeHI-1R, on
peAe~RID~He COCTORHHe KBapKOB, paaMep~ MeWKa H cpeAHee nHOHHoe 
none B TaKOM' COCTORHI-1H MeWKa-HYKnOHa. PaC4eT~ AnR HH~X 6apHO
HOB, Hanpl-1Mep à33-1-1306ap~, nonHOCTb~ aHanOrl-14H~ npoBOAHM~M HH
me 1-1 OTnl-14aIDTCR OT HHX nHWb TeM, 4TO COOTHoweHHR 15/-/7/ yc
peAHR~TCR no COCTORHHRM c HHblMH cnHHaMH H HaocnHHaMH, 4TO npH
BeAeT nHWb K HeCKonbKO HH~M K03<t><t>H4HeHTaM B nocneAY~~HX <t>OPMY
nax. 

YpaBHeHHR CBM, onHC~BaID~He CTa4HOHapHoe COCTORHHe MeWKa-HY
KnOHa, Mbl B HaCTOR~e~ pa60Te nonY4aeM H HccneAY€M B npH6nHme

, 3 



HVlVI cpenae ro nons , T. e. aaMeHflfl ~B n'peAbIAY~"1X !t>opMYJlaX m10HHoe 
none ero cpeAHVlM 3Ha 4eHVleM cp = ,<" > • 

3.	 YPABHEH~~ CBM B' np~5n~mEH~~ CPEAHEro nonR
 
anH C~EP~4ECKoro MEWKA-HYKnOHA '
 

YcpeAHVlB /5/-/7/ no COCTOflHVI~ MeWKa-HYKJlOHa, nOJlY4aeM ypas
~ 

HeHVlfl, onpeAeJlfl~~Vle ero pa3Mep, cpeAHee nOJle ~, VlMnYJlbC~ KBap-
KOB p. npVl 3TOM B 06~eM CJlY4ae VIa /5/-/7/ nOJlY4aIDTCR COOTHO
weHVlfl, xoropue COAep>KaT Kpal::lHe CJlO>KHYIO cnVlH-yrJlOSYIO VI cnVlH
1t130CnVlHHYIO aaBVlCVlMOCTb, Vla-aa 4ero VlX l-iCCJleAOBaHVle õea 'KaKVlX" 
JlVl60 ynpOuteHVI~ He npencr aanserc a B03MO>KHbIM. HaM He06xoAVlMO Hal::l
TVI npVl6JlH>KeHVle, He COAep>Kautee npeAnOJlO>KeHHfl o MaJlOCTVI nVlOHHoro 
nOJlR. npVl VlCCJleAOeaHVIVI CBO~CTB HYKJlOHa HenpVleMJleMa, 04eBVlAHO, 
aaMeHa HYKJlOHa He<t>Vl3V14eCKlAM 06'beKTOM 11 hedqehod!' - " e >K ' 1 /5/ , AJlfl 
«oroporo ypasHeHVlfl CYuteCTBeHHO npouie , 4eM AJlfl HYI<JlOHa. Oxaaa
eaeTCFl, 4TO VlHTepeCYlOlltVle Hac VlCCJleAOeaHHR MO>KHO npOBeCTVI 8 npH
6JlVl>KeHVIVI cóepauecxoro MeWKa-HYKnOHa. Ilonar-aa MeWOK cepepVl4eCKVI
CVlMMeTpVl4H~M npVl B~4V1CJleHVIVI cpeAHero OT /5/-/7/ no COCTORHHIO 
HYKJlOHa, M~ AaJlee y6e>KAaeMCfl, 4TO K TaKOMY npVl6~H>KeHHIO, Ae~~T

BHTeJlbHO, npl-iXOAVlM, S~nOJlHRfl 80 Bcex nOJlY4eHH~X COOTHoweHVlflX 
ycpeAHeHVle no yrJlaM, KaK onHcaHO HIA>Ke. 

BOJ1HOBaR $YHK~Io1R cq,epVl4eCKoro /paAVlyca R / MeWKa-HYKJlOHa, 
TO eCTb OCHOBHoro COCTORHVlR Tpex KBapKOS c nOJlHWM cnVlHOM 1/2 
H lAapCnHHoM 1/2 VI VlX npoeK~HRMH G z ' TO' CTpOHTCR H3 $YHK4H~ 
KBapKOB B. COCTOflHHfl 18 1/2 : 

• j{ 2 j 0(1'1') 

qis 1/2= .:;;;;:= ( l(<:n) J1(pr) 
)(#l

1/2	 /8/ 

-2 :3 2 2 -4 -+ ~n = R ( x - eín ]1;) x , ]I =pR, n "" r/r, 

" /9/ 
j n (z) = v' - J f + 1/2

r. 2z 
, 

06b14H~M ofipaaoM/4/ . KooPAHHaTHY~ BOJlHOBY~ ~YHK4HIO nHweM B BHAe 
npOH3BeAeHHR KOOPAHHaTH~X $YHK~H~ /8/ KBapKOB, a cnHH-HaocnHH
HYIO /cQHH-apoMaTVl4eCKYID/ CTpOHM H3 06~4H~X cnHHOB~X ~ H30cnH
H08~X ~YHK~HA CMewaHHO~ cHMMeTPHw/4/ . npH 3TOM nOJlH~~ HMnYJlbC 
Tpex KBapKOB, KamAbl~ H3 KOTOp~X HMeeT VlMnynbc p, He onpeAeneH, 
K n03TOMY He B~AeneHO ABHmeHHe ~eHTpa Macc Tpex KsapKOB. Koop

4. 

