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noaoMapeB fl.H, P4- 3842 

MeTon BKE a aanaqe o KoaqmrypaunoHHOM aaauMoneAcTBHH 
TepMOB CHCTeMbl ZeZ ' 

B pa(ioTe uayqaeTCSI SIBneaue nceanonepeceqeHHSI TepMOB a cucTeMe ·· ZeZ ' , 
o 6aapy>Keaaoe aenaaao I 11, c . noMOIIlbiO MeTona BKE aaAneHbi Q>opMynhl nnSI 
aenH'IHHbi pacmenneHHSI ypoaaeA 8 E a .TO'IKe nceanonepeceqeaHR, paccToR-

HH SI R 0 Me>Kny 38pSinaMH z H z ' , npH KOTOpb!X nceanonepeceqeHHSI B03HHK810T, 3Ha -

qeHHSI aaeprHH E 0 B aTOH TO'IKe, a TBK>Ke QJYHKUHS1 0 KOTOpaS! onpenenReT 
o6mee 'IHCno TaKHX nceanonepeceqeHHii a cncTeMe Z e Z ' npu aanaHHbiX aaa 
qeHHSIX 38pS!nOB Z H Z' H KB8HTOBbiX 'IHCen n H n' B38HMoneliCTBy-
1011lHX TepMOBo nonyqeHHbie QJOpMynbi cpaBHHB810TCSI C 'IHCneHHblMH pa cqi\TaMH, 

npenpHHT 06be,llHHeHHOrO HHCTHT)'Ta ll,llepHbiX HCCJieAOBaHHI. 

,lzy6Ha, 1968 . 

Ponomarev L .I . P4-3842 

T'he W KB Method of S olving the Pro ble m o f 
C o nfig uratio nal Interaction o f Terms in the ZeZ' System 

The phenomeno n o f the pseudointers~ction o f the terms in the 
ZeZ' system, "whi c h was o bserved r ece ntiy/1/, is being discussed. 
By means of the }'\'KB me thod the fo rmulae wer e ob.tained for the 
value of splitting the BE levels at the p o int o f pseudointersection, as 
well as the R 0 distanc es between the c harges Z and Z ', at which 
these pseudointersectio ns appear, the E 0 energy values in the p o i n t 
of pseudointersecti o n and the function determin ing the t o tal number 
of suc h pseudointersecti o ns h the system Z e Z ' at g ive n v alues of 
charges Z and Z ' and guantum numbers nand n' of interacting terms. 
The formulae obtained are c ompared with the numerical calc ulations, 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1968 



1. HenaaHOI 11 a CHCTeMe Ze Z' o6Hapy*eHw nceanonepece~eHH~ 

TepMoa, TO eCTb ypoaHeH :;meprHH aneKTpOH8 e a none nayx cjJHKCHpoaaH

HbiX 3ap~noa 
1 

Z H Z ' , yn a neHH b iX Ha paccTo~HHe R. 3To caoeo6pa3-

Hoe HaneHHe (KOH~Hryp8UHOHHOe a38HMOJleHCTaHe TepMoa) eCTb aHyTpeHHee 

caoli c TaO CHCTeMbl Ze Z , H He CaH 3 8HO C K8KHMH-nH60 aHeWHHMH JlHH 8 MH

~eCKHMH a03MyWeHHHMH (a CHCTeMe OJlHH aneKTpOH, 8 ~Jlp8 ~HKCHpoaaHw). 

flceanonepece~eHHH a03HHK810T npH 
1

6onbWHX, HO KOHe~HbiX paCCTO~HH~X R 

MelKilY ~npaMM H HMe!OT aHn, cxeMa TH'ieCKM npencTaaneHHbiii Ha pH c. 1 I 1 I . 

Bo MHOrHx 3anaqa x aTOMHOH ~H3HKH (HanpHMep, a 3anaqe o HeC HMM e T-

p H'iHOli n e p e3a pHnKe THna p fL + Z Z fL + p 
1 2, 1 I) HMeHHO oHM 

onpe n e nHIOT xon npoueccoa. ilnH aw<J:H c neHHH ce q e nHA T a KHX npoueccoa Heo6 -

XOJlHMO 3 H8Tb paCCTOHHH e R o MelKJlY HJlp8MH z H Z ', npH KOTOpO M n po 

HCXOJlHT n ce BJlOITepeceqeHH e TepMoa F. H E ', H aenH~HHY HX pacwenne H H~ 

0 F. a 3TO~l TO'l:K e . 3 a M e 'ia T e nhH O, 'ITO aenH"'HH bl ynaeTc~ a b tpa -

3HTb 8H 8 nHTH"!eCKH qepe 3 Ka8 HTOawe 'iHCna ypoaHeii E 11 E ', XOT~ BC~ 

38Jl8"18 a u e no M, K 8 K H3aecTH O , MOlKe T 6 WTb pew e H a TOnbKO "'H CneHHO. HH lKe 

