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A6paMoB Jl.l1. H np. P4 - 11729 

¢>B3bi pacCeHHHH B 38,0,8'19 JlBfX KynoHOBCKHX U9HTpOB 

B 38llB'I"e JlBYX UeHTpOB KBBHTOBOA M9X8HBX.B Bbi'iHCneHbl cfla3bi pacceSIHH 

H H8A.0.8Hhl 8CHMflTOTH"'6CKHG pa3n0*9HHB ,o,ng HHX B rrpe.nene 60nblliHX H M8-

nbiX Me)t<IleHTpOBhiX paccTOHHHii. AcuMnTOTH"'eCKHe paano>KeHHH .nna $aa pac

ceSJHHSI Cp8BHHB810TCSI C pe3y1IhT8TBMH npHMbiX qucneHHb!X pacqeTos. l1ccne
.ll0B8Hhl CBH3il M6)KJlY O.OHOUeHTpOBhiMH H JlBYXUGHTpOBbiMH 4JB38MH paCC6SIHHSI. 

Pa6ora Bhlnonaeaa " na6opaTOPHH TeopeTHqecKoa ~H3HKH 0!1Hl1. 

npenpBHT 06"bellHH9HHOl'O HHCTHTyTS !1119pHbiX HCCne!lOBBHHil. Jly6Ha 1978 

Abramov D.I. et aJ. P4-11729 

Phase Shifts in the Coulomb Two-Center Problem 

The phase shifts in the Coulomb two-center problem of 
quantum mechanics are calculated and the asymptotic expansions 
for them are found in the limit of large and small distances bet
ween the charges. The asymptotic expansions for the phase 
shifts are compared with the results of direct numerical calcula
tions. The relations between the one- and two-center phase shifts 
are considered. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1978 
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I. BBEJlEHRE 

llpH pemeRHH RBaHTOBOM8XaamqecROI sa~~H 0 BSaHMO~eiCTBHH 

Tp8X S8PftE8HHHX ~aCTRn B DOCA6~H8 ro~ HHT6RCHBHO HCDOnDSYDT

CR B Ra~8CTB8 6asmca RyAOHOBCRH8 c¢epcH~8ALHH8 ¢yHRnlH (B.C.~.), 

T .e. pemeJUI.H sa~~H PJIYX RYJIOHOBCRIIX n;earpoB/I/. CBolcTB8 S'l'HX 

¢yHRIJ;d B ,nHCRpe'l'HOM CD8RTpe ~CT8TO~HO XOpomo HSy~eHH. B H8-

npepHBROM CD6RTpe ORH HCCA8~B8RH SR8~HT8nDRO M8R88 D0~6RO. 

B ~aaol pa6oore noAY~eaH acHMnToTmqecxme pasAo~eRHR ~ 

~as p8CC8.f!Him pa,nHaJl:&HHX RYAOHOBCRHX C~8pcH~nDB.HX ¢yRRIJ;d Dill 

6on»mHX M8JtD;eRTpoBHX pacc'l'ORRHRX ( R » 1. ) H B npe~eJie o6'&8.nH

aeaaoro aroMa ( R << i ) . ~SH, B~HCJl&RHHe no STHM (J;op&yJ18M, 

Cp8BRHB8m'!'CS C pesyJI:&'l'a'l'BMH DpsMHX ~KCA6HRHX pac~8TOB COrA&ORO 

auopHTMY, DJl8.11)l03t8HROJotY B pa60'1'8/2/. C !lOMOIJil>ll TOro E6 BJiro

PHTMa aa~eHB ~asH o~ouaaTpoBOI BYAOROBOROI sa~~H B c~epoH

~JlLHHX ROOp~aTaX H DpoB8~RO Cp8BR8HH8 C pesyALTaTaMR B~HC

~eHHI ¢as DO (J;OPMYABM, ROTOpH8 CA6~1lT HS pa6oral4/ B 9TOM 

~acTROM CAY~ae. TioRasaao, ~To ¢asH PJIY~HTpoBol sa~~H H ~ass 

aRBHBa~eaoraol el o~ouaarpoBol sa~a~ c oyMMapaHM saps~ .R~P 

6JliiSRH Me&~ co6ol BO ooel o6Jiacu HSMeaeRHR R H HMnynoa k. 
Tipl! onpe,neAeHROM coo'!'Homeau MeE,ey R m k .ItBYXIt8RTpoBHe ~a

SH TO~RO p8BRH O~OD;8H'l'poBYM ¢as8M pac08SRHS Ra RYJIOROBCROM DO

T8HD;H8A8 C cyMMapRYM saps~ 060HX D;eRTpoB. 
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llo~6ROCTH BuqHcneHHI B 3H8~HT8XLROA Nape ony~eRH, ~8CTL 

HS RHX npHB8~R8 B pa60T8X/l-4/, 

2. OllPE~EHEHKE ~A3 PACCEHHHH 

BoMoB~ ~RKIUUJ ~ ... ,.. (r, 1<, R) aenpePfiBaoro cnei<Tpa 

sa~~H ~yx KynoHOBCRHX USHTPOB ~BM6TC~ pemeHH8M ypaBH6RKR 

illpe~arepa/I/ 

(:~Ap- ;£ - :~ )~ (V. k '-)= l/ ¢ (~ k R) (I) 
1 & ,...,_ ' ' z ... ,., ; > I 

r~ ~ H ~ - paOCTO~HHB OTP~T6XLRO S8p8Z6HHOI ~SOT~ 

OT Q88Tp0B I H 2 C nonOUT6ni>HHMH 38pa,I1,8MH 2.:1 H ZZ 
pacnonoJtte8HHX aa paocTO~HHH R 1IJ!ir OT .Iij)yra. llocne pas~ene

HKR nepeM8HRHX B BHT~HyTHX C!f8poH~nL8HX KOOp,li.HH8'f8X J z 'f 
) ) 

~ = ('rS-r;.)/R (2) s = (Vi +'rz.)/R , 

~HKQKR ¢M'} cv-: k, R) npe~T8BM8'1'CB B BH~ npOHSB6~RKR 

j-i,.,f( 

~} (f; k, R) = Nroof, ( c,c:<, e) f1 "'} (c,a.; T)"Z.t>I.,Cc,C; '} ~ tlr p> 
r,IJ.8 1'11 = 0,!,2,,., - 118rHHT806 I<B88TOBOI ~ono, 'J,. =0,!,2, ,., 

- ~HCJlO Rynel ~RI<nHR Z,...,_(c,i; z) 88 H8T8pBane ie(-1,1.)_, 

c = kR/z, ct= r<(Zz.+ZJ.), C= R(Zz.-Z1), k = (2E)"~2 
- HYnyJll>C B 38~~8 mx QeR'l'POB, Nr-<1-- ( c,a., i) - 80:r;IU'Ipo

B0~8HI ROS~QHeHrfi/, 
YrBOB8B RynoaoBcK~ c~epoH~Jlb8an ~HRnKR (y.x.c.~.) 

