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TioHOMapes n.Y1., Tiy3biHHH8 T.TI., TpyCKOB8 H.~. P4- 11185 

3¢<fleKTH:BHbl8 ITOT8HUH8flbl 38.ll8t.{H: Tpex Ten B 8.!J.H868THI.{8CKOM 

npeacraaneHuu 

B aa.aaqe rpex ren c KynoaoecKHM saauMD.lleHcrsueM Lose nono*HTenbHo 
38p9)K8HHbi8 LJ8CTRllbl ( SI,llpa) C 38pS!.08MH Z 

1
= Z 

2 
= 1 H 0JlH8 OTpHU8T8JlbHO 38-

pSDKeHHBSI Z3 =-1) e a.aua6aruqecKOM 6aauce BhJtmcneHbi gclJ~KTHBHbte noreu

IHtanhr, npencraen.snonme co6oH MaTpwtHhe 311eMeHTbi oneparopos HMnynbca 

H KH:H8THt.I8CKOii 3Hepf'HK OTHOCHT8JlbHOf'O .llBHM8HHSI SlJ]ep. B pa6ore Bblt{HC-

J18Hbl H npe.ocraeneJ-Ibi s BH!le rpa¢lnKOB MaTpnqHbie aneMeHThi H .. (R) 1 

Q ij (R) H b im,jm, (R) , CBfl3biB810WHe COCTOHHHSI (i, j) aa.aaqu aeY1 UeHTpOB, 

coorsercrsyiOnute rpeM nepsbiM o6onoqKaM (n, n' = 1,2,3) aroMa sonopoaa 
ITO KnaCCR~RKBURR p83he.QRHeHHbiX 8TOMOB B RHTepsane 3HaqeHHtt paCCTOBHHB 

Me>KilY >I!lPBMH R ~ 0, 1(0,1)20(1)60. 

Pa6ora BblllOnHeHa B !la6opaTOPHH TeopeTHttecKoH ¢H3HKH OH.HM. 

Upenp&HT Oln.eJliiBeHHOro BBCTBTYT& a,11epaw:r accne,lloB&IIJII. ,Ay6aa 1978 

Ponomarev L.I., P-:..1synina T.P., Truskova N.F. 

Effective Potentials of the Three-Body Problem 
in the Adiabatic Basis 

P4 - 11185 

In the adiabatic basis the effective potentials of the three
body problem with the Coul:>mb interaction (two positive charged 
particles (nuclei) with the charges z 1~z 2~1 and the negative one with 
the charge z = -1) have been calculated, These potentials· are the 
matrix element~ of the momenta and kinetic energy operators of the 
relative motion of the nuclei over the two centre wave functions. 
The matrix elements Hij(R),Qij(R)and bim,j ·(R) have been calcula
ted for the distance R ~ 0,1(0,1)20(1)60 berween nuclei, and for the 
pairs of states (i,j) with parabolic quantum numbers i ~ [n n ml, 
. [ ' ' 'l 1 3 ' ' ' ' 3 1 2 J""' n

1
,n

2
,m , n=n

1
+n 2 +m+ S., and n=n

1
+n 2 +m +1$. 

according to the separated atom classification. 

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

Preprint of the Joint llllltitute for Nuclear Research. Dubaa 1978 

© 1978 06"W~UNI!ICNWI1 UNC.IDIJ18 A~~pHWXUCCA~bo.OHUIJ)b6'HCI 

I. Bae.-ea•e 

1p8BB8HB8 Wpe~epa aa.-a~ Tpex te• C KJ~OHOBCKBK B88B

IIO,JteiCT:UIII {~8 fl.ltPI C 88pQ;&IIB B 118CC80 (7.
1

, J1
1
) B (22.,/:1

2
) 

• aaenpou c uocol r1'1e) B xoop~Ha'flx J< {pacctouKe 

••w qpau N 1 • !1.~, ) • z (paccto•u• ot xteepa 
-+ 

otpaaxa R lO axextpoua) Bllett -..: 

(A -E) VCZ,l) =o 

H = [- ~~ ( vt t- ~ vi y~] + [- f_ 6 r _ z,e'-_ z,e•J+ Z1Z,P!'= 
2 0 z ,, ~1 ~.. .R. 

,.. /'-

= T + h + • 

t1. -~ = H.-1 + /'1-1 
0 :1 2 , 

Z1Z,e2 

R ; 11,-11:1. 
3e= 

.H, + H,~,. 
-1 

m. -
:1. -1 ... {I.) 

