


OTKP~T~e HOB~x reHepa~~H KBapKoB ~ nenToHOB, non~TK~ o6Hapy­
~~Tb ~ TeopeT~4eCK~ on~CaTb BHyTpeHH~~ CTpyKTypy KBapKOB ~ nen­
TOHOB, HeYAOBneTBOP~TenbHOe On~CaH~e 3KCnep~MeHTanbH~X AaHH~X 

0 MarH~TH~X MOMeHTaX r~nepOHOB/1/e paMKaX npOCT~X KBapKOB~X MO­

AeneH npo6yA~n~ ~HTepec K A~HaM~4eCK~M MOAenRM c 6onbW~M~ Ae­
~eKTaM~ Maccl2 • 3~ 0AH~M~ ~3 nepe~x e 3TOM HanpaeneH~~ RBnRn~cb 
pa60T~/4(e KOTOp~X npeAnOnaranocb, 4TO COCTaBnR~~~M~ aAPOHOB 

RBnR~TCR MaCC~BH~e KBapK~. 3~~eKT~BHOe B3aHMOAeHCTBHe n04TH 
nonHOCTb~ 11Cl>eAaeT 11 MaCCbl KBapKOB ~ npHBOA~T K B03H~KHOBeH~~ 

noTeH~~anbHoro 6apbepa, npenRTCTBY~~ero BblneTaHH~ KBapKoe Hapy­
~y. EcTeCTBeHHo, 4TO npH paccMoTpeH~H TaKHX MOAeneH M~ npHxo­

A~M K Heo6XOA~MOCTH pa3B~T~R MeTOAOB c~nbHOH CBR3H, n03BOnR~­

~~X ~~3~4eCKH HarnRAHO onpeAen~Tb HeKoTop~e rno6anbHble xa­

paKTep~cT~K~ ~ccneAyeMOH CHCTeM~.CpeA~ TaK~X MeTOAOB oco6o cne­
AYeT B~AenHTb MeTOA KonneKT~BH~x KOOPAHHaT H.H.ooron~6oea15/, 
KOTOp~H 3aKn~4aeTCR B onpeAeneHHH B RBHOM BHAe AHHaMH4eCKHX 
nepeMeHH~X, OnHCbiBa~l!lHX CBOHCTBa CHMMeTpHH CHCTeMbl H, cneAOBa­

TenbHO, xapaKTepH3Y~~HX CHCTeMy B ~enoM. 
B HaCTORl!leH pa6oTe Ha OCHOBe MeTOAa KOnneKTHBH~X KOOPAHHaT 

H.N.~oron~6oaa pdL~Mdl~~~dtiLH ~d~dYd u Md~~~oMu~ ~~·~•nu~n0~ 

4aCTH~e, CHnbHO B3aHMOAeHCTBY~~eH C KBaHTOB~M noneM. 
KaK 6yAeT noKa3aHO HH~e, CHCTeMa xapaKTepH3yeTCR MarHHTH~M 

MOMeHTOM, 3Ha4HTenbHO OTnH4a~~HMCR OT AHPaKOBCKOrO, 4TO He cor­
nacyeTCR c npeAnono~eHHRMH, CAenaHH~MH B pa6oTax/6/,H peaynb­

TaToM pa60T~/2~XapaKTep B03HHKHOBeHHR aHOManbHOrO MarHHTHOrO 
MOMeHTa KBa3H4aCTH4HOrO o6pa30BaHHR onpeAenReTCR KBaHTOBOH 
npHpOAOH nonR, KOTOpaR npORBnReTCR B B03HHKHOBeHHH HHepTHOrO 
o6naKa nonRPH3a~HH BOKpyr CnHHOPHOH 4aCTH~bl. 3TO 06CTORTenbCTBO 
onpeAenReT pa3HOCTb peaynbTaTOB, npHBeAeHH~X B 3TOH pa6oTe, 
H peaynb TaToe pa6oT /2,4. 7 I. e KoTop~x nocne PRAa npeAnono~eHHH 

paccMaTpHeaeTCR 3aAa4a ABH~eHHR AHPaKOBCKOH 4aCTH~~ BO BHewHeM 
KnaccH4eCKOM none. KaK noKa3aHo B pa6oTax /4/,xoTR MarHHTH~H 
MOMeHT CB060AH~X KBapKOB 04eHb Man, nopRAKa __ e __ , BCe ~e CHnbH0-

