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B ·1961 ro.11y B onaoll ua pa60T no Teopnn !IJlpa TaKaxamn
111 

» CBSI3B c B3}"ieHneM 

CTPYKTYJlbl !lllPB ny!Uloua paccMOTPen ypa»aeung 

( V ~ + t ) cp =·2M f V ¢ 

npn ycnoann {¢*¢ d3 ~ =·1· 

3neCJ. V 2 - nannaC)I8H, </>- KOMllllOKCH8li BOIIHOBSII ljlyHKilBli HYKllOH8 1 V - .!lOIICTBHTOllb-

null noT9Hllnan Meaona, M - Macca ny!Ulona, I'· - Mace a Meaona, f- KOHCT8HT8 B3811Mo-

neiiCTBHli MelKJly MeaonoM u nyMonoM n t = 2ME , rne E - co6cTsenaaSI sueprng nyKno-

na, Ecnn IJOIIonnnTen»no npennonOlK\tTI>, 'ITO t =-·!1 2 
, cp =·k V k*k=2M 1 TO IIOllY'IBM 

ypasnenne nng V 

, MOJKHO ynpocTHTb ypaaueuue nnli V 

-2 - ~ 
( V -l.)V =.V npH ycnOBHH 

npn yCIIOBHH cljlepH'IOCKOII CHMMOTpBH All !I V 1 CTpOM!IWOrOCH K nymo llpH r =· 1i·1 .. 00 1 

HMOOM ypa»HOHBO: 
- -2 

V" + _1_ V'- V - V = · 0, 
r 

Ecnn ue y'lnTb!BaTb nocnenuee ycnoaue cagau KOHCTaHT n cnenaTb aaMeuy uepeMeH-

H:LIX r=x , To nony'laeM Kpaeayro aana'IY 

y"+ ~'- y +y~.o. x >-0 
X 

y'(O) =0, 0 <y(ll) < 00 • y(oo')=O. 

noCKOllbKY peWOl!Hli ypaBHOl!Hli ( 1) l!O MOryT BMOTb OTpHll8TOllbHI>IX MHHHMyMOB1 

(1) 

(2) 

38,1:l0'10 ( 1)- (2) HO MOlKOT HMOTI> pemeHBII C HYJIIIMH B HHTOpBane 0 < X < 00 
, npennona-

/2/ 
ran, 'ITO oua nMeeT nonOJKHTOllbHOe pemeune B aToM BHTepaane, CaulK nocTpoun p!IJl, 

CXOA!IWKIICll, 110 ero npeAll0l10lKOIIH101 BClOAY B HHTepsane 0 < X <oo K YK830IIIIOMY peme-

HBlOo CnulK yKaaan 311a'leHHe y (0) , cooTaeTCTByromee pemeunro aana'In ( 1)- (2), Cyme

CTBOHHbiM llpO!lllOllOlKOHHOM 61>Jnri llpO/tllOllOlKOIIHO 0 OllHHCTBOHIIOCTH IIOIIOlKHTOllbiiOrO pOWOIIBSl 

aana'Ill ( 1)- (2), XOTH noKaaaTb sTo ue ynanocb, 

CTPoroe noKa3aTellbCTBO paapemBMOCTH aana'IB (1)-(2) n 6onee o6mell Kpaeaoll 

38A8'IH 
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y" + -t y'- y +"f=O, x 2: 0, 1<n <'4 

y'(O) = 0, O<y(O)< oo , y(oo) = 0 

(3) 

(4) 

/3,4,5,6/ 0 . 6wno 118HO a p8oOT8X • nH8Ko aonpoc o ennncTaennocTn nono~nTenQnwx pemeHHl! 

STHX 38118'1 OCTaB8nC>I OTKpb!TbiM, 

/4/ HeX8pH OTM9'l8n
1 

'ITO IIOK838T9nhCTBO 911HHCTB9HHOCTH T8KHX pemeHHl! A8*9 B cny-

'189 38118'lH (1)- (2) K8lK9TC>! CnOJKHWM1 XOT>11 no-BHIIHMOMY1 ST8 9AHHCTB9HHOCTb HM9eT 

MeCTO. 

PemeHHIO aToro oonpoc8 n nocamuen8 118HH8>1 p8oOT8, 

0TMeTHM, 'ITO aan8'l8 (3)-(4) no3HHKn8 anepawe B pa6oT8X no nennnel!nol! Teopnn 

/7/-/10/ non>I, a 'l8CTnocTn , n aaMeH>Inac& nnorn8 axanaaneTnol! xpaeaol! 38A8'lel! 

