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HacTOHWaH pa6oTa nocBHWeHa HccnenoBaHHID ypaBHeHHH 

¢(t)=AJK(r,cp(r)) dr, ( 1) 
a T - t 

KOTOpoe HBnHeTCH ~aCTHbiM cny~aeM ypaBH8HHR 

b 

¢(t)=A I 
K(t,r,cp(r)) 

- d T, 

( 2) 

a T- t 

I 1-2/ 
H3y~eHHoro B • TaM noKa3aHa noKanbHaH TeopeMa o cywecTBOBaHHH 

peweHHR ypaBH8HHR ( 2) t T.e. CyWeCTBOBaHHH peweHHR npH llOCTaTO~HO 

ManbiX 3Ha~eHHRX A • Mbi noKa)KeM cywecTBOBaHHe peweHHH ypaBHeHHH 

( 1) nnH Bcex BewecTBeHHbiX A 

I HawH paccy)KneHHH nocTpoeHbi no cnenyiDweit cxeMe. EyneM paccMaT-

1 pHBaTb ¢yHKUHID ¢ ( t) KaK aneMeHT HeKoToporo EaHa·xoBa npocTpaHCTBa 

B H ypaBH~HHe ( 1) 3anHweM B BHne: 

( 3) 
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I'Ae <ll- OIIepaTOp 1 CT8BSIWHif B COOTB9TCTBHe 'IHCny 

rrpocTpaHCTBa B HeKoTopbiif aneMeHT rrpocTpaHCTBa 

A H aneMeHTY 

B • PeweHHe 

ypaBHeHHSI ( 1) 6yAeM paccMaTpHBaTb KaK HeSIBHyJO «iJyHKUHJO ¢ (A ) 1 

orrpeAeneHHYJO H3 ( 3) H rrpHHHMaJOWYJO 3Ha<~eHHSI B B . ITpHMeHeHHeM 

¢ 

¢ 

/1-2/ . ( ) 
TeopeM 0 H9IIOABH~HOif TO'IK9 MO~HO IIOK838Tb 1 'ITO ypaBH9HHe } 

(cOOTB9TCTB9HHO (3)) HM99T peweHHe IIpH AOCT8TO'IHO ManbiX IIO MOAynJO 

3Ha<IeHHSIX A • ITycTb II pH A ;= A 
0 

> 0 ypaBHeHHe ( 3) HMeeT peweHHe ¢. 
/4/ 0 

ITpHMeHSIH TeopeMy o HeSIBHhiX «iJyHKUHSIX 1 rrony'IHM 1 'ITO ypaBHeHHe ( 3) 

paspeWHMO OTHOCHTenbHO cp AnSI A H3 H9KOTOpOif OKpeCTHOCTH TO'I-

KH Ao H3 9TOif OKpeCTHOCTHo ITycTb BosbMeM TO'IKY A > A 
1 0 

¢ 1 - cooTBeTcTByJOwee peweaHe ( 3). EcnH TeopeMa o HeSIBHhiX «iJyHK

UHSIX IIpHM9HHMa B TO 'IKe (A 
1 

' cp 
1 

) 1 IIonyqaeM CHOBa H9KOTOpy10 OKpecT-

HOCTb TO'IKH A 1 1 B KoTopoif ypaBHeHHe ( 3) pas pew HMO H T.Ll. TaKHM 

o6p830M 1 rrony'IHM HeKOTopy!O B03p8CT810WYIO IIOCneAOBaTenbHOCTb 'IHCen 

A 
n • Mbi L!OKa~eM1 'ITO aTa rrocneAoBaTenbHOCTb 6ecKoaeqHa 1 T.e. 

He oyAeT TO'IKH A n 1 B KOTOpoif TeopeMa 0 HeSIBHbiX «iJyHKUHSIX HeiipH-

M9HHM80 EcnH k = lim A = "" 1 To ypaBHeHHe ( 1) HMeeT peweHHe rrpH 
n 

n106oM A > 0 • EcnH A <"" 1 ypaBHeHHe HMeeT peweHHe rrpH 0 <A <A 

HI B qacTHOCTHI IIpH A = A - £I = A r I I'Ae £ ~- AOCTaTO'IHO Manoe 

IIOnO~HTenbHOe 'IHCno. flpHMeHSISI Te ~e paccy~AeHHSI HCXOASI H3 TO'IKH 

A* 
1 

(I) 

A* >A* 
2 1 

A o , BM9CTO rrony'IHM TO'IKY 

paapewHMo H T.A. Mbi rroKa~eM1 'ITO 1 A* -+ "" 

B KOTOpoft ypaBH9HHe 

H 9TO oyAeT 03H8'18Tb 
n 

OIIS1Tb 1 'ITO ypaBHeHHe ( 1) paspewHMo rrpH scex rrono~HTenbHhiX A 

BocrronbsyeMcSI TeopeMoif o HeSIBHoif «fJyHKUHH B cneAyJO.weft «fJopMynH

/4/ 
pOBKe 1 KOTOpyJO nei'KO IIOny'IHTb H3 AOK838TenbCTBal IIpHB9A9HHOI'O B 

TeopeMa 1 ( o HeSIBHoif «iJyHKUHH). 3aAaHbi EaaaxoBbi rrpocTpaHCTBa 

B 1 , B 2 , B 3 H orrepaTop <ll ( x , y ) , oTo6pa~aJOWHif B x B 
I 2 

B B 3 H o6naL!810WHif cneAyJOWHMH CBOifCTB8MH: 

4 

~ 

I . . 
~ -, ,. ' . ' 

1. 

2. 

3. 

<ll(xo•Yo )=0. 
<ll (X, y ) Herrpepb!B9H B OKpeCTHOCTH TO'IKH (X , 1 

0 • 

<ll ( X, y )HMeeT Herrpepb!BHYIO IIpOH3BOL!HYIO <ll ' ( X, 

~------~------------------~---------Y----
CTH TO'IKH ( X , y ) H CyWeCTByeT [ <ll ' ( X , y ) ) 

• 0 0 y 0 0 

4. CywecTByJOT KOHCTaHTbi 5 H £ T8KHe 1 'ITO: 

a) B OKpeCTHOCTSIX llx-x 11<5 .o lly-y II<£ 
0 

HepaBeHCTBO 

II [ <ll '(x ,y
0
)J-

1
[<1l' (x,y)- <ll' (x

0 
,y

0
)] II< 1 

y 0 y y 2 

s) AnSI II x - x II < 5 crrpaBe.QnHBO 
0 

II [ <ll ' (X ' y ) J - 1 
<ll ( x, y ) II < ___ £ 

y 0 0 0 2 

ITpH aTHX ycnoBHSIX cywecTByeT orrepaTop t/1 ( x) 1 orrpe 

HOCTH II x - x 
0 

II < 5 co sHa<IeHHSIMH B oKpecTHOCTH II y 

I. <ll(x,t/l(x))=O llx-x 11<8. 
0 

2. t/l(xo)=Yo 

3. t/J ( X ) Heiipepb!B9H B TO'IK9 X 0 • 

4. Ecmi: t/J ( x ) orrepaTop 1 o6naAaJOWHif csoifcTBaMJ 
I 

t/1 (x)= t/l(x) 
1 

06osHa'IHM qepes Lip a [a, b] EaHaxoso rrpocTpaH 

orrpeAeneHHb!X Ha [a, b ) . C BeWeCTBeHHbiMH 3H8'19HHSIMH 1 

MH ycnOBHIO fhOnAepa C IIOK838TeneM a • HopMy B L 

AenSieM cneAyJOWHM o6pasoM: 
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illHH B COOTB9TCTBH9 qHcny A H aneMeHTY ¢ 
biH aneMeHT rrpocTpaacTBa B , PemeaHe ¢ 

CCM8TpHB8Tb K8K H9SIBHYIO <jlyHKUHIO ¢ (A ) • 

rrpHHHMaromyro saaqeHHSI B B , ITpHMeHeHHeM 

I 1-2/ · 
TOqKe MO)!(HO IIOK838Tb 1 qTO ypaBHeHHe ( 1) 

HMeeT pemeHH9 IIpH JlOCT8TOqHo M8nbiX ITO MOJlyniO 

rrpH A ;: A > 0 ypaBaeaHe ( 3) HMeeT pemeHHe ¢. 
0 /4/ (i 

<jlyHKUHSIX 1 rronyqHM 0 qTo ypaBHeHHe (3) 

Jlnsr A 

A > A 
I o 

H3 HeKOTOpOH OKpecTHOCTH Toq-

H3 aTofi oKpecTHOCTH, ITycTb 

pemeHHe ( 3), EcnH TeopeMa o HeSIBHbiX ¢yaK

( A 
1 
'¢ 

1 
) 1 rronyqaeM CHOB8 HeKOTOpyiO OKpecT

KOTopofi ypaBHeHHe ( 3) paspemHMO H T,Jl, TaKHM 

BospacTaromyro rrocneaoBaTenbHOCTb qHcen 

qTo aTa rrocneaoBaTenhHOCTb 5ecKoaeqaa, T,e. 

B KOTOpOH TeopeMa 0 H9SIBHbiX <jlyHKUHSIX HeiipH

A = oo , TO ypaBHeHHe ( 1) HMeeT perneHHe rrpH 
n 

A<oo , ypaBHeHHe HMeeT pemeHHe rrpH 0 < A <A 
A- f I A ~ , rae f 

1 
- aocTaToqHo Manoe 

pHMeHSISI Te )!(e pacCy)!(Jl9HHSI HCXOJlSI H3 TOqKH 

rronyqHM ToqKy A* >A* 
I 

B KOTOpOH ypaBHeHHe 

hi rroKa)!(eM, qTo A* _. oo H aTo 5yaeT osHaqaTb 
n 

1) paspelliHMo rrpH Bcex rrono)!(HTenbHbiX A 

opeMofi 0 H9SIBHOH <jlyHKUHH B cneayiO.ill9H <jlopMynH

H3 JlOK838TenbCTB8 0 1IpHB9Jl9HHOrO B 
/4/ 

rt-u..~ .... H), 3aaaHbi EaaaxoBbi 

<I> ( X ' y ) • OT05p8)!(810illHH B I X B 2 

cneayiO.illHMH 

4 

..-

1. <I> (X 
0

, y 
0

) = 0. 

