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1. B a e .ll e a a e 

B llBHHOll paoOTe npellnOlK0H • M8TOll Jl0W8HH>I 381l8'l:1 IlOllOOHblX T0M1 KOTOpb!O: B03HH

K8IO:! 11anpHMOp, B llllOpHoll q>HSHKO npH paCCMOTpeHHH HH3KOllOJKaWIIX BOSOYlKA?.H_HhlX COCTO

S!IIHll {B Cq>Opll'l:OCKIIX S!llpax). 3TH COCTOSIHHSI HMOIOT KonneKTHBHblll xapaxTep, H· OHH B03-

HHK8IOT H3 OCHOBHoro nyTOM aosoylK.llOHHW: "q>OHOHOB" - xone6aHHil noaepXHOCTH HnH nno-i-

HOC;H Slllpa: 

( 1.1) 

B q>opMyne (1) 'I'~• 'l'{ ... v ... l qiyHKUBK OCHOBHoro H aosoylKllOHHOro cocTorumil, 

b+ (b ) - onej:>aTOpbI POlK.llOHHSI (nornoweHHS!) q>OIIOHOB1 YllOBll0TBOpSIIOWHO· KOMMyTBllHOH
V V 

llhIM cooT11owea11siM Bose 

[ b , b +,) ~ 8 , 
V JI V 1V 

OuepaTopbl bv , b: KOMMyTHpyroT C q>OpMH8BCJ<HMH onepaTOpaMH a 
1 

pbIO onpe/lel!HIOT }lpyry10 (6onee lKe<:Txy10) "BOTBb BOSOylK.llOHHll' 

'I' = n a+ 'I' 
1 ... , ... 1 1 1 ° 

(2.1) 

KOTO-

(3.1) 

TTOllllhlll HBOOp COCTO>IHHll OopasyeTCH B030YlK.llOHH8M BCOB03MOlKHhlX "KB83H'l:8CTH'l:

.HbIX' KOHq>HrypanHll II 118KOTOporo '{HCna q>OHOHOB,. T.e. CTpOHTCSI H3 q>yHKUHll BB.Ila: 

'I' = Il ( b+)kVIl a+'l' 
l, .. v ... , ... l v. v 1 1 ° • 

{ 4.1) 

• Bb!palKOIIHSI { 4.1) MoryT npHOl!HlK8HHO OllHCbIBBTb CT8UHOHapHbl8 COCTOSIIIH>I '>Illep, 

ecnn xapaKTOpHCTIIKH q>OIIOHOB II KB83ll'{8CTH'l:HbIX B030YlKllOHHll >IBllSIIOTCH OOllU!MH llll>l. 

MHOrHX COCTO>IHHll OOilbWOro '{IIC:na Hllep, T.o. ecna raMHilbTOHHaH CHCTOMbl H~eeT BBll: 

+ 
H =IE a+a +I h "'vbvbv+ E

0 
.• 

o 1 1 1 l v 
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1: 

·• 

Jlmt pea/lbHblX. Sl.llep H peam.m,1x. q,OHOHOB raMH/lbTOHHSH ( 5.1) .smm1eTCSI O'l0Hb /1/IOXHM 
• ' • •• c-_ - • •• ·, • 

npno11HJKeHHe1-t. YJKe naBHo CTa/lo HCHO, 'ITO B38HMoneilcTaneM -,j,oHOHOB n. HYKIIOHOB a 
. ·/1/ . 

Mpax npeHeoperaTb He/lb3H (cM. ). 

. . /2/ . 
B p_aoOTe npoaeneH nonpooHbiil: aaanna KsanpynonbHhIX KoneoaHHil: a c,j,epnqecKnx 

l!JXPSX, T8KlKe CBH11eTe/lbCTBy10mnil O oom.moil B0/IIl'IHHe a,j,,j,eKTOB, CBSl3a!IHblX. C HYKIIOH

,j,oHOIIHblM sB38HMO/l0i!CTBH0M, 

Baam.i:onelicTane KonneKTHBHblX n onaoqacTH'IHblX CTeneHeli csooonbl MoJKHo onHCaTb,· 
: /3/ . 

B_aenn B raMHJll.TOHHaH CHCT0Mbl 'I/18H B3aHMO/lelicTBHll 

H = I Y. . a+a b+h.c., 
1Jlt 1,J;V IJ,t, _l J V 

(6.1) 

rne· 1toa,j,,j,mme.aTM Y
1 

l," }'llOB/10TBOpmoT neKOTOPbIM npaBHllaM OToopa, onpenelineMbIM 

KBSHTOBblMH xapau:epHCTlIKSMH OAHO'l:aCTH'IHblX ypoanelt 

n6cTb~- ,j,onoiax) •. 

, j 1 8 TSKJKe CllHHOM n_ '18T-. 

MaTeMaTn'leCKaH CTPYKTYpa. B03HHKruomeil: npn STOM sana'lll oxaablaaeTcsi qpeasbl-
/6/ ' -

'lalino C/IOlKH_olt. MeTOAbl aHa/l~a, H3B0CTHbl0 H3 Teopnn /10/ISI H H3 Teopnn csepxnpo-
/7 / - - - . . --

BO~MOCTH .•. , He /103BO/ISIIOT HCC/10/lOBSTb aana-qy C llOCT8TO'IHOl! /10/IHOTOil. HaM Kall<0TCSI, 

'ITO .MeTOA, It H3/!0ll<8HHIO KOToporo· Mb! nepexonnM, M~lKeT OKa3aTbCSI none3HblM II/Ill ana

nnaa s,j,q,eKTOB B38llMOA8liCTBHSI q,OHOHOB H HYK/IOHOBo 

2; MoH0/10/lbHblil ,j,onon, CBSl3b!Batomnil COCTOHHHSI nayx BblpOll</l0HHblX yposneil 

B sToM paanena oyAeT npoaeneno nonpooHoe·Hc~nenoaanne CHCT0Mbl, raMH/lbTonnan 

KOTopoil: HMeeT BH/1: 

l J 
.H = El I + a·+ E I a+ a + h Cub+ b + a 

lm lm ~ 2 2m 2m m~J m~J ( 1.2) 

