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§ 1. BBEAEHHE 

B nocneAH~e rOA~ B CBA3~ C ycn ewH~M~ 3Kcnep~MeHTaM~ B aToMHo~ 
~ Me30aToMHo~ ~~3~Ke BeCbMa yc~n~ncA ~HTepec K HepenAT~B~cTCKO~ 
3aAa4e 0 AB~*eH~~ 3neKTpOHa D none AByX KynoHoBcK~X ~eHTpOB, 
pacnono*eHH~X Ha ~~Kc~pOBaHHoM paCCTORH~~ APyr OT APyra. 3Ta 
3aAa4a, 06W4HO Ha3~Ba eMaA 3aAa4e~ ABYX ~eHTpOB KBaHTOBO~ MexaH~

K~, B c~epo~AanbHo~ C~CTeMe KooPA~HaT CBOA~TCR K Ha xo*Ae H~~ 
co6cTBeHH~x 3Ha4eH~~ ~ co6CTBeHH~X ~YHK~~~ C~CTeM~ ypaBHeH~~/ 1-4/ : 

2 2 	 2 
2 a a RE 2 + m

(.; - 1) - 2 + 2 '; - - + - ( .; - 1)+ R Z .;- A - - 2 I II(n = 0, /1. 1a / a.; a.; 2 	 .;- 1 

2 2 	 2 
1- ( ) /( 1-1) ) -2 	 a - 21) - aRE+ -- (1 - 1)2) + RZ-1) + A -. --m :;: 1) - ° , /1. 16 

a1)2 a1) 2 1-1) 2 

a2 2[-+m]W(a ) _O, 	 /1.1B/ 
aa 2 

+1:;C;	 <oo , -1':;1)$+1. O~a <'.211, 

I n(+ 1) I < 00 I n(.., )I < "", I ::: ( ± 1) I -:. 	 ?< , 

3AeCb E - 3Hepr~R 3neKTpOHa, A - KOHCTaHTa pa3AeneH~R, m - Mar
H~THoe KBaHTOBoe 4~cno; Z+- Zl+ Z2. Z--Z2- Z 1 ; Z l' Z2 - 3apRAbi 
KynoHoBcK~X ~eHTpOB, R - paCCTORH~e Me*AY H~M~. C~CTeMa eA~H~~: 

t-m e -e-1. + 
np~ 3aAaHH~x napaM e Tpax R ~ ° . Z ;:: ° ~ °3aAa4Y /1.1/ MO*HO.Z 	 

pewaTb. B~4~cnRR co6cT BeHH~e 3Ha4 e H~R E- E j(R, Z+,Z-), A = 
= Aj (R, Z+, Z- ) ~ COOTBeTCTBY~lI\~e 11M c06CTBeHH~e ~YHK~VI~ n ( C;) = 
=n j(C;; R,Z+,Z'), :=(1))- :=(1) ; R,Z+,Z- ). 3TO 06~4HaR /wpe AI1HrepOBCKaR/ 
nOCTaHOBKa 3aAa4~. 3Ha4~H~R 3HeprVll1 E 3AeCb ~Me~T A~CKpeTHbI~ VI 
Henpep~BH~~ cneKTp~. np~ E < O peweH~R KnaCC~~~~~PY~TCR Ha6opaM~ 
c~ep~4 e CKI1X KBaHTOB~X 411cen j _ (N,L,m) I1n~ 3KB~BaneHTHO Ha60paMVI 
napa60n~4eCK~X KBaHTOBblX 4~cen T_(n l' n 2' m 1. Ben~4~H~ E j (R ,Z +, Z-)<i) 
Ha3~Ba~TCR T e pMaM~. PeweH~R Ta Ko ro T~na nonY4eH~ B HaCTORlI\ee Bpe

/ S 6 / MR Ha 	 3BM MHOr I1M ~ aBTOpaMI1 - , 

HapRAY C B~we~3no*eHHbIM B03MO*HbI APyr~e cnoco6bl peweHVlR Ha
3BaH HO~ 3aAa4~. Hanp~Me p, MO*HO 3aAaTb Ben~4~Hbl R~O, E .< ° . Z->-. ° 
B Ka4eCTBe napaMeTpOB ~ HaxOA~Tb c06CTBeHHwe 3Ha4eH~R z+ = 

--'It - St _
Z. j (R, E, Z ) , A _A j (R,E.Z ) ~ COOTBeTCTBY~lI\~e ~M co6cTBeHHble 
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St - _ _ SI 
Cl>YHK4V1V1 [J «() - 11 j C(; R, E, Z ) , := (1) -:= j (1) ;R,E,Z ). PelUeH Vle CVlCTeMbl 
11. la/-/1. 161 B 3TOM cnY4ae CBOAVITCA K peweHVI~ AB YX aaAa4 WTYPMa
flVlYBVlnnA, B KOTOP~X c06cTBeHH~e aHa4eHVlA HMe~T TonbKO AViCKpeT
H~e cneKTp~. TaKHe peweHHA aaAa4H 11 .1 1 HaaBaH~ WTYPMOBCKHMH pe
weHHAMH aaAa4V1 ABYX lleHTpoB / 'II. ~ x Ta KlKe MOlKHO KnaccHCI>H4V1pOBaTb 
Ha60 paMH cCI>epH4ecKHx HnH napa60nVl4 ecK Hx KBaHTOB~X 4V1 cen. 

3 TVI peweHVlA aHanorVl4Hbi paCCMaTpVl BaeMbiM B.A.CI>O KOM B/ 81 peWeHVI
AM HepenATV1BVlCTCKO~ aaAa4V1 C OAHHM KynoHoB cKHM 4eHTPOM , KOrAa 
n pVl aaAaHHO~ 3HeprHVI E < 0 OHa pewaeTCA KaK aaAa4a WT YPMa-flH YBVln
11A Ha c06CTBeHH~e aHa4eHVlA H c06CTBeHHble Cl>YH KllVlVl AVlCI>CI>epeH4V1anb
Horo onepaTopa, COOTBeTcTBy~~ero aapAAY 3Toro 4eHTpa. C06CTBeH
H~e aHa4eHVlA TaKoro onepaTopa VlMe~T nVlWb AHCKpeTH~~ cneKTp , 4TO 
VlrpaeT cy~ecTBeHHY~ ponb npH HcnonbaOBaHVlH ero c06CTBeHH~X Cl>YHK
4HH B paanH4H blX paanOlKeHH AX, npHMeHAeMbiX B aaAa4ax aTOMHO~ H 
MoneKYil ApHOH Cl>HaHKH. 

