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§J. He:trOTOpble npeasapBTellbHble HOHHTBH 

HcKniO'IBTenbHbiMB cny'ISSIMB CBHrynsrpHbiX BHTerpanbHbiX ypaBHeHBA H83b!B8-

IOTCSI ypasHeHBSI TBna 

b(t) c/1( r) 
Kc/1., a(t)c/l(t) + -- f --- d r +A f k(t,r> c/l(r) d r, 

ri L r-t L 
( 1.1) 

B KOTOpbiX a ( t) - b ( t ) B a ( t) + b ( t) BMeiOT Ha KOHType nsrnyHOBS L - ay-

n&, COOTBeTCTBeHH01 B TO'IKaX Cll , 11
1

, ••• , Cl I' fJ , fJ , ... , fJ nenblx nopSlllKOB 
l ll ., 

B, cnellOBSTenbHO, BX MOJKHO npellCTaBBTb B BBlle 

I' mt 
a(t)-b(t)- n (t-czt) r(t). 

t•t 
., 

a(t)+b(t)•D 
J•l 

l"'lle f ( t) B 8 ( t ) HBI"'lle Ha L He o6pamaiOTCSI B Hynb, a • t , 

n&Ie 'IRena • 

(1.2) 

P J - ne-

.QenBM o6e 'ISCTB ( 1.1) HS /r (t) • B ( t ) B B llSIIbHeltmeM 6ylleM C'IB-

T8Tb1 'ITO KOScjMIJBUB eHTbl ero YllOBneTBopSIIOT COOTHOWeHBIO 
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I 

" a 2 (t) -b 2(t)- n 
k •·1 

Ecna k(t,r)•O 

(t - a ) mil 
k 

v 
n 

J• 1 

, TO ypaBHeHHe 

<t- 13 > p 1 • n l 0 . 

o b(t) .p(r) 
K cP"'a(t).p(t)+--f--draf(t) 

rr i r -· t 

( 1.3) 

( 1.4) 

aasbiaaeTCll: xapaKTepHCTH'ieCKHM, ByneM snec& H a nan&aellweM npennonaraT&, 

'iTO K03cjxi>HUHeHTbl ( },} ) ynoaneTBOpmoT ):IOITOnHHTenbHblM ycnOBHll:M, KOTOpbie B03-
X) 

HHKBIOT npH HCCne):IOBBHHH HCKniO'iHTenbHhlX cnyqaeB 38):18'iH PHM8H8 

06o3H8'iHM 

K • Ind 
v 

r(t) I p •P, 
--. l 
a(t) 1•1 

" I mt•m. 
II:- 1 

Ill 
EcnH ypaaaeHHe ( 1.4) HMeeT peweaae, TO ouo naeTCll: cnenyiOwell ljlopMynoll 

.p(t) ,.Rf + b(t) Z(t)P (t), 
. 1(-p-1 

( 1.5) 

rne 

1 Rf,.--[ a(t)f(t)-

no 
b(t)Z(t) f__!_S_0~+b(t)Z(t)Tf] 

rri L Z(r) t-r 
( 1.6) 

npH'ieM z ( t) .x+(t) s(t) =X -(t) • r ( t) , X ( z) - KBHOHH'iecKall: ljlyHKUHll: sa-
r ( t ) 

na'iH PHMaHa c KoaljlljJHuHeHTOM G (t) • --- , 
s ( t) 

Q p ( z ) 

Tf•2Q (z) 
p 

- HHTepnOnll:UHOHHblil MHOrO'ineH ):lnll: ljlyHKUHH 

'l'(t) .. _1_ f~ 
2rri LZ(r) 

dr 

r -· (1.7) 

~-- r(t) f(t) 
.[lOCTBTO'iHO Tpe60B8Tb, 'iT06bi --)- , -ciT B TO'iKBX a , {3 HMe-

nH npoasaonHhie m t , p 
1 

nopll:nKo/t,< ~uoane~aopsiOWHe ycnoBHIOt fen&ne~a 111 

4 

• 

. ~· 
\I~}, 

'I 
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.. ,'<' 
f~ .. 

·t:Nt •:., ,· 

·',,_• .. 
1!1 
:{1~.~ ~:. 
'-

"-/i' 
';\ 

P ( t) - MHOroqneH IC -• p -1 CTeneHH C npOH3BOnbHblMH I 
IC-•p-1 

Ecnu I( -·p < 0 

npH BhJITOnHeHHH 

, TO peweHHe ( B KOTOpOM p • 0 ) C 
IC-p -1 

p - K + 1 cnenyiOlllHX ycnoaull 

f 
L 

f ( r ) ,t 

Z ( r) 
dr -o, k--0,1, ... ,p-K+ 1. 