+ I (y a+a +ya+ a )(b+ +b)+ 
m O tu: lm O 2m 2m 

+r. I (a+a +a+a )(b++b)=H+H+H. 
1 m lm 2m 2m .lm O 1 2 

· x) Baenell'.He onepaTopoa _ b, b + , TO'IHO ynosneTaopmomHx ycnoanSIM KOMMYTB.UHH 
(Eoae) MelKAY co6oil: H c onepaTopaMH a , a+ , npHBO.!IHT K no,mne.anro /IHlllHHX CTenenelt 
CBOOOAbl y CHCTeMbl. Bonpocbl, CBSl3aHHbl0 C 9THM, MOlKHO oool!TH, C'IHTSH, 'ITO q,OH()llllb!l! 
onepaTop b+ BblpaJKaeTcsi cynepnoa;~,ell oom.uioro 'IHcna nap a+, 0 + , a KOMMYTannon
Bble COOTHOlll0llHSI - npHt'>IIHlKeHHblMH • To'IBOCTb Ta1toro npHOJIHJKenJn OKa3blBa0TCSI. CBSl

aaanol! C orpaHJAeHHSIMH, Ha/21o/"80MblMH. llpHHD:HllOM flaynH, Ha paaMemeHHe· KBa3H'laCTHll 
s ~HOBHOM COCTOSIHBH Sl.llpa 5 • TipnmtHil nayJIH TaKJKe npHBOAHT 1t s,j,,j,eKTaM anrapMOHH'I
IIOCTB. B naHBOJl MeTOAlI'leCKOll paoOTe OTHOCHTem.nasi B8lKBOCTb KSll<AOro H3 9THX. s,j,,j,eK
TOB" o6cylKJ:laTbCSI He oyneT. 
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Ta1rnll raMH/lbTOHHair .onnCblBaeT HYKIIOHbl B aesanonHeHHOli 000/IO'!Ke c,j,epn-iecKoro

Sl/lpa, _B3aHMO/l8HCTBYIOmHe co CKa/l~HblM (ncesnocKa/l!IJ)HbIM} ,j,oHOHOM, llpH'I8M B3aHMonelt

CTBHe CBH~bIBaeT COCTOHHHH, npHHan11eJKalllH8 TO/lbKO llBYM ?OO/IO'!KaM (HMeromne 0/lHHaK~ 

•Bble 3Ha'!eHJ!H __ MarHHTHoro KBEIHTOBoro '!Hc11a). O'IeBHllHO, 'ITO MeJKny 'leTHOCTHMH. (r,) 

csgaaHHhlX. ·,i,oaoaciM cocTOnHHli nonll<Hbl obITb c11eny10mHe cooTaomeHHH: · 

TT= rr 
., • I 2 L'1= L-2, L2 :!:. 2, HT.~, 

eC/IH q,OHOH CKangpeH (., .:.+ 1) 

1T =-'IT 
I 2 

L = L + 1, L + 3 
I 2- 2 H T,11,J 

ecnn ,j,oaoa nceanocKangpea (77=-1 ). 

fnaBHble KBaHTOBb!e 'I_HC/la COCTOHHHil, CBSl3bIBaeMblX CKSll_!!pHblM q,OHOHOM, /10/llKHbl 

nnoo cosnanaTb, /!HOO OT/lll'l8TbCSI ITO Kpailaeil ·M!?P0 Ha nae enHHllllbI. B 3TOM cnyqae eCTb 

ace OCHOBaHHH npeaeoperaTb 'l/leHOM H2 I'SMIIJll.TOHHaHa. Ha npHseAeHHblX paccyll<nennll 
I 

cnenyeT_, 'ITO 0/lllH ll3 'l/leHOB, OIIHCbIBalOlllHX B3aHMOl!eilc-rsne B raMB/lbTOHllaHe (1.2), SIB".' 

/IHeTCSI /IHlllHHM; B npencTaB/IHIOlllHX ,j,nanqeCKllil llHTepec aana'laX MOll<eT /IOSIBHTbCSI /!HOO 
' .. 

H
1 

{cxam1pnblil: ,j,onon), /!Hoo H2 (ncesnocxa11sipnb1l! ,j,onon). Tiepsasi_soaMoJKnocTb 

(y = 0) npnsonnT K aana'le, KOTopyro MOll<HO pewnTh, ssenH KaHOHH'IeCKOe npeoopasoaanHe • 
I 

s 
U = e 

+ s::s + + 
S = - I ( y a a +y a a )(b :..b ) = I 

m O lm 1 m D 2m 2m 

(2.2) 

s + s ) 
m 

OT onepaTopoa a b K onepaTopaM KBa3H'laCTHll a , n nepeaopMHposa\lHbIX ,j,ononos {3 

•S S -Sm Sm a=e ae=e ae 
m (3.2) 

{3 =;\e5 =b +I (y•a+ a +ya+ a ). 
m O l m 1 m O 2m 2m 

3anncaHHblll B TepMHHax onepaTOpOB a,/3 (npH H =0 
. 2 

r.~MHm.Tonnan·npnnnlliaeT 

BHJ:I: 
H=Eia-ta +E!a+a 

1 m lm lm 2 m 2m 2m 

1 + = + 2 + 
--[I Ir.a a +ya a l]+hru{j{j 

h Cu m O lm lm O 2m 2m 

(4.2) 

H OilHCblBaeT CHCTeMY B3al!MO.[lelicTsyromnx M0ll<ny cooo:il ,j,epMHOHOB He CBH3aHHblX C KBa3H-

,j,OHOHaMH, 'qacTOT8 KOTOpblX paana 6) • YHHTapHoe npeoopaaosanne, paCCMOTpeHHOe 
/6/ 

_ Bblwe, SIB/IS!eTCH '18CTllblM Clly'laeM npnaenennoro B • C IlOMOmbto '9Toro YHHTapaoro 

npeoopaaosaHHSI nerKO Bbl'IHCIIHTb ,j,yHK.llHII fpnaa CHCT0MbI, KOTOpbie onpeneJXSl!OTCSI ,j,op-
. . . /3/ 

uynaMH, aaalIOI'B'lllblMH <j,opMyllaM H3 pa60Tbl • 

5 



~ ·fo .. 
TTepel!AeM K pacCMOTpe1mio BTopol! B03MOlKHOCTll (H

1
=0) • faM11nhTOH11aa c11cTeMbI 

IIMeeT BUA: 
J • + 

H = E I. a+ a +E
2 

I a+ a + h w b b 
1 m=-J. lm lm m=-J 2m 2m (1 ',2) 

+y(b +b+) 
+ + 

I (a a +a a ). 
2m lm lm 2m 

HecMOTpSI ,Ha BllAllMYIO npOCTOTY _aaAa'lll, ea aaanHTll'!8CK08 pemeaue OTCYTCTByeT. 

faMIInhTOHHaH o6naAaeT MHoro•rncneHHb!MII CBollCTBaMll l!HBapaaHTHOCTH. OH KOMMYTHpyeT 

_c onepaT_?P~Mll 'IHCna ¢epMIIOHOB, HM8IOIIIHX q>HKCllpoaaHHOe MSI"HllTHOe KBaHTOB00 'lllCilO m_ 
,'; 

" + + 
nm= 8 1rr..alm~ 8 2ma2m' (5.2) 

6naroAapSI· '10MY KBaHTOBbl0 '!llCna 8TIIX onepaTOpOB RBilSIIOTCSI IIHTerpana'.Mn ,lUlll)K0HIUI~ 

Jlanee, raMHilbTOHHaa llHBapnaaTeu 0Taoc11Tenhao n106oro,, yHnTapaoro npeo6paao.BaHIUI · -U 

onepaTopoB a (a 
lm 2m 

.1 
a. ➔ U a U 

I 1 

BBeneM onepaTop seniority 

•I 
a ➔ UaU. 