PaanOlKeHHA no CHCTeMe WTYPMOBCK HX c06CTBeHH~X Cl>YHKllVl~ aaAa4H 
ABYX 4eHTPOB TaKlKe COAeplKaT nVlWb AHCK peTH biA cneKT p, 4TO BeCbMa 
noneaHO, Hanp VlMe p , nt Vl paC4eTe 3neKTpOHHbiX COCTOA HVlA Mone KynAp
Horo HOHa BOAOPOAa/ 7 . Apy rHe npHMeHe HHA 3T ViX Cl>YHK~VlH, a TaKlKe 
HeKOTop~e CBAaaHH~e C HVlMH Bbl 4Hcn eHVl A npVlBe AeHbI B 7,9/ 

B TO IKe BpeMA WTYPMOBCKHe pe weHVlA aaAa 4V1 AB YX lleHTpOB Vlccne
AOBaH~ e~e HeAoCTa T04HO VI npaKTVl4eCKVI He B~4V1cneHbI. He Vl 3Y4eH~ 

HX aCVlMnTOTVl4eC KVle CBo~cTBa. He HaHAeHa CBAab MeIKAY cCI>epH4ecKHMH 
H napa60nH4e cK HMH KBaHTOBblMH 4 V1c naMVI AnA HVi X. He HccneAOBaHO VlX 
nOBeAeHVle KaK Cl>YHKllH~ OT R npH paanH4HblX aHa4eHVlAX j , Z- H paa
nVl4 HOM Bbl60pe 3HeprHH E I E_ E 0- const HnH E. fe R )1- COrrst I, H OT
CYTcTByeT anropHTM, n03BonA~~HH nonY4aTb 3TH peweH HA BO BceA 06
nac THO ~ R ~ •00 

B paOOTe pac cMaTpHBa~TCA HeKOTopble H3 3T Vi X BonpocOB. 
B §2 nonY4eH bI none 3 Hble np VI B~4HcneHHAX COOTHoweHHA AnA 

Z~ I (R,E, Z- ) ,A~t (R,E,Z - ) , A BnA~UlHeCA cneAcTBHeM MacwTa6HoA HH-
BapHa HTHOCTH CV1CTeMbl 11. 1 I. SI 

B §§3, 4 nOIlY4eHbi aCVlMnTOTH4eC KVle Cl>OP MY11bl A11 A ZJ (R, E, Z ) ,
SI 	 3

A j (R, E,Z- ) npH R .. 0 C T04H&CTblO AO 4Ile HOB OCR ) VI npH R -000 

C T04HOCTbIO AO 4neHOB O(l/R ) AIlA cIlY4aeB , KorAa 3He pr HA E pas
Ha Ka KOMY- nH60 Te pMY 3aAa4H ABYX lleH TpoB / E_ EJo (R, Z+, Z - )1 Vl IlH 
KOHCTaHTe j E .. Eo. coa st /. n pVI 3TOM npVl BeAeHbI BbmonHA~~HeCA AIlA 
WTypMOBC KHX pewe HVlH aaAa 4Vi 11.11 Cl>opMynbl ne pexoAa OT cCI>epH4ecKHx 
KBaHTOB~X 4Hc en K napa60nH4 ecKVlM. 

B §5 Vl3nOlKeH anro pHTM Bbl4 V1 cneHVlA Ha 3BM c06c TBeHHblx aHa4 eHVl A 
~t (R,E, Z- ) , A~I (R.E:, Z- ), c06c~~eHHblx cjJYHK4HM n~ I«( ;R,E.Z -), 
:= S l (n R E Z- ) H npm-13BOAHblX 0 Z JO jaR, aA SI jaR, n03BOJlA IOUl Vl H Ha xOAVlTb

J of ' 
0 

., J -12 - 14 
3TH BenH4 HHbI C OTHOCH TenbHoA no rpeW HO CTblOC - 10 +1 0 B 06naCTH 
o~ R < n pH 3Hep n1AX E < 0, COOTBeTCTBY~~HX HnH onpeAeneHHOMY Te pCoO 

My 	 aaAa4H AB YX 4eHTpOB, VlnVl KOHCTaHTe. 
C nOMO~b~ 3Toro anropVlTMa BnepBble B~4HcneH~ VI npeACTa BJleH~

SI 
B BHA € rpac»HKOB WTYPMOBCKHe c06CTBeHH~e aHa4e HHA Z J (R,E , Z ) 
ASI {R.E,Z- ) AnA Bcex COCTOAHHA C rnaBHblM KsaHTOBblM 4HcnOMN o~4 

J 

2 

npH paanH4HOM Bbl60pe BenH4HH E ,Z~ a TaKIKe npOH3BOAH~e 

azSt laR,aAs,1 laR AnA HeKOTopblX aHa4eHH~ j ,E Z-. 


§2. MACWTA5HAR ~HBAP~AHTHOCTb 

B cHny HHBapHaHTHocTH ypaBHeHHA II. II OTHocVlTenbHo oAHoBpe

MeHHoA aaMeHbl: 


R.. R. a, E .. E I a 2, Z+.. Z+la, Z .. Z -Ia . 12.11 

CYUlecTByeT MacwTa6HaA VlHBapHaHTHOCTb: 

Z S t ( R I 2 -I - 1 S I j ·a.Eta , Z a) - a Z j (R,E,Z ), 12.2al 
St (R 2 - SI ·a.E/a ,Z la)- Aj (R,E,Z ).A J 	 12.261 

rAe 0 < a < 00 • 

BcneAcTBHe 3Toro B cnY'lae Z - 0 , E _ Eo" corrst, MOlKHO BbI4V1C

nVlTb 2ft (R,Eo ,0) TonbKO npH KaKOM-T O OAHOM aHa4eHHVI Eo • HanpH

Mep, npH EO .. -2 13HeprVlA OCHOBHoro COCTOAHHA BOAopoAonoAoDHoro 

aTOMa C aapAAoM 2 I. npH Bcex APyrVlx Eo--2a 2 HMeeM 


St 2 St
ZJ 	 (R,-2a ,O)_aZj (R'a.-2.0). 12.3al 

S, 
Aj (R.EO'O ) npH 3TOM B~palKaeTCA 4epea KOHcTaHTY paaAeneHHA cnn~c
HYT~X cCI>epoHAanbHblX Cl>YHK4H~/4.10/ H B cHny 12.261 paBHa 

SI 2 SI 
0A 1 rR.-2a .0)2 It J (R·a ,-2.0). 	 12.361 

° 

EcnH B paBeHCTBe 12.3al nonOIKHTb a _ (-E/2) II,-, rAe Ej_E/R, +, 0),
TO nonY4HM 

SI 	 II, SI II,
Z j 	 (R.E j ,0 ) -(-E /2) Z j (R(-E j /2), -2,0). 12.41 

Y4HTbIBaA, 4TO 

SI + 
Zj 	(R,Ej.Oh Z 

12.51 

HaxoAHM 

SI '/2 	 'l2 +2 j 	 (R(-E j /2) ,-2,0) _ (-2lE
j

) 2 . 12.61 

AHanorH4HblM 06paaoM MOlKHO nonY4HTb, 'lTO npH Z- I. 0 


SI '.I, 'I, 'I, +

Zj(R(-E j / 2). -2.(-2lE j ) Z-)_(-2/ E ) Z 

j	 12.71 

rAe Ej-E j( R , Z +,Z - ). 
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COOTHoweHHH (2.3/, /2.6/, /2.7/ none3H~ KaK AnH HaxO*AeHHH 
z~t (R.E. Z-) ,A~ (R.E.Z- ) npH H3BeCTHbiX R , Z + , Z- ,E j. TaK H AnH 
KOHTponH B~4HcneHH~. 