12. CMlllB• cnyrrs• 

Ill 
KaK oTMe'lanoc& e , nns ypaeaeHHA Tuna ( 1.1 ) TeopeMbl 

IOTCK, aoo6me roeopK, aecnpaaennHBblMH. OnHaKo, ecnu C'IHT8Tb 1l 

llleHHK, HMeiOlllHe nongpHble OC06eHHOCTH ):IOCT8TO'IHO BblCOKOrO m 

npH 3TOM HHTerpHpOBBHHe B CMbiCne o6o6lll9HHhlX ljlyHKUHA1 TO MC 

'iHTenhHblX cny'lasx coxpaHHTb ace TPH TeopeMbl H~Tepa121.B 
paCCMOTpHM ypaBHeHHe ( 1,1 ) , MPO KOTOporo Bb1p0l1Ul9H01 H OTM 

cnencTBHK, cnpaaennHable B B o6meM cny'lae, 

1. nycTb 

nonaras 

nony'IHM CBCT9MY 

a 

k(t,r)• I a (t){3 (r).' 
I I 

c 

c 

I •· l 

J f3
1
(rl.p(r)dr, 

L 

a 

I+ A I a II C J • f I 1 

J•l 

B peweaue (ecna oao ecT&) naeTCSI cnenyiOweA cjlopMynoA 

D 

41(t)•Rf-A I c Ra (t)+bZP . 
I I IC-p-1 

1•·1 

0THOCBT9nhHO COI03HOrO ypaBHeHHSl Mbl nOny'IBM CBCTeMy 

c* 
J 

a 
+AI 

1•1 
•• 

lJ 
c* •·11 

I J 
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(t) 
p. 
n 

lr; •·1 

m 
(t - a ) t 

t 

y 
n 

J- 1 

(t- fJ > p 1 • n 
J 0 

r) a 0 , TO ypaBH9HHe 

b(t) ¢>(r) 
"a(t)¢>{t) +-- J-- dr ·f(t) 

rr i r -· t 

{1.3) 

{ 1.4) 

TH'!eCKHM. ByneM anecb H B nanbael!:weM npennonaraTb, 

ynosneTBOpHJOT JlOUOnHHTenbHbiM ycnOBHSIM, KOTOpbie B03-

lnd 

X) 
acKmo'!HTenbHbiX cny'!aes aana'!H PHMaHa 

y 
r(t) l: p •p, 
--. J 
s(t) 1=1 

p. 
I mt•m. 

t- 1 

/1/ 
.4) HMeeT peweaae, TO oao naeTCSI cnenyJOI!lel!: !jlopMynol!: 

t) eRf + b(t) Z(t)P (t), 
' K-p-1 

{ 1.5) 

a{t)f(t)- b(t)Z(t) ~~~+b(t)Z(t)Tf] 
171 LZ(r)t-r 

{ 1.6) 

-(t) • r ( t) , X ( z) - KaHOHH'IecKaSI !jlyHKUHSI aa­
r ( t ) 

G (t)=--, 
s ( t) 

Tf=2Q(z) 
p 

MHOI'O'!neH )lnSI !jlyHKUHH 

qr ( t) = _1_ f ~ 
2rri L Z(r) 

dr 

r -· { 1. 7) 

'IT06bi r (( t )) , f (( t )) B TO'IK8X a , {J HMe-
S t S t k J /1/ 

llOPSIJlKOB, ynosneTBOpSIIOI!lHe ycnOBHIO fenb)lepa 

4 

*" 

p ( t) - MHOI'O'!neH K -· p -1 CTeneHH C npOH3BOnbHbiMH KOScjlcpHUH9HT8MH, 
IC-·p-1 

EcnH K -·p < 0 

npH BbiUOnHeHHH 

, TO pel!leHHe ( B KOTOpOM p • 0 ) 
K-p -1 

p - IC + 1 cnenyJOIIlHX ycnoeal!: 

f 
L 

f (, ) ," 

Z ( r) 
clr•O, k•·0,1, ... ,p-1C+l· 

l:l. OtJmBJI cny'ls/1 

cymecTeyeT nawb 

( 1.8) 

/1/ 
KaK OTMe'!anocb B , ,nnsa ypaBHeHHA THUS { 1,1) TeopeMbl HeTepa OK83biB8- · 

IOTCSI, B00611{e I'OBOpSI, HeCnpaBe.QnHBbiMHo 0.QH8KO, ecnH C'IHT8Tb .QOnyCTHMbiMH pe­

IIl9HHSI0 HM91011{He nonsapHble oco6eHHOCTH .QOCT8TO'IHO BblCOKOI'O UOpSI.QKa, UOHHM8SI 

npH aTOM HHTei'pHpOB8HH9 B CMbiCne 060611{eHHb1X ljlyHKUHA, TO MOJKHO H B HCKmo-

/2/ 
'IHTen&HbJX cny'iaSIX coxpaHHTb see TPH TeopeMbl H&Tepa • B aToM naparpa.Pe 

paCCMOTpHM ypaBH9HH9 ( 1.1 ) , SIAPO KOTOporo BblpOJK.QeHO, H OTM9THM HeKOTOpble 

cne.ncTBHSI, cnpase.nnHBble H B o611{eM cnyqae. 