2 2 

; = ½ {1 - ( -1) nm ) " 

cof5crneHHbl0 'IIICJIB KOToporo paBHbl 0 (n'm = 0,2) 

CoCTOSIHH0 CllCTeMbl xapaKTepaayeTCSI 2 j + 1 

H 'Pin I 
m 

E . 'I' } , 
1 .. mJ 1nm 

I"Ae 

l(n -1). 
m 

'lllCJIBMH · D m 

Eln )= 
El + E2· N' + & 

m 2 1nm) 

a li,I nm) 

J 
N =·I 

3_aBHCHT TOilbKO OT B8nH'IIIHbl 

J 

O=· I 
m=-J 

I 

m=-J 

a 
m 

n m 

(6.2) 

(7.2) 

(8.2) 

(9.2) 

(10.2) 

(U.2) 

Ilp11 u=O ·&=h<un , I"Ae n - uenoe 'IHcno, paBHoe 'l11cny KBaHTOB a CHCTeMe. 

TTpocTel!m11il HeTpl!BllafibHbil! Cny'lall B~3HIIKBeT npll ·ae'leTHOM 'IHCne HYKnOHOB N 

ecn11 a= am = 1 • YpaBHeHlle lllpeA11Hrepa (8,2) B aToM cny'lae CBOAHTCSI K ypaBae-
o 

HIIIO 11ng OAHOI"O HecnapeHHOI"O HYKilOHa, KOTOpblll ll3-3a B3aHMOA8fiCTBIIH C <pOHOHOM llM88T 

6 

/ 

',-

> 

-...._. 

'l 
I 

J t/ 
t 

' 1.· 
!( 
I 

J 
f'." 

I 1 ·i· 
' 1 

) 

l. 

·' 

' ' 
lt_OHe'laylO Beposrraoc::b OK83aTbCSI Ha OAHOM 113 llBYX __ ypoBHell C _q>RKCllpOBSHHbIM_ m 

aoBast· q>ylIKllHSI c11cTeMw uueeT BRA: 

W~(/ F(b+)+_a+·<l>(b+)) TI (a+;a+,)10>
1 m • 2m m'=/m lm 2m 

I"/18 np0_113B0/18Hll8 COA8plKllT 

' 0003Ha'lalOT pSIAbl 

N-1 
2 

nap onepaTop_oB 
+ + 

a a , 
lm

1 
2m1 

+ n 
F=If(h), 

n n 
<I>= I¢ (~+)n: 

n n 

a q>yHKIIHll F 

Bon-

. 
( 12.2) 

H <l> 

(13.2) 

Koa«j,«j,11unei1Tbl F ll <l> YAOBn8TBOpSIIOT anre6p8H'18CKllM ypaBH8HIISIM,. cne11y10I11llM ll3 

ypaBaeHIISI lllpeA11arepa:. 

+ + [ -( & + t ) + b b ] F + y ( ~ + b ) <I> = 0 
(14.2) 

+ + J [-( & - t ) + b b ] 4> + y ( b - + b) F = 0 , 

ll ycnoBHIO HOPMHpOBKll 

2 
< 'l' I 'I' > = I n I (If n I + I¢ J 2 ) = 1 • (15.2) 

I 

3anHCb!BaSI ypaBaemrn (14.2), Mb! onpe11en11nn MaCmTa6 ll3MepeHHSI aaepI"Hll TBK, 'ITOObl 

h w = I 11 aaenn 06oaaa'1ea11e 2, = E
2 

- E 
1

, Bennqnaa & CBSl3aaa c · aaepruel! cncTe-

Mb! E COOTHOilleHHeM (9,2). 

YpaBH8HHSI Ailll Koa¢¢nuneHTOB f 
n 

¢ n HM8IOT BRA: 

l-C&+ d+nl r +yl(n+O ¢ +¢ 1-o 
ft n+l n-t 

(16.2) 

[ - ( & -, ) +, n ] ¢ + y [(n + 1) f + f ] = 0. 
n ril ~1 

a) Cnaoag CBH:Jb TeopnH B03MymeanR 

Ecnn y<<, nnn y «w h = 1 CHCTeMy ypaBHeHHl! (16,2) MOlKHO nccneAOBaTb 

M8TOAaMH TeopnR B03Mymem1l!. <l>yHKUHH Hyneaoro npn6nHlK8Hllll Oill!Cb!BaIOT ¢epMIIOH aa 

BepxHeM. ( +) 11n11 HlllKH8M (-) ypOBHe II no CBOOOAHb!X ,POHOHOB. Koacj,cj,11u11eHTbl 

( HOpMHpoaaHHblX cj,yHKUHH) paBHbl 

r<o)(no-) ___i_ a 
(n!)½ n,no 

CD(O) (n -)=fl 
, 0 

&' 0
l(n -)=-t.+n 

0 0 ' 

rtOl(o+)=O c;:,Col(n+)=_l_ [j 
n O n O / {~!;)\1 n,n

0 

& (Ol_(o +)= t + n 
0 

7 

¢ 
n I\ 

(17.2) 



< 
/ .. 

· nerxo ytie.tlHTbcsr, 'ITO. nonpaaxa K sneprnn D03JmltaM Tom.Ito BO l'ITOpOM npn~:l.'<:e

nnn no Y 

(2) 
5, (n -) = - y2 4, y 2 

0 --- ---- D 
2<,+ 1 4c2-t o 

(1.8.2) 
·c!;J ) : y. 2 4 2· 
19 . (D + = _-__ + ...'.!..!..L D , 

0 
2,-1 4£2-1 ° 

TSK '!TO B .~TOM npHMll)K0!IJlli cneKTp !pOHOJJ:HlJX _COC'l'OSUOI:il OCT88TCH SKBllAHCT8llTHblM, HO 

'ISCTOTS K~iie6aH.Hll nepeaopMnpyeTCH n CTSllOBll:TCH paaaoll Anil ABYX COCTOSU!Hll: c se_niorityl. 

<l>opMynbl (18.2) · cnpanennnnhl,. ec;nn OTC}"TCTBY8T peaonau:c: - 2. ,/; hru;a 1. Oan 
noxaabIBSIOT T8K)Ke, '!TO _npnMeIDIMOCTb Teopiin B03MYllleIDI:il napymaeTCn, ecnn 

. BHTCH 6oJlbmHM. 

D CTllH0-
0 

B nepnoM nopHAKe no y 8AHHCTB8HllhlMH He paBHblMH nymo. xosqiq,11nneHTaMH srnmi--

IOTCSI 

ef,(IJ 
,{ -1 
0 

(n -)=-_Y_._!!_c__ 
n 2,-1 (n I)¼ 

0 

lll (n -) = __ Y_ 

no+.l o 2c_ ♦ L 

nnst cocTonnnft anJKHell KoneoaTem.aoll cepmr 

t 0 > (n+) 
· n -1 0 

0 

_Y_ 

2£+ 1 

n· __ o_-

(no I)½ 

f(l) ( ) y: 
no+== --

no+l 2,-1 

nnsi COCTOHHHll BepXHe:il KOn~68T81IbHOll cepnn. 