§3. A01MnTOH1KA npJ.1 R ... 0 

npOH3BeAeM B /1. 1a/ 3aMeHY nepeMeHHo~ x_ .fR. npH R ... 0 nonY4eH
Hoe ypaBHeHHe nepeXOAHT B y paBHeHHe AnH paAHanbHO~ BonHOBO~ $YHK
4HH BOAopOAonOA06Horo aTOMa C 3apHAOM z+ . Z ~t(O.E. Z- ) B c$epw 
4eCKO~ CHCTeMe KOOPAHHaT, a / 1. 16/ - B ypaBHeHHe AnH npHcoeAHHeH
HblX nonHHOMOB ne*aHApa. TaK KaK 4Hcno Hyne~ $YHK4H~ 'nr(';;R.E,Z-) 
H ~~t ( .,.,; R. E , Z- ) He Mo*eT H3MeHHTbCH C H3MeHeHHeM R. cneAOBaTenb

HO, 

k. nr • q • L - I mi· 	 /3.1/ 

St 	 _ St 
3Aecb k - 4Hcno Hynei1 'n j (.;; R. E • Z ), q - 4Hcno Hyne~ C j (.,.,;R.E .Z) . 

nr ,L , m - c$epH4ecKHe KBaHTOB~e 4Hcna BOAopoAonoA06Horo 
aTOMa C 3apHAoM Z~t(O.E. Z-). n r - paAHanbHoe, L- a3HMyTanbHoe, 
m - MarHHTHoe KBaHTOB~e 4Hcna COOTBeTCTBeHHO. 


rnaBHoe KBaHTOBoe 4Hcno 3Toro aTOMa paBHO 


N-nr+L+l-k+q+-lml+1. 	 13 .2/ 

npH Bcex R , Z-, j HMeeM 

St 
E .Ej(R,Z j (R.E.Z-).Z ). 	 /3.3a/ 

St - St __ 
Aj (R.E .Z ) .Aj(R,Z j (R.E ,Z ) ,Z ) . /3.36/ 

St 
npeAcTaBHM Z ' (R .E.Z ) npH R ... 0 B BHAe 

J 
S t _ (0) (2) 2 3 

Zj (R.E.Z ) . Z j + Z j R + O(R ). 13.4/ 

+ 
J.1cnonb3YH /3.4/ H aCHMnTOTH4eCKo e Bblpa*eHHe AnH E j(R.Z .Z ) npH 

R-+a 2,II<nPHpaBHHeM B paBeHCTBe /3. 3a/ 4neHbi C OAHHaKOB~MH CTene-
HHMH R. npH E _ Eo- const nonY4aeM 

2 
St _ ,-- 2EoN + ( Z- )2 2 :\ 

Zj (R.Eo.Z ) - N ; -2E o (1 - ALmR )+O(R). /3.5/ 
, R-+O 16N 

3AeCb 

3 28 _______8___ (_~____ 1) • L .;. O. 
A

oo -3' 1\m (4L2-1)(2L +3) L(L+1) 

4 

+ - .
B cnY4ae E.Ej (R.2.Z ). rAe Jo.(No.Lo.m ) ' aHanorH4H~M 06paoo

30M HaxoAHM 

2 ' St 	 + -!-(N(z"') 2 _ (2~ )2)~_mR2z+2 j ( R.E j .2-). NZ 
16N-- o 	 R ... O No N 2 

o o 13 .6/ 
2 -) 2. 2 + 3 

«Z+) -(2 . ) NAL m R Z +O(R ). 

16 N 2 0 0 
o 

+ -.. 
J.1cnonb3YH /3.36/ H COOTBeTCTBY~~y~ aCHMnTOTHKY A (R.Z .Z ) npH 


R _.O/1 2< nonY4aeM J 


St _ 2 2 <) 2 
A j (R.E.Z ): L (L+1)- ~..l~I.1±1lt.I1L':!)+ ~2L..::!~~- rR_A ' 4 

R 0 (2L +3)(2L-1) 16 LillO (R ). 

13.7/ 
3Ta $opMyna BblnonHHeTCR KaK B cnY4ae E_ Eo- conSl.TaK H AnR E = 

E j (R, Z +. z- ). 
o 

§4. ACJ.1MnTOTJ.1KA npJ.1 R.~ 

nepe~AeM B /1. 1a/ K nepeMeHHo~ /· -({-l)R. a B /1.16/ - K nepe
MeHHO~ J1-(1+'1)R /HnH K /,.(l-f/ JR /. npH R +" nonY4eHHbie ypaB
HeHHR nepeXOART B ypaBHeHHR AnR BonHOB~X $YHK4H~ BOAopoAonoA06

HblX aTOMOB C 3apRAaMH 21-(Z;' (,,-.E.Z-)-Z).' 2f1nH Z2-(2~1~,E.2-).;.Z-)/2/ 
B napa60nH4eCKO~ CHCTeMe KOOPAHHaT. C06CTBeHH~e 3Ha4eHHR Z~~R.E.2~ 

S, 
npH 3TOM 06pa3Y~T ABe cepHH: eZ l-cepH~, KorAa Z J (,,-.E.2 )= 

- $1 _ 
= nv' -2E ~ Z ,H e2 2 -cepH~, KorAa 2 , (-... .E.2 )_ n", -2E -Z , 3Aecb: 

, .J ~ 

n - 11 I + n2 + m + ,n ' - n'l + n '2 ... m ;. 1 ; n 1 ' n 2 ' m H n 'I ,n 2 
III - Ha60pbl napa60nH4eCKHX KBaHTOBblX 4Hcen BOAopOAonOA06HbiX aTO-

MOB C 3apRAaMH 2 1 H Z 2 cooTBeTcTBeHHo; m -1 m!. 

Eo, ecnH E _Eo- con sl. 