1?7~ + (HJ.+11,.)' 'lJ. = /i +·~I) 'Z~.=Il-!/. 

B a~IGI!a•aoxo• npe~t•••euaa aa,Jt~qa tp1x !e• Boa&oBas 
tJ~U 'l}((i, () 
to••UJ l. pe•eJmJDl 

P88.18I'IIf0B DO COOfl3e'!'C'!'liJI!IIIIDl raMHJU,

~"' ( y ; R ) 88,1l&Q DJX lllt•'fPOB 

y ( ~ l) -= ~ F;r-o C 'i; R, e, <P) · ~ 1,.. ( t) 
c (f- r< e <P) = 'J-rn ' ' , (2) 

-r· ~-}2,[ - J' c -" ... _ )DJ c~a~l - 2(1+00 ,..Jj ~ ... (z:.R)D,.,"']" <P,Q,OJ+\.f}(-,..)(-z.,R c-~t~)"'s ,,:J 
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r~e D:r>IJ ( <P, e, o) - HOpll.llpOB8HHbl8 D - WYHJUVUI 

Bill'H8p8 OT yrnOBiiX nepeu.eHHbiX cp 8 BeKTOp8 R • 
) 

ilocne UOAC1'8HOBKX pB3llOK8HBS (2) B yp8BH8HB8 (I) B 

ycpe~H8HU no KOOp,AHH8Uil ~ e, cp npll)l81l K Ci8CKOR81UIOM8p-

HO~ CBCT8M8 OCiYKHOB8HHiiX KHTerpo-,AH~p8HUBBnDHHX yp8BH8HB~/I/, 
e = t = rn. = 1.. IIDKHO aanxcan :a KOTopym B e~aa-uax 

BB~e/2 , 3/ 

f L _ J(r-ti) -zmz + 2.M [E- :?-~Z._- Eim(rz)]lJ,t»(R)= 
L d Rz. oz.. " j 

= ~ v.J . I (R) .x.yYI~ (R) 
~ ~YVI,JY'l J • 
J"'' 

(3) 

3)t8CD: J - DOU!il IIDU.8HT, .M == 1'1o /rn. - ~KUBH8R 

11acca CBCTellli Tpn: Ten, E~,Y\1 (R) 

~YX U8H1'p0B C KB8HfOBWIIB qacnau.H 

- 1'8pllli COCTOaHKI B&~aqa 

( i rr~ ) a ( I'll m ) - no 

Kll8CCB~BK8~B 0~8~R8HBOrO &TOMB. 3~KTBBHY8 DOf8HUB8aH 
J' V. . , ( R) npe~cT&BrulmT coCio~ IIBTPBQHWe &ll8118RfY onepa-

~~'>~ ,J MA 
TOpS 'f DBUR8CKOI aaeprBII OfHOCBT8 n:uoro )tBUIIHBll 11,1t8p, 

KOTOpHe BH'DICJIJmTCR: Mell!JIY cocTO.fiHRHMl'I ~m( 1 ; R ) M.n;a'DI 

~Byx ueHTpOB H MOryT CiHTb rrpe~CTaBneHH B B~e/S/~ 

u,~,jrn'(R) = 0t>tiM 1 { H~ntJ~"" (K) + :K Qim,j~(R)+ZQirw,jrn(R)jR) + 

:r +B. . ... ,(R) 
""">J'" 

P..~ 'I'>"' (R) ... - '(:r I g, ·~' (R) 
I.Jd·fi,J ,; -. ~'""' "Y>1>J'" (4) 

0
1 

1 
== (1+ bmoam'i +8',,oSrn1.)~. 

rnm ~ 

·~ (J-m+i)(J-t-m)] ~ cf,..,~m-i + [(J+r>'~'l'i)(I-~>')] tiM:m+i} , 

4 

r~e 

Qil11,jm(R)=-: Jdot~"'(ZjR)(~+~Vii)~r>l(z;R) (4a) 

[ J(J+1)-2rn
2 LJ J Q ( )J B"J ( ) 

f(l. c;i.J -t ''.:rw,Jrn (R) + dR i"'•i"" R + t"~>~,J.,~ R = 

= - ~ d~ si~d9df>d4 F.rw (z; R,e, ¢>) (V; +~Vi y ~"' (z; R,~<P) 

ra:= N2-/'1~, 

t12 +HI 

H8~1BBX8 p&cqeTy/3/ DOK888llH, qfo,pemas CHCT8JIY (I), IIDZHO 

R8lfX 8H8praD CBRBX CBCf8111i fp8X Ten C OTHOCHT8niHOI fOqHOCTim 

NI0-4 X Bll.8. ~&a &fOro H80CiXOAKMO npe)tB8pBf8llDH0 BYqHC~XfD 
u.aTpa.awe aneu.eaTw (4) c to.aocT•m,ae xyae, •e• ~Io-6. 