2m 
CBR3aHH~e B aApOHe KBapKH HMe~T He6onbWY~ 3~~eK~HBHY~ Macey, 
4TO npHBOAHT K KOHe4HOMY 3Ha4eHH~ MarHHTHOrO MOMeHTa aAPOHOB. 
3TOT 3~~eKT, OAHaKO, CHnbHO 3aBHCHT OT THna CBR3b1Ba~~ero KBapK~ 

nonR /cKanRpHOrO ~nH BeKTOpHoro/ 17/. npH 3TOM, KaK 6yAeT BHAHO 
~3 AanbHeHW~X paccy~AeH~H, MeTOA onpeAeneHHR 3~~eKT~BHOH Mace~ 
CHCTeM~ npHo6peTaeT Ba~HOe 3Ha4eHHe, 

PacCMOTp~M raMHnbTOH~aH HCcneAyeMOH HaMH CHCTeM~ B cneAY~l!leM 
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H = ~p-+ + 0 m + H + H 
IJ r int• /1/ 

/2/ 

if H 1 - KaHOHH4eCKHe 
MaCCOH m (m- g2 ); g -

nepeMeHH~e CnHHOPHOH 4aCTH~~ C 60~bWOH 
KOHCTaHTa CBR3H, KOTOpaR B~fiHpaeTCR fiO~b­

WOH g >> 1; Pr H Qr - KaHOHHI.IecKHe nepeMeHH~e no~R. ,llnR npocToT~ 
npeAnO~OIKHM, '-ITO CHCTeMa 3aK~104eHa B orpaHH4eHHOM Ofi"beMe H, 
C~eAOBaTe~bHO, YAOB~eTBOPRIOTCR KOMMyTa~HOHH~e COOTHOWeHHR! 

/3/ 
~OpM~aKTOp~~ H 4aCTOT~ no~R wrYAOB~eTBOPRIOT yC~OBHRM Be~ecT­
BeHHOCTH! 

A* =A , 
f -f 

H npeAno~araeTCR,4TO OHH He npHBOART K paCXOAR~HMCR B~Pa*eHHRM. 
B~6paHH~H HaMH raMH~bTOHHaH npHBOAHT K xopowo H3BecTHOMY 

ypaBHeHHIO A~R BeKTOpHOH CBR3H, paCCMOTpeHHOH B pa6oTaX /2,7/, 

c TOH pa3HH~e~. '-ITO Aono~HHTe~bHO a HaweM raMH~bTOHHaHe /1/ 
npHCYTCTByeT COfiCTBeHHO 3HepreTH4eCKaR 4aCTb KBaHTOBOrO nO~R. 
Ha~H4He 3Toro 4~eHa o6RaaTe~bHO.A~R cTpororo yl.leTa KBaHTOBoro 
xapaKTepa no~R H. K~K nvnPT DIAnun ,.., "~"' .. ~.-: ...... _ ----·····-- -

- • • ..-~ - · ·- ,..,_ .. ·- • • ..... ~ .-. ...... , two''-''-"-:/ """'c;.nn...,, 
HrpaeT Ba*HYIO PO~b npH onpeAe~eHHH TaKHX xapaKTepHCTHK CHCTeM~, 
KaK 3~~eKTHBHaR Macca H MarHHTH~H MOMeHT. 4eTblpeXKOMnOHeHTH~H 
CnHHOp ~. OnHC~Ba~HH Hawy CHCTeMy, npeACTaBHM B BHAe 

~=(cP) 
)( . 

noc~e 4ero npHXOAHM K ypaBHeHHRM 

1 
)( = -------- ( ;;.-p) cP • 

E + m Hr -Hint 
/4/ 

I 2 -+2 2 
(E- Hr -l\nd - P -m lct>=O. 

