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B aToll 38MeTKe npHBOJlHTC!I JlOK838TenbCTBO aaanHTH'IHOCTH peweHH!I o6biKHOaeaao

re AH~epeauHanbHoro ypaaaeHH!I BToporo nop!!JlKB 

y"•y-~ ( I) 
:r• 

B OKpeCTHOCTH CHHryn!lpHOlt TO'IKH x=O 0 y JlOBneTBOp!!!OWero ycnOBH!IM 

(2) 

3aecb q > 0 - aewecTaeaaoe, a - HCKOM!;llt napaMeTp 3BJlB'IH ( I) - ( 2) 0 

Kpaeaa11 38Jl8'18 (1)-(2) acTpeqaeTC!I a aenHaellaoA noneaoll TeopHH npH H3y'<eHHH 

B38HMOJleliCTBH!I 3neMeHT8pHbiX '18CTHU H B TeOpHH !!Jlp8, .ilOK838TenbCTBO CylUeCTBOBBHH!I 

nono>KHTenbHbiX p eweaHll aToll Kpaesoll 38JlH'IH an11 aeKOToporo HHTepsana 3HB'IeHH A q 

JlHHO B pa6oTe
111

0 noK838HO, 'ITO peweHHe, yaosneTBOp!I!OlUee ycnOBH!IM (I)- (2), !IBn!l

eTC!I peweHHeM 38JlH'IH KowH 

y(O) = 0, y'(O) =a 1 a > 11 (3 ) 

Toeo napaMeTp a Mo>K e T 6biTb Bbi6paH HY>KHbiM o6p830M o Haxo>KJleHHe peweHull 3aaa-

'IH (I)- (2) 'IHCneHHbiMH Me~oaaMJ< CB!I38HO c HeKOTOpbiMH TpyJlHOCT!IMH H3-38 He!ICHOCTH 

fiOBeJleHJ<!I peweHHli B OKpeCTHOCTH OC06olt TO'IKH X= 0 • TaK, o.a.HH H3 aoaMO}KHbiX 

anropHTMOB '!HcneaHoro peweHH!I 38Jl8 '1H (I)- (2) H aaxo>KJleHH!I napaMeTpa a , npH

aeaeaabilt a pa6oTe 
121

, npeanonarae.T npeacTaaneaHe peweHH!I a OKpecTHOCTH TO'IKH 

x = 0 CTeneHHhiM pst.O.OM. HeKOTOphre 3KCnepHMeHTBnbHbJe Hccne.aosaHHSI aToro son poe a, 

JlBHHbie B pa6oTe/
2

/ 1 He MOryT cny>KHTb HC'!epnbiBB!OlUHM JlOK838TenbCTBOM 38KOHHOCTH 

TaKoro npe.acTaaneHHH. 

3.necb npHsonHTCst MeTo.n nocnenosaTenhHbiX npHt5nH>K9HHA, Hansuowtdtcg BH.O.OH3Me-

HeHHeM MeTOJlB nHK8p8 H n03BOn!I!OlUHli JlOK838Tb CylUeCTBOB8HHe H 8H8nHTH'IHOCTb pewe

HH!I 38Jl8'1H Kowu BHJlB (3) ypaaHeHH!I (I). Ha ocaoaaaHH pe3ynbT8TOB pa60Tb/
11 

caolt

CTBO aaanHTH'IHOCTH nepeaeceao H aa peweHHe Kpaesoll 38Jl8'1H (I )-(2). 3aMeTHM, 'ITO 

cywecTaosaaue peweHJ<!I 38Jl8'1J< K owH MO>KeT 6biTb nony'leao KBK cneacTaHe 6onee o6-

WHX TeopeM, npJ<aeaeHHbiX a pa6oTe
131 

0 CneayeT TBK>Ke OTMeTHTb, 'ITO npHaeaeHHbie 

a.aecb MeTo.Obi npKMeHHMbi .anH .aoKaaaTenbcTsa aaanHTlPIHOCTR peweHHSI aa.a.attH KowH 

CHCTeMbl JlBYX ypaaHeHHlt BTOpOrO nop!!JlKB B OKpeCTHOCT.H 
qi-t 

y '~ .., .-..m...L_ 

t m 

=y 
2 

2 

(y, -y,) 
x• 

3 

J:= Oo 



yi(O) = (\ y
2

(0)=0, r; (0) =ai, r; · (O) = a
2

, x~O 

3necb 

q>O, ~;:_1, ~),1, --.!L_~__!_z_, O~a < a. 
m k m m 1

- 2 
2 % 1 2 

npenc TBBHM ypaaHeHHe (I) B BHne HOpManbHOl! CHCTeMbl nayx ypaBHeHH R nepaoro 

nofl'lnKa: 

dyi = y = I ( r • Y I' y 2)' --- 2 I 
dr 

c 3anaqel! K owu 

q+-I 
dy2 = y - --4- G I ( " y ,y ) • 
--1 q 212 
dx r 

(4) 

r
1 

(0) = 0 , y /OJ G a , r:: 0, a :: 1 , (5) 