1. nycTb 

nonaraSI 

nony'!HM CHCT9MY 

D 

k(t,r)• l: a (t){J (r).' 
I I 

I •· I 

c • f {J
1
(r)¢>(r)dr, 

L 

D 

c 1+>. l: 
J•l 

a
11

c
1
-f 1 , 

H peweaae {ecna oao ecTb) .naeTCH cne.nyJOI!leA 4JopMynoA 

D 

c{l(t)•Rf->. l: c Ra (t)+bZP • 
I I IC-p-1 

1•·1 

0THOCHTenbHO COI03HOI'O ypaBH9HHH Mbl nony'!HM CHCTeMy 

• 

c* 
J 

D 

+ >. I 
1•1 

•• 
IJ 

c* 
I 
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{2.2) 

{2.3) 



rne a• • a • f fJ (r) R a ( r ) d r • 
·IJ Jl L I J 

2. DyTeM HCCneJIOBaHHSI paapeWHMOCTH CHCTeM nHHeii.HbiX anre6paH'IeCKHX 

ypaBHeHHil. (2.1) H (2.3) HeTpyJlHO JlOKa3aTb cnenyiOWHe cneJICTBHSI. 

JlnR rrpOCTOTbl Mbl paCCMOTpHM OT]lenbHO TpH cny'laSI: 

a) K >. p, T.e. K -· p >' 0 , - K -·,11 < 0 

CnencT~He 1. Ecnu I' • .:+ He RBnR~CSI co6CTBeHHbiM aHa'leHHeM, TO 

K tf> - 0 HMeeT K -· p nuHeAHo HeaaBHCHMbiX peweHHA, a K '1/1 • 0 He HMe-

eT peweHHA. 

1 
CnencTBHe 2. Ecnu I' • -· T RBnReTCSI co6CTBeHHbiM aHa'leHHeM H K '.p • 0 

HMeeT peweHHR, To K tf> •· 0 TaK>Ke HMeeT peweHHR. B aTOM cny'lae paaHOCTb 

MelKAY 'IHCnOM D nHHeAHo HeaaBBCHMblX peweHBA nocnenHero H 'IHCnoM 
ll , 

nuHeii.Ho HeaaBBCHMblX peweHHA nepBoro, paBHa I(_, p : t 

• - ll, •· It _, p 

HeTpyAHO npOBepHTb, 'ITO npH TaKHX >Ke npe]lnO>KeHHSIX Heo6XOAHMhlMH H llOCTa-

TO'IHhlMB ycnOBBHMH paapeWHMOCTH ypaBHeHBSI K </> ·f SIBn HIOTC S1 

f t/f ( t ) f ( i ) d t • 0, h • 1,2, , • 1 D ' , 

L h 

rAe Y, , t/1 , ••• , 1/J , - nonHaSI cucTeMa nuHeAHo HeaaBHCHMblX peweHHA K '1/1 R 0. 
I I D 

6) -• < K < p • B aTOM cny'lae K -· p < 0 , -·K - !II < 0 • 

CnencTBHe 3. YpaBHeHHe K </> •· 0 H K '1/1•0 unu OAHOBpeMeHHO Hepaape-

WBMbl, HnH HMelOT OllHHaKOBble 'IHCna nHHeAHO He3aBHCHMhlX peweHHA: 

a • a'. 

B) I( < -· .. K -·P <. 0, -·K- m > 0 

CnpaBeAnHBO cne]lyiOwee cne]lCTBHe. 

1 
CnencTBHe 4. Ecnu I' •-T He RBnReTCH co6cTBeHHbiM aHa'leHHeM, To K tf> =0 

He HMeeT peweHuA, paanH'IHhlX oT HynR, a K ' 1/1 • 0 HMeeT - K - m nHHeAHo He-

38BHCHMhlX 

Ecnu 

TO K't/1• 

peweHHA. 

1 I' •-·T SIBnSieTCSI C06cTBeHHhlM 3Ha'leHHeM H 

0 TaKlKe paapeWBMO H 

n.-n'-=~e.+•· 

K¢•0 paapeWHMO, 

KaK y>Ke oTMe'lanocb, aTH cnencTBHSI TaK>Ke cnpaBeAnBBbl H B o6weM cny'lae. 
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\::1 
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' '1t 
. I 

X:~:: 
·~·!.'ill:' '~ \ ... / ' 
,:,t;,\' I 
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.i 
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~ 
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·: 
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\ 
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§9. f1pHOOHJtCeHHOe pelileHHe 

/3/ 
no TeopeMe 1 ua pa6oTbl Hawa aaAa'la nocTaBneHa HeK< 

ypaBHeHHe (1.1) HMeeT enHHCTBeHHoe peweHHe. EyneM npennonar 

aue tf> ". H ( II 
1

, II 
2 

, I' , rne H ( 11
1 

, II 
2 

, I' ) - Knacc 4Jy1 

BOpH!OWHX ycnOBHIO fenbnepa C llOCTOSIHHhlM 11
1 

H orpaHH'IeHHbiX 

T.e. 

l </> ( t ')- </> ( t) l < M l t '- t l I' , l ip l < II 
-· 1 -· 2 

0<"~1. 

