
OS'I.E.llHHEHHbltf 
HHCTHTYT 
Sl.llEPH biX 

HCCnE.llOBAHHVI 

.lly6aa 

~ 
:1: -; 
·• 

P2 - 4167 

BJ1.IypaaJieB, B.A.Me~epsKoB, K.B.PepHx 

S OB O~HOM HOBOM BH~E PElliEHHR YPABHEHHR 
-- TI1nA YPABHEHHR lJY-JIOY 

96 



P2 - 4167 

B.H.Iypauea, B.A.hepuoa, K.B.PepiiX 

OB O,nHOM HOBOM IJH,&E PEDIEHHR YP ABHEHHR 

TmiA YP ABHEHHR 1JY -JI<»' 

HanpaBneao B H<ll 

OiVAG&e!mr.dBHC'fl'l11' 
qepmam aeaeJlOBalllll 

fiMS.UHOTEKA 



I 
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1 

j 
l 
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I 
4 

I 
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'• B B e n e H H e 

Ill 
YpasaeHBH T.Jy-noy JlnSJ p -sona 11 N -p8CCeRHHSI HMeiOT BHJl 

... 
..L. f ( _lm_h_t_~_'_l + _I_A__;11'--Im_h_:_1• <_w_'_l_J d w , , 

( 1.1) 
'II ll W +W 

r.ne w. ,j q 2 + ll 2 - saeprHst MeaoR81 

t8 
1

cw> 
h (w 1 • __ e _____ sm_B-'1'--<w_l __ 

I qsu2(q2l 

- JlelcTBRTen&aas ~838 paccesRRs B COCTOSIRRH j , u (q 3 ) -4Jyp&e-

o6p83 ~YHKURR HCTO'IJIHK81 A IJ -M8TpHU8 uepeKpeCTHOI CRMMeTpHH 1 8 'IHC-

n8 A1 UpoUOpUHOB8n&Bhl KB8Jlp8Ty KOHCT88Thl CBSI3H Me30H-HyKnOHBOrO 

saaRMORelcTBRA a l: A 
1 1 

A 
1 
.-4 

1 I 
Bnepswe ypasHeHBa (1.1) 6wnH nonyqeaw Ra raMHn&TO&HaR8 saaaMo-

RelcTBRR l.Jy-noy/2/. 0JlR8JtO RX MO~O nony'IRT& K8Jt CT8TR'IeCKRe upeRenw 

CTporo Jl0K838BBNX penKTRBHCTCKHX JlHCDepCHORBWX COOTBOWe&RI/3/o Asano-

rB'I&we ypassesaa MOryT 6b1Tb YCT8BOBneBhl Jlnlil BbiCWHX BOn& 11 N -pac-

ceasas 11 Rnlil .npyrax REiyxqacTR'IRhiX upoueccos. Bee sTH ypasaeHBA Mhl 6yReM 

_saahiBaT& ypasaeBRRMH ~ana-yp8sseaal T.Jy-noy. Osa 6yJlyT paanH'I8T&eA 

uo lfJicny ~YBJtURI h 
1 

( Ci) l , BRJl)' M8TpHU nepeKpeC'rBOI CHMMeTpHR 1 KOnH-

3 



11ecTBY B&I'IHT8HHA, H8liH'IHJO noliJOCHbiX qnenoa. 0.oH8Ko ace aTH YP8BHeHHSI 

onpeaensrJOT 8H8liHT.H'IecxHe cJlyaxuHk S 
1 

((I) ) , r.oe 

:118 ((1.)) .llf+t 
S ((l.))ae I •l+2iq - ull(qll)h ((1.)) 

r 1 . 

181 
co cne.oyJOIIIHMH OCHOBHbiMH CBOftCTB8MH : 

1) S 1((1.)) -8H8liHTH'IecxHe cJlyHXIliiH 8 xciMnnexcnoA nnocxocTR (I) c 

p8ape38MR· <- oo, -1 ) , 

2) S* (cu) •S (cu* ); 
I I 

3)ls <w+to>l:~ 
I 

[+1,+oa) 

·1 .onsr w > 1 

4) S (-(I) ) • I. A USJ((I.)). 
I J 

( 1.2) 

ycnOBHe yHRT8pHOCTRj 

3.oecb A- KB8.llp8TH8SI M8TpRil8 D X D CO CBOftCTBSMR/10,13/ 

All =·1, I.A .1. 
I . II 

Mccne.ooB8HRJO yp8aaenRA THn8 yp8BHeHHA qy-noy noceBmeno 6onb

rnoe xonH'Iec~Bo p86oT/4~16/, 0.llH8KO B H8CTOSIUiee BpeMSI nonHoe pernenue 

8THX yp8BH9HHA HaA,lleHO TOnbKO .llnSI .llBYXPSI.llHOA MaTpHilbl nepeKpeCTHOA 

CRMMeTpHH/6-8/ o 

B pa60T8x/6,11/ 6&mo noxaaaao, 'ITO xoacJlopMHoe npeo6paaosaaue 

w • ..l..-arc sin w 
1T 

npHBO.llHT x yaucJlopMRaauRR cJlyaxuuA s 
1 

((I)) • B nepeMeHaoA w ycnoBJIH 

( 1,2) npHHHM8JOT cne.llyJOUIRA BH.ll/ 10/: 

1) 5 ( w) - CTOn6eu MepoMopcJlHbiX B nnOCKOCTR W cJlyHKURftj 

2) S * ( w ) ., S ( w * ) ; I ( 1.3) 

3) sO-w.)• J S(w) - ycnosRe YHHTapnocTu; 

4) S(l+wl•IAS(w), 

r.oe qepea Mbl 0603H8'1HnH T8KYJO HenH.II .. HyJO onepaUHJ0 0 'ITO 

1/S /w) 
IS(w) = 

.n 

4 

--

~ l •' 
,.I ,. 

·;; 

I 

l .I 

~ 
r 
;·t 

t 
I'll l 
~'J 1 

'~r :1' J ~' 
I' 

:I 

f !"' 

f 

'L 
t, '; I 

:, ( 
:( I 

(, 
~:, ,' 

': fl " 

I 
'· 

~ 

• I· 
\ 

i), ~~ 
! ~ 

Kax uasecTHo /6,10/, ycnosusr ( 1.3) He onpe.oenHJOT <llYHKUHH S 

H8'1HO. EcnH Hatf.oeH&I cJlyHKUHh S 1 , Y.llOBlleTBOpSIIOIIIHe ycnoBHRM 

¢YHKUHH s 
1 

[ w + {3 ( w ) ] D ( w ) , r.oe 

D(w)D(l-w):d, D(w)=D(-w), D*(wl=D(w*) 

{3!w).(3(w+l), {3(w)=-f3(-w), {3*(wl•{3(w*) 

TaK~e y.ooeneTBOpHIOT 8THM ycnoBHHM, 

0TBn9K851Cb OT {1 H D -llpOH3BOliOB, Mbl 6y.oeM f'OBOpHTb 0 

Hb!Xu perneHHHX H HX KnaCCHijJHK8UHH, 

B PH.lle pa6oT/6,8,9/ J:WH TpexPSI.llHOtf H 'leT&IPeXPSI.llHotf MflTJ: 

xrecTHOtf CHMMeTpHH 6&In H8ii:.lleH Kli8CC perneHHft yp8BH9HHti TH!I8 ) 

qy-noy, .llliSI xoTop&IX n106oe H3 oTHorneauti s 
1 
Is i o6n8.ll8eT TOJJ 

xoHe'IH&IM 'IHcnoM noniOcoa. B pa6oT8x/ 10,12/ 6&m paasHT MeTo.o n< 

perneHHft :3TOT'O Kli8CC8 UnH M8TpHUbl nepeKp9CTHOft CHMMeTpHH !IpoH~ 

nopSIUK8. 

