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BBE,llEHI1E 

C~epOHAanbH~e KOOPAHHaT~ RanR~TCR ecTeCTaeHHYM cpeACTaOM 
HCCneAOaaHHR MHOrHX 3aAa4 MaTeMaTH4eCKO~ ~H3HKH/1~8 KaaHTOBO~ 
MeXaHHKe 3TH KOOPAHHaT~ HCnOnb3Y~TCR npH OnHCaHHH noBeAeHHR 
aapR*eHHO~ 4acTH~~ a none Aayx KynoHOaCKHX ~eHTpoa. PaccToR
HHe R Me*AY ~eHTpaMH a~6HpaeTCR a Ka4eCTBe pa3MepHOrO napaMeT
pa, ~apaKTepH3y~ero c~ePQHAanbH~e KOOPAHHaT~, H HMeeT AHHaMH-
4eCKH~ CM~Cn, TO eCTb BXOAHT a B~pa*eHHe AflR cneKTpa 3HeprHH. 
EcnH 3aPRA OAHOrO H3 ~eHTpoa nonO*HTb paaHYM HYfl~, TO 3aAa4a 
nepeXOAHT a OAHO~eHTpoay~ H napaMeTp R CTaHOaHTCR 4HCTO KHHe
MaTH4eCKHM. 3To 3Ha4HTenbHO ynpo~aeT 3aAa4y. B TO *e apeMR 
MaTeMaTH4eCKaR CTPYKTypa C~epoHAaflbH~X ypaaHeHH~ ao MHOrOM 
OCTaeTCR npe*HeH, TaK KaK 3HeprHR aXOAHT KaK B paAHanbHOe, 
TaK H a yrnoaoe ypaaHeHHe. B caR3H c nocneAHHM c~ePQHAanbH~~ 
aHanH3 aToMa aOAOPQAa npeo6peTaeT CM~cn nepaoro wara K Hccne
AOaaHH~ Aayx~eHTpOaO~ KYnDHOaCKO~ 3aAa4H. 

C~epOHAanbH~e KOOPAHHaT~ npH R ... o H R ... oo nepexOART a c~e
PH4eCKHe H napa6onH4ecKHe, ecnH nono*eHHR KynoHoacKoro ~eHTpa 
H 3apR*eHHOH 4aCTH~~ a npo~ecce npeAeflbHOro nepeXOAa OCTa~TCR 
~HKCHPOBaHH~MH. 0TC~Aa cneAYeT 11npHH~Hn COOTBeTCTBHR 11

, yT
aep*Aa~H~, 4TO ace ~pMyn~, nony4a~HeCR a c~ePQHAanbH~x 
KOOPAHHaTaX, AOn*H~ B yKa3aHH~X npeAenax nepeXOAHTb a COOTaeT
CTBY~He C~epH4eCKHe H napa6onH4eCKHe aHanorH. HeCMOTPR Ha 
ecTecTaeHHOCTb 3Toro npHH~Hna, peanHaa~HR caMoro npeAenbHoro 
nepeXOAa OKa3~aaeTCR He TpHaHanbHOH,TaK KaK,C OAHOH CTOpO~, 
C~epOHAaflbH~e KynOHOBCKHe ~YHK~HH a~pa*a~TCR 4epe3 aenH4HHI-', 
nOA4HHR~HeCR Tpex4neHH~M peKyppeHTH~M COOTHOWeHHRM, a C Apy
ro~ - C~epH4eCKHe H napa60nH4eCKHe KynOHOaCKHe BOnHOB~e ~YHK
~HH CTpORTCR Ha 6a3e ABYX4neHH~X peKyppeHTH~X COOTHOWeHH~. 
no3TOMy npe*Ae 4eM AenaTb npeAenbH~e nepeXOA~ a aonHOa~x 
~YHK~HRX, MaTpH4H~X 3neMeHTaX H T•A•o He06XOAHMO B~RCHHTb, 
KaKHM o6pa30M a· 3THX npeAenax Tpex4neHH~e peKyppeHTH~e COOTHO
WeHHR nepeXOART a ABYX4neHH~e. 

8 HaCTOR~eH oa6oTe, a OTnH4He OT nOCBR~eHH~X aHanorH4H~M 
/2 8/ 

aonpocaM pa6oT ' , npo~eAype npeAenbH~X nepexoAOB YAenReTCR 
3Ha4HTenbHOe aHHMaHHe. nocne KpaTKOrO HanOMHHaHHR HeKOTOp~X 
~aKTOa H ~pMyn, Kaca~HXCR aTOMa aOAOPQAa a C~pOHAaflbH~ 
KOOPAHHaTax, HCCfleAY~TCR npeAeflbH~e nepeXOA~ R-+0 H R-+ oo .. 
a TpeX4neHH~X peKyppeHTH~X COOTHOWP~~RX. ,llanee npo~eAYpa npe-
AenbH~X nepexoAQa npo&OAHTCR Ha ypoaHe aonHOa~X ~YHK~HH H AOKa-
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3biBaeTC.R, 4TO OHH YAOBJ1eTBOp.RIOT 11npHH1..1Hny COOTBeTCTBH.R 11
• B cne

AYIOIJIHX pa3Aenax nony4eHbl 3aMKHYTble BblpalKeHH.R AJ1R TpaHC()>OpMa
l.IHOHHbiX K03()l()>H1..1HeHTOB, 3aAaiOIJIHX pa3J10lKeHH.R c()lepOHAaJ1bHOH BOJ1-
HOBOH ()lyHKI..II-11-1 aTOMa BOAOPOAa no c()lepH4eCKOMY H napa60J1H4eCKOMy 
6a3HCaM,H HCCJ1eAYIOTC.R npeAeJ1bHble nepeXOAbl B HHX. 3aKJ1104HTenb
Ha.R 4aCTb pa60Tbl COAeplKHT HeKOTOpble 4aCTHble pe3yJ1bTaTbl. 

1. BBO~H~E 3AME4AHHR 

npHBeAeM 3AeCb CBeAeHHR, He06XOAHMble AJ1R AaJ1bHeHwero OnHca
HH.R. C()lepOHAaJ1bHble KOOPAHHaTbl e, ~ 1-1 ~ onpeAeJ1RIOTC.R CJ1eAyiO
IJIHM o6pa30M: ------

X = ~ v<e 2 -txt - ~ 2 > cos~ • 

y = :v<e 2 -t)(1-~ 2 )sin~. 

z = .!!.<e~ + 1) • 
2 

n pH 4eM 1 < e < oo ; - 1 < ~ < 1 ; 0 < ~ < 211 • 
np1-1 R : o - - - -

2r 
~ ... -, 71 ... cosO, 

R 
/1. 1a/ 

a npH R-+ .. 

ll e ... 1 +a· 71-+-1+~ 
a' /1.16/ 

rAe r 1-1 8 - c()lepH4eCKHe, v 1-1 11 - na pa6onH4eCKHe KOOPAHHaTbl: 
v = f+ Z, p.=r-z. B 060HX npeAenax T04Ka (x,y,z) 1-1 KOOPAHHaTbl 
KynoHOBCKoro l.leHTpa C4HTa~TCR ()>HKCHpoeaHHbiMH. 

