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1. BBE,llEHHE 

MeTOA XapTpH-$oKa /X$/ e 3~eKTHSH~MH eHnaMH, 3asHe~~HMH 
OT nnOTHOeTH/1< eTaJ1 OAHHM H3 eaM~X paenpOeTpaHeHH~X MeTOAOS 
MHKpOeKOnH4eeKoro OnHeaHHR OeHOSHOrO eoeTORHHR aTOMH~X RAep. 
8SeAeHHe exeMaTH4H~X eHJ1 S3aHMOAe~eTSHR Me*AY HYKJlOHaMH/2/, 
H, oeo6eHHO, eHn CKHpMa 131, HaMHoro ynpoeTHno peweHHe eaMo
eornaeosaHH~x X$-ypasHeHH~ A11R OAH04aeTH4H~x sonHOSbiX $YHK
~H~ HYKnOHos s RApe. 

X$-s~4HeneHHR, OAHaKo, see e~e oeTa~TeR enomH~MH A11R eHe
TeM e 60J1b~M 4HeJ10M 4aeTH~ H oeo6eHHO AnR OnHeaHHR S3aHMO
Ae~eTSHR Me*AY RAPaMH s $H3HKe TRmen~x HOHOB. B noeneAHee spe
MR see 4a~e B03HHKaeT He06XOAHMOeTb S S~4HeneHHRX S paMKaX 
3asHeR~ero OT speMeHH MeTOAa X$, 4TO eHosa AenaeT aKTyanbH~M 
sonpoe o npeoAoneHHH TPYAHOeTe~ npH peweHHH eTa~HOHapHo~ X$-
3aAa4H. 

HMeR S SHAY 3~eKTHSHy~ npHpOAY eHn, MO*HO 3aAaTbeR sonpo
eoM: KaK TaKaR TPYAOeMKaR npo~eAypa peweHHR ypasHeHHR X~ Mo
*eT 6~Tb ynpo~eHa 6e3 3Ha4HTeJ1bH~X HapyWeHH~ T04HOeTH nony-
4eHH~X s MeToae X$ oe3Y11bTaTos. 

MeTOA ToMaea-~epMH /T$/ s RAPe 141 RSnReTeR AaSHO H3secTHOH 
anbTepHaTHSO~ MeTOAY X$, KOTopaR s~pa*aeTCR S TOM, 4TO OAH0-
4aCTH4H~e SOJ1HOS~e $yHK~HH J10KaJ1bHO 3aMeHR~TCR Ha nnOCKHe SQJ1-
H~ c nepHOAH4eCKHMH rpaHH4H~MH ycnoSHRMH. Cy~ecTsyeT secbMa 
06WHPH~H Kpyr nOAXOAOS/&~ S KOTOp~X Ha 6a3e MeTOAa T~ 3HeprHR 
RAePHOH CHCTeM~ npeACTaSnReTCR KaK $yHK~HOHaJ1 o'T J10KaJ1bHOH 
nnoTHOCTH p(1). B Ka*AOM H3 HHX, OAHaKo, xopowee onHcaHHe·oc
HOSH~x RAepH~X xapaKTepHCTHK AOCTHraeTCR 3a C4eT SBeAeHHR $e
HOMeHOJ10rHH, H CJleAyeT nOA4epK~yTb, 4TO 3TH nOAXOA~ He n03SQ-
11R~T, OnpeAe11HS.p(r), SOCnpOH3SeCTH MHKpOCKOnH4eCKHe xapaKTe
pHCTHKH OCHOSHOrO COCTORHHR RAepHOH CHCTeMbl. 

B HacToR~e~ pa6oTe MeTOA noKanbHo-MacwTa6Horo npeo6pa3osa
HHR /MnMn/ 161 npHMeHReTeR S TeOpHH X$ AJ1R onHCaHHR OeHOSHOrO 
COeTORHHR A-4aeTH4HoH RAepHO~ CHCTeM~. Cy~HOCTb MeTOAa/4aeTb 2/ 
COeTOHT B npoSeAeHHH J10KaJ1bHO-MaewTa6Horo npeo6pa3oSaHHR /nMn/ 
nOAXOAR~HM o6_pa30M s~6paHHOH 11MOAe11bHOH 11 MHOr04aCTH4HO~ SOJ1HQ
SOH $YHK~HH f(r1 .r"2 ...... r A)• npeAcTasnR~~e~ AeTepMHHaHT C~eTTepa 
H3 OAH04aent4H~x sonHoB~x ~yHK~H~ 11MOAe11bHOro" 6a3HCa I¢ i I . ... ... ... .... 
nony4eHHaR S pe3yJ1bTaTe np06HaR SOJ1HOSaR ~YHK~HR T t (r 1,r2 , ••. ,r A) 
npespa~aeT epeAHee 3Ha4eHHe raMHJlbTOHHaHa H paceMaTpHsaeMOH 
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CHCTeM~ B 3HepreTH4eCKHH $yHKQHOHan E[f], KOYOPWH He06XOAHMO 
MHHHMH3HpOBaTb. TaKHM o6pa30M CHCTeMa 113 A HHTerpO-AH$$epeH
QHanbH~X ypaBHeHHH X$ B MflMn CBOAHTC~ K peweHH~ ypaBHeHH~ An~ 
$yHKQHH flMn - f(l). 

B cny4ae C$epH4eCKH-CHMMeTpH4H~X ~AepH~X CHCTeM /4aCTb 3/ 
f(r) 3aBHCHT TOnbKO OT MOAYnR r BeKTOpa f. npH HCnOnb30Ba
HHH 3~eKTHBH~X CHn CKHpMa/7/ AnR OCQHnnRTOpHO~ AeTepMHHaHT
HOH op6HT~ 0 nnoTHOCTb 5; r(r) 3HepreT!14ecKoro $yHKI\HOHana E[f] . 
CTaHOBHTC~ o6~KHOBeHHOH anre6paH4eCKOH $YHKQHeH OT f(r) H ee 
npOH3BOAH~x. YcnoeHe cTaQHOHapHOCTH E[f], onpeAenReT ypaeHe
HHe 3i1nepa-narpaHma, An~ 4HcneHHoro peweHHR KOToporo /4aCTb 4/ 
npHMeHReTCR OAHa H3 MOAH$HKaQHH MeTOAa CTepmHeBWX cnnaHHOa/S/, 
KOTOpaR AaeT B03MOmHOCTb onpeAenHTb HeH3BeCTHy~ $YHKQH~ f(r) 
B aHanHTH4eCKOM BHAe. 

nony4eHH~e pe3ynbTaT~ AnR 3HeprHH CBR3H, OAH04aCTH4H~X 
3HeprHH, nnOTHOCTH HyKnOHOB H reoMeTpH4eCKHX xapaKTepHCTHK 
RAep, KaK BHAHO H3 4aCTH 5, enonHe YAOBneTeopHTenbHO eocnpoH3-
BOART T04H~e X$-pe3ynbTaTW. B 4aCTH 6 KOpOTKO o6cymAa~TCR pe-
3ynbTaT~ H HaMe4a~TCR 803MOmHOCTH HX npaKTH4eCKOrO npHMeHeHHR. 