ITpe,llCT8BnHeT HHTepec BbiSICHHTb 0 HM9IOTCR liH perneHHSI HHOT'C 

a HM9HH01 perneHHR1 UnSI KOTOpbiX XOTSI 6&! OUHO S ( w) /5 ( w) l 
I j 

6ecxoHe'IHbiM 'IHcnoM noniOcoa. Hu~e Mbi U8DHM rrono~HTen&H&Ift c 
aToT aonpoc. 

[{, /1ccne,aoB8HHe c/JyHKUHOHanbHblX ypaBHeHHii THna ypaBHeHHJt £I 

Heno.aBH)I(Hbie TO<cKH 

K8K cne.oyeT H3 ( 1.3) 0 38.!18'18 CBO.llHTCR K pelli9HHIO CHCTeMbl 

HbiX cJlYHKUHOHanbHblX yp8BHehHtt 

IS ( w) = S {1- w) 

(: 
S(w+ll=IAS(w) 

B Knacce MepOMOpciiHb!X .lleii:CTBHTellbHbiX lj.lyHKllHil: KOMlllleKCROro !Iepl 

w • 
HacToRmee nccn{enfeanne OTKoc~TCJR 

r -I T 
A(l ,I).., -..!.. _I_ ...L 

3 2 6 
l. ..L ..L 

3 2 6 

5 

K MaTpnue A ( 1.1) 



uA, aanH'IHJO nonJOCHbiX 'lneaoa. Oaaaxo ace 9TH ypaaaeausr 
nHTH'IeCKHe ciJyHKUHil S I (cu ) , rae 

218 (cu) .2f+l 
I cl+2iq u 2 (q 2 )h (cu) 

I . 

181 OCHOBHblMH CBOACTBSMH 

-aaanHTH'Iecxue ciJyaxuuu a KOMrrnexcaoA nnocxocTu cu c 

, -I ] , [ + I , +"" ) 

( 1.2) 
'(cu* ); 

tO>I 2 ·I 

) • l: A 
an.s cu > I 

S (cu). 

- ycnoaue YHHTSpHOCTH; 

J u j 

A- KBSLlpSTHSSI MSTPHUa D X D CO CBOACTBSMH/ 10,13/ 
A 

2 
=I, l:A =1. 

j · If 

HJO ypaaaeauA Tuna ypaaaeauA: qy~oy noc5Hmeao 6on&

pa6oT14-161. Oaaaxo a aacTosrmee apeMsr nonaoe perueaue 

TOn&KO Llnsr LlBYXPSILlHOA MaTpHUbl nepeKpeCTHOA 

6, 11 I 6brno noxaaaao, 'ITO xoacPopMaoe npeo6paaosaaue 

w • -l... arc sin cu 
1T 

PMHaauuu ciJyaxuuA s 1 ( cu ) • B nepeMeaaoA w ycnoBJISI 

cneayJOmHA aual 10/: 

- CTonoeu MepoMopciJHbiX B DnOCKOCTJI 
w * ); 

.IS(w) 

IAS(w), 

- ycnoBH9 YHHTSpHOCTH; 

w ciJyHKUHA; 

( 1.3) 1 

Mbl 0003HS'IHnH TSKyJO H9nHH' .. HyJO onepai!HJO, 'ITO 

1/S 
1
(w) 

IS( w) "' 

n 

4 

~ 

~ 
.l 

£; 
it 
'~ 
~ I 

~
)>' ,, 
;, 

~ 

~ 
J' '.'. ·,: l 1 I~ I 

'/ 

. ~·. '.'.' y '\ ! 

:~"Jti ,f$!1~ I 

i, 

I 

'I 
t/ :1 

·•1.~ 
~~: ' 

i. 
I 

.~. I 

.1 

( ~ l 
'~(: 

;,: 
1'·1 

'~~ 

" ,( 
i\ 

I'' 

I ,, 
~ I 

Kax uaaecTao 16,101, ycnoa~~:sr ( 1.3) He onpeaensrJOT ciJyaxuuu S 
1 

oaaoa

aaqao. Ecnu HattaeHbi ciJyaxuun s 1 , YLlOBneTaopsuomue ycnosusrM ( 1.3), To 

ciJYRKUHH S 1 ( ~ + {3 ( w ) ] U ( w ) , rae 

,D(w)D{l-w):d, D(wl=D(-w), D*(wl=D(w*) 

{3(w),. {3 (w +1), {3Cw>=-f3<-wl, {3*(wl.f3 (w*) 

TaK*e yaosneTBOpllJOT 3THM ycnoBHHM. 

0TsneKaRcb oT {3 n D -npouasonoa, Mbi 6yaeM rosopHT& o "cxeneT-
HbiX0 perueaugx II ux xnaccu!jluxauuu. 

B Plllle pa6oT/6,8,9/ nnH TPexosraaoA H 'leTbiP9XPHilHott MfiTPHU rrepe

xrecTaott CHMMeTpun 6bin Hatt.uea xnacc perueautt ypasaeautt Tuna ypasHeautt 

4y-noy, anH KOTOpbiX n106oe na OTHorueauii s 
1 
Is 

1 
o6na.uaeT Ton&xo 

KOHe'IHbiM 'IHCnoM rron10cos. B pa6oTax/ 10,12/ Obtn paasnT MeToa rrocTpoeauH 

perueauA aToro xnacca anH MaTpHUbi nepexpecTaoA CHMMeTpuu npouaaon&aoro 
fiOPll.llKa. 

ITpe.ucTasmreT HHTepec BbUICHHTh, HMeJOTCH nu 

a HM9HHO, perueHHSI, .Unsr KOTOpbiX XOTSI Obi O.UHO 
perueHHH naoro Knacca, 

S (wl/S (w) o6na.uaeT 
I J 

6ecxoHe'IH&IM 'IHcnoM rronJOCoa. Hu*e Mbi LISLIHM nono*HTen&HbiA OTBeT aa 
3TOT BOITpoc. 

fl. l'fccne.aoBaHHe 1/JyHKIIHOHanbHbiX ypasHeHHII THna ypaBH8HH/i 'Lfy-noy 

Heno.aBHlKHbie TO'lKH 

Kax cnenyeT ua ( 1.3), aa.uaqa CBO.QHTCR K perueau10 CHcTeM&I Henuaett., 
HbiX ciJyaxuuoaan&HbiX ypaaaeauA 

IS ( w ) = S 0- wl 

S(w+ll=IAS(w) ( 2.1) 

B xnacce MepoMopciJa&IX neAcTBHTen&HbiX lf!yaxuuA KOMrrnexcaoro rrepeMeaaoro 
w • 

HaCTORI!Iee RCC{ne~OBD.HRe OTHOC"sTCJII K MaTpRQe A ( J.J) 
r _, r 

A(l,l),. _.J._ .L_ ...L 
3 2 6 

1.. J.. .1.. 
3 2 6 
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r 
I 
! 