BBOJlHM B H I' - npocTpaHCTBO Bcex 4JyHKUHA, HenpepwBHbiX no 

KaaaTeneM I' , HOPMY cnenyiOinHM o6paaoM 

'ITO 

lip(t) 

11 <~> n - • + • 0 
ll•mulip(t)l; 11

0
•811P 

I 

't - t 
I 

3aMeHHM B ( 1.1 ) k ( t, r ) 6nH3KHMH BhlpOlKAeHHbiMH SlllpaM• 

ll k ( t 1 r ) - k ( t 1 r ) ll + 0 npH 
D 

a .. • • PeweHHSI 

K </> 
a(t)¢ (t)+ b(t) </> (r) D -J-D;;....__ d r + .\ f k (t, r) tf> ( r) d r 

L D D D D .,t L r- t 

C'IHTatoTCR nnu6nu>KeHHhlMH neweHHHMB vnaBHeHBH { 1.1). CxP.MA ""'' 
/4/ 

weHBSI 9TBX npu6nu>KeHHblX peweHHA nocTpoeHa aHanorH'IHO • ( 

/5/ 
Me H3 H B cuny KOMnaKTHOCTH MHOlKeCTBa 8(11

1
,11

2
,1') 

Be 8 f' MOlKHO llOKa3aTb CXOilHMOCTb nocnenoBaTenbHhlX npH( 

TO'IHOMY peweHBIO </>: 
~T06bl o6ner'IHTb aa]la'ly, BO MHOrHX cny'laRX BMeCTO ypaB 

rOAHO paCCMOTp9Tb 9KBHBaneHTH09 eMy ypaBH9HHe 

IIK<f> •·llf, 

rne 

b (t) 

• "' I! • (t) "' ( t ) + --=1
:..-.-

1 , i 
f 

f/t(r) 
---·dr 

L r-·t 

npH'IeM 

1 1 t I( 

• (t) .. -[-- + -1 
1 2 s(t) r(t) 

1 1 --
b1(t)·2·[B(t) r 

7 

~-----------------------------------



• a • f f3 (r) R cz ( r ) d r • 
lJ ll L l l 

cne]lOBaHHSI paapeWHMOCTH CHCTeM nHHeitHblX anre6paH'IeCKHX 

(2.3) HeTpyJlHO llOKaaaTb cne]lylOlllHe cne]lCTBHSio 

b1 Mbl paCCMOTpHM OTJlenbHO TpH cny'laSI: 

.e. 1e _, p >. 0 , - 1e -.Ill < 0 
- 1 

EcnH f' • -·--r- He SIBnSIS!I'CSI C06CTBeHHbiM 3Ha'leHHeM1 TO 

-· p nHaeAao HeaaeHCHMbiX peweHHA, a K ',P • 0 He HMe-

1 
EcnH p. • -· T SIBnSieTcSI co6cTeeHHbiM aaa'leHHeM H K 't/J • 0 

o K rp - 0 TaKJKe HMeeT pemeHHSI. B aToM cny'lae paaHOCTb 

nHHeiHO He3aBHCHMbiX pemeHHA nocne]lHel'O H 'IHCnOM a ' 

MbiX peweHHA nepeoro, pasHa «-•P: t 

a - a' •· « -· p • 

epHTb, 'ITO npH TBKHX JKe npennoJKeHHSIX Heo6XOUHMbiMH H UOCTB-

paapeWHMOCTH ypaBHeHHSI K rp • f SIBnSIIOTC SI 

f 
L 

,P (t)f(l )dt •-0, haJ.2, .•. ,a', 
h 

fb , - nonHaSI CHCTeMa nHHeiHO He38BHCHMblX peweHHA It 'fb e 0. 
D 

• B aTOM cny'lae IC -· p < 0 , -·K- !ft < 0 • 

YpaeHeHHe K rp •· 0 H It' ,P•O HnH onHoepeMeHHo Hepaape-

onHHaKOBbie 'IHCna nHHeiHO He38BHCHMbiX peweHHA: 

D - II.' • 

I( - p < 0 , -·I( - Ill > 0 

cnenyiOmee cnencTBHe. 

1 
EcnH ,.,. •-T ae SIBnSieTCSI co6cTeeHHbiM aHa'leHHeM, To K rp ~o 

paanH'lHblX OT HynSI, a It' fb • 0 HMeeT -I(- Ill· nHHeitHO He-

li. 

