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B•HaCTOstlJ.Iee BpeMst MeTOA onpeAenstiOUIIIIX COOTHOWeHIIIVi stBfisteTCfl 
BeCI:iMa 3QxPeKTIIIBHbiM:-cpeACTBOM Anst IIICCneAOBaHI/Ifl Heni/IHeViHbiX 3BO-. 
niOU,IIIOHHbiX ypaBHeHIIIVi C it1CT04HIIIKOM. BnepBble 3TOT MeTOA 6b1Il VIC- . 
norib30BaH MHOIO B 1988 r. Anst IIIHTerplllpOBaHI/Ifl ypa~HeH~st.KopTe-. 
sera'- Ae Bplllca .c caMocorriacoBaH~~M IIICTO~HIIIKOM B·AOKnaAe Ha 
KOHcjlepeHU,IIIIII B KoMo/l/. llanbHeViwee pa3BIIITI/Ie IIIAeVi,. COAeplKalJ.IIIIX-· 

·est B 3TOM AOKnaAe, no3sonlllno npoiiiHTerplllposaTb ypasHeHIIIe Kop
Tesera- Ae Bp111ca np111 npOIII3BOnbHOM s~6ope:IIICTO~HIIIKa B ~VIAe . 
IIIHTerpana <llypbe no co6cTBeHHbiM ~cPYHKU,IIIstM TaK Ha3biBaeMoro ·no
polKAaiOU.Iero onepaTopa 12"41 • 06bstcHeHIIIe yHIIIBepqmbHoro xapaKTe
pa 3Toro MeTOAa 6blnO AaHO B MOI/lX AOKnaAaX Ha KOHcjlepeHU,IIIs:IX B 

. Kon111M6ap111" (Kpli!T) Ill B KllleBe B ·1989 r. /S/. no3lKe 3TOT MeTOA. 6b1Il' 
lllcnonl:i3osaH. Anst ti.eTanbHoro lllccneAoBaHIIIst MHo.rlllx ,D,pyr111x Henlll- ~ 
HeViHbiX '3soniOU,IIIOHHbiX ypaBHeHIIIVi C ~CTO~HIIIKOM:' HeniiiHeViHoro ypas
HeHIII~--WpeAi.1Hrepa. C IIICTO~HIIIKOM161 , MOAIIIcPIIILJ,IIIpOBaHHOrO ypaBHeHIIIfl 
KopTE~sera ..:, Ae BpL'lca c IIICTO~HIIIKOM, < ypaBHeHIIISl. sin: - Gordon c 
IIICTo4'HViKOM/7/ Ill pstAa ti,pyriiiX 181 • nplll' 3TOM 6b1Illll o6HapylKeHbi MHO
rille· AOTone' He~3BeCTHble stsneHIIIsl B AIIIHaMIIIKe con~TOHHbiX. peweHIIIVi 

··. ·3TL.1x ypasHeHIIIVi:• JaxsaT 111 yAeplKaHIIIe coniiiTOHOB 11~·131·; polKAeHIIIe 111. 
YHIII~TolKeHIIIe 'coniiiTOHos/3,6,7/ . 111 pstA APYrlllx. Bee ~Till pe3ynbTaTbl 
yme. AOKnaAblBaniiiCb MHOIO Ha KOHcjlepeHU,IIIfiX B. Jly6He, MoHnenbe Ill 

. 6pioccene B npownoM rOAY. ; 
B HaCTOstlJ.IeM AOKnaAe B03MOlKHOCTIII 3TOro MeTOAa 6YAYT npoAe

MOHCIPIIIPOBaHbl H_a · npL1Mepe MHoroKoMnoHetnHoro · Henlll~eViHoro,ypas< 
HeHIIIst'Wp~AIIIHrepa c IIICTO~HIIIKOM. PeilieH~st 3Toro ypasHeHIIIst o6na~. 
AaiOT . PfiAOM . npiiiMe~aTenbHbiX CBOViCTB' < elJ.Ie He BCTpe4aBWIIIXCfl paHee 
B'ypaBHeHI/IfiX 3TOrO Tlllna, .HanpiiiMep, ABIIIlKeHIIIe COniiiTOHOB B AaH
HOVi CIIICTeMe MOlKeT IIIMeTI:i XaOTIII~eCKIIIVi.XapaKTep.·npiii~~H~ 3TOrO .. 
·yA~BL'lTenl:iHoro,stsneHIIIfl COCTOIIIT .. B. cneAytaqeM. li1HTepecytaqast HaC 
CIIICTeMa AOnyct<aeT'IIIccneAO~aHI/Ie cnoMOlJ.Iblo MeTOAa b6paTHOVi.3a-
Aa~lll· paccestHIIIst ·AnSI HeKoToporo · 'ri~H.eViHoro onepai"opa L: OAHa_!<o 

•' < 0 ..... --~ ''·. • • ! . '_.· .: ' . 
CIIICTeMa 3BOniOU,IIIOHHbiX ypaBHeHIIIIII Anfl AaHHbiX paccestHIIIfl B IIIHTepe-
CytaqeM HaC cny~ae stBnsteTCfl CYlJ.IeCTBeHHO Herli/IHeViHoVi. B npaKTL'lKe 
npL'lMeHeHIIIst MeTOAa o6paTHOVi 3aAa~L'1 pacceSIHL'lst Anst ~c'cneAoBaHIIIst 

· Hen~HeViH~x BsoniOU,IIIOHHbiX ypasHeHIIIVi Mbl ·snepsble cTanKIIIBaeMcst . c no-
A06HbiM stsneHIIIeM. · 

li1TaK, p~CCMOTPIIIM CIIICTeMy.ypaBHeHIIIVi BIIIAa 
aU . .· · a 2u · N· ... _ . · .. ~+ ', • ;. 

i -. -. + 2 u u*u + -.-. -· = 2 1 , ~ • [ ¢ A { t/J ) . * · + · at ax2 ·n,; 1 n n n. .·, 

~--····---_..,.-_..,_~ 

~ n. .. '1, R' > 'J •• , , •. <~"T--1Q ~-

~ 
l1V.<>I.:l\l1i1t\ill.1tl ;;,\;S<!..1ff'}'i.i. · .. 