C()lepOHAanbHa.R eonHoeaA ()lyHKI..IH.A aToMa BOAOPOAa HMeeT BHA 
tm~ 

1/lnqm<e.q.~;R) = c (R) II <e.a)=: (r,R) _e_. /1.2/ nqm nqm nqm -
2 v 11 

3AeCb C nqm (R) - HOpMHp0804HbiH ()laKTOp, a CMbiCJ1 HHAeKCOB n, q 
1-1m 6yAeT pa3DRCHeH HHlKe. HseecTHO, 4TO 

llnqm <e, R) .. e -R{/2n <e 2- 1) lml/2 r(e' R) /1 .3a/ 

'= -R~/2n 2 lml/2 
-nqm (~, R) = e (1-q ) g(q, R) /1.36/ 

npH4eM r<e. R) 1-1 g(q, R) - nOJ1HHOMbl (n-jm I - 1) -li CTeneHH 
no~ 1-1 71 • 

!l>yHKI..II-11-1 ll 1-1 S!, KOTOpble npHH.RTO Ha3biBaTb paAHaJ1bHOH 1-1 yrno
BOH !I>YHKI..IHeH B KYJ10HOBCKOH CHCTeMe eAHHI-11..1, YAOBJ1eTBOp.AIOT ypae
HeHH.AM 

2 • 

,;,• 

I' 

:i' 
t': 
\l!i 

l ;: 

·J 

l! 
1: 

I 
! 

I' 

d 2 dll ER 2 2 m 2 - [ <e- -1) -] + [ Rt + -e- - 2 + A]ll = 0 , 
~ ~ 2 ' -1 

/1.4a/ 

d dS! . ER2 
2 m 2 

-[(1-q2)-1+ [-R'I- --71 - -- -A]S! = 0, 
dq dq 2 1-q2 

/1 .46/ 

A- 3TO KOHCTaHTa pa3AeJ1eHH.R B C()lepOHAaJ1bHbiX KOOPAHHaTax; OHa 
3aBHCHT OT R 1-1 KBaHTOBbiX 4Hcen n, Q H m, rAe n - rnaBHOe KBaH
TOBOe 4HCJ10 (E = -1/2n2 

), , m - a3HMyTaJ1bHOe KBaHTOBOe 4HCJ10, 
a q H3MeHReTc.R e npeAenax 1 ~ q s; n- I m I 1-1 HyMepyeT n - lm f 
3Ha4eHHH KOHCTaHTbl pa3AeJ1eHH.R A, KOTOpble OHa MOlKeT npHHHMaTb 
npH ()>HKCHPOBaHHbiX n H. jmj • 

HMeiOT MecTo yc.rloBH.A opToroHanbHOCTH no q: .. 
/1 .sa/ J ll * , <e, R) llnqm<e, R) ~ = 0 , 

1 nq m , · .. 

1 : 
fE* ,(q,R)S! t,.,,R)d~ =0. /1.56/ _ 1 nq m nqnl 

KaK co6cTBeHHble <I>YHKI..IHH raMHJ1bTOHHaHa H npoeKI..IHH opfiHTanb
Horo MOMeHTa Ha ocb z eonHOBble !I>YHKI..IHH I 1 • 2/ opToroHanbHbl H 
no OCTaJ1bHbiM ABYM HHAeKCaM. 

2. BO.nHOBbiE <I>YHKLtHH 

B nHTepaType Hcnonb3YIOTC.A pasnH4Hble THnbl pasnolKeHHH AJ1.A 
()lyHKI..IHH r<e' R) 1-1 g(q, R ): no CTeneH.AM ( e - 1) H (q- 1), no nonH
HOMaM .nareppa OT cne1..1HaJ1bHbiM o6pa30M nOA06paHHbiX KOMOHHal.IH~ 
nepeMeHHbiX e 1-1 ~ 1-1 AP· Mbl 6yAeM B AaJ1bHeHWeM npHAePlKHBaTbC.A 
pasnolKeHHH • 

n-im-1 
8 

f(e, R) = ~ a 51(- 0 , /2. 1 a/ 
8"' 0 ' ' 

n-lmi-1 s 
g(q,R) = l b 5 (1+q) • /2.16/ 

s=O 

B pasAene 4 6yAeT ~oKa3aHo, 4TO HMeHHO 3TH pasno~eHHR YAOB
neTeop.AIOT npHHLI"1ny coOTBeTCTBH.A. Hs /1.3/-/1.4/ H /2.1/ cne
AYIOT TpeX4J1eHHble peKyppeHTHble COOTf10WeHH.R: 

a s as+ 1 + f3s as + Ry sa s-1"' 0 ' 12 .2a/ 

-
-asbs+t+f3sbs :tRysbs-1=0, /2.26/ 

rAe 
a\8 ., 2(s + l)(s + mi + 1) , /2.3a/ 
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R R 2 
{3 == (s + lml)(s + lml + 1) + -(n- lml- 1- 2s) - --:-r +A , s n 4n 

- R R2 
{3 = (s + lml )( 8 + lm I + 1) - - (n- lm l-1- 2s)- -;:y- + A , 

s n 4n 

y 8 == (n- lm I - 8 )/ n. 

Co6niOAaiOTC.R TaKIKe 11ycn08H.R o6peaaHH.R 11
: 

a 0 == 1, 

b 0 = 1, 

a_1 = 8n-lml = 0 • 

b_l = bn-lml = 0 • 

noA4HHHM 80nH08yiO $YHK~HIO ycn08HIO HOpMHpOBKH 
2 

J I if! nqm I d V == 1. 

KaK 6yAeT nOKa3aHO B AanbHeHWeM, OTCIOAa cneAyeT, 4TO 

/2.36/ 

/2.38/ 

/2.3r/ 

C (R)~et4)ov' (t+lml)l(n+t)l ___ ._ t!Rt _2f-2lml+tf+lml>1 

nqm 2(f-lml)!(n-f-1)1(2t+1) [(2t)l] 2(jmj!) 2 hh 2 

/2.4a/ 

R-+oo 14)00 v2 1 (nt+lml)l (n2+1mi}l lml 
cnqm(R)-- e -2- I ~ 2 v' I I R ,/2.46/ 

n (2n) m lml!) n 1 n2 

rAe f,D1H n2 - H3BeCTH~e C$epH4eCKHe H napa60nH4eCKHe KBaHTO
Bble 4Hcna, a $a a~ 4) o H 4)"" noKa npo~o~aaonbHbl. 