SIBnSieTCSI C06CTBeHHbiM 3Ha'leHHeM H K ¢ .. 0 paapewHMo, 

JKe paapeWHMO H 

n -n'-=~e+m.. 

e'lanocb, aTH cnencTBHSI TBKJKe cnpaeennHBbi H e o6meM cny'lae. 

6 .. 

' 
•I 

I. 

f 
I~ ,. ' 

~· \ 

''i.l, 
' ,II 

·1i, 
···,,, 

.i 
·,I 
1-

~ 

_. ·, 

§8, npH6nH:JKeHHOe peiiieHHe 

/3/ 
no TeopeMe 1 aa pa6oTbi aawa aana'la nocTaeneHa HeKoppeKTHo. nycTb 

ypaeHeHHe ( 1.1) · HMeeT enHHCTBeHHoe peweHHe. EyneM npe]lnonaraTb, 'ITO pewe-

HHe rp e-H(M
1
,M

2
, I' , rne H(M ,M ,,.,.) 

1 2 
- Knacc ~HKUHA 1 YllOBneT-

BOPSIIOIUHX ycnOBHIO fenbnepa C UOCTOl!HHbiM 1
1 

H orpaHH'leHHbiX B COBOKynHOCTH1 

T.e. 

I ¢ ( t ')- ¢ ( t) I < M I t,- t I " , I ip I < M 
_, 1 -· 2 0 <" ~ t. 

BeonHM e H ,.,. - npocTpaHCTBo ecex ~HKUHA, HenpepbiBHbiX no renbnepy c no-

KaaaTeneM Jl. , HOPMY cnellyiOIUHM o6paaoM 

ll¢11•1+1
0

, • - IIU: I ip (t) I; • 0- 1111P 

I ;p < t > - ¢ <t > I 
2 1 

It - t 1" 
2 41\ 

3aMeHHM B (1.1) k(t,r) 6nH3KHMH BblpOJKJleHHblMH SIUpaMH k D ( t , r ) T8K1 

.. 0 npH a .. • • PeweHHSI ¢ n ypaeaeaaA 'ITO II k < t, , > - k < t • , > II 
D 

K ¢ • a(t)¢ {t) b(t) ¢ (r) 
Ill D D +-f--D--

Iri L r-t 
dr+A f kn(t,r)¢ (r)dr:;: f(t) 

L D 
(3.1) 

C'IHTBIOTCll nnH6nHlK9HHhlMH neweHHliMH VPBBHeHHSI ( 1.1). C:xP.MA 1'\hJqwr.nP.RWCI w vnv'<f­

/4/ 
weHHSI aTHX npH6nHJKeHHhiX peweauA nocTpoeaa aaanorH'IHo • Cornacao Teope-

/5/ 
Me H3 H B CHny KOMllaKTHOCTH MHOJKeCTBa H(M

1
,M

2
,1') B npOCTpBHCT-

Be 8 J1. MOJKHO UOKa3aTb CXOUHMOCTb nocneJlOBaTenbHbiX npu6nHJKeHHA rp D K 

TO'IHOMY pellleHHIO f/> • 

'lfT06bl o6ner'lHTb 38Jl8'1Y1 BO MHOI'HX cny'laSIX BMeCTO ypaeHeHHSI (1.,1) Bbl-

ronao paccMoTpeTb aKeueaneaTaoe eMy ypaeaeaue 

rne 

npH'leM 

Mit rp •· M f , 

b 1 ( t) 
II,P ., a 

1 
(t) ,P ( t) + --

, i 

1/t( r) 
f---·dr, 
L r-•t 

It 1 1 t I( 

a (t) =-[-- + --) 
1 2 a(t) r(t} 

1. 1 __ t_l 
bl(t)•2[a(t) r(t) 

7 
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(3.3) 



i ' 

HMeeM 

IlK 4>"' 
1 
2 

"' (D 
1•1 

p I( " 

<t- p 1 1 + t n 
J lt•l 

(t-a )"'")f/>(t)+ 
It 

"'t f/>(r) 1 "' +--< n 
PJ I( I' 

(t-f3
1

) -tn (t-at) )f---dr+ 
2~rl J•l 1:•1 L r- t (3.4) 

+'>. f a(t,r)f/>(r) dr ,.Mf. 

L 

HeTpyJlHO BHJleTb, 'ITO llRH ypaaHeHHH (3.4) Z ( t) • 1. 