2. MflMn B TEOPHH X$ 

PaccMoTpHM A -4aCTH4HY~ KBaHToeo-MexaHH4ecKy~ CHCTeMy c ra
MHnbTOHHaHoM H: 

A A 
n .. :z: ·q r. ) + l. v (r 1' ,r . ), 

i=t 1 l<j J 
Ill 

rAe OAH04aCTK4H~H onepaTop 

... h 2 ... 2 
T(r. )=-- v ... + v(f. ) 

1 2M 'i 1 
12/ 

npeACTaSnReT CYMMy KHHeTH4eCKoH 3HeprHH H nOTeHQHanbHOH 3Hep
r1o!H eo BHeWHeM none v(r) i -ToH ~aCTH14w; V(ri .f. ) - ABYX4ac
TH4Hoe B3aHMOAeHCTBHe i -TOH H j -TOH 4aCTH14. n~cTb J{ - nonHOe 
rHnb6epTOBO npOCTpaHCTBO AHHaMH4eCKHX COCTORHHH paCCMaTpM&ae
MOH CHCTeMbl. 

B MflMn161 paccMaTpHBaeTCR rpynna 1 nMn peanbHOro, TpexMep
Horo, aeKTOpHoro npocTpaHcTea ~a=lr = (r,?0 ); r ~,R, i'tl~'nl 
M ee YHHTapHOe npeACTaaneHHe lJ1 .. I 'lJ r; r -· 5 I 8 npocTpaHCT
ae J<. OnepaTopw 'lJt"' 'tt1, AeiiicTay~Q~qHe Ha ecRKYIO cj)yHKQHIO 9 ~. J( 
no npaa11ny: 

'lJ 9(...... ... ) D':& D':& ':& ... ... ... ... "' ... 7 r1,r 2 , .... ,r A= 1 x 2 x ••• xnA-1'(f(r 1),f(r
2

), ••• ,I(r A)), /3/ 

rAe Di = D (fti'i)/r ... i ) - ~Ko6HaH JlMn: 

2 

/4/ 

,.. ,. A + 
'lJ ... (r , ••• ,r )= n U ... (r.) /51 

f 1 A i=t f 1 

OAH04aCTH4H~x, llHHeHH~x onepaTopoe Ut(t ), (i=1,2, ... ,A), Ka}I(AbiH 
+ +I + J{ 

H3 KOTOp~X peanH3yeT flMn $yHKQHH 'P ( r l ,r 2 ., ••• ,r A) G COOT-
BeTCTBeHHO no Fj -TOH KOOPAHHaTe. TOrAa, cornacHo/6/, OnHCaHHe 
OCHOBHOrO COCTORHHR paCCMaTpHBaeMOH CHCT~Mbl COCTOHT a: 

1 I a~6ope MOAenbHOH eonHoeoiii $YHKUHH 'P ~ J<. onpeAenR101J4ei1 
Knacc npo6Hb1X BOnHOBbiX $yHKQHH KaK op6HTy: 

Ha npOCTpaHCTBe J{ OTHOCHTenbHO rpynnbl flMn; 
2/ nocTpoeHHH 3HepreTH4ecKoro $yHKUHOHana E[f] KaK cpeA

Hero 3Ha4eHHR raMHnbTOHHaHa H no COCTORHHRM 'Pf c;Q: 

E [f).. < 'P r I HI • r ..:::..__; 
<'Prl•r> 

171 

3/ peweHHH ypaaHeHHR AnR ¢YHKUHH nMn, nony4eHHoro H3 ycno
BHR CTaQHOHapHOCTH E(f), npH npOH3BOflbHbiX aapHaUHRX f~): 

oE ii 1 0 . ; ~ 5 . 
Br cr> - · !81 

nycTb 11MOAeflbHaR" BOflHOBaR ¢YHKUiofR iji ~ J( npeACTaBnReT A -
4aCTH4HbiH cneTTepoBCKHH AeTepMHHaHT: 

(i,j = 1.2 , ... ,A), /9/ 

COCTaBneHHbiH H3 OpTOHOpMHpOBaHH~X 11MOAeflbHbiX11 OAH04aCTH4HbiX 
BOnHOBbiX ¢YHKQHH cPj (r); (i = 1,2 , ... ,A), Tor Aa BCRKaR H3 AeTepMH
HaHTH~X op611T, nOCTpOeHHbiX, cornaCHO /6/, Ha OCHOBe 11MOAenb
HOH11 BOflHOBOH cj)yHKQHH THna /9/, BKnl04aeT B ce6R MHOr04aCTH4-
Hble BOnHOB~ ¢yHKQHH: 

(i,j -1,2 •... ,A). /10/ 

/11/ 

YAOBneTeopRIOT /nocKOfibKY f ~ J I ycnoBHRM opTOHOPMHpoeaHHOCTH: 

-- -1 -· -· -
< ¢ i I u 1 u r I ¢ j > .. < ¢ i I ¢ j > - 8 if <¢.1¢.>= 

I J 
/12/ 
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/13/ 

aHanorH4HO /1/, npHHHMaeT BHA! 

