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• 1. B B e A e H H e 

4 Ill 
B pa6oTe B. B. Cepe6pHKoBa H .ll.B. UJHpKoaa nony'leHa CHCTeMa 

ypaBH9HHA Anll s- H p - aonH rr N - pacceHHHH, o6o6ma10maH ypaaae-

·A HHH lfy. ron&A6epra, noy H HaM6y ( lfr nH) I 21. .llnH p -8onH B CT8TH'I9CKOM 

npeAene OHH HM910T BBA! 

2 r 2 1 .. 1m r 1<(<)' > Im r k <(<) '> , 
fi(C<l)=-3-(At)I+411(C<l)+-J(, +Aik, )dC<l, 

(<) 1T 1 (<) -C<l (<) + (<) 
( 1) 

rAe 

411 (C<l)ecp1 (C<l)+'P 1 (C<l)+X 1 (C<l), 

)~~ 

~: .p (C<l >~ L [ ~·-)_1_ + ~~0+2 fLN)(A2)1 

I 3 m2+4q2 M(m2+4q2) 
q p · .. (• 

8C<~R(A8) I ] 

+ ' 
m2+4q2 

p 

2y O>t 
'I'I(C<l)., 2 2 .. I(I(C<l)(l),. 

3(Mp+4q ) 

X I(C<l) = 2C<lya(At +Aa\ X (C<l )(A t+Aa)l 
- 2 2) 
3M(M +4q 

p 

s 



3AeCb 
10 (w) 

f
1 

( w) = e 1 • sin o (w) I q8 , 
I 

a I (ll), (13), (3I), (33) I , 

u> = y q 2 +I - aaepi'HSI M930Ha, f ~0,08 - 11HOR-HyKnOHHaH KOHCTaBT8 CBil3H 0 

/.1 N - aHOManbHbil! Mai'HHTHbiii MOM9HT HyKnORa H 

R = giV g lfL 

81Tm 2 ' 
p 

KoacTaHTbi y , y 
8 

a MaTpHUbl B ( 1) 

I 
I -4 

-2 -I 

A= l_ \ 9 -2 8 

4 2 

s = 
gUNNgO 

41Tm 2 
0 

II M 
p 

Y'IHTbiBaiOT BKnSA o6naCTH Bb!COKHX aaeprHI! 0 

HM9IOT BRA: 

-4 16 ) (-4) (4 )- ( 2 8 4 -I -2 2 
,A= ,A= ,As 

-: ~ I -: 2 -: 8 \ =: 

II 1 • 9AHHH'IHbil! CTOn6eu. 

CHCTeMa (1) OTnH'IaeTCSI OT ypaBH9HHII 4fnH aanH'IHeM 'noT9HUH8nOB' 

¢I (w) 
0 

KOT0pb19 y'IHTbiBaiOT BKna):lbl aHHHI'HnSIUHOHHOI'O KaHana ( rp1 ( w )) 

II o6na.CTH Bb!COKHX aaepr11ll ('1'
1 

(w) H X I (w)) - a4MjleKTbl KOpOTKOBOnHOBOI'O OT­

TanKIIBaHIISI, Asropbi pa6orh/1 I ae 11biTanHCb pewaTb ypasaeHHH, ao 11posepHnH 

HX cornacosaHHOCTb C HM910WHMIICSI 9KCI1epHM9HT8nbHbiMH AaHHbiMH 110 1T N - pac­

C9SIHHIO 11PH HH3KHX aaepi'IISIX, Bo11poc o cywecrsosaHHH peweHIIII ypasaeaall ( 1), 

a T8KlK9 ypaBH9HIIli 4f flH 1 AO CIIX 110p OCT89TCSI OTKpb!TbiM, 

HasecTHo, 'ITO cpa3hi o18 H o81 Manhi 110 cpasaeaHIO c peaoaaacaol! 