E 


ox 
{ + -	 ~E 

.10 
("'- .Z .Z). ecnH E_E" (R,Z ,Z J. 

,0 

npHpaBHHBaR UHcno Hyne~ (jJYHK4H~ II ~l (f:- R.E .2-) ,:= ~\'1; R ,E.2 
npH R ... 0 H R ... ,., H nOBTopRR aHanH3 pa60Tbi 2/,nonY4aeM, 4TO BblnonHR~
~HeCH AnR wpeAHHrepOBCKHX peweHH~ 3aAa4H /1 .1/ $opMyn~ nepexoAa 
OT c¢epH4ecKHx KBaHTOBblX 4Hcen N, L ,m K napa60nH4ecKHM n 1 ' 
Ill? ,m /HnH n; ,n '2 ' m / OCTa~TCR cnpaBeAnHBblMH H B cnY4ae 
WTYPMOBCKHX peweHH~ 3TO~ 3aAa4H, ecnH B Ha3BaHHbiX ¢opMynax npOH3
BeCTH 3aMeHY: 
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- AilFt eZ 1 - CepvH1,n / Z 1 -+ 1/ J - 2E "" ' 

- AilFt eZ2- cepl1l1.n' / Z2--+ 1 \11 -2E "" 

TaKI1M o6pa30M, AilFt eZ 1-cepl1l1 I1MeeM: 

112 - 112 .' C-2E",,) = l.\eI10MY 411cny,2n2 +m+ z , "C -2Eoo) ,eCI111 Z 
._ 112 /4.1/L% - liz{	 Z /C-2EJ ~ L\eI10MY 4V1CI1Y,n + m+ 1 + Ent(n + Z / C-2E;,., ) ) ,ecnl1

22 

N % n1 f " L + 1 , n = n 1+ n 2 + m+ 1 . 

Wm eZ 2 -cepl1l1: 

." liz 

n,'+ m, eC:I111 n 2< Z /C-2E ) 


L ~ ~ 	 00 
" ." 1/2

{ nZ+ m+1+Ent (11 2-Z - .' (-2F:.., )IIz) , ecnl1 n ;?, Z /( -2E oc ) • /4.2/ 

N = 11 ; + L + 1, n'= n '1 + n&+ m,. 1. 

ECI111 Z - =O, $OpMyI1~ /4.1/ 11 /4.2/ cOBnaAaOT C COOTBeTcTByo~I1MI1 

¢opMynaMI1 AnFt WpeAI1 Hr epOBCKI1X peWeHI1~ 3aAa411 /1 .1/, OTBe4aO~I1X 
eZI 11 eZ2 TepMaM. npl1 3TOM /4.1/ COOTBeTcTByeT 4eTH~M yrnoB~M 

CPYHKl.\VlFtM :=~ t Cl7 ; R,E,Z') , a /4.2/ - He4eTHbIM. 
npeACTaBI1M z~t CR.E,Z-) npl~ R ' . 00 B 811Ae 

SI - (0) ( 1) , ( 2) 2 . 3 	 4
Zj (R,E,Z )=Zj +Zj ,R+Z j /R +O(l ( R). / .3/ 

+ 
nOACTaBI1M 3TO Bblpa)t{eH l1e VI aCI1MnTOTI14eCKoe 3Ha4eHI1e E j (R . Z • Z ) 

npl1 R.. ~/3,4 / B /3.3a/ VI npl1paBHFteM 4neHbi C paBHblMI1 CTeneHFtMV! R. 


npl1 E= Eo'" canst n0I1Y4aeM 

SI liz 2n2 2nZ 

Z j (R,E o 'Z ) '" 2n(-2Eo ) ± Z -Ii + 
R( - 2E;0 1/2 - 

R .. ov 
/4.4/ 

n - 2 2 - liz 3
-2 J( Z ) ,.2Eo (3n'-'ln)+ MZ (-2Eo) l+O(l/R), 
R ( - 2%) 2 

r Ae ~ - n 1- 11 2 ' 	 + ++ -	 - - 2 2 
B cnY4ae E . E jo(R ,Z ,2 ) ,Ejo(<><'Z I Z ) _-(Z - Z )1C8n o) 


fb • B\ .""t1 ~ ~ n( ' ,. 1. aHanor 114 HblM o6pa 30M HaXOAI1M 


SL - 2n 2n110 Z 2 2 - n 

Z " (R . E j ,Z ) ,. -- Z 1 ± Z + --- ( - - - - -)+


J 0 R--+""n R 2 1 + Z 1 no 
o 

6 

22nno 3 Z 2 3 Z- n n~ Z 2 + Z 2 
+ ---[-(n6---noL'l0) ± - L'lru-::- +- - - ( ) J. /4.5/ 

ZI R 2 2 Z 1 2 Z I 2 2 Z 1 

+ - + 
3Aecb ZI- (2 -Z )/2, 2 -(Z + Z )l2, 1I05n'1 -n"2 ' 

OEcnl1 EjoC"",Z"';2)-- ( Z~+Z)/C8no2), rAe no-noi-'-n'2' + m ' +- I, 
TO B /4.5/ cneAyeT np0 l13BeCTI1 3aMeHY: no--+ no ,nol --+ n '1' ,n '2 . n

r
; , 

m° --+ me' ,60 --+ 6 0- nO{ - n02' 11 nOMeHFtTb MeCTaMI1 Z 1 11 Z2' -'
C Y4eTOM /3.36/ 11 aCI1MnTOTI14eCKOro B~pa)t{ eHI1 Ft AnFt Aj( R, Z , 2-) 

npV! R--+~2,4/ nonY4aeM 

SI -	 1 2 2 1 2 2
A j (R,E,2 ) _ 2p(s+,8) - (s,8+ - (s + 1-m )) - - (S( s + 1-01 1+ 


R--+ "" 2 8 p 


2 2, 2 1 4 2 2 2 22 
+ 	 (3s d-01 J{.i + 2s,8 ) +-64" 2( -5S -lOs +6s m -(l-m l .. /4.6/ 

p 

') 2 2 ') 2:) "1 
- (20s-+20 -12m )s{-3 - (24s -'- 8(1-1ll-»)f-! - 8s{3 1 + O(1!p' l , 

II, V:, 
rAe s - 2 n2 +m+ 1 ,(1- ± Z- '( - 2E ) ,p_(R(-2E) ' )/2 E- Eo·(:onsl 

V!IlI1 E - E jo ( R , 2+ ,2 - ) . 
Bepx HI1~ 3HaK B cpopMyilaX /4.4/-/4.6/ cnpaBeAnl1B AIlFt PZI -ce

PI1I1, HI1)t{HI1~ - AIlFt eZz-cepl1l1. B nocneAHeM cIly4ae B 3TI1X cpopMynax 

Hy)t{HO CAenaTb 3aMeHY: n -.n',n l . n ; . Il :! ' n~. J\--+" ' -n;-n ~ . 