A A 
H[fl= ~ Tr<t )+ ~ vrcr. .r. }, 

i= 1 I i<j I J 
/14/ 

~ -1 ...... ~ -+ 
T (r 

1
. ) = U ,. ( r . ) T (r . ) U -+f (r . ) 

f f I I I 
/14a/ 

/146/ 

npeACTaBnR~T, COOTBeTCTBeHHO, 3~~eKTHBH~H OAH04aCTH4H~H one
paTop i -ToA 4aCTH~W H 3$$eKTHBHOe B3aHMOAeHCTBHe Me*AY i -ToA 
H j -ToA 4aCTH~aMH CHCTeMbl. TorAa 3HepreTH4eCKHA $yHK1.1HOHan 
/7/: 

- -. 
E [ f l- <'I' IH [f] I 'I'> • /15/ 

-
onpeAeneHHWA HaA op6HTOA O,HMeeT BHA: 

~r,. .. ,. ,.-+'"" -~--,-+ 4,.., 1 _.-+.-+. __ ............ •--. ~.. --4 ..... o 
-"'llJ"'Iu• ~ VJPV•' JL. +-,Jurur vf~r,r JtptrJptr J-,lptr,r')l-1· I 10/ 

r rr.; 2 

B /16/ BMecTe c HeHaeecTHOA $YHK~HeA f(~) npHcyTCTByeT e~e na
paMeTpH4ecKaR $yHK~HR H 11MOAenbHaR" OAH04aCTH4HaR AHPaKoecKaR 
MaTpH~a nnOTHOCTH! 

. A 
_( .... , A ;;,·*( .............. n•(,...., ..... -+)d .... d._,. ~ -.-+ - ..... , 
p r,r )= fT r,r2 , .•. rA)T r ,r2 •.• rA r 2 ••• rA=.kc/>. (r)¢i(r ), 

lsl I 
/17/ 

AHaroHanbH~e 3neMeHTbl KOTOpoA onp·eAenR~T 01MOAenbHY~11 nnOTHOCTb 
4aCTH~: 

-+ -+-+ -+ A - -+ 2 
jj(r) "'P(r,r',.r) .. ~ lc:/>. (r)l. /18/ 

i=l I 

C nOMO~b~ /16/ nerKO nony4HTb ypaBHeHHe CTa~HOHapHOCTH /8/, 
KOTOpoe onpeAenReT BHA $YHK~HH f(1). HHTepeCHO OTMeTHTb, 4TO 
ecneACTBHe YHHeepcanbHOCTH MnMn/6/ npH eapbHpoeaHHH e /16/ no 
HcKoMoi1 <I>YHKI.IHH f(r), $yHK~HH P"(t,r .. ') H ;J(t) He aaTparHea
~TcR, 4TO eecbMa YA06Ho npH npaKTH4eCKHX B~4HCneHHRX. 

B MeTOAe X~ cpeAHee aHa4eHHe raMHnbTOHHaHa H MHHHMH3HpyeTCR 
e paMKax noAnpocTpaHcTea }{X$ npeACTaBnR~er.9 o6"beAHHeHHe no
napHo HenepeceKa~~HXCR AeTepMHHaHTHwx op6HT 0 c }{X$· CneAOBa-

4 

TenbHO, MeToA X~ onpeAenReT T04HY~ HHmH~~ rpaHH~Y EX$ AnR 

3HeprHH Er OCHOBHOrO £9CTORHHR CHCTeM~ B MflMn, npHnomeHHOM 
K npOH3BOnbHOH op6HTe 0 C J{X$, H HMeeT MeCTO HepaeeHCTBO: 

/19/ 

rAe E'.E[f E'] npeACTaBnReT cpeAHee 3Ha4eHHe H B COCTORHHH, on
peAeJlReMOM 11MOAenbHOH 11 BOnHOBOH ~YHK~HeH /9/. 

B paMKax onpeAeneHHOH ypaeHeHHRMH /6/ H /9/ op6HT~ Me*AY 
noKaJlbHOH nnOTHOCTb~ p(r) H ~yHK~HeH f(r) cy~eCTByeT B3aHMHO
OAH03Ha4HOe COOTBeTCTBHe: 

-+ f 2 ar A - -+ 2 
p(r)--,-~1¢ (f)!. 

r 2 or 1•1 I 
/20/ 

CornacHo /20/, Aame e cny4ae, KOrAa 11MOAeJ1bHaR" nnoTHOCTb /18/ 
c~epH4eCKH CHMMeTpH4Ha, Mnt1n AaeT B03M0)1(H0CTb OnHCaHHR OCHOB
HOrO COCTORHHR CHCTeM~ C Ae~pMHpOBaHHOH nnOTHOCTb~ pacnpeAe
neHHR, nOCKOnbKy B p(1) MOryT npHCYTCTBOBaTb CTaTH4eCKHe .. Ae
~OpMa~HH, nopO)I(AaeM~e Ae~pMa~Hei1 MeTpHKH e npocTpaHcTee R3, 
nOABep)l(eHHOM flMn. 

,llaJ1bHei1wee npaKTH4ecKoe HcnonbaoeaHHe t1nMn e TeopHH X~ 
AJlR KOHKpeTHWX ~H3H4eCKHX CHCTeM CBR3aHO C 3aAaHHeM RBHOrO 
BHAa raMHJ'tbTOHHaHa /1/ H onpeAeneHHeM BHAa 11MOAenbHOro" OAH0-
4aCTH4HOrO 6aa11ca I ¢i I. 3TH ABa MOMeHTa TecHo ceRaaH~ Me*AY 
co6oi1, nocKOJlbKy, cornacHo /19/, 11MOAenbHaR" ~YHK~HR 'I' AOn)I(Ha 
aAeKBaTHO OTpamaTb OC06eHHOCTH KOHKpeTHOH ~H3H4eCKOH CHCTeMW. 
TaK, HanpHMep, AJ1R cny4aR aTOMHWX CHCTeM OAHHM H3 803MO)I(HWX 
aw6opoa 11MOAeJ1bHoro" 6aaHca I¢ i I RBnReTCR aw6op BOAOPOAHWX 
OAH04aCTH4HWX BOJlHOBWX ~YHK~HH 191 • .llJ1R RAePHWX CHCTeM CaM~M 
npOCTWM H YA06HWM AJ1R npHMeHeHHR RBJ1ReTCR OC~HnnRTOpH~H 6a3HC. 