_1_ 
(n !)½ 

o· 

_1_ 

(n I)½ 
0 

6). 06mn:il cny '!all. MeTOA npOH3BOAS!lIIHX cpyl!KUH:il 

(19.2) 

(19' ~2) 

Ilpn llp0113BOIIbHOM COOTHOW8HH:il M8lKAY KOHCTSHTBMH £ > y (hru=l) pemenne ypaBHe-

llllH llJpennnrepa npHBOAHT.K AHaroHanB'.38UHH 6eCKOH0'1HOJ! MBTpHUbl, BHII KOTOpo:il onpeAe

llSl8TCll ypaBH8HHHMH (16). CaMn ypannennsi (16) MOlKHO paccMaTp.llBBTb KaK pexypeHTHbie 

COOTHOIJI0HHH nnsi onpeneneJil!ll KOS!p9llllH0llTOB f • ¢ npn n > 1 no nepBbIM lIBYM (f ,ef, ), 
n n - O O 

Ha6op q:ncen f , ef, ,_ nony'la10m11xcsi na pexypenTHblX coOTHOllleHHll, MOJKHO Hall.TH np.n 
n n ·' 

n1060M1 B3l!TOM iiayran sna'leHHII ·:rneprun & • Onnaxo Toiihxo B TOM cny'lae, ecn11 5, 

connanaeT ~ onnnM ns co6cTBeHHbIX ana,ren.nll li, , cymecTny10T Pll'llbt I n!(jf I~ I</> j 2), 
n n n 

·onpenenlllOIJIHe HOpMy BOnHOBOil cpyHKnnn CHCT8Mbl • .[lng BHBUHTH'leczrnro iccne)10B8HHS! T8K.IIX · 

'IHcnonbIX psrnon yno6Ho nnecTn nponanon=.ne <jlymm.nn 

F(z) =! fnz
0 

<l>(z)=!ef, 
n 

n 
z • 

8 

(20.2} 

,i 

l 
Y, 

I 
y 

''! 
'J 

I 
-_;!j,\. 

i j, 
: I 

i( 
I 

':i 
)I 

I 
J 
\ 
I 

,\ 

1J. 
':\ .. 

+ :\ i 
n.!1·· 
f'! 

[;;1•.li 
( 
:1 
ii 

I 
l• 

I: 

t 
! 
11 
f; 

,'"i 

,/ 

· . 

onpeA8nHB HX ltSK ,j,ynKnrin KoMnneKCHOro nepeMeHriQrO 
, '. ' · .. ' 

Z · • AHa{IHTll'l0CKH8 CBOilCTBa. 

.sTHX lpyBKllHA 6yeyT H3}"'l8Hbl B ASHHOM p83Aene. Hn>Ke 

• 
6yneT noxasano, '!TO npo.nsaong,.. 

'✓ 

mHe ipyHKnnn npencTannlllOT yno6Hbl:il.annapaT KBK nn,i nay'leHHSI· o6mnx cnoftcTB pemenn,i 

, 38AB'IH B38HMOAe:ilc~y10m11x n;>'KllOHOB H !pOHOHOB, _TBK H AllS! 'IHCneHHblX paC'l8TOB sneprnn H 

onpeAeneHHsi· nonHOBblX <jlyHKnn:il cncTeMbl, B cny'Iasrx, KorAa ananaT_n'!ecKoe nc_cnenoi3anne _ 

1!8B03MOlKHO AOB8CTH AO KOHRS. 

CnolKHB ypanneHHS! (16.2) AilH )?83HblX n , YMHOlK8HHbl8 118 z n , nerito_ y6ennTbc·sr, 

_ '!TO ipyHKJIHn F n cl> ydonneTnop.moT AHqiq>epennnaJlbHblM ypaa~·eHHHMx) 

[-(&+c) +z.A. 
dz 

F(z)+y(_d_+ z) cl> (z)=O 
dz 

[-,(@ -d+ z ...! l cl> (z)+y (.A.:.:.+ z) F(z)..:o. 
· .dz dz 

(21~2) 

_OnpenennM, KBK <P_OPMYIIHPY8TCH npo6neMa OTbICKalI.IIS! co6CTB81IHbIX 3H8'181l'.llil B Tep

MHIIBX llpOH3BOIIllllUIX <jlyHKnH:ll. Boll!IOBbl8 <PYHKUHH COCTOS!II.11:il C.IICT_eMbl llDnlKIIbl o6nanaTb 

CBOilCTBOM HOpMnpyeMOCTll: (15.2), a TSKlKe Yi10Bll8TBOpllTb II_epaBeHCTBY EyHS!KOBCKoro

lllnapna, KOTopoe -BblpalKaeTCSJ 'cneny10m1;1:u oopaao1'J. TTycTh 

( =((ll a+ jO;, +((2la+jO>, 
Im 2m ~ (22.2) 

<;Ul = ! ,:rn (b +) n, 

o603H8'188T npOH3BOIIbH08 ll'.OpMHpOBSHHOe COCTomtne, T.e._ TaKoe, '!TO 

I (l~(llj2+1(f2lj2 )nl =1. (23.2) 

Torna BOpM.nponaBBan B0Illl'.0B8Sf <PYHKlIBll C.IICT8Mbl qr ' onpeneneHHall <jlopMynoA (12.2), 

lIOil)Klla YlIOBlleTBOpS!Tb ycnon.1110: 

Bb16epeM ' 

I<( (I) IF>+< ,:t 2l I ef, >I= 

= I I n! (,;"( ll f + (*t2> ,: > I ~ 1 • 

cneny10m.11M 

,u, 
o6pa3oM: 

I .I 2 -== e 2 

n 

z*n 

n ! 

'{2) = 0 
n 

n 

(<(!(>= 1) 

(24.2) 

(25.2} 

x)3Tn ypaall'.eHHll nony'IBIOTCll H3 (16.2) <jlopMallbHO:il 38M8HO:il 1,+_d_ • b+ ➔ Z • Onepa--
TOpbl" z ,.!. l onpe11eneanhle B npocTpancTBe ipyHKn.nll xoMnneKcnoro DepeMennor.o anann-

h - . -
TH'lecKHx B nexOTopo:ll oonacTn G , 06nana10T nceMn caoAcTnaMn onepaTopon non,i <jlono-

H~B b,b + Ycnonne ....i!_z
0
(z)=O 

dz 
, onpe11enlll0mee 'naxyyM', naeT Z

0 
= 1 ,. 

9. 



