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Monexylrpnrut uoAxoA K pacqery cocronrrfi Bbrpox4eHHofi otxpurofi o6ono.rx c AByxI{HneKcIrbIMtr
roeSSuqggHTat{tr nexropnofi csrgn (KBC) n $ynxqnonalle elrepnm u n Soxnarre o6o6rrtren ua ronQu-
rypaqun il ,f* aroMa. [an rpnrepufi, arrgeaxrorqnft arounrre cocro{Hl{t c KBC, He3aBrrcxlqrrMlr or Ho-
Mepa Bbrpo)KneHnoft op6uranu. O6cyxgenu oco6ennocrn ypannennft caMocorJlacoBanHoro noJrr AJrt Be-
rrlecrBeHHbrx Synxqd. florasauo, rrro npeAnoxesnrrfi noAxoA coxpanter cQepuvecxyro cl{MMerpnn u
e pacverHoft cxeMe c HeclrMMerpu.rHbnrr KBC.

. Ecnn reopuro gJreKTIloHHbIx aroMHbD( o6oro.reK,
[ocJryxuBruyrc trcrorIHEKoM KBarrroBofi MexannKn,
paccMarptrBarb KaK .racrurrft clyrafi Arrs coBpeMeH-
urrx ab initio rraeroAoB pacrrera MoJreKyn fl,2l, oc-
HOBHOfi CTaHOBtrTcs,[pO6JIeMa CEMMerpuu, Brryr-
peHHe npucyrqefi aroMy. firix rvronexyJr oHa o6bl.rHo
urpaeT BcnoMoraTenbrryrc poJlb, TaK KaK oAHOgneK-
Tponrroe npn6nnr<enae ucnoJlb3yercfl B ocrroBuoM
AJrr cocroflttufr c sarrrr<rytofi o6ono.moft. Ho gna
ATOMOB OCHOBHbIM qACTO IBJI.flETC'I COCTOSHEE C OT-

rpurofi o6onoqxofi u3 BblpoxleHHblx op6maleft.
floerouy AJrr yKa3aHHofi qenu neo6xoguu, no Bo3-
Mox(Hocru, nau5onee o6qrrft Bapualrr reoptrr AJII
MoJreKyJr c orxprrrofi o6oro.rrofi.

CyqecrnerurbrM nponBnKeHEeM s eroft o6nasru
ABnrrcfl, Merog Pytana [3], corracso KoropoMy MoJIe-
KynspHbrc op6uranu (MO) neo6xogtrMo orlpege-
JrfiTb E3 Baptrar{troHHoro npEHrFna, nptrMeliteMoro
r cpeguefi euepruu Er'uorexvrxpHorb reprr.ra fu* lF

Er" = \nl ;" t \r ,  ( l )
k, M, k, M,

-Fsa He K eHeprtrE Eo*- ero KoMrloHerrrbr, rge s m Mr-

nolnrrfr cnnu E ero npoeKrp, I n k- HenpmoAu-
Moe rrpeAcraBireHue (HfI) rovevnofi rpyuuu tr ero
KoMrroHeHTa coorBercrBeuuo. Taroft rroAxog ra-
paHTaByeT npaBnnbHyro ctrMMerpuro op6zranefi,
olpeAeJrreMbrx tr3 Bapuaquonnbrx ypaBHeHufi, .rro
y>Ke B [3] 6uno rpoBepeno AJrr repMoBp-o6oroqKtr
aroMa u gna nrnefrnbrx MoneKyn. finx Hax [oryrlar-
cx QyrxquoHan orrepruu

E = E'  + 72l1zat pq-bKpq), (2)
p , q

n' = 22H,+\{2t, ,-K,)+
, t, l

1 (3)
_  K* )  

) .

3gecr Ecuonb3yKlrcs re xe o6osHa.relufl, .rro e [3,4]
r B trocnegyroqn pa6orax t5-7]. B qasnrosm, trH-
AeKcbr i, j n p, q rryifepyror coortsercrBeuuo op6uta-
nE 3aMKuyroi u orrpurofi o6ono.reK, au b - xoeQ-

orAenbHo gHeprEE nl'*" ne Aaer B o6rqerrr cryqae

npaBrrJrbrryro cr{MMerpurc MO. Tax, Ins aroMa orle-

Jrenue 
" 

Ef;r, yrnoBbrx [epeMeHHbD( flBrrflercr- Ao-
rronnnreJrbnbrM ynpoqeuneu [8].

Cpegu o6o6qesufi t2,9, 107 Qysrrpona.na (2)
BbrgeJrtercr $opua

E = E' +>(apqJ po+ FpoKpn),
p ,q

(4)

BbrBeAeHH:r.r loggapgorvr s [10]. Ornrqurearuas
rrepra (4) - eanucruocrr KCB or ErrAeKcoB p, qi
u* = 2fa* u B* = -fzb 

*. Bcnegcrrre eroro xaxqofi
Bbrpo>Iqenuofi op6rraln gp, npmragnsx(arrleft l\'ffro-
roMepuoMy HfI, orreuaer csofi Qoxnan Fo, B To Bpe-
Mr KaK ypaBrreHtrr Xaprpu-QoKa Ars aroMa Ul,l2)
coAepxar ogrr Soruau Ars Bcex raKD( op6utalefi.
flax xaxgoro Qoxuana Fo nosruxarcT Aononuu-
TeJrbHbIe 3arpy4lrenut c oproroHanngar\sefr, s. ga-
ronuentreM op6urarefi [13], orcyrcrByronFe B
arounofi Teopuu u gnr $yHKrpouana (2).

flpotnnoperrue MelKHy (a) n Syrrrqgouarolr o6-
rrlero BEAa, ortseqilorqgM ycpeAuerruro (l), eamro-
qaercr B rrosBJreuuu Ans prga cocrosrrr* qerblpex-
aHAeKCHbTX UHTerpaJroB

bdpt) = Jeif rte ,{Dr}wi tz)ts,(2\dv,dv2. (s)

