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O PA3PEMUMOCTH OOHOR KPAEBOH 3AIIAYU
A.fA.Jllenun

AnHOoTaumAa. JlokazaHa pa3pemMMoCThs KpaeBo#fl 3anaum
x"=f(t,x,x"), H1x=h1 B H2x=hz,

asx=g, a'(a)=x"(a)sB’' (a)
npu Hanu4uu ycnosur lpenepa.
YIOK 517.927

PBCCMOTP“K n'paesyn Iagaqy:
x"=f{t,x,x'}, H1x-h‘. Hzx=hz,

(1)
asxsg, a'(a)sx’(a)sp’'(a), -

roe t‘eCar{Isz,m; I=[a,b]; aeR; bela,=); theC{S(I,R},R];
S{I,R}) = MHOoxecTBe pemeHHR Xx:I+R ypapHeHHAa x"=f{(L,x,x') c
Tononorueft Hva C(I,R); h“zeﬂ, oxcA(I,R) u BeB(I,R). (O6o3HauyeHun
cu. B [4,5]). B paGote [1l] 61 M3NoxeH noaxon kK ofofmeHuo
6azoBbix Teoped pabors [4)]. Hama wuens. - mnoay4YuTe obobmenue
aHanora Tteopemsl 15 pa6ors [1] npu Hanuuuu ycnoemua [Dpenepa: ana
moGeix t‘e[a,b), tze(t‘,b] u moGoro  pemeHuA x:(t‘,tzj-ﬂ
ypaBHeHMA Xx"=f(C,x,x’') wu3 a(t)sx(t)=A(t), CE(tl,tz] cneanyeTt

sup {|x'[t)]: te{tt,tzl} < . Ycnosue [llpenepa no3sonfeT

cuutats, uto |f(t,Xx,x’')|=g(t), teI, x,x'eR, ray geL(I,R).
HaM noTtpefymTcAa cCclelyomHe JeMMb, XOKA3aTEeNbCTEO KOTOPLIX
aHaNoTHYHO NOKAa3aTelJIkCTEY COOTBeTCTByOmHX MecT B paborax [2,3].
Nermna b & flycts Y.2eS(I,R), Y=z, y' (a)zz'(a), ¥, -
MHHMHATILHOE, A Z ~ MAKCHMadbHOe pemeHHe KpaeBoH 3anaym
x"=f(t,x,x"), x'(a)=y'(a), x(b)=z(b), ysxsz,
Y\*Z, a\‘EH H Aze{li FLI Torma CymecTByeTr HHbEeKTHBHO®
HellpepbIBHO® orofpaxenHe sif A‘ i '\z] <S(I,R) co crenyouMMH

ceoficTBaMK: s‘\‘-y,, si(a}-y’{a} A :t;"\sz1 HIH s‘\{b]-z(b} A s;{a]“s
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sy’(a) a y3s, ana A€(A ,A)) M s, =Z .
2

Nlerma 2. Mycts ¥Y,2Ze5(I,R), y<=z, y‘ - MHHMMaNbHOE, a 2: -
MaKCHManbHOe pelleHMe KpaeBOH 3anayu
x“=f(t,x,x"), x(a)=y(a), x(b)=z(b), y=xsz,
¥, *Z., A‘em H Aze (}l.t ;@) . Torma cywmecTByeT HHbEKTHBHO®
HenpepsiBHOE oTobpakeHHe 5 [.kl s Az]-st I,R) co cnenyouHMH
cROfRCTHAMH: sAl=y1, satajny(a} A s.:‘szl HITH salb}=z(b} A
ylssa[a:u ana Ae{-\l,a\a,\ s, =2 .
2
TeopeMa, [lycTs a=fg, a’'(a)<B’'(a), KpaeBhie 3amna4H
X"=E(L,x,X"), x‘'(a)=B'(a), x(b)=a(b), as=x=g,

x"=flC,x,x")., x'(a)=a'la), x(b)=g8(b), a=xsf
He HWMenT pelledHA, BLIMONMHAETCA yCcnobBue BSpanepa_ u ana moeboro
XeS(I,R) #3 asx=pf cnenyert
x(a)=a(a) A x(b)=a(b) = Hl.\ri'Hzrshli'ha,
[ (1= (@) v (x(2)<@" () & (x(@)=a(a) v x(B)=R(B)))] A
A Hlx+H2x-h‘+h2 - H‘xsh‘,
x(a)=B(a) A x(b)=B(b) = Hlx+H2xznl+h2,
[ (@1=ar(a) v (e (@12 (@) & (x(a)=Bla) v x(BI=a(B)))] A
A larlx+hl2x==hl+h2 = H‘xzhl.
Toroa cywecrteyeT pemiexHue xpaeso#fi zanauu (1).
lloxa3aTenrcTro. [lpenBapHTe/IbHO NOKakeM TEeOopeMy MNpH ClenyouuMx
OONMONHHTeNbHX ycnoeMAx: a<p H ansa Jmobbix tel, xo.x‘elk
enyHCTBEHHO pemeHHe 3anayx Komu
x*=f(t,x,x’'), x(tijo, x'(ti=xl. (2)
flycTe ¥ - MaxcuManNbHOe pelleHMe KpaeBoR 3amauu
x"=f(C,x,x"), x(a)=a(a), x(b)=a(b), asx=fg,
4 Zz - MHMHHManbHoe pemleHHe HpaesoHd 3zapmauH
x"=f(L,x,x"), x(a)=8(a), x(b)=B(b), Ysx=g,
Lpa{cosp,sinw], L={Lp: rpe[ﬂ,2r!]}. W3 onpeneneHHA Y, Z u yclosui
TeopeMsl MMeeM a’(a)sy’(a)<B’(a) u a'(a)<z’(a)sB’(a). MNocTpoum
HHLEKTHBHOE HenpepuBHOoe oTobGpakenne $:L+S(I,R) cCo chnenywouHMu

ceolcteamM. [Qna xw=¢(£.w1 ysxpsz, pel0,2m], X =Y. x;{a}=ﬂ'[a]
Hin a‘taﬁx"ﬂtawﬂ’la} A lxwta)=ata} v xwibl=mbn ani pe(0,m),
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X =z H x;p(a)-ra'(a] HIH a'[a]ﬁxé[alﬂﬁ’(a] A {xw(ajzma] v
xv{b}=u(b]| nna pe(n,2m). IQycTs Kcnz'nemur BHYTPH [pOCTOM

3aMKHYTOH KpuBOH L,={[xw[a],x&{a]}: we[t},Zn}}. Torna nona T=a "

mobeix (xo.xl}ek’ pemeHue x 3agayd Kouwm (2) ynosnersopAeT
YCNOBMAM y=x=Zz M a'(a)sx’"(a)=gp’'(a).
flycTe Yy, — MMHMManbHOE, a Y - MaKCHManLHoe pellenie Kpaeso#
3agauu ;
x"=f(t,x,x"), x(a)=a(a), x(b)=B(b), y=x=z.

O6oamauuM vepes p,, O , T, A Ppemewus 3amaq Koww

13 v
x"=f(L,x,x"), x(a)=a(a), x'(a)=A,
x"=f(t,x,x"), x(b)=B(b}), x'(b)=u,
x"=f(t,x,x"), x{a)=v, x'(a)=p'(a)-

NMoctpoum oTobpaxenue u:[0,A,]+S(I,R) CO crnenywomMMH CBOACTBAMH:
u =y, ui[a}=8‘(a) HIH a'(ajdui[a)'cﬂ’(a} A (u’\{a]=ala} v

uA(b]r—B{b)] ana Ae(0,A,), u, =z u ysu_\sz nna Ae[0,A,1].

A
-
PaccHoTpuM cnyua#t, worma B’ {a]sy; (a)- Nycrts y3=pﬂ. (a)’ A =1,

1
u (A)=y’ (a)*A(y)(a)-y'(a)), u,=p ana Ae(0,A ], uy(A)=a(a)+

Ho(A)

+H(A-A)) (B(a)-a(a)), a;sup{auen,,A,HJ:{vae[al.aontruzmsz}.

Y“=t“z'{az}' uiutualkl ona Ae[al,.\z], Y, — HaxkCuManbHOoe pewmeHue
KpaesoH 3amauy

x"=f(t,x,x"), x'(a)=Bp’(a), x(b)=B(b), y=x=z, (3)
ecnu  y =Y., TO -’L:=.\z, ecnu y‘=y5, TO .\J=Az+1 H u,=s, ana
.\e[J\z,Aa], roe s, HaXOOMTCA MO JeMMe 1 u ynoenermopAer ycnoBuaM

5_‘2-)-‘ M SJ\:':YS' ecnu Y. =z, TO A=A, €ciM Y. *Z, To A=A +1,

W, (A)=y (D) +(A=A ) (2" (B)-y (b)), uy=o ana Ae(A A, ].

M, ()
3
PaccMoTpuM chayu4a#H, Horpga y;(a]cﬂ‘{a]. Mycts u‘[a\j=y‘{a]+

Ay (a)-y (a)), U,"Py (a) BBA A€[0,1], s, aoas  Ae[1,2]
4

HaXOOAMTCA MNo nemMe 2 H YOOBNeTBOpPAET YCNOBHAM slﬂyl ™ S?=y?,

ecny Ha#nercs Ale[1,2] TaKoe, 4YTOo s:\ (a)=R"'(a), s:\{a):,g'{ai ans
1

A

nansHeflwee nocTpoeHHe coBnajaer co ciaywaes, xorma B’ (a)=y;(a),

.\s[l,kl} M s‘\‘{a]=a{a}, To y:l-sal, u,=s ana  Ae[1,A ]

ecny Hallpmercsa J\1£[1,2] Takoe, 4YTO si (ay=g"(a), s;(a}ﬂ:ﬂ'(a} ans
1
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Ae[l,i\l] H sal(ajsgl(b], TO ua=s;\, .\e[l,.‘\l], Al=;\3, y‘=uA‘ H y_‘s

- MaAKCHManbHOEe peweHHe Kpaesol 3agauu (3), u gansHefuwee

nocTpoende U, coOBMagaer co caydaed, Koraa ﬂ'{a]sy;(al, ecnu

s:\[a]‘cﬁ'(a| ana ie(l,2], To uA=S.\ ana  Ae(l,2], u.s[?l]=u;lb)+
+(A=2) (2’ (b}—u;{b] ) e .\le[2,3} HaxoOouTCA M3 ycnosxi
o-"lsulltapﬂ'(a] ans AE(Llll, "A'_'a-us(kl ana  A€[2,A]1, w

manbHeHmee MOCTPOeHWe U, COBNafaeT C MNPEemLAymHM ChAyYaeM.
Hepasencrea y=u,=z u a'(a)<u,(a)=p’'(a), Ae{0,a,) cneayotr wu3
NOCTPOEHHA U, .
NycTts “Lp):uh*n"p ana @e(0,m). Ina ¢e[n,2n] nocTtpoenne ¢
NpOBOAMTCA AaHaNor¥4yHo. HHLEKTHBHOCTHL qu'NLrp} ANA MHHTepsanos
[(0,m] u [m,2n] chnenyer u3 nNOoCTPoeHWA. [Ana mobux rpte[[],n] n

pze[n,zn] W3 @9‘-%2 # csoicTe ¢ chnenyer w‘ao, w2=2rr MK P =p =
=n. HenpepnBHOCTL ¢ OYEeBHAHA M3 MNOCTPOEHHMA. H3I nNOCTpoeHHA ¢

foKalaHHslx ycnoswf gana @ cnenyer, uTO a‘[a)sxé[a)ﬁﬁ‘[a} M
y:xﬂsz ang pe(0,2n]. IMoatony nnAa moboH TO4HKH (xu,xlj, nexauwei
BHYTPH L., pemende x 3agmauu Komw (2) npx T=a ypoeneTsBopAeT
HepaBeHcTeaK a’ (a)sx’(aj)=g’'(a).

Noxaxex, 4YTO ys=xszZ. llpeanoNioxK¥M MNpPOoTHBHoe. PaccuoTpuM
cny4a#d, korma HaAmeTcA l:ce.r Takoe, 4TO z{tui<x[coj. MHoxecTBO

{21y (an: vesr,) a xiegayiey) } = u

HeOrpaHH4YEHHO H CBA3HO. CnenosatensHo, L nH=a. llycthb
[yc,ylje[..nﬁ. Toroa AanA pemeHHA S 3agavyd Komm (2) npu tT=a,
XY, M X =y,  HMeeN z{t°]<x(t°}sstt°), YTO MPOTHBOPEeYHT
HepaBeHCTBy SSZ.

Ona r=[xu.xl}m2 of03HaYMM uepes x_ . peme-rme sanauyu Fomu (2)
np# T=a. Ecnu B HeKOoTOpO# Touke L, BeKTOpHOe none

Hl_={§i'lxr,--hl 'Hzxr'hz]'

ofpamaeTcA B Hyns, TO CymecTByeT pemeHHe Kpaesol 3amaum (1).
MycTe BekTopHOe none H Ha L, He of6pamaetrcAa B Hynab. [lokakeM, 4TO
BpalleHHe BexkToOpHoro mnonAa H Ha L, OTJ/AHYHO OT HYy#AA, 4To
rapaHTHpyeT CymecTBOBaHHE peweHHA Kpaeeod zamaum (1).