2. A.uaOatnecttd Ciaa•c 

Tepu E;"" (R) • :aoeo:aYe WYHKUU lfJ..., ( .:r; R) 
88~1qB ABJX ~8BTpOB, OGpaay~e 8~H80&Ta.eCKBI Cia8BC, B BI

CfOS-88 Bpeu.a xopo•o xayqeHY a On&C8HY BO MHOrBX p&GOTIX X MO

HOrpat-ax/4-6/. Oaa onpe~enam!ca c no•o••m noxaoro H&Gopa ~eme
aal yp&BR&HBH ipe)txarepa 

... 
ho ~"' (i;R) = Ej~ (R) ~·"' (;f;R) (5) 

C r& .. XDTOB&8BOM 

A ~ z~ , =-...;L.bz--no z ~1 
z. --, 
~ 
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r;z~;e 7-~ 'Z-J. , 'Z-
2 

- p8CCTO.f!HI4H 8J16KTpOH8 OT C6p6,7.t14Hbl 0Tpe8K8 

R H oT H,I~ep ZJ. H Ze , cooTBeTCTBeaao. 

B C~ p0!4,7{B JIDHbiX KOOp,7.tHH8T8X Z = t "f, z, ¢} pe W6HII6 

yp8BH6HI4H (5) BKBHB8J16HTHO peW6HI4D CHCT6Mbl Kp86BbiX 38,7{8q 

lDTypua-JIHyBJrmnH: 

~~ (~2.-1)j~ Dmn
1 

(f;R) + I-P\f~1)+a~ ->.- .;_: }0...,"'1(f;K)=O 

\D~r~,J1;R)j< oo, n,.,.,Joo,R) =0 _ 1 ~ ~ <. oo 

A_ (:1-22.) _L 2 (Z; R) + (- p2.(1-z') + g Z +A- .. ~ ... :] Z ('z;il-)=0 
o( t d.~ "'} ;J. .. ~'>''j.. 

\
'-:7 (±i;R'~~<oo -.1~2$:1. 
1---' ""'\r 1 ' (6) 

S;z~;ec:& : 

% 
CA= R(Zz+Z1 ), t= R(Zz-Z.1), f= ~ (-Zfr(R)r~ 

Tepllii EJ,.,(R)= ENevn (R) 11 KOHCTBHT!l paa,7.teneHHH )..s).Ntm(R) 

HBXO;II;HTCH KBK pemeHH6 38;11;8q (6) HB C06CTB8HHbl8 3H&qeaHH. 

BonaoBwe WYHKUHH lfJrt~ ( 'i; R) YA06Ho npe,7.tCTBBHT:& B 

BH,7.te: 

lO - ) em¢ 'X [ ( ) 1'>1 Tj~('Z.;R ==~lmi(~1 ZjR)e (l.rrYz - np~"~ m>O (7) 
1 np~'~ m"-o, 

r,1.te ~~r-11 o, L R) == J{jr><Cf{) D"'nl~)~)Z~}(z)<.) 

~ = e-m ' Yl:t = y- e - i j 

6 

m 
8 KHOZHT6J1:& (-) npe,7.tCT8BnH6T C060it 143B6CTHYil waay KOH,liOHB-

lDOpTu/7 I. B AB m.aelmeu noJiarae11 m = 1m 1 . 

~YHK~.II 

If (~,n;R) = Cf. = ;~.·m > 
~/m/ ( ",., (8) 

HOpll.llpOBBHbl ycnOBH611 

3"jQO ~-~ Jr: <f. f :.R d d ~ 1. = , f Lm J"'' 8 ~ ? (~ ? }lfi-m fjm ~rrun' Sij ~"'"" . 
., -i 

MaTpzqswe aneKeHTii (2), aanpHKep, 

H .. (R)= (~m/HIJ.m): H .. Lm,Jm LJ H T.,7.t. 