2. <I> (X, y ) Heiipepb!B9H B 0Kp9CTHOCTH TOqKH (X O , yO ) . 
B OKp9CTHO-3. <I> ( x,y ~MeeT H91Ip9pb!BHYIO IIpOH3BOJlHYIO <I>' (X, y ) 

~----~------------------~------~-~~-----------------
CTH TOqKH ( X , y ) H CYill9CTByeT ( <I> ' ( X , y ) ] 

0 0 y 0 0 

4. CymecTByiOT KDHCTaHTbi o H T8KH9 0 qTo: 

a) B 0Kp9CTHOCTSIX 1\x-x 11<8 lly-y ll<f BbiiiOnHSI9TCSI 
.o 0 

H9p8B9HCTBO 

II [ <I>; ( x
0

, y 
0

) l-
1 [<I>~ (x, y ) - <I>~ ( x 

0 
, y 

0 
) l II < + 

B) Jlnsr II x - x II < o crrpaBeanHBo 
0 

II [ <I>' (x , y ) l- 1 
<I> ( x, y ) II < _:_

2 y 0 0 0 

(4) 

( 5) 

ITpH aTHX ycnoBHSIX cymecTByeT orrepaTop t/1 ( x ) , orrpeaeneHHbiH B oKpecT-

HOCTH II x- x 
0 

II< o co sHaqeHHSIMH B OKpecTHOCTH II y- y
0 

II < £ , 

H o5n8Jl810illHH CBOHCTB8MH: 

1. <ll(x,t/l(x))=O llx-x ll<o. 
0 

2. t/J(xo)=Yo 

3. t/J ( X ) Heiipepb!B9H B TOqKe X 0 • 

4. Ecmi t/J (X) orrepaTop, o5na/l810illHH CBOlicTB8MH ( 1-3), TO 
I 

t/1 (x)= t/J(x) 
I 

05osaaqHM qepes Lip [a, b ] EaaaxoBo rrpocTpaHCTBo <jlyHKUHfi, 
a 

orrpeaeneHHbiX H8 (a, b ] C B9lli9CTBeHHb!MH 3HaqeHHSIMH 1 YJlOBneTBOpSIIO!tiH-

MH ycnoBHIO fhonaepa c rroKa3aTeneM a 

aenSieM cneayiOlliHM o5pasoM: 

f, 
5 
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l¢(t )-¢(t )I 
II ¢ II = su p I ¢ ( t ) I + sup I 2 II¢ II +II¢ II . 

C H 
It - t Ia I~[ a,b] I I t;[a,b] 

I 2 

I .j, I 
I 2 

I 2 

C$opMymrpyeM ocHOBHYJO TeopeMy aacTOSIIUeA pa60Tbi. 

TeopeMa 2. rr yeTI:> $yHKUHSI K (r, u) onpeJleneaa Jlml r €; [a, b l, 

- oo < U < 00 , HMeeT npOH3BOJlHbie K' :cr' u ), K "2 ( r, u ) • K "i. ( T, u ) 
u u u 

H nyCTb Jln~ T t; [ a, b ] , - oo < U < oo BbiiTOnHSIIOTCSI ycnoBHSI fbOnJlepa 

IK(r ,u )-K(r ,u )l<k(lr -T t+lu
1
-u 2 1), 

11 22= 12 

IK' (r ,u ()-K' (r ,u )l<k'<lr -rIa +lu -u I), 
u 1 u ·2 = I 2 I 2 

I K "
2 

( r , U ) - K "2 (r , U ) I < k " (I r - r Ia + I U - U I ) 
u II u 22= 12 I 2 

H ycnOBHSI 

IK(r,u)l <k ,.IK' (r,u)l<k ,.IK"2 (r,u)l<k 
0 u =I u =2 

O<k 
3 

< 1K";(r,u)l<k 4 , 
u = 

I 

rJle 0 < a < 1 , · k , • k ' , k " , k , k , k , k , k 
0 I 2 3 4 

xl 
- KOHCT8HTble flycTb 

K(a,u) = K(b,u)=O 

anSI scex u • TorJla npH n106oM seruecTBeHHOM A cyruecTayeT QJyHKUHH 

¢ ( t) E Lip a [a, b] , yJlosneTsopHJOIUaH ypasaeHHJO ( 1). 

x/ 0T 9TOrO Tpe60B8HHSI MO*HO OCB060JlHTbCSI, pacCM8TpHB8SI QJYHKUHH 

C OC06eHHOCTSIMH H8 KOHU8X HHTepBana T8K )Ke, K8K 9TO aenaeTCSI JlnSI 

nHHeAHbiX CHHrynSipHblX HHTerpanbHblX ypaaHeHHA Ha pa30MKHYTOM KOHTy-

pe/5/• 

6 

I "" t I 

;j 

! 

AoKaaaTenbCTBo. PaccMoTpHM cHa'lana HeKoTopbte a 

onepaTOpbio EcnH l/l(t) e- Lipa[a,b] H !{!(a)= 1/J(b)= U 

H3BeCTH0 0 ( 2) 

Sl/l 

flpH 9TOM · 

a 

b !{!( r) . 
f ~- d r e Ltp a [a 1 b ] 

T - t 

II Sl{! II c ~ 1T II"' II c +pI II"' II H 

IISI{!IIH~P 2 111/JIIH' 

OTKylla CJJeJlyeT 

II Sl/l II~ P II 1/1 II , 

rJle p I t p 
2 

t p - KOHCT8HTblo 

IT yeTI:> ¢ ( r ) E Lip a [a, b] • floKa*eM, 'ITO TOrJla 

e Lip a [ a, b l . AeftcTBHTen~:>Ho, 

I K ( r , ¢ ( r ) ) - K ( r , ¢ ( r ) ) I < k ( I r - r Ia + I ¢ ( r 
I I 2 2 = I 2 I 

< k ( I r - r Ia + II ¢II I r - r I '!') = k ( 1 + II ¢ II ) 
= I 2 H1 2 H 

TaK KaK, KpoMe .Y.oro, I K ( r, ¢ ( r) I ~k 0,To 

11K(r,¢<r)ll<k
0 

+k(l+II¢IIH). 

7 



l¢(t 1 )-¢(t)l= II¢ II c+ II¢ IIH 
a 

1 t - t I 

+ sup 

I I r;; [a, b) 
I 2 

I .j, I 
I 2 

I 2 

TeopeMy aacTosuuelt pa6oTbi. 

K ( r, u ) orrpeJleneaa JlnSJ. r ~ [ a, b ] , 

, K "; ( r, u ) 

IDTCSI ycnOBHSI fbOnJlepa 

)-K(r ,u )l<k(lr -T la+lui-u
2
1), 

2 2 = I 2 

()-K'(r ,u )l<k'<ir-r la+lu -u [), 
u ·2 = I 2 I 2 

)-K"2(r ,u )I <k"(lr -rIa+ lu -u I) 
u 22= I2 I 2 

k, iK' (r,u)l<k ,,[K"2 (r,u)l<k, 
0 u =I u =2 

O<k < iK";(r,u) I <k
4

, 

3 = " = 

k" k k 
' 0' I 'k 2' k 3' ,k 4 

K(a,u) = K(b,u)=O 

x/ 
- KOHCT8HTblo OycTb 

a llpH niD60M B9lii9CTB9HHOM .\ cymeCTByeT ~yHKUHSI 

OBn9TBOpSIIDlii8SI ypaBH9HHID ( J) • 

OB8HHSI MO*HO OCB060JlHTbCSJ. 1 paCCM8TpHB8SI ~YHKUHH 

auax HHTepsana TaK *e, KaK aTo JlenaeTcSJ. JlnSJ. 
HHTerpanbHbiX ypaBH9HHlt H8 pa30MKHyTOM KOHTy-

6 

_. 

I 

AoKa3aTenbcTBo. PaccMoTpHM caaqana aeKoTopbie acrroMoraTenbHbie 

orrepaTopbio EcnH 

H3B9CTH0 1 ( 2) 

1/J ( t) r= Lip [a, b l H .p (a ) = .P ( b ) = 0 a 1 T0 1 K8K 

S.p 
b r/J ( T ) • 

f -~- d r e Ltp [ a 1 b l 
r- t a a 

OpH 8TOM. 

II S.p II c~" II.P lie+ P 1 111/J IIH 

IIS.piiH~P 2 ii.PIIH, 

OTKyJla cneJlyeT 

II Sr/1 II~ P II r/J II , 
( 8) 

I'Jl9 p I , p 
2 

, p - KOHCT8HTblo 

OycTb ¢ ( T) E Lip a [a,bl. noKa*eM, 'lTO TOI'Jl8 K ( T' ¢ ( T) ) e. 

e Lip a [ a, b ] . AeltcTBHTenbao, 

iK(r,cp(r))_K(r,(p(r))[<k(lr -r la+il/>(r)-¢(r )[)< 
I I 2 2 = I 2 I 2 = 

<k(lr -r la+ll¢11 lr-r la)=k(l+ll¢11 )[r-r Ia. = I 2 Hi 2 HI 2 

TaK Ka:K, KpoMe .Y.oro, I K ( r, ¢ ( r) I ~k 0,To 

iiK(r,¢(r)li<k
0 

+k(l+II¢IIH). ( 7) 

~ 7 
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AHanorH'IHO nony"!aeM, 'ITO K ' ( r, ¢ ( r ) E Lip [a, It ] 

II K ,u ( r)' ¢ ( T ) ) II < k 1 + k , (l + II ¢ II H ) • 
( 8) 

PaccMoTpHM onepaTop 

K : Lip a [a, b 1 ;) ¢ ( t ) .... K ( r, ¢ ( r )) G- Lip a [a, ·b 1 . 