3. nPEJlEJlbHbiE nEPEXOAbl B PEKYPPEHTHbiX COOTHOWEHH~X 

PeKyppeHTHOe COOTHOWeHHe /2.2a/ npeACTaBn.ReT C060H CHCTe
My nHHeHHbiX OAHOPOAH~X ypaBHeHHH OTHOCHTe~bHO a

8
,H n03TOMy 

cooTBeTCTBYIO~HH AeTepMHHaHT AOniKeH o6pa~aTbC.R 8 HYnb. B npe
Aene R ... oo MOIKHO OT6pocHTb a 3TOM AeTepMHHaHTe K03$$H~HeHTbl 
a 

8 
11Ha $OHe11 6ecKOHe4HO 6onbWHX K03$$H~HeHTOB {3 

8 
H Ry 

8 
"" aa-

n~o~caTb ero B BHAe npoH3BeAeHH.R BCeX K03$$H~HeHT08 {38 .YcnOBHe 
pa8eHCTBa AeTePMHHaHTa HyniO TOrAa npHBOAHT K Tpe6oeaHHIO o6pa
~eHH.R B Hynb OAHOrO &.13 COMHO*HTeneH f3 8• 0603Ha4a.R COOTBeTCTByiO
~HH 3TOMy COMHOIKHTeniO HOMep 8 4epe3 D2, HMeeM 

a ... oo R R2 
A(R)---+- -(n-lml-1-2n2) + - 2 • 

0 4n 

PaCCYIKAa.R aHanorH4HO no OTHOWeHHIO K 
HHIO /2.26/, MOIKHO noKa3aTb, 4TO AOniKHO 
An.R KOToporo jj n1=0 "", cneA08aTenbHO, 

a ... oo R a2 
A(R) --- - (n- I ml - 1 - 2n 1 ) + - 2 · 

n 4n 

4 • 

/3.1a/ 

peKyppeHTHOMY COOTHowe
cy~eCT808aTb TaKoe n1, 

/3.16/ 

I' 
I 
;·!'' 
\' 

'I 
i 
' 

! 
:'l 

ti 
~ ( 

) 
f 
';: 