H3 ycnosuH Teopemsl M cBolicte ® cnemyer, uTO on NnexuT HUKe

6HCCEeR TPUCH 2-ro, 4-ro KBaopaHTOB, npu pe(0,m) Hxﬂ He
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coHanpaened (1,-1), Hx" nexuT Beme OWcceKTpuck 2-ro, 4-ro
KBAmpaHTIOB, mNpPH @e(n,2m) pr He coHanpasned (-1,1). Orcena
cnenyeT OT/M4YMEe OT HYNA BpamleHMA BEKTOPHOTrO MOJA.

Mepefinen K poxasarenscTey TeopeMh B ofmeM cnydae. [lycTs
5{x,y,zj=(x+[x-y|—|y-z|+z]-24. Ha ycnoswa [pesepa cneayert
cymecTBoBaHMe Me(0,«) Takoro, 4TO AOnd

f (t,x,x")=f(t,8(x(L),x,B(C)),8(-H,x" ,M))
ae..lf"(l’,ﬂl, ﬁeaf"{r,nj

H {xesf(I,H): asxsﬂ} = {xesr”(I,R): asrsﬂ}.
B npansHeflmeM 6ynex cHHMTaAThL, HTO f=f*. Nyerts BR=B+R4, keN.
Toroa ﬂker(I,R] H a<8k, keN. Tenepb anNnNpPoKCHMHPYEM MpaByp
4yacTk Tak, 4YTo6b ObLjla eNMHCTBEHHOCTb pemeHMa 3agayu Komu. fycts
ana ke, me{4k,4k+l,...}, ne{m,m+l,...}, tel, x,y,2cR

p(2)=2"|z-2|-|z-1|+|z+1|-27" | z+2|,
v(z)=2" (|2-2|~|2z-1|~[z+1|+|2+2]),
Palz)=m p(mz), ¥ (Z)=¥(mz),

Cem CoX ¥)=E(E, X=p (X-a(L) )Y, (y-a' (L))~ =
=0 (X=By (C1)0 (y=B"(€) ) y=9 (y-a' (£) ) (x~a(T))~
P (Y-8 (€)1, (x-B, (t))),

Xx+1/n y+1/n

rm(t,x,yyutzn:“ I j- £y (T U, v)dudy .
X=1/n y-1/n
Mpu dHrcHpOBAHHOM L€l QYHKUMA rkm oTnuuaerca or f Tonasko B 2m
OKPEeCTHOCTAX TO4YEeK (a(C),a’(C)), (Bh(t},ﬂ'(tll, pasHa
f(t,a(t),o’(t)) B m' OKpPecCTHOCTH TOYKM (a(C),a’(t)) u
f[c,ﬁk[t),ﬁ';t}} s m OKPeCTHOCTH TOukK (B, (C),B’(t)). dynxuma
fkmn
TPeThLEeHY apryMeHTaM, asﬂr (I,R) u 8keﬂr (I,R).
kmn

yaoenereopAaer obofmeHHOMYy ycnoeum JiMnmHua NO BTOPOMY M

kmn
PaccMOTpHH ciay4aft, korma Ha#nercs koeﬂ TaKoe, YTo AnA
ke{kﬁ’kn+1""}' me{dk, 4k+1,...} w ne{m,m+l,...} BHOONHALTCA
YyCnoBMA: Kpaepele 3amavu

x"-fkmn[t,x,x’), x'(a)=B'la), x(b)=a(b), asxsﬁk,

x"-fkmn[t,x,x'l, x'la)=a’'(a), x(b)-ﬂkib}, u:x:ﬂk
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He HMelRT peuweHHA, u On4 mobéoro xesf (I,R) u3 usxﬁﬁk cnenyer
kmn
x(a)=a(a) A x(b)=a(b) = H‘x+Hzxsh‘+nz,

[ @127 a1 v (x (a)< (a) A (x(a)=a(a) v x(BY=By(BYN)] A
A H1X+Hzx=hl+h2 = H,xﬁhl, .
(4)
xta1=8k{a} A x(b}ﬂﬂk[b) » Hlx+H2xzhl+he,

(¥ (a1=a (a) v (x' (21>’ (2) A (x(2)=By(a) v x(B)=a(IN] A
A Hlx+H2x=h:+h2 = Hlxzhl.
Torga no yxe AOKA3AHHOMYy CYymECTBYeT pelleHMe X, . KpaeBof 3apnauu
xt=fy i CeX, X0, H x=h , Hx=h,,
a.v.xzsk, a'(a)=x'(a)=B’'(a).

H3 Xymn HOXHO BhIENHTDL CXONAWY0OCH nocnenoBaTeNnsHOCTh
X, 'XeS(I,R) Taxkyw, HTO asx=B, H:F'h:' H2x=h2 M a’'(a)sx’'(a)=
B (a).

PaccHOTpHM cny4ad, Kormna HallneTcsa nocnelopaTensHoOCTh

X . €S (I,R), =), 2;essy Takas, 4YTO kiw, 4ki=misn,,

£ i

kimlnl
u'srisﬂk_, i=1,2,s.9; M xi-*sz[I,IR), ANA KOTOPOH He BLIMNOAHALTCH
ycnoau; (4). bBes orpaunqem;n O6WHOCTH MOKHO CHYHTaTh, 4TO
HapywaeTcR onaHo H3 ycnosufA (4). Ecnu xj{a]Ba(aJ, xilb}=a(bl M
H’x‘.+Hsz>bl+hz ana i=1,2,..., To x - pemeHHe KpaeBo# 3IJamauu
[ (% 3 lleficteuTtensHo, x(a)=a(a), x(b)=«(b), Hlxi-ffaxzhlmz H
a'(a)sx’(a)<B’(a). Ha ycnosuft Teopembl crnenyet Hlx+H2xsh‘+hz.
CnenosatensHo, Hlx+Hzx=h‘+hz. M3 ycnosuit TeopeMbl HMEEeM H\xﬁh‘ H
nllxzhl . CnenosaTtenbHo, Hl:r'-rhl H Hzx=hz. AHanoru4Ho
noKa3wlBaeTCA, 4TO EeclH xi(a}=Bki{a}, xjtbl=ﬁkj{b}, Hlxiﬂfzxi(

<h|+h1 ang i=1,2,..., TO X - peweHHEe Kpaepo#d zanauum (1). Ecnmu

A

{X‘italaﬁ'(m v (r'i{a}*fS‘tal A (x;(a)=a(a) v xi(bl=ﬂki(bu]

A ani+Hzxi=h1+hz A H‘ijh‘, =1, 2, ecny

Te X - peweHHe KpaesoR zanaud (l). lelicTeBHTensHo,

N

{x'(&}=ﬂ'ia] v [x'{a}cﬂ’[aj A (x;(a)=x(a) v X{bl"ﬂlbl]]
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A H1X+Hzx=h1+hz A Hlxifhr
W3 ycnosuiA TeopeMbl HMeeM H}x:h. CnenosaTtensHo, er=h1 “ Hzxdﬁ‘
lloraxeM HepapeHcTBa o' (a)=x’'(a)=g’'(a). Ecnu x’'(a)=f"'(a), 10 2TO
oyesunHo. Ecnu x'(a)<f’(a) u x(a)=a(a), To a'(al=x’'(a). Ecnu
x'(a)<f’'(a) #»n x(b)=g(b), To a'(a)<x’(a) cnemyer wu3 ycnosui
TeopeMsl. AHaNOrHYHO NOKAa3IbLIBAETCHA, YTO eCnH

xita]=a‘(a] v x;[a}>u‘[a] A (xi{a)=Bki{al v xi{b]=ath|1]] A
A H:xj+H;xi=h1+h2 A Hlxj(hl' £ B e

To X - pemexnMe xkpaeso zamauu (1).
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Summary. The solvability of boundary value problem
x"=f(C,x,x"), H x=h , H x=h_,
asx=8, a’'(a)sx'(a)=B'(a)
under the assumption of Schrader condition is proved.
MSC 34B15S

A.Lepins. Par kidas robeZproblémas atrisinamibu,
Anotaci ja. Pierddita robeZproblémas
x“=f(t,x,x"), H1x=h:' H;x=hy
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asx=8, a’'(a)s=x’'(a)sB’(a)
atrisinamiba,ja izpildas Sredera nosacijumi.

HHCTHTYT MATEeHMATHKH M HHPOpMATHKH Noctynuna 16.09.93
JlaTBHACKOTO YHHBEPCHTETa
Pura, 6.Pafiua, 29
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0 PAIOAX YEEGLIUEBA
ANA HEKOTOPLIX BECKOHEYHO AH$SEPEHUHWPYEMbIX
HEAHANUTHYECKHMX ¢YHKLIHR
0.A.Knokos, A.fl.llkepcTeHa

AHHOTAUMA . B pafoTe H3fokeH ONOMH MeTON TNPaKTHYECKOTO
HaxoxneHus xod¢dpHuHeHTOB pAna Yebumwena AnA HeKoTOphx GeckoHeuHO
IHpPepeHUMpYEHbX HeaHalUTHYeCKUX o¢yHkuui. CyTsr MeToma B TOM,
YTO nocnenaoBaTeibHOCTL KO3p$HLUHEHTOB YeOumera ABNAETCA
HHHHMAlLHLIM pelleHHeM COOTBETCTEYKWEro pPeKYyPPeHTHOro YpaBHEeHHA
BLHICOKOrO MOpAAKa. [INA HaXoKaeHHA DSTOro pelleHHs NpHMeHieTcH
ofpaTHbf peKyYPPeHTHLHHA alNropHTH B HHTepnpeTauxyd W.Jloka [2).

YOK 517.918.8

B uY4HCNIeHHOM aHallM3e XOpoWwo H3IBEeCTHhM PpANs Yebbumepa OAA TaKux
JJIeMEeHTapHBX TpaHCUeHNeHTHbIX QYHKUMA, waxk exp(kX), sinwx, coswx

H OPYrHXx H HEKOTOpbX CNeuHanbHbX ¢GYHHUMH (HHTerpanbHble CHHYC M

KOCHMHYC, HHTerpans ®$peHead W Op.), Ha KOHeYHOM HHTepBane.
Hanpumep,
=
exp(kxjﬂ?.rzol'r(k]'rr{x], xe[-1,1],
roe K - KOMMNAEKCHOE 4YHCIOo; Ir{k} - MHoOMbOHUMPOBaHHBIE QYHKLUHH

Eeccens; Tr{x) - nonuHoMsl Yefumwesa nepeoro poga (cx. [1-3]).
Onxako B pAde chnyvYaeB BO3IHHKaeT HeO6XOAMMOCTh NPENCTaBAATL
374 QYHKUMHM COOTBETCTBYOmMHMH pANaM¥ Ha GecKOHeYHOM HHTepBane. B
KaYecTBe MpMMepa PacCHOTPMM GYyHKLHIO
@
f(x}-exp{x}I %exp[—s)ds, as=x<e, a>0, (1)
x
KOTOpad cCcBH3aHa C HHTerpansHo# noxkazarensHod dyHxuHed E1tx}
(31.
W2 (1) cneayer, uTo
f‘(x)-ftx]=%, f(w)=0. (2)
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Mocne noacTaHOBKH

L ift (3
nepexofuM Ha KOHe4HuHd oTpe3ox Le[-1,1], Ha KOTOPOM ANA GYHKUKMM
yit)=f( Eft] nony4aeM M3 (2)

(1-t )%y’ (t)-2ay(t)=t-1, (4)

y(1)=0. (5)
HokHO nNpPoBEepUTSh, 4To ¢yHKUMA Y(C), te[-1,1], feckoHe4YHO

nuppepeHUHpyeMad, HO HeaHallMTHYecKaA. [pemcrtasuM Y(L) B BuUOe

pAna no nonuHoMad Yebwmesa nepBoro pona:
- .
ytt}=rzocrrrtt1- (6)

Nocne 3aMeHsl ¢QyHKUMH y(C) pAnoM (6) B ypasHenuu (4),
MHTerpupoBaHua ofeMx CTOpPOH ITOro ypasHeHHA B npepmenax or L no
1l ¥ npHpaPHMBAHMA KOIPOUUMEHTOB Yy nonMHOMOB Yebhmiesa HAXOOUM
OAHOPOAHOE peKyppeHTHOe ypaBHeHHe 4-ro NopAnKa ANA HEH3IBECTHLIX

Ko2hpHUHEHTOB €, pana (6) (em. [1], rn.1l4):

1 1 l1-a 3
[T = T]cr-z = [1 =78 ]Cl"-l ¥ 3=
7)
l1-a 1 1 o ¢
- [1 +T)Cr., +[I+T]Cr‘z—0. re3. 4,
M nBa ypaBHeHMA npu r=1 u r=2, cCoOTBETCTBEHHO,
5 3
aco—zclﬂ 2-a) cz-—zc;l . (8)
1

{1+a}cl—3c2+(3-a]c3—r:‘=-~2-. 19)

Bonpoc © cymecTBOBAaHHMH M ACHMITOTHMKE peweHHA pPeKyppPeHTHLIX
ypaBHeHHA Buna (7) BecbMa CHOXHBIH, H 3Ty TeMy Mul npennonaraeM
paccMoTpeTh B OTHmenbHOH pafote.