HenocpencTBeHHOe rrpHMeHeHKe MeTona nuKapa
14 1 

nJISI nOK838TenbCTB8 cyweCTBo-

BBHKSI peWeHHSI (4)- {5) B OKpeCTHOCTH CHHryn!lpHOll TO'IKH I • 0 H9B03MO>KHO , 

llOCKOUbKY B nro60M runepHHTepaane, conep>KBLUeM TO 'IKy ( X • 0, y =0), npBBble 'IBCTH 

CHCTeMbl ( 4) He y noaneTBOpSI!OT ycnOBHSIM KUBCCH'IeCKOll TeOpeMbl, noaTOMY llOCTpOeHHe 

nocnenoaaTen bHbtX npu6nu>KeHHll 6yneT naHo a o6naCTH "yrnoaoro• Tuna. 

PaccMOTPHM o6naCTh D , onpeneneHHyro HepaaeHCTBBMK 

0 ~ r ~ 15, r -~ yi~ a>r (6) l <y<a, 
- 2-

3necb 15 -nocTaTO'IHO Manoe nono>K HTe nbHOe '!Reno, 3 HB'IeHHe KOToporo 6yneT onpene

n eHo HH>Ke, noKa>KeM Terrepb, 'ITO npH HeKOTOpOM noorrpeneneHHH tPYHKUHH li 1 i • J;J. 1 

H3 (4) 6ynyT ynoaneTaop!!Tb a D yCUOBHSIM KUBCCH'!eCKOll TeopeMbl nuKapa, Cf>yHKUHSI 

1
1 
(r.r,.r

2
)- Y

2 

nepeMeHHbtM yi 

Henpepb!BHB B D H HMe9T H en p ep"biBHbi9 qaCTHbi9 npOH3BO.aHb19 no 

H Y2· 

.!...!.L: 0. 
a ri 

a 1, = 1. 

a r
2 

noaTOMy II orpaHH'IeHa a 3BMKHyToR o6nacTH D H ynoaneTBOp!!eT y c n oBHSIM ltnnwn-

U8 OTHOCHT9nbH O n e peM 9 HHbiX y H y 
I 2 

I II ( x, yi ,y2) I $. a , 
( 7) 

l l(x. r. r>-l(r. r.i>l= lr -r l<l r - r l + l r -il 
1 1 2 1 1 2 2 2-1 1 2 2 

0 THOCH TeJlbHO tPYHKUHH 1
2 

(:X. y I'y 
2 

) 38 Me TH M, 'ITO ee rrp enen 110 n!060MY Ha npaan e-

HI·HO, ne)l{aW.eMy a D , npH x .. 0 

Henpepb!BHOCTH 12(r,yi,y2) 

H y -+ 0 
. I 

npH X= 0 

Hen pepbiBHOCT b /
2 

B 3 BMKHyToll o6naCTH 

p aaeu Hynro . noa ToMy, noonpenenna no 

n o n O}I{ H B 1
2
(0,0,y

2
)=0, rrony'IHM 

D 

0Tctona rr o n y qaeM o rpBHH'IeHHOCTb tPYHKUHH B D • 

4 



I t I = I r - r ql-
11 x • I ~ I r . I + I r'+ 1 I r • I « 

2 J · J I 1 ~ 

~ I a r I + I a ql-l r I ~ a 8 ( 1 +a • ) • 

(8) 

qTo6&r noKaaaTb, 'ITO f
2 

yaoeneTeopsteT a D yCnOBHIO nHnJ.llHUB, OTMeTHM 

¢yHKUHst 

B OTKpb!TOR o6naCTH d 

f 
2 

0 < % <8 

HMeeT Henpepb!BHb!e 'IBCTH b!e npOH3BOJlHb!e no y I 

1 ~ y
2 

:5 a , 

H y 
2 

npH'IeM · ~~ 0 Henpep&rBHa H a D • <t>yHKUHIO !..!.,..._ a r = 0 He npepblBHb! M 
a1. a r 

o6paaoM Ltoon~eaenHTb Henb3st, TBK KBK npeaen cPYHKUHH ~o HanpaeneHHIO {F , ne>Ka-

meMy a D , aaestcHT oT yrnoaoro KoacjJcjJH uHeHTa HanpaeneHHst. 