;;". 

AVlHaTHY~ BOJlHOBYIO !t>YHK~VI~ MeWKa CJleAyeT CTpOVlTb VIa !t>YHK~VI~ /8/ 
T~ex K8apKOB TaK, 4T06~ OHa COOTBeTCTBOBaJla COCTOflHVlIO c nOJlH~M 

l
rt ~ ~ ~ 

VlMnYJlbc,oM 1"" I = \P'l+ P 2+ P 31 ..I = O • 3Ta aana-ra o BblAeJleHWI-1 
ABH>KeHHfl ~eHTpa Macc Tpex TeJl B peJlflTVlBHCTCKOM CJlY4ae He pewe
Há, HO B pRAe pa60T AeJla~TC~ non~TKVI Y4eCTb ABVI>KeHVle ~eHtpa' 

Macc MeWKa, B 4aCTHOCTVI, npVl B~4V1CJleHVIVI ero 3HeprVlVl /4/, nOCJle 
ycpeAHeHHI-1~ /5/-/7/ nó TaKOMY COCTO~HVI~ MeWKa~HYKJlOHa co cpeA
HVlM nOJleM ~ nOJlY4âeM ypaBHeHVle AJlfl ~ VI YCJlOB~fl Ha rpaHVI~e' Mew
xa , onpenertaoutae ero paaaepa 1-1 I-1MnYJlbCbl KBapKOB. 

k ~N ~ 2k
Ih 2 002 ~N ~ Jl (-1) 14> (r) I 

(1 +(a/l) )cP (r) =- -B 2, x
8 

817f k=O f 2k(2k + 1)1 /10/ 

~N,.~ 
~r 10 ~ ~ ~
 

x~_LL3.(j2(X) -j~(X)) - -jO(x)jl{x)[<N\(ul))T\N> +
 
f O 3
 I 

+ J ~;) <N\t;;) .(J (;) .;)/ N> 2kl rP~N(~ \-2 ]1:; Q(;) , x = pR, 

/11/ 

F	 = O,
s 

k .... N ~ 2k 2 

F(r) I (-1) IcP (r) I {3 (j ~ (pr) - J1(pr)) 
k = O (2k) 1 f 2k 

/lla/ 
~	 ~ 

10 ~ N(r)
 
-3f(2k + 1) J ' (pr) . j 1 (pr) <N I(;n); IN>],
o 

2 
~ ~ ~ n	 /12/-2B = t-v (F(r))l .--. 

B 4" 
~HAeKc 8 YKa3b1BaeT, 4TO COoTHoweHVI~ /11/, /12/ BblnOJlHfliOTCfl 
Ha nOBepXHOCTVI. 3Aecb <NI - COCTOflHVle HYKJlOHa c onpeÀeJleHH~MVI 

npoeK~VI~MVI cnVlHa U z VI Vl30cnVlHa TO' T.e. He~TpOHHoe VI npOTOHHoe. 
AHarOHaJlbH~e no <NI MaTpVl4H~e 3neMeHT~ OT onepaTopOB B /10/
/ 12/ OTJlVl4H~ OT HYJlR JlVlWb AJlR TO' U z' VI AJlfl cPO' 4> f3#o nOJlY4a~T'" 
Cfl pa3JlVl4H~e ypaBHeHVI~. 06utee COOTHoweHVle /5/ flBHO Vlao~onVl4ec
KVI VlHBap~a HTHO, B Hero ece KOMnOHeHTbI nOJlR <P a / a = 1,2,3 VlJlI-1 
a = 0,+,-/ BXOAflT, 04eBVlAHO, cosepweHHO OAVlHaKOBO. nOCJle ycpeA
HeHI-1~ /5/ no onpeAeJleHHOMY COCTO~HVI~ HYKJlOHa, T.e. nOCJle B~Ae
JleHVlfl AVlarOHaJlbHOrO MaTpl-14HOrO 3Jle~eHTa /5/, nOJlY4aeTCfl COOT
HoweHVle /1.0/, VlMe~utee paaJlI-14H~~ BVlA AJl~ cPo VI AJlfl eP/3l:o.Paay
'MeeTCfl, 3TO He ~CTb HapyweHVle VlaOTonVl4eCKO~ I-1HBapVlaHTHocT~. 

5 
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nOBOpOT B ~30TOn~4eCKOM npOCTpaHCTBe B /5/ 03Ha4aeT B B~pa~e-. 

H~~ /10/ He npOCTO 3aMeHY cPo --+q;..fi-f,O,HO np~ 3TOM ~ 3aMeHY A~a
rOHal1bHor::o 311eMeHTa /5/ <N 18fl/8ft lN> HeA~arOHal1bHblM 
.<NlôflÔ"·IN~> Me~AY pa311~4HbIM~ COCTOHH~HM~ HYK110Ha - Hel:1TpoHoM 
~ npOTOHOM. YpaBHeH~H Al1H ~a np~ 3TOM ~ npe06pa3Y~TcH B COOT
BeTCTB~~ c Tpe60BaH~eM ~30Ton~4ecKol:1 ~HBap~aHTHOCT~. 