~ (c (. lz.) onpe~8M8TOB R8K pemeRHe I<pa6BOI sa~~ 88 ._.roo,.. J' 

0Tp8SI<8 [-l,I] ,n.nn ypaBHIIUUI 

j'z (!-~&);z z (c,i; 2.) + [~ + cz{:t-~&) + t'z- :1~:21 z (c,(ji) =0 

\ \ 
(4) Z ( cJ; :t:i) <. oo. 
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C06cTB8HRH6 3H8~8HHB KOHCT8HTH pas~en6HKR ~ 060SR8~ 

).. -= >.M<J.(c,t'). 
Pa~anbfia~ xynoaoBCK~ c~epoH~aXLHa~ ~HKUKR (p.x.c.~.) 

n ""''j.. ( c, Q; ~) ~BM8TM KOR8~RHM npH ~ = 1 pem8HH611 

ypeBH8HHB 

j! ('f'=-1) j J n ( c,ll.; ~) + [->. + c.2(~ ~1) +Gt~ - ;: }n.(c,et;l) = 0 

(5) 

88 DOJIYOCH l 1, oo) . llPH 'f ~ oo 8Ci!MllTOTHR8 fi'"~ (c,Q; ~) 
JDI88T BH~ 

fl (c,"-· ~\ = ..L sin(q +.fL. e .. d~q--rt +a,...)+ Of (q)2 Z (6) ""1- ' ·J c ~ Zc. Z ,. 1. t 

r~ l = 'j,+ m, a BemAHBY A"'-1- == A""'i--(c.,a.,&)=ll.,.,f.:(k,£) 
88SHB8mT ~8SOI paOC8BHKR 38~~H ~X RynOHOBCRKX Q8HTposf

1
•
2
/, 

qHcnellHHI 118'1'0~ pac~e'1'8 ~as b. ""1- ( k, R) npe,n.noae8 H pea-

AHSOBSR B pa60Te/2/, 3'1'0'1' anropHTM D03BOM6T HBITH ~83Y nHMb 0 

T0~80C'fbll lJ.O ~Jriona, KpaTaoro 11 • qT06H ycTpaHiriTL STY aeo~o

S88~HOO'l'L,80T80TB6HRO ROpMHpoB8TL HX yonOBHIII 

b~,_(k,o)= 5lCk) =.cw~f'(t+1-i ~), (?) 

r~ 6j ( k) - KYAOROBOK8$i ~8S8 p8CC8BRKR 88 llOT6RJl)!8ne• 

- Z / r o sapa,11,011 Z = Z 
1 

+ Z ~ B cocToaau c op6H'!'aXL

BHM MOM6H'l'OM t . Ha PHOo I-8 npeB8~68H rpa!fKRK paSSOC'l'H 

S.,..'J.(k>R)= A~,_(k,R)- 6.,.,1-(k,o) (8) 

,1Ulft Clil0'1'81l C zj. = z~ == 1. • Z=1Z=Z 1 , 2. 
np! 

p83~HHX aa6opax 1UI8R'l'OBHX ~C8A YYI > ~ , 
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000 {k,R) 

-1. 

ZJ = Z, = i 
-3.0 

Pile. I. Pasaoen o00 =o .. (k,R)-e"o{k} 
Me~ ~xnea~poaoa ~asoa ~ sapR~B 

z1 = Zz = 1. B KY}!OHOBeKoli ~asoll 

~ sapR.u;a Z = Z.t +Z.l.. 

L~2 

o,lk.R> 
Z1 =Z~ "1 

PJie, 3. Pasaoen 00 z = llo.z (lc, R)- ()z (I<). 

6 

to, 0,, <k,Rl 

Z1 =Z&=1 

o.s 

0 k' " \ •\ 1\, j\,'\, I 

-0.5 

-to 

Plio. 2. Pasaoen S'ot=Aot(k,R)-tS',(k), 

z,=Z.~.=I.. 

O,,(k,RI 
L=3 Z 1 =Z1 =i 

1.5 

Pile. 4. Pasaocn Oo 3 = D.o3 (lc,R)- !5'
3 

(k). 

" 

cSu L•3, m•1 z, .. zz•1 "au.' 
04~ ~ 

O.,lk.Rl 
L~4 z1 = zt = 1 

02 1.5 

ol~ '\. . '\. R, 
< \: - ' ~ ... 

-0.2 
1.0 

-o.4 
0.5 

-0.6 

-0.8 

PBe. 5. Pasaoe~& b1z :Ll.u.(I<,R)-6'~(1<). -o.5 

Pile. 6. PasHOCTh 00~ = /).Di (k, R) - ()!< (1<). 

1.0 1' Oo, L•1, m:O z,-1, Z2 =2 

0.5 

-o.5 

P11e. 7. Pasaoen c., = t.., (k, 1!) - <>, (k). 

Pae. B. Pasaoen 001 = /:l 01 (k, R) -61 (k) 

~ eAY'lBJI Z 1 = 1., z2 = 2,. 
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3. ACP.MIITOTllitA <PA3 IIPH R - 0. 

ACHIUITOTHti6CKM6 p831JOJB:8HMR ,lliDI !i>B3 ,6. 1M~ ( c, Gl, f) B npH-

01JHJB:6HHM 00~6,llHH6HHOro BTOMB, T.e. npH B~fi01JH6HHH YCXOBHA 

c-o, ; == Zz ;z~ = o"' O(i) ..!... ,. z.-kz~ == b-= 0(1) (9) 
~c ' Zc 

nonyqea~ MBTO,llOM, ilp6,llHOJB:8HHNM B paOOTe/3/. 

npe,llCTBB-CoOCTBeaa~e aaat~eHHR . .A "'1- ( c, f) 
nR~TCR B BH,lle acHMfiTOTHt~ecKoro pa,lla/3/ 

~ .... ,_ (c,Zc.E) = t(er1) + cz. 2 [s-2
( 1 - 3 ""~ \_ 

(U-1)(U+3) t(f+i)J 

- e(e+.t)-mz+.t]- c ~ g,(e~~-rt'")('t/+eZ){ (e2__mz)(b~t9 
f 2 C!tt~-1.) eot~-:1) -

[a+1/-rnz][s~(t+1l] _ [(e-.:t)z_r>'l:r.][Ez+(t-1Y]] _ 

Cl+:t)(tt+1)(ze+3) (2t-t)z.(2t-3) 

- c~ { e-- -(t+.t)J + 0 (c') , 

rAe 

KB 

HOI 

(IO) 

CHIIBOXOII C ' { e-- ( t+1)} 0003H8'116HO cnaraeuoe nopH,ll

C ~ , OTJU!tiBDJIIeeca OT npee;®aaoro cxaraeuoro "' c * aaue-

e- - Ct+1). 
B PBAHBXbHOII YP8BH6HHH Bll6CTO A YAOOHO HCfiOX:&30B8Tb B 

K8'118CTB8 H638BHCHIIOrO nap8116Tp8 ilOK838T61J:& X8p8KT8pHCTH'II6CKOA 

8KCilOH6HTN Y , Onpe,llSXRillllHA X8p8KTep B8TB1J8HHH pemeHHA ypaB

H8HHH ( 5) npH oOxo,lle TO'IKB I = oo I ~I . A HIIBBHO, CYJ116CT

BYDT ABB nBHelHO H638BHCHIIHX peweHHH flv (c,t.l;"f) I n_.,_1 (c,ca;f2 

8 

_, 

• 

KOTOpNe npH OOXOAS TOqKH ~: oo YAOBHSTBOpR~T ycnOBHRM 

( 
tTi ) 2,;,y.: n ( , 0., e I = e ~ r J 

n ( 2Fi ) = -21i(Y+~)i n ( ) 
_.,_~ e 1 e -Y-~ f . (II) 