Ho Ans (1) nepexog x o6rr.rHofi aromrofi Teopnu
ll2, I4l qepe3 paAuarrbHbre Qyurqm yxe He tB-
rsercs [o[onrrtrTeJrbubrM orpaHrueuneu. Huxe
cQopr"rylupoBaHbr ycJroBtrr, Kor[a 9To BepHo n\nA

+zrl\n,+\{zt,o
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668 KJII4MKO

$1roona-ra (4). Bosrvro>Kl{o, orrucaHxble ycJloxue-

rut troporyE treccuMucrgqecKoe 3aMetrzllrffe: "Her

*""arom cnoco6a (uo xpaftnefi uepe, aBTopbI He Ha-

m-u). :a EcKJrroqeHEeM cnyrras cogrotril[r' rl3onlrpo'

;*- tro cIIEHoBoIi uynirunneruocrtr' qto6rt ertr

BElpaxemfl coorBersrBoBrlJll{ ypaBHeHIl'IM rrna (4)"

t15, p. 1201. Anroplr [15] uMeJIrI s suAY BblpalKeuut c
qerbipeffiAeKcHblMl'I I'rHTerpaJraM[ Art psAa rePMoB

s d{boro'rKe). Har"rz Aano o6qee pelueuue gTon

npo6net"sl E BbIqI{cJIeHsr KBC Arad' r'rfo6olover' a

rise o6cyxgena o6ocHosaHHocrb reopm c HecIrM-

;""e".*ti-' ke C (uoo * a.oo ulntn F * * F *) 116' 17 l
A,lc pacqera aroMHbIX n MoreKyrspHblx repMOB'

Pesynrtatrr nactorrqeft pa6oru lrMeror He roJlb-

Ko araAeMu.Iecrgfi nnTepec' ro n 6ygyt uone3HbIME
trpE paccMorpeHl'Iu BbICOKOCUMMeTPffTHbTX MOJIe'

rVn, nanpnaep, I'IKocagApu'recxofi C6q, croneHtr BbI-

ilfr"*it neixuefi sansiofi Mo rotopoftn d-o6o'
jrow connaflarot [7, 18], vtlrfr afir. npoBeAenuff Tec-

ToBbD( Ant MOJIeKyntpHbIx [pofpaMM pacqeroB

oroMrrbrX cocrosnuft.

CI4MMETPVTfl U OYHKUI4OHAJI TOAAAPAA

Cefi-sac Qynxqllona.n (4) npnlleusercfl' Art pacqe-

Ta aroMlrblx cocroflHnfi gaxe 'rerr\e [2], qeM TpaIE-
trougble aroMHble MeroAbI U2, 14, 19], ocronan-

mre Ea orAeneHul{ yrJIoBbIX [epeMeHHblx c caMoro

rraqaJla. fllr cpannenfrs srnx [oAxoAoB paccMorptrM

6eccrmronyro AByxrIacrI'IqHyIo peAyIIEpoBanFyIo

Marpn{y nrrorHocrtl (PMII-2) nIl,OZl!'Z') r'rexgy

cocror{H' rMrr 
t'*lf s t'*}r. 

[onolxuteJlbllble
KBaHTOBbIe qrcJra u 9t v Bbl\eJltror pa3Hble cocrog-

HEf; oAunaKosoft cuMMetpun. B cflyqae d'o6ottoqxra
2u uTv - crapulrHsrna uT = L - nolsrtft opdrralr-
nrd uouent. Huxe uIrAeKcbI F, s, u r v6ygeu orry-

cKarb, ecilv, ux [oJroxeHl'Ie oqeBulHo'

Ycpe4nenue (1) Aaer noJllroctrMMerptr{ryrc
PMn-2 - unBaPnaHT rpynn crIMMerpIrE ctrcreMbl'
LL 

""*o, 
ot"obttqasct roJIbKo K orKpblTofi o6o-

JIOqKE, EMEET BI'A

2l

Ril1rr21rz ' \ = \xli" r tlt2lr' 2' ),
(6)

ILozlt'2') = 2 s"u0uSl.u1',2').
M  = - L

Pasroxenre (6) cregyer I'I3 reoPeMu Brmepa

120, 2Il, npr{MerrseMoft sgecr K rroJlHocltM}'terp.trq-
Eor,{y oreParopy R(12) c flApoM R{l?ll'2'\ =

= R(21l2'1'). O6qre Ans paccMarprlBaeMblx cocrofl-
-sh dasucktble reMtrHaJItr

t

sru(r2)= 2ciiqrtDq,Q) Q)
p , t  =  - l

srposrcq us MO {9o} c rIoMoIIIbrc Aeficuutennunx
xoeS$rlqlrenroB Iine6ua-fopnaga (KKD Qp'

ttlLltU = Cly. Osr cnrauerplrrrnbl gu(lz) = gtel(2t\

Ars rlernblx L u aHTEsuMMer?FIrrbI gLr{l2) =

= -gry(21) Art Heqernrrx Z' IllnQopMaqr o cocro-

flHvt'lxu ronQuryparltlr 3aKJrloqeua B He Sarscsqgx

or M 'lucrraxlur= },fi, ' tcorga o6a coctofilrrfls ouu-

HaKOBbI, 11 - [B]XVaCTUaIHbIe qtrcra 3a[oJIHeIrwI B

HarypaJIbHoM Pa3JIolKeHus (6) Rm P[IM-2'

flogcranonra (7) a (6) naet op6utalrnoe pa3Jlo'

xenue nrc PM[I-2

R(121 ]',2',) = \ao,o,q.r(r)q,(2)ql(t')ql(z') 
(8)

Pqt

c rlerblpexugAeKcHblMtr roeQSuqnelrraMtr

up,q, = lx'ci! ci!
LM

orcyrcrByroulaMu n Syurrryroryl3l Q\ s g)' 3lecr
I, j co6iraeunbte grtl'IeHrt n KKI - co6crsegnlte
BeKTOpbI, [traroHalls3yrcIque Marpuqy dpr, q|

Curyaqnu, Korla PMn'2 (8) crogurcx { PyTl:

"ouooiny'*yqaro 
(2;, paccororPenbl n t+-71' B I7l

KBC a u b onpegeleubl qepe3 KBaHToEbre qucJla s' il'

2t + | u'tuito qacrEII N n otrpltrofi o6oroqxe'
Ctapuungrua 2u ue tBrslorct "xopouil&t lrBalrro-
sHr; .Iucrolt{" U, c. 762], noeroMl [ru 4 * v Bo3Mox-

Ho cyulecrBoBanue Ir flepexoAnnrx PM[I-2, u

Yupoulenne 6oree o6ulero nuila

Clptilr = ([o16oo6r" +

(e)

*0 .