'1"-~ '1 _,_!L_ , x ::: 0, 1 < n < 4 
xn·l 

{5) 

7]{0)=0, 7]'{0)=a.> 0,' '1 (oo) =0 , (6) 

ecnn '1 ( x) = x • y (x) • 

1. YK8~eM, npe*Ae ncero, aeKOTOpbte caoficTBa nono~nTen&nwx pemennl! '7 =·7] (x) 
141 

aana'!H (5)- {6). Kax nox8aano n paoOTe , '1 =·7] ( x) nonJKHo ynoaneTaop>IT& nennael!ao-
2 

MY HHTerpanhHOMY ypaBH9HHIO C >InpOM - <jlyHKIIH9l! fpnua onepaTOp8 _d_ - 1 H8 nony-
dx2 

llp>!MOfi: 
00 

7] (X) 
X 

=·e·x { t
1
"" sh t !]n(t) dt +:sh X { t 1•n.;t 7]0 (t) dt. 

0 

Tioxaa8HO TaK:>Ke, 'ITO cymecTByeT nnTerpan 
00 

1-n n 
A = { t sh t '7 (t) dt. 

TiepennmeM (7) Tax : 0 

00 1 ~ 
!](X) =A e·x -[ { t ·ne.x sh t ~(t) dt - f.t 

0
e"' sh x 7]

0
(t) dt J 

X 00 X 

= A e·X - r t~0 sh ( t-x) 7] 0 (t)dt. 

CneAOBaTen&no, 0::;: 'l(x)<Ae"x nn>I acex x > 0. 

HTaK, ex !](x)<A • Bw'!HcnnM nponaaonnyiO OT ex '1 (x) 

~(ex!](x)) 
dx 

~ [ A - eX r t 1-n sh ( t- X ) '1 °( t) dt l •= 
dx 

=-·ex 7l-nsh(t-x) 7] 0 (t)dt + exft
1
"

0
ch(t-x) 7]

0
(t)dt= 

=e2x (l-ne-•7] 0 (t) dt =·¢(x) >.0. 

4 

(7) 

··~ "• . ......_-..,.,., 

Kax nnnao, ex '1 ( x) noapacTaeT co apeMeneM MOHOTOHHo, ocTana>ICh Men& me A 

T,e. cymecTayeT lim ex'l (x)= C • 0TciOna annno, KCTaTn, 'ITO ¢ (x)-+ 0 -
Onnaxo 

_!.(ex'! (x)) =ex[~'{x)+!](x)] .. .j>(x). 
dx · 

npH X_. oo • 

0TCIOII8 ex !]'·(x) =·¢(x)- ex'l (x) • nn>I OOnhmHX X HM99M '7 '(X)< 0 1 HOSTOMY 

n npn ¢ .. o 

Eonee TO'IHO: 

ex I q'(x) I= e~ (x)- cp(x)< e x'l (x)< A 
naJKe lim. ex I !]'(x)l = C , noo ex '7 ( x)-+ C npn x-+ oo 

~x-+00 

0 <I ~· { x) I < A e-x. 

lim ex '1 ( x) =. C 'S. A , - lim exl ~'(x) I ;..c 'S. A. 
X..oo 

• 0TCIOna 

(8) 

Ooooma>I ToJKnec;no Hexapn, npnaenenaoe HM nn>I n =·5 , nony'!HM nn>I nonoJKnTenhHhiX 

pemennl! aanaqn {5)- (6) cneb.yiOmee cooTHomeane: 

6 X X 
71

5 D 

[x7]'2-'7'7'+~] =f(2x7]'-7]}{7]+XT- x:!-1) dx 
X xO xO 

6 
2 '1 

=·lx '1 + "3x3 
2 

n+1 

'1 n+l 

--;n=r-
l X- 2 r [ 2 - 5 -Q 'ln+l 

X 7] -- l d 
o xo 2(n+l) ;-;;:t x • 

0KOH'l8T9nhHO 

, 2 , 2 2 )']:n+' x x 2 5-n Tfn-1 
(-•X 7] + Tf7] + X!] --- ---J<= 2 f 7] ( 1- -- -- } o 

n+ 1 xn-2 xo xo 2(n+q) xn·l {9) 

Ecnn x0 =-0 X =·oo 1 TO neaa~ 'l8CTh p8B9HCTB8 B cnny HafineHHOi! SCHMHTOTHKH nn>I 

!](x) n !]'Vx) OopamaeTC>I B Hynh, 

X 

0Tnomenne '1 
X 

MOHOTOHHO yohiB89T BIIOnh !]=fi(X) OT a no Hyng C pOCTOM 

OT 0 no oo • B caMoM nene, noxa Tf=·!](x) ocTaeTC>I Bhtme np>IMOfi '7=x 
/3/ . .. 