IlpH c -.o B ~anbHOM ypaBHeHHH (5) A BNpaxaeTCR 

qepea Y C fiOMO~bD 8CHMnTOTHti8CKOrO p83XOJB:6HHH, KOTOpoe OT

llHqSeTCH OT (IO) !l>OPII81JbHOI.i 38116HOit f-+ Y, ~- )( ( Cll. / 3/). 

llpHpaBHHBaH STO BNp8JB:6HH6 AXH ~ C00CTB6HHOMY 3HSqeHHD 

.>....,,_ (c, t) yrnoBoro ypaBBeHHH (IO), IIOllHO npe,llCTSBHTD !l>YHK-

1.\Hil ~ = v,...,.. ( c, r, E) B BRAS 8CHilfiTOTHti6CKOrO PRAaf3/ no 

cTeneHJUI c , npneM ayneBoA t~nea paanolleHHH v,..,_ ( o, Y, b') = 
= e: ,+1"1, T.e. ilOK838T6Xb X8p8KT8pHCTHti6CKOit 3KCfiOH8HTN B 

npHOJlHli6HBH 00~8,llHH8HHOrO 8TOII8 p8B8H op0HT8AbHOMy MOM6HTy. 

MeTOAOII, HanOJB:eHHNII B paOoTe /3/,~ay A,....,.. (c, Gt, f) 
IIOJB:HO BNp83HT:& 'llepea Y,....,_. CJ16AY~IIlHII 00p83011: 

2<. A,..,_ = 
e 

r(-.:r+Y-+:1) 
r(C:'(+Y+1) ex.rtil'f(e-Y) + 

+ 2 )I(>'H)- 3rt~z c 2 + 
'( Y(YH)(2V-1) (2Y+ 3) 

O(cv~}>< 

i'iiY rot +!I+ !I) 

1-ie r(it-Y) f 
>< 

1 · -'"" r( · i +' e -c¥+ v~:1) 
· r(-··r-)1) f 

9 
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r.n;e 

(
c)2-1+1. (-1.t

1
11"Z r(11+1't1+.1)l(-1-l'>!+j) 

~ ::- ~ · CY+1Y·CAY)2..,y · r~(Y+%)f 2(Y+.::t) x 

~ -c o -ti z ~ (2H:1) [ z(1 
(2'1-ji(2v+ ?.Y · '~' ( i '''+")-3)) + f -'"1•0{<~ 

~ 'lz( .Y-t-.1)
2 

(!3) · 

0CT8TQqH~e qneH~ B WOpMynax (!2), (I3) npe.n;CT8BHHilT COOOH 

8CHMUTOTHqecK.I16 p83HOJK6HHH no qGTHb!M CTGUGHHIII C • C yqeTOM 

aToro waKTa H3 (I2), (I3) cne.n;yeT, qTQ paano~eHHe .n;nR waaH 

A ~'>~1- npH 111an~ c co.n;epuT :nHw:r. qeTH~e CTeneHH c BnnoT:& 

0 ( 2.f+2) .n;o q:neuoB nopH.n;Ka c ;, aeqeTHHe CTeneHH c -
2/+3 

aaqHaaa co c:naraeMoro, nponopUHoHa:n:r:.aoro c (oa onpe-
l.e+t 

.n;e:nHeTCH Benlt!qlt!HOH f rv C.. 

CTapWHH H3 KOTOp~ HMGGT nopH,li;OK 

) K :norapHWMHqeCKHe q:neH~, 

0 ( c 2t+!i" e, c) . Ha:nHqHe 

:norapH~MHqGCKHX q:neHOB CBH,Zl;GTGJI:&CTByeT 0 H68Ha:JIHTHqHOCTH ~aa 

f::!. toe} ( C, '1, f) B OKpeCTHOCTH C = 0 

llo.n;CT8BJIHH B (II) It! (I2) 8C.I1MllTOTJtlqeCK06 BHp8llt6HHe ,Zl;JIH 

Y...,,... (cM/31)' B cnyqae e -a:> 1. no:nyquM paa:nOlii:GHHe 

2 t(t'+t)- 3...,2. 
A,..} (k,R) = 5'e(k) + c '0 .(U+1.)t(f+1.)(2e-:J.)(U+3) 

·[.ztslrn'f"(,·y+(+.1)+7T,r's+2f+1] + Q(cv), 
(I4) 

r.n;e s = 41 z ... Zz/(Z:t+ zJI.f7 a MHHMaH qacT:& :norapHwoqecKoU 

npOH3BO,Zl;HOH raMM8-WYHKI.U1H 'f/ ( +) M0jj(6T CliiT:& BiiPBiKGHa 

10 

fl! 

~epea a~eMeHTapaue ~HKUHB 
• 

t 
Irn 'f(t.r+t+J.) =- :t..[.i.. -rvU7ro+~rL (t+r:~.J:1] z '1 J"'1 . 

(!5) 

~op.~yJia (!4) ~eT nepJlYK> nonpaBKY 11 l})aae p.R.c.l). A""'- ( k, f), 
cosna~une:l\ B r~aBHOM ~~eae c lfaaol 6e ( k) o6~aol KY~o

HOBCKOI ~HKUHB B C~y~ae p8CC8JiHM H8 38ps!;ll6 2 ~ z~ + Z2. 
B COCTOJiHPIH C MOMGHTOM e :- 1-+ t"YI • BH;nHO, ~'1'0 BG~~HH8 3'1'01 

nonpaBRH cy~GC'l'BeHHO yMeHbmaeTCJi C pOCTOM t . 
)I.Jifi ~aau 1:1 00 ( k, R) B~HC~8HO eme H6CRO~bKO ~~6HOB 

8CHMll'1'0'1'~6CROrO paa~o~eRRS: 

[).
00

(k,R) = 6""
0
(k)- ; [T 0 s(:i+c:Urr)-s+1]c2+ 

+ Z1r 0
3 s (1 + c -u 'lro) c 

3 
-

~ 

_ _r_ [1r 0
3s (108 -19s)(1-i" dl.1rr) + 30y3sz Irn !.fi 1

(Hi?f) .,_ 
j35 

+ i ~ rzl. + ?, z 7/s - .11 oz- b] c..., + (I6) 

+ ¥- 't5"Sz ( i + v-TA. 11'()c s~ c. + 

+ J.I. / s ( 1 +c.-fA. ~'f) [ /s (~ Re lf'(i+i¥) + 8 f., Z C-
1
;;) + 

9 

+ ¥s:-rz.-1]c5"- Yfo"s'-(1+dJt..,~)c'e...c + O(c'). 