3. C~EPH4ECKHE R,llPA 

B HacToR~ei1 pa6oTe MnMn a TeopHH X~ HcnonbayeTcR AnR on~o~ca
HHR OCHOBHOro COCTORHHR C~epH4eCKHX RAep. 0AH04aCTH4H~H 11MO
AeJ1bHWH11 6a3HC COCTOHT H3 OpTOHOpMHpOBaHHWX OC~HJ1J1RTOPH~X BOJl
HOBWX ~YHK~HH /tO/: 

/21/ 

/21a/ 

/216/ 
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3AeCb I-IHAeKC i BKlll04aeT Ha6op KBaHTOBbiX 4HCell: 3apJIA q, rna s
HOe KBaHTOBOe 4HC110 n, opfiHTallbHbiH yrllOBOH MOMeHT f. nOllHbiH yr-

~ · ( Mw ~ 110801-1 MOMeHT] H MarHHTHOe KBaHTOBOe 41-!CllO m , a a= -r) 
JIBllJieTcJI paA~-tallbHbiM napaMeTpOM OC4HllllJITOpa. TorAa ypaeHeH~-tJI 

161, 191, 1211 onpeAellJIIOT OC41-11lllJITOPHYIO AeTepMHHaHTHYIO op6~-t
Ty 0', KOTOpOH npHHaAlle>KaT npOfiHble BOil HOBble <IJYHK4HH 'I' r ~. 0, on
peAelleHHble paeeHCTBaMH 1101, 1111, 1211. 

Anfl 4eTH0-4eTHbiX c<J>ep~-t4eCKHX J~AeP cn~-tH-yrllOeble <I>YHK4HH 
l21al JIBllJIIOTCJI peweHHJIMH ypaeHeHHH X<l>, KOTOpble, cornacHo 1191, 
onpeAellJIIOT T04HYIO HH>KHIOIO rpaH~-t4Y 3HeprHH e MnMn, nocTpoeHHOM 
c AeTePMHHaHTHbiMH op6~-tTaM~-t e }{Xci> • TorAa Allfl 0 e ypaeHeH~-t~-t 
CTa41-10HapHOCTH 181 nepeMeHHble pa3AellJIIOTCJI, H <IJYHKI.IHJI f(r)OKa-
3b1BaeTCJI 3aBHCJII!IeH TOllbKO OT BellH4HHbl r c;, R BeKTOpa r ~.R3 • 
B 3TOM cny4ae J~Ko6~-taH 141 Mnn npocTpaHcTea R3 , KoTopoe 3a-...... 
AaeTCJI BeKTOpHbiMI-1 <1JyHK4HJIMH f(r)ar 0f(r~ HMeeT BHA! 

D '!!! D (f(r)/r) .. .feu.-~. 1221 
r2 dr 

Aanee ~-tcnonb3yeM CHllbl CK~-tpMa171 e raMHllbTOHHaHe 111 leHewHee 
none v(r') =0 I. Anfl CHll CK~-tpMa nnoTHOCTb &r (t} 3HepreTH4ecKoro 
<IJYHK4HOHalla 1161: 

1231 

3aBHCI-1T OT llOKallbHOH nllOTHOCTH Pn(Pp ), Cn~-tH-nllOTHOCTI-1 Jn(J p) 
H nllOTHOCTH KHHeTH4eCKOH 3Hepr~-tl-1 rn(rp ) Her::iTpOHOB lnpoTO-
HOBI. 3TH eenH4~-tHbl s 0 3ae~-tCJIT oT 11MOAellbHoro" 6a3~-tca 121 I 
1-1 QlYHK4HH f(r) ClleAYIOIIIHM o6pa30M: 

rAe 

p(r)=71¢i{1)!2•·Dfl¢i(f)!2, 1241 

J (r)=r-
1f (¢~ i.;;.¢i )=Dr- 1f ¢7 (f)f.'J ¢i(f), 

r(r) • ~IV¢. (r)! 2 =-!...Ap-~ ¢"':(f)(}.(f,r)¢.(f), 
j I 2 I I I I 

1251 

1261 

(} (fr) D[ 1 r'" 1 r" 2 
2 r" fj(fj+l) 1 (f" r' 2> a r,2a2 

1 126 1 i • - 2'(;- 4 t:2+ T- r2 +2 +raT+ ac2'· a 

a WTPHXOM o6o3Ha4eHbl npoH3BOAHble no r. CyMMHpoBaHHe s 1241-126 
npOBOAHTCJI no 3aHJITbiM HeHTpOHHbiM lnpOTOHHbiMI COCTOJIHHJIM, 3aBH-
CJIIIIHM COOTBeTCTBeHHO OT <IJYHKI.IHH ¢~n)(¢~P) ) H <IJYHKI.IHH nMn 

I I 
fn(fp ), 4TO AaeT HeHTpOHHble lnpoTOHHblel nnoTHOCTHble eenH4HH~ 
B JIBHOM BHAe: 

c. 

1271 

rAe p•pn +p ,J.Jn +Jp , r • Tn + rp. C~-tMBOllaMH t 0 , t 1 , t 2 , 
t 3 ,x0 ~-~~0 e 1271 o6o3Ha4eHbl napaMeTpbl CK~-tpMa, a nocneAHHH 
41leH: 

r: ... e2 Pp (r) Pp (r') ·.dr, 
\9 (r) - -- r - -
c 2 lr-r'l 

127al 

npeACTaBnJieT nnoTHOCTb KYllOHOBCKOH 3HeprHH. TaK~-tM o6pa3oM, 
npH JIBHOM Bblpa>KeHHH 1211 W paeeHCTBe 1221-1261, nllOTHOCTb 1271 
3HepreTH4eCKOrO <IJYHK4HOHalla 1231 npeepal!laeTCJI B 06biKHOBeHHYIO 
anrefipa~-t4eCKy10 <IJyHKI.IHIO OT f (r) H ee npOH3BOAHbiX f' , f, , f '". 
~3 YCllOBHJI CTai.IHOHapHOCTH 181 nolly4aeM ypaBHeHHJI 3J':1nepa-nar
paH>Ka: 

3 
'\' I 

- ' m-o 

KOTOpble onpeAellJIIOT <J>yHKI.IHI-1 fn H fp. Heo6XOAHMble AllJI peweHHJI 
ypaBHeHHH 1281 rpaHH4Hble YCllOBHJI ClleAyiOT W3 rpynnOBbiX CBOHCTB 
nMn B npocTpaHCTBe Rs H ~3 B3aWMHO-OAH03Ha4HOH CBJI3H, Cyl!leCT-
BYIOI!IeH Me>KAY nllOTHOCTbiO Pn(Pp) H <I>YHKL!Her:i nMn fn(fp ). 