Tenept MNpPeanoyloX¥M, 4To YypasHenue (7) wuMeeT napa nuHelino
HEe3ABHCHMBIX pemeHHSA —un{a] “ vn{a), n=1,2,..., CTpPeMAmWMXCH K
Hymo, HKOTopele MoOryT GuTh HafimeHsl NpM noMowd ofSpaTHoro
pPeKyppeHTHOro anropHr™Ma (cM. [2], rn.l3). CyTs oToro MeTona
COCTOMT B TOM, 4HTO 3aNawTCA MNBe pa3JIHYHLIE MOCNeNOBATENbHOCTH
HaYansbHelX 3IHAYEeHHA —CN._1=1, CN._i=U, i=2,3,4, ®w c~_2=l, CN-:‘=G'
i=1,3,4. lanee ua ypaBHeHuA (7) cuyeToM B ob6paTHOM HanpasleHHH

BHIMHMCHHITCA JIBA YACTHBLIX pemeHMA -un{a}, vn(a], n=N,N-1,...,1.
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AnR mMONy4eHMA U (&) u V¥ (&) uCnonb3yeM COOTHoweHue (8). Torama
nocilel0BaTeNbLHOCTb )

cr=4ur£a)+ﬂvr{a}, r=0,1,..., (10)
roe A u V - Heu3IBecTHhie MOCTOAHHhWE, TaK ke yooBneTBOpHeT
ypaBhenuaM (7) u (8) M cTpeMMTCA K Hymo, ecnu r-=. Kpome Ttoro,
koadoHuneHTs (10) nNoMkHE YAOBNETBOPATL H ypasBHeHww (9) u
yecnosue, BHTexabweHy u3 (5),

Z‘:f 0. (11
r=o

Moncrasnaa (10) B (9) H {11)., MOKHO MONY4YHTL CHUCTEMY
anrefpaHyeckHx ypasHeHMH c HeH3IBecTHuMH A H B
aA+BB = -1‘.‘
(12)
7A+6B = 0,
roe a, B, ¥, & - (yHxuMM oT a. Ecnu onpenenutent cHctemu (12)
A=xd-f7y OTAHMEH OT Hynd, TO KOIpPHUHMEHTH A K B BHMHCNARTCA [0

dopHynam
B B =—%
=7 2K T
Beensn obosHauyeHHa

Ult,a) = Y a_(a)T (t),
rzo r r

vit,a) = v (a)T _(t)

MOXHO HanHcaTs caeaywuyw ¢GopMyny npHOAMXEHHOTrO  BhIYHMCJEHHA
pyHKUMH y(C):
y(t)=AU(cC,a)+BV(LC,a)
M cooTBeTCTBywmyw GOpMyny nna GYHKUHM
r(x]=w(1—%,a1+svl1 i"‘,a}, a<x<e, (13)
llns wmeCTpauuH npueegeM Tabauubl MHCJIEHHHX Ppe3ynLTaTos,

nony4eHHsix npu noMomu 3IBM EC-1060 < neodAHo# TouHocTbw (16
necaTuuHsX uupp). B Ta6n.l npuBeneHsl CKOPOCTH CXOOHMOCTH

HacTHeIX pemedHi un H Vv a Taxkwke xo3dpdHUMEHTOB €, npu N=10 wu

n!
a=4. Ta6n.2 MNNOCTPUPYET TOYHOCTL ANMNPOKCHMauuu GyHxuus (1)

pAnomM

= = - ¢ 2a
£(x) = £y(x) nzﬂchn”'T‘ (14)
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Tabauua 1
NOCNENOBATENLHOCTH un, Vn H KO3¢OHLHEHTH cn

PANA (14) 079 $YHKLUMH (1)
(TOYHOCTL CD=7.5 HA BCEM MHTEPBAIE)

n Un V'n Cn

0 -0.156321785-10° 0.100000000-10"' 0.661928336-10°
1 -0.100000000-10"" 0.463752677-10° -0.292368120-10°
2 -0.107701975-10° 0.499470794-10"" -0.314886235-107"
3 -0.186983469-10"" 0.867140885-107% -0.546680019-10™°
4 -0.411799213-107% 0.190973031-107% -0.120396928-107°
5 -0.105387152-10"° 0.488736180-10 -0.308118096-107°
6§ -0.299955680-10"" 0.139105696-10"" -0.876971376-10""
7 -0.925385671-10"" 0.429154538-10™" -0.270549869-10""
8 -0.304336288-10"" 0.141141132-10™* -0.889748989-10°°
9 -0.105470274-10"" 0.489163344-10™° -0.308329316-107°
10 -0.381907607-10"° 0.177151821-10"° -0.111626217-10"°
11 -0.143526604-10"° 0.666031611-10™° -0.419303198-10°°
12 -0.556511833-10"° 0.258550347-10™° -0.162350410-10™°
13 -0.221158699:10° 0.103094550-10"° -0.642541642-10""
14 -0.891981821-10"7 0.419463351-10"° -0.256358638-10""
15 -0.359077270-107" 0.172069862-10" -0.100750853-10""
16 -0.140581588-10"" 0.692435937-10™° -0.380128036-107°
17 -0.521305542-10"" 0.255198551-10™° -0.142157889-10™%
18 -0.185401553-10"° 0.699277609-10™° -0.664527701-107°
19 -0.614752517-10"" 0.000000000-10° -0.397243265-107°
20 0.278102329-10"° -0.128438744-10° 0.817141053-107'°

B 3aBHCHMOCTH OT CTeneHM nosaWHoMa (14) # 3HayeHuA mnapamerpa a.
TOYHOCTE XapaKTepHM3YeTCA YHCIOM TOYHBIX NECATHYHEIX 4ucen (CD),
KOTOpoe BLIYHCNAETCH No dopMyne
-lo 4 - x
CD = -log, |£(X)=fy(x)].

roe f(x) - To4Hoe 3aHauveHue O¢yHkuMu (1), BepHee, 3IHaueHHe
yHKUMH (1), nony4yeHHoe npu noMomH ABHOH hopmynsl
rtx}=exp{x]EJx}. PyHKUMOHanbHble pAnsl BMOa (13) MoxHo HaWTH

ons HexoTOphIX APYrHX ¢dyHKuudA. Tak, nnA IKCMNOHEeHTH
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Tabanua 2

3ABHCHMOCTh MMHHMAJIBHOIO YMCIA TOYHBIX NECATHUYHHX UWeP (CD),
B AINNPOKCHMALMK ¢YHKLUMM (1) PANOM (14) OT N U MAPAMETPA a

CcD W
min

a

N=10 N=20 N=30 N=40 N=50
0.5 3.4 5.9 B.2 10.3 2.2
1 4.2 7.7 10.6 13.1 12.3
2 6.2 9.9 11.4 11.4 11.4
z ] 0.8 11.7 12.0 12.0 12.0
4 0.9 0.9 11.4 11.4 11.4
5 1.0 1.0 11.7 11.7 11.7

Ina cpaBHEHHA HCMOML3I0BaHbl 3HAYeHHA GyHKUMK Ei[xj,

BhMMCIIeHHbE [PH  MOMOWA CTaHOApPTHOR nMNporpaMMsl c TOYHOCTBI
=10 .

f(x)=exp(-wx), O=x<=, w>0, (15)
nocse 3IaMeHs
1+t
= T x

nony4aeM ¢yHKUHIO

yieymexp(-32) . eer-1,11,

KoTOpafa yposneTBopAeT auddepeHUHMANILHOMY YpaBHEHHD
(1-t)%y" (£)+2wy(t)=0

H yCNoBHR
y(-1)=1.
B o2ToM chyyae pexkyppeHTHoe YypaBHeHHe ANA kKo3DPHUHEHTOB
Yebumesna <, (r=3,4,...) MOXHO TmNOAYyYMTE #3 ypasHeHus (7),
3aMeHAA B HeM napaderp 4@ Ha -w. BMmecTo ypaBHenuit (8), (9) n

AONMONHHUTENBLHOTO YCJIOBHA MMEeM clenyoimve YpaBHEeHMA:
wc_ + §c - (2+w)c_ + 3c =0
o 41 2 §a ‘

{l—w}cl - 3c_ + (3+u]c= -c =0,

L}

2
i-l]rc = 1.
Lot e
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Mpu moMomu TOro #xe MeTomna, Y4TO M B NepEOM Cly4ae, MOKHO Ha#TH
YacTHble pemeHmus un(u) H vn{w) {n=0,1,...,N), BBIYMCIIUTb
KoHCTaHTH A ¥ B M3 cHcTeMs! ypaBHeHHH, aHanoruyHo#l cucrteme (12),
M NOAyuuTh NpubnuxeHHyo GopMyny

x-1 x=-1

exp(—ux)=AU(E¢T,-u]+BV{;;T,—u}.

Hs rabn.3 wsuano, uvto pan Yebemesa (6) © xopowel TOYHOCTLE
anmpokCcHMHpyeT 3KcnmoHeHTy (15) Ha Bcem 6GeckKoHedHOM WHTepsane,
ONHAKO CXOOWMOCThL KO3IGGHMUMEeHTOB MenneHHee, 4YeM B ciyvae (1).

NocTpoenue pana Yefwmmesa ANA ¢yHKUMK, 3IanaHHoR Ha oTpe3ke

[-1,1] ¥ HeaHanuTHuecko# B Hyne

o(t)=exp(--), te(-1,1], w>0, (16)
t

MOXHO oOcymecTBHTb cpBefeHueM (16) k npensnymemy cnyvaw. Ina
nepeHeHHoH

t=2t%-1, te(-1,1]
nonydaem GyHKUHO

2w
Y(tl=EKP[-—T:;]r

KOTOpad ABNAETCHA pelleHdeM aufpdepeHuUManbHOTO YypaBHeHHMHA

(147)%y’ (T)-2wy(T)=0.
Mp# noMomM PeKYPPEeHTHHIX ypasHeHui

1 1 1+w 3
[3 = ir]cr-z X [1 = ) ¥ a5y
1+w 1 1 _ -
+ [1 L [E + —-i—,_]cr_z— 0, r=3,4,...;

5 3
_“co+ic1+t2+u]cz+ﬁca 1]
u anrefpanueckofl cHCTeMul
tl—u]c‘+3cz+{3+uica+c;=0,

%Co+c:+cz+...=exp(—u}

HOMHO HafiTH Ko3QPHUMEHTH pa3INIOMEeHHUA

N ;
YT =yylT)= ) € ()T (T)- (17)
n-o

HasecTHO, 4To (cM.[l], MNpunoxenue)
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Tabnuua 3

KO3¢¢MUHEHTH YEBBLUEBA NN $YHKUHHM exp(-tx)
M HUEHAA TPAHWUA TOYHOCTH ANNPOKCHMALMM (B TOYKE r=1)
NP N=20 H PA3HHX w

cl’!
n
w=1, CD=4.5 w=2, CD=4.8 w=4, CD=5.8

0 0.855166817-10° 0.672407300-10° 0.510791286-10°
1 -0.546427210+10° -0.501906999-10° -0.427185922-10°
2 0.710602888-10"" 0.180100167-10° 0.241658125-10°
3 0.547307496-10"" 0.395975499-10° -0.789786525-10""
4 0.574213207-107° -0.185947256-107' 0.373282155-107°
5 -0.792849735-107> -0.312840087-107° 0.699739091-107°
6 -0.539494775-10"° 0.238614603-10° —-0.847214139-107"
7 -0.121289727-10° 0.136737568-10"> -0.982047918-10"°
8 0.697615143-10° 0.202948669-10"" 0.434847559-107"
9 0.866595729-107° -0.310849200-10" 0.174290352-107"
10 0.443845465-107°-0 . 162088111-10 0.274539832-107"
11 0.687759919-10™ -0.717503838-10"° -0.276513108-107*
12 -0.982781755-10"" 0.405040083-10"* -0.140323875-107"
13 -0.113123494-10 0.271230968-10" 0.132278019-10°°
14 -0.675929986-10™" 0.526263846-10° 0.367888697-10"°
15 -0.208482030-10"* -0.531379586-10"° 0.112206843-10™°
16 0.580858138-10" -0.600197426-10"° -0.483785552-107°
17 0.133583114-10™ -0.317024303:10™° -0.572333293-107°
18 0.101654013-10" -0.819070283-10™° -0.209221697-10"°
19 0.375056102-10° 0.755550556-107° -0.453927813-107°
20 -0.179119145-10° 0.311610770-10"" 0.787836283-107°

2
. T,,(8)=T (2t°-1}.
Mostomy pan Yebumenma ana ¢dyHkumu (16) uMeer BuI

N .
plt)=py(t)= ) c (W)T, (t), (18)
[+]

roe cn{u) {n=0,1,...,N) - Te ke KO3bpPHMUHEeHTHI, 4TO M B

pasnoxenun (17). CxoOpocTb CXOOMMOCTH annpoKcHMauuu (16) panom
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(18) noxkasana B Ta6n.4, rae B cronfuax BeIMMCAHB HHXHHE TCDaHHIB
TOYHOCTH [Cbnn; Ha oTpesxke [-1,1] npu paanu?nux IHAYeHHAX
napaMeTpa w.

llanee noxakeM, 4YTO MHINOKEHHYO HETONMKY MOKHO MCMONL3IOBaATE M
Ona HaxXxoxOeHHA Ko3pdHUHEeHTOB pAna Yebumepa HHTerpalbHbX QYHKUHHA
si(x}] u ci(x) ua OeckoHeYHOM HHTepsBane [a,=), a>0. H3pecTHu

dopuymst (cu. [3])

si(x;%—agx)cosx—a(xjsinx, (19)
Ci(x)=4(x)sinx-B(x)cosx, (20)
roe
0! 2! 4!
AR =2 =S¥ o L. i
3 xs
1! 3t 5!
Bx) === 22 2w L .
1_2 x. xﬁ

oyHKuM A(x) W B(X) He nOONAWTCA BLIYMCIEHMK B ABHOM BMae,

HO OHH ABNAKNTCHA pelleHHeM CHMCTeHsb AudpdepeHUHANbHLIX ypPaBHEeHHA

A’ (x)+B(x)=0,
1 (21)
Alx)-B' (x)=5, A(=)=B(=)=0.
PopHHpYyeM HOBYR dyHHLMHD
f(x)=B(x)-iA(x),
ana xkotTopo#t cucTteMa (21) nNepexolMT B ONHO ypasHeHHe

£ (x)-1f(x)==% .