Bae.QeM oTHomeHHSJ 

X lk (w}• 

X (w) • 
I k 

S 1( w) 

S k(w) 

S (w) 
I -. 

S (w ) 
k 

( 2,2) 

i,Cj.,lk,Ci, i,j,k•l,2,3. 

Torll8 x,k (w) H XJk (w). K8K 9TO cne)lyeT H3 (2.1) H (2.2), ITOll'IH

HHJOTCH cnellyJOmeA: CHCTeMe 4JyHKilHOH8nbHbiX ypaBHeHHA: 

X 
lk 

AkiXIk(w) + Akl XJ), (wl+Akk 

( w +I) .. ----------------
A X (w)+A X (w)+ A 

II lk II 1 k lk 

A X (w)+A X (w)+A 
X (w+ll• k I lk kl l k kk 

lk A X (w )+A X (w)+A 
ll lk II lk lk 

X (w) X 0-wl•l 
lk lk 

X
1

k (w) X lk 0-w l•l, 

( 2.3) 

EyneM paccMaTpHBaTb 9TH ypaaaeHHH KaK npeo6paaoBaHHe nnocKOCTH 

X lk ( w), X Jk ( w) a nnocKOCTb X lk ( w +1), x Jk ( w +1) I 161. HaA:lleM aenollBH)I{-

Hble TO'IKH 9TOrO npeo6pa30B8HHH, nns M8TPHilbl A ( 1,1) OHH 'onpeJlenHJOTCH 

H3 anre6paH'IeCKOrO ypaaHeHHH 4-ro nopHllK8, Oko HMeeT llByKp8THblA: KopeHb 

X J k "" 1 ( llnH nJ06biX j H k ) H llBS paanH'IHbiX BemeCTBeHHbiX 

KOpHH X Jk ,1 H X J k, 2 , YllOBneTBOpHJOWHX yc~O,PifHM 

X ' X - 1 jk,l Jk,ll. - ( 2.4) 

(A -A )(A A 
X Jk,l + X Jl<,ll = kk U kl - Jk ) + A Jl A kl 

A A 
-2, 

u kk 

x/ 
3.QeCb H .Qanee He npe.QnonaraeTCH cyMMHpoBBHHe no fiOBTOpH~WHMCH 

• 11H.Q9KC8M, 

_. 6 

I - ~- , . 

' 

• 

CHcTeMa ypaBHeHHii ( 2.3) noaaonsreT nony'I:HTb aenHHeAHo 

HOe ypaBHeHHe, COllep:lK8JJJee TOnbKO X Jk , 

w+l,w+2: 
38BHCHJJJee OT 

A JJ X Jk ( w + 2 ) X Jk ( w + I) + A i k X ik ( w +2 ) - A k i X lk ( w + I)- A kk 

A kl :.. ,\ ;t X lk ( w + 2) 

(A kl X ik ( w) -A 11 ) X Jk ( w + I) 

A -A X (w)X (w+ll+A X (w+H-A X (wl 
11 kk lk lk lk lk ki 1 k 

06mHe MeTOllbl peweHHH T8KHX YPBBHeHHA: HBM He H3B< 

HCK8Tb peweHHH YPBBHeHHSI ( 2,5) 0 llnH KOTOpbiX 

X (w+1):sf[X (w)], 
j k j k 

rlle r [ X (w)] ecTb MepoMopciJHasr tf!yHKUHSJ X ( w) • Ha yc. 
jk jk 

HOCTH cne)lyeT, 'ITO, ecnH TBKBSI' CBSI3b CyJJJeCTByeT, TO npeo6 

X (w +I )-.X (wlJlon)I{HO 6biTb B38HMHO-OllH03H8'1HbiM, EllHHCTBeH jk j k 

OllH03H8'1HbiM ITpeo6pa30B8HHeM SIBmteTCH llP06HO-nHHeAHOe ( CM,, H 

JloaTOMy HBAlleM BCe peWeHHH ( 2,5) 1 llnH KOTOpbiX 

X ( w+ I) "" 
u xjk(wl-{3 

i k 
~ X (w) + a -y 

jk 

Ha ycnoanst yanTapaocTH cnenyeT, 'ITO {3 = I. Xapa1 

ypaBHeHHH (2.6) cymeCTBeHHO 38BHCHT OT THIT8 npo6HO-nHHe 

paaoaaaHst ( 2,6). Bh!We 6bino ycTaHoBneao, 'ITO llnst MaTpHilbi 

MO)I(Hbl l1B8 B8PH8HTa: 

llBe HellOllBH)I{Hbie TO'iKH COBI18ll8IOT X lk = 1; 

HMeiOTCH llBe paanH'I:Hbie HellOllBH)I{Hbie TO'IKH, YllOBneTBOf 

BHSIM ( 2,4), 

' 

7 



'HOI!l9HHSI 

1 k (w) • 

X (wl • 
J k 

S 1( w) -
S k(w) 

S (w) 
---1..
s (w ) ' 

k 

( 2.2) 

i"j,tk,.:i, i,j,k•l,2,3. 

(w) H X (w), K8K 9TO cne.nyeT H3 (2,1) H (2,2), flO.Il'IH-
Ik lk 
meA CHCTeMe 4lYHKUHOH8nbHbiX ypaBHeHHA 

AkiXIk(wl + Akl XJk (w)+Akk 
( 2.3) 

A X (wl+A X (wl+ A 
II lk II I k lk 

A X (wl+A 
k I lk kl 

X (w) +A 
I k kk 

il -
A X (w)+A 

I I I k lJ 
X (wl+A 

lk lk 

lk ( 1- w) .,I 

X Jk 0-w l•l, 

8CCM8TpHB8Tb 9TH ypaBHeHHH K8K npeo6pa30B8HHe nnOCKOCTH 

B nnocKOCTb X lk (w+l),Xlk (w+l) 1161, HaA.neM Heno.llBH)K-

oro npeo6paaosaHHst, Jlnst MBTPHllbi A ( 1.1) OHH 'onpenenstiOTCst 

ecKoro ypasHeHHst 4-ro nopH.IlKa. ORo HMeeT .nsyKpaTH~A KopeHb 

( llnst ni06biX j H k ) H .llBS pa3nH'IHbiX semeCTBeHHbiX 

H X 
1 
k, 2 • y.nosneTBopstiOIIIHX yc~o,p}fstM 

X lk, t ' X Jk,2 = l ( 2.4) 

(Akk -AU )(Aki-Aik )+All Akl 
-2. 

lk,2 A A 
II kk 

nanee He npennonaraeTcH cyMMHpoBaaue no nosTopH~WHMCH 

6 ,_. 

'r.\ 

.... 