§5. AnrOP~TM B~4~CnEH~~ 

npl1 B~4I1Cn eH I1I1 WTYPMOBCKI1X peweHI1~ 3aAa411 ABY X l.\ eH Tp08 I1CnOnb
3yeM AnFt CPYHKl.\I1~ II SI (c ;R,E ,Z- ) pa3no)t{eHl1e / l :l/

J " 

St - 2 ~ ';+1" -P(~-1)-:, '- 1 I' 
II " (.; R , E • Z ) - ( c - 1) 2 ( -- ) e 2. A"d--) , /5.1/

J 	 " 2 /'.0 I .; " 1 

rAe 

SI 
SI SI _RZ j _ m -1 , R 

0 - --- p - - -2E. Z .i - Z .i (R,E ,Z ).
2p 	 2 

K03CPCPI1l.\l1eHT~ Ar YAOBileTBOpFtOT peKyppeHTH~M COOTHOWeHI1FtM 

"rAp+t+f3rAr -<- YrAp_t- 0, A.I-O, Ao ·l. P -l,2 ... , 

Dy - (P+l)(P + ffi+1). ,8y - 2P 	 (p +2p-a ) -2pa- Aj 
SI 

-(ffi+1)(m+a), /5.2/ 

ASI _ A SI (R.E. Z- ) .Yr - (P -l-~ )(P -m-l-a ); 
J J 

7 



/4 H3 /5.2/ cneAyeT, 4TO N k+1 paSHa TaK*e KOHeYHoi1 APo6V1 
- _St C R E -) - ° Vlcnonb3yeM pa3no*eHVle ,WIAnA ¢YHKL\vH1 c: j '7; ••Z npVl Z 

Y uk_·1/5.3/ _k~_ /5.7/~ m 
Yk-1 Q k-2

;=:St ( I];R.E.Z~) "'o l BpP2£ +m+ oC '7) ' NkH .-bo"P k -" -(:\'1 - Y2 a 1 
J , -0 Yl ao_Pk - 2 P1 

Po 
O. ecnVl L-m. 2n ; npV1paSHVlsaA /5.6/ V1 /5.7/, nonYYaeM 

0 - ){ 1. ecnVl L-m_2n+1; n.O.1.2 ... 
a 1 a z a 3 /5.8/'"' 0, 

U 1 '" bo+ ~+ b 2+ b3 + 
a npVl Z-' ~O- pa3no*eHVlA / 14/ 

rAe- p (1+'7) ~ C pm C'7)' -1~'7.$0. 

e p.O P P+m 


_ St P h n u k+n-l Y k+o Pk+ 1 b , n _ 2 .3 ...c: j ( '7 ; R.E.Z ) '"' /5.4/ Qk Y k+ L . 
;'II: - --------- ta =- ----- a b 1

n 0 0 - Ok+l • Ok 1. 11{ ) "" ~ III ,- P (1-'7 L C P ( '7), 0:::'7$ '.1. 1 o k + 1 k~n-l k+n 
e 0 r P+ m 

r.-O 

TaK KaK K03¢¢V14V1eHTbI Ap cooTseTcTSYIOT MV1HV1ManbHoMY, CXOAAll\e
m3Aecb _Pp (I]) - npVlcoeAVlHeHHble nonVlHOMbl ne*aHApa. K03cjl¢VlL\V1e HTbl Bp , MYCA npVl p~oo peweHVlIO KOHeYHO-pa3HOcTHOro ypasHeHVlA /5 .2 /,APo6b

Cp ,Cr YAosneTsopAIOT Tpex4neHHbiM peKyppeHTHbiM CooTHoweHVlAM/4,1~ .14 1 
/5.8/ CXOAVITCA ' 13/ . 5, i i -I i 

B cnY4ae, KorAa 3He prVlA E paSHa KaKoMy-nVl60 TepMY Ej (R Z+.Z) npeAcTasV1M 3Ty APo6b S TOYKaX Z j - Z j ( R) .. Z j (R) + /l,Z j' rAe 

3aAa4V1 ASYX L\eHTpos, SblYVlCnAeM cHa4ana c nOMOll\blO anrOPVlT~a lSI 


+ - + - i -1,2 ... , S sVlAe
c06cTseHHbie 3HayeHVlA E io (R.Z .Z ) , A j (R.Z.Z ) S 06bIYH0i1 /wpe

AVlHreposcKoi1/ nOCTaHOSKe 3T0i1 3aAa4~. St - . 
3aTeM, ecnVl L-Lo' m- mO VI, cneAosaTenbHo, Aj (R.E.Z ) cosna- I i-I au 1 /5.9/) + (--L St i-I . I\ Z j .0.Ul ( Z j )~Ul ( ZjAaeT c Hai1AeHHbIM 3Ha4eHVleM .A . ( R.Z~Z);HaXoAVlM Z St(R .E J' ,Z -).AnA az~t Z j '"' Z jJO /) 0 

3Toro MeToAoM, aHanOrVlYHblM MeTOAY nV1HeapV13a4V1V1 15 ,MV1HV1MV13V1PyeM 
a6conIOTHoe 3Ha4eHV1e k pa3 06epHYToi1 L\enHoi1 AP06V1, cooTseTcTsylO npVl Ka*AoM i npVlpall\eHVle 6Z ~ paSHO 
ll\ei1 pa3no*eHV11O /5.1/. 

BSOAV1M senV14V1HY . i - I aUl) i-I' /5.10/
6Z 'j '"' -U I ( Z j )/ (--St Z'Sl. Z ).k _ N-L-1. /5.5/N k + 1 _-Q"Ak+1/ A k' aZ 'j . ) 

St 
Hcnonb3YA COOTHoweHVlA /5. 2/ , nonyYaeM, YTO N k+ 1 MO*HO npeA- np ." i _ 1,2... senVl4."HbI U 1 ,aul /aZ j ,BblYVlCnAeM nocneAosaTenbHO 

Cra SVlTb S sVlAe 6eCKOHeYHoi1 4enHoi1 AP06.,, : Z l' - Z ij-l(R) . Heo6xoA."Mble AnA 3Toro 
aUl/aAT' ,au l / ap S TOYKaX 

np." R..:;. R1 , R 2 • rAeHayanbHble npVl6n.,, *eHVlA Z1( R) 
a k+ 2 Y k+3( a k.Yk+1 (!...!!.i1Y k+ 2. _) ( + - /5.11 /Z'"' max ( Z • Z . 1). 