Mocne nomctaHoBkH (3) Ha oTpeaxke [-1,1] wuMeed nubddepeHUHANbHOE

ypasHeHHe
(1-t )%y’ (t)-2iay(t)=t-1 (22)
ana GyHKUKH
vier=e(-32),  ra=o.
O4yeBHOHO, ypaBHeHHWe (22) MOKHO TNOAYYMTL M3 ypasHeHHR (4]

zameHof a Ha ia. CosnamaeT W TrpaHH4YHOe ycrnoBMe npu LC=1.
Henonways HITIOKEHHYD MeTOOHKY , HOXHO HalTH voabhPHUHEHTE
KOHeYHOTO pAnma Yefbmesa OAA ¢GYHKUMM [(X); annpoKcHMauMa GyHKUHF
A{x) # B(x) cnenyer M3 papeHCTB

B(x)=Ref(x),

A(x)=-Imf(x) .
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Tabauua 4
HHUXHAA TPAHMUA TOYHOCTH {CDM“} HA [-1,1)
PANA YEBBIIEBA (18) ONA ¢YHKUMM (16)

CD
mln

N

w=0.2 w=0.8 w=1.5 w=3.0 w=4.5
10 1.6 3.9 4.9 50 6.0
20 2.5 5:3 S9LS Tia3 B.8
30 33 5.6 Tl 10.2 11.1
40 4.0 7.0 8.5 1.1 12.9

WHTerpanbHele GYHKUMH Si(X) M ci(X) MNOTOM BHYHCIHKTCR MO

popmynam (19) w (20). “YucneHHble pesynbTarel Tabn.S5 nNoKasmBawT,
4YTO paccHMaTpHBaeMuid peKYpPpeHTHuH MeTod MNo3BONiA€T MNOCTPOHMTL
xopouwyk 4YebbmeBCKY AannpoKCHHauMmw ¢yHxuuA Si(x) wu Ci(x) ans
WHPOKOro [AHanasoHa 3HaveHHMH mMmapaMerpa a; nNpH 3TOH TOYHOCTH
pe3yneTaTtos yﬁenhqunaercs C oTHnalleHHEeM TOYKH & OT HYnA.

B HacTosmed pabGoTe Mbl MINOKMAM OOHH MeTON TNPaKTHYEeCKOro
HaxoxOeHHA KodddHMUMEHTOB paga YebSemesa MAMA HeKOTopux SecKoHeYHO
anpdepeHUHPYeMbIX HeaHaNHTHYeCKHUX ¢pyHxuHKH. Meton okazancs
BecbMa OJpPeKTHBHEIM, TaK Kaxk npd HeoblxooMMOCTTH MHOrOKpaTHOTO
BelYMCAEHHA GYHKUMM B 3afaHHLX ToOYKax HHTepBala Ko3dQHLUHEHTH
pAllbl BHMMCAAKTCA TOMNLKO OOHMH pa3 IMA KaXKAOOro 3Ha4YeHMA napadeTpa
a. Kpowme Tbro, BHIYHCTIEHHE pelleHHA PpPeKYpPPEeHTHOro ypaBHeHHA
BLIMONIHAETCA HaMHOTrO 6uicTpee, yeM, HarpHMep, CHCTEMEl
anrefpaMyecKkMx YypaBHeHHWA B cny4ae MeTONa KOJJOKaUHK. ONHaKo
HepelleHHLM OCTaeTcA Uefuifl pAR TeopeTH4YeCKHMX BOMpocoB, ocofeHHo
nn# peKyppeHTHHX ypasHeHMH Gonee BLICOKMX NoOpAOKoB. Hanpumep, B
cny4ae annpoxcHMauxdM MHHTerpana JlocoHa M HHTerpanos ¢peHena
xo3dgdpHuHeHTs YebbuuepBa ABAHOTCH peweHHEeM PEeKYPPEHTHOro ypabHeHHH
6-ro nopsaxa.

CnenyeTr 3aMeTHTh, YTO BCe PpeKyppPeHTHbe ypaBHEeHHA, KOTOPLIM
yaopjersopinT KoadduuueHTn Yebuwepa 6eckoneyno DHOPEpPEHUHPYEMbIX
HeaHanMTHYECKHX GQYHKUMA, HMelnT crneunduveckyw GOpPHY, a HMEHHO:

HX HMOXKHO 3alHcCaTk B BHIOE
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Tabnnua 5

JABHCHMOCTL KO3¢®WUMEHTOB PAJNOXEHMA ONA OYHKUMA A(x) W B(x)
H TOYHOCTH ANNPOKCHMALMHA (CD) PHAIOOM YEEBHNEBA
SYHKUMA Si(x) W Ci(x) OT MAPAMETPA a MPH N=10

CI"]
n
a=0.1, cD=1.8 a=2.4, CD=6.5 a=12, CD=10.8
0.18761428-10" 0.36877074-10° 0.82650953- 107"
O 0.22298862-10' 0.91639734-10" 0.50649117-10°°
-0.48775243-10° -0.17442073-10° -0.63262681-10""
1 _0.91559484-10° -0.57493670-10"" -0.33582455-10°2
-0.22489416-10° -0.10519622-10"" -0.19807764-10""
2 _0.19327291-10° 0.96262653:10°  0.81246666-10"
-0.10988492-10° 0.20578959-107°  0.29449081-10°"
3 _0.42598107-10" 0.18886574-107°  0.14819507-10""
-0.55425048-10" 0.27309255-10° 0.12942783:10°°
4

-0.13571710-10° 0.18986254-10°° -0.13747286-10"

-0.28701338-10""  0.67910222-10"% -0.63262681-10"
> 0.93350139-10™ -0.12860845-107 -0.12404243-10"

~0.15313856-10" 0.96879545-10"° -~0.12341360-10""
6  0.10361249-10" -0.13152919-10°*  0.97965334-107°

-0.84215736-107 -0.25315469-10° -0.44346409-107"
7 0.83792386-1072 -0.41903143-10°  0.11928156- 10"

-0.46517672-10% -0.77791920-10°°  0.99603930-107"°
8 0.57038459-107 -0.78929644-10"°  0.10934667-10"°

-0.23376965-10% -0.38337207-10°%  0.17652072-107"°

9  0.31472358-107 -0.17524022:10"7 -0.46220838-107"
-0.68859760-107 -0.10585443-10°°  0.86433100-107"7
10 5.95335205-10° 0.28616212-1077 -0.27695560-10"
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2m 2 m
sisdel = § , o
): i - bj{a]'ur-m-j'  r=3,4,...; m2,
=0 Jj=o
roe c-z’m - OHHOMHHansHBIE KODGHUHEHTBI; bj(a] - GyHKUHH oOT

napaMeTpa; [pH 3TOM bm[a]-u.

JMiutepaTypa

s Bacunwes H.W., EKnowor W.A., [Mxepctesa A.f. NMpumeHeHue
nonyHoMoB Ye6Gbmesa B HYHCNeHHOM aHanHize. - Pura: JuHaTHe,
1984. - 240 c.

& Jiok 0. Cneuxans Hble HaTeMaTH4YeCKHe DYHHLIMH H HX
annpokcHMaund. - K.: Mwup, 1980. - 608 c.

3. Cnpaso4YHMK No cneuxanbHeiM GyHKuuax / Mon pen.M.A6pamoBuua M
M.Crturan. - M.: Hayka, 1979. - 836 c.

Yu. Klokov, A.Shkerstena. on Chebyshev series for some
infinitely differentiable non-analytic functions,

Summary. In the work a method is presented of practical
determination of the coefficients of Chebyshev series for
some infinitely differentiable non-analytic functions. The
method is based on the fact that the sequence of Chebyshev
coefficients is a minimal solution of coxrresponding
recurrent equation of high order. To find this solution an
inverse recurrent algorithm in J.Luke interpretation [2] is
applied.

MSC 65C20

J.Klokovs, A.Skerstena. Par kadu bezgaligi
diferencé& jamu neanalitisku funkciju Cebi3eva rindam.

Anotici ja. 5aja darba apskatita kada metode daZu bezgaligi
diferencdjamu neanalitisku funkciju CebiZeva rindas koeficientu
aprékiniSanai. Metodes biitlba pamatojas uz to, ka C(ebiZeva
koeficientu virkne ir atbilstoSa augstas kartas rekurences
vienidojuma minimilais atrisindjums. 31 atrisinadjuma atrasanai
lieto apgrieztds rekurences algoritmu L.Luka interpretacija.

HHCTHMTYT MaATeMaTHKH H HHPOPHATHKH Moctynuna 04.08.93
NaTeufickoro yHHBEEepcHTeTa
Pura, 6.Paftua, 29
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METON MOCHENOBATENbLHBIX MPHUEIHXEHMHA
0N PENEHWA CHUHIYJIAPHHX KPAEBLIX 3AIAY
C.Becnanosa

AHHOTAUMA. Npeanaraetcs  MTepauMOHHLIR HeTon YHCNEeHHOTr o
pemeHHA KpaesBhX 3afav OAR CHHrynapHuix ONY. 3¢ddexTUBHOCTL HeTona
HNMOCTPHPYETCA Ha KOHKpDEeTHhX 3Jajavax.

YOK 518.61

1. PaccuaTpMBaeTCd KpaeBad 3agava
Y"*%Y"flt-}’)c (1)
y'(0)=0, y(t)=b, te(0,T], yeR, (2)
roe ¢yHrkuMa f CHHrynApHa Mo Yy (MOXeT TakKke HMeTb M
CHHIYNAPHOCTL nNo L) Ha onHoM uAM o60OMX KOHUaX HHTepsana [0,T)
(t>0, k,T,beR, k>1).
HeTpynHo nposepHTh, 4TO GYHKUHMA

Ly
’ s
v (e)=[(§) fis.v(snras (3)
0
ynoBneTBopAeT ypaBHeHMo (1). H3 (3) nonyuaewn
t
1 s %
vier=yty [(s-¢(E) )eesivisias. (4)
[+]
Monaras B (4) C=T, HMeeM
T
1 s\ ¥
yier=b=y(0)+gty [[(s-x(§) ) e(s.visn)as. (5)
a
Ha (4), (5) cnenyeT HHTerpanbHOE ypaBHeHHe
T

yit)=b-[ Fe,s)f(s,y(s))ds, (6)
o
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roe 3ﬁt,s] - ¢yHKuua puna KpaeBoft 3anadvu
y+Ey'=0,  y'(0)=p(t)=0, (7)
a HMMeHHO:
k k
[%] [t—t[%] ], D=s=t,
Gt.s) = 25 (8)
- ‘l[ ] k=s=T.

2. Qycts otpe3ok [0,T] paa6ur onpeneneHHsiM ob6pa3oM Ha

NoAMHTEepBansl
. 0=t0<tl<...<tm=r {(9)
H NycThb
Yp=¥(tpy),  toel0,t]), p=0,1,....m,

?if?r"i:i,sj), i,§=0,1,...,m.

Teneps, HCNONL3yA KaKyw-nHGo KBanpaTypHyo d¢opMyny, HoTopas
He BK/IOYaeT KOHUEBhEe 3HaYeHHA to'.tm HHTepBalla MHTEerpHpPOBaHMA,
zanumeM (6) caenyomus ofpa3loM:

yp.b+ Z Cr"brf{tr’yr}' p=l,...,m-1, = (10)

roe Cr - KoapdHUMEHTH BuGpaHHOR HaMH KPaOpaTypHO# GopMynbi.
YucneHHoe  3HaYeHHe |PpemeHHA B ToOo4Ykax tp, p=l,...,m-1,
npeanaraeTcA HaXOOMTE C TMOMOMBY MTEPALMOHHOrO Mpouecca

tleny_ th 7
(7p) T =(1-2) (7) “[Mr-l & A ) (11)
roe A€(0,1), I #u (l+l) - HoMepa npensnymed H nocnenywomef
uTepauxh.