CHcTeMa ypaBHeHHit ( 2.3) noasonsteT nony'IHTb HennHeAHoe 4lYHKUHonanb-

Hoe ypaBHeHne, co.nep)Kamee TonbKO X lk , 

w+l,w+2; 
38BHCstiiiee OT apryMeHTOB w, 

l\ lJ X Jk ( w + 2 ) X Jk ( w + I) +A ; k X Jk ( w +2 ) - A k l X Jk ( w + I) - A kk 

A kl :... A ;t X Jk ( w + 2) 

(A kl X ik ( w)- A 11 ) X Jk ( w +I) 

A -A X (w)X (w+l)+A X (w+ll-A X (w) 
JJ kk lk Jk Jk Jk kl 1 k 

(2.5) 

06mue MeTO.Ilbl pemeHHst TaKHx ypasHenHA HaM He nasecTHbi, EyneM 

HCK8Tb pemeHHSI ypaBHeHHH ( 2.5) • Jlnst KOTOpbJX 

' x (w+Ih.r[x (w)], 
j k j k 

rne f [ X (w)] ecTb MepoMoP4lHaH 4lYHKUHSI X ( w) • Ha ycnoBHSI ynHTap-
lk lk 

IIOCTH cneayeT, 'ITO, ecnH T8K8SI CBH3b cymeCTByeT, TO rrpeo6pa30B8HHe 

X (w +I ) ... x (w) .non)KHO 6biTb B38HMHO-OllH03H8'1HbiM. EnHHCTBeHHbiM B38HMHo-
lk j k 

onaoaHa'IHhiM npeo6paaoBaHHeM SIBnSieTcst npo6ao-n:nHeliHoe 

f109TOMy. H8till8M BCe pelllei!HSI ( 2,5) t llnSI KOTOpb!X 

X ( w+ I) "" 
a Xjk(wl-{3 

X (w) + a -y 
jk .. 

i k 

( /l7A CM .. HarrnnMeo. 'J. 

( 2.6) 

Ha ycnoBHSI yHHTapnocTH cnenyeT, 'ITO {3 = I. XapaKTep pemeHHSI 

ypaBHeHHSI (2,6) cymeCTBeHHO 38BHCHT OT THfl8 .llp06HO-nHHeAHOro npeo6-

p830B8HHSI ( 2.6). Bhtme 6btno ycTanosneno, 'ITO anst MaTpHUbi A ( 1.1) soa-

MO)I{Hbl .1188 B8PH8HTa: 

.llBe HefiOllBH)KIIbie TO'IKH COBIT8.1l8IOT X lk = 1; 

HMeiOTCSI llBe paanH'IHbie HeiTO.IlBH)I{Hble TO'IKH, YllOBneTBOpSIIOIIIHe ycno
BHSIM ( 2.4) • 

' 
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npH COB118Jl8101UHX H91101lBHlKHblX TO'IK8X npeo6pa30B8HH9 ( 2.6) H83b1Ba9T-

CH 11apa6ohH'19CKHM/18/ H CBOilHTCH K BHJlY ( y = 2) 

( 2. 7) 
+ ---. 

X Jk(w+ll-1 Xlk (w)- I a -I 

ifJ (w)= 
Jk 

Torna ifJ (w) 110/l'IHHSieTCSI 
Jk 

BseneM t!JyHKUHIO 

ypaBHeHHHM 
xlk(w)-1 

¢>
1
k(w+ll=</>Jk(w)+ 

a -1 ( 2.8) 

</> Jk(l-w) + </>Jk (w)a- I, 

06mee perneHHe 9THX llBYX ypaBH9HHfi eCTb 

</> ( w) = --1- ( w - ...L ) - -l.. + {3 ( w ) , 
Jk a -1 2 2 

rne {3 ( w ) = {3 ( w + 1 ), {3(-w)=-~w JJ!OilCTBB.Jlf!H 
1 +</> Jk(w) 

Xjk (w) • B ypaB-
</> Jk (w) 

H9HH9 (2.5) C yq~TOM nepBOrO H3 ypaBH9HHfi (2.8) nerKO IIOK83BTb (ol1pe-

Jl9.JIHSI 118p8M9Tp a ) 1 'ITO 9/lHHCTB9HHblMH peweHRSIMH napa60.JIH'l9CKOf'O TH-

118 nnH MaTpRUbi A ( 1.1) HB.JIHIOTCH .HafineHHbte a! 101 peweHRH c KOH9'1HbiM 

'IHC.JIOM 110nlOCOBo 

npR H8.JIH'IHH llBYX pa3nH'IHbiX H91101lBHlKHbiX T0'19K 11peo6pa30B8HH9 
X 2 tl 

( 2.6) H83b!B89TC$1 f'H11Eip6onH'l9CKHM/ 18/ II 11pHBOilHTCH K BRilY ( Y • j,k 

( CMo ( 2.4))! 

Y1k,l X 1k (w+0-1 

X Cw +1) -x 
Jk jk, I 

BeeneM t!JyHKUHIO 

<I> ( w) 
jk 

~ 

X Jk,la-1 

X a - X 
jk,l Jk,l 

~Xlk (wl-1 

X lk ( w ) -X lk,l 

8 

X Jk,l 

X X (w)-1 
lk.l Ik ( 2.9) 

X (w) -X 
Jk jk, I 

( 2.10) 

Torna ~ lk(w ) no.a'IHHHeTCH ypasHeHHHM 

~ Jk ( W + 1 ) e ,\ ~ Jk ( W) 

rne 

,\ 

~ Jk(l-w )~lk (w):1, 

__!.._ 
X 

Jk, I 

X Jk,l a - 1 

a -X 
Jk,l 

06mee perneHH9 CHCT9Mbl ( 2.11) eCTb 

fn A(w +/3(w) --\r> 
~ (wl•+e 

Jk -

f'Jl9 {3 ( w + 1) • {3 ( w ) , {3 ( -w l=-{3(w) - II3B9CTHbiH {3 - 11p0H31 

.JISISI 

X X ~ lk (w). Jk,l lk(w)-1 

~ Jk ( w ) - X Jk, I 

B ( 2.5) C Y'I~TOM 119pBOf'O H3 ypaBH9HHii: ( 2.11 ). H8XOJlHM, -'ITO 

11ep6onH'I9CKoro THI1a Jl.JISI MaTpHUbi A ( 1.1) peanH3yeTCSJ e E 

' 
cnyqae, a ypaBH9HH9 ( 2.6) HMeeT BHJl 

X (w+l) 
12 

-x·
12 

(w) -1 

xt2(w)-8 

(a = -1, a .\ = 

PeweHHSI 3TOf'O THI18 COJl9plK8T 6eCKOH9'1H09 'IHC.JIO 110.Jl} 

'19M 11epeftTH K 38K.JllO'IHT9.JlbHOH CT8JlHH 110CTp09HHH S 1 (w) E 

qae, 38M9THM, 'ITO .110Jl06H09 HCC.JI91lOB8HH9 Jl.JISI Tpex pHJlHOH Mf 

11pHBOJlHT K BbiBOJly, 'ITO 9JlHHCTBeHHbiM peweHHeM, 110/l'IHHSIIC 

9 

t_-· -------------------------



IOWHX H9liOJ:{BIDKHbiX TO'IKSX npeo6pa30B8HHe ( 2,6) H83b1Ba9T-

M/18/ H CBOJ:{HTCH K BHJ:tY 

IX Jk(w+ll-1 X (w)- I 
Jk 

( y == 2) 

( 2. 7) 
+ ---. 