N ------ /5.6/ 

ok+ 1 ° k+1 0 k+2 0 k+ 2 0 k +3 R 1< R 2 .::; iN' /Z . 

k+ 1 P k+ 2 P k+ 3 ) _ .. , nonaraeM paSHblMVI aC."MnTOT."yeCK."M 3Ha y e HV1AM /3.6/. / ~ /(P k+ 1 )- ) 
Ap06b U npV1 3TOM Sbl4."cnAeM C nOMOll\blO paseHCTsaok+2 ok~.3ok+ 1 1~ 
 6 n

MHO*."Tenb ok'"' (N +k) (N ~ k + 1) He MeHAeT senV14V1HY Nk+ 1 V1 SSO- /5.12/
U 1 - lim :B n 


AV1TCA 3Aecb AnA Vl36e*aHVlA 60nbW V1X npOMe*yT04HblX YV1Cen. 0""'" 
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rAe 

6 ,. 1. 60 - bo • 6n", bi, 6 n _ 1 + a n6 n- 2-I 
/5.13/ 

~ .0. ~0 .1. ~ • b ~ 1 + a 'l3 n _ 2 •n n n- rr- I 

a npol13BogHbie aU I/aR,aUI /J p ,aUll'a A~ t - C nOMO~bD aHanI1TI14eCKO
ro AI1$$epeH4I1pOBaHl1fl COOTHOWeHI1~ /5.12/, /5.13/. 3aMeTI1M, 4TO 

au! R au I 
(-)-. 

aZ s, zs, aR 
j J 

npogon~aeM np04ecc I1TepVlpOBaHl1fl go Tex nop, nOKa He 6YAYT B~
nonHflTbCfl ycnoBl1fl 

, 

i i- I tlZ 


I __J 1 <,lUI ( Z j )15 1U ! ( Z j ) 1 ' /5.14/Z'. 
J 

BenVl411Ha norpeWHOCTI1 / 3ac?aHa 3apa~ee. _ _ 
Co6CTBeHHoe 3Ha4eHI1e Z -. I(R.E J· ,Z ), Hal1geHHoe C OTHOCI1TenbHOI1 

J 0 
norpeWHOCTblO" TaKI1M 06pa30M paBHO 

S, - i 

Z j ( R, E jo • Z ),. Z j ( R). 


.'-', 
~cnonb3yeM~e B pflAe npl-1nO~eHI1~ npol13BogH~e a Z j ,~ R Haxogl1M, 

gl1$$epeH4I1pYfl UI KaK HeflBHYIO $YHK4111O OT R. ~MeeM 

az s, ~I 

J au! aUl ,!Aj au I ap DU ! - ! 
- (-+--.-- + -_. -)(--. ),a-R - aR aA'" DR ap aR , /5.15/az s 

J J 

. <;, 
np0l13BOLlHble aA . /aR, ap / a R Ha~geHbI npegBapl1TenbHO C nOMO~blO an, 16 1 J 
rOpl1TMa · " 

npl1 nOcnel-\YIO~Vl x R.Rr > R p_l'> Rp_2' rAe P.3.4 ... , Ha4anbHble npl1
6nl1~eHl1fl Zj(Rr) 3aAaeM nocne Bbl411CneHI1fl C He06xogl1Mo~ T04HOCTblO 

z~' (R.Ejo.Z- ) , a Z~'/aR npl1 npeAblgy~l1x 3 Ha4eHI1flX R.R"_I.RI'_ ~ 
Hcnonb3Yfl I1 X , I1MeeM 

5, 
Sl az 


Zt ( Rp). Zj (R p_ ,Ejo'Z ) + (_J) . (Rp - R ) +

I aR R. R I' _ ! P - I 

S Sl 2 /5.16/
az , (Rr-R p_ )l+ 1.. [ (.::....:.L) -(~) l------. 


2 aR R_R f -l aR R_R P-2 (R p_ -R p _ )

l 2 

10 

Ecnl1 R ::, R",, _ 10 NlZ, B Ka4eCTBe Zj (R) npl1MeHfleM aCI1MnTOH14eCKOe 
3Ha4eHI1e /4.5/. 

~anee np04ecc I1Tepl1pOBaHl1fl npl1 Bcex R> R 2 npoAon~aeTCfl TaK ~e, 
KaK 11 npl1 R ~ R} ,R2. nOKa He 6YAYT BblnOnHeHbl ycnOBl1fl /5.14/. 

Ecnl1 3Heprl1fl E paBHa KOHCTaHTe Eo I1nl1 KaKoMy-nl160 Ha~AeHHoMY 
npeABapl1TenbHO TepMY E io (R.Z + , Z- ) 3aAa411 ABYX 4eHTPOB, HO npVl 
3TOM 01;' 010 I1nl1 L f. L o. I1nl1 OAHOB peMeHHO m " 01 0 , L .j. Lo. TO CHa 4ana 
113 yrnoBoro ypaBHeHl1fl /1 .16/ B~4l1cnfleM c06CTBeHH~e 3Ha4eHVlfl - . SI ,. 
ASl (R .E .Z-) VI np0I13BOAH~e aA i f aR. Anfl 3Toro MeTOAOM, aHanOrl14
HJM 113no*eHHOMY B~we, MVlHI1MI1311pyeM a6conDTHoe 3Ha4eHI1e q pa3 
06epHyTo~ 4enHO~ AP0611 U ? COOTBeTCTBYD~e~ pa3no*eHI1D /5.3/, ecnl1 
z-.O. I1nl1 /5.4/, ecnl1 i-.;. O. 

B 06naCTI1 R ~ R I , R 2 B Ka4eCTBe Ha4anbHoro npl16nl1~eHl1fl Anfl 

'\~ ' ( R,E .Z- ) npl1MeHfleM aCI1MnTOTI1KY /3.7/, a npl1 R-R f> R e •• t '> R p_ 2' 
rAe P. 3.4 .... l1cnonb3yeM KBaApaTI14HyD I1HTepnonfl4V11O Tl1na /5.16/. 
B cnY4ae R::. Roo nonb3yeMcfl aCI1MnT OT I1KO~ /4.6/. 

B OCTanbHOM Bbl411CneHI1e AS. (R.E .Z - ) 11 aAS
. ' j a R nonHOCTblO nOA06HO 

, 1- , J J 
B~4V1cneHVlD B ' KOHCTaHT~ pa3AeneHI1fl nonl1c~epOI1AanbH~x nepl1oAI1
4eCK I1X ~YHK411~ VI ee np0I13BOAHO~. . SS, _ . I . 