151 
CoaepwHM Tenepb npeo6paaoaaHHR 6oro~J06oaa K HOB~M nepeMeHH~M 
q, A H Qf: 

-; = c; + .l:t. 
g 161 

3Aecb Ur - HeKoTop~e c -4HC~a IK~aCCH4ecKoe 3Ha4eHHe no~RI; Qr­
HOB~e KBaHTOB~e KOOPAHHaT~ no~R. nepeMeHHaR Q OnHC~BaeT ABH*e­
HH: CHCTeM~ KaK ~e~oro, a A RB~ReTcR KOOPAHHaToH, xapaKTepH3yJO­
~eH ABH*eHHe 4aCTH~~ OTHOCHTe~bHO ~eHTpa CHCTeM~. 

2 

"', 

,llnR coxpaHeHHR 4HC~a HeaaaHCHM~x nepeMeHH~x npH npeo6paaoaa-
HHRX 161 HaK~aA~BaiOTCR TPH CBR3H I_ f Uf' Q f ~ 0, rAe U f - He-
KHe C -4HC~a, YAOB~eTBOPRIO~He YC~OBHRM Be~eCTBeHHOCTH H OpTOHop­
MHPOBaHHOCTH: 

u; =D-r· Ha r8 ur Ur* = 8af3" 

KoMMyTa~HOHH~e COOTHOWeHHR 131 fiyAeM pea~H30B~BaTb B npeACTaB~e­
HHH I qr ,1 l , npeAno~araR 

. a 
p .. -1--ar 

C nOM~biO COOTHOWeHHH npeo6pa30BaHHH AH~~epeH~Ha~OB Pr 
npeAcTaB~RIOTCR a TepMHHax HOBbiX KOOPAHHaT Qr, q H A /5,8/: 

_. . a 
p • -Ig-,, 

p' 
f 

at 

-i-L.e-Hq lpr' + .Lu*h (P +ig , + ii.i-p',Q .>1 
aq g f f 1\ r r 

1 ~ -1 
(1- g F)af3'8' 

l Arr' ( -i-_t__), a Qr· 

rl 
-1-

aq 

171 

181 

191 

noc~e TaKOH 3aMeH~ nepeMeHH~X H3-3a TpaHC~~~HOHHOH HHBapHaHT­
HOCTH raMH~bTOHHaH He 3aBHCHT OT nepeMeHHOH ~. 4TO COOTBeTCTByeT 
RBHOMY y4eTy 3aKOHa COXpaHeHHR HMnynbca. npH 3TOM AnR 60nbWHX 

g ypaBHeHHe 151 MO*HO pa3nO*HTb 8 PRA TeOpHH 803My~eHHH no 
ofipaTH~M CTeneHRM KOHCTaHTbl g. 

npeACTa8~RR 8 ypa8HeHHH /5/ 

nony4aeM 8 aeAy~eM nopRAKe no KOHCTaHTe CBR3H lnopRAOK g 4 I 

I[ E 2 - ; I. cur 1 Ur I 
2 

- I. A r u r l ~ - / l <P 2 0 • I 1 0 I 

B c~eAYJO~eM nopRAKe lnopRAOK g31 c T04HOCTbiO AO Hecy~ecT-
aeHHoro C -4HCn080rO MHO*HTenR npHXOAHM K ypa8HeHHIO 

1111 

JlnR cy~ecT808aHHR perynRpHoro peweHHR Mbl AOn*Hbl noTpe6o8aTb 
TO*AeCTBeHHoro o6pa~eHHR 8 Hynb onepaTopa 8 ne80H 4aCTH 3Toro 
ypa8HeHHR, KOTOp~H nHHeeH no nepeMeHH~M nOnR. 3TO Tpe6o8aHHe 
onpeAenReT KnaccH4eCKHe 3Ha4eHHR nonR: 
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npl-1 3TOME 1=0. 
Ecn~-1 Tenepb noTpe6oeaTb o6pa~eHI-1RE 2 e HYnb, M~ nony41-1M ycno­

BI'Ie, HaKnaA~BaeMoe Ha 3Ha4eHI-1R napaMeTpoe HaweA 3aAa41-1: 