lim ~ - 1 - p q ( q + 11 • 
...o a~ 

r, •pr 

OaHaKo a CHny B&r6opa o6mlcTH 'yrnoeoro• THna npH x c 0 eceraa y - 0 
I 

Toro. ~ 
a r 

l 

Y'IHTb!BBH 

BbznonHeHo 

orpBHH'IeHa B OTKpb!TOR o6naCTH d no a6c on~THOR eenH'IHHe 

• 
1~ 1 = 1 1 -( q+ l) _L,_ l < 1 + a 0 ( q + l) = L. 
a yl · r• 2 

B blll.I9C K83 8HHOe , MO)KH Q C.Ll e naTb B biBO.Q 1 'ITO 80 eceA o 6 n aC T H 

I t ( z. r , r J- t (., 'i, Y' J I~ L Cl r - r- I +I r -; I J, 
212 212 2112 2 

ecnH npH aaHHOM r a Ha'l eHHst y
1 

r, , y
1 

y 
2 

npHHaane>KaT o6n ac TH D 

KpoM e 

D 6yaeT 

( 9 ) 

CneaoeaTenbHO, a o6nacTH D cPYHKUHH !
1 

, f 
2 

Henpep&rBHbr, orpaHH'IeH&r H yaoeneTeo-

pstiOT ycnOBHIO nHnwHua OTHOCHTenbHO y I H Y2. . • BeeaeM o6oaHa'leH Hst 

U = mar I a, a 8 ( 1 + a •) l 1 L = L 
2

• ( 10) 

nepeRae.d Tenepb . K nocTpoeHHIO nocneaoeaTenbH&rx npH6nH>KeHHR no MeToay flstKa-

pa a o6nacTH D • PaccMOTpHM CHCTeMy HHTerpanbHbrx ypaeHeHHR THna BonbTeppa, cooT

eeTCTBYIOWfiO llHcPcPepeHI(HBnbHoA CHCTeMe (4) C 3BJlB'IeR (5). 

y(r)=jy(t)dt; y(r)=a+j[y(t)-.L1fl_] dt . ( lt) 
I 2 2 I t q 

PeweHHe aToA gHCTeMb!, KOTopoe sten~eTcst peweHHeM aaaa'IH KowH (5) anst 

CHCTeMb! (4), 6yaeM HBXOJlHTb MeTOLlOM nocneaoeaTenbHb!X npH6nH>KeHHA no cjJOpMynaM 

Y -o,· 
1,0 

y 
2,0 

=a; 

' . 
y -Jy (t)dt; 

1, m+t 
0 

2,m 

' ql-q 

y = a + 
2t m+t 

J [ Jt,.,(t)-~ 
0 t • 

5 

( 12) 

] .dt; 



~ 

m = 0, .1. 2, •••• 
noKB)f{eM CHB'Iena, 'ITO ecnH .llOn)f{HbiM o6pB30M B_bl6paTb 8 , TO nocne.aoaaTenbHbie 

npH6nK)f{eHHst mo6oro nopst.aKa 6y.ayT HBXO.llHTbCst B o6nacTH D • JlellcTBI!TenbHO, npH6nH

)f{eHHst nepaoro nopst.aKa 

r. =a:r. y •a r ,1· :1,1 

ne)f{aT a o6nacTH D npe.anonO)f{HM, 'ITO :i>THM CBOJICTBOM o6nB.llBIOT np1!6nH)f{eHH<t nopstn-

KB m II .llOKB)f{eM, 'ITO m + 1 - e npH6nH)f{eHHSI T8K)f{e OCTBIOTCSI B o6naCTII D , l-13 

npe.anono)f{eHHst 

1 ~ r. ~ a 
2im · 

O'leBH.llHbiM o6pa3oM cne.ayeT 

z~y ~az. 
1, m+l 

Jln<t y cnpaae.anHBa cne.ayiOlllBst oueHKa: 

2, m+ 1 

y =a+f y 
2, m+l t,m 

q-1-1 

(f) df- J Y, m (f) df > 

nocKonbKY f r1,., 

0 
t q 

q-1-1 q-1-1 
>a- f _a __ t q+t 2 

dt=a-a ~ 
- 0 t q 

(t) dt :;:. 0, y .:;:ax 
l,m 

r2, m+1 

o+l 
?a-a 

2 
X 

2 

2 
• l-13 ycnoaHst 

> 1 

nony'laeM rpaHHUY 8 He3BBHCHMOJI nepeMeHHOJI X 

8 =v 2(a-l) 
ao+1 

C .llpyroJI ~TOpOHbl, 

X q 

y =a+f ll-(~J) }y (t)dt <a, 
2, m + J f t,m 

T8K K8K 

1 - [ Y1 ., ( x) l q .:;: 11 ' 
X 

'ITO cne.ayeT H3 

Yt ,m ~ x. 