TaKHM o6pa30M, onwcaHHe OCHOBHOro COCTOJIHHJI JIAepHOH CHCTe
Mbl CBOAHTCJI K peweHHIO onpeAelleHHOH Ha opfiwTe 0 CWCTeMbl ypae
HeHHH 1281 AllJI <I>YHKI.IHH nMn. nony4eHO 3Ha4HTellbHOe ynpol!leHwe 
MHoro4aCTW4HOH 3aAa4w, nocKOllbKy e MeTOAe X<l> npHXOAHTCJI pewaTb 
CHCTeMy H3 A CBJI3aHHbiX HHTerpO-AW<IJ<J>epeHI.IHallbHbiX ypaBHeHHH,Ka>K
AOe H3 KOTOpblx no CllO>KHOCTH cpaBHHMO c 1281. Pa3yMeeTcJI, 3TO 
3Ha4wTellbHoe ynpol!leHHe cTa4HOHapHoi1 X<l>-aaAa4w wMeno 6bl CMbiCll 
TOllbKO npw ycnoe~-tw, 4TO nony4eHHble e Mmm peaynbTaTbl eocnpowa
eoART c YAOBlleTeop~-tTellbHOH T04HOCTbiO pe3yllbTaTbl MeTOAa X<l>. 

4. PEWEHHE YPABHEHH~ MnMn 

B HaCTORI!IeH pafioTe wcnOllb3yeTCJI MOAH<IJHKai.IHR MeTOAa CTep>KHe
BbiX cnnai1Hoe /8/ AllJI peweHwR nony4eHHbiX e MnMn ypaeHeHwi1 1281. 
MeTOA cTep>KHeBblx cnnai1HoB 6bln npeAllO>KeH AllR peweHwR 3aAa4 Ha 
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co6cTeeHH~e 3Ha4eH~R n~HeHH~x A~~~epeH~~anbH~x ypaeHeH~H e~co
Koro nOpRAKa. 0AHaKO OH RBnReTCR 3~~eKT~BH~M B~4~Cn~TenbH~M 
CpeACTBOM ~ B np~MeHeH~~ K ypaBHeH~RM H~3Koro nOPRAKa/11/, 

PaccMoTp~M AnR onpeAeneHHOCT~ OAHO ~3 ypaeHeH~H /28/. HcKo-
Moe peweH~e f(r) Ha KOHe4HOM ~HTepeane X=[ XH, XK j npeACTaB-
nReTCR e aHan~T~4eCKOM BHAe y(x) KaK npOH3BeAeHHe: 

(3). 
y (x)=S (x)p (x) /29/ 

/30/ 

I I -· I 181 rAe n-1,2, ... N N - 4HCno y3noe B ceTKe xn I, H CTep>KHR 
p (X)=X, KOTOpbiH npeACTaBnReT peweHHe paccMaTpHBaeMOrO ypaBHe
H~R npH r~O. nocne TOro, KaK 6YAYT YAOBneTBOpeH~ ycnOBHR 
rnaAKoro cwHBaHHR y, y' , y" Ha y3nax ceTKH li~ I H rpaHH4-
Hble ycnOBHR AnR f (r) npH r ~ 0 H r ~"" , B ~CKOMOM peweHHH /29/ 
OCTaiOTCR'KaK He3aBHCHM~e TOnbKO M(M=N+l) H3 BCex4N K03~

~H~HeHTOB cnnaHHa /30/. 06o3Ha4HM 4epe3 lam I. m =1,2 ... M coeo
KynHOCTb 3THX HeH3BeCTHbiX K03~~H~HeHTOB. 

CornacHo 18~ HX 3Ha4eHHR AOnmH~ 6~nH 6~ onpeAenHTbCR H3 yc
noBHR, 4T06bl paccMaTpHeaeMoe AH~~epeH~HanbHoe ypaeHeHHe 6~no 
YAOBneTeopeHo B T04Kax HHTepnonR~HOHHOH ceTKH lxml. HMeR 
8 Ba.-t~y;O.~H;::)W'(), UTn ~~~?.~~~~~~e /'2.8/ :-':~ .. ~jH:~::8. ~;~ :,:=,'"jC~~j;; ~10 4 ..-.0 
HapHOCTH 3HepreTH4eCKOrO ~yHK~HOHana E[f], KOTOp~H HMeeT 
CpaBHHTenbHO npOCTYIO CTpyKTypy, Mbl nOACTaBnReM TaK AHCKpeTH-
3HpOBaHHOe peweHHe /29/ npRMO e Bblpa>KeHHR /22/-/27/ AnR E[ ·r]. 
TorAa K03~~H~HeHT~ laml onpeAenRIOTCR H3 ypaBHeHHH: 

_aE [at~..:.:~ • o. ( M /31/ ffi= 1.2 ... ). 
a am 

PaccMoTpeHH~e ABe cxeMbl AHCKpeTH3a~HH peweHHR I AO H nocne 
eapHa~HH E[f] I AOn>KH~ AaBaTb OAHHaKOB~e pe3ynbTaT~ c yeenH4e
HHeM 4Hcna N cnnaHHOB e HHTepeane X. CornacHo eapHa~HOHHOMY 
MeTOAY PHT~a112~oAHaKo, ypaeHeHHR /31/ AaiOT B03MO>KHOCTb npa
BHnbHOH ~H3H4eCKOH ~HTepnpeTa~H~ peWeHHH Aa>Ke B cny4ae Manoro 
4Hcna M HeH3BeCTHbiX K03~~H~HeHTOB I am 1. TaK, HanpHMep, e cny-
4ae M=l H a,_ab1., 0 eAHHCTBeHH~H HeH3BeCTH~H K03<1><f>H~HeHT a 1 
coenaAaeT c oc~HnnRTOpH~M napaMeTpoM a. e 11MOAenbHOM 11 6a3HCe 
/21/. B 3TOM cny4ae peweHHe ypaeHeHHR /31/ onpeAenReT HaHny4-
wee 3Ha4eHHe 3HeprHH E' /eM. /19//, nony4eHHOH e paMKax oc~HnnR
TOPHOH MOAen~ o6ono4eK. 