Y;D;06BO npe;D;CTBBHT:& B B14;11;6/2/ nOHHHOIIOB no de (B ~n:&H8lW611 
.IIH;II;6KC Yn 6y,7.t611 OCTBBJIH!:& HHIU:& B c;nyqae Yn :/= m / ) 

I I H {+) H H 2. (-If) 

n~i = Lj + (!£ 'J + ae Hij ; m::.m' 

Q Q
(t) (-) 

i.J" = ~ + ;:/. Q ~- m = m 

p 0 (+> 0 (-) 
bj_'"tJifll : b i.MJm' + ;J!_ f}im:Jm' ; M ': 11'1± i 

£ = ( Mz.- M 1) I ( M,. + M 1 ) . 
(9) 

HBJUi8 Bblp8Z8HIIH ;II;Jlfl IIBTPRHWX: 8Jl6118HTOB ( 4) B cwepo.a;z~;au

HiiX KOOp,ltiiH8T8X HII8DT .l(OBOU.HO rpoJI03,7.tUJ Bll;ll; Jl UpHB8;11;8Hbl, 

HIDpaMep, ./Bf. B pa60Te/9/ UOK888HO, ~0 STJI BYp8Z6HJIH IIOZHO 

ynpoCTJIT:&, HCnon:&ayH KOII111f8~0HHH6 COOTH0m6HJIH p83J1HqsJiX one-
~ I 

PBTOPOB c r&JI.IIJ[:&TOHIIBBOII ho . B 'l8CUOCU, B H~d Jl a~i 
llOZHO JICKDNJIT:& npOH3BO;II;HH8 DO nepeM&BHblll ~ > ? X ( qsCT.IIqftO) 
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npOH3BO;!!Hiil8 no ~ , HanpHMep, HCnOH:&30B8HH6 KOMMYTSTOp8 

<t" z" 1" 
[ ~ R , h,o ] = - R h_ o + R V, (IO) 

r;lle 

k =- 2 {~ z. )~ ~ 1- t ~ - ma.C$2-~l} y" 
0 R1(~~.-{> ~l~-i ~s +co~( ~ >cv~ ((-1)(1-i2J + 

" z V=- 2. {czl+Z1)~+Clz.-Z1)~z. 
R (~z.-~ > J ' 

npHBO;llHT K COOTHO.SHKD: 

(E.-£.) ld-c 'P·~ ~· + E~ r'.. = i (-2 E· ~·. + v..) (II) 
d .. J' • '7JR ~ J 6 11 R <J ~J LJ , 

OTKY;l!S npH 1.. ; d cne;llyeT Teopeua ren:&M&Ha~eiHMaHa/10/ 

Yti = 
I 

REL + ZEi., (12) 

a npH i 4: j none sHoe paBeHCTBO 

fJr'Pt~R~=<i-\:!Rii>= Yi_j (13) 
a u R ( E, - E ·) . 

3;llec:&: d 

E.:= E.m(R), E>t. Ei.m(R). dr= ~~(~z.-~2)·d~J~ 

V:i = (<~VIj> = Jd~: '1', (- ~; - lr~ )~ (14) 

AHuornHWII IIGpiiOII -.191 nony'leB p!i;ll cooTHo•enl, c:aRaWB&IIIIUO: 

118ZAY C060I paaa.qawe 118TpH'lH!il6 8:118M6HT!ilo 9TK COOTHOm8HHli aB

lllinTCli 'l8CT~ CaJ'l8811 60:1186 06~ COOTHO.eHKI M8ZAY KHTerpa-

8 

JISKH IIO ; H no 2 , BliiB6;!!6HHhiX B pa60T6/Il/. C IIOMOllli>lD 

9Tl'!X COOTHOmeHd MOXHO rrpe,ll;CTaBHT:& ,nHarOHaJI:&Hble MaTpwnrne 9Jie-

M8HT!i B BH,ll;e BHpa.JteHd, He CO,I1;8pllt8liiJIX rrpOHSBO,li;HI:lX ITO ~ H 

/9/•-2 . 

Q (+.) = Q (~) = 0 
Ll.. ,, 

He+>=- l_R-2.+ R- 2(L,E.+RE~)(dr 11i.)-
i.i. 2. ' ' 

- .3 R-~<irVr~li> + )Jr (~~ r· 
H(-) -y4 I) -J. A 

it- =-R \.' Et.+REi. <t.lzli.? +3R <iiVlli> 

H cl(> ~ E' ) 
it = - z ( Ei. + R i . 

(I5a) 

II pH L :;: l HM8811 COOTB6TCTB6HHO: 

(+) -f --1 " -1 . 2. . 