TaKHM o6pa3oM, noKaaaHo, 'ITO npH6nH)f{eHHSI m + 1 -ro nopst.aKa npHHa.ane)f{aT 

( 13) 

o6nacTH D npH .aon)f{HOM Bbi6ope rpaHHUbi 8 , KOTOpbill He 3BBHCHT OT m • TeM 

CBMbiM .aoKa3aHo, 'ITO np1!6nl!)f{eHHst n106oro nopst.aKa ne)f{BT B o6nacTH D • 0TMeTHM ewe 

Henpepb!BHOCTb nocne.llOBBTenbHbiX npH6nH)f{eHHJI, KOTOpB<t TBK)f{e nerKO .llOKB3biBBeTCSI 

MeTO.llOM HH.llYKUHH, Jlanee .llnSI o6naCTH D npHMeHHMbl MeTO.llbl KHBCCH'IeCKOJI TeopeMbl 

nHKBpB (c"'/ 41 
), KOTOpbie .llOKB3biBBIOT pBBHOMepHyiO CXO.llHMOCTb nocne.llOBBTeHbHOCTeJI 

npH6nH)f{eHHll B o6nacTH D K e.aHHCTBeHHOMY peweHHIO HHTerpanbHOll CHCTeMbi (II). 

l-13 aToll cxeMbi .llOKa3aTenbCTBB MLI aocnpoH3Be.aeM TOnbKO MB)f{OpaHTHbill pSI.ll .anSI ¢yuK-

UHOH8nbHOrO pR!l8 1 tf8CTH"''Hbi9 cyMMbl K'JTOporo p8BHbi COOTBeTCTBYIOlUHM noc ne.aoaaTenb
HbiM np116HH)f{eHHSIM 

6 



y +[ y -y l+ •.• +[ y -y 1+ ·-· 
I, 0 I , I I , e f,m f,r..•l 

- 1, ~ 

( 14) 

nn!l K 8>K.llOrO 'ln9H8 :i;TOrO p!i.ll8 Cflp8B9.llnHB8 OU9 HK8 

I y - y I<_ ( 2L,..-
1 

M ill ~ ( 2L t•l M 8 
1•• 1••·1 m! m! 

( 15) 

TaKH M o6p aaoM, pH.n ( 14) M8>KOpHpye TcH 'IHc noablM pH.llOM 

m• t m 

lr I + I (2LJ M_li _, 
1,0 m= t m 

( 16) 

CXO.ll !IWHMC !I fl O n p H3H 8 KY nanaM6ep~, 3TH cP8KTbi 6y.nyT HCnOnb30B8 Hbl B .ll8nbHeftWHX 

p accy>K.n e HHHX. CymecTBOB8HH e pe w eHHH aa.n8'1H KowH (3) .nnH .nncj:lcj:lepeHuHanbHoro yp8a-

HeHH!I ( I ) B OKpe CTH OC TH CHHrynHpHOll TO'IKH :r~ 0 .0.0K838HO. 

noK8>K9 M T enepb n p e.nC T8B HMOC Tb peweHH!I 38.08'1!1 K o wH ( 5) C HCTe M bl ( 4) CTenen-

Hbi M p!i.llOM n o u e n bJM C T e n e H!IM :1 8 H 9 KOTOpoll OKpeCTHOCTH CHHrynHpHOll TO'IKH :r= 0 . 

P 8CC M OTpHM nocn e .noa 8Te nbH bi e npH6 nH>K9HHH, n o ny'l8eMbie no p eKypeHTH biM cj:lopMyn8M ( 12). 

y a ax 
1,1 

y =a 
2,1 

y = a :r -
1,4 

y 
2 •• 

a+~ 
2 

P 8CCMOTp H M 

a(a" - 1l y = a :r Yl,, =a x -
1,2 

, 
.J' a(a0 - 1) 2 a(a4 .:. n y ~ a - :r y 

2,2 2! 2,J 

:r 

4 • 
x 2 - a(a"-ll x •f t [a+ a ( a -1) 

4! 3! 

f 
0 

.... a-
2! 

q.j- 1 

t
2 I dt I . 

npeo6paayeM 9 TOT HH T erp a n c n e .nyJOWH M o 6p830M : 

, 
X I 

:r2 

( 1'Z ) 

f 
3 ! 

q+l 

t 
2 
I dt = -.,.--,;;--

1
-
1
:-:-:---:-:-

2n(a" - 1)( q ~ 2) 
{[a+ a(a" - 1) xlq+~J +21 . 

3! 