/3/ 
HeTpyllHO BHileTb , 'ITO npa aallaHHbiX ycnoBHSIX Ha 4>YHKUHIO K ( r , u ) , 

onepaTop K HMeeT npoH3BOilHYIO <l>peme B xa>KJlOA TO'iKe ¢ E lip a [a, b 1 

H 

[ K , ( ¢ ) h 1 ( T ) = 'K , ( T ' ¢ ( T ) h ( T ) ' 
( 9) 

u 

rile h ( r ) E Lip a [a, b 1 • BaelleM eme onepaTop 

<I> : E 
1 

x Lip [a, b 1 ~ (A,¢ ) .... ( 1- AS K ) ¢ c.: Lip [a, b 1 . 
a a 

{ 10) 

31leCb E 1 - npocTpaHCTBO aemecTBeHHbiX "!Hcen. YpaBHeHHe { 1) MO)I(HO 

Teiiepb 38IIHC8Tb B .BHile (3). 

nmr IIpHMefieHHSI TeopeMbl 0 HeSIBHOA 4>YHKUHH HaM IIOH81l06HTCSI OUeH

Ka aenH'IHHbl II [ <I>¢ (,\, ¢) r 1ll. Ha { 10) nony"!aeM 

<1>¢, (.\,¢) =1-.\S K'(¢). 

8 

.- . ' 

Y'IHTbiBasr ( 9), paccMoTpHM ypaBHeHRe 

b 

<I> ¢ ( A, ¢ ) h = h ( t ) - A f 
a 

K~ (r,cp(r)) h(r)d T= f(t) 

T- t 

rile f ( t) E Lip a [ ·a, b] . QHo sransreTcsr COI03HbiM xapaxTep 

ypaBHeHHIO 

b 

h(t) +AK' (t, ¢(t)) f h(r) dr=f(t). 
u a r- t 

nollC'IHTaeM HHileKC K ypaBHeHHSI (11). CornaCHO H3Be 

HY)I(HO IIOilC'IHT8Tb 'IHCna 

-l 
a = Re [ -In G(a) l 

1 2 rri 
l 

H a = Re [ -- In G 
2 .2rri 

rile 

-.\K' (t,¢(t)) 
G ( t) 1T 

_1_ + 
1T 

TaK KaK no ycnoBHsrM TeopeMbi 

u 

.\K'(t,¢(t)) 
u 

K (a, u ) = . K ( b, u)=O, Tc 

= K , ( b ' ·¢ ( b ) ) = 0, H, 3H8'1HT, a =a = 0 • 0TC 
u 

'ITO K = 0 
/5/ 

Ha aToro cnellyeT , 'ITO ypaBHeHHe (10) npH nK 

'18CTH HMeeT ellHHCTBeHHOe pemeHHe, 381l8B8eMoe 4>opMym 

A b z ( T) K '( T' ¢ ( T ) ) -l 
h(t)=f(t)+-f u f(r)dr=[<I>¢1 J 

Z(t)a r-t 

9 



, <~To K ' ( r, ¢ ( r ) e Lip [a, It J 

T)' cp ( T ) ) II < k 1 + k ' (1 + II cp II H ) • 
( 8) 

-+ K (r, cp(r))~ Lip [a, ·b]. 
a 

/3/ 
, <~To rrpH 3anaHHhiX ycno&HSIX Ha !JlyHKUHIO K ( r , u ) , 

HMeeT IIpOH3BOilHYIO !J)pewe B KB>KilOA TO 'IKe cp e lip a (a, b) 

[ K ' ( cp ) h ] ( T ) = 'K ' ( T ' cp ( T ) h ( T ) ' ( 9) 
u 

ip a [a, b ] • BseneM ewe orrepaTop 

ip [a, b J ~ <A , ¢ ) -+ (I- AS K J ¢ ~ Lip [ a, b J • 
a Q 

( 10) 

cTpaHcTso sewecT&eHHhiX <~He en. YpasHeHHe ( 1) l\.10>KHO 

TeopeMbl 0 HeSISHOil !JlyHKUHH HaM IIOH81l06HTCSI OUeH-

11 [<I>¢ (,\, cp)]-III.I13 ( 10) rronyqaeM 

<1>' (A,¢) =I -AS K•( ¢ ). cp 

8 

..-

·~ 

Y'IHThi&aH ( 9), paccMoTpHM ypasHeHHe 

b 

<1> ¢ < ~· ¢ ) h = h ( t ) - A I K~ (r,cp(r)) h(ddr= f(t) ,· ( 11) 
a T- t 

rae f(t) ELipa [·a,b]. DHo HBnHeTcH COI03HhiM xapaKTepHCTH'IecKoMy 

ypa&HeHHIO 

b 

h(t) +AK' (t,cp(t)) I ~dr=f(t). 
u a T- t 

ITonc<~HTaeM HHileKc K 
/5/ 

ypasHeHHH (11). CornacHo H3secTHoil TeopHH 

Hy>KHO IIOilC'IHTBTb 'IHCna 

-1 
a = Re [ - ln G (a) ] 

1 2 rri 
1 

H a = Re [ - ln G ( b) ] , 
2 2 rri 

rne 

G ( t) 
-AK' (t,cp(t)) 

1T 

__ l + 

1T 

u 

AK'(t, ¢(t)) 
u 

TaK KaK no ycnoBHHM TeopeMbi K ( a , u ) = . K ( b , u )=0 , To K ' (a , cp (a ) ) = 

= K ' ( b , ·¢ ( b ) ) = 0, H, 3H8'1HT, 
u 

u . /5/ 
a = a = 0 • 0TCIOila rronyqaeM , 

2 

'ITO K = 0 
/5/ 

113 9Toro cnenyeT , 'ITO ypaBHeHHe (10) rrpH n106oA rrpasoA 

qacTH HMeeT enHHCTBeHHoe peweHHe, 3anasaeMoe ¢opMynoA 

,\ b z ( r) K '( T' cp ( T ) ) -I 
h(t)=f(t)+-I u f(r)dr=[<l>¢1 f, 

Z(t)a r-t 
( 12) 

9 



rae 

l(t) 2 2 2 
Z ( t ) = e v l + A rr K 'u ( t, ¢ ( t ) ) 

[' ( t) = _l_ f-d _r _ ln l + i rr ·A K ' ( r, ¢ ( r ) ) 

2rr i a T - t l . -lrrAK' (r,cp(r)) 
u 

j\ 11a ( 12) H ( 6) nony'laeM ( A > 0 ) 

( 13) 

II [ <I>.: ] -If II < II (II + A II - 1- II p II z ( t) II II K , ( T' ¢ (r) II II f II . ( 14) 
'~' = Z(t) u 

11a ( 13) H ( 8) oueHHaaeM II Z II 

i(t) . lj, 

II Z II < II e II II [ l + rr 
2 

A 
2 

K ' (t, ¢ ( t) ) 
2 

] '
2 

II =- u 

• IL ll 

llfl+rr 2 A2K (t,¢<t))
2

lnll1 <(l+rr
2

A
2
k

2f'2 

u C 1 

~ 2 ~ 
l£l+rr 2A2K' (t, ¢(t ))l -£l+rr

2
A

2
K' (t ,¢ (t )) l I"' 

u 1 1 u 2 2 

10 

..-

r, 
~: 

~ 
.'[ 

l :·~~t\ 

,1:.}-<1 +8)-~rr 2A 2 [K~(t ,¢(t 1 )) 2 -K~ (t 2,¢(t2)}
2

]. 

<-~rr2 A 21£K• (t ,¢(t ))+K'(t ,¢(t ))J[K'(t ,¢(t )). 
"''- u I I u 2 2 ul I 

< rr 2 A 
2 

k k '(l + II ¢ II ) I r - r I a .. 
"' I H I 2 

- rae 8 - qil:cno Me>Kay rr 2A2K: (t
1
,'·¢(t

1
)} H rr 2 A2K: 

CneaoaaTenbHo, 

2 2 2 ~ 
II [1 + TT 

2 A K ,u ( t' ¢ ( t) ) 1 . II H ~ TT 
2 A 2 k I k , ( l + II ¢ II ~ 

llfl+rr 2A 2 K' (t,¢(t)) 2 l~ll <(L'+rr 2 A 2 k 2 )~ +rr
2

A
2
k I 

u = 1 I 

llanee HMeeM: 

r(t)= _t fb dr T- AK' (r, ¢(r)) 

2 
-- arg u 

TT a r-t i - + A K ' ( r, ¢ ( r)) 
TT u 

;~ 
2rr a T - 1 

rae y ( r)- yron, noa KOTOphiM BHaeH oTpeaoK [-AK~ (r,cf. 