3 TH a e nH"'HH bt HaiineHbi c n oMOlllh iO MeTona BKE, H no a ToMy ace nanbHeii

ume abl "'HC n e HHH n pencTaBn~IOT T 8 KlKe C8 MOCTO~TenhH bl H HHTepeC K8K HeTpH

a H a n b Hb!H Dpi!Mep HC!l0iib30B3l!li~ Ka83HKnRCC HK H/ 3 1. 

2. I3 MeTo n e BK E :Janaq a na) x ueHTpoa Kaa HToaoi1 Mexa HHKM caonHT

c .H K 31lll8 'Ie Kaa H T O a,'J!I lH! B JlBO HH Oli 5!Me THI18 H3o6pa*eHHOH Hll pM C . 2 a . 

K llfl3H KJ18CC H"!eCK He ycnomi H Kall HTOBi.l HUH a T 8 KOi1 HMe HD HJle H b l B pa6oTe l41 

H H M c> 10 T n H 11 ( Z , > Z ) : 

ctg w 2 • c tg c,) ' 2 

3 

2 
tg 

-K 
e 

2 ( 1) 



E 

E ' 

~------------------------~R 

PHc. I. CxeMa ncesaonepeceqeHHli : B TO'!Ke R o TepMbi F. " E' 
pacnono>KeHbl CHMMeTpH'!HO OTHOCHTenbHO 3H8'!eHHSI F. • _ ..1. ( ~ ?. 

0 2 n - n 

B enH'!HHa pacUienneHHSI /) E onpeaenHeTcSI !f>opMynoli ( 2 1) . 
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rae 

(U· 
:1 

"'12 

Jo< 7Jld7J 
"'~t 

TJ, 
cu;-JQ(fJ)dfJ 

"'~a 

Q(7Jl-[ 
:1 2 

-p (1-TJ l+b7J-.\. 

"'Ia 
K-JIO<TJlldfJ 

"'12 

m ~ 
] 

2 

1- TJ 2 (1 - TJ 3) ll 

R2 
P

2
•-· -E 

2 b·R(Z'-Z) R 
p .. -2- K K=y-2E. 

( 2) 

E H 
.\. - 9HeprHH H KOHCTaRTa paaaeneRHH aaaaqH asyx ueRTpos. npH 

R -+ oo LtnH e Z -TepMOB ( T.e. LtnH TepMOB, KOTOpbie rrpH R -+ oo rrepeXOLtHT 

B ypOBHH H30nHpOB8HHOI'O 8TOM8 e z ) CripaseanHBbi pa3nO>t<eHHH/4/ (Bee 

B 8TOMHblX eaHHHU8X t. • m • e <z 1 ) : 

E • - · -·- ( _1_ )2 
2 n 

z , 3 z , 
- + --n (n 1 -n

2
l 

2 R 2 ZR 

(3) 

A+b•-4pv[1- ( v +a)-
2p 2 

8p 
(2v

2
+2a 

2
+ 3 val] . 

3aecb n • n 1 ,n 2 - rrapa6onHqecKHe KBBRTOBbie qHcna 

H BBeLteHhl 0603HaqeHHH: 

1 
V•n

2
+-r-

6 

a • b 
2p 

e Z - YPOBHH 

(4) 



e Z '-TepMOB nony'laiOTCSI H3 ( 3) nocne ·aaMeH Z .. Z ' 

n -+ n H - KBK cnenCTBHe HX - 38MeH V -+ V ' , 

b .. - b, a-+- a • ( YcnoBHMCSI Bee senH'IHHbi B npasotl: srMe o6oanaqaTb WTpH

xoM). 