'' • 
IlpH TaKOM BblOOpe -, ycnOBH0' (21.2) "npHBOll~T K HepaBeHCTBY 

,., 2 

IF(z)l~e2-

IlOK83blB810IlleMy, 'ITO <pyHKIIH!I 

TaKy10. npot5nyro q,yHKIIHIO ( 

F (z) orpaHH'lena ·a nrot5oii KOHe'IHOii ot5nacTn z 

('2~0 
" . 

y KOTOpoii 

,<1~0 = - =((l) 
. 0 N.1 

(1) -hl2 
· ••N 

( = e 2 z* " --
(n-N)! 

(26.2) 

Basia 

BOCilOlU,30B8BlllHCb BHOBb ycnoBHeM (24.2)' MO)KHO JHanncaTb ycnoBHe orpaHH'leHHOCTH -

N -oii np<>HSBOllHOll q,yHKUHH F ( z) 

·rne L (e) 

dN .!:.£L.: I <S_[ N ! LN(-1; I 1 el•l
2 

l ½, 
N· dz 

- nonHnoM n=repa · N -ro nop!l.[lKa 

,: 'd(N) - N .:_f -
LN(eJ _= _L_ e "'------_ e e•. 
. - N! d eN 

. . (l) . . . . . (2) . 
Ilonarag · e- ".' _0 .·H BblOHpS!! IIpOOHble q,yHKIIHH e. IIO aHanorHH C TeM, 

(27.2) 

KaK STO 

t5blno cnenano panee, nerKo yt5enHTbC!I a cnpa~eAnnaocTn TaKHx·JKe _nepaaeHCTB An!l·q,yHK

IIHB '(I (z) • 

. nerKo i'toxaaaTb (cM. Ilpnno)KeHHe 1), .'ITO q,yai<uHn, ynoaneTaop!!1011I11e ycnoaH!IM 

(28.2), (27.2), non)KHbl. Ob!Tb uenb!MH q,yHKIUl!IMII KOMnn~KCHOii nepeMeHHOH z ' T.e • 

'-'ITO oHH ·ae MoryT HMeTb ocot5enHOCTell, pacnono)KeHHblX ·a KOHe'lHb!X TO'lKSX nnocKOCTH z • 

11ccnenoaanne ·caoiicTB ·nenbix pellleHHli. ypaBHeHHii (2f.2) IlOK83b!BaeT (c:M. Ilpnno)Ke-
2 2 , ' ' 

ane 2), 'ITO p!l.[lbl I_n!j<;S I In! If I c Kosct,ct,mwenTaMH cf, ,f , onpenenen-
, _n n n n 

Hi,;MII q,opMynaMH {20.2), CXOll!ITC!I. " 

TaKIIM ot5pa30M,. aana'la onpe.[leneHH!I. nonaoii CIICTeMbl COOCTBeHHblX q,yHKUllii (_12,2) 

CBenaCb K OTblCKSHIIIO BCSX pellleHIIH llHq,q,epeHUHanbHbl~ ypaBH0Hllii ( 21,2), B1:;P8)!{81011IIIXC!I 

uenb1M11. q,yHKIIH!IMHx_)_. fpaHll'IHb10 ycnoan!I, KOTOpb1M AOn)KHbl ynoaneTaop!ITb pe11Iea11!!, MO)K

ao ycTaHOBIITb, paCCMOTpeB H0CKOnbKO nonpot51:ee CBOilCTBa CIIMMeTp11111 raMHnbTOHllaHa (1 '.). · 

' ' x) B CHOCK0 K q,op/.fyne (21.2) onpeneneHa 38BIICIIMOCTb OT z npoHSBO.[l!IIT\ell 
q,yHKIIHll Z 

O 
(z) = const B cocTO!IHHH t5es q,oaonoa. CocT05lHHe c q,HKc11poaaHHblM 'IHcnoM 

q,oHOHOB ( n) B TepMHHaX onepaTopos b+, b YAOBneTBOp!!0T ypaBHeHHIO 
. - b+b ef, = n ¢ • 

CoOTaeTCTBYIOIIIS!I npOH3BOllSIIll8!1 q,y~IIH.II ef,(z) ynoaneTBOp!!eT ypaaHeHHIO 

z..:.!_¢=ncf, 
dz - ' oTcrona cnenyeT 

ef,=cz 0: 
Ycnoa11e ananHTH'lirocTH q,yHKUHH ~Ha'laeT, 'ITO n -nrot5oe nenoe nonO)KHTenbaoe 

'lllCno, H onpene~!leT, TaKIIM ot5pasoM lace COCT05IHH!I CIICTeMbl .B 3TOM np~TOM cny'lae. 

Hi 

\ 

' 

_, H~noc'penCTBemioll __ npoaepKoll MO)KHO yt5enHTbC!!, 'ITO raMHnbTOHHaH ( 1' J. HHBapHa~TeH OTHO-

. CHTenbHO. npeo6pa30BBHH!I U
0

. ff U ~l _x) 1 .I'A0 . 

U IS 
0 

= e o 
~-+ .. . + 

S0 = .IL_ ( a a1 - a+ a ) + " b b • 
2 lm m 2m 2m (28,2) 

. Cn-e.tt<;>BaTem,no, COOCTBeiiHast q,yHKn~sr CHCTeMbI MO)KeT Ob!Tb non•rnneaa ycn·oa1110 

u0 •ri = ew . (29.2) 

Ilo.ttcTaansr!I a (29.2) Bb1pa)Kea11e Amr 'P , onpenensreMoe qiopMYnoll (12.2), nall.tteM · 

F(-b+)=-ieF(b+) 

¢ (-b+)= i e¢(b+) 

nnsr paCCMaTpnaaeMoro cnyqasr ( seniority (1 = 1) 
m 

e2
=-1, e=-: 

(30.2) . 

/' 

(31,2) 

11cnonb3ysr q>OpMYnbI (30.2~ ,(31.2) H onpeAeneHIISI np0113BOAmuHX q,yHKUHll (13.2), (20.2), ,_ 

nallneM 

F(..:.z)=+ F(z) 

¢ (-,-z)=:;:¢(z), 

OirnsblaaeTCll YAOOBblM aaecTH n1111el!Hble KoMt5nnau1111· q,yHKI1nll F H ¢ 

X=F+¢ Y= F-¢ 

KOTOpbI0 B c11ny ycnoan:ll (32.2) casrsaHbl _COOTHOill0HlleM 

X (-z)=+ Y(z). 

YpaBH011HlI (21,.2) B T0pM11H8X HOBblX <pyHKIIIIH HM0IOT BHA!_ 

[(z+y) .A.-,(& -yz)]X(z)=- t X (-z) 
d . + z . 

nnn: 

[( z.-y)~-( & + yz)] -Y(z) =-t Y (-z), 
dz· - + -

'-

(32.2) 

(33.2,: 

(34.2) 

(35.2) 

(35',2). 