H3 TO'IKH 
TT 

llrllc;" 

I y (r 
1

) - y (r 
2

) I= 12 arctg rr AK ~ (r 
1

, ¢ (r
1 

) ) - 2 arctg rr A K: (r 2, 

=-2-rrAIK' (r ,cp(r ))_K•(r ,cp(r ))I <2rrAk'( 
1'+82 u 1 1 u 2 2 

11 

I I . •, .<•;~Uli]IJ,JI'I'l''I'J!II"W 



1 -~ 2 2 
"'IT<1 +8) IT 2A 2 [K~<t ,cp(t

1
)) -K~ (t 2 ,cp(t2)) J.l < 

l(t) 2 2 2 
Z ( t ) = e ...; 1 + A IT K ' ( t , .q, ( t ) ) 

u 

: -~ IT 
2 A 21 [ K : ( t I ' cp ( t I) ) + K ~ ( t 2' cp ( t 2 ) ) ] . [ K : ( t I ' cp ( t I ) ) - K : ( t 2' ¢( t 2))] I~ 

(13) 

_l_ f _d _r _ ln l + i IT·,\ K ' ( r, cp ( r ) ) 

21T l a T - t 1-iiT.AK' (r,cp(r)) 
< IT 

2 >. 
2 

k k ' (1 + II cp II ) I T - r I a .. 
= I H I 2 

u 

rrony'laeM ( A > 0 ) 
-rae 8- qifcno Me)Kny IT

2A2K' (t ;.¢(t )) H "~A 2 K' (t ,¢(t )). 
u I I u 2 2 

CnenoaaTenbHO, 

II (II + ,\ ll - 1- II p II z ( t) II II K ' ( T' ¢ (r) II II f II . ( 14) 
z ( t) u 

II [1 + 17 2
,\

2 
K ·: (t, ·¢( t) )

2 ]~. IIH ~IT 2 A2 klk '(l +II¢ II H) 

oueHHaaeM II Z II 
1![1 +IT 2A 

2
K: (t,cp(t)) 2 J~II ~(l'+IT 2 A 2 k:)~ +IT

2
A

2 k
1
k'(l +!ic/JI!H). 

Danee HMeeM: 

ltt) . l/, 
II < II e II II [ l + IT 

2 
A 

2 K ' (t, cp ( t) ) 
2 

] '
2 11 

u 

f'(t)= _1 fb dr T- AK' (r, cf>(r)) 

2 
-- arg u 

IT a r-t i -+AK' (r,cf>(r)) 
IT u 

b f y( r) 
217 a ---

dr , 
T- t 

rae y ( r)- yron, rron KOTOpbiM BHlleH OTpeaoK [-.AK' (r,cf>(r)),.AK'(r,cf>(r))] u u 

' IL 1L 
+ IT 2 ,\ 2 K ( t' ¢ ( t ) ) 2 ] 7211 < (l +IT 2 A 2 k 2)12 

u C 1 

H3 TO'IKH 
IT 

I !!rile~" 

.\2K: (tt, 
~ 2 ~ 

q,(t ))J 
2 
-n+ IT

2 
A

2
K' (t ,c/J (t p 1 1., 

I u 2 2 

I y (r 
1

) - y (r 
2

) I"' 12 arctg " .AK: (r 
1

, ¢ (r
1 

) ) - 2 arctg "A K: (r 2 , ¢ ( r 2)) I = 

= _2_ IT A I K ' ( r , cp ( r )) - K ' ( r , cp ( r )) I < 2 IT A k ' <1 + II cf> II H) I T -r I a 
1'+82 u 1 1 u 2 2 = 1 2 

10 ~ 11 

... 



3nech fJ - HeKoTopoe 'IHCno M9)KJlY TT AK' (r , ¢ (r )) H TT A K' (r ,cp(r )) • 
u I I u 2 2 

AHanorH'IHO oueHHBaeM II -i- II : 

llriiH~2rrAk'(l+II¢IIH), 

0TCIOA8 

II + II ~ II [L '+ TT 
2 A 

2 
K: (t' ¢ ( t)) 

2 r~ I II e -f'<!) II ' 

II y II < 17 + 217 A k ')(1+11¢11 H). 2 -~ 
ll[l+TT 2 A2 K'(t,¢<t)) 1 II< l+ TT 2 A 2 k 0+11 

u = I 

3Ha'IHT, 
I 

11r11 < - 1-PIIrll < p[ l.+Ak'<1+11¢11 )1, 
2rr = 2 H 

I( 

~I 
II e_r II ~ e I Jr II (1 + II r II ) • 

II er<tl II < ellr(l>llc < eiJrll . 
c = = ' 

II _l_ II < [l + TT
2 A 2 k (l + II ¢ II H) ][ L + -21 

p + p A k (1 + Z = I 1 

r<,, r(t2>1 I e llr(t )-r(t)l. ie ~-e = e 1 2 
L x exp [ T p + p A k 

1 
( 1 + II ¢ II H) 1 . 

rne 8- lfHCnO Me)KJlY r (t
1

) H r (t2 ), 

1/<'1>_/<,2>1 <e1Jrll11rll lt~-t ( 
= H 2 

floncTaBnHH nony'leHHhie Bhipa)KeHHH B ( 14), nonyqaeM 

II t < 
1 
> II H ~ e1 ]r II c II r II H ~ e I ]r 11 Jr II , 

-1 
II [ ct> ¢ 1 II ~ l + p A [ k • + k ' (L '+ II¢ IIH)1 [ l + TT 

2 
A 

2 k. (l. + 

II e r II ::: e I Jrll (l + II r II ) . 

TaKHM o6paaoM 1 Jl 
X [ ( 1 + rr 2 A 2k 2 ) ~ + TT 

2 A 2 k k ' (l + II ¢ II ) ][ 1 + .!:._ + p A k 
1 1 H 2 

I, 

I 

II z II < [ (l '+ 17 
2 A 2k 2 

) ~ + 17 
2 A 

2 k k ' ( l + II ¢II )][ 1 + 21 
p + p A k ' (1 + II c,b II H ) 1 X = I I H 

x exp p [1 + 2 A. k ' <L '+ II ¢ IIH ) 1 = N (A, II¢ II 

x exp [ -1- p + p A k' ( L ·+ II¢ II ) . 2 H 

OueHHM Teneph Bhipa)KeHHe 

II ct> ~ ( A, ¢ ) - ct> ~ ( A ' ¢ ) II < I I ct>.: (A' ¢ ) - .ct>.: (A ' ¢ ) II + II ct> 
'I' '1'0 0 ='I' '1'0 ~ 

12 13 

.-

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



Me)l{.[ly rr AK' (r , ¢ (r )) H rr A K' (r -J..(r )) 
u I I u 2 '"~' 2 ' 

Ak'<l+II¢IIH), 

2 1T A k ' )(1 + II ¢ II H ) . 

rll<p[ !.+Ak'<l+ll¢11 )J. 
= 2 H 

el!rctJIIc <ellrll . 
= ' 

le 8 llr(t )-r(t )I, 
I 2 

) Hr(t
2

), 

~ e I W 1111 r II HIt 1 - t 2 ( 

llrllcll r II H:_ellrljlrll' 

< e llrll (1 + II r II ) . 

k1 k'(l +11¢11)][1'+ ~ P+pAk'<l+ll<f.iii)Jx 

p + p A k ' ( l '+ II ¢ II H ) . 

12 

J .. 

I 
'I 
ti 

~I 

Jl 
'• 
I 

AHanorH'IHO oueHHBaeM II -t- II : 

1 . ~ 
II T II·~ II [l'+ rr2A2K: <t,¢<t))2l-lllle-rctJII, 

2 -~ 
ll[l+rr 2 A 2 K~ (t,¢(t))] II~ 1 + rr 2A2k

1 
(l+II¢IIH), 

II e _r II ~ e llr II (1 + II r II ) , 

II+ II ~ [1 + 17
2 

A 
2 
k I (1 + II ¢ II H)][ l + + p + p A k I ( 1 + II¢ II H)] X 

l x exp [ -2 p + p A k (1 + II ¢ II ) J. 
I H 

IloacTasnsu:r nony'leHHbie Bbipa)l{eHHH s ( 14), nonyqaeM 

-I 

II [<I>¢ ] II ~ 1 + p A [ k • + k ' ( l '+ II¢ II H)] [1 + 1T 
2 A 2 k. (l . + II ¢ II H) ] X 

( 15) 

X [ (1 + rr2 A 2k;) ~ + 1T 
2 A 2 k I k ' (l + II ¢ IIH ) ][ 1 + -Y + p A k ' ( 1 + II¢ II H) l 2 

X 

x e xp p [ 1 + 2 A k ' 0 '+ II ¢ IIH ) ] = N (A, II ¢ II H ) . 

OueHHM Tenepb Bbipa)l{eHHe 

II<I>~(A,¢)-<I>~(A ,¢ )ll<ll<I>~(A,¢)--<I>~(A .¢)11+11<I>~(A .¢)-<I>_~(A ,¢)II, 
'I' "1'0 0 ='I' "1'0 "1'0 "1'00 

" 1 3 



rile ¢ , ¢ E Lip [a, b ] ; A, A > 0 . 
o a o 

b K' (r,cp(r)) 
ll<ll¢(A,cp)-<ll¢(A

0
,¢)11= sup II<A-Aa) f h(r)drll < 

llhll=1 a r- t 

<p !A-A i[k +k'<l'+ll¢11 )] 
0 I H l 

bK '(r,cp(r))-K '(r,¢ (r)) 
ll<ll~(A ,¢)- <ll~(A .¢)II= sup IIA f u u h(rMrll< 

'I' 0 'I' 0 0 0 
llhll=1 a r-t 

< p A II K ' ( r, ¢ ( r))- K ' (r, ¢ (r)) II • 
0 u u 0 

l1MeeM 

K'(r,cp(r))-K' (r,¢ (r)=K"(r,~(cp(r),¢ (r)))(cp(r}-¢ (r)) 
u u 0 uu 0 0 

( 16) 

rile BeJIH'IHHa ~ (¢ ( r), ¢ (r) ) 
0 

H8XOilHTC.II Me>KilY cp (r) H cp ( T) 
0 

lloKa>KeM OllHO BCITOMOraTeJlbHOe yTBep>KileHHe. 

fleMM8 0 nycTb cpyHKUH.II g (X ) llB8>Kilbl llH<P<flepeHUHpyeMa H 0 < ffi I < 

<lg "(x) I< m • nycTb 
2 

g(x )-g(x) =g'(f(x ,x )(x -x) 
. I 2 1 2 I 2 

X f X 
I 2 

Torna ~ (x
1 

, x 
2

) HMeeT orpaHH'IeHHhie rrpoHaBOilHbie. 