a -I 

cp Jk (w) = TorJ:ta cp (w) li0J:{'IHHSI9TCH 
Jk xjk(w)-1 

Jk(w+il=cf>Jk(w)+ 
a -I ( 2,8) 

1 
k ( 1-w l + cp Jk (w) ~ - I, 

He 9THX aayx ypaBHeHHn eCTb 

= __ 1_ (w- ..L l- -1 + {3 (w), 
a -I 2 2 

I), {3(-w) '=-fli. w ),not:tCTaBnHH 
I+</> Jk(w) 

Xlk (w) • B ypaB-
cp Jk (w) 

oM nepaoro H3 ypaaHeHHil (2.8) nerKo noKa3aTb (onpe-

a ) 0 'ITO 9J:{HHCTB9HHblMH peweHHHMH napa6onH'I9CKOrO TH-

A ( 1,1) HBnHIOTCH Hai!J:teHHbie el 10/ peweHH!_I c KOHe'IHbiM 

J:tBYX pa3nH'IHblX H9liOJ:{BH>KHblX T0'19K npeo6pa30B8HHe 

X 2 t1 
I'HIIep6onH'I9CKHM/ 18/ H npHBOJ:tHTCSI K BHJ:tY ( Y • ~ 

-1 

<I> ( w) 
Jk 

XJk,ta-1 

X a - X 
jk,l Jk,l 

X lk, t X lk ( w) -I 

X Jk ( w ) -X Jk, I 

8 ... 

X J~,l 

X X (w)-1 
ik..J lk ( 2,9) 

X (w) -X 
1 Jk jk, 

( 2,10) 

Toraa «P Jk(w l not:t'IHHH9TCH ypaeaeKH!IM 

lP Jk' ( w +I l ""A lP Jk ( w) 

rae 

A 

«P lk(l-w l«P 1k (wl=1, 

_J__ 
X 

Jk,l 

XJk,t a -1 

a -X 
Jk,l 

06wee perneaHe cHcTeMbt ( 2,11) ecTb 

cp (wl• + e 
Jk -

fn A(w +fJ(w) --k-> 

I'J:{e {3 ( w + 1) • {3 ( w) , {3 ( -w ),-(3(w) - H3B9CTHbii! 

nHSI 

X X cp Jk (wl• Jk,l Jk(wl-1 

cp Jk ( w ) - X Jk, I 

( 2.11) 

( 2.12) 

{3 - npouaaon. IToncTaB-

( 2.13) 

B ( 2,5) C yq~TOM nepBOI'O H3 ypaBH9HHii: ( 2,11 ), HBXOJ:tHM, -'ITO peiii9HH9 I'H-

nepoonH'I9CKOI'O THlla nnsr MaTpHUbi A ( 1,1) peanH3yeTcSJ B eJ:tHHCTBeHHOM 
l• 

1 
(2,6) HMeeT BHJ:{ (a = -1, a A = ) 

X Jk, t 
cnyqae, a ypasHeRHe 

xl2(w+l) 
-x'

12
<wl-1 

X 
12 

( w) -8 

( 2.14) 

PemeHHH 3Toro THna COJ:tep>KaT 6ecKoHe'IHOe qucno non10cos, ITpe>KJ:te 

'19M nepei!TH K 38KniO'IHTenbHOi! CT8J:{HH liOCTpOeHHH 5 1 (w) B 3TOM cny-

qae1 aaMeTHM, 'ITO nono6Hoe HccnenosaHne J:tnH Tpex pHnaoi! MaTpHUbi A LI-n 

npHBOJ:tHT K BbiBOilYo 'ITO 9J:tHHCTB9HHbiM peiiieHHeM1 li0Jl'IHHHIOIUHMCS11 XOTSI 

• 
9 

.. 



6bi .llnSI O.IIHOrO S 1 (w)/S J (w), 1Ipeo6p830B8HHIO ( 2.6) 1 SIBnSieTCSI H3BeCTHOe 

peue HHe C KOHe'IHbiM 'IHCnOM IIOniOCOB/6,10/. 0TM.eTHM TBK)Ke, 'ITO IIO,Il06Hoe 

paCCMOTpeHHe MO)KHO npoeeCTH .llnSI M8TpHUbl nepexpecTHOfi CHMMeTpHH IIpOH3-

aonbaoro nopSI.IlKa. 

I//, PewenHR c 6ecKoHe'IHb1M 'f:HCJIOM nomocoB P.JIR MBTPHllbi A ( 1, 1) 

Kax 6bmo noxaaaao Bhiwe, .anSI MaTpHUhi A ( 1.1) HMeeTcsr peweaHe 

X 12 ( w) ( B aanbHefimeM Mbi onycxaeM HH.IleKCbi 12) 1 rro.a'IHHSIIOWeecsr llpo6ao

nHHefiaoMy npeo6pa30BBHHIO rHnep6onH'IeCKOrO THIIa (2.14) C llBYMSI HeiiOllBH)K

HbiMH TO'IK8MH ( CMe ( 2.4) ) 

X •-
2
1 (7+ a.t"'s), 

1,2 - v 

CucTeMa ( 2.11 ) HMeeT llBB pemeHHSI 

l.., clllwl•-1-e -c(w-lH 

-o(w-~) 

2, ell ( w) = - e 

(a--1, x • ...!_) 
X t 

r.ae c = fn X I • 3.aecb Mbl OIIYCKSeM H3BaCTHbiil: 

( 3,1) 

P-npouaeon, Tax 

xaK ecer.aa MO)KHO aaMeHHTb w aa w + f3 ( w >. Tor.aa .anSI X ( w) c no-

MOWbiO ( 2,13) nonyqaeM COOTBeTCTBeHHO 2 peWeHHSI 

sh -!:.(w -1.) 
2 2 

1, X (w)• 

c 1 
sh T ( w+ 2") 

2, X (w )., 
ch !...(w- ~) 

2 2 
( 3.2) 

ch .!:...(w + .!..) 
2 2 

Ilepeii:,QeM K IIOCTpOeHHIO C8MHX S I ( w ') , COOTBeTCTBYIOWHX STHM .llBYM 

pemeHHSIM, nerxo 38MeTHTb1 'ITO ypaBHaHHe ( 2,]4) BMaCTe C ypaBHeHHeM 

( 2.8) IlpHBO,QHT K HBXO)K,QeHHIO HHBapHaHTHOfi OTHOCHTenbHO onepaUH,il A H I 
CB513H 

X 82 ( w) =- 1 T,e, S 
8 

( w) .. - S 
2 

( w ), 

10 

~L ---~- ~ 

/lUI 
Kax uaeecTHO (eM., aanpHMep, ) 1 S 1 ( w) Bblpa)KaeTcsr 

o6pa30M 'lepe3 CBOH He'I~THYIO H 'I~THYIO '18CTH 

sl (w) - l
2a(wl- ~s 1 (wl+}s. 2(w~ 

a ( w) + s 
1 

( w) 

-a (w ) + s 2 (w) t ' 

r.ae a -He'I~TH8SI1 a .a t H a 
2
- 'II:!THble tPYHKilHH w , C yq~ 

aHTHOA CBSI3B S 
8 

( w ) • - S 2 (w ) , 
T.e. a 

1 
(w) •- a 

2 
(w )aa(w) 

nocKonbKY 

s(w) 

TO -;r;r 
t. 