Ilpot5neMII onpe.[lene)IHSI COOCTBeHHbIX 3HS'l0Hllii caenacb, TaKHM ot5pa30M, K OTb!CKa-
. -

n1110 nenbIX pemeHllll AHq,q,epeannallb!IhIX ypaa~enaJl· nepaoro nop!l.[lKa (35.2) nnn _ (35! 2). 

x). 3TO npeot5pa30B8Hll0 SKBHBaneHTHO 38M0He 

a+ ➔-i a+ 
lm lm 

a+ ➔ - i a+ , b + ➔ - b + 
2m 2m 

a ➔ •ia 
lm lm 

a -+la, b-+-b 
2m 2.m 

II 

C. 



Ilm1 0Tb!CK8HHSI K09cpqlHUIIeHTOfl , f , ¢ , onpeAensi10mnx BOJ1Hoey10 ·tj)yHKJ:imo CHCT8MbI1 
n n 

cneAyeT Bbl'iHCJIHTb coOTBeTCTey10mHe npo1I3BOAS!lllHe cj,yHKUHH F , <I>· 

(n) 
f = ..L ..1.. [ _d_ ( X (z) + X (- z )) 1 
" 2 n! dz n - z=O 

¢ = l. 1 [ L ( X (z) :;: X (-z )) i' 
n 2 n I dz" z=O 

HopMa cj,yHKUIIII ( 15._2) MO>KeT 6b!Tb npeACT8BJl8Ha e BH.D.e 

1 = [ F*w!-) F(z)+ <l>*(...!L)<I> (z) ] 
dz dz z=O 

=[X*(......!! )X(z}] =_l_ § ~ X*(__!_) X(z}, 
dz z=O ·2-ri ,z . dz 

r.o.e KOHTYP HHTerpnpoBalUllI 38MKHyT .H o6XOJllIT TO'lKY z= 0 

3 •. llacTHbl8 cny'laH, ·AOilYCK8!01!lH8 pelll8HH8 

a) ·q·acTHbiil cny-qai! <=0_ 

HJIH X 

(38.2) 

(37.2) 

YpaBHeHHlI (35.2) nerKO HHTerpHpy!OTClI B 'i8CTHOM cny-qae, KOrAa •=0 .• PemeHHe 

HMeeT BRA: 

·Y• 
X=C e 

&+j, 2 

( z + y) 

Yciroa.He aHaJIHTH'lHOCTH cpyHKUHH npHBOAHT K cneKTpy co6cTBeHHbIX 3Ha'ieHui1 

0=-y2+ n , 

(1.3) 

(2.3) 

r):le n .. nenoe UOJIO>KIITeJlbHOe 'lHCJIO. HopMa cpyHKUHH onpe.o.emteTCSI B COOTBSTCTBHH C 

,POPMYJ!Oll (37.2) H paBH8 

IC 12 = 
n 

2 
·Y 

e 

n! (3.3) 

KoHeqHo, _pellISHHe 38Jl8'i1I B 9TOM cny-q_ae MO>KHO nony'iHTb H He npH6eraSI K npOH3-

BOAS!llllIM 'PYHKUHBM (CM. onacaHae· M8TOA8 YHHTapHOrO npeo6pa30B8HHlI B H8'i8J18 npeAblAY

l!lero pa3Aena), OAHaKo·paapa60TaHHbii1 annapaT noaBoJIHn 3Ha'laTeJlbHD ynpoCTHTb ee 

pemeHae. Ilns ·eonpoca, 06cy>KAaeMoro e cneAy10meM paaAene, aTo ynpome1111e OKaab1eaeTcst 

3H8'iHTeJlbHO 6onee cymecTBSHHblM. 

6) H}:lH6JIHlK8HH8 CHJlbHOil CBlI3H 

B paCCM8TpHB88MOil 38A8'l8 HM8!0TClI TpH pa3JIH'lHbI8 B8JIH'lHHbI C pa3M8pHOCTb!O 

9Heprua. Cnna· CBSl3H 38BHCIIT OT COOTHOIIIeHHll Me>KAY BC8MH 9THMII B8JIII'lHH8MH. B ASH-

HOM pa3Aene Mb! HMeeM BBHAY cny'lall, KorAa Y a eu cpaBHHMbI no BeJIH'ilIHe, a 

12 

" 

/ 

paCCTOlIHII~ Me>Kny ypOBHf!MH •<< heu= 1- • MbI-XOTIIM HallTH paano>KeHIIlI AJllI ,rneprnn a llJllI 

·-eeicTopoB COCTOlIHIIll no CTeneHSIM 

. y>Ke .11alllieHHhle cpymman 

< • Cny-qa10 npeAeJlbHO CHIIbHOil CBSl31I· COOTBS~CTBY!OT 

.:L
2 

·Y• - n X=e2_l_e (z+y) 
n . (nl)½ (4.3) 

H :aaeprna (2.3). 

Ilpa KOH8'lHblX1 HO M8Jlb!X 6yAeM HCK8Tb pemen11e B BH.D.8 p83JIO>K8HHB no jiYHKUII--

SIM \4.3) 

X = ~ c X (z) • ( 5.3) 
n n n 

IlOACT!lBHB BbipS)l(eH.He J:(JllI X(z) B BHJ:1~ (5)' B· ypaBH8HH8 (35.2). YMHO>KIIB o6e '!aCTH 

yp8BH8.IIIISI Ha 

meHHlI 

Y• e npoAacpcj,epe.an:e:poBaB n pa3 II nOJIO>KHB . z = - y I nony'!IIM COOTHO-

½ <(& -n ..-y 2)c (n!) 
" 

=-• + 
Y.i 'n 2yz n' 

~ c (n1) L .. Le (y-z) J 
~, n' dz" - z=-}' • 

Ilpn < .<< 1 8CTeCTB8HHO C'iHTaTb, 'ITO TOJlbKO ?All.II K03cpq,HU1I8HT 

(8.3) 

C B8JIIIK (c = 1) 

II 'ITO aaepr11>1__ & 2 
6n11aKa K . n 

O 
-y 

"o n -
Tor):la .o.m1 nonpaBKII. K aneprHH nepeoro· noplIJl~a · 

no< noiry-qaeM ypaBHeH:e:e:-

I· \ r& ""n
0

+y2+< [g·e2Y .. _(y-z)"O) l, 
. ... dz~O z=-y J =0, 

OTKYJ:lf{ 

, 2 - "o ·2Y
2 

. · 2 
@=-y+n0 .::;<(-} e L.(4y) (7.3) 

0 

L .. nOJIHHOM nareppa 
"o 

nopro:tKa 

L 0(x)= 1; 
-~ '2 

L (x)= 1- x; L (x)= 1- 2x + 2... 
1 . 2 . 2 

_no : 

nonpaBKa K BOJIHOBOil tj)yHKUIIH COCTOSIHIIH onpe.o.enneTCSI cpOpMynaMH 

' 
C =- .~£ 

•· + -
n=/ "o no-n 

½ 2Y2 " ••. · <"o·•> 2' (-1~ e." (2}') o L (4y-, 

(n ll" " . 
0 

(8.3) 

m 

rAe L n - npHCOe,D.JIH8Hllblil nOJIIIHOM. nareppa0 

AHBJIII3 8H81IHTH'leCXIIX CBOi!CTB npOH3BOAS!lll8li 'PYHKUIIH, onpeAensteMOil cpopMynaMH 