3. PaccMoTpHM KpaesByp 3anaudy, aHanordyHywo 3zagave (1), (2),
HO ANA cHucTeMmsl N OHdpPepeHUHANBLHBIX ypaBHeHUA 2-ro MopAOKa

ye+ky =F(e,v), (12)

Y (0)=0, BuY(r]+BJ”(tl=b. (13)
roe Y,F,bsRn; B,, Bl - KBAQpaTHeE MATpHLUL PazMepHOCTH NxN.
MpennonaraeM, 4TO OnA4 CcooTBeTcTBypomed oaHopoaHo# zJanauu
cymecTByeT ¢yHKuua Fpuna (MaTpuuHaa). Torma 3zamawa (12), (13)
CBONMTCA K MHTETPANIbHOMY YPaBHEeHH®
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T
n:pa-f%’;:,s}rts,ns;}ds, (1)

o
roe B - H3IPECTHHA BeKTop,
n

Ges=1 9 el . (14)
Ecnx B (12) K ecTs OMaroHanbHan MaTpHua, TOo B (77) ‘Jﬁc,s} Takke
6yneT nMaroHansHofl MarTpHue#.
Tak B [S] uccnenyercd 3zagadva

u'+%u '=-144v+uv-27,

3 1.2
vi'+=v'=144u- H
X g (15)
u’ (0)=0, u(l)=0,
v'(0)=0, %v(1]+v'{1]=0, xe(0,1], meR.
Ind Taxkol CHCTeM:H HMeeM gm- .qf;l=0 H
3
(%J (t-t®),  O=s=t,
G (t.s) =3 (16)
s-s’, tsssl,
s)? a
[E] (t+2t7), Oss=t,
= 2
G, (tis) =3 (17)

s+2s°, tsssl.

Nycte Y}‘h - BEeKTOpP-(QYyHKUHMA, KOMNOHEeHTH HOTopoH ecTb l-e
npubnuseduA HKOMNOHEHT BeKTOP~GYHKUMH Y, BhYMCNEeHHbE B TOuYKe
:=r.j. O6o3HavyuM fanee
t_ll
J
Teneps 4HClleHHOe pemeHHe cucTeMmul (12), (13) Moxer 6uiTh HafineHo

Fll'.l

& @in g
i FU‘.J.,Y ) H g ./(tj,sr}.

B Kaxnoh Touke I’.j (j-1,...,m~1) pazbuenna (9), kaxk npelnensHoe
JHa4YeHHe B MTepalUWMOHHOM Mpouecce

m-=1 5
Y}l‘”-u-a]r}“ﬂ[a-r zcrg}f.r.r:p.trh]. (117)
r=

4. CxomouMocTs HTEpPauUMOHHOrG npouecca (11) woxkeTr GuiThb
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Tabawua 1

3ABHCHMOCTL YMCIA HTB?@HHH OT A U m
NP¥ $HKCHPOBAHHOM £(=10 ") B 3AIAYE (I)

A
o 0.05 0.1 0.2 0.3 0.38 0.4 0.49
16 234 118 58 37 28 37 463
32 248 127 62 39 30 37 481
64 261 132 64 40 32 40 495
128 269 135 66 43 32 40 508
256 279 142 70 44 33 33 517

Tabnamua 2
3ABHCHMOCTH MAKCHMANBHOR U MMHHMMANBHOR BEJIWYMH

OTHOCHTENIbHO TOrPEWHOCTH OT m
(2€{0.1,0.49], 3ANAYA (I))

m maxn““ (%) t‘-.: min nm (%) r._‘ —
16 4.78 +0.875 0.86 +0.0625
32 4.96 +0.9375 0.43 !0.23125
64 5.06 +0.96875 0.21 +0.015625
128 5.11 $0.984375 0.11 £0.0078125
I256 5.13 +0.9921875 0.05 20.003%0625

3necs "‘ax'ﬁwm-l.t"!‘glx.!lA m{t}-aoﬂ

-IEIE}?II&mItlnﬂm{c-ln}: c--1;"‘t-ll\EI-.1'll.

(¢t ). RAHanoruuysdo, mindA =
max oTH

noKazaHa MOCPeACTBOM  pacCcykoeHuft,  aHaNOrH4YHEX TeM, 4TO
ucnons3yerca 8 [1,3,4,10].

5. MYWcneHHne pe3ynbTaTH. OnNHCaHHLM Bbie MeTONOM pemeHo
HECKONbKO KOHKDEeTHWX KpaesmX 3anay. B 4YacTHOCTH,

x”’.-_J' x(tl}wﬂ. (1)
x

Kak wu3BecTHO, @dyHxuMa TpuHa cooTBercTByome e onHopomHoM

upaesoﬂ 3anayH ecThb
1 (s-1)(1+t)/2 -1stss,
Ue,s) = [ '

(1+s)(t-1)/2, sstsl.
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To4Hoe peweHHe 3amayM (l) ecTs QyHKUHHA

x(t)=vV1-t%, te[-1,1].

PeaynsTaTs BYMCnenufl and 3anau¥ (1) npusenexHs B Ta6n.l u 2.
To4yHocTs BhYMCReHHR £=107°,

2 2
E o
4-i " te(0,1),

2
32x (11)
x(0)=0, 2x'(l)+(1l+v)x(1)=0, o,v>0.

¥ = -

¢yukuua FpuHa cooTeercTBywme#l el onHOpoOAHOR 3IamavuH ecTh

& (1+(v+1)s/(1-v))t,  Ostss,
Yit,s) = -
(1+(v+1)t/(1-v)s, sstsl.

B (6] nna pemenua 3agaud (1ll) wucnonb3zosanucs MeTonm RKF45
Shampine, Watts BMecTe co cnafoMonMdHUMpPOBAHHLIM HMeTonoM ZEROIN,
(91, a Takke Metoa Shampine, Gorden [14]. BeMHCAeHHSA
BMAONHANUCE C YNBOEHHOH TOYHOCTLO (C 13 ONeCATHYHLIMM 3HAKAMK) H
¢ noxansHoR omubkofi 5-107'%, PeaynbTaTsl BHYHCNEHHA HMewT 6
BepHeX 3Hakoe. Tam %e OTMevYeHO, 4To Mertox Runge-Kutta 4-ro
nopAOKa € MNOCTOAHHRK marod h=0.05 pnaetr npuMepHo 1-2 BepHeIX
3HaKa.

B uenax CPpaBHeHHA HAWHMX Ppe3ynbLTATOB C pe3yibTaraMu paﬁoru
[6] mMut pemanu 3amaxy (II) ana Tex xe 3IHaYeHHH BXOARWMX B Hee
napameTrpos, 4To W B [6]. Npx 2TOM M nonaranu 8 (10) m=128 u
TOMHOCTbL BBIYHCIEHHHA £=10"%, PeaynetaTtsl pacyeTor 3anauyu (II)

npMBeneHs B Tab6aMuax 3 u 4.

(r™ ey +ap™ F(uy=0, u’(0)=0, wu(l)=1l. (III)

3ra z3apava paccMaTpupanace B pabGote [11]. 3necs F(u}=;1+au]ﬂ,
ap>0, re(0,1].

HaMu paccHOTpeHn cllellyomue Cliy4au:

a) a=-1, B=-1, A=1, m=3, 4Y4TO COOTBETCTBYyeT KpaeBoH 3anave

- 21- 1
LR T

6) a=-1, B=-2, A=1, m=3, 4TO COOTBETCTBYeT KpaesoHh 3anaue
2 1

u® ¥ =u’ = -
(1-u)®

u’(0)=0, u(ly=1; IIII!I

l u’(0)=0, u(ly=l1. [III2}
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Tabauua 3
PE3YNLTATH YHCJIEHHOrO PENEHMA 3ANAYM (II)
NMOCPEICTBOM WTEPALMOHHOrO NMPOLECCA (11)
*
& A E tﬁ?ﬁf:i{x{t)/t]
0.431097774 (*)
0.000 0.49 33 0.431094017
0.426549105 (*)
Qi 230 Uicad 3 0.426545367
0.379769906 (*)
L 943 i 0.379766516
0.991 0.37 47 0.360560859 (%)
0.360566693
1.171 0.34 52 0.338465984 (*)
0.338463168
1.1388 0.29 62 0.311364813 (*)
0.311362512
1.474 0.27 67 0300775975 (*)
0.300773929
L 1 1 1 ]
3necs A* - onTuManbHOe 3IHavyeHHe A B MHTepaluMOHHOM Mpcuecce B
CNE.LC-I’IQ CHOPOCTH CXOOHMOCTH ero, BeIYMCINIeHHOe C TOYHOCTLE 1O
10°; L - cooTrsercTBynmee eMy 4YHCno HWTepauuf. B cTpokax co
3HAKOM (*) mNpHBeneHs MNpefenbHbLie 3JIHaAYEeHMA BeJHYMHBl max([x(t)/t)
npu t-0, B3IATHIE H3 tabn.l paboTsl [6]. Ina BCEeX

JKCTIepHMEeHTHPYeMsX 3HauYeHHWdA o BenuwymHa max(x(t)/t), ¢te(0,1)
COOTBEeTCTBYeT ONHOMY H TOMy xe 3IHa4YeHHMID He3laBHCHMMON mnepeMeHHON
t (0.00390625).

Tabnwua 4

3ABUCHMOCTbL KOJNMYECTBA MTEPALMA (L) B (11)
NPH ¢MKCHPOBAHHOM 3HAYEHHH o B 3AIAYE (II)

o=1.388

A 0.1 0.2 0.25 0.28 0.29 0.30 0.31 0.33 0.35
L 192 93 73 64 62 72 92 237 >500
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B oboux cany4aax ¢pyHruua Fpuna ects

2
‘ [%] (e-t%), Ossst,
Yit,s) =

(s—sz), tss=1.

lnAa uKcneHHOro pemeHHA ypaBHeHus (6) BO BCcex paccHMaTpHBaeMsix

HaMy npHMepax HCMoNk30BaNachk KBagpaTypHas dopHyna
NPpAHOY T ONLHHKOB

b

b-a
_[F{z]dz= = rm+rm+...+rm_wz], (18)
a
h .

rae F112=P{zi-§} (i=1,2,...,m); h=(b-a)/m, m - uucno To4ek

pa3s6MeHHA HMHTepBana WHTEerpHPOBAaHHUA.

Yrolel MpocnenHTh BNHAHHEe BenMYHMH A M3 (ll) H m Ha cKopocTh
CXOOMMOCTH MWTepalMOHHOro Tpouecca W TOYHOCThL  MOAYy4HaeMslX
pe3ynLTaTOB (B CHhCNe COBNAOEHHWA C TOYHLIM peweHHeM, ecslH OHO
M3BECTHO), PpacCHMOTpeHHhe 3afauuM pemanH ANA PA3IHBIX IHAYEHH
A€(0,1), B ToM uMcne Gamakux K 0 u ¥ 1, a Tawxe 6panu paanuyHoe

YHCNO TouYeK pazfMeHMA M HHTepBalla HHTETPHPOBAaHMA.

OcHOBHEE BHBOOH

1. CxomHMOCTH: HTepalUHOHHOI'O npouecca CymecTBeHHO 3aBHCHT OT
A. HuTepsan axHaveHua A (0,1) MoxHO cC onpeneneHHoOR cCTeneHbw
TOYHOCTH Ppa3fuTe Ha TPH NOAOMHTepsana: [O,Ai}, [Al,az], (Az,lj.
Npx 23ToM B MNOAOMHTepBanax (O,Al], {Aa,l} HMEeeT MecTo MNiaoxXas
cxoOouMocTh (TpefyeTrca ovens Gonbmoe 4YHCHO HTepauuf) HNH naxe ee
oTcyrcrexe Mo Mepe mnpubnukeHnd A K 0 unu x 1 (cu.tabn.1,4).
3HavYeHHuA A‘, A, ana Kaxno#t 3agavM CBOHM.

2., Ina xaxgoft Kpaesofl 3ajnavM cymecTByeT ONTHHaNbLHOE 3IHaAYeHHe
A-A’elai,hz] B CHbiC e CHKOPOCTH CXOOHHMOCTH HTepauMoHHOTO
npouecca (cM.tabn.l,c3).

3. Ona Bcex 3HayeHHHA A, NONA KOTOPLIX HTepalUHOHHLH npouecc
CXOOHTCA <€ ogHot W To#f xe 3anaHHo# ToOYHOCTBI, BelHYHHa
OTKNOHEHHA NpPUOAHKEHHOTO pemeHHA OT TOYHOrO He 3IABMCHT OT A, HO
3aBHCHT OT M - yYyMcna Tovex pa3bueHHMA HHTeppana HHTETrpHpOBaHHH
(cH.Tabn.2).
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S.Bespalova. Successive approximation method for the solution
of singular boundary value problems.