E , 
2 

(3) 

ll 2 
>.'-b•-4pv'[I--1-<v'-al--1-(2v' +2a -3v'al) 

2p 8p2 

3. PaanoJKeHHSI (3) H (3') nony'leH&I H3 ypaBHeHHtl: 

(5) 

T.e. B npennonoJKeH~H, 'ITO B ycnOBHH KBBHTOBBHHSI ( 1) BnHSI'HHeM BTOpOA SIMbl 

MOlKHO npene6pe'lb. nocKOnbKy npH R .. 00 onHOBpeMeHHO K-+oo,TaKoe npene6peJKe

HHe BllOnHe 38KOHHO no TeX nop, llOKB ypOBHH E H E ' CHnbHO pa3nH'IBIOTCSI 

MeJKny co6oA. 0nnaKo 1 ecnH B HeKoTopotl: TO'IKe R 0 ( RO non 6apbepoM! ) aTH 

ypOBHH c6nHlKBIOTCSI 1 TO HX yJKe Henb3Sl KB8HTOB8Tb He38BHCHMO B KSlKJlOA 

H3 HM. B 3TOM cnyqae cnenyeT pewaTb TpancuenneHTHoe ypaBHeHHe (1), nnsr 

qero Heo6XOllHMO HBATH ewe onHo ycnOBHe, CBSI3biBBIOWee cjl830Bbie HHTerpanbl 

""2 H""~. 
l.JT06bi HBliTH ero, pBCCMOTpHM KOMnneKCHyiO nnOCKOCTb KB83HHMnynbC8 

Q ( '7) ( CM. pHCo 26) • 3acjlHKCHpOBBB 3H8KH HB pa3pe3BX, nony'IHM HenocpeUCTBeH-

HO 

2cu 2 = JO(z)dz 
c 

7 

=fO(z)dz , 
c 

( 6) 



LlecpopMHpySI KOHTyp C ', K8K IIOK838HO Ha pHCYHKe, H8~A8M COOTHOW8HHe/3/ 

2 cu ; ~ 2 w 2 + 21T i [ Res ( -1} + Res ( + 1) - Res ( "" ) ] 

Bbt"'8Tbl B TO"'K8X z .. + 1 B38HMHO COKp8ill810TCSJ 0 a Res ( "" ) ~ i _b_ 
2p 

( 7) 

0KOH"'8TenhHO IIOnY"'HM YP8BH8HHe, CIIP8BeAnHBOe IIPH nJ06biX 3H8"18HHSIX P H A: 

w ' ( p , A ) - cu ( p , A l = rr -
2
b • ( 8) 

2 2 p 

Ha~AeM aHa"'eHHSJ P 0 H A 0 H3 ycnoBH~: 

w (p ,A )=ITII 
2 0 0 

( 9 ) 
w'(p,A)=ITII' 

2 0 0 

KOTOpbie OIIpeAenSJIOT cpHKTHBHYIO TO"'KY rrepeceqeHHSJ ypoBHe~ E H E ' ( B Ae~

CTBHTenhHOCTii T8KOU TO"'KH He cymeCTByeT, H60 ycnOBHSJ (9) llpOTHBopeqaT 

ypaBH8HHIO ( 1) IIpH BC8X KOH8"1Hb!X 3H8"18HHSIX R ) , DOACT8BnSJSJ HX B ypaB

H8HH8 ( 8), IIony"'HM COOTHOW8HHe: 

b 

2 p 0 

( 10) 
•11'-v -n ' -n -a. 

2 2 

KpoMe Toro, n:a ycnoBH~ (9) cneAyeT, 'ITO B TO"'Ke ( P
0

• A
0 

> AOTDKHbi 

COBII8A8Th "p8AH8nhHbie" cp830Bbl8 HHTerpanbi W
1 

H CU ~ , llOCKOnbKy B 8 TOM 

cnyqae IIOT8HUH8 n "p8AH8nhHOf'O" ypaBH8HHSJ HMeeT BRA 11pOCTO~ OCUHnnSJTOp -

HOU SJMbi, OAHH8KOBOH AnSI 060HX ypOBHe~ E H E ' /4/ • 

8 



cu 
1 

(p 
0

, A
0

) • rr (n 
1 

+ - 1- ) .. cu ' ( p , A ) .. rr ( n ' + _1_ ) • 
2 I 0 0 1 2 ( 11) 

0TCJOAa cpa3y )l(e 3 aKnJOqaeM, 'ITO so3MO)I(Hbi ncesnonepece'ieHHH TonbKO Tex 

yposHeA, y KOTOp biX paSHbl p8AH8 nbHbie KS8HTOSbie 'iHCna: n 
1 

• n / - S 

cornacHH c ycTaHosneHHbiM panee S MIIHpH'ieCKHM npasHnoM/ 1 I. 