Qi.i = R (Ei-EJ)(iiVIj> -(2.R)(Ei-EJ)<Lir IJ> 

Q ~> = ~ ( E i.- EJ) < i I Z I j ) · 

H (+) -2. -2. I I } 1\ 

~ = R (E~ -Ed) { 2(E;.+EJ) + R(fi. + EJ) (i.IVIJ) + 

+ R-z. {Z(Ei.+Ed)+ ~ (E>f;)}<i.lr4li)-

- 3R-\L1 r2.Yii>- :tR-f(E~-EJ) ~~1:A~.rz. + 

+ R-\E~-EJr~ JJrA~V 
H (-) -f{ R I I } 

~· = -R Z(E;.+ Ej) + "1 (Et.+ Ei) <Lit:~>+ <
156

> 

--t " 5 I H + 3 R <ill Vlj> + i (E~ -EJ) ~1:./l.~z 
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~) ~ A H ij = z ( E ~ ~"J - < L I v I j > ) 
co Q(+) -.2. -2. I I " 

~R"l = R (Ei.-Ed){CE.-Ej) -R(E~-Ed)}<LIVIJ>-
_,f R I I } . 2., • - R 12(E~-Ed)+ z.(EL-Ei) <Lir ld>-

-" Jd "(+) 2. -" -is (+) ,.. - (~>R) (E. -El) {J \.~r + R (Ei.-Ed·) Jr;J\.,d V 
'1J Q -of I I ( (+) 

CVRizf.=(2R){4(E~-EJ)+R(Ei.-EJ )}<i.IZI~>+iCEi.-Ed)Jdr/\~ l. 
8~6Cb BB6~6HI>I OOOSHaqeHHH: 

zij=<~li!IJ>= jJt'Pi. ~ ~~~· 
<~I Y2 ld"> = 5 clrr 'Pi, 22. (~2+ ~2- 1) ~ 

A(±) ~ <P· '7J cp. tfJ 
.. = CD._;..J + -•T· 'J -r~.~K - cr>R d · 

(ISB) 

~HH nepeXOAOB C HSM6H6HH6M MBrHHTHOrO KB8HTOBOrO tlHCH8 

m ~ rY1 
1= yn ± -f COOTB8TCTBYJOiqH6 li8TpHtlHI>I8 SJI8)16HT!i Hl46-

lOT B~/'0/: 

o'..., -z.{ JJr 1. ( 2 ~ 
Dimam*i:::: ±R O':.f) [(~ -1) 1-~)] ~m • 

-~ 

-(~ ~(*~- ~~mt~±(m±1) jJt~~[(s2:1X1-fJh~m~·~} 
g<-l 1 . r t1 
b ~m,jm:t:-1 = ± T (E~m- EJ'm±of) JJt[(t:1)(1~2J]'ftm~mt~ ~IG) 

IlpH Z1 = z 2. ~JIH BC8X p8CCil8TpHB88MI>IX M8TpH'IHI>IX 3JI6-

M6HTOB B03HHK810T ~OnOJIHHT8 HbHI:¥6 np8BHH8 OT6opafl
2/. llpH i.. = l;, ' H (+) H<*> a m = m OTJIKqHI>I OT HYHH TOJibKO i.i. , i.i. • llp.ll i.l= j , 

I )e. yn = m.. H O~HH8KOBOi! tl8TBOCTH (- 1 

10 

0·) 
onpe~enH8MOI op6HT8nbHWM MOM8HTOK £ tHe p8BHY HYJID ~ ~i, 

(+) H<*> ~a'·> 0 H · · . · ~ ~d· , a npa pasJIHtlHOI qeTHOCTH OTrulqHJ>I 
"d ' "d ' -'ro" (.-) ~ ac-> . 

OT ayna rulmb Qt~) H ~d , ~ .:d· , <((~,1 Z I J 7• IlpH m~m±{ 
H O~HH8KOBOA qeTHOC TH OTllJiqHY OT HyJIH ~ i. m d. m ± 1 , a npH 

(-) . 
p83JIB1DIOA qeTHOCTH - g ;_..,•/"' :t i . 

3. ACHMUTOTHK8 M8TpHtlHYX 3JI8M8HTOB 

AcaunTonKa }{BnDJibHiiX uoueHTOB Dij (R) npa 

R~ ~ Bl>ltlHCJieaa B pa6oTe PauaKepa H llHKa/221. AcaunTOTHK8 

MBTPH'UUlX anelleBTOB onepn•opa op6HT&naoro lllll8HT8 L. J . .,.,. 
Z (+) ,m, ,., 

( R g ""''J·m' B aaux o6oaaneHHJIX) pacoMoTpeH& B pa6oTe 

BaiTca • Uax Kappo.1a/
23/. !CJllliiTOTHKa M&TpHqH!>Ix anelleHTOB H;,O,;; 

lm,jm' BliNHC.Jl8H8 B pa60T8/B/ • J[JIB nap COCTOillUll ~ m = ( Jl t m) . 
/ / I I • d m = ( N em ) OB8 BM88T CJ16l!YDII!IIi.t BH,J;: 

npx R~o: 

H c+> _ { e(f+1) R-"a'i.j 
. . - {+) / 

'J H ~ ( o > , N .;~ N; e = e :r z, e ± 4, ... 