Summary. An iterative method is proposed for the numerical
solution of boundary value problems for singular ODE. Examples
are given showing the efficiency of the method.

MSC 65L10

S.Bespalova. Pakipenisko tuvini jumu metode singularo
robeZproblému risinaSana.

Anotdcija. Tiek piedavata iterdciju metode singularu PDV
robeZproblému risindsSanai. Metodes efektivitate tiek ilustréta
risinot konkré&tus uzdevumus.

HHCTHTYT MATEMAaTHKH H HHOOPMATHKHM MocTynuna 24.07.93
NatsHiAckoro yHupepcMTeTa
Pura, 6.Pa#tna, 29
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SOLVABILITY OF THE DIRICHLET PROBLEM FOR THE CERTAIN
SECOND ORDER DIFFERENTIAL EQUATION WITH NON-SUMMABLE
SINGULARITIES
J.Cepitis

Summary. Multiplicity of soclutions for the boundary value

problem L pq ¥
X'+ ————x' = —x +bt'( — )"=0,
t t

x(0) =0 7 x(t,) = x, ¥ b,ta,xh € (0, + = ),

is investigated by phase plane analysis method as long as
values of the parameters are permissible.
1991 MSC 34B15

Introduction

Second order differential equations or its systems ,which
contain the differential operator with non-summable singulari-
ties

d®x 1 -p+qg dx pq
Lx = 2 + = ;X i P/geER,
dt c dt 14
frequently appear in applications. A lot of papers (see [1,2]

and references there added) were turned attention to the
boundary value problems of such kind.

Solvability conditions for the boundary value problem
Lx = F(t,t™%x,t' " Px) , R

x(0) =0, x(t)) = x, (2)
in the terms of lower and upper functions follows, for
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example, from results of [1],but these conditions do not clarify
how number of solutions depends on values of the parameters
containing in the boundary value problem.

The operator L can be obtained by change of variables

u=t x° {73 )
in the operator "
d"u k du
Lu = t®( = + — ) 3+ k=1+p+gq.
dt Tt dt

This circumstance stimulated us to transfer to the boundary

value problem for the differential equation
x n
Lx #+ bt'"(— ) =10, (4}
t9
n > 1 ,with the boundary conditions (2) results of the paper

[3]. These results were gotten by phase plane analysis method
and were related to the boundary value problem for the
differential equation
Lx +t'x" =0
with the boundary conditions (2) ,if x, >0
Note,that the direct application of the change of wvariables
{3) is not possible, because the sets composed by permissible

values of parameters p,q,r in either case are covered partly.

The differential equation of the phase plane

Let p € [1,2+r ) , g € [0, 42 ) , r € (-1, += ).Then,
according with the results of papers [4,5],for every s €[0,+n)
exists the solution x of the differential equatien (4), which
satisfies initial conditions

x(t)
x(0) =0 , 1lim —— = s (5

t— o0+ L
Let y be the solution of the problem (4),(5) with s = 1
It is easy to be convinced, that for s € (0,+=) the function
n-1

- v
x(t) =s‘ l(’Iy(.'.s,' t) where v = T+ 7 +#n(l =P '

also is the solution of the problem (4),(5).
Let t € (0, += ) be fixed. Consider the function
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u(s) = s'Vy(s’t,). (6 )
If v > 0 ,which is true under the condition
1+r +n>np, (7))
then du(s)
lim u(s) =0 i 0 = lim _ < 4w . ( 8)
s — 0+ s — o ds

Deriving the function u twice and taking into consideration
the differential equation (4), we obtain

d?u (av + By - 1) du (1 - va)(1l - vB) a

= = == - &+ —- u” =0,
ds s ds s s

where a=1-p , BE=1+q , a=b vzt;_""'z.

Further,making use of the independent variable <t = In s ,
denoting v = g%- and turning out Tt from the acquired system of
first order di f ferential equations, we get the searched
differential equation of the phase plane

n
dv - Ai"zu + (J\l + .\E]V - au
—_— r ( 9 I
du v
wherek|=1—vu ' Az=1—va .

Note,that the trajectories, which are determined by the
differential equation (9) and are entered in the origin of
(u,v)-plane ,if t —-= ,correspond to the conditions (8).

The behavior of the trajectories

Origin of the (u,v)-plane is a singular point of the
differential equation (9).If v > 0 ,then A, > 0 ,but A, < 0,
if

2+r+q < np+aq - ( 10 )
With this, it is easy to make certain, that inequalities (7)
and (10) imply the fact, that origin of the (u,v)-plane is the
saddle point of the differential equation (9). In such case the
differential equation (9) has one more singular point
(6,0),where

5= (- —

Let us assume, that inequalities (7) and (10) are true.
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Then solutions v, of the differential eguation, which satisfy

the initial conditions
dv, (0)
v,(0)=0 — =2, ; i=1,2,
du
exists and are uniquely. The differential equation (9) and
inequality n > 1 imply existence of the numbers ue [, += ),

such that =

vi(u )= 0 , { -1) v, (u) > 0 , ue (0,u RE i=1,2.

Lemma. The equality sign(ul— uzj = sigmla\l + .\z} is true.
Proof of this lemma does not differs from the proof of th
Lemma 1 in the paper [3].

A
Let us denote 7y = 1 - a_‘-z_ and observe, that y > 0 .
1

Statement.Inequality

¥ = 2n + 2 vn(n -1) , (i 21X )
implies u =38 .
dvl
Proof. Derivative —— ,for the sake of its monotonicity,
du

the minimal value in the domain [0,5] reaches at the point u=s.
Denote this minimal value with k and suppose, that u = 3.
Putting into the differential equation (9)

v = k{u-8&) , { A2
which is the equation of the tangent drawing to the graph of
the solution r1 in the point v = 3, and taking the limit, when

u — & ,we obtain k° -~ (A + A )k - (n - 1)AA, =0 . So,as k
must be real, we have
Az 2 ?.g
(i + (4n - 2)— +1 = 0 ,
1 1
From this inequality follows, that one of the inequalities (11

or {

¥ = 2n -2V n(n - 1) ¢ 23
must be true. On the other hand,in such case u s u, and,
according with the Lemma, we have A + A s 0 . Altering th

latter inequality in the form 7 = 2, we see, that it is no!
A+ A
linked with (13) ,if n > 1. Choosing k = ——l—z—z from th:
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dv
differential equation (9), we can convince oneself, that ?Efck

on the interval (0,53) of the straight line (12),consequently
the graph of the solution v, can not to intersect the mentioned
straight line and for certain enters in the point (&§,0). The

statement is proved.

it is easy to verify, that for 7 € (2 , 2n + 2V n(n - 1) )
the siﬁgular point (4,0) of the differential equation (9) is a
stable focus and the trajectory, which contains the solution
v,, as a spiral winds on it.

If the inequality (7) is true,but inequality (10) is not
true,then the origin of the (u,v)-plane is the unique singular
point of the differential equation (9), and it is an unstable
knot point. It is seen by the differential equation (9), that
the solution v, has the same kind of behavior as in the
previous case with AHA, > 0 .

The solvability of the boundary value problem

Let H[I:nj = max u(s) ,where the function u is
SE(0,+m)

defined by the expression (6). Then the boundary value problem
(4),(2) has not a solution,if x, > M(t ). On the other hand,if
P, s M) then the trajectory, which contains the
Lonstructed solution v, of the differential equation (9),
determines various values of the variable s, such that the
solution of the problem (4),(5) satisfies also the boundary
conditions (2). The considerations analogous as in the paper
[3] allow to get the following solvability theorem for the
boundary value problem (4),(2) .There will be previous

designations used in the formulation of the theorem.

Theorem. Let p € [1, 2+r),q € [0, +4=),r € (-1, +4=) and
inequality (7) are true.
I1f ¥ € (0,2] ,then the boundary value problem (4),(2):

has two solutions, in case X, € {O,ul},

has one solution, in case X, = U,
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has no solutions, in case x, (u, += ).
If v € (2,2n + 2V n{(n - 1) ),then for every t, € (0,+=)

exists sequence j — Hl[to), such that lim M (toj =8 ,
}— =

M, (8) > (e} ,

H‘(tﬁ} > H;(tal - IR H;l_‘[tu) B e #
My(Ey) < M (L) < ov <M, (E) < ouu

and the boundary problem (4),(2):
has j solutions, .in case X = H]{ta} o
has j + 1 solution, in case x, € (H,(tn}' "pz‘to’]'
if j is an even number,
or x, € (M _(t.), M (L)),
if j is an odd number,
has no solutions, in case X, € (M (C), += ).
If ¥ € [2n + 2V n(n - 1) , += ),then the boundary value
problem (4),(2):

has one solution, in case x, € (0,58),
has no solutions, in case X, € [6, += ).
Remarks

'1.The formulated Theorem, by using solvability results for
the boundary value problem (1),(2) in the terms of the lower
and upper functions (see [1]), allows to get also some results,
which are related to the general boundary value problen
(1),(2),if f e C{[U,tq]sz).

If £(t,t7x,t'Tx') 2 bt (£7P2)" , € @ (0,2 ) ; x,x° <R
and !b£[0,+u} is such, that the boundary value problem (4),(2)
has no solution ,then the boundary value problem (1),(2) has nc
solution also.

If 0 s £(t,t Px,t'"™Px") = bt"(t7x)",t e (0, ],x,x’c R
and x «(0,+») is such, that the boundary value problem (4),(2)
has a solution ,then the boundary value problem (1),(2) has a
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solution also.

2. Let i = 1,2 and consider the boundary value problem for
the system of differential equations

Lx + ¢ (x,x) =0 ( 14 )

with the conditions
x(0) =0 , x(t) = 2, e ,xe (0,0).
If for the continuous nonlinearities ¢l hold conditions of the
homogeneity ‘slkx|'kx2} = k?‘ﬁ]{xl,xz} ke R en > 1 ,then
frequently the system of differential equations (14) by the
linear change of variables x=oau+ ﬂ‘v ¢ 2B, - azB= * 00

can be reduced to the system of the differential equations
n

Lu+au'=0 , Lv+yuv) =0 , (15 )
The boundary conditions, then are taken the form
u(0) =v(0) =0, uft)) =u, , v(t)) =v,. { 16 )

If 0: are homogeneous polynomials with equal (second or
third) powers,then necessary connections among its coefficients
for this purpose are the same as in the paper (6], which is
dedicated to the systems of differential equations.with the
differential operator L.

As regards to the component u of the solution of the
boundary value problem (15),(16) the Theorem of this article
can be applied. The existence of the corresponding components v
can be established by the lower and upper functions (see [1]).

This work has been completed with the financial support of
the Science Council of Latvia under grant 90.224.
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Anotacija.RobeZproblémai

X' # L.'_%’_*_q_. ¥' - _gg.x +bg'(h.’frv__]“-o
x(0) =0 ,x(c ) =x, . b.t .x € (0, +=) ,

L

noteikts atrisindjumu skaits pielaujamajam parametru vértibam
(P-Q:ri"u’-‘l-l:'a >

A.lUenuTHc. o] pPaspemHMOCTH lapgavum Inpuxne ana omHoro
OGHKHOBEHHOTO JAW(PPepeHUHaANLHOrO YPaBHEHHMA BTOPOro MOPAOKA C
HECYMMHMPYEeMbIMH OCOGEeHHOCTAMH. _
AHHOTAUMA. JInAa KpaeBO® 3amawyu
x:._‘_l-c* x,_?g_x +btr(-—§w—-}“‘=u,
x(0) =0 ,x(t)) = x, . b,t,x € (0, +=),

yYCTaHOBNIEHO HYHCHO pemem-m npx ﬂOnyCTHHbﬂ( JHAYEeHHAX napaMeTpos
B npocTpaHcree (p,qg,r).
YOK 517.917

Latvian University Received 10.09.93.
19 Rainis boulevard , Riga
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O YWCNE PENEHHA B KPAEBOR 3ANAYE 0N CUCTEMEI
IBYX NWOGEPEHUMANBLHBIX YPABHEHUR BTOPOro MOPALKA
¢.X.Canupbaen

AuHOTauMa. [na xpaesof 3amadm

x*=f(t,y¥), y'=g(t,x), (1)
x(a)=4, x‘(a)=4, x(b)=B, x'(b)=B, (2)
1 ar ag
c f, g orpaHHuYeHHEIMM M M3 Knacca C, EF H Ix NOoONOXMTENbLHEIMH ,

nonyyex crenyomuii pesyanTarT.
Teopena. [ycte %% orpaHMieHa ¥ cCymecTByeT pemeHue (£,7)

IanavH (1), (2) Takoe, 4T0 HMHTepBan (a,b) copepxur n
conpAXeHHHX (K CL=a) To4YeK OTHOCHMTEsIbHO ypaBHeHHA B BapHMaUHAX

(17" e miernun]-=Sie gcenu.

Torna cymecTByeT no MeHbmeft Mepe 2n+l peweHuit sapmauw (1), (2).
YOK 517.927

1. PaccMaTpuBaeTCA KBa3dunuHedAHaa Kpaepaa 3agmada
x“=f£(L,¥), y'=g(t,x), (1)
x(a)=A, x'{aj-jl, x(b)=B, x‘(b]-Bl, (2)
rone ¢ysxkunu f,g:[a,b]xR*R - HenpepnBHH BMECTE C YaCTHLIMH
NpOH3 BOOHBIMH fy, g, ¥ OorpaHuueHs, a,b,A,AI,B,B‘eR.