2. 

S 
1 

(w) • 

X (w) • 

2a(w) -4a(w) 

a(w)+ s(w) 

-a(w) -s(w) 

S 
1
(w) 

S (w) 
2 

s(w) 

2- 4 Tw> 

1 
S\w1 

+-a(w) 

anSI HCKOMbiX llBYX peweHHft eCTb 

s(w) 
•lh ::_/Ill!..,_ w 

-;(w) 4 2 , 

s(w) 
- tb !... Ill ,!;_ w 0 -a (w) 4 2 
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oro s 1 {w)/S 1 {w), npeo6pa30B8HHIO ( 2.6) 0 .SIBmleTCSI H3BeCTHOe 

OHe'IHbiM 'IHCnOM noniOCoB/6, 10/. 0TMeTHM T8K>Ke. 'ITO nOJl06Hoe 

e MO>KHO npoBeCTH llnSI M8TpHUbl nepeKpeCTHOJi CHMMeTpHH npOH3-

p.S!JlK8 0 

HHH C 6eCKOHe'lHbiM 'lHCIIOM IIOIIIOCOB P.IIH M8TpHIIbl A ( 1,1) 

bino noKaaaHo BbiWe, JlnSI MaTpHUhi A ( 1.1) HMeeTCSI peweaue 

Jl8nhHeAWeM Mbl onycKaeM HHlleKCbl 12) 0 nOJl'IHHSIIOUleecSI Jlp06HO

peo6p830B8HHIO runep6onuqecKoro THna (2.14) c JlBYM.SI aenollBH>K

H ( CM0 ( 2,4)) 

X 1,2= + {7 ±. 3yS ), 

( 2.1 1 ) HMeeT JlBa peweHH.SI 

i(w)• • e -o(w-~) 

-o(w-~) 

w) ==- e 

{a •-I, Aa _!_) 
X 1 

( 3.)) 

"' fn X 1 • 3Jlecb Mhi onycKaeM uasecTHhiA /3 -npouason, TaK 

MOJKHo aaMeHHTb w Ha w + f3 { w >. TorJla JlnSI X { w) c no-

nonyqaeM COOTBeTCTBSHHO 2 peWeHH.SI 

sh --.!:.( w- l.) 
2 2 

) -
c I 

sh 2 ( w+ 2) 

),., 
ch !...(w- ~) 

2 2 

ch ~ ( w + .!.. ) 
2 2 

t.3.2) 

M K nocTpOeHHIO C8MHX S I (w') ,COOTBeTCTBYIOUlHX 9THM JlBYM 

erxo 38MeTHTb0 'ITO ypaBHeHHe ( 2.14) BMeCTe C ypaBHeHHeM 

HT K H8XO>KJleHHIO HHB8pH8HTHOA OTHOCHTenbHO onepaUH!t A H J 

X 32 ( w ) =- I T.e, S 
3 

( w ) "' - S 
2 

( w ), 

10 

.... 

f 

.\ 

I 
ll 

'/ 

tl 

/10/ 
KaK uasecTHO (eM., HanpuMep, ) , S 1 { w) BblpaJKaeTCSI ?neJlyiOUlHM 

o6pa30M qepea CBOH He'I~THYIO H 'I~THyiO '18CTH 

S
1 

(w) • !
2 a (w)- ~ s 1 (w l + } s . 2(w~ 

a (w) + s 
1 
(w) 

-a(w)+a 2 (wl, ' 

rlle a -He'I~TH8SI 0 a .s 
1 

H s 
2
- 'I~THble cjlyHKUHH w , C yq~TOM HHB8pH-

aHTHOA CB.SI3H S ( w ) 
8 

- S (w) t 
ll 

T.e. s 
1 

(w) •- s 
2 

(w >-(w)HMeeM 

nocKOnbKY 

s{w) 

TO -;r;r 
t. 

2. 

- .---

S 
1 

(w) • 

X {w) • 

2a(w) -4a{wl 

a(w)+ s(w) 

-a{w, -s{w) 

S 
1
{w) 

S {w) 
2 

s(w) 
2- 4 -;;\wl 

ii(wl 
1 + ;;(w) 

anSI HCKOMbiX D.BYX peweHHii eCTb 

s(w) 
• th .::_ I th !...- w 

-;(w) 4 2 , 

s{w) 
•tb!...th~w - . 

a {w) 4 2 

11 
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cJ>yHK[[HSI cp(w l=a(w l+s(w) 

</>(w) 
Y.llOBIIeTBOpSieT YHHTBpHOCTH cp(w )cp(l-~ = l, 

KpoMe Toro, a(w) = 
I +s( w l/a(w) HBns!eTcsr Heq~THOH tPYHKUHeif w. OxoH-

qaTellbHO 11PHXOLIHM K ClleLJVIOUIHM CHCTeMaM dJVHK[[IfOH81IbHbiX VPBBHeHHJ:i H8 rp ( w): 

cp ( w) cp ( 1-w)"' 1 

I. 
¢ (w) cp (-w) 

( 3.6) e e 
thr/ th 2 w +I 

-th ~/th; ,, + l 

2. cp ( w) cp U- w) 2 I 

cp(w) "'_ cp(-w) (3.6) 

th..S..th..£..w +I -th...;_th..S..w+l 
•l 2 4 2 

l!m1 pemeHIHI <fJYHK[[HOHBIIbHb!X YPBBHeHHil B CHCTeMaX (3,6, IJ H (3,6,2) 
ux .llOcTaToqao rrponorapH<fJMnponaTb, Tor.11a rrepaoe H3 ypanaeauii a :3THX 

l 
cncTeMax .11aeT, 'ITO ¢ { w) = exp [ 11. { w - 2 l J , r.11e g{ w) - mo6aH Heqf}T-

fl8SI tPYHKUHSI 
g (w) w • M3 BTOP&IX ypaaaeauil ( 3.6) rronyqaeM ypaaaeanH .lliiR 

Hue): 

I. g(w +ll + g(w) =fn -

2. g( w +I) +g(w)• l'n-

c 
shT(w+l) 

sit T w 

ch -T<w+ll 

ch T w 

( 3. 7) 

Pemeaue aTHX .llByx <jlynxuuonan&Hb!X ypanneauif ecT& (eM. Opuno.lKe-

I. g(w),.,fn cf> (w+..!.)+ a(w) 
- 2 

2. g(w)•fnc/> (w+..J.l+a(w) 
+ 2 

(3,8) 

12 

rne 

I k 
ch 'f (2 w- (-yl<-1) 

n [·1 t. 
bd · c I cp + ( w + ..1..) - tg ..!!_ ( w + ..!.. ) ch ,c 2k- -) 

- 2 2 2 2 

ch ~ (2 w + (.J.. )(-1) k 
. 2 

.. 
n r 1 :!: 

kef 
ch .£. (2k- .! ) 

2 2 
a (w+ll•-a(w) 

a (-w)"'! -a (w), 

0KOH'I8T&IlbHO lliiSI S I (w ) HMeeM llBa peweaHsr o 6ecxoae11aw~ 
nomocoa 

], S (wl= 

2. S (w) • 

cp (w)atg .!.w 
t. 2 

•h -f<w-t-) 
ah ~.(w+ _,!_) 