(10)
+ poo6o,6,o + Poo6o,6r,,

KorAa ug (8) cneAyer Qyurquonar loggapRa (4) c

Foo= F'rn + }'ioo,xapaKTepno Ant cocrosnd otxprt-

tofi o6onotlKr co greuelrblo BblpoxgeHut MO ne

Bbrrrre 3. Torga B dp,q, (c'4. (9)) ABa ulrEeKca o6ssa'

TeJrbHo oErrHaKoBbI. bctanmuect ABa mxxe 6ygyr
paBHbI Apyr Apyry, eciln op6nranu otxprrrofi o6o-

JrotIKE llpmraAJlexar pasnll'rnblM oEHoMepnarrrr HfI
flollrpvnnbl cnr"nrerpnu ctrcreMbl' Taru]ru rloArpyfl-

uar'an 6ygyr Cru!.tn rpyrlnbl Caurf|t? D2- AnflBoex
ocraJlbublx rerparoHaJlbublx' ry6uuecxnx s r,Koca-
ggpstrecKnx roqesnblx rpynu. Baxno, trro Ant gTEx

uolnrpvun nce HfI aBilslorgfl BeuIecrBeHHbIMu' E

roxiecrseffioe HfI coAepxsrcs B rrPtMoM llpon3'
BeEeHnu [Byx raKrlx HfI tonlr<o rlpnnx-coBrra[eHrn'
llo'oror.ai nirs nomrocuMMerPuqnoft PMn-z c o6nza'
TeJrbHbrM paBeucrBoM a q,*rttweKcoB AByx MO, Aa-

rou1ux roxAecrBerrnoe Hfi, ocraBlrruect op6zralu

AoJIxHbI Aarb roxqecrnenHoe HfI roxe, AJIS qero

neo6xoluuo trx coB[aAeHEe.
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OrMe.rennrre cryqan acqepnblBalor Bce cnrya-
quu (npu orcyrcTBun cryvaftnux nrrpoxperrdfi),
Korga Qyurqnonarr (4) (uln (2) L4,7l) nonsntercn
Bc;reqcrBlre rpe6orannfi cnrrluerpnn, Coorrercrny-
rolque KB 9-;, b fr a pq = 2f 2 a oo, F r) = -f 2 U * sar ady nn-
poBaHbr r [6, 7].

B o6qeu cJlyqae Her orreBuAHbrx uptrrlt{H, KaK
orMerrarocr n [15], Anfi nepexoAa or verupexnH-
[eKcH]rx xoeQQnqneHTor dptqr K AByxnHAeKcHbrM
upqv Fpn'

Bbrr{I4cJrEHr4E AByXr4H[EKCHbIX KBC
Ellfl, d- I,I /-OEOJIOTIEK

flnr nponsBoJrLHoro aToMHoro cocTorrHur [cxo-
AltM ll3 $yHxqnoHana

nl'I, = E'6,, +\ar,n,(erlnt), (11)
ptqr

orBetrarorlero PM[I-2 o6rqero nuga (8), (9), a car*y
Bo3MoxHocrb npuMeneunr Qymqr{oHara fogpapga
(4) 4.nx MoAeJrr.rpoBaHur pegylbraros rotrfioro noA-
xoga (5), (11) cvuraeM Aonycrnuofi, ecnu roJrbKo
TO}ItnecTBeHHo paBHbr cooTBeTcTByroque MaTpHrILr
rpagr,reHTor euepruu, T.e. ypaBueHnfi Srhepa. Hnxe
noKa3aHO, trTo CreAcTBneM TaKoro paBeHc-rBa uB.fif,-
rores u npaBr.rJrbnoe BbrpoxAeHte MO, n coBrra4e-
HEe 3HaqeHnfi(4) n (11).

Yparuennr Srilepa grrr Syllrqr.ronana (4)

F,lx) = l,lv,)0,,,
t

Fplep) = (fF+ Ao)le2) = fl\r,)e,',
t

B KoTopbrx

NPI,IMEHHMOCTI{ MOJIEKYNf PHbIx METOIIOB

Fpq = Fqp, orrnqarorcs or anaJrorffqurlx ypanueunfi
gax (5), (1 1) ronrxo saMeuofi Ao na oneparop Ar1

Fo = fF * A@), A6jg) = 
lAonltln),
o (t+)

Apq(r) = Ir"L ci{ ci! Iq! q21e,121,,}av,.
L' Ivlrt

Bclegctnze noJluocnMr\.terpr,rqHoctn A 1o1 (yesayu-
cr.rMocrb or p ArrA Ao)qo) npoBepeHa nrH<e), cran-
41pry_r,rfi cnoco6 orfenerrua yrJroBbrx repeMeHHbrx
U2,I9l n r (5), ( l l ) ,  r,r (12), (14)

9'(r) = Vnr^(r) = Rn;/r)Y6(A)/r (15)

He BeAeT K AOloJrHnTeJrbHbrM orpaHEtreHurtM: yrJlo-
Eart qacTb B BapnaqroHHbrx ypaBHelJiwtx coKparqaeT-
cr raK xe, KaK oro npoAeMoHcrpupoBano n [8] gm
eauxrytofi o6ono.rKtr. fiefiornrenbuo, B nau6onee
clo>r<noft ux qacrn A61lgp), p = nlm, TarcKe ocraerctl
oAHo cJraraeMoe, npo[oprlnouanbnoe Y6, A61lg^) =

