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A H H o T a u H g 

3Ta pa60T8 IIOCBgiUeHa H8XO:>K,UeHHJO ,UOCT8TO'iHOI"'O ycnosHg CXO.UHMOCTH MeTo

,aa nocne.aosaTenbHb!X 11pH6nH:>KeHHA ,ang O,UHOI"'O BH,U8 CHCTeM nHHeAHb!X CHHI"'yngpHb!X 

HHTerpanbHb!X ypasHeHHA, BCTpe'IBJOIUHXCg B TeOpHH .UHCIIepCHOHHb!X COOTHOWeHHAe 
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B Te OpHH llHCITepCHOHHb!X COOTHOW8HHH BCTp8'i8IO TCH C HHf'yJHl pH b l 8 II HTer p a n b -

Hbie ypaeH e HHH cnenyiOwero BH.aa ( HanpHMep, .anSI npoueccn rr + fV • n rr + N c M /
7 1 

J: 

+t 

u (t) = - lhr r __ v_(r_)-c_ dr , 
-I T _ , t 

( 1 ) 

v(t) = [ S (t) + N (-t) ] A + S (t) u (t) + 
I I I 

+ S
2 

(t) v (t) + Nz (-t) u (-t) + N 
2 

(-t) v(-t) , 

rne T (t) = u(t) + iv(t) , -1 5 t 5, + 1 ' 

u(t), v(t) - HCK0Mb18 B8KTOp-cpyHKUHH 1 S {3 (t), N {3(t) - 38.08HHbie M 8 TpHU b i 1 T 8 KHe, 

'iTO ~ 

1. 5{3 (t) = N {3 (t) 0 t < 0 t ~ 1, 

2. S13(t) , N{3 (t) € H (a) B [-1,+1]. 

a > 0 - ITOCTOHHH8SI 0 {3 =1 HJIH 2. 

Y1HTerpan noHHMaeTcH B CMhiCne rnaeHoro 3Ha'ieHH 51 no KowH. 

B 9TOH CTB Tbe BbiBOllHTCSI nocTaTO'IHoe ycnoeHe cxonHMOCTH n o cnenoea T e nb-

2 
HbiX npH6JIH:>KeHHH llllSI ypaeHeHHil: ( 1) B L [ -1, +1] 

npHB8ll8M CH8'i8J18 HeCKOJlbKO onpeneneHHH, 8 T8K:>Ke TeopeMy THT'IM a pw a , Ko-

TOpblMH . Mbl BOCITOllb3Y8MCSI BITOCJ18.0CTBHHe 

l-13 cpH31i'i8CKHX C006pa:>KeHHH Hy:>KHO H8HTH HenpapblBHb!8 peweHH SI y p aB H8HHSI ( 1) 1 

IT09TOMY ll8JlbH8HW He pacCy:>Kll8HHSI npOBO.OSITCSI TOJlbKO C HenpepbiBHbiM H cpy HKUHSIMH 

H8 0Tp83K8 (-1 , +1). 

nocTpOHM f'Hllb6epTOBO npOCTp8HCTB0 0 KOTOpOe COCTOHT H3 B8KTop-cpy HKU HH 

l (t) = (li (t), lit)' l ( t) 
n ) ' r.ae f; (t) ( c B [ - 1,+1] 

OnpeneneHHe 

CKanHpHoe npoH3BeneHHe neyx Henpepb!BHhiX BeKTop-cpyHKUHH B [ -1, + 1 ]_ 
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f(t) = (f
1

(t), f
2

(t), ........ , fn(t)) 

g(t) = ( g 
1 

(t), g
2 

(t), ..•.... 1 gn (t) ) 

onpeLlemrM cneLlyiOLUHM o6pa3oM: 

+ 1 n + 1 

( f (t), g(t))= [ f(t) g (t) dt 
-1 

L 
1=1 

r 
- 1 

f (t) g (t) dt . 
I I 

OnpeLleneHHe 2 

HopMy Henpep b113 HOH B e KTop-cpyHKUHH E(t) . onpeLlenHM TBK: 

n + 1 1h 
II f(t) \\ "' \ /(l(t) , f(t)) = o: [ El(t) !Jt) dt). 

I= 1 _ 1 

n p eLlbiLlYI..UH e on peLleneHH.H ll03BOn.HIOT llOCTpOHT b HOpMH pOBB HHO e npOC TpBHCTBO. 

noKB)K8M, '{TO BCe BKCHOMbl HOpMHpOBBHHOI'O npOCTpBHCTBB BblllOnH.HIOTC.H! 

1 • .r!C::H O, 4TO 

Hyn e BOA eneMe HT) . 

2. ! ! ,\ I (t) I I ,, 

\\ f(t) \\= 0 t TUI'Ll8 H TOnbKO TOI'LlB, KOI'Ll8 

n +1 2 'h 

~ [\A II (t) I dt ) '-'lA\ . II f(t)\\ • 
1= 1 -1 

3. II t(cJ + Ut> \\ s t(tJ 1\ +II g(tJ II . 

f (t) =() • ( 0 -

,[J,oKB38T8nbCTBO! npeLlllOnO)KHM, '{TO f (t) H g (t)-Henpepb!BHbie BeKTop-cpyHKUHH 

B l -1, +1]. 