Oll~3U.A tlf.( :J<~J1(li:illocti j 
---~Sffl-IOTSfii.._ U . 
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+ ¢n A; ( t/1 n) * ] + 2 i f ¢ (x, t, () C (t, () t/1 * (x, t, () d (, (1) 

-oo 
'ft 'A 

fJ¢;; ft _ . · ft _ at/! ;; * ~ _ . ft _ • • _ ( 2) · 
-+Ut/ln -i77n¢n=0, -..:- -u ¢ n +171nt/ln =0, n=1,.~ •• N, 
~ . . ~ . . . . 

. -+· . 
a¢n ~+ - ft + 
--+Ut/Jn-t77n¢n= 0, 
~ 

'ft+ 

at/! n ft + -. ft + 
- -u*¢n+i77'nt/Jn =0, ax ,J 

n = 1, ~ •• , N , 
(3) 

a¢ . at/! · . · 
. --+ Ut/J.-1(¢ = 0, - -u*¢ +.l(,t/J = 0; (~ (-oo, oo), ax . ax 

. (4) 

rAe ~epTa 03Ha~aeT KOMnneKcHoe conpHmeH~e. a 3Be3AO~Ka 03Ha
-~aeT 3pM~TOB? ,conpS!meH~e. 3AeCb U - BeKTOp-cTpOKa C. r

0 
KOMno:

_HeHTaM~.~. cneAOBaTenbHO, neBaH ~aCTb paBeHCTBa (1) S!BnHeTCH 
o6bi~HbiM MHoroKoMnoHeHTHblM Hen~He~HblM. ypasHeH~eM WpeA~Hrepa, . 
snepBble npo~HTerp~pOBaHHbiM c noMO~biO MeTOAa o6paTHO~ 3aAa~L-1 : 

- pacceSIH~H B. pa6oTe 1101 •. npaBaSI ~aCTb 3Toro paseHCTBa SIBJlS!eTCSI . 
~CTO~Hit1KOM~ o6pa30BaHHbiM peweH~SIM~ _nlt1He~HbiX cir1cTeM (2)-(4). 
Mbl npeAnOnO>Hit1M · 3AeCb, ~TO . $; 1t1 ¢'~ HBnHIOTCSI BeKTOpaM~.:.CTpOKaM~ 
C ABYMSI:KoMnOHeHTaM~ KamA~~. T.e. ~npase~n~B~ paBeHCTB~ 1 

. . . . ~ 

¢: = (p:. ¢':). ~+ + + . 
¢n =(Pn• ¢n), n=1, ••• ,N, 

. -· . - + + I. . - . 
rAe Pn , . ¢n · 1t1 Pn, ¢ n S!BnHIOTCSI CK';lnHpaM~, a 
yrOf1bHblM~ MaTp~L\aMII1. C. r o CTpoKaM~. lt1 ABYMH 
T~e. lt1Me10]: MeCTO npeACTaBn~Hit1SI 

A..-···~· -"' - .· •, .· - + +: + . 
tfrn = ),q n ~n I. t/1 h = I q n t/1 n 1,. .. n = 1 ••••• N • 

(5)_ ·.·· 

,..._ ""+ 
t/J n 1t1 t/Jn ;_ npSIMO:-
CTOn6L\aMit1 KamAaH, 

·' (6J 

rAe q~,t/1;_·-~ q~, t/1:;- seKTOPbl-cTon6ybJCr 0' KOM.noHeHTaMIIi'Kam--· 
Abl~. KpoMe Toro, Mbl npeAnonaraeM '· ~To sen~~lt1Hbl An HBnHIOTCH · 

. KBaApaTHbiM~ MaTplt1L\aM~ BTOporo nopstJi.Ka, _lt1Me~lt1M~ . Blt1A. . . 
.• 

'Yn 

n=1, ••• ,N. 
o. 

. --1 An~. {3,•'' 
n 

an 
·r. 

(7) 

HaKoHel.\, Mbl npeAnonomlt1M·, ~To ¢ - seKTop-cTpoKa c r0 '+l KoMno
HeHTaM~ ~- t/J SlBnHeTCSI npHMOyronbHO~- MaTplt1L\e~ C r o CTpOKaMit1 ~ 
r0 + 1 • CTOn64aM1t1, a C - 3pM~TOBO~ ·MaTplt1l\eL1 nopHJlKa r 0 + 1 • ·. 

2 ' 
• .! ~~, ... ~ 

• 

I .. 

l 
i' 
! 
J 

I 
t 

·' I 

'I 
! 

I 
I 

'I 

1 

I 

.BtiOAY'~,~a~bHe~weM Hac 6yieT:It1HTe~e~OB~T~ p~~i~~e 
0' :.~ . ' ' ,. • \ • • - •• ; . • \ • 

u = u(x, t) • '" .- ''',·; 

~- ·. ' ' . ~ ' 
'~ ' 

¢; := ¢;Cx. tL 1/1;.= ¢~(x,t), p~ 7-P~(x.,.t); q~;,;,q;·cx, t) , : 

¢~=--¢~ex. t). t/1~ ~ y~cx:t). ~-~~:P~(x, t)~. ·q;,:,q~(x(t') .· 
¢ ;= ¢ (x , t , (,r; · t/J ,; tfr (x , t , (,) 

. ~--; r 

(af'' 

,_. 

Clt1CTeMbl (1)- ( 4) , nplt1 n1060M . t ~ 0 YAOBneTBOpsl~ee 1 cne'tt.YKXhLJIM 
ycnoBit1HM: 

... 

~ . _.Joo II as u_(x, t) II 
"' -~-- dx .< oo 

s =' 0 ~.;.:; •' •.. ax s_, ' . ·' •. 
I (9) 

1¢: (x, t) I+ II t/l:(x, t) II ... o , ecn111 X -+ + oo . ' . - ' 

1¢:<x. t>l + II"' :ex, t) II ... o, ecn111 _.,,._x ... ± oo, ., 

(10) 

I P:\x; _t) I +II q ~(x, t)_ll -+_ oo; ecn111· x ... + oo 
,·,, -~; -' ' 

IP+(x, t) I+ liq\x,t).ll-> oo, .. ecn111 x ... ± oo , 
, n n 

(11) 

a peweHit1e_¢, 4 clt1cTeMbl ( 4) np111 x .. -~ o6naAaeT · a:c~MnToT~i<o~ 
Blt1Aa . , 

r .n 

¢(x, t, () -a exp(i(x), tfr(x, t, ().- b exp(-i(x) , 
' ' 'i 

. (12) 

rAe BeKTOp~CTpOKa .. ·a = a (t, (,). ' C rOt 1 KOMnOHeHT~~It1._, lt1 npS1MO
yronbHaSI MaTPit1L\a b = b(t, () c r 0 cTpoKaMit1 111 r0 + ~ cTon64a
M~ 3"aA~H~1,3apa~ee .• CornacHo ycnos111~, (lq) :ro~Ka 11j:11n HB~~eT::-
CH TO~KOit1:Ait1CKpeTHOrO cneKTpa nlt1Helt1HOrO onepaTopa L Blt1Aa .: 