{xax owno noxaaano a paooTe , nn>I aa11a'IH {5)-(6) acerna a>.l ), nMeeM 71'~< 0 

n cnny ypaaneHH>I ( 5), H KpHBa>I '7 = '7 ( x) oopamena awnyxnoCThiO aaepx. Tiocne nepe-

ceqenng np>IMOli 7]=·X B H9KOTOpoli TO'!Ke x
1 

KpHB8>1 l]=!](x) BhlnyKna BHH3 1 

TaK xax '7" .>.0 ,11 o6gaana MOHOTOHHo yownaT&, Ecnn obi aTo owno ae Tax, xpnB8H 
' - !](x) 

!]=·!](X) B H9KOTOpoi\ TO'!Ke X=·X 2 BHOBh nepeCeKn8 Ohl np>IMYIO !]=·X, 7] (x)=·--
- - 131 <1> 

B H9KOTOpOJ! TO'lK9 X , Xt < X < X 2, ll K8K ObinO ll0K838HO B paooTe , 7]= 7] (x)> ~ X 
X 

Ill! >I BC9X X :>:x , 'ITO aeao3MOJKHO nn>I pemeHH>I Kp8eaol! aanaqn, CnenonaTen&ao, 

7]=1J(x) HMeeT BHn, noxaaaHHhtfi na pHC, 1. B '!8CTHOCTn, 'l'(x 1 )<0 H8 HpHMOfi !]=X 

floCKOllhKY ~~ >:0 npH paCCM8TpHB89MbiX D 1 TO nn>I HeUpOTHBOp9'lHBOCTH 
2(n+:l) 5-n n 1 

p8BeHCTBa {9) neooxonnMo noTpe6oaaT&, 'lTOohi 1---- a·< 0 , rne a =·1'>'{0). 
2(n+l) • 

HT8K, nns ycT8Hoanenns xonn'leCTBa nono:>KnTen&HhiX pemeanll aa11a'In·· (5)- (6) nocTaTO'lHO 
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paCCMOTpeTb iiHllib Te pemeHJHI ypaBHeHll£1 (5), 1'/ (0)=0 rf'( 0) =a Ail£! KOTOpblX 

a>[ _1._ ID-! (10) 

II , 11peAITOiiOJKHM Tenepb 1 'ITO q=·71 1(x) H q=q 2 (x) - ABll ITOiiOlKHTenbHblX pemeHH:st 

Kp89BOJ! 38A8'1H (5)-(6), npHXOAi!WHe H8 ITpi!MyiO 71=·X B TO'IK8X X=·X 1 H X=·X 2 

COOTBeTCTBeHH01 x2> x 1 1 npnqeM 

71~ (x2) > 1'/: (xt) • 171' (x)l <l71'(x} I 
2 2 I I ( 11) 

B CHiiY 38M9'18HllR 1 C.ttenaHHOrO BblWe 1'/; ( x1) < 0 .tliiR i =·1,2 • • npoBe.tteM 'lepe3 TO'IKY 

(x1 ,q 1(x1)) ropH30HT8ilb 1'/=Ct=·l'/l(xl) • nyCTb >7
1
=·71 2(x) nepeceKSeT 9Ty ropll30HTilnb X 

B TO'lKe 'X= x
3 

, B cnny npe.ttiTOiiOlKeHHR ( 1}) H ITOiiOlKHTenbHOCTB 1'/; (x ) Ail£! X > X 2 

TeM 6onee 
1'/; (xa) > 71'1 (x;l) • 

Cne.ttonaTeilbHO, 1'/' ·I > '1' I a uexoTopoll oxpecTnocTn nnlKe 
2 1'/ = o I 71=-o 

ropuaonTailn 1'/ =·CI 
a I, Onnaxo ana'lenng npon BO.ttHhiX 1'/1 ua III06oll 1'1 = ell ua Taxux ropnaouTanel! Bbi'IHCiln-

IOTCR ITO ¢opMYii8M (i = 1,2) : 

3.tteCb 71' 
I 

7J' I = q' I 
I 1'/1= o2 I 'l="1 

02 ,, 

+{_I'll_ 

01 7]; 
~ 
d X 

0TCIO.tta noily'laeM: 

d7J =71; 

01 ,, 

I +f ~L 
71, =·o1 o2 11'1; I 

d7J • 

'·I -
1'/2 ~=o2 

01 , 01 , 

1'1; I =I'/; 1,
1 

-71' I +[f ~ dq- f__!!l_ d71 I 
1'1,="2 2= 0 1 I I'll= 0 1 0 171'2 I 0 171' I 

2 2 I 

Oanaxo ua ropuaouTangx paccMaTpnaaeMol! oKpecTnocTn 

n.l n-1 
, I 

1'/ 2 1'/2=· 
=·1'/ [ 1 - ~ I > 1'/" I = 'I [ t - .!1;.1 I 

2 . X'" 1'/ll= 0 I I'/ I= 0 I . X I'/ I= o 

(12) 

.B cnny Toro, 'ITO x ~=·o > x ~=..,Ami a6cnncc nepeceqeHHR KpHBbiMH 1'/ =·7J
1
(x) n 71=·77

2
(x) 

ropnaouTann 1'/ =·c , Cne.ttonaTJm,no, . 