YpaBHeH~H /10/-/12/ OKa3~BaeTCH B03MO~H~M peW~Tb B cneAY~
~eM np~6n~~eH~~. 6YAeM ~CKaTb Me30HHoe none B B~Ae 

N--+ -N --+--+ - N N
cP a (r) = cP a (r) <N I(e n ) IN> == 4J a (r) O' zCose, /13/ 

rAe ~~tr) nonar-aex He 3aB~cH~~M OT cnau-yrnoaux nepeaeuuux , 
nceBAocKanHpHoe none cP~(~ , npeAcTaBneHHoe B B~Ae pHAa no CTe
neHHM Coa ()" conepxur n~wp He4eTHble crene-n- coa e: 

cPN(~) = cose <NIO' IN>. 1 a N .(c088)2n. /14/ 
a z n an 

CM~cn np~HHToro HaM~ np~6n~~eH~H B TOM, 4To M~ coxpaHHeM 
B cP ~(r) IIOCHOBHY~ MOAY" ~ eos () ~ 3aMeHHeM CYMMY acex " 06e pTO
HOB" ee cpeAH~M 3Ha4eH~eM, ~cnonb3YH 

(COS()2m = 1/(2m + 1), /15/ 

nocne 4ero B /11/, /12/ P~A~ CYMM~PY~TCH ~ 3T~ ypa~HeH~H np~
H~Ma~T B~A 

F(R) = 0, /16/ 

~N 
F( ) 3( 2 2 f. IcP (r) I r = j (pr) - j (pr» ---- sm(---)

O 1 --+N ' I~ (r) I. l 

10 ~ -2 --+. Z. N- -3 j o(pr) . it (pr) . r. IcP (r) I . <N Ir IN> . cP (r) x /H~a/ 

--+ --+ --+ 
x[-<:08(li 

N(r) I / O +t'li (f) 1-1 Sin(liN(r)( /C)L 

HaM HaAne~~T Tenepb y6eA~TbcH B TOM, 4TO B HaweM nOAXOAe 
/13/ Ael:1cTB~TenbHo YAOBneTBopHeT ypaBHeH~~ /10/." npaBaH 4aC1b 
/10/ He 3aB~C~T OT BpeMeH~. BBOAH $YHK~~~ rp~Ha 

--+~ .
 
--+ -3 --+ - ikr ~2 1
 

T(lrD =(211) Jdke (-l-k),- =_e-r /41Tf, /1~/ 

nepen~weM /10/ B B~Ae 

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

cP a (r) == ~a (r) <NI (e n) IN> = - (dr 1'~ (Ir:1 - r \) Qa (r 1 ) . /19/
 

Ilocne nOACTaHOBK~ B Qa nona q;a /13/ B HaweM np~6n~~eH~~ npaaaa 
4aCTb /19/ Aon~Ha ~MeTb TY ~e cn~H-yrnOBY~ gaB~C~MoCTb, 4TO 
~ neBaH, T.e. Aon~Ha OKa3aTbCH nponop~~oHanbHol:1 <Nluz1N>cose. 
3TO Ael:1cTB~TenbHo TaK ~ eCTb. nOAcTaBnHH /13/ B npaBY~ 4aCTb 
/10/, nonY4aeM AnH Hee B~pa~eH~e Toro ~e B~Aa, 4To ~ /14/, ~, 

eCTeCTBeHHO, nocTynaeM TaK~M ~e ú6pa30M, KaK ~ paHee: OCTaB
nHeM n~Wb OCHOBHY~, -cos8 1 , 3aB~C~MOCTb OT e1 , a Bce 4eTH~e 

creneua (cos () 1)2m 3aMeHHeM ~x cpeAH~M 3Ha4eH~eM /15/. Torna au
pa~eH~e nOA ~HTerpanóM B npaBol:1 4aCT~ /19/ MO~HO 3an~caTb B B~
Ae 

--+ --+ ~ - --+ --+ -+ --+ 
~(Ir -r 1 I) Qa (r 1) =Qa(r1)<N\a.n1IN> T(jr 1- r \ ) 

/20/ 
N - a"I --+ --+ --+ --+ I~ I R 

== a z . cos e1 • Qa (R). J., (I r - r1 I), n 1 = r l/r 1 ' r 1 . = , 

rne Qa(r) ~~e He 3aB~C~T OT cn~H-Yc.nOBblx nepeMeHHblx ~ eupaxae'r 
CH 4epe3 ~a(~ ~3 /13/. nOCKonbKY Qa cOAep~~T nOBepXHOCTH~e 
Ô-$YHK~~~ 8s , B /19/ OCTaeTCH n~Wb ~HTerpan no HanpaBneH~HM 

BeKTopa r1 . B /20/ 

cos () 1 = cos (j -cos ()' + sín (j • sin e' .cosv, /21/ 

(j ' :t -t --+~ e"rne - yron Me~AY HanpaBneH~HM~ n ~ n l' nn 1 = cos, a 'Y
yron Me~A~ nnOCKOCTHM~, B KOTOpblX nexar aexropu li, nz ~ n, n1 • 

~ --+ I) ~~,
$YHK~~H (I r - r1 3aB~C~T OT nn 1= COB e 14 He 3aB~C~T OT .y. 
n03TOMY ~HTerpan OT BToporo 4neHa B /21/ paBeH Hyn~, a B nep
BOM cose BblHOC~TCH 3a 3HaK ~HTerpana, ~ BCR npaBaH 4aCTb /19/ 
Ael:1cTB~TenbHo nponop~~OHanbHa aNCose, 8 4eM HaM ~ HaAnemano 

,411 a . I . - y6~A~TbCH. z
-2B- = -F(r)n2 ar r = R /17/ • OKOH4aTenbHO B HaweM nOAXOAe AnH C$ep~4eCKoro MewKa HaXOA~M 