(5.3), (8.3) J:IJllI npOH':3BOIIbHOro 3H8'i8.IIHH no • He npeACTaBJllieT 38TPYAH8llllfi. TaK, npa 

· .n
0 

=,0 HM88M • 

13 



' ~ X(z) = e 2 •Y• (l+d :S Ju0.'.'.... ..l.(2yf" (4y 2 )" J ,e•2Y) 
- n=I nl , n 

(8.3) 

~- • ·2Y2 = e 2 ? 0"!:_ t e [ f 
-y 

:}'(x+yl_ t dz ) e. __ 

(z+y) 

<j,yHKilHIO, ananHTH'IHOCTb KOTOp0l! npH KQHe'IHblX % 0'18BHAH8o 

AaanorH'IHhlM o6pa3oM M0lKHO aal!TH nonpaBKH BT0poro n T.A. nopSIAJta no t. 

OTnp8BlISU!Ch OT ypaBBeHHI! { 6.3) • 

. B) Pe30H8HC: 2tosw= 1 {ynp
0

01ll8BBbll! )38pH8HT MOAenH nu T80P.HH 

nonsr) 

Ilplt t= ½ npu6nmKeBHe cmn.Hol! CBS!3H ylKe AQnlKH0 npHB0AHTb K cymeCTBeBBb!M 

omH6KaM. 'B p83Aene {::,.a) 6bllIO II0K838HD, 'IT0 ll 3T0M cny'lae TeopHSl B03MYlll8HHl! He 

paoQTaeT ( ecnu pa3H0CTb It-½ I cpaBBHMa c I y I ) • TeM He MeHee npu6nuJKeBBoe 

peme.irne npn y<< 1 M0lKl!0 nOCTp0HTb H B ST0M Cny'lae. XapaltT8P 1IpHonHlK81!Hl!, KOTOpbIEl 

HylKB0 CAenaTb, Bll,1l8H H3 q,opMyn {19.2) pa3Aena 2a. •o~aCHble• 'ln8Hbl 'B Teop~n B03M}'

llleBHl! B ST0M cny'IS8 B03HBKaIOT H3-38 '18CTH .r8Mlln&T0BH8H8 B38HMOAel!CTBllSI. 

H = y l: (a+ a b+ a+ a b+), 
2m lm 1 m 2m 

{10.3) 

npeACTaBnSIIOlll8li co6oli qpe3Bbl'18l!B0 ynpomeHHblli BapHaHT B38HMOA9liCTBHSI B M0-

/6/ AenH nn T80pHH nonSI (CM. ).· 3aMeBa, raMHnbT0!lHSHa B38HMOAel!CTBIISl B (1.2) BblpalKe-
•' 

HHeM ( 10.3) npl!B0AHT K cneAYIOllll!M H3M8H81lHSlM B ypanneHHSlX Ansr llpOH3B0ASllllHX q,yHJt-

nul! F,4>·: 

[-(G +d+z _!_) F+yz<I1=0 
az 

[-(G-t)+i.JL JII>+y~F=o. 
h h zj 

I-fa ypaBHeHHli (1 l .3) BHAH0, 'IT0 BX pelll8HH8 M0lKH0 l!CK8Tb B BHAe 

/ 

F(z)= f z" 4>(z)=</> z""1 

nnst onpeAeneHHSI 'IHCneHHblX KOS!plpHl{HeHTOB 

[-( &+d+nl,f+y,f,=0 

[-(&-d+ n-1]-ip+ynf=O. 

H ¢,' HMeeM yp8BB8BHSI 

(11.3) 

(12.3) 

(13.3) 

x) n ' erK0 npoaepHTb, 'IT0 raMl!n&T0HH8H 

c onepaTopoM s
0

, onpeAeneHHhlM q,opMynol! 

H Bbl0HpaSI co6CTB8HHyro ' <jlyHKilHIO TBK, 'l:T06bl 

naM (12.3). 

C B38HMOA8J!CTBHeM (10.3) K0MMYTHpyeT 

(28.2). Hcnon&sySI STD O0CT0SITenbCTB0 · 

S
O 

'l' =t°'l' , cpa3y JKe npHX0AHM K q,0PMY-

14 

\ 
'1 , I 
i 

" 

OTcroAa cneeyeT ypaBH8HH8 Ha CO0CTB8HHble 3H8'18HHSI 

-<&+d+n •y 

=0, 
ny -<& -d + n - 1 

pemeHH0M K0T0poro SIB~SieTCSI 

G=n -++y(t-.l.)~ny2, 
- 2 

(14.3) 

4. 3a_11:n_10q_ea11:e 

B ABHHOI! M8TOAII'l:8CKOli pa60Te Mb! CTaBIIM CBOOI! nen&IO ,pa3BIITb M8T8M8TII'18CKHll 

ammpaT, lt0T0pbll!, ltalt HSM lt8lK9TCSI, M0lK8T f>b!Tb IlPIIMBHeH lt pa3M'IHblM iplI31I'l9CKIIM 

38A8'18M. nnst SToro China Bblf>paHa IlpOCTel!maH M0Aen&, 0illICblB8IOlll8SI B38HMOAel!CTBII8 

q,epMHOHOB co 'cxanSipHblM cpoHOHOM. 3Aecb Mb! XOTIIM 0'18Hb lt0pOTK0 0CTaH0BIITbCH aa 

iplI3H'l9CKOM C0A8plK8HHH pa3o6paHHOli M0Aenn • 

B SIABPHOfi ipH3Hlt8, B llpOTIIB0il0n0lKHQCTb nonoJKeHHIOAen C ltBaApynon&HblMH Koneoa

HHHMII, cymecTBOBaHHe KOT0pb!X He Bb13blB88T C0MHea1rlt, CHTyanHH C M0H0IT0n&Hb!MB. xonnex

THBIIblMH C0CT0HHHHMH ,He srcaa. Bo36y)KAeHHbl8 C0CT0HHHH C M0MeHT0M J = 0 C He6oi:ti.moli 

saepruelt B030YlKA8HIIH HMeIOTCH BO MBorux ('leTH0-'18THb!X) HApax, 0JIH3KHX K Maru>reCKHM. 
. · ,' , + · 16 

Tax, H8JIII'lll8 ,oonbmoro 'IHcna yp0Bl{eli 0 B o6nacTH OT 6 AO 16 MsB B HAPBX O p83K0 

np0THB0p8'1HT npeAClt838HIIHM npocToli o6ono'le'IHOli MOAelm, HnTepnpeTBIIHH HH)Kalilllero H3 
, /10/ . 