§4. Borrpoc o peryng,pH3BUHH 

KaK Mbl yJKe OTMSTHRH, B HCKRIO'IHTSRbHblX cny'I8HX HBWB 38Jl8'18 ITOCTBB­

/6,7/ 
neHa HeKoppeKTHOo 'MoJKeM HCnORb30B8Tb MeTOJl perynHpH38UHH, p83BHTbllt B , 

'IT06bl nOCTpOHTb npH6RHJKeHH09 peWSHHS ypaBHeHHH ( 1.1) o 

EyJleM JlRH npOCTOTbl C'IHT8Tb, 'ITO L COCTOHT H3 OJlHOI'O 9JlHHCTB9HHOI'O 

38MKHyTOI'O KOHTypa. He HBpyWaSI 06UIHOCTH, MO>KHO C'IHT8Tb.0 'ITO ARHH8 L 

paBHB 2 1r o B COOTBSTCTBHH C STHM L MOJKeT 6hiTb 38ITHC8H8 B napaMeTpH-

qecKoM BHJle J: • J: (a) , y • y (a ), 0 <a < 2 11, rile s - JlRHHa llYI'H. Ha ocHo-

/1/ - -
B8HHH npHHSITbiX ycnoault B ITOK838HO, 'ITO ypaBHeHHe ( 1.1 ) MOlKHO npHBeCTH 

K ypaBHSHHIO C HllPOM runb6epTa 

1 211 
u-s 

L r/1 ,. a ( s ) r/1 (a) + 2'; ! L (a, u) ctg -
2
- r/1 (a) d a ,. g ( a) . ( 4.1 ) 

PaccMaTpHBBH ypaiiHeHHe ( 4.1), 6yJleM HCKBTb ero peweHue r/1 B Knac-

ce ljlyHKUHll, YllOBReTBOPSIIOWHX ycnOBHIO renb)lepa. npeJlnonaraeM, 'ITO TBKOe pe­

WeHHe cymecTayeT, u oHo eJlHHCTBeHHoe. MoJKeM C'IHTBTb, He HapywaH o6IUHOCTH, 

- -
'ITO r/J(O)er/J(2fr)e0 (TaK KaK, aoo6we, ecnH r/1 (0) - r/1 ( 2,) - f3 • TO 

BMeCTO (4.1) MOlKHO paCCM8TpHB8Tb 

L 1/J o • go (s) • 1/Jo•.P-13 
0 

g •I-L[f3]}. 

BBOilHM onepaTop 

8 

• 

rile 

11° [ 1/J, I ] • N ( 1/J, I] + ca 0 [ 1/J ] , 

2ft 
2 

N[,P, g]• f [L,P-g] ds, 
0 

2tr 

O[r/1]• f [k (a),P
2

(s)+ll ]da, k (s)>l 
O I 1/J I 

npH'leM • 
li/t(a)-r/J(aH· 

2 1 

I I - s I 
0 ~ I I ~ 2 It, (i• II r/1• sup 

2 t 
/6/ 

KaK H B 6yJleM H83biB8Tb 0 (r/1 ] peryngpH3Y 

CI'R8lKHB810!UHM ljlyHKUHOHBRBMHo 

/6/ 
AHanoi'H'IHO HMeeM npellROJKeHHe. 

LlnH nro6olt ljlyHKUHH g ~· HI' H nro6oro a > 0 cywe 
a G 

r/1 'i• HI" , peanHayrowaH MHHHMYM ljlyHKUHOHana M H8SI 

a r/J onpe)lSRSieTCSI KBK peweHHe ypaBHeHHSI 

2 2 - 1 21r 
[ak (s)+a (a)+L (s,s)]r/l(s)+"(l)•-fK*(s,c 

1 .. 2" ' 

rile 
2" e 2rr 

-· 1 K*(s,e)-a(s) f L(s,e)ctg~ds+-f L(s,u 
2, 0 

s - 0' 
• ctg ---d. 

2 
21r 

s -·a 
g(s)e f L(s,u) ctg- g(u)du+a(s 

2 
0 

CnpaBeJlRHBB H cnellYJOIUBH TeopeMa. 

TeopeMa.nycTb ljlyHKUHH g(J:) 'i• HI' COOTBeTCTByeT peweH: 

paBHOMY r/1 ( s) !;· H IL • llnH nro6oro l > 0 cymecTayeT T 

'ITO ecnH 
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... 
< n 1 

1!!--

2 

p I( ,. 

<t- fi l 1 + t n 
J k•l 

(t-a )mt)l(l(t)+ 
k 

J•l 

1 ... 
+--< n 

2rri Jel 

p J I( ,. 

(t-{3
1

) -tD 
k•l 

(t -a ) m t 
k 

+~ f n(t,r)l{l(r)dr :Mf. 

L 

1{1 ( r ) 
)J---dr+ 

L r- t 

.QnSI ypaBHeHHSI (3.4) Z ( t ) I! 1 . 