14 

..-

I 
·- ~ 

lloKaaaTeJibCTBO neMMhi. ByneM paccMaTpHBa~ 

He.IIBHYIO _ cpyHKUH101 orrpeJleJI9HfiYIO H3 ypaBHeHH.II 

<ll(x ,x .~Lg'(~)(x -x )-g(x )+g(x )= 
1 2 I 2 I 2 

TaK KaK ~ = g "(0 (x - X ) ~ 0 IT pH X f X H 
a/; I 2 I 2 

pbiBHbie ITpOH3BOilHbie 

~ = g'(~ ) - g'(x ,), 
a X I 

. -- - g '(~) + g' 
ax 2 

/3/ 
T0 1 COrJI8CHO TeopeMe 0 He.IIBHOl!: cpyHKUHH 1 cyme< 

~ H ___iL • npH 9TOM a x
1 

ax 
2 

a~ g '(x) -g'(~(x x )) 
I I 2 

a X I g"(~(x , " )) (x -x ) 
I 2 I 2 

0TC!Oila 1 Y'IHThiBa.ll ycnoBH.II neMMhi 1 rronyqaeM 

1~1<~ 
a XI ml 

AHanorH<IHO oueHHBaeTC.II ..i!..f. .neMMa noKaaaHa. 
ax 

npHMeH.II.II 9Ty neMMY K ~yHKUHH K ' (r ' ¢ ( T ) 
u 

cpyHKUH.II ~ ( ••• ) H3 ( 16) HMeeT rrpOH3BOilHbie orpa 

k __ 4 - • llanee HMeeM 

k3 

IK';(r .~(cp(r ),¢ (r )))_K"/r .~(cp(r ),~ 
ul I 01 u 2 2 

a 
< k " ( I r - r I + 1·~ ( ¢ ( r ) , ¢ (r ) ) - ~ ( ¢ ( r ) = I 2 I 0) 2 

a k 
<k"[lr -r I + - 4 <I¢ 1r )_cp(r )I+ I¢ ( 

I 2 k I 2 a 
3 

k 
<k"[l + -

4
-<11¢11 +II¢ IIH)Jir-k H a I 

3 

15 



ip a [a, b ] ; A , ,\ 
0 

> 0 . 

b K ' (r,¢ (r)) 
,\ , ¢ ) II = sup II (,\ -A ) f u h ( r) d r II < 

0 0 
llhll=l a r- t 

< P P- A I [k +k'(L'+ 11¢11 )J 
0 I H 

' (,\ , ¢ ) II = sup 

¢ 
0 0 

llhll=l 

bK '(r,<f>(r))_K '(r,¢ (r)) 
II A f u u h(r)drll< 

0 
a T- t 

< p A II K ' ( r, ¢ ( r))- K ' (r, ¢ (r)) II . 
0 u u 0 

(r,¢ (r) = K"(r,~(¢(r),.p (r)}) (<f>(r}-¢ (r)) 
0 uu 0 0 

H8XO/lHTC51 Me>KilY <f> (r) 

BCITOMoraTellbHOe YTBep>K/leHHeo 

H ¢ ( T) 
0 

( 16) 

g (X ) /lB8>K/lhl /lHqxpepeHUHpyeMa H 0 < ffi I < 

- g( X ) = g' ( ~ (X , K )(X -X ) 
2 I 2 I 2 

X ,j X 
I 2 

) HMeeT orpaHH~eHHhle ITpOH3BO/lHhle. 

14 

.,.. 

t 

. 
•' 

AoKaaaTenbCTBO neMMhi. BylleM paccMaTpHBaTb ~ ( x , x o ) KaK 
I .. 

HeHBHyiO. <flyHKUH10 0 onpe/lelleHIIYIO H3 ypaBHeHHH 

ell (X , X , ~ ) = g ' ( ~ }(x -X ) - g (X ) + g (x ) = 0 . 
· I 2 I 2 I 2 

TaK K8K a; = g "(0 (x -X ) f, Q IIpH X f, X H CyllleCTByiOT Herrpe-a s, I 2 I 2 

pb!BHbie IlpOH3BO/lHbie 

a ell _ , <~ ) _ g, ( x ) , ---g . I 

a X I 
~- - g '<0 + g' (x ) , · ax 2 

2 

TO, CornaCHO TeopeMe 0 HeHBHOit 
/3/ 

<flyHKUHH 0 CyllleCTBYIOT ITpOH3BO/lHbie 

~ H _1.L o npH 9TOM 
a x

1 
a X 

2 

a~ 

a x 
I 

g'(x )-g'(~(x x )) 
I I 2 .., 

g"(~(x , " )) (x -x ) 
I 2 I 2 

0TCIO/l8 0 y~HThiB851 YCITOBHH neMMhlo IIOily~aeM 

1~1<~ 
a x

1 
m1 

AHanorH~Ho oueHHBaeTcH __££_ .neMMa llOKa3aHa. ax 
npHMeHHH 9Ty neMMY K ~YHKUHH K ' (r ' ¢ ( T ) ) 

u 
, rrony~aeM, ~To 

<flyHKUHH ~ ( ••• ) H3 ( 16) HMeeT IIpOH3BO/lHbie orpaHH~eHHhie KOHCT8HTOit 

~- • Aanee HMeeM 

k3 

I K 'A2 ( r , ~ ( ¢ ( r ) , ¢ ( r ) )} - K "
2 

( r , ~ ( ¢ ( r ) , ¢ ( r ) ) ) I < 
ul I OJ u 2 2 02 

a 
< k " ( I r - r I + 1·~ ( ¢ ( r ) , ¢ (r }) - ~ ( ¢ ( r ) , ¢ (r ) ) ) I ) < 
= I 2 I O) 2 02 = 

k 
-

4 <I¢ 1r )_<f>(r )I+ 1¢ (rl -¢ (r }IJ< 
k I 2 01 02 = 

3 

a 
<k"[lr -r I + 
= I 2 

<k"[l + 
k4 a 

--<11¢11 +II¢ IIH)Jir -r I k H 0 I 2 
3 

Ji 15 
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I 

TaKHM o6pa30M1 <jlyHKUHSI 

ycnoBHID fbonaepa H 

K "2 ( T ' ~ (cf> ( T) ' cf> ( T ) ) ) 
u 0 

TO*e yaoBneTBOpS!eT 

k 
II K :'2 (r, ~ (cf> (r), ¢ 0 ( r))) II H ~ k" [ll + T (II rfJ II H + II cf> 

0 
II H ) l. 

.3 

KpoMe Toro H3 ycnoBHA TeopeMbi HMeeM 

II K " ( r, ~ (cf> ( r), cf> ( r) )) II < k . 
u2 · 0 C= 2 

noacTaBnSISI nony'leHHYID oueHKY B (16), nonyqaeM 

IlK' <r,.p<r>>- K' (r,cf> <r>> II <II K" 2(r,~<¢<r>.¢ <r>>>ll II¢-¢ II< 
u u 0 = u 0 0= 

k 
< tk +k"[L+--i..<ll¢11 +II¢ II >1111¢-¢ II. 

2 k o H 0 
3 

TaKHM o6pa30M 1 oKOH'IaTenbHO HMeeM 

II ell_;_ L\, ¢ > - <ll _;_ < >. , ¢ > II < p I >. - >. I r k + k , < 1 + II ¢ II > 1 + 
'I' 'I' 0 0 = 0 I H 

k ' 
+p.\ II¢-¢ lllk +k"[l +-~<11¢11 +II¢ II )JI 

0 0 2 k H oH 
8 

( 17) 

=I.\- .\0 I Ml (II cf> IIH) + II¢- ¢0 11M2 (.\0' II ¢0 IIH' II cf> II H). 

HaM noHano6HTCSI eme oueHKa BenH'IHHbi II ell(.\, cf> ) ll.rne cf> E Lipa[a,b], 
0 0 

ell (.\ , cf> ) = 0 . HMeeM 
0 0 

II ell<>., ¢ > II = II ell <>. , ¢ > - ell · <>. , ¢ > II = ell: <~, ¢ > < >. - >. > II < 0 0 0 0 1\ 0 0 

~ I >. - >. o I II ell,\ <~ , ¢ o > II . 

16 

~ 

1:13 (10) nonyqaeM 

b K(r,cf> (r)) 
ell ~ (~, cf> ) : E .;;;> 11 .... - 11 J 0 d r e Lip [ a, b ] 

" o 1 a a T- t 

II ell ,.\ (~ ' cf> 0 ) II ~ p II K ( T' cf> 0 ( T) ) II ~ p [ k 0 + k (1 + II cf> 0 II 

TaKHM o6pa30M, 

llell(A,¢ )1\<pl.\-.\ I [k +k(l +II¢ II >1=1.\-.\ IM (II¢ o o o oH o 3 o 

OpHMeHHM Tenepb TeopeMy o HeSIBHbiX <jlyHKUHSIX K ypaBE 

OycTb npH A=.\ 
0 

> 0 ypaBHeHHe (3) HMeeT pemeHHe cf> 0 (r)• 

OnpeaenHM KOHCTaHTbi 8 H £ cneayiD!llHM o6pa3ol 

'IHM 

M'(I\¢II>=M(ilcf> II +l')=p[k +k'(2+11¢ IIH) 
I OH I 0 H I 0 

M~ (.\ollcf>o 1\H >= M2(.\o' llcf>oiiH' II cf>o IIH + 1') 

k 
=P" I k +k"[ 1+-4 <1 +211¢ II >11. 