2 2 
cp_(w) 

-I 

ch -f<w- f) 
c I 

ch 2 (w+T) 
cp+(w) 

-I 

oo ch ..:_ (2w -I- .l. (-1) k) n [1 + 2 2 
- c 1 kel ch - (2 k - -y) 

... 
n [ 

c 1 k 
ch -y ( 2 w -I + - (-1) 

2 
kel 

ch ..S.. (2k-~) 
:!: 

2 2 

3ll&C& MW OIJYCTHIIH H3B&CTHWlt D -npoH3Bon 

a(w- li 
D(w) = e 

13 
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¢ ( w ) = a (w ) + s ( w ) ynosneTBOpSieT yHHTapHOCTH cp(w >¢0-vJ =I, 

(w ), 
cp(w) 

) I ( SIBnSieTCSI He'!:eTHOH <jlyHKUHeH 
I +s( w a w) 

w. 0KOH-

LUfM K cneLIV!OlUHM CHCTeMaM dJVHKUHOHanbHbiX VP8BHeHHU Ha 

</>(w)cp(l-w),. 1 

~) (IV ) <p (-w) 

( 3.6) (' c 
r/th":!w ~1 -th..£../th..!::_\., + l 

1 2 

cp(w)cp(1-w)21 ( 3,6) 
cp(w) ., _ cp(-w) 

..!,;._ th .!!... w + 1 - th ...;_ th ~ w + 1 
4 2 4 2 

HHSI (jlyHKUHOH8nbHbiX ypaBHeHHH B CHCTeMaX ( 3,6,1) H ( 3,6,2) 

rrponorapH<jJMnposaT&, Tor.na rrepsoe H3 ypasnenHii B aTHX 

l 
'ITO <p ( w ) = exp ( ~ ( w - -)] , r.ne g( w) - nrooaSI HeqeT-

2 

w • l-f3 BTOpbiX ypaaHeHHH ( 3,6) rronyqaeM ypaBHeHHH .r:tnSI 

) + g( w ) = fn -

t-g(w)• l'n-

c 
shy(w+l) 

sh T w 

ch -i-<w+l) 

ch yw 

( 3. 7) 

:3THX .UBYX !flyHKUHOHanbHb!X ypaBHeHHH eCTb (eM. npHnO)f(e-

(w)=fn </> (w+..!.)+ a(wl 
- 2 

(wl=fn</> (w+...l)+a(wl 
+ 2 

(3.8) 

12 

..... 

rne 

ch -f (2 w- <.4)(-1) k 

n [ 1 t. 
' ' bol c 1 

</> + ( w + .l. 1 • tg.!!.. ( w + ..!.. ) ch 2< 2k-- 1 
- ·2 2 2 2 

n [ 1 :t 
P.l 

a (w+1la-a(wl 

a(-wl""-a(w), 

ch ~ (2w + (.J,. )(-11 k 
' 2 

ch .£.. (2k- .l) 
2 2 

0KoHqaTen&HO ~nsr S 
1 

(w I 

nomocoB 

HMeeM ~sa peweHHH o 6ecxoaeqawM qHcnoM 

1. S (wl= 

2. S (w) • 

<P ( w ). tg !!.... w 
t. 2 

sh -f<w-i-) 
sh 

2
c(w+ -t-) 

-1 

ch -f<w- f I 

c 1 ) 
chT(w+,-

-1 

</>_< w I 

<P ( w) 
+ 

n[l t. 
ch ..:_ (2w -1- ..l (-1) k) 

2 2 

ch .£.. (2 It - ...l. ) bot 
? 2 

·oo 
n [ 
P.l ± 

c 1 k 
ch ~ ( 2 w -1 + - (-1) 

2 

ch .£.. (2k-~) 
2 2 

3~eCb MN OfiYCTHnH H3B9CTHNlt D -npOH3BOn 

a(w- li 
D(w) = e 

~ 

IS 

~ 

( 8.9) 



06cyJK.QeHBe peaynE>TBTOB 

0cTaHOBHMCSI Ha CBOACTBaX ltOny'leHHblX 

llHI t/J+.< w ) nnsr peweaaA 1 H 2 pacnonolKeHbl 

peweHHA. noniOCa ( HY.IIH) cjlyax

Ha nHHRSIX Rew •±"-+}--f.(-1) k t.ll 
.. I I k 211' 

(Rew•±k+2+4((-l) +ll) C nepHOllOM i-;-- H HM810T TO'IKY crymeHHSI Ha 6eCKO-

R8'1ROCTHo CHCTeM8 ltO.IliOCOB ( uyneA) B S 2 ( w ) H S a (w ) o6masr, a OTHO-

DleHRe S 1 (w)/S 2(w) HMeeT 6eCKOHe'IHOe 'IRCUO ltO.IliOCOB (synei) Ha .IIRHHH 

I 3 211' 
Re w • - 2 ( Re w = 2 ) C lt8pROllOM i -

0
-· nerJt.O BHll8Tbo 'ITO HYRH 

R noniOCa, coneplKamaec• B oTaoweaaa S 1 (w) IS 2. ( w), He ll8IOT BKn8lla B 

S, ( w ) , T8K K8K ORR KOMDe&CHpyiOTCSI COOTBeTCTBYIODlHMH 1IOUIOC8MB H Hy-

USIMB cjlyHKilBB t/J (w ). 8cnellCTBBe 9'1'01'0 cjlyHKJlRR S I (w) lln51 llBYX 881-

lleBRbiX pemeuA ae HMeiOT noniOCoa B nonoce - f- .:f: Re w .:f: -f , To ecT& 

88 ~B'I&CKOM nRCTeo 0QR8KO 88 &ecjla3R'IeCKRX UHCT8X 'IRC.IIO Hynel H ltO.IliO

COB 6eCKO&e'IHOo 

3aweTHM, 'ITO aa tjqraR'IecKoM IIHCTe WBKDR S 
1 

( w) Or'p8RH'I8Bbl KOH-

CT8RTOio 

TaKRM o6D830M. Mbl ltOKaaau. 'ITO voaaae&RSI THDa voaaaenA 'lv-JJov 

llODyCK8IOT pemeus, B KOTOpbiX XOTH 6bl OllHO S (w) IS ( w) RMeeT 6ecKo-
l J 

H9'1ROe 'IRCUO ltO.IliOCOB B Jt.OM1IR9KCBOA lt.IIOCKOCTR w • 06UlRM CBOICTBOM 

&alll8BBbiX JlQD19BRI R R3BeCTRbiX peme&BI C KOII8'1Rb1M 'IRCnOM ltO.IliOCOB /.6,9,10/ 
IIMH8TCH TO, 'ITO BllORb 111060£'0 R8Dpaane_RBH1 napannen&HOI'O Belll8CTBeRROI 

oca, OT&omeue S 1 ( w ) I S J (w } _BMeeT KO&e'l&oe 'IRe no noniOCoa. 