) ~3 /10/, /19/ ypaBHeH~H Al1H ~ ~r) ~3 /13/ 
I a 

ECTeCTBeHHO, 4TO B. HaweM np~6n~~eH~~ nocne ycpeAHeHH~H no yrnaM 3(f _j 2) z. N 
M~ np~XOA~M K C$ep~4eCK~-c~MMeTp~4HOMY MewKy, ~, cornaCHO /16/, 4>N (r) = 1- (_ ª 1 i~i( J.L.1) 

o 2 flepN[ O f/17/, paA~YC MeWKa R ~ ~Mnynbc~ KBapKOB p He 3aB~CHT OT yrnoB: 

'-.6 7, 



-+ a B~pa)l(eHltle /16a/ npltlHItIMaeT BItIA
 
10 J OJ 1 r O IcP I O J i - N - N N


•• N -N 10j' 

~ Si(--) + --=r-- ~ O (4J 0 r O ~ x 
3 I~NI r 31iN I3 

F(r) == l~j (pr).j (pr) _Bin~(}_ (j~(pr) -j~pr» 1 
- -- +/22/

-+ 3 O 1 ljJ{r) 10 j~ (pr) j 1(pr) '" (r)
I~f{l liNI 11 2 

x [Si(--) - sin(--)lll . -- ·1(R,r). + ctg(t/J(r»], /?6/ 
t r r == R 411 

l/J (r) == ~ O (r) I r. 
-N 2 2 -+ -N
 

- ~ f3,i O(R) 3(j O - j 1) IiN I 10j OJ 1 <fJ O N
 
cP{3,io (r) == --2--{- -~-Si(-t-) + -':;--.-. .,. O x np~ r == R 1t13 /25/ nOIlY4aet;1 aIlre6p,altl4eCKltle ypaBHeHItIR AIlR c;6Q(R)
J ltI ~~(R). H3 cOBMecT~oro p~~eHItIR ypaBHeHItI~ /16/, J17~, /2~ti 4J N i 31i NI2 

npJ,1 .r==R HaXOAItIM cPO(R) , cPÓ(R) , R, p,a 3aBItICItIMOCTb ~ir),<p~(r)-+ -+ 
OT r npltl Ha~AeHHblx R, p onpenenaetca <t>YHK~ltIe~ I(R, r) B /22a/.1iN, ! I~Nl 11 2 

/23/x [Si(--) -.sin(--·)] II x _. I(R, r), KaK BItIAItIM, cpeAHee CTaTItI4eCKOe Me30HHoe nOIle, c03AasaeMoe
 
t r r == R 411
 KBa pKaMItI, ItIMeeT IlItIWb He~TpaIlbHYIO KOMnoHeHTY, nOCKOIlb,KY Mbl ona

c~saeM CTa~ItIOHapHOe COCTORHltle MewKa-HYKIloHa, a He npo~ecc~ ne

T N == <NI' IN> , pexona Me~AY pa3Illtl4HblMItI ero COCTORHItIRMItI - He~TpoHH~M ltI npOTOH

O O
 HbIM. YpaBHeHltle AIlR nltlOHHOrO nOIlR nOIlY4aeTCi1 ycpe.AHeHltleM /5/ 

rAe no onpeAeIleHHOMY COCTORHItlIO HYKIlOHa IN>: ero npaBaR 4aCTb eCTb 

AltlarOHaIlbHbl~ MaTp1tl4Hbl~ 3IleMeHT <N 18f lol aiIN>, ltI Y KIlaCCItI4eC~Oro 
2 -+ -+-+ -+ -+ -+ 

nltlOHHOrO nOIlR OTIlltl4Ha OT HY~R IlItIWb HeItlTpaIlbH~R KOMnOHeHTa 4>0'I(R,r) ==R'( )Tqr -ril)' I r11 ==R. /22a/dn 1'(nn 1
aT111t14H~e OT H~IlR pe~eHJ,1R ARR KOMnOHeHT noIlR ~~~o nOIlY4aTcR,-N 

KOMnOHeHTbl 4>a(r) C a == O ltI a '!- O, KaK BItI,qItlM, pa3Illtl4Hbl, Peuieuae eCIlItI npaB~R uac t s /10/ - HeAltlarOHaIlbHbl~ MaTp1tl4Hbl~ 3IleMeHT 

AIlR <P ~ ItIMeeT BItIA <NI8f1/8iIN~ Me~AY pa3IlItl4H~MItI /He~TpoHH~M ltI npoToHH~M/ COCTOR- '\ 

HItIRMItI HYKIloHa, . 
- - Ni:(r) cPo(r) <Nlr.o IN> == Çlo(r) TO ' /24/ KaK 1t13BeCTHO /4/, ycnoaue aJ.L TIlÀ = O /17/ coenanaer C YCIlOBItI 

eM 

rAe 3aSItICItIMOCTb OT npOeK~1tI1tI '&-l~OTOnItl4eCKOro CnltlHa r: B~AeIleHa aE(R) I aR == o , /27/ 
RBHO. dOACTaBItIB /24/ B /22/ ltI Y4It1T~BaR'N4To (rg)2 = 1, nOIlY
4aeM nocIle-+coKpa~eHItIR o6eltlx 4aCTe~ Ha,o ypaBHeHltle, c~ep~a rAe 

uee cfo ltI I~ N I· YpaBHeHltle /23/ ,qIlR ~ ~,ioItlMeeT peureuue ~ {3 = O E == (drT 00 
ltI ~HbIX peW~HItI~ ItIMeTb He Mo~eT • .ae~cl'BItITeIlbHO, eCIlItI npennono