= 
2 ^, 

A n, ̂, nr ̂' I I ^) = A ntlg ̂),

I

A,, = 2 cl2jt Ptz't r r2t + r).
& = 0

3na.renue FQk) olrlncHrrercs Hr,DKe (crra. (20)). B (16)
KKf ns (9) npocyrr.rrraupoBaubr c KKf, norBJrrroqr-
Mncr rocle yuera (15) s (14), vro orpa3r{JrocL Ha 3a-

\Lz) BuctrMocrr CQk) or 6j-roeQSrqtreHToB Bnrnepa

[  * t r \
I r t t )

c!,',!; * }fu + r)(2L+ 1)1..o, x
L

F " = F . r rrct-,1,0)ro,r),

(16)

(17)

" { 
r:,,,,}u r' e,,t,,*)'

F =
(13 )

G(Y) = J(Y)-K(Y)/z,

I

An = I @orJ(l<po)(eul) + FonK(lqoXqnl)),
q = - l

a oprouopMrrpoBauHocrr op6llranefr {V,} = {X,} \J
\J {qp} yqreHa c noMorrlbro MuoxnreJrefi Jlarpanxa

0,i = 0,T , 0,p = Ofi u KBc cI'IMMerpnqHbI: clpq = dqp fr

XyPHAJI OI43HI{ECKOfiI XIiMIVIVI rou 70 }& 4

Llt (12), (14) u (16) cnegyer Ou, = 0anprr,6,r,.
flnr toxgecrBennosru rpaAuerroB (12), (13) a

(12), (14\ neo6xognuo pareHcrtso KaK AsaroHaJrb-
HbIX, TaK tr HeAharoHaJIbHbIx MaTpmr{brx sJIeMeIfroB
coorBercfByrorrlnx Qorranon, B pe3ynbrare qero

(ool.eol9o1 = (eola,r,;*o) = 6oo4

P = r , 2 , . . . , 2 1 + 1 .  

n t t  ( 1 8 )

Bo rcex paccuarpmaeMbrx rrnKe qrryrrux pareHcrBo
IryJIlo HegnaroHiurbHbrx Marprrlubrx eleuernor (18)
Bllnonurercr aBToMamqecKE. IIs roxgeerr (18)

1996
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(le)

(20)

s troJIHocEMMeTPtrItHocrtr oleparopa F creAyeT
BbrpoxIIeHEe MO orKpbrroft o6oro'rKn AJI' 0o-
sa-Ha (12).

flpnrreneme s (18) toft xe rexHxKtr orgerentrs
yrnoBbrx nepeMeHr{blx [8], xax s (15)-(U), BeAer K
paBeEsfBy

I

\\tu,,rfi' * F,oQfi\F'o =
k = O  q

I

= \ cf'j) r'o/1zt + t) - A^,
-
t = 0

Ars Kax<Aorop, rAe Fzk -napauerp Cletepa-Kon-

Aolra, [oJry-rarcqufics s3 FQk) n (16) nocJre ylfiroxe-

HE Ha lR,tt)|2 u mrrelprpoBaHtrs no r,

F'r = J larat rir t to 
*' 

lR^,(r)l'1R,,(t)lt,
k  =  0 , 1 , . . . , 1 .

BenrqsHrr rff' 
" 

Qlf,l' t u"ntbl, oHn sara6yln-
poBanbr e [19], rax xoeSQEIFeHTbI npu raPaMe-
T1lax F2k B KyJIoHoBcxux (Ir) s o6lvrenHr$ (Koq)

EHTeFpaJIax coorBercrBerrno. 3gecr BilKHa trx

cBr3b c KKf

rf:t = tf,r)tfo\ t1+k + r)2,

,'ir' = (4)P Qt + gcf;h-oo*{;,',

of:' = (zt + gcli:i-' C];,o / 1+*+ I ))'

trncJla ypannenrfi , rIoJro>KIrM cloo 1 c[..TorAa' JrqETbI-
Bas He3aBtrctrMosrb mr ffi ( 

Qgq^p

Lrtr" = (2t+ t)600,
' q

(rlo)= 1, tfo) = t9f\,

(2s)

rrapaMerp cL repeHeceM B rrpaByrc uacrs (24) E [oJry-
qEM crcreMy nr (/ + l)(21 + 1) ypanuennft Ant raKoro
)Ke qacJra rretr3BecrlrblxFpq= Fqp

^ . .  -  2  / ^ \

21rrrco;,i;t'f 
- c{o) /(21 + r\ - (2t + r\a, (26)

q

k = 1 , . . . , h  p = o , - . - , L I -

Marpuua groft crc"reMbr srpoilTee fr3 KBa[ParoB
2

KKf -(C;:oo- \,Koropbrx B raxqofi crpoKe poBno

2l + | (octatrnne nynu), E nMeer B rrore nmefuo
rre3aBtrcaMble cron6qrr. floetor"ry ona neocoSenrras'
E perrreHne ctrcreMbr (26\, (n) ogHo3uarrHo onpeAe-
ilfrercs ee npanofi qacrbro.