IL = .. L I. ..1.., I Ar 12
, /13/ 

2 Wf 

KOTopoe e pa6oTe181 6~no Ha3BaHo ycnoe1-1eM 3axeaTa 4aCTI-1~~ noneM. 
nocne 3Toro e pa3nomeHI-11-1 /5/ e PRA Teop~-11-1 B03My~eHI-1A eeAY~I-'IMI-1 

RBnR~TCR 4neH~ BTOpOrO nOPRAKa no KOHCTaHTe CBR31-1, 
npemAe 4eM B~ni'ICaTb ypaeHeHI'Ie, YA06HO coeepwi'!Tb KaHOHI-14eCKI'te 

npeo6pa3oBaHHR: 

ir;}q_. + i:£ sr Qr + i~t <~A) 
IJI - 8 <b. 

-> -> 
rAe gJ = p - 3Ha4eHHe nonHoro HMnynbca CHCTeMbl; c - noKa npoH3-
eonbHbiA eeKTOP, a Sr _, c - 4Hcna, YAOBneTBOPR~~He ycnoeHRM 

:£srur 1 .o. Sf' =S-r. 

YpaeHeHHe MOmHO nepenHCaTb B 6onee YA06HoA QJOpMe, BBeAR HOBble 
nepeMeHH~e: 

. (J . u 
-1 -:---=-.... : - -1-.-- :+ 

a Qr aQr 
0Ho npHHHMaeT BHA 

iUr I. (ff') Ur'-,-t!.-.- Uf' (f 
aQc' 

D = .l..,(:£fUe~')2 +..!..I. IQrQ-r_,__z_ ...4-,lwe, 
2 IL a Cl r 2 a Q e a Q_ r 

N = :£ IUr (f;)- iwcaf*l .. ~ 
aQe 

/14/ 

/15/ 

/16/ 

/17/ 

/18/ 

) 

] 

nony4eHH~e HaMH ypaBHeHHR /12/, /13/ H /14/ COBnaAa~T C COOT­
BeTCTBy~~HMH ypaBHeHHRMH, nony4aeM~MH npH H3y4eHHI-1 3aAa4H 0 
ABHmeHI'!H MaCCHBHOA 6ecCni-1HOBOA 4aCTH~~ B CKanRpHOM KBaHTOBaHHOM 
none/8 ,51. ~eTanbHOe HCCneAOBaHHe cneKTpa BHyTpeHHHX B036ymAeHHA 
CHCTeM~, onHC~BaeMoA raMHnbTOHHaHOM /15/, AaHO B pa6oTaX /8,9/, 

OnpeAenHM Tenepb 3¢¢eKTI-1BHY~ Macey cHcTeMbl. H3 ycnoBHR o6pa­
~eHHR nHHeAHoro HeperynRpHoro 4neHa N e HYnb H ypaeHeHHA /13/ 
onpeAenReM KOHCTaHT~ Sr 1-1 ~: 

U* ... ~ .... ~ 
sr = i[-L,+ ~tUf' 1 .(fc)- Wt (fJ), 

we 

_. 1 2 IUr 12 _. 
J"' (IL + "f' I, f -J c 

we 

KHHeTH4eCKaR 3HeprHR CHCTeM~ W0 npeACTaBnReTCR B BI'!Ae 

1 1 _. 21 Ur J2 _.2 
Wo = -2 lit+ - I.! -l c • 

3 Wf 
/19/ 

H3 3THX e~pameHHA nerKo onpeAenReM QlH3H4eCKHA cM~cn eeKTopa 

-- · aE 1 --v = <q> .. _, ... --c. 
agJ g 

TaKHM o6pa30M, C C T04HOCTb~ AO (jlaKTOpa 1/g onpeAenReT CKOPOCTb 
cHcTeMbl. TaKHM o6pa3oM, H3 ypaeHeHHR /19/ cneAyeT, 4TO 3¢¢eK­
THBHaR HHepTHaR Macca 4aCTH~~ paBHReTCR 