~N -N 
>K&-lTb, 4TO ~{3,io'!- O, TO o6e 4aCT&-l /23/ Ha ~ tJ,ioMO>KHO COKpaTItITb. - nOIlHaR 3HeprltlR CItICTeM~. B HaWItIX paC4eTax 

nOCIle 3T~ro HeTPYAHO BItIAeTb, 4TO /23/ COBMeCTHO C /22/ IlItIWb 

nplt1 Si(!c;6"N\/O = O, 4ero 6blTb He MO>KeT. Me~oHHoe norte ItIMeeT E == E == E q + E B + E ~' E q = 3P(R) , E B == 4fTR 3 B13 , 
IlItIWb KOMnOHeHTY, it, ltI B /16/, /17/, /22/ I~ NI == i O' OKOH4a
TeIlbHO AI1R ~0.nOIlY4aeTcR 1t13 /22/ ypaBHeHltle R2n2 sín t/J 20 1 

E,I,. == --((coa l/J - --)(-Jo(x) j 1 (x) - - /28/ 
~ 4 t/J . 3 t/J

~ O(r) ., i t - f (j ~ (x), - j ~(x» Si(t/J(R» 

/25/ _3(j2 (x) _j2(x» + ~j (x) ·jl(x) Bint/J}, t/J == ePo(R)/f, x=pR.
O 1 3 o
 

J.. (x) j 1 (~) 11 2 10 o npltI 3TOM p(R), iO(R) , .KaK <t>YHK~l-11t1 R, onpeAenRIOTCR 1t13 /16/,
~-~-ain(l/J(R» l--I(R, r) == - Q (R) I(R, r), x == pR, 1


/25/, /26/. B COCTORHItIItI YCTO~4It1BOrO paSHOSeCItIR MeWKa-HYKIlOHa3 (f oCR) 4fT a 
ero paAItIYc R, KOTOPbl~ nOIlY4aeTCR /coBMecTHo c p,;o / ,·1tI3 ypaa

i 
9 8 



---

HeHHH 116/, 117/, 125/, cooTBeTcTBye~ a6con~THoMY M~H~MYMY 
3Hepr~~ E(R). Pa3YMeeTcR, He~TpoH ~ npOTOH on~C~Ba~TCR B Haw~x 

~ccneAOBaH~RX OAH~M~ ~ TeM~ me COOTHoweH~RM~. 

4.	 PE3YJlb TATbl PAC4ETOB B np~Dm'1}1{EH~~ 

CPE,llHErO nonfl 

06cYA~M Tenepb pe3ynbTaT~ paC4eTOB cornaCHO COOTHoweH~RM 

npeAblAYU4ero paanena ,' ~ccÍ1eAyeMble H:aM~ ~enW4~l:Ibl ;3aB~CR1; OT aa
KYYMHoro AaBneH~R B, KOTopoe CBR3~BaeTCR c nnOTHOCTb~ 3He~r~~ 
KX,ll-BaKYYMa E vac /4,6/. .CornaCHo peayrts r araa psna ~ccneA~Ba
H~~ /6/ MomHo 'nonaraTb B o:: - E vae "'l 8 1=, 0,4 r3B/<IlM SI. Ho saKYYM 
~3 06beMa MeWKa MO)J{eT BblTeCHRTbCR n~Wb 4aCT~4HO /6/, ~ B COCTàB
nReT n~~b Aon~ 3TO~ Ben~4~H~r 'nOCKOnb~Y B 'B Hawe~ 3aAa4e ~3
BeCTHO He T04HO, Mbl np~BoA~M pe ayns r aru pac-reroa c pa3n~4HblMI.1 

np~eMneMbIM~ 3Hal,leH~RM~ B. Ha puc , 1 .npencraaneua 3aB~C~MOCTb 
~ccneAyeMwx Ben~4HH 01 B np~ ~3MeHeH~~ B B ~peAenax, AonYCT~
MblX cor'nacao CYU4eCTBY~U4~M oue-ucaa /6/. Ha puc , 2 npencra aneuu . 
np~Mepbl paC4eTOB AnR ABYX- 3Ha4e~~~ B, MemAY KOTOpblM~ MeHReTCR 
3Ta Ben~4~Ha Ha puc . 1.' Kat<, B~,qHO, npa acex 3Ha4eH~RX B ypasue
H~R 1"61, 117/, 1251, 1261 ~Me~T CO~MeCTHpe peweH~e R, p, ;JO ' 
p~c. 1, cooTBeTcTBY~U4ee YCTO~4~BOMY COCTORH~~ MeWKa-HYKnOHa, 
M~H~MYMY ero 3Hepr~~ E(R) , p~c.2. 3T~T M~H~MYM AOCT~r~~TCR 
np« R 0,7-:-0,5 1= 1-:-0,7 <IlMI AnR B 2-:-8 1= 0,1-:-0,4 r3B/<IlM I.o::	 o:: 

3aB~C~MOCTb OT B 3T~X paBHOBeCH~X 3Ha4eH~~ paA~yca MeWKa-HYKO
Ha R, ero 3Hepr~~ E, ~Mnynbca KBapKOB p ~ nona io!13 1251 