Y'iHTbiSaH s To ycnosHe, a T8K)I(e onpeneneHHH ( 2) H p a seHC TBa 

H n'c:rn; +n~+m+l, 

rrc eBAonepec eqeHHH: 

K = 0 

Z ' -Z 

a 

z , - z 
, 

n - n 

Eo .. --2-
Z'-Z 
n -n 

H 8 HAeM 3 HeprHJO E 0 B TO'IKe 

- n 

( 12) 

ll 

n J060llbiTHO, 'iTO Ha6op 3H8'ieHHH 3 HeprH H E 0 S T O'iK8X ncesnonepeee'leHHSI 

o6pa3yeT KynOHOSeKyJO eepHIO SOAOPOAOITOA06Horo 8TOM8 e 38pSIAOM Z '- Z 

H rnaSHblM KS8HTOSbiM 'iHenoM n ~ n • 

see TpH 3 HeprHH ( E , E ' H E 
0 

) 

6nH3KH Me)I(AY eo60H 0 H llOTOMy enpasennHSbl eOOTHOilleHHH: 

( 13) 

cu ; ( p , A , ) = TTY , + ~ cu ; 
.. 

cu ; ( p, A ) = TT II , + ~ cu; 

3necb see npHpall!eHHSI <jla30Sbi X HH T erpanos H T . A . << 1. l13 

y paSHeHHH (1) H (8 ) HeTpyAHO yCT8HOSH Tb 0 'iT O 

9 



.. aw awa -21.\w ,. 21.\w =8w = _:..::.£.. 8 p + 8>.. • ll 2 2 ap a>.. 

aw; aw; 
( 14) 

21.\w' c-2 L\~' e8w' =---8p+ 8>.. 
2 2 2 ap a>.. 

B COOTHOWeHIHIX ( 14) 8 p "' p '- p , 8 A .. A' -A - ITOIIHble rrpHpatueJH!51 napa-

MeTpoB rrpH rrepexoae OT TepMa E K TepMy F. ' If Bee Bellii'I.IfHbl B351Tbl B 

TO 'IKe ( p 0 • >.. 0 l. ( B aanbHe H:weM lfHAeKc HOilh orrycKaeM). 

TaKHM )Ke CITOC060M HeTpyAHO ITOKa38Tb 0 'ITO B TO 'IKe It 
0 

C TO'IHOCTbJO 

llO SKCITOHeHUH81lhHO MallblX ITOITp8BOK, SHeprH51 E0 =~~ T.e. pacmerrneHHe 

2 
TepMOB E If E' ClfMMeTplf'IHO OTHOCHTellbHO 3Haqe Hlf51 Eo · 

C yqeTOM COOTHOWeHHlt ( JO), ( 13) R' ( 14) YCIIOBH51 ( 1) H (8) SKBHBaneHTHbl 

CHCTeMe ypaBHeHH H:; 

-2K 
8w ' ·8w 2 • e 

2 

8w
2

' -8w
2 

' a::.n-n. 

~8p 
p 

( 15) 

H3 KOTOpOH nerKO BHAeTb 0 'ITO 8cu 2 H 8cu; - KOpHH KBaApaTHOT'O ypaBHeHH51
0 

KOTOPbl9 ITOCile 38MC H 

8 p "' 
1 -K 

--e 
(1 2 p 

"a ( 16) a "" 

npHHHM810T BHA: 

10 



...; a 2 + u 2
- a - K 8w

2
' e 

u 

( 17 ) 

V a 2 + u 2 + a -K 8w
2 - e 

u 

C Y'i~TOM onp euenem1A: ( 14 ) Ha iiueM oTCIOlla y p aBHeHHe un51 u 

( 18) 

a>.. 

B bi 'iHCneHH51• KOTOpbie MO)f{HQ H8iiTH B npHnO)f{eHHH• lln51 cny'l851 nceauonepe

ce'ie HHSI U -TepMOB ( m = Q) npHBOll51T K peaynhT8Ty :Xf 

p . -K 
e f ( p, 8 , a ) • 

( 19) 
8 p -

2rry· 8 2 - n 2 

3 u ech 
(I n-- n .-n -----.a f(p,s,Q ) -
4 4 

<j>yHKUH51 • 1. Y'IHTbiB8IOIIIa51 nonpaBKH • ..l.-,: 
I) 

• + 3a 
f(p,s,a) •(1 +----

6p 
) [ 1 + 

8 ( 2S • 2 + 29 a 
2 

) - 6 

96p (s
2 

-n
2

) 

a 

x / B b t BOil </JopMynbt ( /9) H e 3BBHCHT OT KOHKp eTHOfl ,PopM bl noT e HUHB fl8 

THflB H 3 06p8 )f(9 H HOro HB pJtC. 2a . n o 3 TOM Y OH8 n p HMeHHM8 H e T O flbKO B 38 -

£l lP i e JlBYX ll e H TpOB6 H O H BO BCeX 38/l8 11B X K BB HTOBO.J1 M e X tJHHKH, rae H3y 