H(-) -•o(-) } I I 1 \ 'd =-R L.j(O)z,Ue·H)-e(t+1) de'e*f 

H 
(tf) (II) 

LJ = H~ (o) ere,, Ei = Ei co>= -t/2N2 

Qc+> c-> .1 rJ 
~ = 0, Q'J = z (Ec.-~) Z'/(O)a,'u:t 

(17) 

{ 
-l.l t 4/.r. oc~>. , = R ( ttrt+4)(f;-,:m)J ~ ..... ,~,.,f,.~ 

o '•v'" ttt ' g i."'•J"''(O) ~m'~f, t= l.-t-2., ... 

;c-) -- t: ytG ) ( x'+ ~~)Yr. 
Otrn)Jm'-+\..'tR, Ec-Ei ~ iJfZ'st:t:ttc5"..,''":H 
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npM R~oo 
(±) (::!:.) 

HL.j = H··(oo) 
<I l.d ' 

0 
(±) (±) 

i.J = Qid (oo) 
o<±> -<f ""(±) 

b~m.Jm' = R gi.m,jm' ( OQ), 

H~~> 
<J 

("If') 
= H .. (co) 

'J 

(IS) 

npMqeM B~nOnHH~TCH CJI8~DmMe COOTHOW8HMH: 

H (+) -t (-) 
.. (oo) =--H .. (oo)= 
Ld 2, LJ 

I 
(tt) 

1- ~ (oe) 

Q<+> (-) 
. . ( 00) = - Q . . ( 00) 
LJ ~a 

7}(+) (oo)--p(-) 
b i..m,jm' - b im,J m' ( 00 ) . 

AcHMnTOTHqeCKHe KOS~HUH8HTW (I7) H (IS) npHB8,ll8HW B pa6o

T8/S/. IlpH nOJibBOB8HMM peayJibT8T8MH STO~ pa60T~ CJI8,llY8T yqHTW-

B8Tb COOTHOmeHMH: 

(+) (+') 

g •m,Jm' = e i..m~ m' ' 
0(-) ~ (-) 
bi.m,jm' = - Z: P ~m,Jm'. (I9} 

4. ITpe,llmecTBym~e swqHcneHHH 

H(+) 

Bneps1>1a ,lUtaroH&JibH~~ MaTpHqawA aneMeHT i.i. ( R) .llJIH 

OCHOBHOr:l COCTOHHHH i., = ( f Sb3 ) MOJI6KYliHpBOrO HOH8 BO.l{Op0-

.2!8 H; 61ili Bw'IIHCJieH B pa6o!e ,llzoacoaa/13/, a aaTeM ( c no

MO~b~ .llBYXUBHTpOBWX ~YHKUHA, noCTpOeHHWX EeiTCOM H ,llp./I4/h B 

pa6oTax ~anrapHo a YaK Kapponafi5/. HaHOon»aee ~cno paootfi6/ 

nocBH~eao BwlUICneaBm ,llHnonbHWX M0118HTOB Di.j ( R) (<~I Z/d' > 
I"JRf' .:::.,1-Y;!.p<-) fl 

H ± N \.Ei.rn- E i m+f) 2, o . . B aamHx o6oaaaqeHHHX). Ca&e 
0 - Lrn,Jrn:H 

12 

nonH~e pacqeTW T8KOrO THna BHDOnH8HW P8M8K6pOM M IlMKOM/I?/. 

.U8TpHqswe SJI8M8HT1i OOII!ero BH,ll8 (4) ,llJIH H8CKOJII>KMX nap ( i ,j ) 
HHZHHX COCTOHHHI BWqHCJI8HW X8HT8pOM H IlpHq8p,llOM/IS/, IlBTTepco

HOM H Eexxepoy/I9/. Eonee nonawe TBOJIHUW 

( C T011HOCTLD .-.I 10-3} MS,ll8HW IlOHOKBpeBWM H IlyBiiHlfHOI/ZO/. 

0T,ll8JibHW8 BWqHCJI8HHH MOZHO HBITH B p860T8X/2I/. 