'1" __:.a_ 

I~; I 
> __!G_ 

I'll; I 
ua ropnaouTangx I'J =· c • 

3na'lnT 1 paanOCTb nuTerpaili>B B BhlpmKeunn (12) noilOlKHTenbna, l1TaK1 

'II' I -'1' I > 11' I - 1'/' I > o 
2 1'/i' c2 I 1')1= c2 2 71i'ol I 'II= "I 

n paauoc·rh sTa pacTeT, Koraa c 
2

-+ 0 O.ttnaKO B CHiiY COOTlTOJlleHll.i! (8) llMaeM 

A e-xl'\ = o2 • 
I 

OTKyna .xI - x 
7]2= 0 2 

Ho· B TaKoM cny'lae 

I'( I _ .. 
11'/=o .. fn..!J!!- 0

2 
I 2 2 

npn c 2-+ 0 (X->"" ). 

6 

i.) 
I 
J./ 
' 

t 
~ 

, .. __ .. 

. •X 1'1--o -xl71 =-o ·xl A -xl'l =·o I'll'- '1' I .. Ae 2-2 -A e t 2 .. A2e 71t=c2_1 -Ate t 2 =·0. 
2 I 1'1="2 2 I All 

TaM C8MblM Mbl npnmnn K npOTBBOpe'UII01 npe.ttiTOiiOlKHB (11), T,e, COOTHOWeHHe 'l'{x)~l'/'(x) 
2 :( I I 

H9B03MOlKHO Ail£! liOiiOlKIITenbHbiX pemeHIIJ! KpaeBOlt 38A8'lll (5) - ( 6), 

Ecnn Mbl noxalKeM, 'ITO Boo6me .ttaa pemenun sa.tta'ln Komn I') =·'1 1(x) n 1'/ =·7J 2 (x) 

1'/; (O)=a 2, a 1 >[ 2(n+~~npnxonHT 
5-n 

ypaBB9HHH 
, 7]n 

71 ='1-~TaKHe'ITO I'/;(O)=a1 a 

na 6ucceKTpncy '1=· x B T.O'IK8X Xt H X 2 C00TB9TCTB9BB01 x 2 > x 1 1 TaK 'ITO 'l;(xJ>I'/; (x1), 

. TO STO 6yneT SKBilB8ii9BTHO YTB9plKlt9HIIIO 0 eJlBHCT59BBOCTil liOiiOlKHT9ilbBblX pemeHHlt sana-

'Ill (5)- (6). 

nycTb Ail.!! onpeAenenHOCTB a I> a 2 • CAenaeM npeo6pa30BaHne 

y
1 
(x) =·q

1 
(x) -x (i= 1,2), 

npnqeM BCIOAY B A8ilbBelimeM paCCMOTpUM Cily'lafi n = 2 

y" + y .3L =· 0 
I I x 

y" + y ....!l..a =· 0 • 
2 2 X 

3Tn ypanueuun MolKuo T8KlKa aanncaTb n nnne: 

yl +y(1+.!..!..) 
I X 

0 

y 2, + y2 ( 1 + .2:JL ) = 0. 
X 

KpoMe Toro, 

Y2 
( yl - y 2 ) , + ( y - y ) [1 + ..J'l.. + 

I 2 X X 

• TorAa 

I·= o • 

(13) 

(14) 

(15) 

CpanHBBa.H ypanuenne (15) c KalKnhiM na ypaauennll (13) u (14), y6elKltaeMC.H1 B cnny 

UOiiOlKHTeilbHOCTII ~ 
X 

OCR X 1 'ITO pa3HOCTb 

nniloTb no nepnoro nocile x =· 0 nepeceqeJin.H ¢ynKnnnMil y
1 

( x) 

(y1 - y
2 

) o6pamaeTC.H n eynh no sTHx nepece'lenall, 3To oanaqaeT, 

'ITO '1 =·1'1
1 

(x)n 1'/ =· 1'1
2 

(x) nepecexaroTC.H no ·Kpalluell Mepe onnalKltbi no npHxona ua np.H-

MYIO 1'/ =·X B HeKOTOpOJ! 'I'O'IKe X~ , TaK00 'ITO x
0 

< x
1 

, · x
0 

< x
2 

, 1'/ 1 (x) -l'/
2
(x)>0An.H 

O< x < x
0 

• Koa¢¢HnaeiiT npH y1 - y2 n ypaaneBHn ( 15) MOlKHO onenHTb: 

l+J.L+...I:J_=..2l...Jt...!l.a-1 <a 1+a
2
-l, 

X X X X 

UOSTOMy, Cp8BIIIIB85! ypaBHeHUe ( 15) C ypanueBHeM 

z"+ z ( a 1 +:a 2 - 1) =·0, 

nony'laeM oneHKY nnH x 
0 

: 