'IBIOTCR C H C T e M bl H 3 llBy X C fl860 C B R 38HHbiX '18CTeiJ ( H 8 flpHM9p 1n pH C T O flKHO 

BeHHH CnO)I(H b i:( liTO MOB) • 

11 

-12 
l-- . (20) 



Bbt'IHCnHB K, 
4p 

a T8K)I{e HCITOnb30B8B COOTHO!ileHHe 8 E = - - --- 8 p,nony
R2 

'IBM OKOH'I8TenbHO: 

8 E = 
· 2 

" 
V 8 2_u 2 

) 8 -2p ) __ < !!____ e f ( p ' 8 ' a ( 21) 
D f D , f 

2 2 

5. CpaBHHM nony'IeHHYIO cjlopMyny c peaynbTaTaMH 'IHCneHHbiX pac'I~

TOB/1/ nnSI TepMOB 5 gu (n=l,n 1•n 2 •m •0) H 4fu(n '=4,n 1 •0,n~z3,m..O) 
B CHCTeMe z = 1, Z '= 5. llnS! 9TOrO He06XOJlHMO 11~ l!:TH paCCTOSIHHe R 

0 
, 

npH KOTOpOM npOHCXOJlHT nceB)lOITepeceqeHHe TepMOB E ( R) H £' ( R ),npH'leM 

OJlHOBpeMeHHO JlOn)I{HO 6biTb 

( 22) 
E ·E(R ) E ' ( R ) • 

0 0 0 

OnaaKo nerKo npoBepHTb, 'ITO 9TH paBeHCTBa npoTHBope'lHBbt: nepBoe H3 HHX 

npHBO)lHT K peaynbT8TY 

R .. 2Z'(( 
0 

z,- z 2 

D - D 

z 2 
-(-) 

ll 

) 
-t 

( 23) 

'ITO B aarneM cnyqae naeT R
0 

= 12,87. J.1a BTOporo ycnOBHSI 0 npHp8BHSIB Bbl-

pa*eHHSI (3) H (3'), aal!:neM: R
0 

= 13,26. PeaynbTaTbi 'lHCneaaoro pacq~

/1/ yJ 

R 
0 

12,960; BE 4,246.10.-;j· • - 0,888254. F 
0 

~ E 3HB'IeHHe R 0 onpeaenHeTcH B TO'IKe, rae pscmerrneHHe TepMOB 8 
MHHHMBflbH01 liTO, KOHeYH01 HBnHeTCH .l!eJJOM 'IHCTOrO COrflBUJeHHH: flOCKOflbKY 

TO'IKB R0 rjJHKTHBHB, B03MOJKHbt H apyrHe onpeaene.'IHH. Pesn bHblif CMbrcn 
II MeeT TOnbKO BenH'IHHB pscmenneHHH 8 F. 

12 



OpHHSIB 3 H a'!CHH e R 0 = 12,87, no <jlopMyne (21) rrony'!HM lJ E = 4 ,24.10-3 

( B aa HHOM c nyqae K 0 = 4/3 

npH R n = 12,96 <flopMyna 

F: 0 = - 0,88889 

( 21) naeT 8 E 

2 p = 17, 16; f (p, s,a )= I, 15) • 

3,83.10-3. 

6 . Hsne>me ncesn onepece'ieHHSI - 3TO csoeo6pa3Hbrl:t BHLl KBBHTOBOMexa

HH '!BCKoro 0 6MeHHOf'O B38HMOL19ACTBH5I,x/ KOTOpoe B03HHK 8 9T !18MB B OTCYT

CTBH B CIT J.IH 8 H CB5I38HO C npH6llHM9HHbiM BblpO>KLlBHHBM ypoBHBH CHCTBMbl 

Z e z' npH HeKoTOpbiX 3 H8'!BHH5IX napaMeTpoB B raMHllbTOHHaHe. OnnaKo '!neH, 

OTBBTCTBBHHWA 38 3 TO BhlpO>KLlBHHB 1 H3 f'8MiillbTOHH8H8 BWLlBllBH 6hlTb HB 

MOMBT - H B 3 TOM CBOB06p83J.IB 5IBJ1BHH5I B OTllH'!HB OT XOpOWO H3BBCTH0f'O 

CITM HOBO r o Bhlp O>K llBHHSI. 