S;nec:r:. t-H C = 0,57?22 ••• - nocTOJilliWl :3bepa, II/ 
1
(+) -

npoRaBO;nHSJ! If' (f) . lto~J!Y ~a ( 16) ae yBu~HBaeT cy~ecTBeamaa 
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06paSON ITpe~eJIH llpl!M61UIMOCTif 8C.I!MIT'!'0'!'1!RB DO Cp8BH6HIIIl C (14), 

HO ~8'!' BOSMOEHOC'l'b UpOCJI6~'!'b C'!'PYRTypy H BRJ18~ p83JIH'jHHX 

~Jl8ROB 8CRMITTOTif~6CKOro p83JIOE6HaH. 

lJpa p8CC6HHIHI H8 .In!ITOJI8, '!' .6. ,IJ)UI CJIY~8H z:t =- Z.t 
~OpMyJia (14) H6IT0Cp6~CTB6HHO H6ITPHM6HRM8. 0~8RO, p8CRPHB8H 

H60ITpe~6JI6HHOCTb npa )'-. co H S-+ 00 
1 

HS t 14) ITOJIY~RM 

~ (cZ )z t(t+1)-3rn
2 O(c v) (I4a) At>l,_c k, R) =- rr T r.u+:t)(U-1)(2l+3)l{f+J) + c . 

B Ta6JIMnax I-2 npaBe~6HO cpaBHeHHe ~as, B~acneHHHX no 

8CHMITTO'l'H'j6CRHM ~OpMyJIBM (I4)-(I6), C ~HHHMB ~KCJI6HROrO pac

~6'!'8 no MSTOlJJ/2/. BK~O, 'qTO B COO'!'B6'l'CTBHH C BH~OM p83Jl0llt600 

(I4)-(I6) corJI8cae c ~KCJISHH~ pac~e'!'OM TSM Jiy-qme, -qeu M8Hbme 

napaMS'!'p C = k J?./z H 'qSM 60Jlbm8 Op6H'l'8JibHWi MOMSR'!' { = 'j, +WI. 

ACHMITTO'!'H'j6CR06 p83JI0llt6HH8 )J)UI c);SSH /). o o 

HOC'!'b 60Jibm8 5%, R8~HH8H C ~ = 0.5 - )J)UI 

(16) ~86'!' rrorpem

k = 0.5 H ITpJI 
R ~ 0.3 - ,IJ)UI k ~ 5. 

4. ACJUIIITOT.HKA <l>A3 IIPB R - 00 • 

llpe~T8BJI6HHH6 B S'l'OM pas~JI6 pesyJib'l'8'l'H DOJIY~6HH M6TO~M, 

HSJIOllteHHHM B § 5 rJI. I pa6oraf1/. AcKMnTO'l'H'j6CRoe pasJIOlltSHH6 

)J)UI co6cTBSHHHX 3R8~6aal A KM66'1' BH~: 

). = 'Ar>t'l- (c,C) =-c/·-r c6' + f(-o 2+8rn 2 -8F2-5)+ 

+ _j_ {-6'(6'
2

- 3~ mz.+.i1)- ZO o';
2 Z ~ O(c-2 ) 

6~c J ' 

(I?) 

r~e 6'=(2J+.1). 
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Ta6JIRga I. 
<I>asu pacceJI:mm b.roc}(k, ff.) rrp:rr R.-. 0 ,li,JLfi Z 4 "' Z,= i. 

~I .6oo I .6o1 

0,5 I 5 0,5 I 5 

0 -2,309698aJ 0,207156 -3,635516 -0,173351 

0,025 -2,3I0896BJ 0,205801 -3,635261 -0, 17'2885 
-2,310943°) 0,205800 -3,635253 -0,172886 

0,050 -2,314428 0,201998 -3,634472 -0,171500 
-2,314439 0,201997 -3,634464 -0,171493 

O,I -2,326921 0,188427 -3,631318 -0,166049 
-2,326918 0,188436 -3,631301 -0,165919 

0,2 -2,367306 0,144738 -3,618769 -0,145791 
-2,366636 0,145478 -3,618682 -0,14362 

0,3 -2,419958 0,088451 -3,598133 -O,II7386 
-2,412442 0,096732 -3,59764 -0,1065 

0,4 -2,479047 0,026586 -3,569970 -0,087965 
-2,4394 0,0700 -3,5682 -0,054 

0,5 -2,541370 -0,036692 -3,535229 -0,064729 
-2,404 O,II36 -3,5303 O,OI 

a) l{yJIOHOBCKM was a e>,_+.,. ( k) 
B) ~asa, BU~CJieHHM COrJiaCHO aJirOpHTMY paOOTU/2/ 

c) ~asa, BU~CJieHHM IIO aCHMIITOTH'leCIOO'II tflopMyJiaM (I4) H (I6). 

ACHUD'l'OTHXS p.K.C .If!. fl.,., ( c, et, }. ; f) HII88T BH,l! 

"'.z n 1004. ( c, Q, :\;f) : (=iz~ JI'O\ (c .i!) ~I= 'dr, 
r ' 'il J' 

(IS) 

rAe J,.,. (c>~) - ~YHKUHft Eecc6~ft, a apryM6H'1' ~YHKUHH 
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TadJinua 2. 
CDasu pacceHIIIDI /),. 01 (k,R) rrpn R- 0 ,IJ.7IJI CJIY'<M Z~=1., Zt Z. 

R"l] --~2---T- -~~ --l- - I l 5 

0 -27,904823a) -9,824298 -2,302397 -0,267676 

O,I -27,897!67B) 
-27,904879°) 

-9,8!5888 
-9,823567 

0,2 -27,872433 -9, 79!048 
-27,905048 -9,82!376 

0,3 -27,832940 -9,75!438 
-27,905330 -9,8!7725 

0,4 -27,78!97! -9,700424 
-27,905725 -9,8!26!2 

-2,293780 
-2,3!09!5 

-2,268552 
-2,336472 

-2,228488 
-2,379066 

-2,!77539 
-2,438698 

-0,2552!2 
-0,244266 

-0.22!393 
-0,!74087 

-0,!76348 
-0,066988 

-0,!33878 
0,!06880 

0,5 -27,722986 
-27,906232 

-9,643044 
-9,806039 

-2,!2!!90 
-2,5!6367 

-0,!0569! 
0,3!7568 

a) I{yJIOHOBCKM tlJa3a. O'J<f-t>< ( k ). 
B) ~asa, Bhl'1HCJI8HHM COrJiaCHO aJiropMTMY padOThl/2~ 
C) Was a, Bhl'1MCJI8HHM ITO ac:m,ffiTOTM'18CKOH (jiopMYJI8 ( !4). 

~ = ~ ( c, l) npe~CT8BHH8TCH B B~e SCHMflTOTHqecKoro p83HOE8-

HHH 

~-= ~f~-1' + t{r~(l+hz..1')- f r.vr.ct3v1a-:1'}+ 

I. 

[ 
b 61. 

+ c-1" T Qft.(. tJ ~ r L-:1. 
& 

+ ~~&-.1.'('t"- E) +3 )l + 
.Zf 8t J 
+ 0 (c-1

} 
{19) 

14 

1 
I 

) , 

Tac5JIMua 3. 
<liasu pacceHHMH D.,..'J- (k, R) rrpn k-+oo, R-oo ,IJ.7IJI 

CJIY'<M Z 1 = 1. • Zz::: 3. 