~ 

~~~I 
I 

if' 

t' ll 
l 
I 
t.! 
~! 
l 

TO 
$opMynbl /l. 1 a/ H /3. 16/ C08MeCTHM~, eCnH D • D 1 + D 2 + lml + 1, 
eCTo ecnH D 1 H D 2 - CYTb napa6onH4eCKHe K8aHT08ble 4HCna • 
I 3. 1 I, 12. 36/ "" 12. 38/ cneAyeT, 4TO npH 8 " n 1 , 8" n 2 Ha 

(3
1 
~:'Rf3~1 > /3.2a/ 

j; a ... oo Rtl (2) 
tJs - tJ s • 

(1} (2) 
rAe 8enH4HHbl {38 H {38 He 3a8HC.RT OT R H HMeiOT 8HA 

(1) n2-s (2) n 1- s 
{3 8 =2-, {3 8 --2 • 

n 

/3.26/ 

/3.28/ 

3TH $OpMynbl 8MeCTe C lCn08H.RMH o6pe3aHH.R ~1=0 H b_1=0 no
Ka3b18aiOT, 4TO 8 npeAeneR ... ~ ~peX4neHH~e peKyppeHTHble COOTHO
WeHH.R /2.2/ nepeXOA.RT B cneAYIO~He ABYX4neHH~e: 

a
8 

a
8

+1 + R{3~>a 8 ... 0 , /3.3a/ 

(2) 
-a 11 b 8 +1+Rf3 8 b 8 =0, /3.36/ 

ecnH 0 S 8 $ n 1-1 H 0 !S s $ n 2 -1. AHanorH4HO, 
MH /3,2/ H ycn08H.RMH o6peaaHH.R an-lml =0 H 
4TO 8 npeAene R-+oo 8MeCTO /2,2/ HMeeM 

nonbay.RCb $opMyna
b n-1 ml =0, 8HAHM, 

(1) f3s as + Ys as-1 =0, /3.4a/ 

(2) 
f3 8 b 8 + Y s b s-1 "' 0 • /3.46/ 

ecnH n1 + 1 S 8 '5., n -1m I- 1 n~o~6o n 2 + 1,5 s S n -lml. -1. . 
PaccMOTPHM Tenepb cny4aH, KOrAa 8=n 1 H s~.np~o~ R ... ""KOH

cTaHTa A MOIKeT 6b1Tb paanoiKeHa•no cTeneH.RM 1/R,npH4eM cornacHo 
/3.1a/ H /3.16/ B 3TO paanoiKeHHe MOryT 8XOAHTb nHWb 4neH~ CO 
CTeneH.RMH 1/R He B~We -2. 

0TCIOAa cneAyeT, 4TO 

R-+oo R R2 
A(R) - A 0 - -(n -lml-1-2n 2 ) +-, 

n 4n2 
13 .sa/ 

2 
R ... .., R R 

A{R) _.,. Ao+ 0 (n-lml-1- 2n 1) + 
402

, /3.56/ 

TaK KaK AOniKHO co6niOAaTbC.R ycno8He n = n 1 + n 2+ lml + 1. noAcTa8-
n.R.R Tenepb 3TH $opMyn~ 8 /2.36/ H /2.38/, nony4HM . 

{3n~~-(n 2 +·m:)(n 2 +:m! +1)+ A 0 , 

Pn
1

=(n 1 + m){n 1 +;m:+1)+A 0 • 
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{ 
nocTOfiHHafl Ao MOlKeT 6b1Tb onpeAeileHa 113 peKyppeHTHOrO COOTHO- ,\: 

weHI1R /2. 2a/ np11 8 "" n 2 : 

a"2 an2+1 +,Sn2a"2 + Ryli2an2-1= 0, 

ec1111 B Hero nOACTaBI1Tb BblpalKeHI1fl 

1 a D2-1 
an~1 =- R ----w- a "2 

,Sn 2-1 

Yn2 + 1 
a 1- - a n 2+ - (1) n 2' 

,Sn 2+ 1 

fiB11fl~~l1eCR C11eACTBI1eM ABYX411eHHbiX peKyppeHTHbiX COOTHOWeHI1H 
/3.3a/ 11 /3.4a/. Pe3y11bTaT TaKoe: 

2 
Ao = 2n2 - 2n2 (n-lml-1)- (!m I+ 1)(n -1). 

3aMeTI1M, 4TO 3Ta $opMyna 6blna nony4eHa e pa6oTe 121 113 aHa-
11113a peKyppeHTHbiX COOTHOWeHI1H, n011y4a~~I1XCfl B C11y4ae, KOrAa 
$yHK~1111 f(e; R) 11 g(17 ; R) 11~yTCR e BI1Ae pa3no>KeHI1H no nonw 
HOMaM Jlareppa. 

AHanori14HbiM o6pa3oM Mo>KeT 11CC11eAOBaTbCR npeAen R -.o.np11 
3TOM /2.2/ nepeXOART B ABYX411eHHble peKyppeHTHble COOTHOWeHI1fl: 

-
as a s+1 +,Ssa s = 0, 

-
-as bs+1 + ,Ss bs .. 0, 

ec1111 0 ~ 8 "S f - !ml-1 11 

,S sa s + Rys as-1 = 0, 

/3.6a/ 

/3.66/ 

/3.7a/ 

,Ss bs + Rysbs-t-=0, /3.76/ 

eC1111 r - I m I + 1 ::: 8 ::: n - I m I - 1 • B 3TI1X COOTHOWeHI1fiX 

,9 8 =(8+ lmiH8+ lmi+1)+A(O). /3.7e/ 

PacCMOTPI1M e~e C11Y4aH. KOr Aa s <: f -lml. npl1 MailbiX R 11MeeM 

A(R) R-+~ A(O) + A '(0) R + O(R2 ) • 
/2/ B pa6oTe 6blno noKa3aHo, 4TO A(O) .. - f (f + 1). Y411Tb1BaR 3To, a 

TaK>Ke /2.36/ 11 /2.3e/, nony411M 
R-+0 2 

,Sf-lml ~ ff-lml R + O(R ) ' /3.8a/ 

- R-+0 - 2 
,Sf-lml--+ ff-lml R + O(R ) ' /3.86/ 

6 • 

; 
IJ 

I, 

r 
'~! f., 
\ 

i, 

ii 
~\\ 

II 

.i .. 'I 

f 

~ 
I 
l. 
~~ 

\ 

I 
I 

"I 

rAe. 

f = A'(O) + 
f-lml n 

f t-lml .. A'(O) + 
n+ lml-1-2t 

n 

H3 3TI1X $QpMy11 CileAYeT, 4TO peKyppeHTHble COOTHOWeHI1R /2.2/ 
np11 s-f-lml npi1H11MaOT BI1A 

a~ 11 a~ +t Ra I r+YD Ra ... o, 
L- m L-lml +1 t -lml f- m1 L -lml f-lml-t 

/3.9a/ 

-a f- lml bf-lml+1+; f- lmiRbf-lml + Yf-lml Rb f-lml-1= 0 • /3.96/ 

CornacHO /3.6/ H /3.7/ aenH411Hbl af-lml + 1 , a f-lml-t, 
bf-lml + 1 11 b f-lml-1 BblpalKaOTCR COOTBeTCTBeHHO 4epe3 
aD ~ ~ H b t I ~ • no3TOMY /3. 9a/ 11 /3.96/ AOillKHbl npi1BOAHTb 

L- m - m 
K 0 p Hl14eHHRM, PH C06110AeHHI1 KOTOpbiX YC110811R o6pe3aHI1R np11 
s =-1 H 8=n-lml RBilROTCR cornacoaaHHbiMI1. nonb3yRcb /3.8a/ 