8 pa6oTe/1/ ycTSHOBllBHO , 'ITO B CHCTBMB Z e Z, npH z =l ncesno-

nepeceqeHHil B03HHKaroT TOllhKO npH 3Hal.!BHHSIX Z ' > 5. BbrBeneM o6wee yc

noBHe , npH BbiiTOllHBHIIH KOTOpOrO B CIICTBMB Z e z, ITOilBlllliOTCSl ITCBBL10-

nepeceqeHHil1 a TBK>Ke <jlopMyny nnSI o6wero '!Hcna TBKHX ncesnonepece'!eHHl:t 

BCllH OHH B03MO>KHbi. 

KaK H B 38Ll8'!B 0 MOllBKYllllpHOM HOHB BOLlOpona 
+ H 2 , BbipO>KLlBHHe 

ypOBHBH E H E , B03MO>KHO llHllib B TOM Clly'!ae , BCllH OHH p83JlBllBHb! 

ITO TBHUH8llbHWM 6apbepoM1 TO BCTb ITpH yCllOBHH 

U max ( R) > F o ( 24) 

rne 
u mo.x(Tl)=-

(..; z +..; z ') 2 

--------
R - BbiCOTa ITOTBHUH 8 llbHOf'O 6apbepa , p a 3-

u eni'IIOL!lero on e liMb! e z H e z.' I 11. Y'!li'T' b!R8 Sl oaBeHCTRa (22) H 

( 12) 1 nony '!HM OTCIOL18 o rp8HH'!BHHB H8 BBllH'!IlHY a : 

a> n(x-llyl+2x 
( ?5 ) 

x/ 
• 3TV RDnOHh C' J.IMC C T T U 41-I t.Jii Kflt'IC C Jf[{eC KHlf 8 ff8 fl 0 1·: B 3<'1 H!vfO £Je t/CTBJfe 

JIHYX p eJOH I-JTOp O B , COC'l liiHe H II J,fX Y:JK/1 '11 KA 1-18flO M 1 npu O f1[1E>/1en P. H H hiX C007·-

f-I DIIIeJH!flX M 0 >1(n y HX plJ ,":f ME>pB MH . 
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Llanee, nceaaonepece'IeHHe e Z 

M8MH, KOTOpb!e llpH R .. 00 neJKaT 
-TepMa B03MOJKHO nHUib C TeMH e Z '-Tep

llpH ycnOBHH 

H30nHpOB8HHbiX 

Z' Z 
-- >-(n 

n' n H 

eZ-H e Z ' 

D ., D 

Z' 
z 

Ha HepaaeHcTBa (25) orrpeaenHM 

rny6JKe Bbi6paHHoro e Z -TepMa, TO eCTb 

D , - !lapa6onH'IeCKHe KB8HTOBbie 'IHCna 

8TOMOB COOTBeTCTBeHHO) • Donara.11 

z , 
---It z 

It 
max , T.e. 'IHcno 

( 26) 

e Z, -TepMOB, KOTO-

pbie rrceaaorrepeceKaJOTC.II c Bbi6paHHbiM e z -TepMOM n (eM. pH c. 3). 

It < D ( x -1 ) (X + 1 - V 1 + 2x) • D g (X) , 

( 27) 

max Ent [ n g( x ) ) 

Ha pH c. 4 rrpencTaaneH rpa~HK ~YHKUHH n g ( x) npH paanH'IHbiX 3Ha'le

HH.IIx n • Yla Hero cpaay JKe cnenyeT, 'ITO rrpH Z = 1 nn.11 TepMa n = 1 

( ocHoBHoe cocTO.IIHHe e Z - aToMa) rrepsoe rrcesnonepece'leHHe (It = 1) 

B CHCTeMe Z e Z ' B03HHKaeT TOnbKO llpH Z , = 5 - B cornaCHH C 

peaynbT8TOM pa60Tbl/ 11. C pOCTOM 3H8'IeHHA D. H Z ' 'IHCnO T8KHX nceBLlO-

15 



n,rrxJ 
!or------------------------r--~-------.--y--------, 

§'fXJ = (X-I)(X+!-V1+2X J 

x=-{f 
8~----------~----------~--------+---~--------~ 

6 +----------r---~r---+.r-------~----~r-~ 

4 r----------+~---+----r-----~~~---------4 

2~-----.~~-----,~--~--------~r---------~ 

z' 
T 

s 9 13 17 

Puc. 4 . r pllfj1HK tfly HKUil\1 D ft. ( ll)' u npenem·I !Ot.lleti MflKCHMllJlbHOe 4 11 C I10 

ltCCBLtonepeCe4et-f11i·i lc. m ... :or !!plf t!!l t KC II pOn.:tH ll hiX 3 1 1 ll4 e iiU~X 