1 2 2 !Arl 2 
m ~ = m + -g I. f ~, 

3'*"¥. 3 3 
we 

HaAO OTMeTHTb, 4TO onpeAeneHHe 3QJQJeKTHBHOA Mace~ CHCTeM~ 

/20/ 

OCHOBaHO Ha I'ICCneAOBaHHH COOTHOWeHHR MemAY HHTerpanaMH ABHmeHHR 
3HeprHH H nonHOrO HMnynbca CHCTeMbl, KOTOpble Har nRAHO BbiAenR~TCR 

c noMO~b~ KaHOHH4ecKoro npeo6pa3oeaHHR H.H.6oron~6oea. 
KaK 6~no noKa3aHo e pa6oTe/8~3Ha4eHHe 3$¢eKTHBHoA Mace~ /20/ 

MOmHO nony4HTb HCXOAR 1-13 RBHOro BHAa QlYHK~HA rpHHa. TaM me 
npHBOAHTCR MOAenbHbiA raMHnbTOHI'taH, C nOMO~b~ KOTOpOrO nerKO 
npocneAHTb HeKOTOpble xapaKTepHble oco6eHHOCTH onpeAeneHHR 3¢QleK-
THBHOA MaCCbl, 

nocTpoeHHaR e~we cxeMa TeopHH eo3My~eHHA no3eonReT nerKo 
HaATH MarHHTH~A MOMeHT KBa3H4aCTH4HOrO o6pa30BaHHR. nnR 3TOrO 
paCCMOTpHM raMHnbTOHHaH HaweA CHCTeMbl 80 BHeWHeM cna60M 3neKT­
pOMarHHTHOM none (A<l>): 

H = [ti'(j) - eA) + /3ffi] + e<l> + Hr +Hint' 

OnRTb npeACTaenRR 4eT~pexKoMnoHeHTH~A cnHHop e BHAe 

OKOH4aTenbHO npi'IXOAHM K ypaBHeHH~ 

c/J 
'I'= ( ) ' 

){ 
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0TKYAa, Y4~T~BaR /13/, /6/, nerKO HaXOA~M MarH~TH~H MOMeHT C~­
CTeM~ B rnaBHOM np~6n~~eH~~ Teop~~ B03My~eH~H: 

_. e _. 
m • 2-,S. 

2m 
/21 I 

TaK~M o6pa3oM, 3¢$eKT~BHO np~ ycnoa~~ 3axBaTa 4aCT~~~ noneM 
C~CTeMa xapaKTep~3yeTCR A~PaKOBCK~M MarH~TH~M MOMeHTOM ~ Mac­
COH, paBHOH Macce "ronoro" ~epM~OHa, onpeAenReMoH ~3 ypaBHeH~R 

/20/ np~ npeHefipe~eH~~ KBaHTOB~M~ nonpaBKaM~ B 3~~eKT~BHOH 
Macce. 

Ecn~ Tenepb npeAnono~~Tb, 4TO wr- 4aCTOT~ 6e3Maccoaoro nonR: 
w2 = f2, To, y4~T~BaR ycnoa~e /13/, nony4aeM AnR 3$¢eKT~BHOH 

r 
Mace~ 

5 
m3cWJ;' 3m. 

MarH~TH~H MOMeHT /21/ npeAcTaBnReTCR B B~Ae 

__. 10 _. 
m=----2--s, 

3 2m 

4TO COOTBeTCTByeT Han~4~~ aHOManbHOrO MarH~THOrO MOMeHTa, 
3aMeT~M, 4TO ~eKT~BH~e pa3Mep~ CBR3aHHOH C~CTeM~, onpeAe­

nReM~e aMnn~TYAOH 1 ~po~aH~R 11 K,c pOCTOM C~n~ B3a~MOAeHCTB~R 
CTpeMRTCR K Hyn~ KaK 1/g. noA06HaR C~CTeMa Morna 6~ paCCMaTpH-

~ Man~e pa3Mep~. 0AHaKo, KaK noKa3~BaeT npoBeAeHHOe HaM~ pac­
CMOTpeH~e, npH ycnoB~RX m -g2 H g _...., MarH~TH~H MOMeHT TaKOrO 
~epM~OHa 04eHb OTn~4aeTCR OT AHpaKOBCKOrO 3Ha4eHHR, 

8 3aKn~4eHHe aaTop~ a~pa~a~T rny6oKy~ 6naroAaPHOCTb 
H.H.6oron~6oay ~ A.H.Taexen~A3e 3a ~HTepec K pa6oTe. M~ np~3Ha­
TenbH~ A.A.Xenawa~nH 3a nnOAOTBOPH~e o6cy~eH~R. 
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HET RH nPOBEROB 8 BAWEA BHBRHOTEKE? 