Aanee npl1 Ha~AeHHbIX/ . (R.E .Z ) . • a~ j / aR 113 pagl1anbHoro ypaB
HeHl1fl /1. 1a/ Haxogl1M Z ,] (R.E.Z-) • aZr?a R npegcTaBneHHblM Bblwe 
cnoc060M. EcnVl E. E o . canst . B Ka4eCT Be Ha4anbHoro npl16nl1~ eHl1 fl 

Zj(R) npl1 R ~ R} , R 2 I1cnonb3yeM aCI1MnTOH1KY /3.5/, a ecnl1 E 
= E jo (R,Z "" ,Z""). - aCI1MnTOTI1KY 13.6/. npl1 R,.Rp> R p_l ') R p_2' 
rge P,. 3.4 .• gnfl Bbl411 Cne HI1fl ZJO( Rr. ) npl1MeHfleM ~opMyny /5.16/, a npl1 

R~ Roc - ~opMynbl /4.4/ I1nl1 /4.5/. 5 
C06cTBeHHbie ~YHK41-1:~ n ~l (.;;R. E .Z- ) , := j ' (1) ; R.E, Z -) Bbl4l1cnfleM, 

CYMMI1PYfl C He06xOAI1MO~ T04HOCTblO pflg~ /5.1/, /5.3/, /5.4/. K03~
~11411eHTbl pa3nO~eHI1~ B 3TI1X pflAax Haxogl1M C nOMO~blO cnoc06a, npVl
MeHfleMoro 8 ' !7 1 gnfl Haxo~geHl1fl COOTBeTcTBylO~I1X K03~~114I1eHTOB pa3

nO~eHI1~ B TeOp1111 nonl1c~epol1ganbH~x nepl1ogl14ecKI1X ~YHK4V1~. 

§6. 06CYmAEH~E PE3ynbTATOB 

~3no~eHH~~ anrOpl1TM peanl130BaH B BHAe nporpaMMbI Ha fl3b1Ke $OpT

paH (CDC-5500~O H n03BonfleT B~'4I1cnflTb WTYPMOBC Kl1e.f.?ew e~l1fl 3aga411 
gBYX 4eHTpoB C OTHOCI1TenbHOI1 norpewHoc TblO / - 10 -"'10 14 npH cpaB
HI1TenbHO Man~x 3aTpaTa x MaWI1HHOrO BpeMeHH. npaKTI1 4eCKI1 BpeMfl B~

411CneHI1R .:'aPbl WTypMOBCKI1X c06CTBeHHbiX 3Ha4eHHI::i Z f' ( R,E.Z- ) , 
ASI (R,E,Z) C nOMo~blO 3Toro anrOp l1TMa n pHMepHO paBHO BpeMeHY1 

J !6!
B~411CneHl1fl C nOMO~blO anrOpl1TMa . nap~ wpegl1Hrepo BC KI1X c06CTBeH
HblX 3Ha4eHI1i1 E .( R. Z +. Z -). A / R. Z+,Z -). " 5 

KaK nOKa3b'BakT on bi T BbI4I1cne HHi1, 3 Ha4eHI1fl Z j I (R ,E,Z- ) ,A j 'C R, E.Zl , 

nonY 4e HHble no aCI1MnTO TH 4eC KI1M $opMy naM / 3.5/ -/3. 7/ npl1 R~O.COB
-1 2

naAalOT C cooTBeTcTBylO~HMI1 3Ha4eHI1f1MI1, nonY4 e HH b'~1\1 npl1 ( ,. 10 
Ha 3BM, B cnY4ae N,L~5. RZ- O,O l - C T04HOCTblO go 0,00 1%, a B 

cnY4ae N.L~5. R Z-O,l - C T04HOCTblO go 1 ~ . 

II 
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ZSI 
J 

r -fl- - R-

PYlc.4 

ACI1MnTOH14eCKI1e cpopMynbl £4.4/-/4.6/ npl1 R-+oo AalOT npaBl1nb
Hble 3Ha4eHI1F1 zSt (R,E,Z- ) , ,\ t (R,E,Z -) AnFl N,L S, 5, RZ -7+1 0 C T04

HOCTblO AO 1%, ~ AJlFl N,L ~ 5: RZ - 15';-20 - C T04HOCTbIO AO 
0,1';-0,01 %. 

B~4I1cneHH~e C nOMO~blO KBaApaTI14HoA I1HTepnonFl41111 /5.16/ Ha4anb
H~e npI16nl1*eHI1F1 Z~~ OTnl14alOTCFI OT T04H~X 3Ha4eHI1A I1CKOMOA Benl1
411Hbl Z yt (R,E.Z- ) npl1 ware ~R_ R P - RP_I 5: O,l/Z Ha Aonl1 np04eHTa. 
AHanOrl14HO BeAYT ce6F1 B~4I1cneHH~e nOAo6H~M o6pa30M Ha4anbH~e 

St 
npI16nl1*eHI1F1 AnFl ,\ j (R,E , Z ). TaKoA Bbl60p Ha4anbHbiX npl16nl1*eHI1A 
06ecne411BaeT YCToA411BOCTb I1cnonb3yeMoro I1Tepall110HHOrO npo4ecca 
80 8ceA 06naCTI1 O<R <0011 npeAoxpaHFleT OT Haxo*AeHI1F1 nO*HbIX MI1HI1
MYMOBI1 nepeCKOKOB Ha coceAHl1e 6nl13KO pacnono*eHH~e KpI18~e . 

Ha pl1c . 1- 10 npeACTaBneH~ B~ 4I1cneHH~e C nOMo~blOpa3BI1TOrO an
ropl1TMa zIt (R,E . Z -), ,\ s! (R,E,Z - ) 11 I1X np0l1 3BOAHbie az jS! /a R , 
a,\St jaR npl1 pa3nl14H~xJ 3Ha4eHI1F1X j , E • Z -. Kpl18ble Ha pl1c.1-7 

Kn~ccl1cpl14l1PylOTcFI 3Ha4eHI1F1MI1 NL m. a Ha Pl1c.8-10 - 3Ha4eHI1F1MI1 Lm. 
npl1 3TOM B COOTBeTCT Bl111 C CI1MBOnI1KOA, npl1HFlTOH B KBaHT080A Me
xaHI1Ke , COCTOFlHI1F1 C L .. 0 , 1 , 2 , 3 0603Ha4alOTCFI KaK S , P , d, f. 
a COCTOFlHI1F1 cm-0,1, 2. 3 - KaK a, T7 ,0, ¢ COOTBeTCTBeHHO. 