tjlaaol! 0
33 

, noaTOMy 11p9ACT8Bnli9TCSI pa3yMHbiM IICI10nb3 OB8Tb 11pH6nH-

lK9HH9 f 
18

= f 
31 

= 0. 0TM9THM, 'ITO B paMK8X o6bi'IHOII CX9Mbl 4fnH 8TO 

11p116nHJK9HHe 11pHBOAHT K 11pOTHBope'IHIO c ycnosHeM yHHTapaocTH/3/, B Mone-

JlH C KOpOTKOBOnHOBbiM OTTanKIIBaHH9M MOlKHO MaTeMaTH'IeCKH H911pOTHBOp9'1H-

BO y'leCTb aTo 11pH6nHJK9HHe aa C'I~T Bbi6opa cpyHKUHII 'P(w) 11 X (w ). Aaa-

norH'IH8H 11poueAypa acrronbaoaanacb B cny'lae "" - pacceHHHH/4/. B pa-

6oTe/4/ tPYHKUHS1 0 011HCbiB8IO.IUaSI BKnan o6naCTH Bb!COKHX 9H9pi'Hll, Bbi611p8-
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:fh·~ 
f~ 
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nacb H3 ycnoBHH 1m A~ = ReA ~ , rne A 2 - rrapuaanbaaH sonaa c Hao-

cnHHOM 2. npH 9THX npennonOJK9RHHX ~Ony'lan8Cb pewaeM8SI Monenb C pa-

3YMRbiMH CBOitCTB8MH. 

HHJK9 Mbl 110ny'IHM pewaeMyiO MOnenb H3 ycnOBHit f 18 = f 31 = 0 . 

2. $opMynHpOBK8 MOnenH 

OnpenenHM cpyRKUHH 'I' ( w) 11 X ( w) 113 BToporo 11 TpeTbero ypasaeaHA 

( 1) TaK, 'IT06bl Ref 13 = 1m r 18 = 0 

11ony'leHHble Bblp8JK8HHH nnH 'P (w) 

aeHHH (1), nony"!IIM: 

II Re r31 =1m r 31 =0. noncTaBnHH 

H X ( Ctl) s 11epsoe 11 'leTaepToe ypaa-

2f 2 .. .. I .. 1m r I (w ' ) .. 1m r k (w ' ) 
r l(w )=--<A I )I +¢1 (w) +-f <-,-- + Alk _____ )d w'. (2) 

W 1T I w -W W +W 

3AeCb i =I (II), (33) I. 

¢I (w) = 

2 .. 
Rm p(I+211-!)(A 2 ) 1 

M(m 2 + 4q 2 ) 
p 

+ 

(

I .. 1 

A "'3 2 
4) ., (-IJ • AI= 

-1 I 

8wR(A3 )1 

m 2+4 q 2 p 

A,- ( '} A3 =-A I ' 

/5/ 
CnenyH pa6oTe B.A. Me·mepHKOBa , 110CTpOHM cpyHKUHIO 

I v v(q2),~, 
V(-I) (w-w

1 
)(w-w

2
) 

rne nonoJKeaae rroniOcoa w 
1 

, 

w ~ + L m 
2 -I .. 0. 

4 p 

w2 onpenenSJeTCH 113 ypaaaeaiiH 
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Toraa JlnH QJyHKUHA h 1 (w)=f 1 (w)/v(q
2

) 

norH'IHbre ypaBHeHHHM l.fy-noy: 

cnpaBeanHBbi ypaBHeHHH, aaa-

2f 2 ~ I 00 1m h f(W ') = 
h (w)=-(A tlt+- J (-,---+A Ik --,;----

1 w 17 I w -w w + w 

1m h k (w') 
) dw ', (3) 

YpaBHeHHH ( 3) onpeaengiOT aaanHTH'IeCKHe Q>yHKUHH h /w) co cneay10-

UlHMH CBOliCTBSMH! 