' .... ' r.~<' :,· '·. -~ ';•"' . · ,._, ;- .•. ;. -:,.- •·:,;·_,:,7:. ·. L ·~,; 

'L··.:.:A·-..,_.,_u· ·a· ·· a., 
, - a + , ·. .·= --.'· ,. . ax 

r• ·. ~-:ir;_(p); 
' .. ~:~~~:~ 

'. r::. . -:· ~~~ '' rAe .. 
,. :.:;,~:,;.~:;;:;;~. 

I . ' : • ·. ,. ,. 
·., A =diag(1·, :...t, •••• .,..1),,_u ;= (~4J.· 

.... : f .•. · • '' '. ·: ~ ..• ' ; ... : .. :,- ; 

: .~.' J ;, ~ 

i 
BciOAY B AanbHe~uieM Mbl npeAnonaraeM, He orosaplt1BaHi 3'To oco6o, 
~TO. B~e TO'-!Kit1 '77 =;'~n ' A,lt1CKp_etHoro. ~ne'!<Tpa onepaTOPf L Sl~flS110T- · 
CSI npoCTbiM~, n = 1 , ••• , N • 

1 
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,llmt HaXO}I{AeHII1s:t II1HTepecy1001ero Hac peweHII1s:t. ,.(8) . CII1CTeMbt ·_ 
( 1)- ( 4) Mbl ·MameM Bocnonb30BaTbCs:t MeTOAOM o6paTHOiii 3aAa~Vi pac
ces:tHII1s:t Ans:t yKa3aHHOro Bblile onepaTopa L • C noMO~biO MeTOAa on
peAeris:t1001111X cooTHoweHII1iii tJibt MO}I{eM nony'-1111Tb CII1CTeMy ason1041110HHbtX 
ypaBHeHII1iii Ans:t A~HHbiX. pac~es:tHL1SI . onepaTopa _L B111Aa ( 13) , ( 14) C · 
noTeHL\IitanoM ·· u = u (x, 1:) ,· YAOBneTBOPs:t1001111M · cll1cTeMe ( 1)- ( 4). Me..: 
TOA onpeAens:t1001111X COOTHOWeHII1iii 111rpaeT 3AeCb TY }l{e CaMYIQ ponb, 
'-ITO lit pa3n~'-IH~e onepaTopH~e ~peAcTasneHII1s:t Tlitna flaKca B o6~y
Hoiii cxeMe npii1MeHeHiits:t MeTOAa o6paTHoiii 3aAa'-1111 pacces:tHiits:t Ans:t litc
cneAoBaHII1s:t HenlitHeiiiHbtX ason1041itOHHbtX ypasHeHII1iii. Ha3BaHHbte BbUJe 
pe3ynbTaTbi. nony'-taiOTC~ cneA~111~ o6pa30M. 

PaccMoTplitM ypaBHeHiite 

(L -j·71) r0 
:= o .. 

np111 n1060M Be~eCTBeHHOM TJ 3TO ypaBHeHII1e 111MeeT ABa QJYHAaMeHTan'b
HbiX. peweHII1s:t f 6 111 f~, o6naAa1001111X aCII1MnTOTII1KaMII1 B111Aa 

··f0 (x, '71)- exp(i 71 Ax)., ecn111 X -t- - oo ' 

f+(x, ·.,) .,. exp(i'77Ax), 
. 0 .'' 

·'ecnlit x-+ oo. · 

nPL1- nl06btX Be~eCTBeHHbiX X 111.·.,., Me}I{AY peweHII1s:tMII1. f; lit f; litMeeTCs:t 
CBSI3b 

. + -
f 0 (x, TJ) = f 0 (x,. 71) S (71) , 

' ' ~· . ' . '' ' 

rAe MaTPiitl\a s = s(.,.,) He 3aBiitCII1T oT x. nonO}I{VIM 

. \. -- -- + . +.I • . . . . cf; cf; .. . .- cf; cf; ' 
f
- 1 2 + 1 2. 
0 = .· - , r 0 = . . , s ·-• .. -· ·-· ' . •. . + "+ . . .. ··'tjJ 't/1' '•. t/1•' t/1 . ' s s 

. • : ·.:1 .·• 2 . . . : .. 1 2 ·.. 1- 21. 22. 

si1 S12 

. . ·-· '+ ,·. · .. •. ·. ·..: .; ·'+ ...•.. •. . .; 
rAe BenVI'-1111Hbl c/; 1 , cf; 1 i1 S 11 t-,Ct<ans:tpbt,cf;2., r/; 2 t.(_S 12 ~ BeK~Opbt-
CTpOKiit C r0 KOMrlOHeHTaMII1 Ka}I{Abtt/i, t/1]_, tfJt ~ S ~l ::. Beihopt,f-cTon6-
l\bl, Cro KOMnOHeHTaMII1 Ka}I{Abliii lit, HaKOHel\, t/12 , t/1 2 lit 822-' KBaApaT-, 

· ·Hbte MiiTPII11.\bl nops:tAKa r o. l<aK lit3~eCTHO, Beni!1'·1111Hbl cf; J.; tfrt, cf; ~' tfri 
lit S 22 AOnycKaiOT aHanVITII1'-IecKoe npoAOn}l{eHII1e no napaMeTpy·.,., B . 
HII1~HIOIO nonynnOCKOCTb lm '11 .< 0 ; HanpOTiitB, Benii1'-1111Hbl cp:, t/11, cp 2 , . 
t/12 111 S11 AonycKaiOT aHanVITVI'-IecKoe npoAOn}l{eHII1e no napaMeTpy .,., 
B BepXHIOIO nonynnocKOCTb. lm 7j > 0 . Hyn~M '1'/ = '77n QJYHKL\IitVI . S11('1'/) B 
sepxHeiii nonynnocKoCTII1 tm·71 > o cooTBeTCTBYIOT TO'-IKVI A111CKpeTHo-
ro cneKTpa onepaTopa L ' n6CKOrlbKY npll1 TJ = TJ 111Me10T MeCTO paBeH-

' n CTBa . . • 
+ ::. . . . . '": ... -~. . . . . . . . 

cf; 1 (x, ''1'/ri) = cf; ;tx, ·71n) Bn'' it/11 (x, . .,., n) = ~ ;cx;·.,.,•n) Bn • · ·osr 
-~·- . 