R ,---- k I ~~J Ao$ I Aofi 
aJ !,0 5,0 -0,6770 ) -0,3578 -!,3!37 

-0,7638B -0,4038 0,8762 

5,0 

!0,0 

!0,0 -0,6!64 -0,4989 -0,559! 
-0,6226 -0,5426 -0,2226 

20,0 -0,4522 -0,4287 -0,2255 

!,0 

2,0 

5,0 

!0,0 

20,0 

0,4 

I,O 

2,0 

5,0 

!0,0 

-0,4529 -0,4329 -0,3529 

-5,3690 -4,977! 
-6,635! -5,035! 
-3,4!65 -2,9690 
-3,490! -3,090! 
-2,0!73 -!,9482 
-2 ,0!88 -!,9548 
-!,283! -!,2663 
-!,283 4 -!,2674 
-0,7809 -0.7768 
-0,7809 -0,7769 

-!7,8898 -!7,92!6 
-33,8838 -28,8838 
- 7 ,4.;23 - 6,7355 
- 7,9227 - 7 ,!228 
- 4,7224 - 4,52!0 
- 4, 7408 - 4,5408 
- 2,5738 - 2,5407 
- 2,5762 - 2,5442 
- !,5627 - !,5544 
- !,5627 - !,5547 

-6,5!67 
!,3649 

-2,4267 
-!,490! 
-!,4998 
-!,6988 
-!,!858 
-!,2034 
-0,7588 
-0,7609 

-!8,2684 
- 8, 8838 
- 5,6292 
- 3,9228 
- 3,!336 
- 3, 7408 
- 2,3825 
- 2,4!42 
- !,5!89 
- !,5227 

a) rJ!a3a, Bbl'1HCJI8HHM corJiacno aJiropnTr.zy- pa60Tul21 . 
B) wasa , Bhl'll!CJieHHaJI no acrnmTOTH'iecKoii <floptJY.'Ie (20). 
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llpe.zten:&HH~ nepexo~ I - oo B ilJOpMyne (19) C Y'IBTOM SCHKn-

TOTH'IBCKoro noBe~eHHR ilJYHRUH~ EeccenR npHBO~HT K cne~D~euy 

BNPSKBHHD AnR WSSN A ""'f ( lc, ~) 

A.,.,_. (c,a, e)=- r t...c + f{ '61-6" + ; (s-&-12.)) +-O(c-z)= 

(20) 

= - z~ + Zz. e.,. k R + L { zj -t-Zz. (2.'-+J.)- z:;r z:t 'Zz l_ IV:&'! 

I< t, lcR I< r kl. J ~v.s- J 

Ha ilJOPMYliN (20) cne.l{yeT, qTo npH C >> i C TOqHOCTLil AO 
-:1. 

'lliSHOB ~c ABYXUBHTPOBSR WSSS pSCCSRHHR p8BH8 CyKKe O~HO-

UBHTpOBNX ~a. B Ta6n. 3 cpaBHHBSDTCR peayn:&TSTY 'IHCneHHoro pac-

qeTa ilJ88 fl..,.,_ ( k, ~) CornSCHO 811.rOpHTKyf2/ H no SCHKnTO-

TH'ISCKO~ WOpMyne (20), ~erKO BHABTL, 'ITO COrnSCHS 060HX aaaqe

HHI 88BHCHT He TOliLKO OT BSliH'IHHY C
1 

HO TSKKB OT 8H8'16HHI 

k H R • 

5, <PA31l O,nHO!lEHTPOBOI! KY~OHOBCKOR 3AJlAqJ.1 B Ci>EPORD,AJibHI:iX 

KOOPJUffi AT AX 

~aay O,l{HOUBHTpOBOH KyliOHOBCKOH SBAB'IH B CilJepOH,l{SliLHYX 

KOOp~HHSTSX RBliHilTCH 'ISCTHYK Cny'IBSK ABYXUBHTPOBOH aa~S'IH npH 

ycnOBHH z.:l = 0, I = a. HliH zz = 0 I t = - Q H AnR HX BY

'IHCneHHH DOliHOCTLil npHM8Hi'IK anropHTK pa60TN/2/. 0~H8KO B 3TOK 

cnyqae cy~eCTBYBT Apyro~ K6TOA 1 nOSBOliHil~H~ BYpSSHTL BCe xapaK

TSpHCTHKH aaAS'IH Ton:&KO qepea napaKeTpN yrnoBo~ il>YHKUHH/4/, no

cKon:&Ky ,l{liH OAHOUBHTpOBOH 88A8'1H p.K.C.ilJ. HBnRilTCH SH8liHTH'I6-

CKHK npO.l{OlllleHH6K y.K,C,tlJ. C 0Tp68K8 [ -!,!] HS nyq ( i, oo), 
ECnH AliH y.K.C.ilJ. HCDOliLSOBSTL paano&eHHe no npHCOS~HBH

HYM nonHHOMSK ~e&SH~pa C BN~eneHHOH 3KCDOH6HTOI 

16 

........, 
c.,.., (c.,-a.;z) = "' c:c~ rJ p""(~) e £.._.. s s+"' 

S=D 

d-~ = o , d. = :C 
TO OAHO~eHTpOBSH KYliOHOBCKSH C~epOH.l{an:&Haa ~3a 

0 

A...,.,_( k,R) = A...,,_ (c, ct,-c:<) = fl...,.,...( c, ct~ct.) 

.BHP8~88TCH '16P63 ~83H KO~H~8HTOB dS ~OPMynoft/4/: 

(21) 

Ll
0

""'} (k,lf) = ~+ ... (k) + 7fm +f(sp~,)-a.v9ds + a.~s[l~±;, <22 ) 

H} 
rAe Oe ( lc.) - 06Nqaaa KYliOHOBCKBH waaa npH pacceHHHH HS no-

(+) TeHUHane - Zjr, Z. = Z :l ( CK. ( 7)), a BenH'IHHa ~ ..;.,_ 

onpe~el!HeTCH p8B6HCTBOK 

(:t) ' z. - "'~ t""7 a ..... = &m (1-~) - (c-a..~) d r ~I'O.r;. I I • z ~ ::!"1 y 

(23) 

~OpMyny (22) KOKHO ynpOCTHTL, ecnH BOCDOn:&aOBSTLCH peKyppeHT

HYKH COOTHOW8HHHMH ~liH K03WWHUHeHTOB d$ /l/, ~a 3THX COOTHO

meHHl cne,l{yeT, 'ITO, BY6p8B do = l, K03~HUHeHTY ds KO&HO 

npe~CTBBHTL B BH,l{e 

J h 
iTS 

- e z s - s 
r(il+ YHJ.) 

rc.·r+,...+s+1) 

rAe hs - Be~eCTBeHBo. KoK6HHHpya il>OPKYnH (22), (24) H 
0 

HOpKHPYH q,aay A..,.,_ ycnoBHeK (7), nony'IHM OKOH'IBTen:&HO 

0 ~ (' 7ffl_ (~) A,..,_(k,~t) = Q"" ") + Tl'tl:;: T + a-v-a ~,..,. 

(24) 

(25) 

T.e. SSAaqa 0 BW'IHCneHHH cwepoH,l{SnLHO! WSSY pacceHHHH H8 O~HOK 

KynOHOBCKOK UBBTpe CBOAHTCH K HSXOZ,l{eHHm ~~~), 
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'2SO 

B T86RH~e 4 Cp8BHHB8DTCH saaqeHHH O~HO~eHTpOB~X was, B~qHcneR
~x cornacao anropHTYY paOoT~/2/ H no WOPYYHe (25). 