1) hI (w) SHanHTH'IHbl B KOMnneKCHOli flfiOCKOCTH W C paape3aMH 

(-oo ,-JJ. [+ l, + oo); 

2) hi (w) = h 
1
(w*); 

3) Im h1 (w+i0)=q 8 v(q 2 )!h 
1
(w+i0)1 2 

- ycnOBHe YHHT8pHOCTH: 1 

4) h1 (-w) =A~l h l(c.>) - ycnOBHe nepeKpeCTHOA CHMMeTpHHj 

5) h lw) HMeiOT B ayne noniOC rrepBoro rropHnKa, 

Res h (w) =2f 2 (A ) ; 
I I I 

6) h I ( w ) -+ 0 LtfiSI I w I -+ 00 H 1m w .;. 0. 

3aMeTHM 1 'ITO MaTpHua A He ynoBneTBOpHeT BCeM ycnoBHSIM 1 Hanarae-

MbiM Ha MSTpHUY nepeKpeCTHOli CHMMeTpHH, llnS! Hee cnpaBeLtnHBO CBOQCTBO 

A2 
= E, 

HO OHS He ynoBneTBOpS!eT ypaBHeHHSIM 

~All = 1. 
l 

nepeAaeM OT QlYHKUHA h 
1
(w) 

PHUbr/6/: 

K MaTpH'IHbiM aneMe}fTSM 

210 (W) 
S (w)=e 1 =1+2iq 3 v(q 2 )h (w). 

I I 

6 

(4) 

(5) 

S -M,!IT-

( 6) 
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if 

llnH QlYHKUHli S I (w) OCHOBHbJe CBOltCTBS 1) -4) HMeiOT BHLt: 

1) S 
1
(w) - 8H8fiHTH'IeCKHe QlyHKUHH B KOMITn~KCHOlt flfiOCKOCTH C pa3-

pe38MH ( -oo , -1 ] , [ + 1, + oo) 

2) S~ (w)=S 1 (w*); 

3) IS
1

(w+i0)1
2

=1 LtnSI w> I 
= 2 = 4) S 1 (-w)=Ail Sl (w)+3(A 1 ) 1 

HecKOflbKO He06bi'IHbilt BHLt ycnOBHH nepeKpeCTHOlt CHMMeTpHH 4) CBH3aH 

c TeM, 'ITO MaTpHua A He ynoBnerBopHeT (5). B cnenyiOmeM paanene 

Mbl Halt,neM QlYHKUHH S i (w) 1 ynoBneTBOpSIIOUlHe ycnoBHSIM 1) -4) • 

3. PemeaHe ypaBHeHHA 

C fiOMOUlbiO KOHQlOpMHOI"O 
/6 7/ 

npeo6paaoBaHHSI ' 

1 . 
W 111:- arc SID £IJ 

17 

nepeltneM K nepeMeHaolt w. YcnoBHH 0-4) npHHHMaiOT cnenyiOUlHA BHn: 

1) S I (w) - CTOn6eu MepOMOpQlHbiX B flfiOCKOCTH w QlYHKUHlij 

2) Sj(w) .. S
1
(w*); 

3) S 1 (1-w)S 1 (w)= 1 {ycnOBHe YHHTapHOCTH); 

.. 2 .. 
4) S 1 (-w)zA 1lSl (w)+a(A 1 ) 1 • 

. TaKHM 'o6p830M1 38lt8'Ia CBOLtHTCH K peUleHHIO CHCTeMbl HenHHeliJ{1~IX 

Q>yHKUHOHanbHbiX ypaBHeHHli 3), 4) B Knacce MepoMopQlHbiX nelicTBHTenbHbiX 

QlyHKUHli KOMrrneKCHOI"O rrepeMeHHOI"O w 

nerKO BHLt9Tb1 'ITO yCnOBHH 3) 1 4) OCT8BITSIIOT HHBapHaHTHO!i cne,nyiOUlYIO 

QlYHKUHOH8flbHyiO CBSI3b: 

S II ( w ) • -Sa a ( w). ( 7) 

113 ycnOBHSI 4) cnen)CeT, 'ITO CTOn6eu QlyHKUHli S I (w) Bb!p8)!{8eTCH CnenyiOUlHM 

o6pa30M 'Iepe3 CBOH 'II!THyiO H He'II!THYIO 'I8CTH: 