4 

~ 

I 
f 

1 
'j 

. '+. 

rAe· BeKTop-cTon6e4 Bn He 3aBiitCII1'f. OT x:. To'-IKaM 71 ':' 7i.n TaK}I{e 
COOTBeTCTBYIOT TO'-IKVI A111CKpeTHOrO cneKTpa onepa,..opa L, . TaK KaK 
np111 71 = ij n BbtnOnHs:tiOTCs:t COOTHOWeHVts:t 

- - . • + • ...: •A -· - +' - { A 

¢.1 (x, 71n)= cf;2(x, . .,.,n)Bn, '~''1(x, TJn) = t/J.2(x, 71n).Bn, 
• A ' 

rtl,e Bet<Top-cTon6e4 · Bn TaK}I{e He 3aBVICII1T OT. X • nony'-leHHble 
o6pa30M BeKTOpbt-cTon64bl B n VI B n YAOBneTBops:tiOT ycnoBII1s:tM 

8~2(.,.,-n ) B n = S 22 (; n ) B n = 0 ' n = 1 ' •••• N ' 

-Bri S22(~n) Bn = -S{t{TJ n), n = 1, ••• , N. 

(16) 

TaKII1M 

(17) 

. 3AeCb,·KaK 111 BCIOAY s·AanbHeiiiweM~ wTpll1x 03Ha'-!aeT npoii13BOAHY10 
no napaMeTpy TJ. 

Tenepb Mbl AOn}I{Hbl KOHKpeTII13111pOBaTb Bbl6op peweHVIIIi p~, q; 111 
cp;_, ~t/J~ ClitCTeMbl (2) lit peweHII1iii p ~' q~ VI ~:, t/J; CVICTeMbl '(3). C_ 
3TOiit 4enb10 Mbl BBeAeM senll1'-llitHbl vn , wn VI vn , wn c QOMO~biO pa
BeHCTB 

a + - .• 
vn =a;-[¢ 1 (x, 71) -:- rP 2 (x, TJ) Bnl1 71 =l7.n •. 

a + . 
wn = --. [tfr 1(x, .,.,) - t/J 2 (x, TJ) Bnl1 71 =71 n' a.,., 

vn =. ~[ ¢~ex. 71) ~¢~ex, ·11) an 1 1.,.,= ijn. a.,., 

A 

W ··= n· 
a.·- .. - + . A 

-a - [ t/J 1 (x, 71) - 1/J 2 (x, TJ) Bn] I n =.;; • 
TJ • . _., ''n 

.llanee, t;JOnO}I{II1M 

-
Pn 

qn 

+ 
Pn 

.q+ 
n 

1 
S' (TJ ). [ vn (x) - cf;;(x, 11 )•f ] 

11 n n. n • 

1 
S' ( ) [wn(x) - t/12 (x, 71 )•f ··] 11 71

0 
n n , 

1 'A 

St'1(n) [ vn(x)- ¢;(x, J7 )·r· ]' 
.·'n n n • 

1 ---[-w (x) ·'· + - -S' ('n ) _ · n - "'2 (x, 71- )·r ] 
11 ''n · n n ' 
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(18) 

(19) 



rAe seKTOpbi-CTOn64~1 rn 1-1 •rn l-1MeKJT.noro ··KOMnOHeHT 1-1 He 3a81-1-
CSIT OT X • HaKoHe4, cneAySl ( 15) .Vi ( 16}, 8bl6epeM peweH1-1Sl ¢ ~ , 1/J; 11 
¢+, ¢+ COOT8eTCT8eHHO Cl-1CTeM (2) 1-1 (3} 8 81-1Ae . 

n n · ' . 
- + -

¢n = ¢1(x, 7Jn) = ¢2(x, 7Jn) Bn • 

+ . . - ' ;·.-
"'; = t/11 (x, 7Jn) = 1/12(x, 7Jn) B n • 

(20} 

(21). 

+ - -· ·+- ~ 
¢n. = ¢1 (x, 7Jn) = ¢2(x, 7Jn) ,8 n• 

+- -· + -~ 
t/1 n = 1/11 (x • 7J n) = 1/12 (x • 7J n) B n • · ,.; 

OnpeAeneHHbre nocpeAc,-8oM ,(18) l-1j20} peweHl-1Sl p~, q- 1-1 <t>;·, 1/1-, 
Cl-1CTeMbl' (2) YA08neT80pSIIOT ycn081-1SlM n n . n 

lim llp~(x) exp(-i71
0
x)- 11 + [lq:(x) exp(-i71n x) II I = 0 

%.-t--oo 

lim · { [ p; (x) exp (i 7Jn x) I + II q: (x) exp(i 7J x) - en .II I = 0, 
_.X-+oo n -

lim { I ¢~ (x) exp (i 7J nx) I + II 1/1: (x) exp (i 7J n x) - B n II I = 0 , 
X-+-oo ·-· ... ' · 

(22) 

lim· { I¢~ (x) exp ( -i 7J x) - 1 I + II 1/1 ; (x) exp ( -i 7J n x) II I = ,0 , 
X->OC . n . 

rAe 

1 - -
en =- {[8'22 (7J )]*B +8

2
*
2

(17 ).f I. 
;' ( ' n n n n 
11 71n 

(23}. 

TaKIIIM o6pa3oM, peweH1-1e p ~ , q ~ Cl-1CTe_Mbl ( 2) AeLkT8111:!:enbHo 3Kcno~ 
HeH41-1anbHO 803pacTaeT np1-1 x -t± oo , a peweHIIIe ¢:,· r/;

0 
Cl-1CT~Mbl (2) 

Ae~cT8111TenbHO 3KcnoHeH41-1anbHO y6bl8aeT np111 .x .... ±oo • KpoMe Taro, 
. onpeAeneHHble c noMO~biO (19) 1-1 (21) peweHIIISl p:, q~ 1-1. ¢:~ t/1:,: 
· Cl-1CTeMbl (3} YA08neTBopSliOT. pa8eHCT8aM . 