B npHBe~eaa~ npHYepax pacxo~~eaHe aaOnv~aerca B 5-7 aaa&e, 

qro CBH~eTeRbCTByeT 0 B~COKO~ TOqHOCTH anropHTY8, peanH30B8HHO

ro B pa6oTef
2
/. B Ta0n~e 4 YK838HO T8KXe qHcno qneHOB Af , B 

pasno~eHHH (21), HCnORbsyeYHX npH pacqeTe ~83 no WOPYyne (25). 

8To qHcno onpe~enaeTca Hs ycnoBHH oTOpac~BaHHH nepBoro pacTy

Uiero Kosqxp~HeHTa ds H pasnHqao npH pasH~x k H R 

0TM6TH», qTo npe~cTaBneHHe yrnoBo~ WYHKUHH B B~e pa~a (21) wo

~eT 6~Tb HCnORbSOBaHo ~nH qftcneHHHX pacqeTOB TORbKO npH C~ 5, 

nOCKORbKy npH C > 5 nocne~oBaTenbH~e qneHH pH~a (21) CHRbHO 

OCUHHHHPYDT H pesKo BDspaCTaiDT no 8YnHHTy~e, qro npHBD~HT K no
Tepe TOqHOCTH BHqHcneHH~. 

6. CBH3b MEllY PA3AMH ~YXUEHTPOBOR H O~HOUEHTPOBOR 
RYJIOHOBCimX 3A,nA"l! 

KaK HsBecTao/
6
/, B ~HCKpeTHOY cneKTpe sa~aqH ~Byx neHTpoB 

npH HeKoTop~x aaaqeaHax R p.K.c.~. H y.K.c.w. coBna~aiDT c 

O~HOU6HTpOBHYH KYHOHOBCKHYH WYHKUHHYH B cwepoH~8RbHNX KOOp~HH8-

T8X H YOryT 6NTb npe~CTaBneHN nOnHHDMaMH. QqeBH~HO, qTo B Henpe

pNBHOY cneKTpe y.K.c.w. BCer~a COBna~aeT C O~HOUeHTpOBD~ yrno-

BD~ WYHKUHeA ~na aapa~a ~ = ~ - ~ • Kpoue Toro, KaK 
2. j 

CR6AYeT H3 8HaRH3a peaynbTaTOB qHcneHHNX pacqeTOB, B HenpepNB-

HOM cneKTpe 38~8qz ~BYX UeHTpOB CyUieCTBYIDT HeKOTOp~e KOY6HH8UHH 

aaaqeaHA k H R, npH KoTopHx p.K.c.w. coBna~aiDT c o~ao
neaTpOBHMH KYROHOBCKHYH ~YHKUHHYH B C~epoH~anbH~X KOOp~HH8T8X 
~Jlli sapH~a z :: z .1 + z~ . napa T8KHX SHaqeaH~ ( k.,, R.,) 
onpe~eHH6TCH H3 YCROBHH 

)...,..,_ (c,~, e);:=-)...,..,. (c,c:t,ec.) (26) 
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- Ams(k,R) 
I 

-1.6 

k•0.2 

-1.8 

-2.2 

-2.4 

-26 

-AmqCk,RJ 
2L k•to 

1 

m•O, q•1 

PHc.9 

m•O, q•1 

I I I / ''! I , , _ r. 7 0 . 2 

-1 

PHc. II 

-1 

-2 

PHc.IO 

-~r·, .. , m•O, q ·1 

8 

4 

/: ,I I R I 

4 5 
·,.o, Z1=2 

PHc.I2 

PHC. 9-12. C06c'l'B6BHI\l6 3H8"161W! - )10:1 ( k, R) .ItBYxn8H!po-

BOft c zj = zz. = .1) H o,lUiou.ea'l'poBot (z1 =o, z2 =~) 
38~'11 npH k = 0,2; 0,6; 1,0; 2,0. 

20 

T. 6. B TOIIK8X ( ko, ~o) ~YX!leHTpOB8fl \IJ838 fl ,..,.. ( lc, R) 
MolleT CiiiT:& BliiiHCneaa no !}:op.tyne (25) ~Jifl 0,11-

H0~6HTpOB!iX !J/83 6.
0

,...}(k,R) 

Ha pHc. 9-12 npMcTaBneH!i coCiCTBeHHiie aaaqeHHH :>.., 
1 

( k, R) 

xax \IJYHK~HH R npH ~HKCHpOBBHHiiX aaaqeaHHX k ~nH ABYX 

cnyqaeB: )I Oj ( k, R) ~BYX!leHTPOBOit 38,11811H npH z1 = Zz. = 1 

H ). 
0

01 ( k, R) O~Ho~eHTPOBOit 38~811H npH zj = 0 z :: ? 
) 2. ~. 

llpu aaaqeauHx R. rv 3+4 KPHB!ie >. 01 ( k, R) H }.0
01 

C k, R.") 

ll6p6C6K8IOTCfl. 3TO 03H8t{86T 1 liTO npH STHX 3H811eHHfiX ll8p!i ( ko, ~0) 

4)831\l ..1 "''}- ( ko/•) .ItByxnearpoBo~ S~'Il'I c SBIJR.®MH 2
1 

H ~z C0Bll8~D'l' C 4)8301 O,lUiOnaHTpOBOft KynDHOBCRO~ 38,®1JH ~ 

38IJR,® z = z.t + z z, • Ha pac. 13 H I4 npe.n;CT8BJI6HI\l TBR-

.Ee noBepxaocTH .>. : 1 ( k, R) H ), <>.1 C k_, R) aa nnoc-

KDC'l'H ( k, R) • lliiHHR U6peC6lJ6HH.fl STHX .nBYX ll0B6PXHOCT6ft 

30 

m=o. q·1 
Z 1=0 Z2 =2 

L: 
P.ac. I3. IloBepxaocu - >.:J ( k, R) coCic'l'B&aHI\IX 3Ha'iead 

O,ttliOnaH'l'poBOft 38.11,8"1H ( Z.:l = 0, Z~ = Z) B c<fj&poH,l1,8.JI:&

HI\IX R00pli,HH8'1'8X H8 UJIOCKOC'l'H ( k, R). 
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k: 

m =o, q =1 

z, =Z2 =1 

Puc. !4. TioBepxaocn - ~ 01 ( k, R) co6c'rB6HHHX saa'lead 

mxneattpOBOft 38,n8'1111 ( z .1 = Z 2. = 1) R8 IlJIOCliOCTH 

( k > R) • Ha pHCYHKe YR838H8 'r8RJt6 JmR.I'l.fl ( ko, Ro) 
nepece'leaKR noBepxaoctteft - >-o:1 ( k, R) x ).:1 ( k, ~). 

onpe,li,6Jl.R6T RPHBYD ( ko, R. 0 ) , H8 RO'rOpoi <f83H .6..,.} ( k, R) 

mxueR'rpOBOI 38,n8'1lll MOryT 6HT:& BH'IHCJ18HH B BH,ll,6 PJJ,li,OB (22), 

(25), npe,ll,cTaBJLRD!UiX <fasy L\ 
0

""'} ( k ~ R) O,li,HOU6HTPOBOft 

sa,natJ•. 