B cao10 o'lepe.nb i 

[a+ a (a q- 1) 

3! 

~ q+2 -!. 2 ( q 
x '] = a' ' [1 + a-1) 

.3! 
X ( 18) 

npaaa" '1 8CT b ( !8 ) p aan araeT C" B 6 HH OM H 8 nbH blll P".ll no '1 9 TH bl M C T e n e H"M :r • c x o 

.ll"lUHl!C " npH .ll0CT8TO'IHO M8nbiX 3 H8 '19HH"X X • r p 8 HHU8 npOMe>KyTK8 C XO.llHMOCTH Onpe.ne· 

n HeTCH He paeeHCTBO M 

7 



a
0
-1 x 2 J < l. I -3-,-

TaKHM oopaaoM, 'ieTaepToe npH6nH>KeHHe H3 ( 17) HMeeT cneay10mee npeacTaane-

HHe: 

Yl,4 
-= ax- a(a

0
-IJ 

3! 

, 
X' r,,4 = l: 

n-O 

2n 
a x 

#,<In a3,4,0• a ' (20) 

npH'ieM y npeJlCTBBn!leTCSI nonHHOMOM, COJl ep>K BLUHM He'ieTHbie CTeneHH X , a 
1,4 

y - pSIJlOM, COJlep>KBLUHM TOnbKO 'ieTHble CTeneHH lt H CXOJllllURMCSI B npoMe>KyTKe 2,4 

paaHyca R , onpeaen!leMoro H3 ( 19). J.1a peKyppeHTHbiX cpopMyn ( 12) ner~to BHJleTb, 
4 

'-iTO fiSITOe npHOnH>KeHKe npeJlCTBBHMO CTeneHHbiMH p!!Jl8MH, CXOJllllUHMHCSI B TOM >Ke npo-

M:e>KyTxe, 'iTO H p!!Jl an11 y 
2,4 

• .LJ.eACTBRTenbHO, H3 (12), y'iKTbiBBSI ( 20), nony'iaeM 

'' - J l: y a 
l,S 

n ~o '·"·" 

Y 'J ,S 
= I ~" a 

2 ,s,n 
n=o 

2n 
~ 2n+l t dt - 1: X = I 

n=o 2n + 1 

a = a = a, z,s,o 2 ,s,o 

-o 

a 
z,s," 

ll 
I,S, n 

a 
2 1 <1 ,n 

lt 

2n+l 
, 

(21) 

nocKOnbKy PBJlHyc CXOJlHMOC'rH CTeneHHoro Pl1Jl8 n pH no'ineHHOM KHTerpHpOBBHHR He 

HapywaeTCSI, TO R = R 
• 

npeanonO>KHM, 'iTO npHOnH>KeHHe nop!!JlKB 
m ( m > 5) npeacTaBn!leTcg CTeneHHbl-

MH PliJl BMH, cxOJllllURMHCSI a HeKoTopoM npoMe>KyTKe paaHyca R, 

- ! 
zn+t 

T'''"' 
a ;:: , 

t,m,n 
n• 0 

a = a t,m,O 2,ar,O 

J.1 a ( 12) nony'iaeM: 

. .. 
7z, .n+t • f I 

0-
a 

2.' 1 m 1 n 

~" t dt 

P11a {23) CXOJlHTCH a HHTe paane paaHyca 'R 

HbiX PliJlOB. 

·' 

PaccMoTpH M Tenepb Bhipa>K e HHe y 
2,ar+J 

y • a+ f y (t) dt- J 2, ar+ l l,rn 
0 0 

• a + J I a t2n+l . 
dt- J 

0 n = O 
I,m,n 

n 

8 

y - I a 
l,m 

n= 0 
2••,n 

• a 

I a 2rt+1 
n-o t,m+l,n X i 

'" lt , 
( 22 ) 

a g a . 
l,m+fi ; O (23) 

., np Teope Me 00 HHTerpHpOBBHHH CTeneH-

e+t 
Y, ( t) dt= 

t• .. 
[I a 2n+l Jo+l t 
0 cg l,m,n 

t. 
dt 

(24) 

.! 