!:J4. Bonpoc o perynHJJH38IIHH 

(3.4) 

e OTMeTHnH, B HCKniO'IHTenbHblX cny'I8SIX H8W8 38.1:18'18 llOCTaB-

/6 7 I 
o. MoJKeM HcnonbaoBaTb MeTon perynSJpH38UHH, p83BHTbill B ' , 

npH6nHJKeHHOe peweHHe ypaBHeHHSI ( 1.1) • 

npoCTOTbl C'IHT8Tb, 'ITO L COCTOHT H3 OLlHOI'O e.QHHCTBeHHOI'O 

HTyp8. He H8pyW8SI 06UlHOCTH 0 MOlKHO C'IHT8Tb.0 'ITO .QnHH8 L 

8 COOTBeTCTBHH C 3THM L MOlKeT 6biTb 38llHC8H8 B nap8MeTpH­

•:1(8),y• y(a),O<a<217,rae s- anHH8 ayrH. H8 ocao-
/1/ - -

ycnoBHll B llOK838HO, 'ITO yp8BHeHHe (1.1) MOlKHO npHBeCTH 

H.QpoM fHnb6epTa 

1 
2

" u-a 
rP "' a ( s ) rP ( a ) + - f L (a, u ) ct1 -- rP ( u ) d o = I ( s ) · 

2, " 2 ( 4.1) 

B8SI yp8BHeHHe (4.1 }, 6yaeM HCK8Tb ero peweHHe rP B Knac-

BneTBOPSIIOIUHX ycnOBHIO fenhaep8. npennonaraeM, 'ITO T8KOe pe­

eT, H OHO enHHCTBeHHoe. MoJKeM C'IHTBTb, He H8PYW8SJ o6IUHOCTH, 

211') "' 0 . (T8K KaK, Boo6we, ecnH rP (0) • rP ( 2 rr) • f3 t TO 

OlKHO paCCM8TpHB8Tb 

"' lo(s) .Po•.P-fJ 
0 

I •1-L(fJ]}. 

p 

8 

.;:. 

II a [ ,P, 1 ] • N [ 1/t, I] + a 0 [ 1/t ] , (4.2) 

rae 
21r 2 

N[l/t, 1l• f [LI/f-1] ds, 
0 

217 

0(1/t]• f (k (a)l/t
2

(a)+ll ]da, k (a}>O, 

0 
l 1/t I 

npH'IeM • 

II 1/t• sup 

li/J(s )-1/f(B }[ 
2 l 

I • - s I 
0 < s < 2 rr , (l • L2 ) • 

- l-

I I 
/6/ 

Kax H B 6yaeM aaabiBaTb n £"' l peryngpH3YlOUlHM, a Ma 

crnalKHBBIOWHM !jlyHKUHOHanaMHo 

/6/ 
AHanorH'IHO HMeeM npeanoJKeHHe. 

HBSI 

.UnSJ n106oii cjJyHKUHH 1 ~· u,. H n106oro a > 0 
a 

1/f €• 8 I' , peanH3YIOIU8S! MHHHMYM !jlyHKUHOHana 

CyiUeCTByeT e.QHHCTBeH­

G 
M ("'·I] • <l>yHKUHS! 

¥t a onpeaenSJeTcSJ K8K peweaHe ypaBHeHHSJ 

2 - 1 2fT 
[ak (s)+ a 2 (a)+L (s,s)],P(a)+l(a)•- fK*(s,,;)l/f(,;)d,;, 

l 2, 0 
(4.3) 

rne 

21r e-a 1 2rr .;-a 
K*(a,,;)-a(a) f L(a,,;)ctl-

2
-d•+-f L(l,o)L(o,Octl--

2 rr 
0 

2 

9- D 
• ct1 

2 
d D o 

(4.4) 
2fT 

a -·u 
1 ( o) d o + a (a) 1 (a). L(s,u)ctl l(s)• f 

2 
0 

Cnp8BennHBa H cnenyJOWaSJ TeopeMa. 

TeopeM8.nycTh cjJyHKUHSJ g(z)€81' cooTBeTCTByeT peweHHIO ypaBHeHHSJ- (4.1), 

paBHOMY 1/t(s)EHI' • .UnSJ n106oro l > 0 cymecTByeT TaKoe B ( f , 1/t ) 
0 

'ITO ecnH 

~ 
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i 
II 
I 

II I - I II< B H q 8 2 <a(8)~q 8 2 (q >0), 
I - 2 I 

a(8) 
TO I "' - "; ( 8 ) I < ( npH 8 < 30 , ( n~e "'a , peanHay-

a 
!OUIBSI MHHHMYM M [ "' • I ] ) 

- R • - -· 
B caMOM 

1 ) 

HIIH 

nene, TaK KBK M [ 1/1 , I 1 ::;. M [ t/1 , 1 ] , TO 
2 - 1 -· 

a~B )0[1/Ja] < 8 +a 0 [ 1/J] < cd- + 0 [ 1/1]] 
- - q 

0 [ 1/Ja 1 < C • -L- + Ol~ I ; 
0 q 

Q •or"' 1-

l 

21' a 1 
f[(k t/1) +M .,.a]h<C . 

l ~ - 0 
0 

Co 
M.,.a< C •-
~ - l 2 II' 

3TO 3H8'1HT 1 'ITO 
• .llanee HMeeM 

lt/1°(s)-t/1°(• >I<C I• -• 1
1'<c (h>". 