0'19BH.ttH01 

xo>~ 
yat + a!l""l 

'I I ( xJ = 1'/ 2 ( xo) • I'J; (xo) > 71 't (xo) • 

z (OJ 0 • 

Y 1 (xo )=·y a(xo)' y'a(xo) > Y;· (xo) • 

EcnH Mbl noKalKeM, 'ITO nocnennae uepaneiiCT»O nocTHraeTC.II nocTaTO'IHO 6nnaxo K TO'IKSM 

x 1 ll X 
3 

ll Be ycneaaeT napymiiTbCH B!IllOTb no STHX TO'IeK, STO ll 6yneT 03H8'18Tb 1 'ITO 
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'7; (x 2) > '7; (x
1
). 

npenDOJIOlKBM, BanpBMep, on'O 

'i' ( IT ) < 0, i =·1, 2 
1 va,+:a2-·1 

(16) 

BnH 'ITO TO JKe 

'7'· (. "· ) < 1 • 
1 •J:a 1+ a 2- 1 

(17) 

TeM !Sonee y; ( x0 ) < 0 , '\' ( x0) < 1 • 

nposeneM q;epea TO'I:KY (x0, •y1 (x0)) ropB30HT81Ib y=·c0 ,' c0 =·y1(x0 )=·y2(xr)• B TO'I:Ke 

nepeCeqeBBII KpBBbiX Y =·y
1
(x) B y = y2(x) BblnonBII9TCII HepaB9HCTBO y;· >:y;·. no HE!-

npepbiBBOCTB OBO aepBO B B H9KOTOpol! OKpeCTBOCTH B03ne Y =· CO • npennonolKHM, 'ITO 

uso uapymunoc& Ba HeKoTopoli: ropuaosTann y =. c 
1 

, npu'l:eM (eM. puc. 2) 

Y; I =·y' I 
y =-c 1 y ='0 

2 I I 1 

y' I <y' I • IY' I 
2 y2='0 1 )=o ·.2 y2=·o 

>IY/ I 
Yl =·o 

nnH HeKOTOpol! OKpeCTHOCTB ropH30HTanel! y =· C HBlKe y =· c,. 

HMeeM a TaKOM cnyq;ae 

o n OJ I., I 
y' I =y' I + f,..l.Ldy =y' I - f ..llJ._L dy 

' v ='0 ' v =-o y' ' v =·o o I Y' I . 
1 1 I o1 I I I 1 

B cnny ypasseJinl! (13) u (14) nMeeM 

I y" I = y [ 1+ 2L I 
I y=-o l X y ='0 

1 1 

c < c,. 

B TSKOM cny'l:ae 

-y'·l =·-·[f'yp+p> dy _f'O+ffi-0> 
I y = 0 I y' I I y , I 

1 0 2 0 1 

dy I . y' I 
2 v

2
=-o 

Ha xaJKnoll ropuaosTann HBlKe y c 1 B YKA38HHOl! 0Kp9CTHOCTB no npeanonolK9BH10 

IY; I >IY; I , 8 T8K}K9 

y (1+~) <y (1 + _!..L.) 
2 x(y2) t x(y,) 

BCneaCTBHe TOro, 'ITO X (y2 ) > x(y1) • B TSKOM cnyqae pa3HOCTb BHTerpanoB B KBSapa'!'o' 

HbiX CK05Kax nocnensero paseHCTBa oTpunaTen&sa. 0Tcroaa 

y; l.y,;. 0 

2 

y .,. >y'l , 
2 y=-o 1 y=o 

2 I 

IY; I <ly' 1 
y=-o 1 2 y=·o 

I 

-y; I >b, 
yl=-o 

B Mbl npumnu K npOTBBOpe'IHlO, 

JloxalKeM Tenep& cnpaaeanusocT& sepasescTBS ( 17) ann nro5ol! napbl '7='1 (x}, ·'7='7 (x), 
' .• . . .1 2 

'7;<o).:..a, u '7;·(0)=a2 • J1n11 aToro nocTaTO'IHO aoKaaaT& ero B cnyqae, xoraa 

8 

a1 =·a2 +:«~. , · C<l << 1 n He 38BHCKT OT a , T,e, np8KTB'l9CKH oneBIITb '7;·( IT ), 

y:2a
1

-o 1 
Bocnon&ayeMCH ana aToll nenB annapaTOM :aepXRllx npB5IIJilKeBBll K npoaaaoanbiM pemeBBl! 