STHX COCT0SIHIIA ( E B030 .. 6,06 ,Msa)· KSK OAHOipOHOHH0ro B030YlKA8HHSI (cM. ) aaxo-., 

AIITCSI , no xpaAaeA Mepe, B ltB.'18CTBeBBOM COOTBE!TCTBHI{ C npeACTll;BnealISIMII 0 ·:x,apaxTepe 

0CTSTO'llib!X cun MelK.lcy'Knonnor-o B3aHM0AeACTBHH H CBOliCTB HA8PH0r0 IIOTBHIIIlana. HH3KO

nelK81llH8 o+ coc'roSIH~H. cymeCTByIOT H B ,xpyrllX SIAPBX, OAH8KO 'l:Hcno ayxnoH0B, nrparo-
' : . ' + ' ' 

lllHX sq,q,eKTHBHyIO pen& B o6pB.30~HHII C0CT0HHHH O I 0K83bIB88TCH o>rem. MBnb!Mo _nosTOMY 

raMHl!bTOHHaH B38HMOt1eltCTBHSI THIIEl (6.1, M0JKeT 0K838TbCH nnlllb o>rem. nnoxnM npn6nn

lK9IIII8M K pean&II0MY• TeM He M8Ilee IlaM KSJKeTCH HHTepeCHblM npocneAIITb, Hen&3H nn 

CyllleCTB8HHYIO 'l:8CTI, HyKn0H-Hy'Kn0BBblX'K0ppenHnnA B nerxnx S!Apax onncaTI, KBK pe3ym,

T8T B3B.HMOAel!cTBHH: ayxnoaoii c <jloHoHaMB II, ~ 'IBCTHOCTH, B3BHM0AeAcTBHeM co cxansrp

. /IbiM <pOHOHOM. 

_B ,3SxnIO'leHHe a~Topbi .. BblpaJKalOT 6narQAapHOCTb C0TpyAHHKSM DTAena HI13KHX 

9aepr'nlt, npHHIIMSBmIIX y>raCTne B.·oocyJK11,eHBH paoOTbl n B ocooeH!IOCTH' n.r.3acTaBeHKO 

H E.E. !,an&6yueBko~iiii .:1!3 ~BTOPOB (M.J,f;)npH31I8Tenea E. E~ary (.l{aHBH), npOAOm;m, 

. • Te~!tbl8 JlIICKYCCil/f:. C JtOTopbiM'. UQCJl)"'.'°IJIH · xopolllIIM CTHMYnOM 11.nH. paoOTbl, HBA -H3no~e,a,:.· 

HbiMII : BO!Ip0CaMll, 
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fi p II n O )K e H H e 

1. Onpe)lelll!M paAHYC CX0)lHMOCTH R pSIJla 

F(z)=I f z", 
" 

( 1.1) 

Koaq,qimtH8HTbl K0TOporo YA0BJieTB0pmoT HepaneHCTBaM (~6.2), (27.2). nng ST0I'0 nocnom.
./10/ 

ayeMCH q,opMynoH 

•-- •I 
R = [ fim v Jf" I l (2.1) -00 

HMeeM 

I f I = _l_ [ -lL F (z )] • 
" nl dz• z=O 

< 
{nl]½ 

(3.1) 

llOCKOllbKY L (0) = 1 
n 

• Cne)lonaTeJlbH01 

R >[ fim (nlJ½n ]·1 =fim (n"e·• yT;;_ )½n =· 
n-+oo n-+oo 

(4.1) 

= fim n ½ e•½ (2,r n )4~ = oo 

·-
·II• noK8)K8M CX0)lliMOCTb psma 

2 
I n! I f + cf, I • (I.n) 
n n n 

KOTOpblll n C0OTBeTCTBHH c <t>opMynaMII ( 15.2) 11 (32.2) onpe)lenHeT II0pMy cj>ymtIUIII 

(12.2), Ilpll'leM C'lliTaeM f , cf, Icoacj><!JIIIlH8IITSMII psma Tellnopa nng nenoll qiylIKilHII, HBJIH-
n n . · 

rom:ellcg pemelllleM ,q11cj><jiepeHilllAJibHblX ypanHeHllll (:H.2) IIHII (35.2), {35,2). HHTerpapy~ 

<!>YHKilllIO ____!Jtl._ (CM. <!J0pMyny (32.2)) no 0Kpy)KHOCTII pannyea R c neHTp0M n 
mi z•+I 

TO'IKe z=0 , nerxo 11onyq11Tb cneny10m:y10 oneHKy nmI X = f +<p : 
n n n 

I X I < M (R) W" • 
" 

(2.II) 

I'll& M)(R) = max I X (z) I • Ilpll lzl =R 
/11/ . 

(cM. ). Be~'IHHy M(R) np11 6om.m11x 

3HS'l81111l1X I Z I MO)KH0 0lip8)l8llHTb, BOCil0Jlb30BaBmHCb 

BToporo nopsmxa nnst X{z) , axnananeHTHhlM ypanaeamIM 

AHcJ><l>epeanaaJlbahlM_ ypanHeHHeM 

(21.2), (35.2): 

X"+I 1- & +yz 

z+y 

2 
- & + yz IX'+(__£_:.~~- y'z2+y(z-y) 

z-y z2-y2 
IX=0• {3.II) 

3To ypanae1111e_llM88T npaBHJlbHble OC06hle T0'IKII npa Z=-y(X(z)=(z+y)P, p=O, &+y2) 

II z=+y{p=0, li,+y2+1) 1 a TSJt)K8 cym:eCTB8HHY IO ocoi5eaaocTb npH Z = 00 

AcaMnTOTHKa peme1111ll ypanaeaag (3.JI) onpe)lemIeTC!I qiopMynoll: 
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X(z)= A eY• z&.½ (1+0(...1..)). 
z 

KoMl5Hanpyll ( 2. II ) n ( 4.II ) , 11ony'laeM 

&.½ •• 
Ix l<Aexp(y) R O+O(..l..)). 

" -- R R 

(4JI) 

(5.II) 

ct>opMy na ( 5.II ) , cnpanennn:nag nnH mo6blx 

IlOllO)KHTb R = D • 8 9T0M cnyqae IIMeeM 

n li R , 6y)leT nepaa, ecnH nnH n >> 1 

Y• &.½ •• 
lxl<Ae n (l-f-0{.l..)) 

n .... D 
( 6.II) 

MS)K0pnpyeTcg PM0M CnenonaTeJlbHo, PS!Jl (I.II) 

IIblMH 
~ C c xoa,Pq,mweHTBMli C t pan-

n 

TTOCKOllbKY 

c = n! exp I 2yn In "
2

" •1+2& (1+ 0(.l.) ) • 
n n 

C 

-"-
C 
••I 

= n e2Y 0·2 (2!......)•2n-~2& 
n•l 

(l+0(l...))-+0 
n 

Ma)Kopapyrom:nii PS!Jl, a BM8CTe C l!IIM II. PHll (I.II) 
t CX0)llITCH. 
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