,·I 
) 



nepBbii! HHTei"'pan B ( 24) npellCTBBHM CTeneHHbiM p>tllOM UO qeTHbiM CTeneH>tM 

Tepsane pallHyca R • 06oauaqHM BTOpoll HHTer'pan s (24) I 
m m+l 

K npeo6paayeM ef'o 

cneayiOLUKM o6paaoM: 

m+t 
=f t [ 

2n 
t I a 

1 ,m,n 

3BKOHHO<;.,Tb 3TOI"'O npeo6p830B8HH>I ( T,e. aeneHK>I CXOll>tlUef'OC>I p>tll8 H8 . t ) oqeBKllH8, 

P>tll I a,,.,,n x>n CXOllHTCSI s TOM >Ke KHTepsane, qTo K p>tll, CTO>ILUKI! a noa-

«=O 
biHTe r'pBnbHOM Bblp8>KeHKK. JlellCTBKTeUbHO, OH CXOllKTC>I npH X= 0 • npellUOllO>KeHKe 

0 p8CXOaHMOCTH B TQqKe i" ( 0 < I X I < R npHBOaHT K npOTHBOpeqH~ 1 T8K K8K 

TOI"'ll8 p8CXOllKllC>I 6bi p>tll 

i" I y2n I 
_2n+J 

a a X 

n= 0 
J,m,n l,m,n 

n=o 

.Llanee, 

<TTl 

=~ f [ l +I 
a 2n <rf-l 

dt
2 (25) I.,.._, t , m.o t 1 

2 ""'' a 
l,m,O 

QqeBKllHD, qTo nposeaeHHbie npeo6paaosaHH>I ( BhJqKTBHKe K3 cxoll>tll.lef'oc>t p>taa 

qKcna K noqneHHOe aeneHKe H8 qHCno) He K3MeHKllK pBllKYCB CXOllKMOCTK CTeneHHOf'O 

pHlla, CTOHLUef'o s (25). TaKKM o6paaoM, pHll 

f 
m+J 

CXOllHTC>I B KHTepsane p8llKYC8 

B (25) npellC TBBn>teTC>I B HeKOTOpOI! OKpeCTHOCTH ToqKK X = 0 

CTBHTenbHO, ¢YHKUK>I 

CTeneHHbiM p>tllOM. Jlel!-

<rf-1 

¢(y)=(1+y) 
(27) 

paa naf' a eTCSI a 6HHOMHBnbHbii! p>tll, CXOll>llllKI!CSI npH I y I< 1 • C llPYI"'Dil CTopoHbi, 

f 
m+I 

( x) s HHTepsane paaHyca npe.nc TBBRMa cxo.O.SilUHMCSI cTeneHHbiM pstll.OM 

(26), 8 T8 K K8K - Henpepb1BH 8 >1 ¢YHKUHSI H fm+I (0)=0 , TO MO>KHO BbilleUHTb 

HHTe p s a n p a aHyca 

B HH T e p san e p8llHyca R m+l 

no S T Oll T eopeMe1 ¢ yH K UH>I 

( R m+l .:;: R "') B K OTOpOM 6 ya e T B biUOnH e Bo 

I fm + l ( x) < L (2 8) 

/5/ 
c npa e e.O.nHB 8 T90peM8 0 fl O.UC T8HOB K 9 C Ten e H HbiX pSt.D.OB 

¢ [ I m+ t ( :r) 1 = [ 1 + I 
a 

I.m.n (29) 
n = l a 

l,m,D 

p aan a f'aeTCH s HHTe psa ne p a aHyca R 
m+l 

s C XOllSilllHllc H c T e neHHol! pHll. 0TC IOlla He-

noc peD.CTB€HHO cne.a.yeT, YT O HHTer r9n I 
m+ I 

p aan a ['8eTCSI B HHTepsane p 8 llHyca R m+ I 
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B CXO.lllll.UHI!C!! CTeneHHOI! p!!.ll flO 'IBTHbiM CTBflBH!IM X , Cne.O.OB8TBUbHO, H8MH .llOK838HO, 

'ITO UpH6UH>KBHHB UOp!!.llK8 m+ 1 T8K>KB npe.O.CT8BHMO CTBUBHHbiMH p!!.ll8MH BH.ll8 : 

y I 
1, m+l 

·~· 

:>n+l 
a :r 

l,m+l,n 
y = I a 

2,m+J n=O 2,ar+I,n 

a = a =a . l,m+t,o 2,m+t,o · 

'" :r, (30) 

3TH p!!.llbl CXO.ll!!TC!I B HHTepaane pa.o.Hyca Rm+l , co.nep>Kai.UeM CH Hryn!!pHyJO To•uy :r = 0 . 

no HH.llyKURH 3TO YTBep>K.llBHHe pacnpocTp8H!IBTC!I H8 ace npH6nH>KBHH!I, m=6,7,... • Pa

.llRYCbl cxo.O.HMOCT,H p!!.llOB (30) .nn11 .nayx nocne.noaaTenbHbiX 3H&'IBHHII m CB!I38Hbl ue-

p8BBHCTBOM 

R < R 
m+l 

noK&>K B M TBUBpb, 'ITO, H8'{HH8!1 C H BKOTOpOrO m 

(31) 

H .nn11 acex nocne.nyJOLUHX B ( 31) 

!5y.O:eT BblflOUH!ITbCII TO'I!fOB p8BBHCTBO, T,e,, H8'1HH8!1 C HBKOTOporo npH6UH>KBHH!I, pa.o.HyC 

cxo.O.HMOCTr< p!!.llOB 6y.neT nocTO!IHHbiM, OTUH'IHbiM OT uyn!l. P11.0. (26) B nonyHHTepeane 

[ 0, Rm) npe.O.CT8BU!IBT ¢YHKUHIO 

m+l 
(x)~ __L_ 

a 
l, m, 0 

~ 
X 

(32) - 1 . 