!JilftiPl JTb /101 '0 KnlliiTO IIOI'(l 'll! rfi (l n 
1

-.. n ' I II f1;\ : IJ1 \ I'IIIhlX .:1 11{1 -

q L~II \I~t:'< n -I 'JJ(I HIIOJ~O Kl\lJII T ODO r 'O •t 11 r 11 n ~ '/. -TCp~tfl . npu 
~ ~ ·UKCJij•OBall!ll,tX .:t t l tl~tf\ii i H I X n 1 11 m lc. m llll .,.. F' o t [ n ft. ( x) I · 
0 (HI!f'C •utcmJ nc<:> unoncpec e Ye HHii e Z - TepM n c e 7' - Tep -

MitM H !JflBIIU 

r .., .!l..i!J_t.,!l k 

"d ' l .,. < x - ll c , + 1 - i~-i; l , ' """ v· 7 '/ 'I 

10 



nepece'leHHA 6biCTpo pacTeTx/, H noToMy B npoueccax HeCHMMeTpH'IHOA: nepe

aapsutKH HX He06XOLlHMO Y'IHTbiB8Tb, 

7. HecKonhKO o6wHx aaMe'laHHA: o cHcTeMe Z., Z ~ • XoTSJ cywecT-

ByeT p a a p a 60T8HHbilt anropHTM LlnSI Bbi'IHCneHHSI mo6oro TepM8 9TOit CHCTe

Mb/ 1,5/ 1 LlO CHX nop He YLlBnOCb Bblp83HTb 8H8nHTH'IeCKH 9 HeprHIO 

E = E ( n ~ , n
71 

, m; ll) K8K <I>YHKUHIO KB8HTOBbiX 'IHCen n~, n'l, m 

UeHTpOBOf'O p 8CCTOSIHHSI J1 ( H HeSICHO, CyWeCTByeT nH T8KOe Bblp8>KeHHe 

B00 6We). 0LlH8KO cyweCTByeT 'leTbipe xapaKTepHbiX 3H8'1eHHSI R, npH KOTO

p biX T 8 KHe Bblp8>KeHHSI HMe!OT MeCT0 0 npH'IeM K8>KLlblit p83 npH 9TOM B03HH

K 8 eT KynOHOBC K8SI cepHS! ypOBHei%: 

n pH R -+ oo z 2 
) F. , ::1 -

z, 2 
<-,) 

2 n n 

n p H R >> 1, B TO'IKax nceBnonepece'leHHH 

E Z '- Z ) II 
0 2 n - n 

npH J1 "'1 BOnHOBbie <j>yHKUHH CHCTeMbl B blp8>K810TCSI qepe3 nonHHOMb l B TO'IK8X 0 

r n e a HeprHH cHcTeMbi nOLl'IHHHeTcH ycnoBHI0/6/ ( N , L , n - uen b ie 'IHcna) 

E 1 

2 

z, + z 
N 

1 

2 f~ 
z , z 

2n 2 

....L L 

nll. 

x / B aeft C TBHTe nbHOC TH O H O llB>Ke 6 0nbWe, 'leM 3 T O C n eayeT H3 pHC. 4: 
c o r n aCH O ycnOBH IO ( 11) B38HMO/leflCT ByJOT T OnbKO Te T P.pMb t, /lnH K O TOp b tX 

Jl 1•n; . H o n p 11 m = 0 H np11 .aaaaHHOM .a ttHc n o JJ 1 npoo eraeT pH-U 3 Ha -
r..re HHt1 n, = 0 , 1, 2, • .•• , n - 1, no 3 TOMY o6wee qHcno n ceBtJon e pece q e HHJI 

y p O Bf/H J2 pEI BfiO : r e n Fnt{ng(x)/ , rae 'F.nt{x) 03H8 'lBeTu e -

nyto 'lBC T b o r x. E cn n >Ke y 'leCTb H n c e a aonepece 'leH tfH r e pMO B c m ,1 0 , 
r o o fime t" 11x ' flt cno p~1EI IIO : 

r ~ 

17 



HaKoaeu, rrpH R 0 38Jl8'I8 BHOBb Bblp0)KJl8eTCSI! 