11 /3.86/, nerKO nOK~3aTb, 4TO TaKI1M orpaHI14eHI1eM RBnReTCR yc-
110811e A '(0) .. 0 • 

4. nPE~EnbH~E nEPEXO~ B BOnHOBO~ $YHKUHH 

$yHK141111 r<e. R) H g(7J, R) npH R-+ oo cor nacHo /1.16/ 
ce6R cneAYD~I1M o6pa3oM: 

BeAYT 

n1+n2 as 8 
a- I. --IL • t<e.R>- s=o R8 

g(7J,R) ~ r;in2 ~v 8 
,. , .. o R 8 

H3 ABYX4neHHbiX peKyppeHTHbiX COOTHOWeHI1H /3.3a/ 11 /3.36/ 
CileAyeT, 4TO 

R-+oo ( 1) 8 a. _.. -
,s<J> ..... ,s ~~1 

R 8
, 1~s~n2 , 

/4. 1a/ 

ao ..... a.-1 

(2) IJ (2) 
,So ..... ,...8-1 R8 b R-+oo .- 1::;: s ~ n2 • /4.16/ 

ao ..... as-1 

8-n2 Yn2+1 ..... Ya 
a .!.:!.:. ( -1) & 02 , 02+1SBSDt+De./4.1&/ 8 

{3_ (1\ ; .... fJ(l) 
D2 + I 

8- Dt Yn1+ 1 ..... Y a 
b 01 , n 1 +1.Sssn 1 ~,/4.1r/ b ~ (-1) , 

,s (2! 1 ..... fJ(2) 
n 1 s 

7 
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1-1 no3TOMY 4>YHK1.11-1H f (~, R) H g (r, R) f"epexo,q.AT a nonHHOMbl cTeneHI-1 
n 2 H n 1 coOTBeTcTBeHHO. Cor nacHo /4. 1 a/, I 4. 16/, /2. 3a/ H 
/3.2a/ 

s !mil R
8 a -+oo (-1) n2 1 

/4.2a/ as--+ -- --,1<s<n 2 , 
ns (n 2 -s)! (s+lmi)! s! - -

R-+oo (-1)8 n ! lml! Rs 
bs---+ -- -- ' 1~s~n1, ns (n 1- s)l (s+lml)! sl /4.26/ 

1-1, CneAOBaTeJ1bHO, 
R -+<>o I' 

f(~, R) --+ F(-n2 ; lml + 1; n), 

R-+"" v g(17, R) --+ F(-n 1 ; lml + 1; -). 
n 

Tenepb, nonb3Y.ACb /2.46/, nerKo noKa3aTb, 4TO np1-1 R-+ oo 

B caMOM Aene /1.2/ nepeXO,QHT B HOpMHPOBaHHY~ BOJ1HOBy~ tl>YHKI.II-1~ 

B napa60J1H4eCKI-1X KOOp,QHHaTax: ----------------..;2 1 (n1+1m!)l (n 2+1mi)! 
t/1 (v,IJ.,¢)=- -- V ---

nlntn n2 (lml!)e n1! ne! 

v lml/2 v lml/2 
(-) (-) X 
n n 

1m¢ -(llw)/2n e . e 
X --

V 2rr 

/4.3/ 

F(-n 1; lml+1; ~)F(-n2 ; lml+1; ~ ), 

ecm1 <I> "'0, 
B np';,qene R-+0 cor nacHo /1 • 1 a/ 

R-+0 -r/b 2r lml n-lml-1 a 8 8 
U(~, R) --+ e (-) I -(2r) , 

R 8= 0 R8 
/4. 4a/ 

0 lml n-lm\-1 
E (17, R) ~(sinO) !. b 

8
(1 + cos0)

8 
• 

s=O /4.46/ 

~3 ABYX4J1eHH~X peKyppeHTH~X COOTHOWeHH~ /3.6/ H /3.7/ cne-
,QYeT, 4TO - -

f3o .... f38-l R-+0 s 
as ___. (-1) /4.Sa/ 

ao ..... as-1 

R-+0 f3o ..... f3s-1 
b s ----+ ----------- • 

ao ..... a s-1 
/4.56/ 

ecnH 1 ~ s ~ 1 - ; m i , H 

8 .. 

Jl ,., 

11 
f: 
•I; r 
I' 
! I 
I I 

\ 
I ~ i 
\I i 
~. :1 I 

'\i 
1.._ 

\! 

t r 

I 

/,. 

I 
t 
~.~ 

t 
f 

R-+0 a-l+lml Yf-lml+l ..... ys s-f+lml 
a 8 --+ (-1) ---- _ R a t-lml , /4.Sa/ 

f3 t -I ml+ 1 ..... f3 a 

R-+0 s-l-lml Yf-jm]+ 1 '"' Ya a-f+lml 
b

8 
--+(-1} _ _ -R bf-lml , /4.5r/ 

f3t-lml+1 ..... {3 8 

ecnH t-lm1+1.:S 8,:Sn-lml-1. no,qcTaanRA a /4.5a/ H /4.5r/ 
3Ha4eHHA y H ~ H3 /2.3r/ H /3.7&/, OOI1Y4HM 

R-+O ( 
1
)s (n-t-1)1 (2t +1)1 R 8 

as+t-lml- (n-t-s-1)1 (2t +B+1}1 n 8 sl at -lml' 

b
8 
~ (-1)s (£ -lm!)l 

(t -lml-;> 1 

(f + lml +B)I]mjl 

(f+ lmi)! (Jml + s)l 

1 

2 8 8 I 

/4.6a/ 

/4.66/ 

npH4eM a nepaoM cny4ae 1 s s ~ n- £- 1, eo BTopoM 1 s 8 s t -lml. 
~3 3THX ~OpMyl1 CI1eAyeT, 4TO . 

R-+0 -r/n 2r t 2r /4. 7a/ 
U(,, R) --+a., I 

1
e (-) F(-n+f+1;2f+2; -), 

r.- m R n 

:S(71, R) ~ .. (sin8) lmiF(-l+1ml, t + lml +1; lml +1: l+_oos8). /4.76/ 

nonb3yACb /2.4a/, nerKO noKa3aTb, 4TO BOJ1H08aA ~yHKLIHA /1.2/ 
nepeXOAHT B HOpMHpoBaHHy~ BOI1HOBy~ ~YHKI.IH~ 8 C$epH4eCKHX 
KOOPAHHaTax: -

'I' nt (r, fJ,¢) .. 1 ..; (n+.Q.!_ (2r)t e -r/n 
m nt+e(2l+1)1 (n-f-1)1 

2r 
x F(-n + t + 1; 2f + 2; -) Yt (8, ¢) , n m 

X 

/4.8/ 

eCJ1H <1>
0 

.. rr(t + m -lml). 0PH 3TOM HylKHO HCnOJ1b30BaTb $QpMyny 141 

2 

y" (8~ cP) "'(-1) f+ (m-Imi )/2 eimcP V 2f + 1 
tm 4rr 

j_~!_~_ll_l 
<t -lml>l 

x f(- t + lm\ , f + ]m! + 1; lml + 1; 1 + coslJ). 
2 

)ml 
(sin9) _ X 

21ml fmll 

9 



IJI 

HTaK, AOK83aHO, 4TO BOnHOBa~ ~YHK~~~~~ /1 .2/ YAOBneTBOp~eT 
11n PHH~Hny COOTBeTC TBH~ 11 • 

5. PA3nO~EHHE no C~EPH4ECKOMY 6A3HCY 

3anHweM HHTepecy~ee Hac paanomeHHe e BHAe 
n-1 f 

'P(€,.,,¢;R) = I. Wnmq'l' t (r,8,¢). /5.1/ 
f=\ml n m 