Hao6opot, tr3 rrpe5fionox(eHxfl 9 * = F n' u,pq = a'qp

(n 6asuce KoMruleKclrrx MO (15)) cregyet rmefi-
rrat 3aBtrcEMOCrb JpaBHewft atn g,w, r;lewmerorqmr

troeroMy peruelrr s o6qervr cryqae. fleftcruzrenr-
no, paBeHcTBa

Z<c']:i-'>'
q

no3BoJrtK)T rrepenecrn p n npanyro qasrb ypaBHeEFff

(24:) n,frurbrBarr otrpeAeneutre (21) aw ff,'j', toT'
rruTb cncreMy ypannenrft

}ooof*' t(4k + l)2 = oQ*t /(21 o t\#o', (29)

rile

o('r) = cel - FeI + D' (4!io\t t (4k + 1'),

tf;o) *o,

Ans k =0, 1, ..., I n p = 0, tl, "', */' flocne yMEoxe-

rus (29) w {: (=1), cyrnnaupoBaust uo p tr yqera

u*= uqp Ant noBTopHoro [puMerreHEr Q9), suteg-

ciiue pieencm (25) Nts t > 0 nvreeu ro:Kllecrtsa:

(2r)

(n)

I{s ro)KgesrB (19) ueiaegJleHrro cJre[yer paBeHcrBo
Mexqy (a) u (11)

l l l

Zr'o
f t=o p___tq=_t  

t  e j )

=nl i , -8 ,6 ,u= Icpo\ f r .
t = O

Taxmnr o6pasou, 3aAarla rrocrpoelrrq Mogenblro-
ro ftysxquonala (4) n odqeu cnyqae cBenacb K on-
pegbtrennro aon n Fwn3 cncreMbl ypannerrnfi

\furrrff' * FooQfi') = c('o) / (2t + r), (24)
q

k  =  0 ,  1 , . . . ,  I ,  - I 3 P < l

cnegyroqefi E3 paBeHcrBa MHo)KnreJIefi upu napaue-
Tlzo.F2* s (19).

rlro6u npoarraJrtr3trpoBarb AorrycraMbre (lrau6o-

nee 6nugxse x (2)) perreHtrt ctrcreMbl (24) n yMer{b-
rrmTb KoJIEtIecrBo Iretr3BecrrHbu( KBC, Koropbrx B
o6qer"r cn)Hae aw = aqp, F* = Foo n4eoe 6onsme

4 k + l= TI;T,

oQu\\{t/tf*\ = o@\\d'b =o.
q
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Ecru6rtn-(29).tfk) =0Ans/<>0,ro a(2k)-0w(24) Bbr'erfiK)rr*rft n npozssorsHo' ronenrypar{rz /N

fl:iff#?irffi9il;fr"":ffi:#f{lf"ffx rapa- (no xnarmoBbrM rr'c"raM /, .i, L n u)ror repM "*lL,

67r

k  =  I , 2 , : . . ,  I

R  _  ( 2 1 +  3 ) ( Z l  -  t )  n < r tP - 
TU +I)eh DL

Torga, yvntrrnas, (25), nz ypauuenrfi (29) nonyvaerr,r
He3aBucuMogrr KBC a"pq oir EHAeKca q E coortsercr_
BeHHo upq = aqp = g. flapauerp c[ ygoBnerBopser
ypaBuerrtre c k =O B cucreMe (29),tpanat.racrr a(0)
Koroporo orpeAeJrqercr ns (30), (32),

a = (co -(zt t?Qt-- r) c@\tqzt + r)z . (33)
\  l ( , - r 7  l

B (3 I H33) yrrreHEr rBrrbre Bbrp:DKeHwr gne KKf [20].
CnegonareJrbno, rrpeArrorroxeHue F * = F qptrMe_

HtrMo roJrbKo gar KBC (32) n dw = a. (jfy pyranon-
cKurr cocro.flHrfi, rrapaMerprr Cnerepa Koropbrx
yAoBrerBopcror ro)KgesrBau (31). Etrs I = I roxqe_
cr:no (31) He Aaer AononntrTeJrbubrx orpanrvernfi.u
gna p-o6onoqKn pJnanoBcxoe pemenze [3] xnrrrer_
cx o6quu. 3rz >re rapaMerpbr a = 2fa u $ = _fb
orrrcbrBaror coortsersrtsyrcqne cocroflrr* B*o"$"_
ryparlzrrx fl urocaegpxqecKn)( ruoaexyl [7].

Ecnn C(o) s (Qk) c t > 0 Bbrpa3trTb qepe3 a u b ns
ypanueud (31H33) tr Boc[orrb3oBarBc, ans a m b
aIIarETtrIrecKtrMtr Qopr,,rylarr,m us l7l, To noJ$rrrEM
tBHbre BbrparKeuns Anr napaMerpon Cnerepa

111j::1p?"o ycpeArreuue (1) reser r gynrqzona_
Jry \z). uTanAaprHrrfi rrytr BbrqncreHr, xoeesury_
:1_T"l 

g<x) rpe6yer nocrpoeHtrr BoJrHoBur* 6yrr*_rlrur AJrr Kax(Aoro TepMa.

r?t\ 
Bossparuucr K perueHruo ypaBHerufit (26), (27)

. \-^/ \irfl ct_ tr jf_oOoroqeK, KoTopbrlru eaxrrvecKtr trc_l)(l + l)1, qepnbrBarorcs. Bce aroMrrbre cocrosH' . coxpanrr
Arrs epq- c[, BbrpilKenue (33), trMeeM ogHo3narilroe pe_
rrreuze Ars Kaxgoro cocrorHrn oxprrrofi o6oaoq_
y; {lc-I: o6resnnenux nonyvennirx (BC-Boo =

Fo, n uarpuqy B, crpoxr n crol6qsr Koropotr y[o_
psgorreubr corJracHo p, e = 0, +1, _1, +2,_2, ..., +1,

G2' 
-r, TaKoe ooflIee perueHue qnr nrc6ofi d_o6oro.rxu
trMEET BtrII

c*k) -  , ' ( , : ) ' ( r , , ,?o),r ,+ 3) x

x (412 - , 7 r (  ' ' * ' o ) r r , , +2k+
\  t + k  )

a - (29{o) -7cQ1/50,

B = 7(cQtJ-1grzt -c@1D/toy/to,

D -

a  2 4 2 4 - 6
2 4 0 - 8 4
24-8 0 24
- 6 4 2 4 0
- 6 U  4  7

-6 I, o l
4 l
7 l
o )

c(zk) _
( ' ' , -?o)( ' :) 'e,*, t '

34ecr Ec[onb3yercs crangaprnoe o6osnaseme J
Anr Marpurlbr, Bce gJreMenrbr roropofi panrnr l.
Ananoruwrrrft perynrrar gnrfo6or6".r, / = 3,

s  = (4c@ _l5c(z)1/196,

B - 15c(2) J/28 + ((lsc{a -2zc(a)1rJ + (37)