0 2 k 0 H 
3 

Toraa 

1 
o = o< >. , II¢ II>= -------------o 0 

2 N ( A , II ¢ II H M , ( II ¢ II > + 2N ( >. , II¢ II > 
0 0 1 0 0 0 

j 17 



K " 2 ( r, ~ (cp (r), cp ( r ) ) ) TO>Ke y.ooBneTBOpHeT 
u 0 

}13 ( 10) nonyqaeM 

k 
)))IIH<k"[ll+-4 <llr/JIIH+II¢ II)]. 

= k 0 H 
3 

b K ( r, ¢ (r)) 
<ll A (~ • ¢ 

0
): E 

1
.;, v -> - v f 0 d T E Lip n [ a, b ] 

a T - t 

l!: TeopeMbi HMeeM II <ll 'A (f,' ¢0 ) II ~ p II K ( T' cp 0 ( T)) II ~ p [ k 0 + k (1 + II cp 0 II H) ]. 

"
2 

( r, f, (cp ( r) , cp ( r) )) II < k . 
u ' 0 C= 2 

TaKHM o6paaoM, 

oueHKY B (16), nonyqaeM 
IJ<Il(A,cp )!!<piA-A ![k +k(l +II¢ II )]=lA-A IM (II¢ IIH). (18) 0 0 0 OH 0 3 0 

( T ) ) II < II K " 2( T ' ~ ( ¢ ( T ) ' ¢ ( T ) ) ) II II ¢ - ¢ II < 
0 = u 0 0 = 

k 
L+--L<II¢11 +II¢ II )Jill¢-¢ II. 

k 0 H 0 
3 

npHMeHHM Tenepb TeopeMy 0 HeHBHbiX <iJyHKUHSIX K ypaBH9HHIO ( 3) • 

nycTb npH A= A 0 > 0 ypaBHeHHe (3) HMeeT pellleHHe ¢0 (r)E Lip a[a,b]. 

TenbHO HMeeM Onpe.oenHM KOHCTSHTbl 8 H cne.oyiOIUHM o6pa3oM: o6o3Ha-

qRM 

A .¢ )II< p lA-A l[k +k'(l + 11¢11 )] + o 0 = 0 I H M'(II¢11)=M(I!¢ II +L')=p[k +k'(2+11¢ IIH)] 
I OH I 0 H I 0 

k ' 
!Ilk +k"[l +-~<11¢11 +II¢ II )Jl 

2 k H 0 H 
a 

( 17) 

M'(A II¢ II )=M
2

(A 0 ,!!¢
0
IIH' II¢ 0 IIH+L') 

2 0 0 H 

( 19) 

IIH) + II¢-¢0 IIM
2

(A 0 ,IIc/> 0 IIH' II¢11H). k 
=pA

0
Ik +k"[ 1+-4 <1+211¢ II)]!. 

2 k 0 H 
3 

erne oueHKa senHqHHbi II <ll (A,¢ ) JJ,r.oe ¢ E Lip a[ a, b], 
0 0 Tor.oa 

eM 
1 

(A ' ¢ ) - <ll '(A ' ¢ ) II = <ll: (f,' ¢ ) (A - A ) II < 0 0 0 1\ 0 0 

8=8(A
0
,1!¢

0
!!)= • 

2 N (A , II ¢ II H M ' ( II ¢ I !) + 2N (A , II¢ II )M ' (A , II ck II ) M <II ¢ I P 1 
0 0 1 0 0 0 2 0 0 3 0 

I A - A Ill <ll ,' (~' ¢ ) II . 
0 1\ 0 

16 ~ 17 
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£=£(.\
0
\\¢

0
\\ )=minll, 

1 
l . 

M'(\1¢ 11+2N(A .1\¢ 1\)M'(A .11¢ \\)M (II</> \\) (20) 
I 0 0 20 0 3 0 

HeTpyJlHO BHJleTb, 'ITO npH T8KOM onpe11e11eHHH 8 H f Bbin011HeHbl 

ycllOBHSI ( 4) H ( 5) TeopeMbl 0 HeSIBHOA cflyHKUHH. neACTBHTellbHO, nyCTb 

\A-A\< 8 
0 

• II </> - </> 
0 

1\ < £ • Tor11a 

II [ 4> :,~.(A '</> ) 1 [ 4> ~ ( .\, </>) - 4> ~ (A '</> ) 111 < 
.,.,.. 0 0 'I' 'I' 0 0 ,.. ' 

~ N (A 
0 

, II </> 
0 

II ) [ 8 M 
1 
(II </>II ) + £ M 

2 
( A

0 , II </>.
0 

II , II </>I\) 1 . 

TaK KaK 

11¢11-11</> 11<11</>-</> 11<£, 
0 = 0 

TO 

11¢11 <II¢ II+£<\!</> II +L'. = 0 = 0 

TorJla 

M (11</>I!)<M (II</> II+ l)=M' <II¢ II), 
I = I 0 1 0 

M 
2

( >.
0 

, II </>a II , II</> II ) ~ M 
2 

( A a, II </> a I\. II </>a II + 1) = M ~ (A a, II</> a II ) • 

18 

I ~ 

~ 

CneJloBaTenbH0 1 

-I 
II [ 4> ~ (A 

0 
• </> 

0
) 1 [ 4> ~ (>., </>)- 4> ~ (>. 

0
, </> 

0 
) 111 ~ 

<N(>. .II¢ II )[8M' <II¢ II)+ fM' <>-.II¢ I 
= 0 0 I 0 20 0 

TaKHM o6pa3oM, ycnoaHe ( 4) BbmonHeHo. AHanorH'IHo np~ 

BHe ( 5). 

l13 TeopeMbi o HeHBHOA cflyHKilHH cneJlyeT, 'ITO npH A 

ypaBHeHHe ( 3) HMeeT peweHHe </> • npH 9TOM II </> - </> 
1 I 

110I'H'IHO nocTpOHM 'IHC118 

A
2
= A

1
+ 8 (A

1
, \\¢

1
\\) 

. .... -.- · ........... . 

An=An-1 +8(\_1,\\</>n-1\\) 

.................... 

H COOTBeTCTBYIOIIlH9 peWeHHSI ypaBH9HHSI ( 3) - </> , . , , , cf. 
2 

STOM 

II¢ 11-11¢·11 <II¢-</> ll<dA. II¢ II) 
2 l= 2 I 1 I 

................................ 

II.¢ 11-11</> 11<11¢ -</> I\<£(A .\I¢ n n-1 = n n-1 n-1 n-1 

. ............................... . 

TaK KaK [ 4> ~ (.\ , ¢) 1- 1 
cymecTayeT npH nto6oM A H 1 

19 



1 
~------------l . 

2N (A , II¢ II ) M ' <A , II ¢ II )M C II ¢ I \) ( 20
) 0 0 20 0 3 0 

TBKOM orrpeneneHHH 8 H E BbiiiOnHeHbl 

0 H9RBHOA ~yHKUHH. neftCTBHTenbHO, IIyCTb 

< ( • Torna 

¢) -<1>¢ (Ao •cPo )]\\ ~-

8 M 
1 

( \\ ¢ \\ ) + c M 2 ( A0 • I\ ¢.0 I\ • II ¢ \\) l . 

\¢ \\<\\¢-¢ 1\<f, 
0 = 0 

I¢ II +c<\\¢ II +L'. 
0 = 0 

M
1
(\\¢ II+ l)=M' (\\¢ \\), 

o I 0 

M 2 (A 0, II ¢ 0\l, II ¢0 II+ l)=M; C\, ll¢0 II). 

18 

~· 

CnenoBaTen&ao, 

-I 

II [ <I>¢ (A 0' ¢ 0) ] [ <I>¢ (A, ¢)- <I>¢ (A 0' ¢0 ) ]\\ :5 

~ N (\ , II¢ 0 II )[ 8 M; <II¢ 0 II ) + c M; <A0, II¢ o I j) 1 ~ + . 
TaKHM o6pa3oM, ycnoBHe ( 4) BbiiiOnHeao. AaanorH"<IHO rrpoBepReTcR ycno

BHe ( 5). 

1-13 TeopeMbi o HeRBHoA ~YHKUHH cnenyeT, "<ITO npH A = A + 8 = A 
1
, 

0 

ypaBHeHHe (3) HMeeT peweaHe ¢ • flpH 9TOM \\ ¢ -¢ II < ( • Ana-
l I 0 = 

nOI'H"<IHO IIOCTpOHM "<IHCna 

A 2= A I+ 8 (A I' II¢, II) 

. ..... · ........ · .... . 
( 21) 

An=An-1 +8{\_,,l\¢n-l\l) 

H COOTBeTCTBYIOUIHe peweHHR ypaBHeHHR (3) - cP , , , , 1 cP , , , , , flpH 
2 n 

9TOM 

II¢ 11-11¢·11 <II¢-¢ 1\<dA, II¢ II) 
2 1= 2 I I I 

( 22) 

1\. cP n I\ - II cP n _ J I ~ II cP n - cP n-l 1\ < E { '\, _ 
1
' II ~ _ 

1 
II }. 

. ............................... . 

TaK KaK [<I>~ (A,¢) ]-
1 

cywecTByeT npH n106oM A H ¢ , To rrocne-

I 

" 
19 



llOBaTenbHOCTb A. 6ecKoaeqaa. TiycTb A ee rrpenen. EciiH A = oo , 
n 

TO ypasaeaHe ( 3) HMeeT perneaHe rrpH mo6oM A. > A. • Tipenrrono>KHM1 
0 

'ITO A < oo • EcnH rrocnenosaTenbHOCTb II cf> II orpaHH'Ieaa , TO H3 ( 20) n . 