+ - ' +: . -
lim liPn(x) exp(-i'rJnX) -II+ llqn (x) exp(-i'71nX) Ill= 0, 
X->oo 

~~JIP! (x) exp(i~ 0x) I +llq~(x) exp(i·r]n·x)- en Ill;;, ,o. 
·+ - + - ~ 

lim { I ¢ (x) exp (i 71 x) I + II t/J n (x) exp (i 71 n x) - B n II I = 0 , X->oc: n n 
. (24) 

+' - + ~ - -
lim {I¢ (x) exp(-i'7J x) -11 +II rjJ (x) exp(.,.i77· x) II J = 0 , 
X->-oo n n n . n 

rAe 

- 1 - - . - ·- . e =- ·-. - t 8, c 11 ) s + 8 . (71 )·r 1. 
n · - 22 n n 22 n n 

' 811 (7Jn) . . 

(25) 

6 

~ 
,j 

I 
;. 

' ,, 

1 
) 

,{, 

3To _3Ha'-!IIIT, '-ITO peweHIIIe p!, q! Cl-1CTeMbl (3) Ae~CT81-1TenbHO 3Kc-: 
noHeH4111ant:.Ho 803pacTaeT.npl-1 x ->±oo., a peweHIIIe ¢+,1/1+ Cl-1CTeMbl 

. · · · . · · n n 
( 3) AeLkT8111TenbHO. 3KcnoHeH4111anbHO y6bl8aeT np111 x :.. ± oo • CneAo8a-
TenbHO, rlpl-18eAeHHbl~ Bbl!le 8bi60p peweHIII~ p ~, q ~ 1-1, ¢ ~' t/J ~ Cl-1CTe
Mbl (2) 1-1 peWeHIII~ P~, q; Ill ¢~, t/1~ CIIICTeMbl (3) He _npOTIII80pe'-!IIIT 
ycno81-1RM (10} 111 (11)~ 3aMeTIIIM, '-1~0 onpeAeneHH~e nocpeACTBOM 
(23} 1-1 (25) BeKTOPbi-CTOfl64bl e Ill 0 8 c1-1ny (17) YA08fleT80pSliOT · n n 
COOTHOWeHl-1SlM 

~ ~ 

B*O =e*B =1, n= 1, ••• ,N. n n n n · (26) 

nocneAHIII~ 3Tan noArOT08Kl-1 K Hani/ICaHIIIIO 3BOfli041110HHbiX ypa8He- .. 
Hill~ ArlSl AaHHbiX pacceSlHIIISl onepaTopa L B HaLueM cny'-!ae COCTOIIIT B . 
cneA~eM. npeH<Ae scero, nocpeACT80M paseHCTB · 

N an an 
CLJ-=1 }; (--- +-·---)' 

n=1 71-71
0 

· 7J-7J~ 

-
N {3 . {3 , 

+ . ""' (.. n · .. . · n ) 
(L) =.1 k + --=-- ' 

n= 1 71-11n ·11 -11n 

" . 

_ .. . N, a0 ~ . an· ~ . ,. 
0. = ,i I (-- e~ B~ +--_--Bneri ) 1 

n=1 7J-7Jn 7J-_7Jn 

-
+ N /3n ~ f3 n · ~ 

0 = i I ( B n e* + -.-~- e . B * ) · _ '71- 11 •· n ·. ·.:.. :- n n 
n-1 n ,71·11n 

(27) .. 

,'~ .1 

'~ .. 

onpeAenL.iM cKi:mSl.pbi w -, cu + ~1 KBaApan~bre Mai-pl-i~,··n.:, n+ .. llanee, . 
c noMoUibio 8eniii_4111H a Ill ·b, BXOASl~l-1X B BblpaH<eHIIISl ( 12). AflSl acli!Mn
TOTIIIK nplll X~ -oo peWeHIIISl (/;, t/J Cl-1CTeMbl ( 4), onpeAeriLifM KBaApaT':' 
Hble MaTpll14bl a', {3 , C- 1-1 C + ngpRAKa :·r ~ + 1 .. JIO~peACTBOM paB~tiCTB 

. ~T: 1. ~ ~•-'·. c< .c.·. c+·~ tic~~. · ·· · · · · · (28) 

rAe C :.. 3PMIIITOBa MaTp1114a nopSlAKa r 0 + 1 ~ coAepH<a~aSlcSl a npa;... 
· so~ ~ac-r·~ · ypaaHeHIIIst · ( 1) • · nonoH<l-1M ~enepb · · · · · · · 

c~1 c;; 
+ + 

C u'·C 12 
c = 

\cit 
t c+ = ~+. c+. I , . ~ (29) 

C22 21 22 

. ~ ' 
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- . - + '.. ,•' ' - ' ' '+ ' - . ' ' ''' 
r.a.e 011 VI 0 11 - CKan~pbl, 0 12 VI C 12 - BeKTOpbi-«;:TpOKVI 'C: r0 KOM- _ 
noHeHTaMVI KaH<,D,blll1; 021 VI C t1 - . BeKTOpbi.;.CTOn5~bl «;: r0 KOMnOHeHTa- . - ' 
MVI Ka>f{,D,b!ll1 VI, HaKOHe~, c;2 VI Ci2 - K_Ba,D,paTHbie M~TPVI~blnop~,D,Ka 
r 0 • HaKoHe~, np111 n106oM Bell.leCTseHHOM ., onpe,aem'IM cKan~pbl 'J l' Jt 
VI KBa,apaTHble MaTpVI~I. ~;;-, J~ C nOMOUlb'? paBeHCTB . 

- _oo o~1 <C) J; =- 77011<11> - i f --dC, 
-oo (- 17. 