B tta6JIKnax 5 111 6 npaBe~HH pesyJlbTSTH BH'IHCJieHK! O,li,Bo-

neattpoBHX qas B c<fepoa,ll,a1I:&HHX Roop,li,HRaTax ,li,JlR sap!l,li,OB Z.s. = o, 
z = :i. z =0 z = 3 H Z.s.=O z =!t H ,li,BYXU8HTpoBHX 

2. ~ j >2. >2 

<fas ,li,JlR cJiytJas z 4 = :f. z = 3 , a 'r8RJte pasaocu E. 
... ' 2. 

M8JK.DY mxueHTPOBOft <fasoft A..,"' ,li,JlR saPJJ,li,OB z..s. = 1 z = 3 
' 2. 

a cyMMDft O,li,HOU6HTpOBHX <fas 8 "'} c S8p!l,li,8MH Z.:~. =-0, z:z.:: :f 
a Z.s. = 0, Z.z. =3 coottBeTCttBeRRo. 
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Rl 
O,I 

0,5 

rp 

2,0 

Tac5.n!!f~a 5. 
CpaBI-reHHe ,ll;BYJCUeHTpOB11X /::. (k tt.)n o,IJ;Hou;eHTPOBhlX A:1 ( k, R) 

~ , ' 
ey.nOHOBCKliX WS3 

k I z~ = 1 I Z 1 =o I Z 1 =0 I Z 1 =1 I £ z .... 3 Z.; = (! z .. =3 z, = 0 

0,2 -5,1892 -27,9053 -42,2169 -42,2048 9,II03 
0,4 -I, 7327 -9,8237 -15,2733 -15,2614 3,7050 
I,O -0,4833 -2,3009 - 3,6336 - 3,6225 0,8383 
2,0 -O,?I86 -0,8169 - 1,2329 - 1,2230 0,1875 
5,0 -0,0851 -0,2603 - 0,3608 - 0,3528 0,0074 

IO,O -0,0376 -O,II45 - 0,!547 - 0,1480 -0,0041 
20,0 -O,OI3I -0,0396 - 0,0527 - 0,0489 -0,0038 

0,2 -5,I869 -27,8999 -42,2104 -41,9965 8,9097 
0,4 -1,7280 -9.8I2I -15,2597 -15,0509 3,5108 
1,0 -0,4717 -2,2721 - 3,6000 - 3,4099 0,6660 
2,0 -0,1964 -0,7613 - I,I679 - I,OII6 0,0539 
5,0 -0,0415 -0,1537 - 0, 2342 - 0,1740 -0,0212 

IO,O -0,0176 -0,0607 - 0,0894 - O,II60 0,0377 
20,0 -0,0579 -0,!736 - 0,23!5 - 0,2410 0,0095 

0,2 -5,1802 -27,888! -42,2028 -41,9409 8,8726 
0,4 -I, 7!49 - 9,7927 -15,2441 -14,9930 3,4854 
I,O -0,4405 - 2,2255 - 3,5627 - 3,3555 0,6894 
2,0 -0,1452 - 0,6829 - 1,1060 - 0,989! O,I6IO 
5,0 -0,0372 - 0,1664 - 0,2714 - 0,3578 0,1542 

!0,0 -O,II58 - 0,3471 - 0,4628 - 0,4989 0,0360 
20,0 -0,1064 - 0,3192 - 0,4256 - 0,4287 0,0031 

0,2 -5,1608 -27,8836 -42,2II8 -42,3824 9,3380 
0,4 -1,6769 - 9,7859 -!5,26!3 -!5,4283 3,9654 
I,O -0,4405 - 2,2I7I - 3,6094 - 3,7786 I,I209 
2,0 -0,09!2 - 0,7250 - 1,2286 - !,4369 0,6208 
5,0 -0,23!5 - 0,6941 - 0,9259 - 1,0564 0,1308 

IO,O -0,2128 - 0,6385 - 0,8513 - 0,8633 0,0!20 
20,0 -0,!458 - 0,4373 - 0,5834 - 0,5844 0,0013 
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Taogrrga 5. (ITpo~o~eH:ae) Tao.~nma 6 ( rrpo.n;oJDKeHRe) 

I i!" = 0 I I i!" = :1 I I I I I k I z" .. t Z.1 = o 
R I I Z"::1. I Z 1 =0 'Z" = 0 'Z"=1 E. R E. k Za,=O z., .. ~ :z.,.{t Z1 •3 z,=o z.~ = 3 .z, ... ~ z, .. .3 

5,0 0,2 -5,I274 -27,9783 -42,3324 -43,5075 IU,40I8 3.0 -0.5673 -I.7067 -2.28II -2.2790 0.0050 
0,4 -I,62I4 - 9,9705 -I5,504I -I6,5705 4,9786 5.0 -0.3386 -I,OI67 -I.3568 -I,3548 -0.0005 
I,O -0,4034 - 2,6653 - 4,I893 - 4, 977I I,9085 IO.O -O.I650 -0.495I -0.6604 -0.6582 -O.OOI9 
2,0 -0,5785 - I, 7582 - 2,3994 - 2,9690 0,6324 20.0 -0.07I6 -0.2I30 -0.2846 -0.2832 -O.OOI4 
5,0 -0.4782 - I,4346 - I,9I28 - I,9482 0,0354 I.O 0.2 -9.09IO -33.2755 -47.8069 -47. 793{) 5.4265 

IO,O -0,3I55 - 0,9467 - I,2622 - I,2663 0,004I 0.4 -4.345I -I4.3859 -20.22I3 -20.2089 I.4779 
20,0 -O,I939 - 0,5822 - 0,776I - 0,7768 0,0007 r.o -I. 7094 -5.248I -7.I2I5 -7 .IIII O.I537 

2.0 -0.8494 -2.5643 -3.437I -3.4279 O.OI42 
IO,O 0,2 -5, 2200 -28,2477 -42,6334 -44,7429 II,2752 3.0 -0.5624 -I .69I9 -2.26I4 -2.2526 -O.OOI7 

0,4 -I ,8I68 -I0,4974 -I6,0962 -I7,92I6 5,6075 5.0 -0.3300 -0.99I2 -I.3227 -I.3I37 -0.0075 
I,o -I,I59I - 3,8556 - 5,5224 - 6,7355 I,7208 IO.O -O.I433 -0.4298 -0.5730 -0.559I -O.OI40 
2,0 -I,05I8 - 3,I899 - 4,2504 - 4,52IO 0,2793 20.0 -0.0532 -O.I602 -0.2I34 -0.2255 -o.orao 
5,0 -0,63II - I,8933 - 2,5244 - 2,5407 O,OI63 

2.0 0.2 -9.0897 -33.27I2 - -47.8079 -47.7529 5.3920-IO,O -0,3882 - I,I645 - I,5524 - I,5544 O,OOI7 
0.4 -4.3425 -I4.378I -20.2I04 -20.I600 I.4394 
r.o -I. 7029 -5.2286 -7.0954 -7.0526 O.I2II 
2.0 -0.836I -2.5241 -3.3832 -3.3436 -0.0!66 Ta6.~nma 6 ' 3.0 -0.54I3 -1.6283 -2.I76I -2.I344 -0.0353 

CpaBHeHHe ,!Ulyxi.\8HTp0BHX Aos ( lc,R) :a O.n;HOD;eHTpoBHX 5.0 -0.2866 -0,8594 -I.I456 -I.0836 -0.0623 
ro.o ...Q,I066 -0.3234 -0.4352 -0.4761 0.0460 AooS'( k,lt) KY~OHOBOKKX ~3 paoceHHHH 
20.0 -O.I3I9 -0.3956 -0.5275 -0.5296 0.002! 