~ ero npo~3BoAHO~ cPó Ha rpa-la
1,5 

---  ,-,e MeWKa np~BeAeHW Ha p~c.l. 
-íp' , 3Ta 3aB~C~MOCTb npe~cTaB

nReTCR BnonHe eCTecTBeHHo~ ~ Ka
0.5 4eCTBeHHO, no Kpa~He~ Mepe, OHa 

,,

i 

A 

Ta	 me, 4TO ~ B n~Heap~30BaHHO~ 

0.5 

o 
P PHc.I. 3aBHCHMOCTb OT BaKYYMHO2 

o ro	 AaBneHHH B paAHyca MeWKa-HYK
11 

rrona R, HMrrynbca KBapKOB p, 
KnaCCHqeCKOro rrHoH~oro rron~ ~o 

H ero rrpOH3BOAHOH cPó Ha rpaHH

Q.5 

15 ~e	 MeWKa H rronHOH 3HeprHH E 
E B COCTOHHHH YCTOHqHBOrO paBHO

BeCHH. Bce BenHqHHbI B ermnauax 
8 B h = fi" = C = I. 

'10 

10
 

5 

li. 

PHc.2. 3aBHCHMOCTb OT PaAHyca- (jY 
MeWKa-HYKnOHa R ero rronHoa 3Hep
rHH E(R), HMrrynbca KBapKOB p(R) , 

2.5 

2 cpegHero rrHOHHoro rronH H ero 
nponaaonnoã (~ o (R), if; ~o (R» na 

1.5 rpaHH~e MeWKa. KpHBaH a rronyqe
na ripa B = 2, KpHBaH 6 - rrpn

I' B = 7,8. Bce BenHqHHbI B eAHHH

:\
! •

uax h = c = fi" == 1. 
0.5 

CBM. C pOCTOM B pacTeT none 
/~ ero npo~3BoAHaRI Ha nOBepx-
HOCT~ MewKa, AQCT~raR AnR 
60nbw~x B 3Ha4eH~~ io> 1, HO 
ripa B < 2 norte ~ (R)« 1, TaK 
4TO An; He60nbw~x\ paBHOBeCHwe 
3Ha4eH~R R, E ~ T. A. MomHO Bbl
4~cnRTb ~ B n~Heap~30BaHHo~ CBM. 
Pa~~yc ~ewKa" K~K ~ cneAoBano 
om~AaTb, YMeHbwaeTcR c pOCTOM 
B" HO An,fi B Z 4 04eHb MeAneHHO. 
E~o Ben~4~Ha n~~ B 2 2 npeAcTaB
nReTCR BnonHe pa3YMHo~. ~Mnynb

Cbl KBapKOB p ~ nonaas 3Hepr~R E 
1281 P~CTYT c POCTOM B.' 

4T06~ y6eA~TbcR B YCTO~4~
10 

BOCT~ MeWKa-HYKnOHa B Hen~He~
HO~ CBM ~ nOHRTb, KaK OHa 06ec

0.3	 0,4 0.5 0.6 0.7 0,8 R ne4~BaeTCR, ,Mbl BbJnonH~n~ pacve
T~, B KOTOp~X cornaçHO 116/, 

1251 Ben~4~Hbl "p(R) ~ io(R) onpenenao r ca KaK <IlYHK'-'~~ R, a 3aTeM 
c 3T~MI4 p (R), cP O(R) BbI4~cnReTCR m(R), 12~/. YpaBHeH~_e 117I np~ 
TaK~X BbI4~cneH~RX He ~cnonb3yeTcR, TaK 4TO p (R) " cP O(R) , QT B, 
ó4eB~AHo, He 3aB~CRT. 3TO ycnoB~e 1171 YAOBneTBopReTCR np~ R == 

= Re , cooTBeTcTBY~U4eM M~H~MYMY E(R). ~MeHHo 3T~ R ~ coor aercr

I 

e 
BY~U4~e ~M Ben~4~Hbl p, ~o' (f~, E _npeAcTa~neHbl Ha p~c..: 1. p,nR 
KamAoro B,. $aB~c~MoCTb Ben1(14~H cPo(R), cPÓ(R) , peR), E (R) 
OT paA~yca MeWKa-HYKnOHa R, nonY4eHHaR on~caHH~M cnoc060M, ~30

6pameHa cnnOWH~M~ Kp~B~M~ Ha ~~c.2. KaK B~A~M, OHa nonY4aeTCR 
04eHb cnomHo~. OKa3b1BaeTcR, npa ManblX R == R m <:::: 0, 3 aaepr aa , 
KaK <IlYHK'-'~R R, ~MeeT MaKC~MYM, a AnR 0, 3 ypaBHeH~RR < Rc:5 
116/, 1251 ,qnR p(R) , c;bo (R) Bo06U4e He ~M~~T H~KaK~X cosaecruux 

5 I I I 

peweH~~, TaK 4TO 6eccM~cneHHo rOBop~Tb o MeWKax CTonb Manoro 
paaaepa : R < R • np~ R .<R.< R k :::: 0,4 3T~ ypaBHeH~R./16/, 

c c - 
r

•	 11 



/25/, ~MeIOT ABa peuieuaa ~ ~l)(R) , .<J~) (R), no-pa3HOMY 3aBI.1CHll\l.1e 
01' R. Ilepeçe peweHVlr <P'<J)(R). c pOCTOM R MOH.9TOHHO yõsraae'r , 
VI C 3TVlM cf; ~1) /1.1 P ( ) / n011y'4aeTcH 3HeprVlH E (R) , I.1MelOll\aH <:,AI.1H 
a6co11lOTHblLtl MI.1HVlMYM npa R = R e ::::: 0,5+0,7. BTopoe peWeHl.1e cp ~2), 
P(2) CYll\eCTByeT 11VlWb npa n, s R ~ Rk ; (fJ2) 6blCTPO pacr e r ripa 