5. AnropBTMW swqwcneHHI 

Ha pHc. I-21 npHBe,lleHW peayJibTBTW BwqHcneaHI HeB,llHa6aTH

qecxHX M8TpHqHWX 3JI8M8HTOB (4} Ai!CKpSTHOrO Cn8KTp8 38,ll&qH .llBYX 

~eHTpOB C B8pH,11;8MH Zt = Z z = 1 H C rn&BHWIIH KB8HTOBW

MH q]ICJI8MH rv, n.' = I,2,3 p88l>8,li;JIH8HHiiX 8TOMOB/4-f)/. PacqeTii 

BlifiOJIH8Hii C nOMOII!bD 8JirOPHTMOB paOoT/9/ H /I2/. 

B pa6oTe/I2/ .llJIH BliUCJieHHH coocneHHhiX aaaqeaHit A :).J'"(R), 

p: fJm(R)acnon»SOB8Hii Cli6,llYDII!B8 p8SJIOZ8HBH ,llJIH ~YHK~HI 
ntnn1(~;R) Jl Zm'J,C7;R) 14'61 = 

n (~;R)=(~~1)p(~ ,~ ep(~- 1)~ (H)s 
mnt 5 z ) L.. qs 1::+1 

s=o a :> 
6 = tp -( YYH· () , d 0 = 1 , 3 -i = 0 

(20) 

~ -p(~Hz> t. m 
~m~(~;R)= e Cs PS+m(~) 

S=o 
(2I) 

llpx BWUC118HJIH M8TpHqawx aneMeHTOB .llJlH ~YHKIUII n mi'IJ ~; R) 
r7 

acnon:uyncH paanoKeHHe (20}, a .liJIH q,ya~HI ~ tn ( 2; R ) -
paanozeaae/4-6/: } 

13 



r-7 m e L Cr, (1-_~) ) 0(.~~1 

{ 

i'(1-~) 00 ~ s 

~m C2~R) = (~-zt -pCi+~> 5~ _ 5 

~ e 0o C 5 CH~) , -H~~O (22 ) 

Co=(-)'t' Go=1 ' c_L = C-1 = 0. 
Koa!JJiPJ.mHOHTill 3s , C 5 , c

5 
) c 

5 
onpe.~tenHJJTCH Ha Tpex-qneHHbiX 

peKyppeHTHIIIX COOTHOm8HH«, KOT0pi118 KOKHO HBITH B/4-6/. ilpH TB-

NJrn(R) KOM Bi1160pe paanoaeHH« HOpKHpOBO'iHi118 KOalPW~H8HTH 

B q,opKyne (6) npH R- 0 BBAYT ce6H xaK 

N (R)=JV (O)Re 
d'"" dm ' 

a npz R-oo 
Jvdm(R) = Njm{o0)R~ 

(23) 

r.~te i 
t-~-m-~[- z(AI+O! (e-m)!cz.e+1) ]2. e+% 

Mm(O) = ~- 1 5 
IV (N-e-n! ce+m>! (E-) 

d "")""' ')7 s-k s-1< e- k N 
L q s L... (-) C s C .N- -1 
s::o <1 k==a 5 

1 

A/. _ 
2

-m -(m+.z.) 1 -2.[ (n,1+m)!Cnz.+m)! }Z: (24 } 
j Vd im ( oO) - n, (m.) I I VI.{ • Yt,,_ • 

Yl..1, Yl-z. .J n,. - napa60mt'i8CKH8 KB8HTOBH8 'iHCJl8 1180XIIpOB8HHIIIX 
s 

BTOMOB BO.~topo.~ta, a C n.. - 6HHO»Han:&HHe KOa(tlq,~HeHTY. 
0C068HHOCT:&JJ H npeH~BCTBOM HCnon:r.ayeuoro npK STOM M8-

TO,lt8 BH'iHCJl8HHI U8Tpll'iHHX 8Jl8K8HTOB HBnHBTCH TO, ~0 8~80:& OT

cyTCTBYBT 'iKCJl8HH08 ~~epeHUKPOB8HH8 BOnHOBHX itJYHKUHI. llo,Jtp06-

HOCTH pe8Jlll381UIH 8RrOpHTM8 118JlOKeHH B CTST:&e/12/. 