5.0 0,2 -9.0807 -33.2427 -47.7637 -47.3657 5.0423 

R I k I Z, =I I Zs :::0 I z~ :::O I Zs =I 

I 
0.4 -4.3243 -I4.32I9 -20.I33I -I9. 7573 I.IIIO 

z~,:::O l& =4 z..~=3 f r.o -!.6553 -5.0798 -6.8893 -6.5I67 -0.2I83 z,. =3 

2.0 -0.7I62 -2,I5I3 -2.8868 -2.4267 -0.4408 
O,I 0,2 -9,09I5 -33,2777 -47,8!09 -47.8!08 5.44I6 3.0 -0.3053 -I.04I9 -I.493I -I.3700 0.0228 

0,4 -4,3460 -I4,3885 -20,2243 -20.2242 I.4897 5.0 -0.35I6 -1.0520 -!.3998 -I.4998 0.09~ 
I,O -I, 7II5 -5,2545 -7 ,I300 -7.I299 O.I639 ro.o -0.2950 -0.885I -I .I80I -I.I858 0.0056 
2,0 -0,8537 -2,577I -3,4542 -3,454I 0.0233 20.0 -O.I895 -0.5686 -0.7580 -0.7588 0.0008 
3,0 -0,5688 -I, 7II3 -2,2873 -2.2872 0.0070 IO.O 0.2 -9.0460 -33.I274 -47.6II8 -45.8I45 3.6410 
5,0 -0,34II -I,0245 -I,3672 -I.36?2 O.OOI6 0.4 -4.2566 -I4.0850 -I9.8332 -I8.2684 -0.0732 

IO,O -O,I704 -0,5II3 -0,68I9 -0.68I8 O.OOOI I.O -1.4320 -4.4773 -6.2793 -5.6292 -0.280I 
20,0 -0,0849 -0,2546 -0,3395 -0.3395 0.0000 2.0 -0.550I -I.9388 -2.7897 -3.I336 0.6447 

0,5 0,2 -9,09I3 -33,2766 -47,8IOO -47.8066 5.4386 3.0 -0.7203 -2.I572 -2.87I6 -3.0274 O.I499 
0,4 -4,3457 -I4,3879 -20,2234 -20.2203 I.4867 5.0 -0.590I -1.7702 -2.3602 -2.3825 0.0222 
I,O -I, 7IIO -5,2529 -7,I279 -7.I254 O.I6I5 ro.o -0.379I -I.I374 -I.5I66 -I.5I89 0.0024 
2,0 -0,8527 -2,5740 -3,4501 -3.4448 O.OI8I 
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H3 e~ax ~a6nHn BH~o. ~~o: 

a) npH k _. 0 np.a BC8X SH8~8HIUIX R. .DJ3YXnea~poBBSI <tasa 

l:l.rn,_ 6.nue R coo~:seroTBYICIIle! el o~onea~po:eol ~ase c cyM-

Mapam~ sap.R.lJP.M Z = Z 1 + Z 2 , ~eM R cyMMe o~onea~po:sux 

~88 C 38Pfl,nall.l! Z : 2 1 H Z = Z R. • 3~0 H ec~eC~BSHBO, 

T8R R8R IIPH k - 0 ,IVUIB.8 BOJIH!l CYUI8C'!'B8HHO 6o;u,me /( 

X8p8RT8pHOrO pasMepa C.I!CT8Mll,H B8RH~HH8 ~8Sll HeqyBCTBRT6RLHa 

R CTpyR'l'ype CHCT8M~ I; 

6) IIPH k -- oo t ..... 0 ~.a. mxneaTpo:san ~a sa~- (z
1

=1. z =3" ' . }' ,_ z. ') 
C'1'8HOB.Iti'l'C.Il 6RHlt8 R CyMMe b.:". (Z1"' 0 Z = 1.) + 6,_0 (Z =O Z = 3) 

0 y ' 2. ... , 1 ' z 
'iSM R ~ ... ,_(Z.1=0, Z2. == ~). 3'1'0'1' ~8R'1' T8Rit8 8C'l'8C'!'B8H8H, • 

DOCJ!tOJU,Icy IIpH k _. oo p8CC8.RHH8 H8 COC~8BHOI CHC~8M8 MOZB.O 

p8CCM8'!'pHB8'l'L R8l!t IIOCH6~0B8T8HLH08 H838BHCHM08 p8CC8.RHH8 H8 

R8lt,liPM HS neH'l'pOB CHC~eMaf8 • 91 
B) npH :scex k 11 .R ,D;ByxneaTpo:san ~838 A""} 6.llHSRa R 

coo~:snCT:BYICIIlel el o~onea~po:sol lf:ase !I rn1- c cyMM8pH'hllll 

saPfi,liPM z = z.1 + zt. 
r) pasaocn Ll

0

t"".(Z =0 z :4)-[ll" (z =oz =3"+!{ (:z:0"->1 
y 1 ' 2 "''j.. J. ' 2 ') ,..,_ ~ ,~.£ .. 1 

c.na6o saBHCH~ o~ R H onpe,neJIHSTC.R :s ocso:eaou napaueTpoM k, 

IIp.!!'q8N npH k -.oo YR8S8B.H8.R p8SROC'!'L CTpeMJl'l'C.Il R fiYJlll. 

Ha p.ac. 15 rrp.aBe.n;eHH rpaqmKH .n;ByxneaTpoBHX <Pas Ll,.'l- ( k, R.) 
,IJ,1Ui ClWTeMll Z.1 = Zz = 1. KaK qiyH~ R. IIPH <j)HKCHPOBaHHHOM 

saa~emm k = 1 H pas.mP:rnHX aa6opax KBaHTOBHX 'Ul:ce.n n~ H 1- . 
Ha 9TOM pHCyaKe IIpOCJieXHBaroTC.R OCHOBH!le OC06eHHOCTH IIOBe.n;eHHH 

<Pas paccemm.s:r. Hs rpaqmKa .nerKo TaKJKe mt~eT:&, "'ITO rrpH ~ .6 '1-
<Pasll f1 "'} ( lc, /?.) , XOTR 6bl B O.n;HOH TO "'iKe IIpH KOH8"'iHHX ({ 

COBIIa,IJ;aroT C 1\YJIOHOBCKHMI!: <P83aMH f>e{k) ,IJ,1Ui saprr.n;a Z = Z.1 ~ Z.lt., 

T. e. CO CBOHMJ 3Ha"'ieHH8M .L\ ,...,. ( lc, 0) IIpH R. = 0 

26 

i llm'l Ck.Ri R 

0 5 10 15 20 

z1 =Z2·1 
k =1 
t =q•m -1 

-2~'\ 

-3 

-4-1!•7 -

-s 

he. I5. )J;syxneHTpoBHe <Pasll A "'t- ( lc, R) ,IJ,7Ui CHCTeMll 

Z = Z :::- :J. ITpP! 3H8"'i8Hlm k,. :f ; f.:: rn +4 • 
:1 ll. y 

B saB~eaae SBTOPll npBBOCR'l' r.ny6onym 6~aro~paoc~~ 

H.B.Kouapo:sy sa QaRHHe o6cya,neaas. 
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