.LloKa)KeM, 'ITO npH m .. oo nocne.noaaTenbHOCTb ( 32) paeuoMepH o CXO.llHTC!I B D . 

nn!l 3TOrO .ll0CT8TO'IHO UOK838Tb paBHOMBpHyiO CXO.llHMOCTb B o6n&CTH 

TBUbHOCTH ¢YHKUHII 

o/1 m ( x) = Y1 m ( x} 
X ' 

m ~ 1, 2, "'· 

D nocne.noea-

¢>yHKUHH 1/J m ( :r) uenpepblBH bl B oTpeaKe [ 0, [) ] H 1/J .. (0} =a • PaccMoTpHM ¢ yuKuH-

OH8UbHblll p!!.ll 

"', +["' - 1/J l + .. , 
1 

+ [., -"' l + m m-1 
(33) 

Ka>K.llblll qneu 3TOro p!!.o.a - uenpepblBH8!1 ¢YHKUH!I no x B [ 0, S] . . 06LUHA qneH 

p!!.ll 8 MO>KHO OUBHHTb, HCnOUb3y!l OUBHKY ( 15), 

m•l 

I o/1.,- 1/J.,., l=lk 
m•l m-1 

(x}- r,, .. _fx) I < (2L) M _x_ ~ (?L) AI 
x ~ m! .... 

TaKHM o6paaoM, ¢YHKUHouanbHbljl p11.n ( 33) Ma>KopHpyeTC!I 'IHCnoBbiM p!!.llOM 

... , 
a+I(2L) .11 .. ~, 

s'· -z 
rr! 

m•l 
[) 

m! 

KOTOpblll CXO.llHTC!I no UpH3H&Ky nanaM6epa. 3TOT ¢aKT K .ll0K83bl88BT paBHOMBpHyiO-

CXO.llHMOCTb UOCUB,llOB8TOUbHOCTH ( 32) B 0Tp93KB ( (4 {) ] , npe.nenbH8!1 ¢yHKUH!I I (~ 

Henpepb1BH8 B ( 0, {)j H f(O} =0 , no3TOMy MO>KHO Bbl.llBUHTb nonyHHTBpBan (0, t ) 1 
< 

B KOTOpOM 

I I (~ I < 1- < , (34) 
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rne • > O LIOeT8TO'IHO Mano. C Lipyrol! C:TOpOHhi, no onpeneneHKIO p8SHOMepHOl! eXOL!K-

MoeTK noenenosaTenbHOeTH lm ( x} , nnH n106oro > 0 H8liLieTeH T8KOe m , "'TO 
0 

LlllH seex m 2 m
0 

( x) I< < (35) 

Lin!! seex x .[ O, o ] A T8K K8K 

I I m ( x) 1-1 f ( x) I < I I m ( x) - I ( x) I < < , 

TO K3 noenenHero HepaseHeTsa 11 (34) enenyeT 

I m ( x} I < < + I f ( 10} I .< 1 (36) 

.onsr acex m > m
0 

H X 113 nonyHHTepsana [ 0, r < ) • 

Bbi5epeM Tenepb pan11ye exonKMOeTH np115mnKeHKA enenyiO!UHM o6pa3oM, 3ananHMeH 

'IKenoM c > 0 • HaAneM m
0 

, TaKoe, 'IT06bi Lin H. seex m > m 5hinO SbinOnHeHo ( 35). 
- 0 

C npyroll eTopoHbi, ShiLienKM nonyHHTepsan [ 0, r, ) , s KOTopoM SbinOnHeHo (34). Torna 

nony'IHM, 'ITO Ll/1!1 seex m ·> m0 H :x < [ 0, r < ) 

noenenosaTenbHoe npH6nll}l{eHHe nopHLIKa npe.O.CTBBnHeTCH CXO.OHllUfMHCSl CTerTeH-

HbiMH p!!Ll8MR S HeKOTOpOl! OKpeeTHOeTH TO'IKH X~ 0 

R =min I Rm , r I, 
0 ( 

[ 0. Rm ) , Een11 Tenepb S3S!Tb 

0 

(37) 