B o6~eM cny4ae nony4eHHaR HenHHeHHaR anre6paH4ecKaR CHCTe
Ma ypaBHeHHH /31/, onpeAenRIO~aR HeHTpOHHYIO /npOTOHHyiO/ ~YHK~HIO 
flMn ~~p) B aHanHTH4eCKOM BHAe, pewaeTCR aBTOperynRpH30BaHH~M 
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' I 

HTepa~~OHH~M npo~eCCOM THna raycca-Hb10TOHa113! B~4HCneHHR npo-
BOAHnHCb Ha 3BM IBM-370/145 e pe>KHMe c ABOHHOH T04HOCTbiO 
H Ha CDC-6500 AnR WHPOKoro Kpyra RAeP c napaMeTpaMH CKHp
Ma171· 

5. PE3YflbTATW H 06CYmAEHHE 

M~ pacc4HTanH 3HeprHIO CBR3H, OAH04aCTH4H~e 3HeprH~, nnoT
HOCTb HYKflOHOB H reOMeTpH4eCK~e xapaKTep~CTHK~ RAep 160, 4°Ca, 
9 0zr , 208 Pb, 4To AaeT RCHoe npeAcTaeneHHe o eo3MO>KHocTRx MJmn 
np~ on~caHHH OCHOBHOro COCTORH~R RAePH~X c~iTeM B np~6n~>KeHH~ 
X~. To4H~e CKHpM-xapTpH-~OKOBCK~e /CX~/ pe3ynbTaT~, nony4eH
H~e ~HTerp~pOBaH~eM ypaBHeHHH X~ B KOOPAHHaTHOM npOCTpaHCTBe, 
c KOTop~MH M~ npoeen~ cpaeHeHHe, npHBeAeH~ e pa6oTe 1141. AnR 
cpaeHeH~R M~ noKa3~BaeM TaK>Ke H Ha~ny4w~e pe3ynbTaT~, KOTOp~e 

MOryT 6b1Tb nony4eH~ TOnbKO B 11MOAenbHOH 11 ~YHK~H~ rapMOH~4eCKO
ro oc~HnnRTopa ;ro;. 

Ta6nm~a I 

I O'' Cq.'tO f\"to P6••• 
ro '"·"" ex• ro HAMI 

(Jr. ro ittll1n u• 1'0 "~"'" 
()(. 

R,.. 2,57 2,55 2,55 3,34 3,29 3,29 4,24 4,17 4,17 5.,54 5,44 5,45 

"" 2,56 2,53 2,53 3,32 3,27 3,27 4,26 4,19 6,19 5,58 5,48 5,49 

llp 2,58 2,56 2,56 3,36 3,31 3,31 4,22 4,14 4,14 5,47 5,38 5,38 

ll.c 2,70 2,68 2,68 3,46 3 1 41 3,41 4,30 4,22 4,22 5,53 5,44 5,44 

·E lf28 ,2 130,9 131,5 33~5 3446 3~6 740,1 786,1 7929 1469 1624 1641 

B Ta6n.1 AaH~ B~4~cneHH~e 3Ha4eH~R cpeAHeKBaApaTH4H~x pa
AHYCOB /B ~M/ HeHTPOHHOrO (Rn), npoTOHHOrO (Rp ), 3aPRAOBoro 
(Rc) pacnpeAeneH~R H Maccoe~H cpeAHeKBaApaT~4H~H paA~YC Rm, 
a TaK>Ke nonH~e 3Hepr~H CBR3~ - E /M3B/ paccMaTpHBaeM~X RAep. 
H3 Ta6nH~~ BHAHO, 4TO reOMeTp~4eCK~e xapaKTepHCTHK~ OCHOBHOrO 
COCTORH~R B MflMn BOcnpOH3BOARTCR T04HO. Ha p~c. 1 ~3o6pa>KeHa 
OTHOCHTenbHaR OWH6Ka ~/%/, C KOTOpOH BOCnpOH3BOAHTCR nonHaR 
3Hepr~R B MflMn H B r0. C yeen~4eHHeM 4~cna HyKnOHOB B C~CTeMe 
yeen~4~eaeTCR H ow~6Ka ~E• c KOTOPOH eocnpOH3BOAHTCR Ex~ . 
Ho ecn~ B ro 3Ta OWH6Ka c 3% AnR 160 HapacTaeT /n04T~ nHHeH
HO/, AO 10-11% AnR A-208, TO B Mmln MaKC~ManbHOe OTKnoHeHHe 
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EE (%) 

8 

6 

4 

• 
60 120 180A 

PHc.l. 0THOCHTenbHaH omH6Ka 
B nonHOH ~HeprHH CBH3H, 

caiiJ 

0,11 

0,12 

PHc.2. PacnpeAeneHHe nnoTHOCTH 
HYKnQHOB B RApe l6Q, 

PHc.3. PacnpeAeneHHe nnoTHOCTH 
HyKnOHOB B RAPe 4°Ca, 

OT Ex~ , KOTOpoe Ha6n~AaeTCR 
AnR 208 Pb,paaHo fl11Wb -1%. 3To 
MaKCI1ManbHoe oTKnoHeH11e a MflMn 
n~P~rT~RnRPT Tnnh~n 17 M~R uTn 

MOmHO C411TaTb a6con~THO YAOB
neTBOpHTeflbH~M COBnaAeHI1eM, 
HMeR a BI1AY a6con~THoe 3Ha4eH11e 
-Ex~ a 3TOM cny4ae/16~1 M3B/. 

Tl1n114H~e peaynbTaT~, KOTop~e 

nony4a~TCR AflR pacnpeAeneH11R 
nnOTHOCTI1 HYKflOHOB, noKa3aH~ 

16 
1 2 3 4 Ha pl1c.2-4. B o6nacTI1 nerK11x 

RAeP( 0) MflMn /cnnowHaR fli1HI1R/'npaKT114eCKI1 T04Ho aocnpoi13BOAI1T 
nnOTHOCTb PX~ /o603Ha4eHa T04KaMI1/. 3TOT peaynbTaT HeYAI1-
BI1TeneH, noCKOflbKY Aame ro AaeT xopowee cornacl1e c x~-peaynb
TaTaMI1 B 3TOH o6naCTI1 RAep114~AnR 6onee TRmen~x RAep nnOTHOCTo 
ro /WTPI1XOBaHHaR fli1HI1R/ AflR RAep 4°Ca 11 90 Zr 11 oco6eHHO 
AflR TRmenoro 208pb /pl1c.4/ Cl1flbHO 0Tfll14aeTCR OT nnOTHOCTI1, 
nony4eHHOH MeTOAOM X~. TeM He MeHee B11AHO, 4To MflHn YAOBneTeo
PI1TenbHO BOCnpOI13BOAI1T T04H~e X~-peaynbTaT~: MeCTO 11 aMnni1TYAY 
o6ono4e4H~X OC~I1flflR~I1H, XBOCT~ nnOTHOCTH~X pacnpeAeneHI1H. Ca
MOe 6onbwoe OTKnoHeH11e Ha6n~AaeTCR e o6nacTI1 r ~o. 3Ta o6nacTb, 
OAHaKo, np11 onpeAeneHI111 RAePH~x xapaKTepi1CTHK y4acTeyeT c MI1-
HHManbH~M reoMeTpH4eCKI1M eecoM /11HTerpHpoeaHI1e c r2dr /. TaK, 
HanpHMep, npH Oni1CaHHH 3Kcnepi1MeHTOB no pacceRHH~ 3fleKTpOHOB 
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Pb200 