'7 =· '7
1 
(x) ypaBBemlH " 

'7'~- =·'7 -• __!4..:.., '7 (0) =·0 , '7' (0) =-a· • 
I J xn·l I . I I 

Mbi BMeeM '7'~- + '7 [ (...!IL_ f"' -1 I •=JJ,!l!.<a1 so SCIIKOM cnyqae no x =·x , TO'IKH nepeceq;e-
• 1 X X . 1 

HBil c !SnccexTpucol! '7 =· x cjlyHKHBB '7 =·'7
1 

( x) , CpasHBaaa ypasseune nna '7
1 

( x) c pe-

meBBeM 3MS'IB 
z;' + z

1 
( ar I_, 1 ) =· 0 1 z. (0) =· 0'' z;-(o) cal 

Ill/ 
no TeopeMe o qucnenllOM cpasseHBH (TpuxoMH , rn. III , § 20), nonyqaeM , 'ITO 

() 0 '7(x) 
z1 . x - lliilKHee npn!Snu)KeHBe x '71 ( x ) , noxa z1 .f.• • npn aTOM cp ( x) =· - soa-

zl (") 
paCTSIOWSH ljlyHltllllH (DOKS z1.f-·0 ), rp(0)c.1 1 rp(x)>l1 t B MOlKHO aaJKe nOK838Tb 1 

'ITO z; ·( x) ecT& BBlKHee npn5nulKeHne K '7; ·( x) , noxa z1 =I 0 ·•· B caM OM nene, cp'?. 0 a 

'7
, , '7 , , 

rp'(x ) = • ·z· - 'lt z( = .....!L (..!li.- 2L) ~:o, 
z: ~ , ~ 

.!!..1.:> _:l_:_ , '1'·> ..!!L. z•. 
- ' -- I ' lj z 1 z 

I I I 

'7'·(x) ~: rp(x )z'->1 z'· (x) • Jlng nony'leHBSI sepxuero 
,I I ·1 · 

npn5nnlKeHHil K 7J;·(x) aoa&-

MeM pemeBBe aall.S'IH 
, z ~ 

'1 .• =· z - __t_;_ , 
t+: I :z:n-1 

DpH'IeM z ( x ) = al sin ./ a"" 1 -•1' x 

'7 . (0) =·0 , ' 
I+ 

'11'+ (0) =· ai , 

Cornacuo nocTpoeuuro 1)1+ B '1(+ HMH 
I V cf.•'-•1 I 

MOlKHO non&aoBaTbca BO BCIIKOM Cnyqae, DOKS z1 (x)- X? 0 • KaK BBnH01 IJ.OCTSTO'IHO 

y5ell.HTbCII nna nOK838Ten&CTB8 CDpSB91l.nHBOCTH HepaBeHCTBS ( 17) B TOM1 'ITO 

'7'{ 
11

)<1nnu 
t+:y.a·

1
+ a

2
-J. 

, ( IT 

~+ V 2 a -· 1 ) < 
1 

npn 
I . 

= 
at :, a2 • 

Ho nnst TSKOl! nposepXH .HylK!jO 3H8Tb 1 'ITO 
· 2(n+ 1) --1 

cp (')) =· Z I ( _!!__ ) 
v~-·1 

IT 2: 0 IJ.nSI paCCMST-
y'lP,-.1 

pnaaeMbiX a1 > [ --- W 
5 •-n • B uameM CJo/'lae n =·2 

a ---· 
z
1 

( x) =· I Sin V.a1 _, 1. x • Mbi HM98M 

HMl!eM a1.> 2 

y:ai,.. 1 __ 
.1. ( · ) · a S .I· a--1 rr a ( ) rr 
'I' a .=·-- in rr v·--·- - -~. =·-.-·-~,; 1{1 a ---.. ya::::r 2a -.1 y '=- 1 ..ja-r ,p:a::i 

.P ( a) = -rry .!:.=.1_ 
2a- 1· 

Kax BHllHO; 

;3 ~ . .P<a>r: • ..;; , . "'-'- ·. - ~ >: 0, 
a 2(2a-1) y.:;-:::1 y 2a-·1 

(18) 

T,e. cjlyHKIU!sr. .p =· .p (a) MOHOTOHHO B03p8CT89T, 

rp'(a) =· rr + a-.2 
(2a-.1>v'-ikr. 2(,....1>~ 

sin l{l(a) + arr cos l{l(a) =· 
2(a-1) (2a-1) ..;. m-.1 · 

a-.2 sin l{l(i:z);.. "· [ 1 + ~cos .P L1) l '· 
(2a-1)" 2:1 ·-·1 ' 2a-.2 2(a-ol) V.a-• 1 
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nocKom.Ky ~::; 1 nna a ;::,: 2 , a I Cos ,P(a) I~ 1 , BCII Q.I!JlpaTHBSI cxo!Su. 3Jl&Clo 
..!:a-~~ 

nonOlKHT&IlhHa. llepnoe cnaraeMoe cnpaaa TaxlKe nonolKIITem.Ho, 1160 a· >:2 11 Sin ¢/(~):>:o 
B c:my {18). 