TO see np1161111}1{9HHSI 6onee SbieOKHX nopSIL!KOS npeLieTBS/ISIIOTeSI eTeneHHbiMH pSILI8MH S OK-

peCTHOCTH T01.fKH I•0 [ 0, R) Jlel!eTBHTe/lbHO, npH611H~HIIe nopSILIK8 npen-

eTasnHeTeSI eTeneHHbiMH pRLIBMII s nonyiiHTepsane [ 0, R} • KaK 6biilO noKa3aH o , HHTep-

san, S KOTOpoM npH6/1H}I{eHHe nopSILIK8 m0 + 1 

/IS!eTeSI HepaseHeTBOM 

npeneTaBHMO eTeneHHbiM pHL!OM, onpene-

I t 
m + 1 

0 

( x) I < 1. 

3To HepaseHeTBO 6yneT BbmonHeHo s nonyHHTepsane [ 0 ' · R) , T.e. np116/1K}I{ e HIIe nopHLIKa 

m + 1 
0 

T8K}I{e npeneTaBHMO exoLIHlllHMIIeSI pRLIBMII B nonyHHTepsane [ 0, R ). TaKKM 

o5pa3oM, enpasenn11so enenyiO!llee yTsep}I{L!9HHe. 

neMM8. noenenosaTe/lbHbie npH5/1H}I{9HHSI, noeTpOeHHbie no M9TOLIY nHKapa s o6naeTH D, 

MO}I{HO npel'.e TasHTb eTeneHH biMH PRLIBMH ( 30) B nonyHHTepsane [ 0, R), 'R > 0 . PSI Lib! 

( 30) exOLIHTeR a6eoniOTHO 11 pasHoMepHo SHYTPII HHTepsana exonHMoeTH npH 1 x 1 < R • 

BseneM Tenepb sMeeTo x KOMnlleKeHyiO nepeMeHHyiO z • CTeneHH bie pRLihl (30) 

e neAcTsHTe/lbHhiMH K03cPcPIIUHeHT8MII 6ynyT T8K}I{e pasHOMepHo exoLIHTbCSI s Kpyre I zl <R 

(eM, /5/) . CnenosaTenbHO , rioenenosaTenbHOeTII ¢YHKUHA ( z) 11 .v ( z) eeTb 
Yt.m 2

1
m 

nocnenosaTenbHOeTH ronoMop,PHhiX ,PyHKUHA s Kpyre I •I < R • PasHO MepHaH exOLIIIMOeTb 

f I 



9THX nocnenoaaTenbHOCTeA BHyTpH TOro >Ke xpyra ycTaHaBnHaaeTCH no npH3Haxy BeAep-

WTpacca npH IlOMOWH MB>KOpBHTHOro puna (15). no9TOMY npHMeHHMB TeopeMa B eAepillTpac-
/6/ 

ca o nocnenoaaTenbHOCTR ronoMopcpHbiX cpyHKUHA (eM. ). 

EcnH 3anaHa nocnenoaaTenbHOCTb cpyHKUHA 

l 7 
l,m 

( • J I . I r:: I 1 21 m 1::1: 1,2, .... 

ronoMopcpHbiX a o6nacTH D II z I <R I , H ecnH 3T8 nocne,QOB8TenbHOCTb CXO.OHTCSI -paBHOMepHo BHyTpH D , TO cpyHKUHSI 

TBK>Ke ronoMopcpHa B D 

CTBHTenbHOA OCR. 

y 
1 

( z} = lim Y,,,. ( z)' i = 1,2, _.., 
3TOT pe3ynbT8T MO>KHO c<f>OpMynHpOB8Tb npHMe HHTenbHO K nell-

TeopeMa. PeweHHe 3ana'IH KowH (5) CHcTeMbi (4) MO>KeT 6biTb npenc TaaneHo 

B OKpeCTHOCTH TO'IKH J1. = Q cxonHillHMCII CTeneHHbiM pnnoM. nocxonbKy peilleHHe xpae-

aoA 3ana'IH (I)- (2) "KBHBaneHTHO peilleHHIO 3ana'IH (I) - ( 3), TO noxa3aHa aHanHTH'I-

HOCTb peweHHH 3ana'IH (2) nnn ypaaHeHHH (I) B oxpeCTHOCTH CHHrynRpHoA TO 'I Kit Jt.= 0 . 

B 3aKniO'IeHHe aaTop 6naroaapHT E.n. )f(Haxoaa 3a npeano>KeHHYIO npo6neMy H pyxo

BOJlCTso pa6oToA H B.n. WHpHKoaa 3a none3Hbie coaeTbi. 
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