S(w) = , 
( 

2 s ( w) -1 -a ( w) 
s(w)+a(w) ( 8) 

7 



rJle a (w ) - Ha'l~TH8H0 8 8 ( W ) - 'l~THSH cjlyHKilHB W o C Y'l~TOM HHB8-

pH8HTROII: CBH3B (7) HMeaM: 

(

-: -a (w)) 
S ( w) = 

~ +a (w 

He'l~Taas cjlyRKilHH a(w) JlOn~aa yJlosneTsopHT& ypasaeRB~ (ycnosHe 

yHHTSpHOCTH) : 

[ ~ + a ( w ) l[ ~ + a 0- w) ] = I . 

( 9) 

(10) 

/8/ 
YpaBHeHHe ( 10) OTHOCHTCH K Jlp06HO-nHHaii:ROMy THny o .Qna ero pewe-

HH!I BBeJlaM cjlyHKUB~ if> ( w ) = ( a ( w) -y r I , rJle IIOCTO!IHHSH y 

onpeAengeTCH H3 anre6p8H'lSCKOrO ypSBHSHBH 

2 2 8 r + ar -9= o. 2 4 
rl =-s· r2 =-a· 

if> ( w) IIOJl'lHHHSTCH ypaBHaHH~ 

q, (w) + q, 0-w )=-_I_, 

y + l. 
3 

o6wee peweHBe KOToporo ecT& 

¢> (w) = g(w )- -~I __ 

2(y+.!..) 
3 

g (w)•-g(I-w). 

CneJloBaTen&so, 

I 
a(w)•y + 

g(w)-

8 

( 11} 

( 12) 

He'I~THOCTb cjlyRKilHH 8 ( W) RaKnSAbiBaeT AOIIOnHHTen&HOe orpaHH'lSHHe Ha 

g(w). PaCCMOTpHM cny'lail:, KOrAa r=t· Hs ycnoBHil: a(w)=-a(-w) 

H g ( w) =- g (1-w) rrony'IHM: 

4g{w+l)g(w)+g(w+I)-g(w)+2=0. ( 13) 

YpaBHeHHe (13) TSK~e OTHOCHTC!I K Jlp06Ho-nHHeii:HoMy THIIY H pewaeTCH aHa­

norH'lHO (10). 06mee peweHHe (13) ecT& 

rJle 

H 

g(w) •+ a 

2a 2 +I= 0, 

w+{J(w)- .J_ 
2 

A +I 

w+{J(w)- ..L 
A 2 -I 

A = I + 4 a 

I-4 a 

{J(w) =-{3(-w), {3(w)=f3(w +I), {3(w*)=f3* (w). 

noACTSBn!IH (14) B (12), nony'IHM 

a(w)•-th ...£.cth .£..(w+f3(w)), 
2 2 

a(w)=-lh; th ;(w+fJ(w)), c =fnA. 

9 

( 14) 

( 15) 

( 16) 

( 17) 



Cnyqalt Y• - : npHBO.QHT K ljlyHKllHSlM a ( W) 1 KOTOpble COBIIa.QaiOT 

c ( 17). 

0KOH'IaTenbHO .Qnsr S 1( w ) HMeeM .QBa THIIS peweHHit 

I c -I S (w) =-[ 1-- th- cth .!:..(w +fJ (w))] ( ), 
3 2 2 +I 

(18a) 

I c -I 
S ( w ) =- [I- th .£.. th - ( w + fJ ( w))] ( ) • 

3 2 2 +I ( 186) 

L!eltCTBHTenbHOCTb ljlyHKUHit S I (w) nerKO IIpOBepHTij. 