J1TaK, cp'(a)>'O II cp(a) npHHIIMa&T CBOO MHHHM81Il>HOQ 3H8'18HHQ npH a=-2 

TaM 6onee ¢(a)>h 

3altOHHO, 

Mb! IJMQQM 

¢ (2) =·2 sin-"- --"- > 0 • 
. . ~3 {3 

nna a>2 , 'ITO n Tpe6onanocb, HTaX, IICnOnb30BaHHe 

7J" 
+ 

a --
(x) =·--Sin ~.a- 1 x 

~a-·1 

.- a 2 

a-·1 

7J' (x) =a-_!!_ cos~ x +_a_ 
+ a-1 a-1 

Sin\la:T x 
X 

fA y;;::t,. 
-_a~ f Sin2t 

a-1 
0 

--1--

llpeo6paayeM nxonHnutl!: crona nnTerpan: 

q 

f 
0 

2 2q 
:!iJL...L dt =·% r 1 - Cos r dr 

t 
rne r =· 2 t, 

7J'-( rr ) 
I+ 'l2a. -· 1 I' 

dt • 

Bocn011b30B8BWI!Cb c!JopMynoll 2.642 cnpaBO'IHHlta Pbt:lKUlta H rpaH)lWTOl!:Ha, nony'laeM 

~q 

~f.~ dr =~ (C + fn 2q - Ci 2q ), , 

0 
r 

rne Ci(x) - HHTerpallbHbll!: KOCHHyC 1 C - KOHCTanTa 3J!:napa 

c :! 0,577 216. 

B TaltoM cny'lae 

71' (x) =~-_a_ Cos~a-1 x 
+ a-•1 a-.1 

noTpe6yeTCH onenxa 71' ( " ) r 
. + \&--1 

a2 ---
2
((1_,1 )[ C + fn 2 ~a-.1 x - Ci 2•/a-·1 x ), • 

HaM 

71' (......!...,__) =-·-a- Cos .P (a) -·~[ C + fn 2t/l(a) .-Ci 21/J(a) ;._ 2]. (19) 
+ ~:2a-•1 a -•1 2\a-lJ ' • 

MolKHO 'noxa3aTI, 1 'ITO npanaSI 'l;lCTh ( 19) MOHOTOHHO y6UBaeT 110 
a , 11 nnH nponepKH 

HepaneHCTB8 7J' (y 
2 

rr ) < 1 nCCTaTO'IHO y6e)lHTbCSI1 •rro OHO Bb1HonHSI8TC1I llpJ! a =-2 
· + a- 1 

B caMOM nene, npn a =-2 

71' (~- ) =·-· 2 cos__!!_ - 2 [ C + fn ~ - Ci .1!. - 2 I .< 1 
+ y2a-1 ..j.3 · ~3 ..j3 ' 

npll 6om.mnX a npaBSH '!8CTb (10) CTPOMHTCSI K BQnH'IHHQ 

- _a_ Cos ~2 -~ { C + fn rr~2 - Ci rr~ 2 - 2 I • 
a-- 1 V"" 2(«-•1' 1 

CTPGMSIWQJ!:CSI K -oo llpH a_,,., , M.ollOTOHH08 y6b!BaHHQ 7J'·( rr )=·x(a) 
t ~2a-1 

. MO:>K!IO ycTaHOBHTb 1 HCCne):lySI 

10 

X'·=· 1 Cos ,P(a):+ arr ~1/J(a)- a(a-•2) ¢(al-· a
2 

f1-cos21/IJ 
a. (a-· 1)2 2(a-1X2a--1M=T"~:"2a-1 2(a-,1)2 4(a-Ij2a•l) 

3necb ¢(~)=-C +:fn2Y,(a).-,Ci21/l(a).-·2 o 3To, nnpo'!eM, rpoM03JlKOo HaM :lK.e 

JlOCTaTO'lHO yflenHTbCSI1 'ITO X(a) < 1 , 3aMEITHM1 '!TO cp(a) MOHOTOHHO BQ3paCTaeT 

( ip(a); fn 21/J(a) B I Ci2Y,(all MOHOTOHHO B03pACTaiOT1 Ci 2t/l(a) < 0 Jl11SI 1/J(a) 1!3 KRTep-

sana (18)o Bonae TO'!Ho, &To cnenyeT B3 3Hau ¢~- : 