OnpeLlenHM cPYH KUHH F(t) • G(t) cneLly!OLUHM o6pa3oM: 

f'Ll8 

.H c Ho, '{TO F (t) f L 2 
H 

F(2e + tJ =fe(tJ 

G r ~ + t J = ge (tJ , 

-1 ~ t ~ + 1' 

e = 1,2, .... ' n. 

2 
G(t) t L B [1,2 n+1]. 

~CllOnb3y.H HepaBeHCTBO ~HHKOBCKOI'Oe nonyqHM 
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n 

II t(tJ + MtJ II =( ~ 
+ 1 2 y, 2n + 1 2 y, 

f I f l(t) + gl (t) i dt ) ~ ( J I F (t) + G (t) I dt ) ( 
1= 1 - 1 

2n+1 2 I.e 2n+1 2 I ' 

s ( J IF (t) I dt )"' + ( J I G (t) I dt /' = 

+1 2 ,1, n + 1 2 y, 

= ( ~ f I i I ( t) I dt ) + ( ~ J I g I ( t) I dt ) = 
1= 1 -1 1= 1 -1 

n 

= II 1 (tJ II + II g (tJ II 

AH anonPIHbiM cnoco6oM MOmHo y6 e.a HTbCH B cnpaBe.anHBOCTH cne.ayJO LL!H X 

t. II t (t) i I - ll g, (tJ II ::; II t (tJ - grtJ II , 
+ t 

2• r I t (tJ grtJ I d t s. J I t(tJ II II g, (tJ II , 

3. 

4. 

•I 

! l f (t) g(t) I! ~ ( m.;~x I fi (t) I ) II g (t) II , 
t 

-z::;t:S:H 

! \ a(t) t(tJ \1 :s. vn max 1 l)i (tJ I II t (tJ II , 
i,j 

-1< t < + 1 

r.ae a (t) - MaTpHu a , 
2 

f(t) - BeKTop-cj:JyHKUHH, f(t) ! L . 

LlOK838Te!IbCTBO ITYHKTa 4 

n +1 n 2 '"h 
II a(tJ t(tJ II = ( ~ J I ~ a (tJ t (tJ I dt J 

t=t -1 J= 1 IJ I 

Onpe.aenHH cPYHKUHH Ai (0 no cj:JopMynaM 

Ai (2j + t ) = ai/t), 

r.ae -1 < t<+1, .i = 1, 2, . . . • , n ; i = 1, 2, . .. , n , 
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n 2n+1 2 ~ 

II a(t) t(t) II (I f I AI (t) F (t) I dt ) ~ 
I= I I 

n 

< (I max 
- I= 11$+~;in+1 

~ ,Vn m~x 
t 

z< .t<2n+J 
- : - : 

=Vn max 
i,j 

2 2n+1 ~ 

I AI (t) I f I F (t) 12 dt ) 2s:: 
1 

2n + 1 

I A; (t) I ( f 
2 1{2 

IF (t) I dt ) = 

I a;;(tJ I II t (tJ II 

-1 S t S+ 1 

181 
CcpopMynHpyeM o.nHy TeopeMy H3 

TeopeMa 1 

2 
nyCTb f (x) npHHB.nne>KHT K L ( -oo, oo ) • Tor.na cpopMyna 

6o f ( JC+ t) - f ( lf. - t ) dt 

t g(x) = l/7r f 
-+0 

2 
onpe.nenReT UO'ITH BCIO.UY HeKOTopyiO cpyHKUHIO g (x) T8K>Ke H3 L ( -oo, oo ) .• 

no'ITH BCIO.UY HMeeT MeCTO T8K>Ke .UBOli:CTBeHH8SI cpopMyna 

00 

f(x) r: _,l/17 r g(x+t)-g(x-t) dt, 

-+0 

H 
00 2 00 2 
f [ f (x) ] dx f[ g(x) ] dx • -- -oo 

( 3) 

00 

3.necb f osHa'laeT HHTerpan s CMbicne rnasHoro sHa'leHHSI no KowH. 