+ o.26(125 C@ _ !43 C@SV 1 I S AaO
coAepxnr y:Ke [Be cnMMerpmnbre Marprqr{ U u V
c IryJIeBbrMa AEaToEaJUIME U* = Vo, = 0, .rro rro3Bo_
nrer o6tegmrr Ex Anr KparKocru B oAr{r

0 -900 -900 90 90 2ro 2lo
300 0 _1450 rtffi 1755 tg20 _2235
300 4150 0 1755 1160 _2235 rg20
-30 -3320 _5535 0 _556 _768 _2325
-30 -5535 -3320 _218 0 _2325 _768

-rr70 -5040 3495 2016 550s 0 gg9
-1170 3495 _50/;0 5505 2016 _3303 0

( x *z r ,
\  / + f t

1 )
(34)

\

)zrtzt 
+2k +

* lw (z t t z .  N l  - ( z r t r + l )+  L ( t+  l ) ) , . . - .  -  I^ l  
4/+2-- [ ' - . '  "1-- f i1-) / (21*3)J

c ( o )  -  N ( N - l ) / 2 ,  k  =  1 , 2 , . . - , 1 .

r4e yqreH xpurepufi (4nx pyranoncKoro cocrrcxnrr)

L ( L +  1 )  =  ( / + l ) ( u ( 2 t + 2 - u ) _ s ( s + l ) ) ,  ( 3 5 )

(38)
B (38) rro[ HyneBofi4rarrcna.rbro pactrono)Kenbr sne_
Xejorr Marpnrlb_r U, a uag gnaron:urbro _ Marprrrrr V.
O6qar glr o6olow crpyKTypq KBC drcpego_
Torreua B rrocroflEnbx Marpqax D s U, V, a xon_
Kperrrbre gnaqenu KBC u gnr guaroHiurrEbrx, u AJu
He[EarorrilJlbnbD( IIO KBZIETOBbIM TIECJIaM U. v

xayPHAJI OI43I4rIECKOfrt xuunu rou 70 JS 4 1996



672

MaTDETISbD( 3JIeMeHToB eHepruu (23) zaouenr or co-

OTBETCTB!'IOrry C(::,' I,1g (31) AJI',PYTAHOBCKEX

reproBd-o6oro.*n:r"t:y_:;tt'=r;;i,\l2l;&ryi
t#+mg*Ui;;"'" 

"p" 'u'P-"q"x D r u' v s
@P*rynu* (l^o) I4 f ijoOputtlarorcq s Hyrlb tr oHla qa-

r0r nt g, u Ppq= p py"u'"oBcKOro cocTOqH[t re xe

3BaqeHE , vr6 N rrtpaxeuvrr' \5L)-\)+)'

OECyXAE'HIIE PE3yJIbTATOB

flpnvenenne rolvrnlercHoro 6aguca (15) cyqe-

crBeHHo gn" rronyt""uq o6lqero pelueuuq ypaBHe-

t;# d6:d?j. nup"toA or Heto K B-eulecrBer*oMv

6azmcy, t""oou'y""'olfrt n ctanl-anTlrblx nporpaM-

ru" ti, zl, cBt3au c Pa3JIoxeHr{eM 
_

gt^  =  (Y* t i$* ) /  J2 '

KNNMKO

BoKpyr ocuOZ

Po(1 l2)  = tPo(1)tPs(2);

p.(112) = X^( l )X^(2) + O'(1)r) ' (2) '  (

r *(l l2) = 1'(1)O.(2) 
- O'( 1 )X^(2)'

m  =  1 , 2 r . ' , r l '

B aelqecrnenHoM 6asuce {x'^8^} $}rruuouan

""Jd;;;;; 
Soptv (4)' uo B HeM-no'{Bilqrorct

qeTblpexuHgeKcrrble 
"tt'te"pun"t 

ToJIbKo onpeAereH-

HOIO TI'IIA:

(X,,X"|O,O,) - (O.O,\X,X') r^

(1,o,lX,s') = (s'X"l$nl')'

a B ypaBHeHIr sx (12) ilifl X^ll 8' rMecto FolQ')' P =

= +m, r4MeeM

F *lx*) =

m = 1,2, ,..,1,8 F' norrntlorct o6uennrre oneparo-

pbl K, 3aBrrctu$e or rrHBapr{aHToB trn' n rt'roAuouqu-

ponaunue KBC

F'*n -- (F-'n + F*)/2'

F', = (F-"- F*^)/2' /rx'ft =

[4x cut.ttuerPfrt F^n = Fn,n' F'*n = B,* clegYet us

;;;;;t" 9 ̂ , = p -^,, -, n F -^ n = F', -l'-16XrIoB JI eHHbIx

aHafiorurrHbt*, pu""""tuionto Rnq roesQnureHToB

Afi' <zz>'Ectecrgeuno' llro n Fs nrorgocrb'[n He

IIotlBrgeTctr

BuPoxgerule
TOxlecTB

nns KBC (41) cnegYer r{3

(x,lF^lx*) = (8"1F,18') =

(41)

FolxJ = 
[r", 

*
T

f r
n = O

MO

crJ(p") + Fo"r(p")))lxo)' @2)

rAe txr, 8r) -* geficrnrarelruue op6llralnt' rn =

= 1,2, ...,1,r4Q0 = Xo' Oo = 0' TorAa aKcI4aJIbIro CI'IM-

Merptr r'bre rnot"o"#|q')(<p.| " 9:j]a 1111:i;
MeHtrorcs Ha r{HBaprranrii noprpynrlbl BpaIqeIrI4rI = ( r^* (r' * lct2kt 

Ft2k')tot+ t))6''"
(43)

(4s)

q
,J.,1;

(o,lF,lXJ = (1"lF,lo') = (o"lFolxo) = o' (*)
t n r n  =  1 , 2 ,

(43 ) np onepnlorcs "F"':-T:1ri^",y^9]], "iraBeH''bd t-" "r""J"v"*"" 
"$"ptn"""roft 

csuue-
ypannenufi (26),(27) __r--^^,.,,ouo H 2 To)KrlecrBaarLyrvr \2v/, \-, / - ) 