E N = -
z, + z 2 

) . 
2 N 

0TMe'IeHHbie 38KOHOMepHOCTH CflHlllKOM rrpOCTb l 1 'IT06bi 6biTb cnyqati:HblMH H 

ITO TO MY JlQfl)KH bl HMeTb 06lllyl01 6onee rny60KYIO rrpH'IHHy. 

ilaHH8SI pa6oTa B03HHKna B pe3yflbTaTe CTHMynHpy!OlllH X 6eceJl C M.B,Ko-

MapOBbiM1 H C.JO.CnaBSIHOBhiM, KOTOpbie rrony'IHnH aHanorH'IHble <j.JopMynhi Me

TOJlOM, rrpeuno>KeHHhiM HMH paHee/7 I. C'IHTaiO rrpHSITHhiM uonroM Bhipa3HTh 

CBOIO 6narouapHOCTb HM 1 a ':"8K>Ke C.n.AnnHnyeBy, C.C.fepwTeil:Hy, JO.H.ileM

KOBY H H.A. CMopOJlHHCKOMY 3a rrnoJlOTBOpHbie o6cy>KJleHHSI, 

JlpHnOJKeHHe 

ilnSI (] -TepMOB m = 0' 'I) .f. .. 1 • "1 2 ""-q =-Cl-{3), 

"7 = q '"" 1- {3 ',rrpH'I~M rrpH 
8 

p >> 1 

.,., 1 =- 1' 

{3«1 H {3'«1. 

>.:+ b 
f3 .. -

2y 1 
-[ 1--

1 2 2 ) (v-a)---
2
-(211 -2a +7Ya.; 

2 p 
2

- b p 2p 8p 

(n.l) 

f3' (&~',a) {3(11',-a). 

Be e HHTerpanhi 38Jl8'IH Bhi'IIiCnSIIOTCSI nH6o qepe3 B -H HTerpdnbi 3iinepa , 

nH6o qepe3 rronHhle 3 J1JIHITTH'!eCKHe . HanpHMep , 

a (J) 
2 

-v.. ~ 11. < 2 - ,., ) v.. , 2 
- =- p ( 2 p 2 -b) J[ ---- 1 d ll ., - - p f3 ( ---

v.. 3 
( 1- - (:3), 

ap o {3-p. 2 2p
2

-b 

0KOH'-!8TenhHO JIOflY'li<M: 

~ 1711 

a P p 

~= " a>.: 4p 

1 1 2 
(1 --- (711-Ba)- ---(II 

8 p 16 p 2 

1 
[1 + --( v + 2a)-

4P 

18 

8p 2 

2 
( v 

14a 2 +2l11a)l 

~a 2 -2va ll 

li'i 

( f1.2) 



H aHanorH~Ho - anH 
aru ' 

2 nocne 3aMeH " -+ 11 ' • a -+ - a • 

nocne noaCT8HOBKH B ypaBHeHHe (18 ) nony~HM COOTHOWeHHe 

2 2 
23 s + 41 a 

8 + 
192 p 

L (1+ 
21T 

H3 KOTOPOrO WOPMyna (!9) nerKO nony~aeTCH , 

( n.3) 

MHTerpan K nocne pa36HeHHH o6nacTH HHTerpHpoBaHHH (-q,q')Ha 

aBe , ( -q, 0 l H ( o. q 'l 

B -HHTerpanbi/8/: 

npocTo Bbi~HcnHeTCH qepe3 nonHbie 3nnHnTH'leCKHe 

2 , ~ , ] 1 K ., p [ "' B ( q) + ( q ) B ( q l + 0 (- ); 

IT''a 2 I cos cf> 
f ----------- . d ¢ B ( q) 

0 
,j 1 - q 2 sin 2 ¢ 

npH t ... I cnpaBeanHBa aCHM nTOTHKa 181 

2 2 [ q B(q) .. q 1 

Mcnonb3YH ¢QpMyny CTHpnHHra 

nony'IHM COOTHOWeHHe 

1 

2 

4 

4e 

)I 

n+-1- n+~ 
2 ) 

e 

19 

p 

(n.4) 

< n.s) 



-X. 
e 2 , 

• ( 4 p ) 

D I D, I 
2 2 

-liP 
e 

KOTOpoe H npHBOUHT K OKOHqaTenbHOii ~OpMyne (21), 

(n.B) 

Ha sToM npHMepe MO)KHO npocnenHTh o6bJqHy!O oco6eaaocTb KBaaHKnac-

CHKH: ~OpMyna (n.6) BbiBeaeHa B npennono)KeHHH D 
2 

>>. 1, D. '
2 >>I, OUH8KO 

OCTaeTCH cnpaBeUnHBOii BllnOTb UO 3HaqeHHii D 
2 = 0, npeHMyi.UeCTBa KB83H

KnaCCHqeCKOrO paCCMOTpeHHH aaaaqH CK83biB810TCSl T8K)Ke B TOM, qTo BbiBOU 

~OpMynbi ( 19) He 38BHCHT OT KOHKpeTHOii ~OpMy llOTeHUHana, 
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