7 8 9 

PHc.4. llpoTOHHoe H HeHTPOHHOe pacnpeAeneHHR nnoTHOCTH 
l> """"' 208ph 

Ha RApax aawTpl1xoeaHHaR o6nacTb Ha pHc.3 11 4 He Aana 6~ cy~ecT
aeHHoro paanH4HR Me*AY ~op~aKTopaMH, onpeAeneHH~MH a MflMn 11 
a MeTOAe X~ 1151• 

8 MflMn YAOBneTBOPI1TenbHO 8ocnpOI13BOARTCR 11 OAH04aCTI14Hble 
3HeprHH HYKnOH08 8 paccMoTpeHHbiX RAepHbiX CI1CTeMax. B Ta6n.2 
11 1 noKa3aHbl peaynbTaTbl /a H3B/ AflR OAH04aCTH4H~x 3Hepri1H, 
3aHRTbiX npOTOHHbiX 11 HeHTpOHHbiX COCTORHI1H. llpOI13BOAHT 8ne4aTne
HHe, 4TO Ha11ny4wee cornac11e c T04HbiMI1 X~ peaynbTaTaMH nony4a
eTCR AflR COCTORHI1H, 6ni13KHX K ypo8H~ $epM11.HMeR B B11AY aCHMn
TOTI14eCKOe no8eAeHHe peweHI1H /28/, 3THM $aKTOM MO*HO o6aACHI1Tb 
T04HOe BOCnpOI138eAeHI1e X80CT08 nnOTHOCTHbiX pacnpeAeneHI1H/pi1C.2, 
3 H 4/. MaKC11ManbHOe OTKflOHeHI1e OT nony4eHHbiX X$ 3Ha4eHHH Ha-
6mlAaeTCR 8 ls 11 lp-COCTORHHRX, KOTOpble AflR AApa 208 Pb AO
CTI1ra~T 1-2 H38. CaMI1 3Kcnepi1MeHTanbHble AaHH~e 1 16 1, OAHaKo ,AJlA 
3TI1X COCTORHI1H onpeAenR~TCR C T04HOCTb~ +7-11 H38, 4TO e~e pa3 
noKa3bleaeT eaaHMHY~ aaMeHReMocTb peaynbTaToe HflMn 11 peaynbTa
TOB MeTOAa X$. 
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Ta6JIHUa 2 

OgHoqacTHqHhle 3HeprHH npoToHoB 

,,. ... e_.• c .... o•• 
"tj ro ~" ClC. ro '"'"'' '"· ro "~" ClC. ro 1\li'\R C)C. 

·~ fll 
~5,<; 34,9 36,6 29,I 35,I 36,3 29,2 32,5 32,8 27,9 28,7 28,8 

f IJ/l ~7 ,2 3I,8 33,I 28,4 30,2 30,8 23,8 24,2 24,2 I6,3 I6,7 I6,8 

~P1/a 125,5 3I,4 32,5 25,4 28,6 29,I I9 ,I 20,3 20,5 9,4 9,9 9,9 

'"' Sll 
25,8 27,7 28,4 23,6 23,7 23,9 I4,I !4,3 !4,4 

!S tl& 20,2 25 ,I 24,0 !5,2 !8,7 !7,6 4,6 8,0 7,9 

f~J/& ~3,2 26,6 27,0 !8,9 20,0 20,! 7,0 7,2 7,3 

ff "' ~2,0 22,6 22,9 !5,7 !5,8 !5,9 

!pJII _1:4 ,4 !8,3 !7 ,I 5,7 8,6 7,8 

t/SII !8,4 20,! 20,3 9,4 9,3 9,6 ,,,, .,_,, 7 !6,9 !6,0 3,0 6,2 6,! 

,, "' t·2 
!6,7 !6,7 1, fit ,6 !2,2 1?,5 

~Gill& 7,7 !0,6 9,7 

JSf/1 3,2 7,5 6,8 ,,.,. 5,0 8,0 7,7 

~~- .. ,. 9,0 9,0 9,9 

--1---- -· __ , _______________ 

Ha pHc.-5 noKaaaH THnH4HW~ BHA peweHH~, nony4eHHWX AnA ~YHK
LIHH JlMn. nyHKTHpHO~ 11HHHe~ o603Ha4eHO TOIKAeCTBeHHOft·npeo6pa3o
BaHHe f(r):~r, KOTOpOe reHepHpyeT ,MOAe.llbHYIO ~YHKLIHIO lp op6HTW 
fi'c J(Xell • 0T4eT11HBO BHAHO noBeAeHHe f(r)-r 

1 
peweHH~ npH f. -o 0. 

npH r ... .,. acHMnToTH4ecKoe noBeAeHHe f(r)- r ~ aocnpOH3BO~T 
npaBH.IlbHOe 3KCOOHeHLIHa.llbHOe OOBeAeHHe OAH04aCTH4HWX BOnHOBWX 

~YHKLIH~ I¢ i I. 