+ 
oo o u<C> 

J+ = ·77 c+ <11> - i .f --dC, 
1. .11 ...:oO c.:... 17 '· ' 

"" 022 <C> 
J - = 77 c ;2 ( 17) - i f dC, 

2 . -oo C-11 

+ 
00 c22<C) J+ · · c+ (' ) · f =-17 TJ -1 dC, 2 ' \ ' 22 c - 17 ,' -oo 

..J 

~ ~,.' ' 

(30) 

r,ae L-lHTerpanbl nOHVIMai<>TC~ B CMbiCne KOWVI. ,lln~ CYUleCTBOBaHVI~ 
3TVIX VIHTerpanos Heo5xo,aVIMO noTpe6osaTb~ ~To5~ onpe,aeneHH~e no~ 
cpetJ.CTBOM. (28) 111 (29) senVI~IIiHbl 011' c 1~ VI c22;Gt~--yi.\osneTso..: 
p~nlll YCilOBVItO fenbt:~epa VI AOCTaTO~Ho· 5biCTpo CTpeMVIIliiiCb K Hynto 
npVI C ... ± oo • 3TVI Tpe5osaHVI~ HaKna,abiBatoT onpe,aeneHHble, snpo~eM 

· secbMa cna6bie, orpaHVI~eHVIs:l Ha <f!VIryplllp,YIOU.IIIIe 3,aecb. 8enVI~IIIHbl a, 
b VIC. BMecTe•c Tpe5osaHVIeM, ~T06bi-BXOA~Ul111111-B npaByto ~aCTb 
ypasl-ieHVI~ (1) IIIHTerpan onpet:~ens:~n <PYHK~IIiK>, a6comoTHo VIHTerpt-1-
pyeMyto no X Ha BCell1 BeUleCTBeHHOII1, OCL-1, 3Tt-1.M IIIC~epnbiBai<>TC~. Bee ,,, 
Tpe5o8a~~s:~ ~ Hima'ra'eMble Ha 3pML-1To.sy MaTpl<1'ey c.' H 'f<oacjxplll41<1eHl-~ . .. 
a, b · ·ac~MnToTVit< ( 12): · 3t:~ecb Hent-1WHe oTMeTIIITb , .. ·~To c·oma.cHo,; .:~ 
(7),, (22)'111 '(24). KciHe~Has:~ cyMMa, ~co.aepma~as:~Cs:~: s .·n·pasoll1 4.aci-VI' · 
ypasHeHIIIR · ( 1) , ·. iaKmEr · onpetJ.Ems:~ eT · <jlyi-t'K~L-11<> x, dpet.1s:~U(ytocs:~ P.ocT_a·- · 
TO~HO .6biCTpO K Hynto np~1 X ->±oo •. TaKt-1M o6pa30M, CTpyKTypa, npa-
80111 ~aCT VI ypasHeHt-1s:l ( 1 f tie npoTL-1Bope~IIIT- Tpe6osaHt-1io ( 9) , · Han·a:-
raeMoMy Ha :peweHVIe U = U (x, t) , , . . " . , ·_. . . : , 

c yo.ieTOM, np~1se'tl.eHHbiX. Bbllle o6o3HaYeHVIII1 ,· 3BOni<>~VIOHHble ypasHe~-
HIIIs:l tlfls:l 3IleMeHTOB 8 -MaTpi-H.tbl lliMei<>T cneA,YIOU.IL-1111 . BVJA·: .. ·' . . .. , 

as 11, . ·: + + - - -
..,__a· =8u(J1 +c:u ) -(J 1 + cu +2rrCi1)~11' 

t ' 

8 

1 

1 
f 
I 
! 

as12 : . 2 .··· . . . + . . -....... :.. . :- ·- . - . . 
~ + 4177 S 12 = 8 12(J 2 + 11 · ) - (J 1 + cu ) 8 12 + 2rrC128 22 , (31) ' 

a821 - . . 2 .. , - . . + + . . - . + . . -
~--4177 821 =821(J1+c:u ) -(J2+11 )821-277021811, 

a822 + _ _ ... + _ . 
- = 822 (J 2 + n ) - (J 2 + n -2 77C22 -) 8 22 •.. at · 

3,aecb Mbl ,llOfl>KHbl CAenaTb cne,ay~1-1e 3aMe~aHt-1s:l. npe>Ktte BCero ·co
maCHO BbiTeKaiOllleMy 1113 ( 28) paseHCTBY c + = 8 *0-8 onpe,aeneHHble 
c noMOUlbiO (30) sen111~1<1Hbl J! 111 Jt 3aslllcs:IT .·aT. aneMeHl:os 8 :-.MaTpitl
~bl. Cne.aosaTenbHo, CVICTeMa ypasHet-it-1111 (31) s:~sns:~eTcs:l Hent-1Heii1Hoii1-
0THOCt-1TenbHO sneMeHTOB 8 -MaTpt-1~bl~ BTopoe ,· CIIICTeMa ypasHeHt-1111 
(31) co.aep>KL-1T MaTpt-1~bl n:.. 111 n+ im.aa (27) .• 3Ha~t-1T, aTa" ct-1cTer.1a 
ypasHeHt-1111 3a~enneHa c Ct-1CTeMoll1 ypasHeHt-1111 .ans:~ HOPMIIIposo~H~x 
·KOHCTaHT Bn Ill Bn. 

PaccMoTpt-1M Tenepb BbiTeKaiOlllt-1e 1<13 ( 31) asonto~t-10Hf:lble ypasHeHIIIs:l· 
,llfls:l K03!jxpt-1~1<1eHTOB OTpa>KeHt-1s:l R 1 1<1. R2 BL-1,lla . 

~1 -1 
Rl = 8 128 22 • R2= 821 8 11· {32) 

HeTpy,aHo y5eil,V1TbCs:l, ~To t-1HTepecy!OUt~e .. Hac ypasHeHt-1s:l _IIIMetoT BL-1.ll 

•• 
a~ f.: . 2 (... n + c - ) 
-+4117 R1=R1J2+u -277_22-at· 

- (J7+~-)R1+277C,,t2• 
.j 

aR2 -~ ; -~ _ _ (33)_ 
--,. - 4n7 R 2 = R2 (J 1 + cu· + 2 77911) at · · · - ·- ~c 

- + I. -· 
- (J 2 + n ) R 2 - 2 770 21 • 

I 

3-it-1 ABa ypasHeHL-1s:l __ He. cot:~epmaT se~w~~H 1J7111. J~. ·tl~riee,; OHL-1 nt-1-
Heii1Hbl OTHOCIIITeflbHO K0:3!jxpt-1~1<1eHTOB OTpa>KeHI.1s:l R 1 Ill R 2., 0Ht-1 TaK>Ke 
He cotJ.epmaT MaTpt-1ey n-. Oi.\HaKo OHVI co,aepmaT MaTpt-1ey n + 111, 
Cfle,llOBaTeflbHO, OHL-1 3a~enneHbl C 3BOiliO~VIOHHbiM~1 ypaBHeHt-1s:IML-1 ,llfls:l 
HOPML-1posol.JH~x KoHcTaf-!T B0 ~an. 6onee:Tor,o, s c1-1iiy (25). 111<(27)' 

- OHL-1 3a~enneHbl C nepBbiM 1<1 nocne,llHL-1M ypaBHeHt-1~Mt-1· CVICTeMbl {31) •. 
HeTpytJ.HO st--i,aeT·b, ~TO BCe 3TL-l CBs:I3VI i.-1c~e3aiOT B cny':'fae 11 +:: 0, 
T. e. rip VI BblnonHeHVIL-1 YCI10Bt-1s:l. {3 1· = ; ~ • = {3 N = 0. Hal OCHOBe . ( 5)-

· (7) nerKo y6emt:~aeMCs:l, ~TO nplll 8 n = 0 npaBas:l -::racTb ,. ypaBHeHt-1s:l 
(1) He COAep>Kt-1T peweHt-1e p+,q+ 'Ct-1CTeMb1(3), n=.,l;~ .. ,N,": 

n n: - · - . 