YBe11Vl4eHVIVI R 01' R c VI npa R = R lt ::::: 0,4 3aKaH4V1BaeTCH. COOTBeTCT
BYIOll\aH BeTBb ~(R) pe3KO y6blBaeT npa 3TOM 1.13MeHeHVIVI R. fiCHO, 
41'0 H~KaKOMY $Vl3V14eCKOMY COCTOHHVlIO 31'0 BTopoe peweHVle COOT
BeTCTBOBaTb He Mo~eT._ 

Iloaeneaae $YHKI.\VI~ ~ O(R), p (R), HaLtlAeHHblx 41.1C11eHHblM peweHVleM 
/16/, /25/, MO~HO 11erKO nOHRTb Vl3 Ka4eCTBeHHoro aHa11l.13a 3TV1X 
ypaBHeHVI~. ~3 /16/, /25/, /26/ n011Y4aeTCH COOTHoweHVle 

31 (R, R):n 2 (R) , 
1 = a(R) . b(l/J) . c(x) , a(R) 

871(2 

/29/ 
8it/J sín t/J -i. c(x) = j 2 (x) - j 2(x) ,b(l/J) = - + --(l-lj;ctgl/J)

t/J l/J	 O 1 

caaauaaoaiee t/J = tPo(R) / ( C X = peR) . R, xo ropoe Bbln011HHeTCH npa 
Vl3MeHeHVlI.1 R, eC11Vl pOCT a(R) conpoeoxnaercn COOTBeTCTBYlOl1ll.1M 
YMeHbweHVleM 'rI..t/J). c(x). ~3 /22a/ HeTpYAHO n011Y4I;tTb, 41'0 C YMeHb
weHVleM R Be111.14V1Ha a(R) B03paCTaeT, a' 1.13 /16/, /26/ aaaeuaea, 
41'0 Vl3MeHeHVlIO l/J 01' HY11H AO 71 COOTBeTCTBOBa110 6~ YMeHbweHVle X 
01' X = xo' = 2,04 /nepBbl~ xopeue ypaBHeHVlH jo(x) == jL(x) / AO HY
11~. npVl 3TOM c(X) B /29/ MeHHeTCH 01' c "" (x - x o) -+ U AO c = 1, 
a Be111.14J'1Ha b(t/J) Vl3MeHHeTCH 01' b(l/J) -+ 3l/J -2 -+ 00 AO b(71) - 1/2.
~3 aroro fiCHO, 41'0 npVl 6011bWVlX R, T. e. :KaJiblx a(R)« 1J YAOB11eT
BOpl.1Tb /29/ MO~HO 11VlWb npl.1 Ma11blX l/J, A11fl KOTOpblX npOVl3BeAeHI.1e 
b. c AOCTaT04HO Be11VlKO õnaronapn 6011bWO~ Be11Vl4V1He b(l/J).
 
C YMeHbWeHl.1eM R, T. e. C pOCTOM a(R), noaanaerc a , Ha4V1Hafl C R k'.
 
1.1 I.1Kafl B03MO~HOCTb YAOB11eTBopVlTb /29/: BenI.14V1HY ~c = l/a M6~
HO n011Y41.1Tb He T011bKO ripa l/J S 1, x.::::: 1:0 , HO 1.1 ripa CVl11bHOM n011e 
l/J>l,x -l<x o' rAeHeBe11l.1KO b(l/J)",,1/2,Ho c(x)=sl. npl.1 
Aa11bHe~weM YMeHbWeHVlI.1 R /YBe111.14eHVIVI a(R)/ peweHVlfI C611I.1~aIOTCfI, 

Ta.K KaK He06xOAVlMaR Ma11afl Be111.14V1Ha b. c = l/a Mo~eT n011Y4V1TbCfI 
11Vl60 ripa YMeHbWeHVlI.1 b VI YBe111.14eHVI~ c, A11fl 4ero He06xoAVlMO YBe
111.14eH~e l/J, 111.160 npa YBe11l.14eHI.11.1 b 1.1 YMeHbWeHl.11.1 c, ,q11fl 4ero He06
XOAI.1MO YMeHbWeHl.1e l/J. Ho CTaTb CK011b yroAHo Ma11blM npOVl3BeAeHI.1e 
b-c He Mo~eT, n03TOMY A11fl COBceM Ma11blX R < Rc COOTHOWeHl.11O /29/ 
YAOBIle~BopVlTb He11b3f1. Pe3Y11bTaTbI 41.1CneHHblX paC4eTOB Ha pl.1c.2; 

Cnl.1HOM 1.1 VlX npOeKl.\l.1RMI.1 I.1MeeT npl.1 Bcex 3Ha4eHI.1RX saKYYMHoro Aas
11eHI.1H B' 0AI.1H MI.1HI.1~YM /a6C011IOTHbl~/, KOTOPOMY COOTBeTcTByeT CO
CTOflHl.1e YCTb~41.1Bo'ro paBHOBeCVlR CIt'\CTeMbl. 31'01' pe3Y11bTaT npea
CTaB11ReTCfI CYQeCTseHHblM, nOCK011bKY OH 03Ha4aeT, 41'0 HenpOTI.1BO
pe41.180e OnVlCaHl.1e HYK110Ha B CBM B03MO~HO VI 6es npeAn0110~eHI.1R 

•	 jIil'.1' .. 