npOH3BeAeM B 3TOM paanomeHHH cneAY~He onepa~HH. nepeHAeM 
CHa4ana B 'J! nfm OT C~epHI.leCKHX KOOP_AHH8T K c~epOHAanbHbiM: 

r = ~ <e + T/), . COB 8 = , 
1/ fq_ , .. +., 

Ill aaTeM ycTpeMHM B o6eHX 4aCT~X /5. 1 I e K 6ecKOHe4HOCTH. Tor
Aa e ...... R e ...... 

--+ 2 e, cosO-.. 11 

Ill 38BHCHMOCTb OT nepeMeHHOH e B /5. 1 { BblnaAaeT. nonb3Y~Cb 
3THM, yMHOmHM o6e 48CTH /5.1/ Ha p~m (T/) Ill npOHHTerpHpyeM no 
d.,. TorAa ycnoe111e opToroHanbHOCTH npHcOeAHHeHHbiX nonHHOMOB 
nemaHAP8 npHBeAeT K paeeHCTBY . 

Wfm (R) .. 0 fm Cnqm (R) a E fm (R) 
nq n n-1 n-\m\-1 nq ' 

R 
B KOTOpOM 

0~m -(-1)n-t-1 (n)n+l ["t+1 
. 2 2 

_ __;.._,~(n+ t )I (n- f -1)! ' 

Efm (R) = f (1 _ 11 2)\m\/2p lml (1l)g (11 ; R) d1l. 
nq _1 f nqm ' 

nocneAHHH HHTerpan MOmeT 6b1Tb BblpameH 4epe3 K03~H~HeHTbl b
8

, 

ecnH eocnonbaoeaTbC~ paanomeHHeM /2.16/: 

f n-lml-1 1 I 112 I I 
E m (R) = I. b (R) f (1- 11 ) 

111 (1+11)
6 

p,:O (17)d17. ' 
nq s .. o 8 -1 t 

nocne HHTar,pHpOBBHH~ no 4aCT~M y6emAaeMC~, 4TO HHTerpan 
nOA 3H8KOM CyMMbl OTnH4eH OT Hyn~ nHWb npH f- lml < S < n -lml-1 
111, cneAOBaTenbHO, nocne nepeo6oaHa4eHH~ HHAeKca cyMMHpoBaHH~ 
nony4HM 

Efm (R). (-1)<m+ lm\)/1! j_f+lm\)1 1 n-.}_-1b (S+ f-lml)! Jfs 
nq (f _ lml)! ~ 8 =0 s+f-lml 81 

10 • 

rAe 
fs 1 2 e ft J = r c1 - 11 , c1 + 11, s d11 = c2> 2 t + s + 1 e , c s + r , , 

-1 s! 

B peaynbTaTe 

w!:(R) = (-1)(m.+\m\)/2 2f Cnqm(R) DfmBr (R), /5.2/ 
. n-1 ah-lml- 1 m 

R 

rAe 

B fm (R) 
n-f-1 

I. 
s= 0 s I (s + 2£ + 1)! 

2 (s+ f)! (s+f-lml)! 
bs+f-lml /5.3/ 

3aHMeMC~ Tenepb npeAenbHbiMH nepeXOAaMH. np111 R ... Q KOHCTaHTa 
pa3AeneHH~ A(R) -+ -f '(f' + 1), 111 no3TOMY cor nacHo 12.36/ 

f3 8 ~ fi. = (8+ lml-f')(8+\ml+f'+,1). 

TorAa 1113 /4.5r/ nony4HM 
R-+0 R 8+f -f' 

bs+f-lml- f'<t-f'+D 

0TCIOA8 cneAyeT, 4TO np111f>f' bs+f-lm\-+0, TaK KaKB~O,a npH 
f<f' bs+f-lml = 0 Ha-aa raMMa-~yHK~~~~~~~ e 3HaMeHaTene. 
np111 f =f' B CyMMe /5.3/ npH R...O OTnH4eH OT Hyn~ TOnbKO 4neH 
C 8=0, TaK 4TO, Y4111Tb1Ba~ /2.4a/ Ill /4.66/, y6emAaeMC~, 4TO npH 
f=f' W~~-+1, Ill n03TOMy 

w!~ (R) ~oft' 
PaccMOTPHM Tenepb npeAen R ....... Ha /2.46/, /4.1a/ 111 /4.1a/ cneAy-
eT, 4TO 

Cnq.JR) 
--'----a 

Rn-1 n-lm\-1 
R-+"" 1 - __ .,. 

Rnl 

3TO 3H84HT, 4TO B /5.3/ MOmHO orpBHH4111TbC~ CYMMHpOBaHHeM, Ha-
4HH8101J4HMC~ c s= nl' TO eCTb 8 I ~ 

s+n 1-t+ m 
R-+oo n2 2 8+n 1 +\m\)I(S+n 1)! 

B (R) --. I. b . -----. 
fm a .. o 8 +n1 (s+n1 -f+ \m\)1 (s+n1 +lml+l+1)1 

Ha /3.2e/ 111 /4. 1r/ cneAyeT, 4TO 

R .. .., s (n 2) I b n 1 b + --... (-1) 
8 n1 

28 s!(n-s)! 
111 no3TOMY Btm MOmHo npeACTaBHTb a a~e 

82 
(R) ~ 

2
n1-l+lml n11 (n1 + lml)l b n1 . 

m (n 1-f+ lml)! (n 1 +f+ lml + 1)1 

F I -ne, n-ne' n-ne-IIPIIU. 
s 2 n-n2 +t+1, n-n rf 

·~ 

ll 



~
r 

BocnonbsyeMcR Tenepb ABYMR ~opMynaMH: 

F. I c, b, t -a Ill .. _1.]~-f+ a)r{l+b+C-f) 

S S f, l+b- c-f r(l+f-f')r(l-f-f+&+b+C) 

F. 1-n ,n-n ,n-n -lmll: 
8 2 n-n + +1, n-n -t 

/5.4/ 

F I s,s', -N Ill= r(t+-B+N) r(t) F; 1s, t~s~-N Ill . I 
32 t',1-N-t r(t+s) r(t+N)

82 
t',t+s •

155 

nepaaR H3 KOTOpbiX B3RT8 H3 pa60Tbl16~ ST0p8R - 143 MOHOrpa~H l&: 
nocneAOBaTeJ1bHO npHMeHRR 3TH ~PMY1lb1, nony4HM 

Btm(R) ~ 2 nt-t+lml (nl +\mi)1(ne + lmi)1 

(\ml> 1 (n+ t) 1 

x F ,-n2, -f+lml,f+lm\+1 
8 2 ' \ml+1,\m\+1-n .111. 

(n-lml-1)1 
b X 

(n-f-1)'1 °1 

Aanee, cornacHo /4.1a/, /4.2a/ H /4.26/ 
ne 

(-1) lm\1 
an-lml-1 = --n2 --

(n) (ne+lm\)1 

bn 1 = (-1)n1 -~1_!_-R nl 

(n) 01 (nt+lml)1 

RD2 

2n2 

H 003TOMY C y4eTOM /2.46/ npH ~ =0 HMeeM 
00 

m-lm\ -
wf~R) ~(-1)t+~+1(n-.}mi-!.!!_,.,(_~+1Xil 1+~W~~2.:!Jml~ (f+lm)l:_ x 

nq \m\l (n )l(n )l(n-tl )I (n-t -1)1(2 -lm\)1 

F I 
-f+lml, f+lml+1, -De 

xa 2 
lm I+ 1, \m I+ 1- n 

/5.6/ 
\1 I . 

nony4eHHOe npeAenbHOe awpa•eHHe coanaAaeT c pe3ynbTaToM, 
npHBeAeHHbiM 8 pa6oTe 171• TaKHM o6pa30M, a o6oHx npeAenax nony-
4a~TCA HY*Hble ~Mynw. 