B pa6oTe/9/ KSK npH BHqHCn8HHH C06CTB8HHWX aaaqeHKI 

A= )..i..., C R), E ::. Edm ( R) , T8K 11 npH BYucneHHH llBTPII'iHHX 

14 

,-.., 
8Jl81l8HTOB (4) npK Z1 = lz. MR lPYHKIUII 

non&syeTcH pasnoaeBKe/14/: 

~ m'J. ( ~ ~ R ) 110-

~ 00 

~m1-c2 ;R) = CJm(R) ~ As 
~ = { 0 ecu q, 

1 ecu ~ 

m 

p2S+ m+S' ( Z) 
qeTH08 (25) 

H8'118TH08, 

8 ~lUI itJYHJCnlll n mn" ($; R) - paanoaeHHe_...(20}. HopllllpOB

K8 Cd·m (R) :a paanoaeHHB (25) paBH& 

m m -1 

CJm (R) = (-1) 2. m![~ A (2S+~m+~)! J L: s c;a.s +a)l . (26} 
S-O • 

llp• 'fBKOM BY6ope C d,., ( R ) 
........., m 

~m (~~ R) ,-¥ ( 1- ~~fZ: (27} 
<J- tz.-ui 

T.e. aopu:poB011HYI KOB~IIIUieBT ~-,., ( R) :a q,opuyne (7} 

OAKH • TOT ae ~IB 060.X paanoaeHBI (22} II {25}. 

llpOrpaMMa/24/, C DOMO~D ROTOpOH B/9/ H8XO~TCR H800XO~-
MI:l8 C06CTB6HHI:l8 3H8'i6HWI ). jrrt (R) 

1 
~-"" ( R. ), Blf'U!:CJIReT T8Rllt8 

npoH3BO,Jijil:l8 ~;~(~) J #~ £.j,... (R), HCn0.111>3YR 8H8mtTH'l8CR08 

.ItH@;epeH~poB8Hil8 COO'l'BBTCTBYID!qliX ~BIIHHX ,DJ>06el. 3'1'0 nD3BOJI.R8'1' 

nony~HT:& '1'pe6y8NI:l6 BS~HHI:l C H806XO~OI Bl:lCORO! TO~HOC'l':&D. 

TipH B~HC~SHilH MBTpH~HI:lX 3~8M6H'l'DB B pa60'1'8/9/ BCB HH'1'6-

rpHpoB8H.I!fl no f, z H H8DOXO,llHMH8 .nmtcfepeHJ:UIPOBBHWI no R 
Bl:lDOnHHDTCR 8H8RBTH~6CRH. 
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fi. 3aK!!K>'leHHe 

IIpe.n;cTa.BJieHH!le Ha pHc. I- 2I pesyJr:E.TaTH rro.rryqeHH HesaBH

cHMo C TIOMO~ID .n;Byx paS~IlX anropHTMOB/9,I2/, 

KaK MOXHO BH.n;8Tb HS !!pHB8)1;8HHilX pHCYffKOB, Bll'l:HC~eHHlle 

MaTPH'l:Hile a~eMeHT!l HBJI.IDOTCil MaBHHMH WHKI.UIHMH R . B o6-

~acTH BSaHMo.n;e:ltcTBH.fl (I ~ R ~ IO) MaTPH'l:Hile aJieMeHTH B rro

.n;aBJIH~eM 60JibrnHHCTB8 CJIY'l:a8B 1!0 a6COJIIDTHO:lt Be.JIH'l:HHe He rrpe-

BlllllaiDT SHatreHIDl: N 0.2, 

B!l'l:HCJieHH!le HaMH MaTpH'l:Hile SJI8M8HT!l, CBilSHBaiDmH8 COCTOH

HH.fl ,ll;i'ICKp8THOrO CI!eKTPa s~a'l:H .n;Byx UeHTPOB, BMeCTe C MaTPH'l:

HHMll SJI8M8HTaMH/25/, CBiiSHBaiDmKMH COCTOHHH.fl .n;HC!tp8THOrO H He-

rrpepbiBHOrO CI!eKTpOB, COCTaBJIHIDT Ha6op S~KTHBHilX I!OT8HUHanOB 

s~a'l:H TPex TeJI c KY~OHOBCKHM BsaHMo.n;eAcTBHeM B a.n;za6aTH'l:ec

KOM rrpe.n;CTaBJieHHH, KOTOp!le MOXHO HCI!~bSOBaTb .n;JIH pemeHBH pas

~llX s~a'l: WRSHIO:!. 

B SaxnD'l:eHHe aBTopaM rrpBHTHO rro6Jiaro.n;apHTn C.H.BBHRUKoro 

H B.C.Me~exzKa sa COTPY.n;HH'l:eCTBO H 6o~myiD rroMOmP B pa6oTe. 
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