8bl MOlKeTe nOJIY'IMTb no nO'ITe nepe'IMCJieHHble HMlKe KHMrM, 

eCJIM OHM He 6biJIM 38K838Hbl paHee . 

A13-111 82 

A17-11lt90 

Jt,-11574 

A3-11787 

A13-11807 

A1,2-12036 

A1,2-12450 
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A2-81-543 

410,11-81-622 

A1,2-81-728 

A17-81-758 

AI ,2-82-27 

PlB-82-117 
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TPYAW H~AYHBp<>AHOro CHM003HYMa no Hat5paHHWM npot5ne­
MaM CTaTHCTH~eCKOM MeXBHHKH. Jlyt5Ha, 1977. 
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l PYAW HelOCAYHapOAHOH KOH~peH~MH no npot5neMaM 
HeCKon•KHX Ten 8 IIAePHOH .. 3MKe. Jlyt5Ha, 1979. 

TPYAW He•AYHaPOAHOH wKonw no cTpyKType IIAP•· 
An)'IIITa, 1980. 

TPYAW VI He•AYHaPOAHoro coae•aHHII no npot5neMaM KBaH ­
Toeoi1 TeopHH nonA. AnywTa, 1981 

TpyAW He•AYHaPOAHOro coee•aHHII no npot5neMaM MaTeMaTH­
~ecKoro MOAenHpoBaHMII 8 11AePHO-~H3M~eCKHX HCCneAOBa­
HHAX. Ayt5Ha, 1980 

TpyAW VI He•AYHap<>AHOro ceMHHapa no npot5neMaM ~M3HKH 
awcoKHX 3HeprHi1 . Ayt5Ha, 1981 . 

TpyAw I I He•AYHap<>AHoro CHMno3HyMa no H3t5paHHWM 
npo6neMaM cTaTHCTH~ecKOH MeXBHHKH. Ayt5Ha, 1981 . 
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H3naTenbCKHA OTnen 0t5benHHeHHOrO HHCTHTYTa RnepHNX HCcnenoBaHHA 

BawaKHA3e W.H., HaTaeea B.A. P2-82-550 
0 MarHHTHOM MOMeHTe CKnbHOCaA3aHHOH CHCTeMW 

Ha OCHOae MeTOAa KOnneKTHaHWX KOOPAHHaT H.H.6orono6oaa ~aCCMaTpHaaeTCA 
3aAa4a 0 MaCCHaHoH COHHOPHOH 48CTH~e, CKnbHO a3aHMOAeHCTa~eH C KaaHTOBWM 
noneM. noKa3aHO, 4TO CHCTeMa X8p8KTepHsyeTCA MarHHTHWM MOMeHTOM, 3Ha4HTenbHO 
oTnH4a~HMCA oT AHP8KOacKoro. XapaKTep aosHHKHoaeHHA aHOManbHOro MarHHT­
Horo MOMeHTa Kaa3H4aCTH4HOrO o6pasoaaHHA onpeAenAeTCA KaaHTOBOH npHpoAOH 
nonA, KOTOp8A npoABnAeTCA a a03HHKHOBeHHH HHepTHOro o6naK8 nonApH3a~HH 
BOKpyr COHHOPHOH 4aCTH~W. 

Pa6oTa awnonHeHa a na5opaTOPHH TeopeTH4eCKoH $H3HKH OHRH. 

Vashakldze Sh. I., Hatveev V.A. P2-82-550 
About Magnetic Moment of the Strongly Bound System 

On the basis of Bogolubov's collective coordinate method the problem 
of a massive spinor particle strongly interacting with the quantized field 
is studied. It is shown that the system magnetic moment differs from 
Dirac's one. The character of the anomalous magnetic moment of the quasi­
particle is defined by the quantum nature of the field, what reveals in 
arising of an inert polarization cloud around the spinor particle . 

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