H (21) BHllHO, 'ITO 'IHCnaA.n-An-1 =8(/..n-:-l'llcf>n II) orpaHH'IeHbl CHH3Y 

IIOnO>KHTenbHOft KOHCT8HTOft H1 ~H8'1HT1 A. ... oo 
n 1 'ITO IIpOTHBOpe'IHT rrpen-

rrono>KeHHJOo CnenosaTenbao, rrocnenosaTenbHOCTb II cf> II aeorpaHH'l:eaa. n 

Bbi6epeM MOHOTOHHYJO rronrrocnenosaTen:bHOCTb II cf> n II -+ oo cnenyJOmHM 
. m 

o6paaoM: II cf> II= II ¢
1

11 ; ecnH orrpeneneao II cf> n II ,. To 1\¢ II n1 m nm+l 

orrpenenSieM KaK rrepsoe H3 'IHCen II cf> n II c n > n;;; • nnSI KOToporo 

II~ nll~llcf>nmll. 06o3H8'1HM. >.._~-m.= em • II.P,JI =~m 
BHllHO H3 ( 15), ( 18), ( 19) 1 (20), iipH l10CT8TO'IHO 6MbliiHX ffi 

nHBbl HepaBeHCTBa: 

e -e >>.. 
m+l m = nm + l 

- A. > -o + f3 I 4 p k '8 g_ 
n m+ .-1 = e m . m > 

-( 1 + {3) 4 p k 'A~ m 

> e 

~ -~<II¢ 11-11¢ II <II¢ -¢ II< 
m+l · m = nm+ 1 nm+l- 1 = nm+1 nm+l -1 = 

<dA. .II¢ II)< 
nm+l-1 nm+l-1 = 

-(1-{3l2pk'Oo~m+l 
e 

rne {3- rrpoHason:baoe Manoe rrono>KHTen:baoe 'l:Hcno. 

Ma (24) rronyqaeM 

R' e · m+ 1( ~ m+l ~ ~m ) ~ l , , R = (l- f3) 2 p k' e 0 > 0 . 

20 

... 

KaK 

crrpasen-

( 23) 

( 24) 

( 25) 

PaccMoTpHM <jlyHKUHIO e ( x), • orrpeneneaayJO llnSI 

pb!BHO llH<iJ<jlepeHUHpyeMyJ01 MOHOTOHHY101 I1pHHHM8JOlliyio 3H 

rrpH x = m H TaKyJ01 'ITO 

c (~ -~ )<e'<m+p.)<C (~ -e 
I m+J m = ~· 2 m+l m 

1 nnH 0 < fL -< 1 . 3To soaMo>KHo, TaK KaK nocnenosaTen~o 

orpaHH'l:eaa, KaK BHllHO H3 ( 25). MMeeM 

R~ m+l 
e 

R~m R(,+fL) 
-e = R e m eim+p.)<C ReRem+l 

= 2 

0TCIOl18 H H3 (25) rronyqaeM 

1 R e -- ( e m+l Re C R -e m) < 1 
2 = 

Boa:bMeM aepaseacTsa ( 26) rrpH m = 0, ... , n - l · H cnc 

qaeM 

H OTCIOl18 

1 

C R 
2 

Re R e 
(e n_e 0 )<n 

l ( R e 0 R 1 1 e R~ 0 l e <-R In e +C 2 n)=-lnn+-ln(C 2 R+--)<-
n= R R n = R 

21 



A ee rrpeJlen. EcnH A = oo , 

pemeHHe rrpH moooM A > A llpeJliiOnO:lKHM, 
0 

e)loBaTenbHOCTb II¢ II orpaHH'leHa , TO H3 ( 20) 
n . 

cnaAn-\-
1 

=8(An_ 1 .11¢n II) orpaHH'IeHbi CHH3Y 

A ... oo 
n 1 'ITO IlpOTHBOpe'IHT IIpeJl-H1 .3H8'1HT1 

rrocneJloBaTenbHOCTb II ¢ II n 
HeorpaHH'IeHa. 

IIOJliiOCneJlOB8TenbHOCTb II¢ n II ... cne llYIOIIIH M 
m 

; ecnH orrpeJleneHo II ¢ II nm ~TO II¢ II nm+l 
II¢ n II c n > n,;; , JlnSI KOToporo 

03H8'1HM. An = e • II¢ II = ~ 
, m· m :Qrd· m 

( 19), ( 20), rrpH JlOCTaTO'IHO oonbillHX m 

+I 

_A > -o+/31 4pk '8 ~ 
n m+ 1- I= e m . m > 

= 

-( 1 + {3 ) 4 p k ' A ~ m 

> e 

11-llc/>n -lll<llc/>n -cj>n 1 11< 1 m+l = m+l m+l -

, II¢ II)< 
+l-1 nm+l-l = 

-(1-{312pk'8o~m+l 
e 

Hoe Manoe rrono:lKHTenbHoe 'IHCno. 

eM 

<l,, R =(l-{3)2pk'8
0

>0. 

20 

~·-

KaK 

crrpaaeJl-

( 23) 

( 24) 

( 25) 

PaccMoTpHM 4lYHKUH10 ~ ( x), , orrpeJleneHHY10 Jlnsr x ~ 0 , , Herrpe-

pb!BHO JlHcllcllepeHUHpyeMy10, MOHOTOHHY101 IIpHHHM810IIIY10 3Ha'leHHSI ~m 
rrpH x = m H T8KY10t 'ITO 

C (.; -~ )<.;'(m+p.)<C (.; -( 
1 m+ I m = =· 2 m+ I m 

I JlnSI 0 < fl. .< 1 , 3TO B03MO:lKH01 T8K K8K IIOCneJlOBaTenbHOCTb ~ - ~ 
m+l m 

OI'p8HH'IeHa 1 K8K BHJlHO H3 ( 25) • J1MeeM 

R~ m+l 
e 

R(m R(~+fl.l 
-e = R e m (im+p.)<C ReRfm+l 

= 2 
(.; -.; ) . 

0TC10Jl8 H H3 (25) rronyqaeM 

1 R ( --(e m+l R( 
C2R -e m)'S1· 

Bo3bMeM uepaaeucTBa (26) rrpH m=O, ... ,n-1' 

qaeM 

H OTC10Jl8 

1 

C R 
2 

R~ R( 
(e n_e 0 )~n 

m+l m 

( 26) 

H CnO:lKHM HX0 llony-

l R ( 1 R~ 0 1 ( 27) 
.;n~R In (e 0 +C 2 Rn)=tlnn+R In(C 2 R+ ~)~R Inn+ C 3 , 

" 
21 
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rJie 

C 3 = + ln ( C 2 R + 1 ) . 

noJlCT8BmiSI ~ m H3 ( 27) B ( 23) 1 rrony'laeM: 

-R In m - R 

em+l-em~Ae L ~A(m+1) 
1

, 
( 28) 

rJie 

RL=(1+{3)4pk'A-1-=J...tiL_~>O A- -(1+{3!4pk'Ac 3 -:~~ ~Aln(l+~2 R) 
R 1 :.... f3 e ' -e = e ~"-' o ( 29) 

0 

0'1eBHJl.HO R > 1 . TorJia 
l 

-R
1

+1 -Rl +1 . -R1 . _ R 

(m+2) -(m+l) =(-R +l)(m+L '+f!) > (-R +L ') (m+L ') . 
1 

= 1 

0<,.,.<1. 

0TCIOJ18 

- R l 1 -R + I -R + I 

(m + 1 ) > - [ ( m + 1 ) 
1 

- ( m + 2 ) 
1 

] • 

R -1 
I 

Hs (28) H (30) rrony'laeM 

22 

.,. 

(30) 

, 

A -R +1 - R +I 
e -e > -- ((m+l) I -(m+2) I ] • 
m+l m=R-1 

I 

CKnaJihiBaSI .Hepaee.HcTea ( 31) rrpH m = 0,. . . , n - 1 

e - e > 
n 0 

A R _ 1 [ 1 - ( n + 1 ) - R 1 +I 
I J • 

B rrpeJiene rrpH n ... "" HMeeM 

A - e > A 
0 R 1 -1 

noJlCTaBnSISI CIOJ18 A H Rl H3 ( 29) H ycTpeMnSISI {3 ! 

'189M 

A- e > 
0 

e 

2A - --e- In < 1+ 2 c 2 p k 'e 1 
0 0 

2A 

eo 
- 1 

06o3.H8'1HM 
A 

= TJ • TorJia, ecnH 
eo 

e > 8 > 0, H3 ( 32) IIC 
0 

<., - 1 ) ( 2., - 1 ) > c ( c e ) -< 2 ., + I , 
- 4 4 0 ' 

rJie 

C 4 =2C 2 pk'+i-· 

23 



1 ln ( C R + 1 ) . 
2 

B ( 23) 1 II01IY"'89M: 

-R In m - R 1 

L >A(m+l) , ( 28) 

>0,A-e-!l+/3l4pk'Ac _l.!Ji_ 2A - 3 =e l-J30a 1nll+S::2R) ( 29) 

-R 1 . - R 

(-R +l)(m+l"+p.) > (-R +l ') (m+l') 
1 

= 1 

O<p.<1. 

-R +I -R +I 
(m+l) 1 -(m+2) 1 

]. 
(30) 

22 

.... 