:'Htdaia^ H, a TO>KAecTBa
ocToBHOro raMI{JIbT( -,- --f^du^c-

"l 
ii*""nofi cnuuerPr{'{ l'Io:::o::

11? il:tl ;' ;;;;;;;;"*T:"Ri:::-* J:H:ffi #i'#'".i*""' -L1;Y;f #'ff tXHffi :l5iltff;t?) ;;';; ;" " ""lYl Y^o- T1n"nT ?fi )*lfJJ;11;?,?1.?iH;i!il1y*_:::P"m";j}31qET naP'ndu\svn'v'rJ,t5" 

"dp"itposa'fleM 
Qyuruno-u (a}-(1z) ronyqarc

HaJIa sHeprfiu
I

E = E ' + ! s P i c r " l l P n ) P ' +
n = 0

I

xlxJ-)F, , r i t " ) lo, ) ,
n = l

[r". 
. ! to"rto,) + P;"/((P"))) x

[r... 
) turto,) * F-,rto,ll) "

(40)

+ F'  *^K (P  ̂)P'  + P;"K( x n)a *) '

rlMeloulero re x(e KBC (41)' Fo' = Fo' u po' = 0'

Bonee croxnas crpyKrypa ":]tiT::,,T"- 
(f 

l#boJroc uJruan* -#it;-;'t"anisa\aefi 
" 

6y!:2
cpaBHerrtrlo 

" 
(4) 

::1^ -xannmqnTrA*qc aKctrarbHol",'#HTffi ')A#ilTi:r:Yj^mTXlTi;):;llf ,k L#J}ffili ^" 
"r:i: * j:y1" or#;'#3 ) *lrDvrI[l'I urlMMvr'.u 

--*#"n"Kc'at op6rranr It
ro rp"*t KaK Kaxn,----^,^, 

rrrl
ilttitto;;; os"oMtPto*Y Hl:

Itre/4rrv'---- -r. 
rloqaloTct lrs (45) s Afi

flnotlroctn trm ulcKJ ,--^*-r,naa6.q rhoD-

syll'litffi# " 
;"ti;;; B o ccr alraB Jrun aetcn s op -

ua (4), ecru

d^ , ^ ' =  d -m ' ^ '  =  A * ' ' * '  =  ( I -m ' -m ' t

9^.^, = F-^,*, = F*,-*' = 9-*,-^''
(46)

x t$J * | F),rt \)lx.),
n e l

F,lo') =

XyPHAJI OI43I4trECKoit xnauu tor'a ?0 Nb 4 1996
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r4e m, m' > 0. OcraBnruecs npoeKTopbr pn vnrnpn_
aHTHbr orHocuTeJrlHo yHr,rrapHux npeo6pagosaHr.rfi
rolnpocrpaHcrBa lg^, q_^l = {X^, Or} u rooroMy
oAr4HaKOBbI AJI' KoMlJreKcHbIX r4 BeTIIecTBeHHbIX
MO. BcregcrBr.re (46) n crrcreMe (24) connagyr ypaB-
lt_eHrEq firfl, p = m H p' = -m nvx 6yger yxe (l + l)2.
Ho nezgsecrnrrx KBC &^., = d*,^'il F^^,= p^^ cia-

/ , , , \
HoBr{rcr eqe MeHbu. - rl '; ' 

f 
. Iloerouy n ne_

/
rIIecTBeHHOtrt 6aguce HeJrb3r [ocTpoI,ITb rrocJreAoBa_
lejrlHyro MoAeJrb (4), (lZ), (13) c cr.rMMerpruHbrMr.r
KB C, yqoanerBopsrcq{Mrr ypaBHeH wav_ 1i41, s a ac-
KrloqeHr,reM cly.laen (3 1 ).

Hecuuuerpry{brg KBC 6rrnrn BrepBbre iloryqe-
nsr n pa6orax [16, 17] peruenueM Ha DBM ypaine-
nr,rri, roropbre orpax<aror rpe6onaHrre coB[aAenrrrr
eneprrafi, BbrrrucJrreMbrx no arounofi Teoprur [lZ, 14]
n no $opr'ryae (4), qro sKBuBaJreHTHo Qr, n upeg_
rroJroxeHr,re o Bbrpox(neunu MO n Sopue paBeucrB
(OolAol0o) = const (cp. c (18)). gncnb rlaxnx ypaBHe-
HI,II{ OKA3AJIOCb 3HATII,ITEJIbHO MEHbIIIE tqlz:CJTA HEU3-
BecrHbrx. Kar noragaHo BbIIrre, oHI{ tBJlrrorc, cJIeE-
9Jg.tre.y_Ir3 (18). floeroMy roJryrreHHbre perueHr.rs
( 3 6)-(3 8) 6ytyr yAoBrr erBoprrb ypaBHeH wrrv- ns fl 6],
Ho He naoOopor. B [16, 17] ue yrrreHbr ycnonur (1g)
Ha HeAr.raroHaJrbHbre MarpnqHbre eJreMeHTbr Soxr,r_auou. _Tar, BbrpilKeHE (IZ), (13) Am cr,rMMerpr.rq_
Hux KBC_raz fi71, ecrrrr B nux B - -0.7C@/fz, iepe-
xoAsr B (36). Ho BbrrrorrHeHr{e yclonnfi (6) insKBC,
[pr,rBeAeHrrbrx, HarrprrMep, o ra6n. 1 us [16], B Berrlecr_
BeHHoM 6asuce He npeAr.roJraraJrocb. floerouy glr
TaKrrx KBC roxgecrna (18) AJrs HeAuaroHrurbHbrx Ma_
Tpr,rqHbrx gJreMeHToB 6ynyr AonoJrHnreJrbHbrM orpa_
Hr{qeHzeM. Hra panencrna (18), Hn ypaBHeHas (Zlise
BbrnoJrrurrorgq \rfl pxga KBC, npeAJroxenHbrx AJu
cocrorurri d-o6ono.rKu s [2] (cN,r. ra6n. Z na c. 59).
Tpex napauerpoB, qepe3 Koropbre oHr,r orpeAenr_
Iorcg, AocrarorrHo, vto6sr yAoBJrerBoprrrb roJrbKo
paneucrno (23).