npa IIOny'leHHH peWeHHit (18) CyWeCTBeHHO HCIIOnb~OBanaCb ljlyHKUHOHanb­

HaH CBSI3b ( 7), Mbl He MOJKeM IIOKa3aTb1 'ITO Bee peWeHHS11 y.QOBneTBOpsrtoWHe 

ycnoBHSIM 1) -4) 1 !IpHHa.QneJKaT K aTOMy TH!Iy, 0.QHaK01 ecnH Mbl Y'IT8M1 'ITO 

ljlyHKllHH hI o a, cne.QoBaTenbH01 H S I , .IIOIIlKHbl I{M8Tb IIOniOC B Hyne1 

TO MOlKHO IIpHBeCTH H8KOTOpble C006paJKeHHsr B IIOnb3y 9TOI'O, L!eltCTBHTenb­

H01 H3 ycnOBHSI YHHTapHOCTH 3) cnenyeT, 'ITO S (I) =S (l) = 0. npHMeHsrsr 
II 83 

COBMeCTHO 3) H ycnOBHe IIepeKpeCTHOit CHMMeTpHH 4) 1 IIOny'IHM 

S II ( n ) = - S 33 (n ) • ( 19) 

rne n - nto6oe uenoe 'IHcno. Ecna nononHRTenbHD noTpe6oBaTb1 'IT06bl 

f(w) .. sll (w)+Saa (w) 6bina perynsrpHa !IpH Hew> A H if(w) l<e alwl 

rne a <11 , Rew >A, TO no TeOpeMe Kapncoaa/9/ as ( 19) cnenyeT 

S 11 (w),.-S
33

(w) 

Hs .IIBYX Halt.QeHHblX peweHHit (18) TOnbKO (186) HMeeT IIDniOC B Hyne, 

TaKRM o6pasoM, ljlyHKUHH h 
1 1 Y.IIOBneTBOpsrtoiiiHe CBOitCTBaM 1) ..;.5) 1 eCTb 

hit 3v(-cos277w) a ( th 2c • th ~ w-4) 
COS 7TW 2 

10 

-1 
h33 = ------------ ( th .!:__ th £_ w + 2). 

( 
2 ) 3 2 2 3 v - cos 71 w cos 71 w 

(20) 

CaoiicTBO 6), o'IeBI!IlHO, BbmonHeHo, cnenoaaTenbHO, ( 20) ynoaneTBOpHtoT 

ypaBH8HIIIO ( 3), 

4. 3 a K n 10 'I e H 11 e 

M bl noKa3anll, 'ITO perneHI!e ypaBHeHHH ( 3) o6nanaeT caol!cTBOM 

S 
11

(w) =-S (w). 3TD npi!BO/lHT K paBeHCTBy /liiiiH paccesrHI!Sl a =a 
33 II 33 

II K IIOCTOSIHHOMY C/lBIII'Y ~83 Me~y 8 (w) H 8 (w), paBHOMy ~ II 3 3 .:. 

'ITO hpOTI!BOp8'1HT 3KCIIepi!MeHTa!IbHbiM naHHb!M, L!nH TOI'0 0 'IT06bl y/lOBneTBO-

p!!Tb ycnoBHJO f 13 = f 3 1=0, Mbl BOCIIOIIb30BanHCb ljlyHKUHSIMH IJI ( U>) II X (U> ), 

KOTOpble /lOIIlKHbl 6b1Tb Ma!Ibl npH U> -> 0. 0nHaK0 0 T,K, f I (w) I!MeJO.T IIOIIIOC 

npH w = 0, ~yHKUHH IJI ( w) oxasanacb He Mana np11 w-> 0. Kax HaM KalKeTcH, 

3TO II srBnHeTCSl npH"'IIHOII IIpOTIIBOpe'II!SI C 3KCIIepi!M8HTanbHblMII naHHbiMI!, 

B cny'lae " 11 - pacceHHHII napul!anbHbie aMnnHTY/lbt He HMeJOT non10ca 

B Hyne, H aHanorH'IHasr npouenypa TaM 6onee onpaanaHa/4/, 

ABTOpbl 6naronapHbl L!,B, ill!!pKOBYt o6paTI!BllieMy !IX BHHMaHI!e Ha pac-

CMOTpeHHYIO MO/l81Ibo 
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