¢'·=· 1 [ "' 2(a-.1X:h- 1) 1 - cos 21/J(a) ).>~ 0 Jl11SI a> 1, 

KopeHb ¢(a) n&:lKIIT B TO'!Ke a.:! 2 , 1160 ¢(2) ;...c +:fn J; -Ci *'-l.llo&TOMY nna 

a·>:_2 ne11H'IIIHA x(,i). oneHHnaeTCSI cnepxy {XOTSI 11 rpy6o) nepab!M cnaraeMblM n npa-
1 

noll: '!aCTII (19), CnenoaaTeru.uo, nnSI BaUIIlX neneJI nocTaTO'IHO y6enHThCS11 'ITO 

-_!!_Cos ,P(a) =--~Cos rr~a--1 <1 
a- 1 a-·1 2a-.1 

Jl.1111 ncex a> 2 

llpennonOlKHM1 onuaxo, 'ITO np11 KAKOM ·-To 311A'le.lilDI a 

-~Cos rrya-.1 =-1, · T,e, 
a -1 2a-•1 

-Cos rr~:d-1 = a-1 
2a-1 a. ' 

{20) 

TaK JtaK lim (-Cos rr~~ ) =--Cos..Jf:.r< 1, ·lim a;.'~ =· 1, · 1 To ypaBHeHHe (20) Jlon:l!CHO 
a..oo 2a- 1 V·"" ~oo 

uMeTI> no xpalluel!: uepe ABA ltopHll, Cne.u.oaaTero.uo1 JJ.OmKIIbl npH KaltOM-TO a cpaBHJ!Th-

CSI npOB3BOJl.llbl9 o6eiiX 'laCTEiJI ypa5H8HHSI (20): 

rr. Sinrr~a-1= . ..!_ 
2(.:;;;;-2a---;,1~) v"a==-;;,li=;y:;;:2'i:==.lr . 2a. 1 a 2 OTltyJlS 

..L[ 1 - . "J' -~-Sin rr ..j a-1 I o=-0 
~ 2(2a--1) a-1 ym-1 . 2a--1 

(21) 

3TO PllBQHCTBO MO:l!CeT Bblrr011HllTbCH 111!Wb J:lnB TeX a 1 rna -cos1/J(a)>:~ 1 1160 cPYHKnHII 

-Cos ,P(a) · HylKHO cua'IB.na nepece'lb npSIMYJO a=·~ , npe)KJ:Ie 'laM oHa nepeCe'leT KPII!IYJO 

a-·1 
a 

1 a-·1 >:~ .nn11 a> 2 
a 

o Ho BepaseHCTBO -Cos tf.(a)>* nnn -Cos rr~ .!!.=1.. > ~ 
2a-· 1 

Bb!IT011HSI8TCSI, 11HWb·QC1111 TT~.~ >1 2rr 
ll __ 2a-· 1 3 1 T.e. Jl1IH a> 5 , 0AHAKO llpll a·=· 5 

BMeeM rr a / 2(2a-1 )~a -1 {2a -· 1 < 1 1 II 118BaSI '!aCTb 9TOrO HepaBGHCTBa MOBOTOHHO 

yohlnaeT c pocToM a o 3To 03Ha'taeT, 'ITO ypiUlHeune (21) He nMeeT pemeu11l!: np11 a>:2 

a, cnenonaTem.uo, nepa3pemHMo Jl.llst Taxux a n ypaBueuue (20)o 3TBM aanepmaeTcSI 

JlOKa3aT81Il>CTBO HepaBOHCTBA ( 17) J:I11SI n =-2 , a, Cll8J:IOBaTe1Il>H01 H Jl.OKS3aT911bCTBO 

Q)l.HHCTBQHHOCTII pemeHHSl 38Jla'll! (5)-(6) npH &TOM 3Ha'!eHHH n, 

lfTSK, pewenue 38Aa'!H ( 1)- (2) QJlHHCTBQHHOo 

fipH H&06XOAHMOCTH nponepKH 9AHHCTBQHHOCTSI IT0110lKHTQni>HOrO p9W8HHSl 38Aa'lll 

(5)-(6) IIpH Apyrux n MOlKHO Hpi!MQHHTI> Ty lKQ M9TO):IHKy, 'ITO H JJ.nst n =· 2 • 
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AaTOp rny6oKo npn3naTenen E.ll.)KnnKoay aa nocTonnnuA nnTepec x nannoA pa60Te 

n o6cylKJ:IennSI B xone ee BbinOIIH9HHSI, a TaKJKe H.B. llyaunnny aa paC'leTbt, BUOOIIllennue 

nM no npocb6e asTopa. 
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Pnc. 1. nonoJKBT9nbH09 pemenne KpaeaoA aana'IH (5)- (6). 

lJ.. 

-- .., ~ ........... ~----~&e. 
:J::.l!, 

T---:J=-C 

- - - ~ 

Pnc. 2, Jlaa pemennSI ypaB.He!IHA (13)- (14), 61IH3Kne 
no HS'liUibHbiM yCJIOBHSIM, 