9 
.,, 
' ,. 

;., 



Heo6XOAVIMO TaKme 3aMeTVITb, 4TO ypasHeHVIR ( 33) R·BnRIOTCR He
OAHOPOAHbiMVI OTHOCVITenbHO K03qxpVILJ,VIeHTOB OTpail<eHVISI R l ,VI R 2• 

. OHVI cTaHOBHCR . OAHOPOAHbiMVI TOnbKO B cnyYae C } 2 = (C ~1 ) * = 0. 
CVICTeMa 3BOniOLJ,VIOHHbiX ypaBHeHVI£1 AnSI HOpMV1pOB04HbiX KOHCTaHT . 

Bm VI Bm VIMeeT. BVIA · · 

aBm 
2 -.-. +.i {[ l3mbm+YmSl1(71m)]Bm -am[ m} = 4i71mBin + 

at 
+ ) . + ] ( - +]..!. ·+ Bm(J1(71m + ~m - J 2 (71 m) + n m 8 m• 

asm ·.· ·,.. ·~ _ - . - ,.. _-
2

-,.. 
(34). 

-. -:-+i{Bm(ambm+·ymS'11(l'lm)]- l3rrif m} = 4i77mBm+ 
at· · 

+ 8 m [ J ~ ('~ m> + cu ;; 1. - ( J; c71-m> + n :;) am, 

rAe 

cu 
m 

+ 
cum 

N an an 
= i -~ - + i ~ ---

n,;, 1 ·7j m - '77 m n~ m - -71 m -.71 n 

13n N 13n 
= i ~ - +.i ~. 

n ~ m 7J m- 7J n n = 1 '71 m - 7J n 

N an . a 0 ,.. 

n m = i · ~ _ (J n tl ~ + i ~ -::------ B n (J ~ ; 
n = 1 7J _ 71 n f. m :71 - ·71 m '1 n · ·m n 

13n ,.. N l3n ,.. 
.·n+ =i ~ Be* +.i ~ -e B*, 

m n /:. m 7J - '7] n n n . n = 1 '77 - ·~ n n 
m m n 

_ • . oo c2~(() 
---d(, J 2<71 III)'~- i J · --.-· ·-d(, 

-oo (-71 

'+' . 00 

Jl (71 m) = - i J 
-oo 

m 

- - • oo :Cit(() 
J 1' (71 m)= -1 J . d (, 

··+·· ·.·. . + - 00 • c 22 (() .. 
J 2 (71 m> = -i r . . d( • 

-co (.::;. ~ ~ -. -oo • (-~m·· 

KpoMe•Toro, cnpaBeAnVIB~ paseHcTBa·. 
·'1 . - ·: ..... :' .. ,. - . . 

b~ = S' (. ) . lam + ·f~[S~ 2(77m )PB m I, 
11 l'l m 

10 

(35) 

: ,-· ~ 

; 

,.. ' 1 ' . •. ' '. . ' . 
. bm= -----..::..1 a +·f*•S' (~ ) B . I 

S' (n ) m m 22 m m · ' 
11 ''m · 

. (36)' 

rAe 

am= s~;<77m) +B~S~2(71m)Bm. _(37) 

8 COOTBeTCTBVIltl C paBeHCTBaMVI (23) VI {25) Vl3 paseHCTB (35) cne
AYeT, . 4TO B 06I.LieM cnyyae CVICTeMa ( 34) RBnReTCR •CVICTeMO!f1 2N He
nlt1He£1H~X, 3aU,enneHH~X MelKAY co6o£1 ypaBHeHltl£1 OTHOCVITenbHO ~ ~ 
KOMnoHeHTHbiX seKTopos Bm ~1 B m• m = . .1, ... , N • 6onee TO ro, co
rnac~o- ( 23) ,' ( 25) VI ( 35)- ( 37) CVICTeMa ( 34) , 3au,enneHa c nepBb!M 
VI nocneAHltlM ypaBHeHltlS!Mltl CVICTeMbl (31). . . '", 

·· PaccMoTpltlM Tenep~ nepsoe ypaBHeHltle CVIcieM~ {31). nonara~ 

Sll(71) = So (71) 
N 

·n 
n = 1 

71-71n 
- ,., 

71;_71n 
(38) . 

B pe3y_nbTaTe HeCnOIKHbiX, Bbi4VI_CneHlt1£1 y6emAaeMCSl B cnpaBeAnltlBOCTVI, 
paBeHCTB . 

'f ' _; ;._ -, ' - ~ } 

as· 
0 + ' - ..., 

--;;- = (J 1 -.Jl - 2rrC 11) SO ' 

.d?7n 
-..::.. := i (a n - 8 n ) , n = 1 , ••• , N • 
dt . . , 

. ,(39) 

CornaCHO (30) QJYHKLJ,VIVI J; VI J l + 2rrC~1 AOnycKaiOT aHanltlTVI'·teCKOe. 
npoAonmeHVIe no napaMeTpy 11 a sepxHIOIO nonynnocKOCTb Im 71 > 0. 
npVI 3TOM B BepXHe£1 nonynnOCKOCTltl Im 71 > 0 cnpaBeAnVI.BO paBeHCTBO . - . . . 

·. 