ABTODbJ 6nar'Oll8DBbJ A.B.Edloeli.OBY. n.C.J.fcaesv. A. T. $anennoay R 

ll.B.WBpKOBy 3 a KpHTR'I8CKRe 38Me'I8RRII H lt01183R09 06CylKll8RH9o 

nPBDOlKe&Be 

ByneM &cxaT& pemeHRe ( 3. 7) 1) 

g(w+.l)+ g(w).fa 

B BR.Ile g ( w ) • g n ( w ) + a n ( w ) ., 

shr (w+ll 

c 
sh T w 

rne 

14 

t ~ "· ... '"-- = ~--· ----~-~-·"'---·-·· --·· ·-··-

• 

) ' ':~! , I I 

g (w)- &. 

" [ 1- oht(2w.-(-t)(-l)k) 

k-1 ch"fl21t -!L) ] 
2 

n U [ 1 _ ch ;¥2w+*(-!.!!2,_ 

k=
1 

ch ; ( 2 k - T" ) 

Torila .ttnR a ( w ) nonyqaeM ypaaseHRe 

+ fntg Jt. ( 
2 

n . • 1 
ch~(2n + ->..:.ch .!:...(2w+2..) a (w+P+a (w)• &. 2 2 2 2 

n n 

fim a .<w) •a (w) 
... 00 

ch ..£:'"(z.. +.1.) + ch ..!<.(2w+ .!.) 
2 2 2 2 

YllOBneTaopsreT OllHopoaHoMy ypaaHeHRIO 

~(w+O+a(w) .o (a(-wl•-a(w)). 

lim g (w) • &. 
n 

D .. DO 

c ( 1 k 
DO ch! 2w -{-H-1) ) 
n [I_ · 2 

k•l ch .y (2Jr.- 1/2) 

0 fl- ch i(2w +H·, (-l)k 

ko.t eh..£1 2 1r.- _I_ ) 
2 2 

+fn tg..!.. (w + 
2 

CYD18CTByeT H RBnR8TCR MepoMO~HOA ~YHKUReft B fi.IIOCXOCTR W C 1 

BeRKO OC06oA TO'IXOA Ra 6eCKOH8'1HOCTH (CMo/17/, CTPo 278). 

YpasseJixe ( s. 7) 2) pewaeTcsr aaanorR'IRo R M&I rrpaxoaRM x ~PMY 

nllTepaTypa 

1. F.Low. Phy:s,Rev., 97, ~392 (~955), G.C. Wick.Rev.Mo 

~ 339 (~955). 

2. G. Chew, F.Low. .P.hys.Rev. ~01., ~570 (~956), 
S, G, Chew, M. Goldberger,. F. Low, Y.Na.mbu. .Phy:s.Rev. ~06, 1.3 

4. L..Castillejo, R. Dalltz, F. Dyson. Fhya.Rev. ..l:Ql, 453 (: 

B. G. Wanders. Nuovo Cim.ento 23, 8~6 (~962). 
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06cyJK./18HH8 peaynhTBTOB 

H8 CBOICTB8X ROIJY'IeHHbiX peweHHI. noniOCa ( uynH) tjlyHK-

1 2 
1 1 It 

) .an51 pewesuA H pacnonolKeHbl sa nHHH51XRew•±k+r-f<-U tJl 
1 It 2 IT 

+-((-1} -+11) C nepHO.IlOM i- H HMeiOT TO'IKY CI'YIIleHHSI H8 6eCK0-
4 e 

CHCTeM8 noniOCOB ( uynel) B S 2 ( w ) H S a (w ) 061Jl8SI0 8 OTHO-

( w)/S 
2

( w) HMeeT 6eCKOH9'1BOe 'IHCRO RORIOCOB ( Hynel) H8 nHHHH 

21T ..!...) 
2 

C nepHO.IlOM i ~· nerKO BR.I19Tb0 'ITO HYRR 

coaeplKSIIlBecs B oT&oweHRB S 1 (w) IS 1 ( w), He aa10T axnaaa B 

K8K ORR KOMR9HCRpyiOTCSI COOTBeTCTBytolllHMB 

cp ( w ) • Bcne.acTaRe 9'1'01'0 tjlyam•• s 1 ( w ) 

&HI se HMeiOT noniOCOB B uonoce -1--!: Re w!: 

RORIOC8MR R Hy

llRSI llBYX Rai

l 
2' TO 9CTb 

RHCTe. O.aHaKO &a HetjlR3R'IeCKBX RRCT8X 'IHCRO Hynel R non10-

'ITO Ha tjlB3H'IecKOM nRCTe tjlyHKIIJIR S I ( w) orpaRR'IGRbl KOH-

o6Da30M. Mbl UOK838nRo 'ITO VD8BH8RRSI TRRa VD8BHeBRI lJy-JJoy 

KOTOpbiX xoTR 6&1 o.aao S (w) / S ( w) RMeeT 6ecxo-
l J . 

B KOMRR9KCBOI nnoCKOCTH w • 061JlRM CBOICTBOM 

cewe&BI H H3BeCTBlllX peme&BI C JtOBG'IBbiM 'IHCROM RORIOCOB /8,9,10/ 
'ITO a.aon& nto6oro aaupaane.ns, uapannen&aoro aemecTaeHaol 

.. omene s 
1 

( w ) I S 
1 

( w ) RMeeT x:o&e'laoe 'l&cno non lOCo B. 

6naro.aaPBbl A.B.EcboeliOBVo n.c.Hcaeay. A.T. $anannoay R 

aa KpHTR'Iecx:Re aaMe'laaRs R noneaaoe o6cylK.IleH&e. 

npano:IKeRHe 

HCKST& peweuae ( 3. 7) 1) 

g(w+.l)+ g(w)-fn 

g(w)•gn (w) +a 
0

(w) ., 

,.-: 

r----oo·o=-~------·-·· --------

shr (w+ 1) 

e 
sh 2 w 

r.ae 

14 

8 (w) • & 
n 

" [ 1- oht {2W--(-t)(-1)k, 

lt-1 eh"jZ21t -1) ] 
I + fntg.IL.(w+..!..) 

2 2 ii [1-
k=l 

e~ f<2~+~<-!!!2,_ 
eh~(21t-y-) 

Torl:ta .anH a n ( w ) nonyqaeM ypaaH&IIJie 
ch 2.... ( 2b + ...!.)..;,.eh ..!!...(2w+ 2.) 

a (w+P+a (w)•fn - 2 2 2 _ 2 
n n 

eh .s:-(2 n +~) + ch ...5.(2w+ .!...) 
2 2 2 2 

fun a 
0

(w) .a (w) y.aoaneTBOpSieT O.llHOpOllHOMY ypaaHeHHIO 
D .. 00 

tim s .. 
n .. oo 

~(w+l)+ a(w) .o (a(-wl 1"'-a(w)). 

ch..!!...(2w ...(..!.)(-1) k) 

n [1- ! . 
2 

(w ) • fn luol eh-% (21t- 1/2) 
- r It Ufl- eht(2w+('T) (-1) 

Jt-l eh..s.l2 It- _1_ ) 
2 2 

+fntg.!!..(w+..!.) 
2 2 

cymecTByeT H S1Bn519TCSI MepOMO~HOI ~YHKUHel B nnOCKOCTH w C cymecT

&eHHO oco6ol TO'IKOI H8 6eCKOHe'IHOCTH (cM./17/, CTp. 278). 

Ypa&HeHBe (3.7)2) pewaeTcH aaanorH'IHO a Mbl npaxo.aaM x ~opMyne (3.8)2). 
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