12 

Ta6JIHUa 3 

OgHoqacTHqHhle 3HeprHH HeATpoHoB 

pb2oa ~~"' CA"" O" 
.,.tj ro t'\Attl CKt ro ~ ex+ ro ,.,. ut ro ~"A~ x• 
!$II& 37,rl 42,8 44,6 39,0 44, 44,? 37,4 40,7 4I,Q 32,! 32,9 32,9 1,. !It 36,E 39,5 40,9 35,9 37,~ 38,0 3!,7 32,I 3?,2 20,3 20,8 20,E 

f I' f/~ 34,7 39,0 40,3 36,3 36,6 36,6 26,8 28,2 28,4 !3,1 D ,8 13',E 

1" rtt. 34,0 35,2 36,2 29,7 30,! 30,3 21,9 22,1 22,2 

!.Sflt. 29,6 33,1 32,5 22,7 25,9 25,5 12,5 15,8 15,7 

htllt 3I,I 34 ,I 34,7 25,0 26,6 26,9 14,5 !4,8 14,9 

f f .. ,.. 29,7 30,1 30,6 21,5 21,8 21,9 

2P 5/J. 23,9 26,5 25,4 !3,7 16,2 15,8 

if J/t 25,7 27,7 28,0 14,8 15,4 15,8 

! , f/J, 21,9 25,1 24,2 10,7 !3,7 13,7 . ',, .. 23,9 24,1 24,5 12,1 12,8 12,9 

• ' ~fl. 17,7 19,9 20,2 

14 f/J 17,1 19 ,o 18,1 

5 ~ f/t !3,4 16,4 15,6 

1-' •• 14,0 16,4 15,9 

., " ,,. 16,9 17,6 !7,7 

fit 9/t. 10,6 II,O II,5 

fi 15/! 9,2 10,3 10,5 

tf .,l 10,2 II,3 10,6 

Ll Sl& 6,1 7,4 7,4 

3p 3/& 6,3 8,0 7,5 

3p tiS 4,6 6,5 6,4 

---------- -------

6. 3AKJ1104EHHE 

nony4eHHble pe3y.llbTaTbl npl-fJlO)!(eHHfl MJ1Mn K OCLIH111lfiTOpHO.:i Ae
TepMHHaHTHO.:i op6HTe Oc J<x«ll o6HapylKHBaiOT YAHBHTeJlbHOe corna
Cio1e C T04HbiMH X<l>-pe3y1lbTaTaMH A.llfl OCHOBHbiX COCTOfiHH.:i C<!>eplo14e
CK1o1X f!Aep. np~-1 3TOM BMeCTO CHCTeMbl 60JlbWOrO 41o1C1la HHTerpO~AH<I>

~epeHLIHa.llbHbiX ypaeHeHI-1.:1 X<l> pewaeTcfl TOJlbKO ypaeHeHio1e Allfl <I>YHK-

,13 
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PHc.S. KpHBaH 38BHCHMOCTH ~YHK~HH ITMTI oT pacCTOHHHH 

AO ~eHTpa HApa. 
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~HH nMn. TaKHM o6pa30M AnR CHCTeMaTH4eCKOro HCcneAOBaHHR npeA
CTaBnR~TCR AOCTynH~MH o6naCTb TR*en~x H CBepXTR*en~x RAep, 
AeneHHe RAep, eonpoc~ $H3HKH TR*en~x HOHOB H PRA APYrHX /cy
~eCTBeHHO MHOr04aCTH4H~X/ 3aAa4, rAe HCKn~4HTenbHO TPYAHO npR
MOe Hcnonb30BaHHe pe3ynbTaToe MeTOAa X$. 
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HET RM ITPOSEROB B BAWEA SMSRMOTEKE? 

8bl MOJKeTe OO.IIY'IMTb no OO'ITe nepe'IMCJieHHble HMJKe KHMrM, 

ec.11M oHM He 6b1JIM 3aKa3aHbl paHee. 
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MsnaTenbCKKH OT~en 06~eUHHeHHoro HHCTHTYT3 RUePHbiX HCCnenoBaHKH 

lleTKOB H.~ •• CToH~OB M.B. 
llpHMeHeHHe MeToga noKanbHO-MacmTa6Horo 
B TeopHH XapTpH-~Ka 

P4-82-385 
rrpe'\6~a3oBaHHH 

', 

MeTog noKanbHO-MacmTa6Horo rrpeo6pa30BaHHH rrpHMeH.ReTCH 
B TeOpHH CKHpMa-XapTpH-~OKa gn.R OIIHCaHHH OCHOBHOrO COCTO.RHHH 
c~epHqecKHX .Rgep. BMecTo CHCTeMW 6onbmoro qHcna HHTerpo-gH~
~epeH~HanbHhlX ypaBHeHHH gn.R OgHoqacTHqHb~ BOnHOBb~ ~YHK~HH 
pemaeTC.R TOnbKO ypaBHeHHe gn.R ~YHK~HH noKanbHO-MaCmTa6HOro 
npeo6pagoBaHHH, ,[l.rrH p.Rga .Rgep Bbi'IHCneHbl 3HeprHH CBH3H, ogHO
qacTHqHbie 3HeprHH, nnOTHOCTb HyKnOHOB H reoMeTpHqecKHe xapaKTe 
pHCTHKH OCHOBHOrO COCTOHHHH, llonyqeHHble pegynbTaTbl BITOnHe 
ygoBneTBOPHTenbHO BOCITpOH3BOg.RT TOqHbie xapTpH-~KOBCKHe pac
qeTbl H MOryT npHMeH.RTbCH gnH CHCTeMaTHqecKoro HCCnegOBaHHH B 
o6nacTH T~enb~ H CBepXTH~enwx .Rgep, geneHHH .Rgep H BonpocoB 
~H3HKH T.R~enb~ HOHOB, rge HCKnroqHTenbHO TpygHO IIPHMOe npHMe
HeHHe pe3ynbTaTOB MeToga XapTpH-~OKa. 

Pa6oTa BbirronHeHa B lla6opaTopHH TeopeTHqecKoH ~H3HKH ORHH. 

Petkov I.Zh., Stoitsov M.V. P4-82-385 
The Application of the Local-Scale Transformation Method 
to the Hartree-Fock Theory 

The local-scale transformation method is applied to the 
Skyrme-Hartree-Fock theory for the description of the ground 
state of the spherical nuclei. Instead of the system of large 
number of integra-differential equations for the one-particle 
wave-functions, we solve just one equation for the function 
of the local scale transformation. For a number of nuclei the 
binding energy, the one-particle energies, the nucleon densi
ties and the geometrical characteristics of the ground state 
are calculated.The results agreably well reproduce the exact 
ones from the Hartree-Fock theory. The method may be applied 
for a systematical investigation in the field of heavy and 
super-heavy nuclei, nuclear fission and heavy ion physics, 
where the direct application of the Hartree-Fock method is ve
ry difficult. 
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