•0 /3 / 
no.no6HaSI TeOpeMa T8K>Ke HMeeT MeCTO .nnR SI.Upa rHnb6epT8 ( CM. ) • 

PaccMoTpHM Tenepb sonpoc o cxo.nHMOCTH nocne.nosaTenbHhlX npH6nH >K eHHA 

K peweHHIO CHHrynRpHOrO HHTerpanbHOrO ypaBHeHHSI (1). 
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nepe11HW9M ypaBH9HH9 ( 1) B BH,Ue 

v(t) = Sv + f (t), 

r.ne 
+1 

S V ;;; - 5
1 

(t) ) / TT J _ v_ (_r) __ dr + Sp) V (t) -
-1 T _, t 

+1 
-N (-t)1 / TT J __ v(_r) __ dr+ N (-t) v(-t), 

1 -1 T + t 2 

J..13 ( 1) HIIH ( 1') Clle,nyeT, 'ITO v( t) = 0 rrpH H rrpH t ~l 

Bae.neM B paccMOTpeHHe Knacc cPYHKUHH Z (a) , xapaKTepH3YJOWHHCH cne.ny!O-

WHMH CBOHCTB8MH! K8:>K.UblH :3119M9HT ¢ (t) f Z(a) 11pHH8.Uil9:>KHT K Kll accy r enb,aepa 

c rroKaaaTeneM a B [ -1, + 1 J H ¢ (t) = 0 rrpH t < - 1 H rrpH t > 1 

3.aecb ¢ (t) = ( ¢ (t), ¢ (t), ..• , ¢. (t) ) . 
1 2 n 

/4/ 
J..1a TeopeMbl npHBanoBa Bb!T9K89T, 'ITO orrepaTop S¢ rrepe BO.UHT ·Knacc 

Z (a) B Knacc Z (a) • 

2 
QqesH.UHO, 'ITO Z(a) C: L [ -1, 1 l . 

J..1a TeopeMhi 1 cne.ayeT : 

1. EcnH ¢ (t) rrpHHa.nne:>KHT Knaccy Z(a) , TO y.aosneTBOpHeTCH cne.ay10wee 

H9 p8B9 HC TBO: 

II 1/1 (t) II ~ II ¢ (tJ II (4) 

r.ae +I 
1/J (t) =1/TT r ¢(r) dr . 

_
1 

T _ , t 

B caMoM .aene, 

+I 
II 1/1 (tJ II = II l I " f 

00 

_ ¢"-(_r)_ dr II = 11 1/ TT J p(r) dr II < 
T _ , t T - t 

- I -oo 



r.ae 

+oo oo A. ( ) 2 oo 2 V. 
~ (J ll/Tr J 'f' r dr I dt) = ( J I ¢(t) I dt) ' 

-:x> 

2. AHanorHqHo rronyqHM 

+ t 

II 11" J 
-1 

PaccMoTpHM pS!.a HeH:MaHa 

T - t -oo 

+1 2 y2 
( J l¢(t) l dt) =ll¢ (t> ll 

-1 

¢ (r) 

r + t 
dr II ~II ¢(r)ll, 

¢ (t) £ Z (a) . 

2 
v(t) = f(t) + Sf+ S f + 

m 
+ s f + .... 

( 5) 

( 6) 

B cHny TeopeMbi EaHaxa HMeeM: ecnH IISII<g<l ,TO pS!.a (6) CXO,aHTCSI ITO HOpMe. 

( 3.aec h II S II - Mo.aynh orrepaTopa S , T.e. IISII =Sup IIS¢11, ¢ !Z(a);.. 

r.ae 

11¢11=1 

YqHTbiBBSI cooTHoweHHSI ( 2), ( 4), ( 5 )
1 

MO.>KHO oueHHTh II S II • 

JlnSI mo6o$t BeKTop-<f>yHKUHH ¢ (t) £ Z (a) HMeeT MeCTO OUeHK8 

IIS¢\1 =II- s (t) l/ ~r J ¢ (r) dr + S (t) ¢ (t) -
1 r - t 2 

-1 

1 ¢ (r) 
-N

1
(-t) l/ ~r J dr + N

2 
(-t) ¢(-t) II < 

-1 
r + t 

< jii ! S
1 

+ S 
2 

+ N 
1 

+ N
2 

I , 

S (3 = •. max . 
-t,J,-1 st9 

I sf3ii (t) I, N (3= .~ax . 
t,],-l~J9 

I N (3ij (t) I ' 

( 7) 



(6) 

Me. 

7) 

9 

IInH 

( 8) 

8 CHny ( 7) H ( 8) MOMHO cnenaTb cnenyiOlllHH Bb!Bon: 

TeopeMa n 
YcnoaHe 

Vn ( S + S + N + N J <. g <1 , 
1 2 2 ( 9) 

rne I s f3ii (tJ I , = max 
i,j,-l<_t<_l 

N = max 
f3 i, j, -l<t<l 

I Nf3 .. (t) I, lJ 

f3 = 1, 2 ; i,j, =1,2, ... , n, 

SIBnsteTCSi llOCT8TO'IHb!M ycnOBH8M CXOllHMOCTH ITO HOpMe pstna ( 6) • 

EcnH y noaneTaopsteTcst HepaaeHCTBo ( 9), TO ypaa HeHHe (I') HMeeT enHHCTBeH

Hoe peweHHe a Knacce Z (a) • 

Aa Top BbipaMaeT HCKpeHHIOIO 6naronapHoCTb H.H.rosopyHy, E.n.)KHnKoBy H 

l • V:l . M a KapeHKO 3a pstn KpHTH qecKH X 3aMe'laHHH I1pH IT pensapHTen bHOM 06CyM lleHHH 

9TOH pa60Tbi. 
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