2 l-1 ··-· 

a I' a 
oTciOna I t/1 <•> I"<C

2
•C (2rr) ( TaK KBK t/1 (0) •-0). 

- 1 
nosTOMY 

1 
KBK 6blll0 OTM9'19H0

1 
BC9 t/J u (8) ttpH mo6biX 8 ttpHH8Jlll9JK8T KOMttBKT-

HOMY B CMbiCile H 
MHOJK8CTBY ciJyHKUHA • o ( t/1 ) 1 onpe)lelleHHOMY yCIIOBHeM 

0 [i/tl-:_ co. 
. 2) nycTb G 0 - MHOJKeCTBO ciJyHKUHA I(•)•L[~] • B cany Henpe-

pbiBHOCTH oTo6paJKeHHSI ' 0 .. G 0 

o6paTHOe oTo6paJKeHHe G 0 .. 'I' 0 

~ 9JlHHCTB9HHOCTH pemeHHSI ypaBH9HHSI (4,1) 

onpeJlelleHo H HenpepbiBHO, T.e. JlllSI 11106oro f 

cymecTsyeT Tt 0 (f~1> 1 38BHCS!Ul99 OT "0 (t/1 ) 1 'ITO eCIIH JlllSI 
' 1 • 

& 
2 

C: G 
0 

HopMa 

II '1 ~ .II < ., ( ( • -;)I TO 
L

2 
0 

I"' - t/1 I <f. 1 2 

Jlanee 

rne 

a -=- 2tr • 2 • 2 2 -
N [ 1/1 1 1 ] "' f [ Ia- g 1 d • = II Ia- g II < 8 ( 1 + q 0 [ t/1 l ) , 

L - 2 
2 

a a 
I .. L[I/I ]. 

D 

TaKHM o6pa30M 1 TBK KBK ~ E· lp O ( ~) H 

10 

• 

II I 

rne 

npH 

,all <II ,•_;II +IIi-ill <llaa_;lf +11;-iu· <l 
L

2
- L

2 
L 2- L2 H-

C •1+y1+q Oll/11, s 2 

1 B<--., (f,I/J)•8
0
(f, t/1) c 0 

s 

TO I "' ll- "' I < f 

1 'ITO H llOK83biB89T TeO 
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' -' II< 8 

;'{s)l<t 

Ma [ 1/1 , g 1 ) 

H 
2 

q 8 <a(8)~q 8 2 (q >0), 
l - 2 l 

npH 8 < 80 , ( l'JJ.e 

- a u - -· 
JJ.ene, Tax xax M [ 1/1 , I 1 ~. • [ 1/1 , 1 ] , To 

2 - 1 -
a~8)0[1/1 4 ]<8 +aO[I/f]<a[-+0[1/fl] 

- - q 

n [ !/Ia I < c • _L_ + Ol~ I ; 
0 q 

l 

a •nt"' I-
2 " a 1 
f({k 1/1) +• .1.a]da<C . 

l ~ - 0 0 

c 0 
M.,.a< C •-
~ - 1 2" • llanee HMeeM 

a( s ) - 1/1 a ( s ) I < C I ·• - • If'< C 
1 
(2tr) ", 

2 1-111-

" a ( •) I < C • C (2w) ( TaK KaK 1/1 (0) • 0). 
- 2 1 

!/Ia , peanHay-

OTMe'leHO, Bee 1/J 
11 

(8) npH mo6&IX 8 npHHaJJ.neJKaT KOMnaKT-

g I 

2rr 

MHOlK8CTBy ljlyHKilHit • O ( 1/# ) 1 onpeJJ.eneHHOMy ycnOBHeM 

- MHoJKecTao ljlyHKilHA 1 ( • ) • L [{I ] • B cHny Henpe-

11' 0 .. G 0 if eJJ.HHCTBeHHOCTH peweHHSI ypaaHeHHSI ( 4.1) 

G 0 .. 11' 0 onpeJJ.eneHo H Henpep&IBHo, T,e, AnSI nxo6oro , 

, 3aBHCSI1Uee OT 1' O (if, ) 1 'ITO eCnH AnSI i 
1 

; 2 II < " ( l ' 'J) J TO L
2 

0 I 1/1 -·1/1 I <t. 
I 2 

•2 a • 2 2 -,a - , I d s = II , - 1 II < 8 < 1 + q n t 1/1 I > , 
L - 2 

2 
g 4 2L[I/fa]. 

, TaK KaK if, E 1JI O ( ~ ) H 

10 

~ 

II ' 

l'JJ.e 

npH 

I 
4

11 < II I a- ; II + 11· i - ell < II I a- ; W + 11·;- all' < 8 C , 
L '2 - L I L 2- L 1 H - S 

c,-1+vl+q2011/fl, 

1 
8<-" (,,1/1)•8

0
(,, 1/1) c 0 s 

-
TO I 1P •- 1/1 I< t 

, 'ITO H llOKa3biBaeT TeopeMy, 
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