npl1 BeAeHHble Ha pl1c.1,2 Zyt(R. ' E,Z-), az~ t/aR COOTBeTcTBylOT 
cnY4alO E .. -2 , Z - .. O. KaK BI1AI1M, o6~ee nOBeAeHl1e 3TI1X KPYlBblX npl1 
113MeHeHI111 R HanOMI1HaeT nOBeAeHl1e KPI1BblX E j (R.2.0) , aE j(R.2.0) / aR 
npl1 113MeHeHI111 R/ 3-6~ npl1 3TOM Z yt (R.-2.0) C OAI1HaKOBblMI1 3Ha4eHI1F1MI1 
rnaBHoro KBaHTOBoro 411cna N. nOAo6Ho TepMaM C TaKI1M *e rnaBH~M 

KBaHTo~bIM 4I1cnoM,c6nl1*aIOTcFI npl1 ·R-+O. Z~t(R,2.0)/a TaK*e I1X npol13BoA
Hble az jt(R.2.0)/aR) C paBHblMI1 3Ha4eHI1F1MI1 napa6onl14ecKI1x KBaHTOBblX 
411cen n 11 n~ KaK 11 TepM~ C TaKI1MI1 *e KBaHT08~MI1 411cnaMI1 /a TaK*e 
I1X np0l13 BOAHble/, c6nl1*alOTcFI npl1 R -+ OAHaKO, 8 OTnl1411e OT TepMOB,00. 

tCTpeMFI~I1XCFI K HynlO C POCTOM N. co6CTBeHH~e 3Ha4eHI1R Z 1 (R,E.Z - ) 
8 COOTBeTCTBl111 C Teopl1eA CI1CTeM WTYPMa-nI1 YBl1n nFl He orpaHI14eHbi 
n pl1 N -+ 00 • 

AHanorl14HO BeAYT ce6F1 11 npeACTaBneHH~e Ha p l1 c. 3 , 4 co6cTBeHHble 
3Ha4eHI1F1 Z?! (R.E,O). COOTBeTcTBylO~l1e 3 HepnlF1M E - E I sa (R,2,O) 
/ PI1C . 3/ 11 JE- E 2pa (R.2,O) / PI1 C. 4/ • 

Co6CTBeHHbie 3Ha4eHI1F1 zIt (R.E.1) An Fl cn y4aFl E- -2 npl1BeAeHbl Ha 

pl1c.5, AnFl E - E I sa (R. 3. 1) - Ha PI1C. 6, AnFl E .. E 2pa ·(R .3. 1) - Ha 
PI1 C. 7. B OTnl1411e OT npeACTa8neH HbiX B~we, Kpl1 Bble Ha 3TI1X PI1CYH
Ka x, COOTBeTcTBylO~l1e paBHblM 3 Ha4eHI1F1M napa60nl1 4eCKI1X KBaHTOBblX 
411cen n 11 n' 11 OTHOCR~l1eCFI K pa3Jll14HblM Cepl1F1M, He c6nl1*alOTCFI npl1 
60nbWI1X R, a B cornac l1l1 C aCI1MnTOTI1Ka MI1 /4.4/, /4.5/ B n peAene 

R .. oo OTnl14a10TCFI Ha ~2. St 51 
KOHcTaHTbl pa3Aene HI1 F1 )" j ( R.E.O) 11 I1X npol13 BoAHbie a,\ j (R ,E.O)/aR 

AnR cnY4aFl E. E I :u (R.2. 0) npl1 BefteHbl Ha pl1 c.8, 9. Ha pl1c.10 npeA
CTaBneHbl co6cT Be HHbie 3 Ha 4eHI1R )" ./ ( R.-2, 1). 0611\ee n08eAeHI1e 3TI1X 
KPI1BblX np l1 113MeHeHI1 11 R nOAo6 HO noseAe Hl11O WpeAI1 HrepOBcKI1X KPI1BblX 
,\ j (R. Z +.Z- ) 11 I1X n poI1 3B0A.HbIX npl1 113MeHeHI1,I1 R. a B cnY4ae E = 

= E I :u(R,2.0) 3Ha4eHI1F1 '\:~,<R.E, O ) 11 a'\~~(R.E,O)/aR cOBnaAalOT 
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P5-82-723TpycKoBa H. <l>. 

lliTYPMOBCKHe peweHHH 3aga~H gBYX ~eHTpOB KBaHTOBOH MexaHHKH 


Pa:3E.lHT :lJ1 rOpHTM Bbl~HcneHHH Ha ::IBM wTyp~lOBCKJ{X peweHHH 
3aAa4H AUYx ~eHTpoB KBa HToBoH Me xaHHK J{ npH pa3nH~ITh~ 3Ha~eHHRX 

MellCbflJ/.epJl OI'O paccTo~HHH R H npH TaKHX 3Hepr HHx E < 0 . KOTopble 
COOTB CTC'fBYl0'l' HJU1 onpegeneHHoMY TepMY Ha3 BaHHoH 3aAa ~H, HnH 
KO HCTaHTe . npHBeAeHw ~OpMynw nepexoAa OT c¢epH~ecKHx KBaHTOBWX 
~HC eJ1 K l1:Jp;160J1l1~eCKHM H nOJly~e Hbl aCHHJlTOTHKH co6cTB eHHblx 
3Ha4e lll1fi n plI R ... 0 H R ~ • Pe3ynbTaTbl Bbl4HCJleHliH npelJ,c-raBne Hbloc 

B BHAe rp ' .lI~H KO Il . 

PaGoHi BblllonHeHa B J1a6opaTopHH Bb14J{ CITHTen bHOii TeX][HKH 
H aB TOHa 'l' 11 1il ~IlH OmH1. 

npe npHH T 06beAHHeHHo ro HHCTHTYTa RAepH~X HccneAoBaHHH . Ay6Ha 1982 

PS-82- 723 Truskova N.f . 

Sturm's So lutions of the Two-Center Prob l em in Quant um 

Mechanics 

An algorithm for an electronic compu l e r cal cula t ion of 
the Sturm solutions of the two-cent e r probll!l11 in qUllntum 
mechanic s at different values of the d isL ;]nc(; Ii be tween 
cente rs when the energy E< O co rresponu!'; LO Lh!! Lc eOl o C t he prob 
l em in view or to a cons t an t i s dcve lo ped . Furmu i ac of r e la
t ionship between spheri cal and parabolic qlJ~IIL lIlI1 numbers and 
asymptotics of the eigenva l ues in It • U ami R .. ... are ob ta ined . 
The calculations are pr esented as ui IIl,rnrllti . 

The inves t i gation has bl'CH peri "nUl 'O lit the Labora t ory 
of Computing Techniques <I u d 1\11 1 1111111 1 i l'll , .I INf{ . 

PI, :prlnl wi II ... Jt ' ''' 1 l il '. l lr ll l l' l or Nu c lea r Resea rch. Dub na 1982 

lIe lW IIl'I I. l i .C. IIIIII(J II 1. I!\t\l li oil . 