A -R +1 - R +I 
8 -8 >--[(m+l) 1 -(m+2) 1 

]. 
m+l m=R- 1 

I 

CKna/lbiBaR HepaBeHCTBa ( 31) rrpH m = 0, . . . , n - 1 

(} -8 > 
n 0 

A R - 1 [ 1 - ( n + 1 ) - R I +I 
I ] • 

B rrpe/lene rrpH n -+ "" HMeeM 

ITo/lcTaBnRR CIO/la 

qaeM 

A- 8 > 
0 

A - 8 > A 
0 R 1 -1 

A H Rl H3 (29) H ycTpeM.1ISISI 

zA - --e;;- ln ( 1+ 2 c 2 p k '(} 01 

e 

2A 

(}0 
- 1 

(31) 

1 II01IY"'89M 

J3 K HY11101 II01Iy-

(32) 

06o3H8"1HM 
A 
(}0 

= TJ • Tor11a, ecnH (} >8 > 0, H3 (32) II01IY"'8eM: 
0 

(33) 
( TJ - 1 )( 2 TJ - 1 ) > C ( C (} ) -( 2 TJ + I I 

- 4 4 0 ' 

r11e 

C 4 =2C 2 pk'+t 
(34) 

~ 
23 



PaccMoTpHM ypaBHeHHe 

- ( 2 7J+ I) 

(7J-L)(27J-1)- C 4 (C 4 e 0 ) = 0. (35) 

Hs (35) nony~aeM 

(
0

= ln(C
4

e
0
)= _ • In (7J-l)(27J-·l) 

27J+1 c 4 

( 36) 

HeTpynHo BHJl9Tb 1 ~To !lJyHKUHSI ( 36) MMeeT rpa4JMK 1 noKasaHHhil!: Ha 

pMc. 1. TaK KaK e 0 > 0 ' TO H3 ( 34) cnenyeT, ~TO '0 = In (C 4 e 0 ) > 0 

H Tenepb H3 pHCo 1 BHJlH0 1 ~TO ypaBH9HH9 (36) 1 COOTB9TCTB9HHO (35) 1 

HM99T 9JlHHCTB9HHOe perueHHe OTHOCHTanbHO 7J H onpenenSieT y6biBa!OlliYIO 

!lJyHKUHIO 7J ( e 0 ) • DpH 9TOM 7J ( e 0) > l. Hs ( 33) cnenyeT, ~TO 

7J > 7J ( e ) . T aK KaK 7J ( e ) y5biBaeT I TO 7J ( e ) < 7J ( 0 ) = 0 0 0 

0TC10Jla H H3 ( 35) cnenyeT, ~TO ecnH c - KOHCTaHTa TaKaSI 1 ~TO 

c 5::27J (o) + l\ TO 

-C 
[7J(e )- 1][2 11 <e )-ll>C (C e) 

5
. 

0 0 = 4' 4 0 

( 37) 

8bJ5epeM KOHCTaHTY C 
5 

TaK
1 
~T05b! OHa yJlOBneTBOpSina eme HepaBeHCTBY 

In ( 8 C 4 ) 
( 38) c 5 > 

ln(l +2C
2
pk'o) 

24 

..-
. . ' I . . I 

H:3 (37), y~HThiBBSI 7J (e 0 ) > 0 1 MMeeM: 

7J < e a) ~ 3 + v L + 8 r 4 (C 4 o ) - c 5 

4 

-C 5 
BBHJlY (38) H (34) HMeeM: 8C4(C4 e 0) < 1 • Pa:: 

6MHOM B ( 39) H orpaHH~HBaSICb nepBb!MH TpeMSI ~neHaMH1 

T.e. 

7J < e ) 
0 

-C 5 -zc 5 
> l +C 4(C 4e

0
) -2C

4
(C 4e

0
) 

1-c 5 -c 5 7J(e
0
)-l > C4 e

0 
[1 

-C5 
-2C 4(C 4e

0
) l 

TaK KaK 

3 I- C 5 -C 5 - C 5 

>TC4 eo =C6eo 

7J > 7J ( e 0 ) ' TO 

1 
-C 

7J- >C e 5 

6 0 

- C 5 +I 
A-e 0 >C 6 e 0 

HTaK, Mhi noKasanM, ~To ecnH ypaBHeHMe ( 3) MMeeT 

npH A = e 0 ' "'to OHO HMeeT perueHMe npH Be ex A ; A 0 

• - C +I 
a, B ~aCTHOCTH, npH A = e + c e 5 = e I* • DpMMeH 

0 6 0 

TaT eme pa3 C e * BMeCTO e a 1 nony~aeM0 ~TO- ypaBH 
I 

C 
-C +I 

pellleHHe npH A= e * + e * 5 = e-* H T.Jl. Tat 
I 6 I 2 

nony~aeM BospacTaJOlliYIO nocnenoBaTenbHOCTb 

25 



- ( 27)+ I ) 

C 4 (C 4 e
0

) =0. (35) 

21) + 1 

In (7)- 1 )(27)-l) 

c 4 

(36) 

'ITO QJYHKUH.s:I ( 36) HMeeT rpacpHK, IIOK838HHb!l!: Ha 

0 ' TO H3 ( 34) cneayeT, 'ITO ( =In (C e ) > 0 
0 4 0 

0 'ITO ypaBHeHHe (36), COOTBeTCTBeHHO (35), 

OTHOCHTeJlbHO 1) H orrpeaen.s:IeT yobiBaiOmyiO 

1) <e 0 ) > l. 11a (33) cneayeT, 'ITo 

1) ( e ) YObiBaeT • TO 1) ( e ) < 1) ( 0 ) 
0 0 

cneayeT, 'ITO ecnH c - KOHCT8HT8 T8K8.1'1 0 'ITO 

TO 

-C 
H27J<e >-ll >C (C e > 5

• 
0 = 4 4 0 

( 37) 

TaK, 'ITOOhl OHa YllOBJleTBOp.s:Ina eme HepaBeHCTBY 

> 
ln(8C

4
) 

(38) 
ln(l +2C

2
pk'o) 

24 

.,-: 

11.3 ( 37), Y'IHTb!B8.1'1 1) ( e 
0 

) > 0 , HMeeM: 

1) < e > > 3 + v L + 8 c (C e > - c 
. 0 = 4 4 5 

4 

(39) 

-C 5 
BBHJJ.y (38) H (34) HMeeM: 8C4(C4 e 0) < 1 • Pa3BHBa.s:I B PHil 

OHHOM B ( 39) H orpaHH'IHB8.1'1Cb rrepBb!MH TpeM.s:I 'IJleHaMH
0 

IIOJlylfaeM 

T.e. 

II pH 

!)<eo)> 
-c 5 -2c

5 +C 4 (C
4
e

0
) -2C

4
(C

4
e

0
) 

1) < e o > - l > c 4' - c 5 e ~ c 5 [ 1 -C5 
-2C

4
(C

4
e

0
) l > 

Tax KaK 

3 I-Cs -C5 -c5 

>TC4 eo =C6eo 

1) > 1) ( 0 0 ) ' TO 

- c 5 
1)-1>C 6 0 0 

- C 5 +I A-e 0 >C 6 e
0 

11TaK, Mbl llOK838JlH 0 'ITO. ecnH ypaBHeHHe ( 3) HMeeT pellieHHe 

A = e 0 ' ·-to OHO HMeeT pemeHHe II pH Be ex A ; A 0 < A < A 
• -C

5
+1 

H, B 'i8CTHOCTH, IIpH A= eo+ c6 eo = e~ 
ITpHMeH.s:I.s:I aToT peaynb-

TaT erne pa3 C 0 * BMeCTO e 0 , IIOJly'iaeM, 'ITO. ypaBHeHHe HMeeT I 

C -C +I 
pemeHHe II pH A = e * + e * 5 = 0-* 

I 6 I 2 H T.a. TaxHM o6paaoM, 

rrony'IaeM BoapacTaiO.myiO rrocneaoBaTenbHOCTb 

~ 

25 



0* 
m +I 

= 0 * 
m 

+ C 0*-Cs+l 
6 m • 

(40) 

TipH STOM yp8BHeHHe (3) HMeeT pellleHHe npH nlOOOM A, MeH&llieM 

HeKoToporo 0 * . Ha ( 40) HMeeM 
m 

0* c 5- I ( 0* - 0 * ) = C 
(41) 

m m +) m 

Paccy*naR aHanorH'IHO To My, KaK Mhi sTo nenaeM nnR nocneno-

saTen&HOCTH ~ H COOTHOllleHHSI (26) 1 nony'IHM 
.m 

c c c -1 
0 5-0* 5>C c 0* 5 (0* -0* 

m+l m = 5 7 m m+l m c5c7 cs= c8' 

rne c 7 '.c 8 - KOHCT8HThi. CyMMHPYR nocnenHHe HepaBeHCTBa, nony-

qaeM 

cs 
0* > ( 0 + C n) 

n = 0 8 
cs 

3TO nOK8abJB8eT1 'ITO 0 * paCTeT Heorp8HH'IeHHO. 
n 

HTaK, Mhi noKaaanH 1 'ITO ecnH ypaBHeHHe ( 1) HMeeT pemeHHe Ha 

Lip a [ a,b l npH A = A 0 > 0 , To OHO HMeeT pemeHHe Ha Lip a [a,b 

npH mooOM .\>Ao • Cy.IIJeCTBOB8HHe pemeHHSI ypaBHeHHSI ( 1) nnR M8Jlh!X aHa'le
/1/ 

HHtl: A noKaaaHo B • TeopeMa 2 noKaaaHa. 
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+(6*-Cs+l 
6 m • 

( 40) 
0 * 

m 

nMeeT pellleHHe rrpH mo6oM A , M9HbllleM 

* - 0* ) = c ( 41) 

m +I m 

KaK Mbi aTo nenaeM nnR rrocneno-

lll9HHSI ( 26) 1 II011Y'IHM 

c -l 
5 (0* -0* c ,c7 c 6 cs , m+l m 

TaHTbi, CyMMHPYSI rrocnenHne HepaBeHCTBa 1 rrony-

c, 
0 +C

8
n) 

0 
Cs 

* pacTeT HeorpaHH'I9HHO, 
n 

1 'ITO 9C11H ypaBH9HHe (1) HM99T pe!IIeHHe H3 

To oHo HMeeT pellleHne na Lip a [a,b 

BaHHe pe!IIeHHSI ypaBH9HHSI ( 1) nnSI M811b!X 3Ha'le

eopeMa 2 noKaaaHa, 
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