Janava (1), (2) ABNAeTCA HATeMaTHHecKoOR HoOOensd IBMKEHHA
MaTepHansHOA YacTHUL B HenlMHeAHOM TMone cuA, TrOe 3alaHu
X-MpOEKUHH TIONIOKEeHHA M CHKOPOCTH YACTHULI B HaYanbHuf M KoHeuwsi
MOMEHT BpeMeHH.

BymeM cuMTaTth, YTO BCoOOY

fy>0, gx>0. (3)
OcHoBHOH peaysnsTaT COCTOMT B OUEHKEe CHH3Y YHCla pemeHuht

sana4yn (1), (2) nNpHM HEKOTOPHX NOMONHHUTENbHBIX MNPEeANONOXKEHHMAX.

2. ONycrs (x,,¥,) - HewoTopoe pewenne 3zanauum (1), (2).
Nepenumem cucTeMy (1) B BHIe
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£(E,¥)-£(T,Y,)
Y-Y,

(x-x,)"= (y-¥,)=0(t) (¥=¥,),

4
g(t,x)~g(t,x,) &

C¥=,) - o (x-x )=¢(t)(x=-x ),
o

rie KO3QOHUMEHTs ¢, Y HEeNpepuBH (B TO4YKaxX, rAe Y=Y, HIH X=X ,
KoTopsie 06pa3ynT Me OGonee 4eWM KoHewHoe HWHoxecTeo [1, c.82],
Ho3bdHMUHEHTE MOONPEeNeNiNTCA COOTBEeTCTBYKMHM 3HaYeHHeM fy HITH
qri M TNONMOXMTeNbHs! B CHAY ycnoBua (3). EcnM oOTrpaHH4UTLCA
paccHoTpeHHeM pemedH#ft CcHcTeMn (1), YyOOBNeTBOPAKUWHX HaYaMbHLIM
YCNOBHAN
x(aj=4, x'(a)=A4, vyla)-¥,(a)=p, y'(a)-y,la)=q, (5)
T0 Ko3pdHUMEHTH @, Y B (4) ABNAPTCA PYHHUHAMH 3IHaYeHudA p, g-
MpH Manmx p, g cucTeMa (4) npespamaeTCA B CHMCTEMYy YypasBHeHWH B
BapHaLMAX
U“=fy(t.y°{t)lv, v'=g (t,x (L))u. (6)
CucTena (6) Moker 6BITE 3IanHcaHa B8 BHOE

[?;TfT%:TETT u) =g, (e,x,(e) u. (7
TeopHA ypaBHeHHA

(r(t)u*)“=p(t)u, r>0, p>0 (8)
passuTa B crarse [2], TepHMHHONOTrWH KoTopoR Mel  Gynem
npHOepXHBATLCAH.

Onpenenenwe [2, n.3]. TodYka L=7 Ha3slBAETCA CONPAKEHHOH kK [=a
OTHOCHTENbHO ypasHeHua (8), ecnd cymecTeyeT HeTpuUBMaNbHOE
pemeHde U(L), ynoBNeTBOpAKmEe YCIOBMAM

ufa)=u’(a)=0=u(n)=u’(mn). (9)

Teoperta. [IycTh BHMNOMHAKXTCA YCHOBMA:

1) cymectByer C=const>0 Takoe, 4TO fy<c ONA BCex 3HaveHHit
(t,y)i

2) cymecTByeT pemeHHe {xa,yn} sapgaud (1), (2) Takoe, uTO
HHTepsan (a,b) comepkutr Kk Touek Myr=vesMy, CONPAKEHHMX Kk L=a
OTHOCHTENLHO ypaBHeHHA (7).

Torna 3anmava (l), (2) uMeer eme He MeHee 2k pemeHHHA.

3. B ITOH NyHKTe NMPHBOOHATCH HeKOoTOopsie BCnoMoraTefibHbuie
CBEeeHHA .
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Hapany c (4) pacCHOTPHM CHCTeHy

u"=p(t)v, vi=g(t)u (10)
M COOTBeTCTByMmEe ypaBHEeHHe
(3 )7 = wu, (11)
roe ¢, Y 2AWBHCAT OT P, g cornacHo (5).
Nlermsa 1 [2, c©.327]. Ecnu 3HadvYeHHMA ¢yHxumit v, u', u”, %u"'

np¥ C[=a HeoTpHUaTelkHH W He BCe pa\BHEl HYymoO, TO MNpM [>a 2T
GYHKUMH MOJNIOKHTENbHLI.
Nlermia 2. ConpAxeHHele K C=a TOYKH “1'"2"" OTHOCHTEeNbHO
ypasHeHHA (8) HenpepnBHO 3aBHCAT oT kos3dduumentos r(t), p(t).
Hoka3laTenbCTBO. HasectHo (3, n.8.6], 4yTe colcTBeHHbe
JHaYeHMA caMoconpAxeHHOW 3zamauu

(R(T)u”)"“=AP(T)u, R>0, P>0,
(12)
u(0)=u’ (0)=0=u(l)=u’(1),
ofpasynomue  AMCKpeTHOE  MHOXeCTEO, HenpepLBpHO  3aBMCAT  OT
KO3¢PHUHEHTOB  ypaBHeHHMA (12). Mockonbky npeofpasopaHuen

4
t=v At+a ypasHeHHe (8) nepexomuT B (1l2), a COMNPAXKEHHLIH TO4YKaM

LS COOTBEeTCTBYOT colGCTBeHHble 3IHAYEeHMA An no mopnyne-nn=;€;+ﬂ,
yTBepXOeHHEe JleMMb CNpaBenyiMBo.

Jlermta 3. KawpoMy pemennmo u(t) ypaBHeHua (1ll) (roe ¢, ¢
onpenenAwTca cornacho (4}, (5) M  3aBHCAT ©OT p, 4gq),
YyOOBNEeTBOPAKMENY YCIOBHAM:

1) u(a)=u’(a)=0=u(b)=u’(b);

2) wpexktop (u*/p, (u"/e)") npM LC=a KONNHHeapeH BeKTOpYy
(p.q),
cooTBeTCTBYEeT pemeHHm 3apnauu (1), (2).

Nloxa3aTtTenscTBo. [lockonkKy ypaBHeHHe (1ll) nuuHeliHoe, MOXHO,
yMHOXMB U(L) Ha NOCTOAHHY® M nepe#nna K cucTeme (10), cpaBHHTH
(10) ¢ (4) u noay4uTs, HTO x*xb+ u, Y-Yb+ Vv ABNAETCA pemeHHeM
(1), (2).

Nlerra 4. Ecny B ypasHenuu (8) r(t)zc>0, a koadduumentr p(t)
ODOCTATOMHO Man B HHTerpanbHOM CMbiCne, TO HHTepBan (a,b) He
conepxMT TOYeK, COMpPAXEeHHBX K CL=a.

Cnpaaennunocth NeMHsl crnenyeT M3 TeopeMh CcCpaBHeHHMA H OoueHoK
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yHchna Hynefi pemeHHs n.3.4 paborst [2] NPHMEHHTENLHO K ypaBHeHHI

cu''=p(r)ju.

4. Hoxas’aTennCTEO Teopemu. PaccMoTpuM YypasHeHne (ll) c
KOJpOHUMEHTaMH, 3IaBUCHmMMMH oOT P, gq. Ha nmockoctTw (p,q) B
cektope p>0, q<0 nposeneM CeMeACTBO MoAympAMuX 1., BHXORAWHX H3
Havala KOOpOHHAT H TMapaMETPH2O0BAHHBIX 3Ha4YCHHEWM yraa ﬁe(—g,ﬂ).
duKCHpyen 6. llycTe  noaymnpaMue IB ecTecTBeHHHM oO6pa3oM
S-napaMeTpPH3OBaHs, Npu4Yyed sS=0 COOTBETCTBYEeT Ha4any KOOPIMHAT.
Nina Manex 3HavyeHuh s HHTeppan (a,b), N0 YycnosHw TeopeMsl,
comepkHT K conpaxeHHbIX K C=a ToYek Myress sty Npu yBenH4YeHud S
xoopPpuuUMenT Y(L) CTAHOBHTCH CKOJIk YroAHO Mal B HHTEeTrpalbHOM
cMhCRle (cneAcTBWe OrpaHHYeHHOCTH g), a % oThenen oT Hyna. Torma
M3 neMMel 4 BHTekaeT, 4T0 B (a,b) HET cCoONpAXEHHHX TO4YeK MNpH
GonsmMx S. W3 neMMsl 2 cruenyeT, 4TO NPH YBEeNHYEeHWH S Thopeeea My
nocnefoBateflbHO MNPHHKKANT 3IHaYeHue b. [lycTte Syg = Bepxuas
ToyHad rpaHs 3Hayedu# 5, roe nk-b. ycTs u,, - pewenne (11),
peanusywmee nk-h npuM  S=S, .. HHOXECTBO TOWEK MONYNPAMLIX IB'
COOTBETCTEBYOMHX 3IHAUESHHAM Ske,
napaxeTpu3IoBaHHOe 3JIHAYeHHAMHM O. [lna moboro 6 GYHKUMA

ofpa3ywT cBA3HOEe MHOkecTso L,
3 Yxe
ynoa{:ernopser ’ caorfacHo neMMe 1, ycnosxo u2={ Eu" J(a)>0,
u3=[ﬁu")‘[a})0. Nockonsky yron, ofpasosanHeit BexTOopamu (1,0) u
{uz,u:‘}, # yron wWexay (0,-1) u {uz,us} HHEOT pa3Hble 3IHaKM,
HaflneTca 3HavYeHHe 8&{-—;,0}, NpH KOTOPCM 3ITOT Yronl paseH Hymwo.
3TOMy 3HayeHHMIO, NO JieMHe 3, COOTBeTCTBYyeT pemeHHe 3anaud (1),
(2}, g Taxuu obpa3soM, MNPpH PaCCHOTPEHHH 3Ha4YeHHA Bet—g,al
nony4yaeTcA He MeHee Kk pemeHH# 3amaux (1), (2).

Eme K pemesnfi oHOaeT aHaNoOrH4YHOe PpacCHMOTpeHHE B CeKTope
ee(3,m) .

llokazarensCcTB0 3apepmeHo.
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summary. For the boundary value problem

x“=f(t,y), y'=g(t.x). (1)
x(a)=A, x‘[a)ajl, x(b)=B, x'{b}=Bl, N (2)
with f, g continuously differentiable and bounded, and g;, %%

positive, a result is stated:

Theorem, Let g£ be bounded and let there exist a solution
(E,n) of (1), (2) such that the interval (a,b) contains n
conjugate (to t=a) points with respect to the equation of
variations

af a
[H,//a—y(tm(f-}llﬂ’]”'g%[t.&'(tilu-
Then there exist at least 2n+l solutions to the problem (1),
(2).
MSC 34B1S
F.Sadirbajevs. Par atrisindjumu skaitu divu otras

kdrtas diferenciilvienddojumu sistémas robeZproblémai.
Anotdcija. RobeZiproblémai

x"=f£(t,y). y'=g(t,x). (1)
x(a)=A, x’(a)=A, x(b)=B, x'(b)=B, (2)
kur f, g ir ierobeZotas un C Xlases, % un g—% pozitivas,

iegits sekojosSs rezultits.

Teor&ma, Lai g% ierobeZots un eksist& problémas (1), (2)
atrisindjums (€,7) tads, ka intervals (a,b) satur n dualus
(pret punktu t=a) punktus attiecibd pret vienadojumu
varidcijas:

(/7% e miernur)-=Be, ecenu.

Tad eksist& vismaz 2n+l problémas (1), (2) atrisindjums.
HHCTHTYT HMaTeMaTHKd M MHPODMATHKH Moctynuna 06.08.93
JNlarsMiickoro yHHMBEpCHTeTa
Pura, 6.Pafua, 29
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EOWHCTBEHHOCTb PEMEHHA KPAEBOH 3ALRYM
Andg ONHOMEPHOR MOOENM MONYNPOBOOAHWUKOBOIO NMPHEOPA

B.Tynxon
AHHOTAaUMA. PaccMOTpeHa cHCTeMa 4-x O6BIKHOBEHHbLIX
andPepeHUHAN b HBIX ypaBHeHHR, HoaenuMpyomas ONHOMEepPHbIA

CTauxoHapHuA npouecc nNPoOTEeKAHKA TOKa 4HYepes NoAYNPOBOAHHKOBLIR
npufop. lokazadHa TeopeMa eNMHCTBEHHOCTH PeWeHHA COooTBeTCcTBywueH
KpaesoH 3amauM.