O Ma110CTI.1 nl.10HHOrO n011R, 41'0 AaeT B03MomHOCTb npl.1MeHI.1Tb CBM
 
A11fl I.1CC11eAOBaHI.1f1 HYK110Ha B CVl11bHOM Me30HHOM n011e 8 flAepHOM Be

ll\eCTBe 17/.PaAI.1Yc R MeWKa-HYK110Ha B COCTORHI.1I.1 YCTO~4I.1BOrO paBHO

BeCI.1R I.1MeeT ripa B ~ 4 pa3YMHoe 3Ha4eHI.1e R ::::: 0,6 / == 0,85 l1>M/,
 
He npOT~80pe4all\ee COBpeMeHHblM AaHHblM o pa3Mepe HYK110Ha. no

CK011bKY BeIlI.14V1Hbl R! P n011Y4a~TcfI B HaWI.1X pac4eTax 611l.13KI.1MI.1
 
K 06b14HO Hcno11b3yeMblM B 11VlHeapl.130SaHHOLtl CBM, MarHI.1THbI~ MOMeHT
 
HYK110Ha ~, ero cpeAHI.1Lt1 KBaApaTI.14HbI~ 3apRAoBbI~ paAI.1YC <r 2 >
 
VI T.n. n011Y4alOTCfI TeMI.1 me,' 41'0 1.1 B 06b14HblX paC4eTax B C~M. n011

HaR 3HeprVlfl MeWKa-HYK110Ha B HawVlX paC4eTax saMeTHO npeBblwaeT
 
Ha611lOAaeMYIO Maccy HYK110Ha M,npl.1MepHO Ha 30+40%. Ho 4T06b1 Mac

cy HYK110Ha MO~HO 6b1110 CTporo conOCTaBVlT~ 3Heprl.11.1 ~, c11eAyeT
 
Ha~TVI K E PRA nonpaeOK 141 B 4acTHOCTVI, Y4eCT~ ABI.1~eHl.1e ~eHTpa
 
Macc, 41'0 npVlBOAI.1T tI;: YMeH~WeHI.1IO ·E 141. He06xOAHMO, pa3YMeeTC'R,
 
B Aa11bHe~wl.1X I.1CC11eAOBaH~flX BK11104V1Tb B CBM CYll\eC~BeHHO He11I.1He~


Hoe B3aI.1MOAe~CTBl.1e KBapKOB He T011bKO CO cpeAH~M n011eM, HO
 
1.1 C KBaHTOBblM nVlOHHblM na11eM. 
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ByHanm r. r. 
Hccne;o,osaHHe HennHei'moi'I Mo;o,enH KHpanbHoro 
MemKa /CBM/ B npH6nHJKeHHH cpep,Hero nomi 

P2-87-843 

Hccne;o,yeTCH Mop,enb KHpanbHOrO MeWKa /CBM/ ;D,nH HyKnoHa, 
BKn~qaro~aH cy~eCTBeHHO HenHHeHHOe B3aHMOP,eHCTBHe KBapKOB 
c Me3oHHWM noneM. H3 rpaHHqHb~ ycnosHil, o6ecneqHsaro~x yc
TofiqHsOCTb MemKa, nonyqeHbJ ypasHeHHR ;o,nR pa~Mepa MemKa R, 
HMnynbca KBapKOB p, cpe;o,Hero nHOHHoro nonR ¢. HaH;o,eHo Bbipa 
JKeHHe ;o,nR nonHoil 3HeprHH MemKa-HyKnoHa E. ITyTeM cooTseTcT
sy~~ero ycpep,HeHHH BCeX COOTHOWeHHH pacqeThl CBOP,HTCH K cny 
qaro c~epHqecKH-CHMMeTpHqHoro MemKa. IToKa3aHo,~qTo B H3yqae 
Moil o5~en HenHHeHHOH CBM ypasHeHHR ;D.nH R, P, ¢ HMe~T cos
MeCTHoe peweHHe, COOTBeTCTBy~ee a5con~THOMY MHHHMyMY 3Hep 
rHH MemKa E, H, cne;o,osaTenbHo, cy~ecTsyeT ycTofiqHsoe pas
HosecHoe COCTORHHe MemKa-HyKnoHa, 

p a5oTa BblnOnHeHa B J1a6opaTOPHH HeHTpOHHOH ~H3HKH Olf5IH, 
Coo6wettHe OlnenHHeHHoro HHCTHT}'Ta l'IJlepHhlX HccneJloBBHHA . .lly6Ha 1987 

ITepesop, O.C.BHHorpa;o,oson 

IBunatian G.G. P2-87-843 J 

Investigation of the Nonlinear Cloudy 
Bag Model (CBM) in the Mean Meson Field 
Approximation 

The cloudy bag model (CBM) which contains the complete
ly nonlinear interaction of quarks with the classical mean 
field is investigated for the nucleon. The equatio~s for 
the bag size R, quark momentum p, mean pion field¢ are ob 
tained 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 investi 
gated.By means of the properly averaging of all expression 
it is possible to make all investigations in the spheri
cal bag approach. It is shown that in the nonlinear CBM 
under investigation the equations for R, p, J possess the 
consistent solution which corresponds to the absolute mini 
mum of energy E and, consequently, there exists a stable 
equilibrium state of the bag-nucleon. 

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