6. PA3RO~EHHE no nAPA60RH4ECKOHY 6A3HCY 

npeACT8BHM HCKOMOe pa3110*eHHe 8 8HAe 
nl ne 'I' ) 

'I' nqm(~ ,.,,q,; R) = I I 'I U ... (R) n n m(v.~t. cp • /6 1/ 
~ + 12- m -1 "" 1 i . 

CornacHo /4.3/ napa6onH4ecKaA aonHOBafl ~yHK~HA awpa•aeTCA 
4epe3 OOJ1HH0Mbl Rareppa OT nepeMeHHbiX 

u .. 

R 
1L = 2 (~- 1)(1- 11) 

1-1 
R 

v = 2 (~ + 1)(1 + ., ) • 

Ecn~-1 a /6.1/ nono*HTb 11 =-1, nepe~TH K HOBO~ nepeMeHHO~ 
t=~-lH BOCOOJ1b30BaTbCR CB~CTBOM OpTOrOHailbHOCTH: 

"" -Rt/n Rt \ml Rt Rt 
( e (-) F(-n 2 ; lml +1; -) F(-n2; \ml + 1; -)dt"' 
o n n n 

n 
=-

(j m II) 
2 

(n 2) I ---
(n2+1m\)l 

8 
n 2°2 R 

TO OOJ1Y~HM 

Un1n2 (R)=C (R)· Rn 21ml_l-(n2+1m\)! nll 
qm nqm - v --- -- x 

...; 2 (n1 + I m\)! n 2 I 

n-lml-1 "" lm\+~ -Rtln 
X I as r t e 

s=O 
0 

F(-n 2 ; lml +1: ~)dt. 
n 

Aanee, TaK KaK 

TO 

f t s+ lm\ e -Rt/n F(-n ; \m\ + 1; .!!!_) dt = 
o 2 n 

n s+\m\+1 n2 
+ (-) (-1) 

R 
(\ml + s)! 

nn2+1ml +1) 
» 

U n1n2 (R) = {-1) ne C (R) ...; (n1)! 
qm nqm (n2)1 

r(s+ 1)( lml> I -------, 
I'{s-n 2 +1) 

n2 lm\1 
--:::==:;.::;=.=~~:= )( 

...; 2 ...; (n1 + \mi)l (n2 + \mi)l 

x ~2~ )\m\ nl~n2 as )s -(n 
Rs 

r(m+S+1) r(s+1). /6.2/ 
s=O r(s+1-n2) 

~ccneAyeM Tenepb npeAellbHble CJ1y4aH. npH R-> oo, KaK 3TO Y*e 
0TMe48110Cb BbiWe, Cy~eCTByeT TaKoe 3Ha4eHHe S=D~,AJ1R KOTOporo 
f3n2=0.CornacHo /4.1a/ H /4.1a/ OTHOweHHea

8
/Rs a 3'tOM npeAene 

OTJ1H4HO OT HY1lfl, eCilH 0,:5 S ~ n~, TaK 4TO B CyMMe /6.2/ MaKCH
MailbHOe 3Ha4eHHe S MO*HO 3aMeHHTb Ha n2. no3TOMy, OOilb3YACb 
/4. 1a/ H /2.46/, BHAHM, 4TO OpH n2<n2 CyMMa B /6.2/ 06pa~aeTCA 
B H.)llllb, a OpH n' >n HMeeT MeCTO paeeHCTBO /a npeAeile R-> oo/. 

2- 2 

13 



r 

n1 n2 R ... oo (n1) I (n2 )1 (n l + lml>l (n 2 + lml>l 
Uqm (R) - ... y -:-;;----::-----=---

(n~ ) l(n ;>I (n 1 + lml>l (n 2+ lml>l 

ne 
(-1) X 

0~-02 
X I, (-1) I 

I"' 0 

1 

81 (n2 -n 2-s)l 

flerKo noKa3aTb, 4TO nocneAHee awpaiKeHHe MOJKeT npHHHMaTb 
acero AB8 3Ha4eHHR - Hynb H eAHHH~y, B 3aBHCHMOCTH OT Taro, 
D2>n2 HnH D2=ne• na3TOMY 

0 1°2 R-ooo 
Uqm (R) --... 6n'n 

PaccMOTpHM npeAen a...~H~ /4.5a/, /4.6a/ H /2.46/ cneAyeT, 4TO 
a 3TOM npeAene 

n1n2 & ... o 0 2+f+<m-lml>/2 (2h1)(f+lml)l(t -lml)l(n+Oin11 
U m (R)-(-1) ..; . 

q (n 1 + lml> I (n 2+1ml> I (n- t -1) I n 21 

X 

~, -n+f+1, f+1, 
L F I 

(2t +1)1(f-lml-n2)1 3 2 t -lml-n
2
+1, 

f-lrnl+1 

2t + 2 
11 I. 

Aanee, nonb3YRCb ~pMynaMH /5.4/ H /5.5/, nony4aeM 

X 

. n1n2 & ... o f+i+<m-lml)/2 (n-lml-1)1 (2t +1)(f+lrnl)l(n +lml)!(ng+lmi)! 
U m (R)- (-1) '1/ -·--'-'---'-~'--"""--"---'-'........._.,;..;. 

q lml! n11n 21(f-lml>!(n+t)I(W-1)1 

xF 1 -f+lml, f+lml+1,-n
2111

, 
8 2 

lml + 1, -n + lml + 1 

TO eCTb pe3ynbT8T pa60TW/?/. 
npH HCCneAOB8HHH npeAenbHWX nepeXOAOB B BOnHOBOH ~YHK~HH 

/1.2/ H Tp8HC~pMa~HOHHWX KO~H~HeHTOB Cy~eCTBeHHO HCnOnb-
30BanHCb ~pMynw /2.4a/ H /2.46/. npHBeAeM HX BWBOA• naACTaa
nRR B ycnOBHe HOpMHpOBKH BOnHOBOH ~YHK~HH /1.2/ pa3nOIKeHHR 
/2.1a/ H /2.16/, nony4HM 

2 4
m+ 1 R 3 1C (R)I 2 I 2 1+1~1+-t~ a ,b b , x 

nqm l,l',t,t' 1 1 t t 

x (II ml J I ml + 1 1 I ml + 1 J I ml ) • 1 ••' u' + sa' tt' ' 

rAe no BCeM HHAeKcaM CyMMHpqB~HHe BeAeTCR B npeAenax (0, n-lml-1), 
(O,n- lml-1), a 1lmi H JlmJ awpaJKaiOTCR 4epea awpoJK-
AeHHWe rHnepreoMeT8~4eCKHe ~~HK~HH 1'': 

lim! -r<lml + 8+ 8'+1)1/r<lml + 8+ 8'+1; 2lml+ 8+ 8'+2; 2R ), 
II D 

14 • 

J
lml _ 
tt' - r(iml+1)r(iml+t+t+12 F(lrnl+t+t'+1:2lml+t+t'+2:- ~R ). 

r(2lml +t+t'+2) 

nonb3YRCb aCHMnTOTHKaMH 3THX ~YHK~HH npH R ... OH R ... oo H ~OpMy
naMH /4.1/ H /4.5/, npHXOAHM K HCKOMWM pe3ynbTaTaM /2.4a/ H 
/2.46/. 

7. 4ACTHbiE CJ1Y4AH H TA611HUbl 

BeeAeM o603Ha4eHHe 
- fm fm 
W nq (R) = Wnq (R)/C nqm (R) • 

Ym 
TaK KaK TpaHC~OpMa~HOHHwe K03~H~HeHTW wnq(R) YAOBneTeo-

pRIOT ycnOBHIO 
n-1 e 
I (Wm) 2 =1, 

f = lml nq 