\nx a"^ , * a^,^ulutm\^ ,* F^,^Bo3Hr{Kaer Henpr,r_
Mr.rpr.rMoe nporr.rBopeqze: KBC n $ymrylona"rre fog_
AapAa AoJrx<Hbr 6sns cr,ruuerpr.rqHbrMrr, TaK KaK oHu
cyMMl,Ipylorct v (4) c J pq = J ro ̂  Koo = Koo, 14 r4x ac:aw-
Merpr,rrrHag qacrb r,Icrre3aer. Iloetouy doruan c ne-
cr,rMMerpuqHbrMr{ KBC ne Moxer 6rrrsnorvqeH Ba_
pbr,rpoBaHr.rer*r $ynxquotana(4) (cp.tZ2D. Ho rar no_
Ka3aHo Bbrr[e gna nro6tx KBC, ygonlerBopr]oqux
(18), ognoenaqHo creAyrcrrrBbrpox<Aenze Mb (19j, n
ToqHar eHeprur (23) Aw aroMuoro repMa. Bcnegcr_
Br{e STOrO MOXHO OnpaBAaTb tr npr,IMeHeHEe HeCnM_
Merpr,rqHbrx KBC gm BerrlecrBeHusrx op6uralefi B
cJreAyroqeM MoAeJrbHoM noAxone. B ueu nocJreAoBa_
renlnuri nyrb nocrpoenurs pacvernor? cxeuri 1ornpra6nrExenHbrx BoJrHonux eyHxqrar? cocroqnns, .re_
pe3 ycpelnenne rwra (1) x pMII_2, SyHxqzonanyeHeprur.r r,r Bapr{aqroHHbrM ypaBHeHr,rrrM) eauenrercr

7 XyPHAJI On3nrIECKOI/l XVTMVM rorr.r 70 }G 4

na gpyrofi. B uocle4ueM c floMorubro HecuMMer-
prrrHbrx KBC (gra HepyraHoBcKtrx cocronrufi) rrao-
49lnpyorcs TorrHbre BapEarlEor{Hbre ypaBHeHr[,
(12)-(14), Arr rrero AocraroqHo yAoBJrerBoptrTb yc-
JroBr{rM (18) (nrru B paccMorpenubrx Bbrrrre cryrrafix
ypaBHeHr,rr_M (24)), odecnequBrl{ npaBrJrbrryro crrM_
Merpr{K} MO. 3areu c [oMorrlbro (4), rqe acr{MMer-
purrHurr qacrb KBC yxe [cqe3aer, BbrqncJrrercs
eHeprn r repMa. llonyveunoe AJrr Hee snaueure (23)
6yger reM xe, qro r,r B nocjreAoBarenrnofi reopun c
qeTbIpexuHAeKCHbrMa rrHTerpaJraMrr, onpaBAbrBaro_
IIItrM B r,ITOre Bce [ocTpoeHr4e.

I,Ie ypanrennft (24) HecJro)KHo rroJrvtrurb HecrlM-
Merp[rrHbre KBC, yqonnerBoprrorrflre yclonuro (46).
?tHTepecHo, rrro Ao[ycrtrMbrMtr Tenepb 6ygyr r pe_
IrreHas c 9^, =B, eanpeqenHbre B o6lieu cryrrae An,
cuMMerp[qnrx KBC. Ecnn srrqzcJreHHbre a^, *
* d^,^o6tegr,rur,rtb B Marprqy A, crpoxz u mon6qrr
rotoporft yloptAorleHbl corJlacHo r/t, m, = 0, 1, ..., /, To
locrosHHbre xoeQSnqrreuTbr co6zparorca B Marpn_
rlbr rrepBoro paHra. Haupr,ruep, qnxfo6olo.rru cp -
= IJQ{z) 129 uz (32) peruenn"m (24) 6ygyr KBC

A = {(4c(0) - rc@)J + 3(z2c@ - t5c@)ut4 +
+ 0.13(143c6) - t2sc(2)1t / 5 \/ 196, @7)

rge J (cu. (36), (37)),I rn I'- Marpnrlbr nepBoro paHra

6 ,  l ,  - 7  , 3 ) ,

I ' =

\m d-o6ororrKn rrMeercr o[Ha
uarprqa D'

7 l
42 l .

t (-6 1
1 4 )

J =

( z  )
| ,! l ,ro, - rs, 6, -r ).
I  r0 I
\ - o o 7

HectrMMeTpItrIHZlg

9 =  7c@/ lo ,

A= ((2C@) _7Crrr)J _21(C@ _ c@1D'/4)/50,@g)

D ' =
l 2 l
I
\ 1 2  )

B gaxnro.reHue orMerEM, rrro onpeAeJrreMbre r,I3
ypannenufi (24) KBC ocraHyrcq nengnaenxsrMa AJrx
ncex npeo6pasonannfi MO, ungyqupyeMbrx rpyn_
noft rpexuepnbrx nparqenuft. 3ro criegyer n3 aHa-
nornssor? r.rHBapr.raHrHocrn KKf (cu, (3.49) B [g]),

r996
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o6ecne.rrearoqefi [ocrosHcrBo roeS$nqueHToB 10'
(21), (22) B ypaBHeHntxQ\. floerouy cQepuvecrar
culnrerpnf,eCfI ypanHenufi (12), (13) coxpauaetcr 11.
E [,'r{ HecuMMerpuqHblx KBC.

Arrop 6narogaput M.M. MecrerrKI.IHa 3a nocro- 12'
.rrunoe BEEMaHI{e r pa6ote fi [oJIe3HbIe 3aMeqaHuq'

13 .
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