+' ·, ~ - - 00 - . + d(-. 
J1 ('71) -J1 ('71) -2rrC 11(71) =:i -~ [C 11 (() -C 11(()) -z-:-;-·. (40) 

aanee, Ha OCHOBe (28), (29) VI. (32) VIMeeT MeCTO CBR3b 

+ ···. . , -1 - - . , ·- :... , . 
Cu=(l~RiR2) (Cu+Cif2 +_R~C21 +R;c22R2) (~1) 

MelKAY senVIYVIH0£1 ct1. VI aneMeHTaMVI t..,aTpVILJ,bl c-. TaKVI!:"' o6pa3o~;-. 
ecnVI HaM VI3BecTHa asonrou,lllR so speMeHVI-KoaqxpVILJ,VIeHTOB oTpameHVISI 
R1 VI R2,. TOrAa C nOMOI.LibiO paBeHCTB (38)-(41) Mbl'Moil<eM onpeae- . 
nVITb asonrou,VIro so speMeHVI QJYHKLJ,VIVI S11• TaKVIM o6pa30M, cnyya£1 . 

11: 
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{3 1 = ... = {3N = 0 smm!eTcSl BnonHe IIIHTerpii1pyeMbiM. B 3TOM cny
yae 3BOn~41110HHble ypaBHeHIIISl AnSl K03~1114111eHTOB OTpa~eHIIISl R1 Ill 

R
2 

B Clllny (27} ·111 (33} IIIMe~T BillA • 

a& 1 
·-2 - - - - ---+4111 R·1 =R 1 (J 2 -277C 22 ) -(J1 +(L) )R 1 +277C 12 , 

at 
(42} 

aR2 

-at 
2 . -- - - - -

- 4il1 R2 ~ R 2 (J1 +(L) +277C 11 ) -:J 2 R2 -211C 21 , 

...J 

a 3BOn~41110HHble ypaBHeHIIISl AnSl HOpMIIIpOB04HbiX KOHCTaHT B cornac-
H0.(34} Ill (35} npiiiHIIIMa~T BillA m 

aBm . 
--.-.+i(·ymS1 1<77m)Bm -ami m] = 4i77!Bm+ 

at (43} 
+ + -

+ B m[ J 
1 

(17 ) + (L)_ ] - J
2

(11 ) B · • m m m m 

Tenepb Mbl 3HaeM AOCTaTO'-IHO AnSl Toro, '-ITOObl peWIIIJb. o5paTHY~ 
3aAa'-ly pacceSlHIIISl AnSl onepaTopa L BillA a ( 13}, ( 14} np111 n~5oM 
t > 0 111, cneAOBaTenbHO, B cny'-lae f3 1 = •.. _ = f3N = 0 Mbl _MOlKeM 
peWIIITb 3aAa4y KOWIII AnSl CIIICTeMbl ( 1}- ( 4} • tleVICTBIIITenbHO, B03b-_ 
MeM MaTPIII4Y F BIIIAa 

F 

rAe 

0 F 1 

F 2 0 

- 1 oo . . N Bri . . . -
F

1 
((L)) = -- f R

1
(71)exp(i71(L))d71- i ~ -=--exp(i11n(L)), 

211-oo · n=1 8'
11

(17) 

1 oo _ N Bn 
F

2 
((L)) =- ( R

2
(71) exp(-i71(L))d71 -i ~ exp(-i77n(L)). 

211 -oo n=l. S'.{n) 
11 "'n · · 

(44} 

(45} 

3aMeTIIIM, '-ITO 8 Clllny (13}, (14} Ill (32) MelKAY aeniii'-IIIIHaMI/1 R1 Ill 

R 2 np111 n~OOM Be~eCTBeHHOM "77 IIIMeeTCSl CBSl3b R 2 = -Ri .. 0TC~Aa 
CneAyeT Cf.!paBeAniiiBOCTb COOTHOWeHIIISl F 2 = -F{ nplll n~OOM Be~ecT
BeHHOM_ru. PaCCMOTpiiiM IIIHTerpanbHOe ypaBHeHIIIe Tlllna renb$aHAa -. 
neBIIITaHa. - -· , .. .. 

12 

.<'!, 

,;·· 

-- X , . • .: 
K(x,y,t)+F(x+y;t) + J K(x,·z,·t).F(z+y~t)dz=O. (46} 

-oo . . . 
nycTb K = K(x, y, t) - peweHIIIe 3Toro IIIHTerpanbHOro ypaBHeHIIISl. 
TorAa_ cnpaaeAniiiBO paaeHCTBO' 

I o 
! 

1 u*(x. t) 

. . 
[i\, K (x, x, t)] =- U(x, t) 

u(x, t); I 
o . I (47} 

rAe u(x, t) - IIIHTepeCyiOIJ.Iee HaC peweHIIIe CIIICTeMbl (1}-(4). noA:
'-IepKHeM e~e pa3; '-ITO B cnyi.Jae {3 1 = ... ~ = · {3N = 0 paseHCTBa 
( 38 }- ( 47 )nonHoCTb~ onpeAenSl~T peweHIIIe CIIICTeMbl ( 1)- ( 4} ,. np1111.JeM 
Bee BCTpe'-laiOIJ.IIIIecSl 3Aecb ypaaHeHIIISl SlBnSl~TCSl niiiHeVIHbiMIII. 

-B 3aKn~I.JeH~e ~~OOXOAIIIMO CAenaTb'HeCKOnbKO 3~Mei.JaHI!1VJ. npelK
Ae acero, np111 r 0 = 1 B c111ny (26} 111 (27} IIIMeeM paaeHCTBa n- = 
= (L)- , n + = (L) +. 0TC~Aa cneAyeT, '-ITO B cnyi.Jae r 

0 
= 1 CIIICTeMa · 

( 1)- ( 4} SlBnSleTCSl .snonHe IIIHTerplllpyeMoVI np111 n~6oM Bbl6ope napa
MeTpOB (3 1, •.• , {3 N. tlanee, yMeCTHO 3aMeTI!1Tb, '-ITO nepBbiMIII pa
OOTaMI/1; ·- nocBSl~eHHbiMIII paccMoTpeHIII~ Henl!lHeVIHbiX 3Bon~41110HHbiX -
ypaBHeHIIIVI C IIICTO'-IHIIIKOM, cneAyeT CI.JIIITaTb paOOTbl'/11, 121 , nOSlBIIIB
Uil!leCSl. 5onee Aecsin1 milT TOMY Ha3ail. HaKoHe4, npaKTIIII.JecKaSl 4eH
HOCTb ypaBHeHIIIVJ paccMaTpiiiBaeivloro 3AeCb Tlllna ylKe npOAeMOHCTplll;.. 
poaaHa B pa5oTax 113" 151 : . 
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