TO OTCIOAa nony4aeM YA06Hyl0 AnR Bbi4HcneHHR HOpMHpOB04HOH no
CTORHHOH ~OpMyny 

n-1 
c (R) = I I (W fm ) 2 I-·~ 

nqm f = lml nq 

npHBeAeM HeKOTOpWe 4aCTHWe peaynbTaTw: 

C lqO = y2, csq2 

~R. C2q1 = 16 Caq1 

j2 R2, 
848 

R A'+6 
= -(---) 

27 A'+ 4 

0 eqo =~<A:~>·~ 
2 v' 2 A'+ 1 ' 

0
sqo 

7 27 A ' 2 1 A' 2 -1.4 
=v-[1+--+---el · 

27 8 R 2 (A'-Hi) 

a2 
3Aecb A '=A---. ,l\oaeone.HHwe 3Ha4eHHR A H HOPMHpoeaHHwe c~e-

4n 2 

POHAanbHWe BOnHOBWe ~YHK~HH HMeiOT BHA 

"' _ 1 - : (~ + 71) A ' 0 
T 1qO - -- e ' = ' 

y7T 
R ic/J 

11'
2 1 

= ~ e -4(~+7l) v (~ 2-1)(1-712) -6
-, A'+ 2 .. 0, · 

q 18 ..;-;-

1 A'+ 2 1.4 _..!!_(' +71) A' R , , R2 
'~'2110 = -(--) e 4 [1+..!!.-(1+~71)--(~+71)],A (A +2)+-, 

4'1/-;" A'+ 1 2 4 4 

15 



Ta6nHQa 2 

Ta6nHQa I 

n m L W~(R) A' 
'' 

1 0 0 1 A' =0 

2 0 0 1 ( ~· +2 )'Yl 
A'(A'+2)=~ Ji' A + 1 

.@_ ( A' + 2 )'IJ. ' 4 
2 0 1 ,, 

R A1 4o1 

. . u "• "2. A' n m n2. -~m 

1 0 0 1 A' =0 

2 0 0 -c~ -tJ(~: :~ r/2 A'(A'+2)= ~ 
2 0 1 ( .t +.!)(W.)~ R 2 A +1 

2 1 0 1 ~'+2 = 0 
2 1 1 -1 A'+ 2 =0 

3 0 0 l 27 A'l. A'
2 }-~ 1 + 8 Rl + 2(A1+6)2.. A'(A'+ 2)(A'+6):: 

3 0 1 A' W{ 21' A'
2 

' ... 1'2. ~¥1(A'+4) R 8 1+8 R + 2(A'+6)~ 

3 0 2 ~{ 27 ,.... ,.2 r~ 
f+ 8 R'-+2(A'+~P· 

3 1 1 1 (A' +G)~ (A'+ 2XA' +6)::: - J2 A1+ 4 _ 
J2R .B_1 

3 1 2 - 6{A'+IJ'4(A'1-6)ft . 
= 9 

3 2 2 1 A'+6 =0 

3 0 0 ./J(A'-t4 3!){ 1-t?.Z A''-+ A"' r~ 2 K+6 - 2R 8 R2 2l'A'+Q2. A'(A'+ 2)(A'+') = 
3 0 0 ill{ ¥~ A''" r~ ::.¥-2{A'+4) A' +6 1 + R2 + Z(A'.,. 6)'1 

1(3~'+4 lA'~ 27f! A
1
7. }"* 3 D 2 2 A'+6 + 2R f.f. S R1 + 2"''+&Jl 

3 1 0 --{A (A'+2-t)(~·:~ t/z (A'+ 2)(A'+6) = 

_2_ (A'+l+ .B.){ A'+6 )V2 =~ 
3 1 1 9 2R 3 A'+4 

3 2 0 1 A'+' -= 0 ;.. 

R2 - ~<e + ,) e 2iq, 
'1'

3 2 = --e 6 <e- 2-1)(1-, 2 ) --, A'+8= 0, 
q 648 -

\ 7T 

R 
1 - 8 <e+,> 27 A ·2 1 A ·2 -~ 

'~'so=--e [1+-·-+- 1 x 
q y 27rr 8 R2 2 (A • +6)2 

'I' a A·+ a ~ - ! <e"', > ' -2---- --- ----\! · · 

3q1 =27<A'+
4

> e \(e-1)(1-,1 )x 

R A' A 'R R2 (A+ 8) 2 
x[l---<e+,)+ -(l+e,>- ---(l+eq)(e+q)+ -- --:!{e+,) + 

3 2 24 27 (A' +6) 

A' 2 1q, R
2 

x[1+ ---"t--(1+e,}--1L\~+I1>1 _!~-. IA't-t)(A'+6)= -'9--, 
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HanoMHHM, 4TO HHAeKc q HYMepyeT co6cTBeHH~e 3Ha4eHHR KOH
cT&HT~ pa3AeneHHR A H npo6eraeT 3H&4eHHR 1::; q S n -lml . 3nt 
C06CTBeHH~e 3Ha4eHHR onpeAenR~TCR H3 yp&BHeHHH, B~nHCBHH~X 
BMeCTe C BOnHOB~MH ~YHKI.IHRMH, npH~J'eM AnR HarnRAHOCTH BHA 
Tp&HC~pMai.IHOHH~X K03~H1.1HeHTOB ~q H U~~n2 B TeX me 43CT
HWX cny48RX /CM. Tafin.1 H 1/• 

3AKJ104EHHE 

noABeAeM Tenepb HTOrH. 8 pa6oTe p33BHTa T3K3R ~OpMa C~epoH
ABnbHOrO 3H&nH33 3TOM3 BOAOpoAa, npH KOTOpOH co6n~Aa~TCR 
ycnOBHR, AHKTyeM~e 1 ~PHH1.1HnOM COOTBeTCTBHR 11 Ha BCeX 3Tanax: 
yp&BHeHHR, peKyppeHTH~e COOTHOWeHHR, BOnHOB~e ~YHKI.IHH, Tp3HC
~OpM31.1HOHH~e K03~H1.1HeHT~ H T.A. nony4eHa 3KOHOMHaR B CM~Cne 
KOHKpeTHOrO C4eT3 ~OpMyna AnR HOpMHpOB04HOH KOHCTaHT~ H B~
BeAeH~ pa3nomeHHR C~epOHAanbHOH BOnHOBOH ~YHKI.IHH no C~epH4ec
KOMy H napa60nH4eCKOMy 6a3HCaM. 

CHcTeM&TH4ecKHH c~epOHA&nbH~H aHanH3 KynOHOBCKOH 3aAa4H 
AOnmeH 3aKn~4aTb a ce6e 1.1en~H KOMnneKc AOnonHHTenbH~X aonpo
coa. B HaCTOR~eH pa6oTe a 3TOM cM~cne CAenaH nHWb nepB~H war. 
CneAY~~HM 3TanoM AOnmeH 6~Tb Henpep~BH~H cneKTp. 

B 3&Kn~4eHHe HaM npHRTHO a~pa3HTb HCKpeHH~~ npH3HaTenbHOCTb 
COTPYAHHKaM OHRH, c KOTOP~MH o6cymAanHCb 3aTpoHyT~e 
a 3To~ pa6oTe aonpoc~. M~ oco6o 6naroAaPH~ fl.H.noHoMapeay, 
A.B.MaTaeeHKO, C.H.BHHHI.IKOMy H fl.H.CoMoay 3a HHTepec K AHC
KyCCHH H 3aMe4&HHR. M~ TaKme npH3HaTenbH~ H.B.KoMapoay, c 
KOTOP~M 3Ta pa6oTa o6cymAanacb Ha paHHHX ee 3Tanax. 
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HET nH nPOBEnOB B BAWEA BHBnHOTEKE? 
81>1 MOJI(eTe noJiyi!MTb no noi!Te nepei!MCJteHHble HMJI(e kHMrM, 

ecJIM OHM He fiblJIM 38k838Hbl paHee. 
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