YOK 517.927.4

PaccHOTpeHa  CHCTeMa 4-x  OO6nKHOBeHHmX  AHdPepeHUHANbHBIX
ypasHeHHHA, Hofenupywomas ogHoMe pHbIf CTauHoHapHL# npouecc
npoTexkaHKHd TOKa 4Yepe3 nonynpoBOOHMKOBeIA npubop. B ofmeM BHne
KpaeBas 3amada ANA YNOMAHYTOH CHCTeMs NocTaeleHa B palote [1].
B nHactosme# pafoTe NOKa3kwBAETCH TeopeMa EeNHHCTBEHHOCTH pemeHUA
aToR Kpaesold 3amayM ANA Molend MNONYyNpoBoAHMKOBOro mnpubopa,
COCTOAmMEro u3 ABYX 3BeHbeB. [lpu nOoKa3arenscTBE HCNONLIYOTCH
anpHOpHble OUEHKH DEmeHHA, NonyveHnnsie B pabore [2], rae nokasaHa
TeopeMa CymecTBOBAaHHA pemeHHMA paccMaTpHBaeMoll Kpaeso#d 3ama4u.

Ha HHTepBale I=[0,1] HCCcnenyeTca CHCTeMa ypasHeHHRA
OTHOCHTENLHO HEeMIBEeCTHHX $YHKUMH X, ¥, Z, U apryMeHta Lel

x‘-yz+uu1+Juz

y'=xz+uu2+.1uI

] (1)
z'=2(y+N(t))

u‘=g(x,y)

COBHECTHO C KpaeBhiHH YCNOBHAMH

x(0)=/N(0)+7] y(0)==N(0}),
(2)
x(1lj=/N(1)+7] y(1)==N(1).

NpennonaraeTtcd, 4TO OrpaHWYeHHaAR GYHKUMA N(L) uMeeT pailpeB MpPH

t=1/2, HenpepsBHa B ocTalbHOR YacTu HHTepmana I M ynoBlieTBOpHeT
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HepaBeHCTBaM
N(C)>0 ¥te[0,1/2], N(ct)<0 vte(1/2,1].
PYHKUMA g onpenendeTrca ¢opMynoH

(x+y) (x-y)-7°
tp(x+y+1}+tn[x-y+7}

g(x,y)=G(x+y,x-y)=

OcTankHble BeNMYMHbl MOCTOAHHBIE ,

J>0, ulbuzbﬂ, 1,tp,t +E2>0.

B pafoTe [2] noka3saHo cCymecTBOBaHHe ;Lmenns 3ana4yu (1), (2)
M MOCTpOEHbl ANpPHOpHEIE OLEeHHKH, T.e. YCTaHOBIEHO CyWeCTBOBAHHE
yMycna M TAaKOro, HTO BHMNOMHAKTCA HepaBeHCTBAa

0<x<M, |y|<HM, |z| <M, |u|=3 (3)
nna Jo6oro pemeHWAa X, Y, 2, u 3anauM (1), (2). Hetonuka
NOCTPOEHHA aNpHOPHHX OUEeHOK, OCHOBaHHafd Ha TeopeMax CpaBHeHHH,
fyneT MCNONL3OBAHA M MNpH NOKA3IATeNLCTBE EAMHCTBEHHOCTH PemeHHA.
HanoMHHM MOexw NoKa3aTenbCTBa MPOHeXyTOYHLIX OUEHOK
x+y>0, x=-y>0 Ytel.
CknameiBad M BuYMMTAR l-oe M 2-0e ypaBHeHMA CHCTeMsl (1), HaXomHM
(yunTmBan |u|=J)
(¥+Y1'=ZII+Y)*{U+JI(Bl+uzlEZ{X+Ylf
{X-Y1’=—2(I—Y}+(U-J)(u,-ualﬁ-Z(x—Yl-

Mepeoe audpdepeHUHaNbHOE HEPABEHCTBO [MPH HA4YallbkHOM  YCJHOBHH
x(0)+y(0)>0 nozeonAer nony4utTs x+y>0 Ha I, a BTOpPCE - nMpH
rpanuyHoM ycnoeu¥ x(1)-y(1)>0 nossonder nonyuute X~y>0 Ha I.

Teopena. KpaeBaa 3anava (1), (2) He Moxer HMeTh Gojlee OOHOTO
pemeHHA .

IokasarensctBo. lonycTHM, 3agada (1), (2) HMeeT npa peumweHHA:
Xio Yo Zo, U M X, Y. Z, U,. Onpenenud QyHKUHK VEX -X,,
w=y -¥,+ P=Z -Z,, Q=U -U, W BHIHINEM KPaesyo 3anavy A4Nd HHUX:

V'=vzl+yzp+ulq, v(0)=0,
v’=vzl+x2p+p}q, w(0)=0, "
pr=tv, v(1)=0,
q'=G(x *¥, X, <Y, )-CX Y, , X, ~Y,), v(l)=0.

ByecTo nepebix ABYyX ypaBHeHMH B (4) MokHO B3ATHL claeaywume
YpaBHEeHHHA:

(v+w) =2, (vew)+ (X, +y, )P+ (M +1)q, (5)
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(v=w)' ==z (V=) +(X -y, ) P+ (1 -1,)q. (6)

B CHIY TMONOKHTENbHOCTH BeNWYHMH x2+yz, X,=Y,. “:H‘la' M =M, u3
(5), (6) cnenynT ouddepeHuHanbHBIE HepaBeHCTBA -

(vw) >z (viw) npu p=0, g>0, (7)
(v—v]':v—zltv-w) npx p=0, g>0, (8)
(vHw]) <z (viw) npu  p=0, g<0, (9)
(V-W) <=Z (V=) npu  p=z0, g<O0. (10)

NMycte g=0 na I, Torma npu p(0)=0 nuHeHiHaA omHoOpomOHaARA CHCTeMa
(4) uMeeT nume HYyNEeBOe pemeHHe, HTO MNPOTHBOPEYHT MNONYMEHHD O
cymecTBOBAHMM NBYyX pemeHHMRA 3anmaum (1), (2). Mpu p(0)>0 (cayuai
p(0)<0 cBOAMTCA K 3TOMYy nepeobolHaveHHeMd pemeHuH) Ha#llnertcs
unrepsan [0,£), rme p>0. Ho torma na (0,f) nudpbeperumnanvHoe
HepaBeHCTBO

{v+v)'>z‘(v+v} npu v(0)+w(0)=0
snevyer HepapeHCTBO v+w>0 Ha (0,€]. leficTeuTensHo, Ha
v'(0)+w’ (0)>0 nafinerca te(0,£) Takoe, uto v+w>0 na (0,7T), a onsa

te(t,£] cnpapennHeo HepaBeHCTBO
A

viw>(v(T)+w(T) }exp{ J-z.(s]ds]:-o.
T

AHanoru4Ho Ha
[V—-w)“(-z‘(v—v) npu v(0)-w(0)=0

cnenyer v-w<0 Ha (0,£]. H3 OBYyX MNONYyYEeHHBIX HEPABEHCTE HaXOAMM
v(£)>0. Basas MaxkcuManbHmft uHTeppan [0,€) co ceoficteoM p>0,
ofuapyxuM, 4Tto npu £<1l nonxuo Gute p(£)=0, p’(€)s0, T.e.
w(E)=0, a npu £=1 namo w(l)=0. H TO, H Znpyroe npoTHBOPEYHT
HepaseHctey »(£)>0. CrnemosaTtensno, npu g=0 He Moxer ObITh mBYX
pemeHKi .

Mpexne u4eM mnepefAiTH K PACCHOTPEHHM® CAyvYad, Korna GYHKUMA g
OTnNHYHA OT HYJNA XOTA O B ONHOH TOYKE, OTHMETHM, 4TO

p = (vev) -~ (v-v), (11)
2e 2e
q" =G, (0, B,) (V49) 4G (@, By ) (V=) - (12)

3nmecs G&, GfB - npoMasoaHsle GYHHKUMH G COOTBETCTBEHHO Mo
apryMeHTaM a=x+y, B=x-Y, B3ATEI®E B  [MPOMEeXY TO4HLIX TouKax;

BeNMYHHA o, JTeXHT Mexny o M o, BeAuiHHa B, NeXHUT Mexny .Ell “

1
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(B HT)TprT,B)

Golay B )=
a » 1 2
(T (@ *7) 4T (B, +7) ]

{¢2+1}(tpma+tn7] i

Gl(a, ,B,)=
B' a'"w 2
{tp{az+1j+tn{ﬂ*+1)}

B cuny anpuopHo#l orpaHnW4eHHocTH (3) pemennit zamaum (1), (2)
npoM3BonHsle QyHKUMM G yNOBNEeTBOPAKT HepaBeHCTBaM Ha I:

(1
7 m;n{tp,tn} . {G' G'} < (2H+y M
B 2 "B 2
(2M+7) [tp+tn} 7 (rp+rn}
MycTs q(0)>0 (cnyuaht q(0)<0 CBONMTCH K ITOHY

nepeocbo3HavyeHHeM peweHHii). PaccHMOTPMM BapHaHThi.

1) Nyects g>0 Ha I. Torma npu pz0 Ha I uz (7) cneanyer v+w>0
Ha (0,1], 4To npoTHBOpeYHT KpaeBoHy Yychnoeuw V(1l)+w(l)=0. Ecnu
pz0 ma [0,£] w ps0 ma ([§,1], To p’'(£)s0 wu ma (0,§] u3 (7)
cnenyer v+w>0. CnemosatensHo, #H3 (1ll) B Todxke C=f HaxomuM
v(E)-w(£)>0,u B coorBercTBHH Cc (8) HeobxomuMo v-w>0 Ha [E,l],
4TO MNPOTHBOPEYHT KpPaeBOMY ycnoeMo npu C=1.

Ecau pz0 Ha {O,tl] M {tz,l] H ps0 Ha fc,,t,1, to, kKax
sume, Ha (0,C ] 6yner v+w>0, a Ha [c,,t,] 6ymer v-w>0. B TOuKe
t:a Heo6XxonuMo p‘(czlko.u 3 (1l1) cnenyert v{tz}+v{t2)>0. Nanee,
u3 (7) uHaxomus v+»w>0 mHa ([C,,l], HTO NPOTHEOPEHYHUT KpaeHOMY
ycnoeup npu t=1. B cay4yae p(0)<0 ua (8) Ha uHTeppane (0,£], rae
ps0, cnenyer v-w>0. llanee pacCHMOTDEHHE NPOBOAMTCA TOYHO TaK xe,
KaK ¥ B NpensnymeM ciay4ae noclie TOYKH t=t2.

He npononxkas 2TOT npouecc npanee, MOXHO 3IaK/O4YHMTh, 4TO , 32
HCKmo4eHHeM TouykM C=0, Ha Bcex HHTepBanax, rne pz0, Heo6XOOHHO
v+tw>0, a na wuHTepmanax, rme ps0, HeobxoauMo v-w>0. I[pyrHMK
cnosaMd, nanAa Beex te(0,1] nubo v+w>0, aubo v-w>0, uTO
NpOTHBOPEYHMT KpaeBOMy ychnoBvo npu t=1.

2) Nycrs >0 mna [0,T), g(Tt)=0, qg<0 nHa (Tr,l]. Torma B
COOTHBETCTHEHMH C NpelbaymHHd NYHKTOM B KaxnaoH Touke HHTepBana
(0,T] nubo wv+w>0, .nubo v-w>0. OTMETMM 3mEechb, 4HTO CTpOrHe

HepapeHCTBA B TOYKe L=T COXpPaHHOTCH, HECHOTPA Ha 3JHa4eHue
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g(t)=0, 6naromaps cTporuM nHudpPepeHUMANbHLIM HepaBeHcTBaM (7)
M (B) sHyTpH uuHTepsana (0,tr). HonyctuM p(T)=0, TOrma nmuuedHasn
OnHopoOHa®R cHcTeMa ypaBHeHM# (5), (6), (11), (1l2) c uHynessMH
KpaesbiMH ycnoeuamu v (0)+w(0)=0, wv(0)-w(0)=0, p(T)=0, gq(T)=0
uWMEeeT JMIE TPHBHaNbHOE pelleHHe, YTO MNPOTHEOPEYHT MNpeaAnoioXKeHHI
O NBYyX pemeHHAX.

lonyctuM p(T)>0, Torma v(T)+w(T)>0,m wua (12) u g'(T)=0
cnenyetr v(T)-w(t)<0. Hanee Ha uHTepsBale [1:,!:11, rone pz0, wu3
(10) cnenyetr v-w<0. Tpu l’.l=1 3TO HeBO3MOXHO. EcnM xe Ha [t1,t2]
6ymer ps0, TOo WH3 p‘[tl)so, v[t!}-—v{tl]co.n M3 (1l1) cnenyer
v(tl|+w(l:l}<0. Danee mn3 (9) mHaxomum V+Hw<0 Ha [tl,tz]. TakumM
o6pazoM, anAa scex Ce€(T,l], rmne g<0, HeobxonuMmo nubo v-w<Q, nubo
v+w<(, 4TO NPOTHEOPEYMT KpPaeBOMy ycrnosuw npu t=l.

lonyctuu p(t)<0, Torma v(T)-w(T)>0.m w3 (12) u qg'(T)=0
cneanyet v(T)+w(T)<0. JllansHeflmee paccMoTpexHe, HaK H B
npemsaymes ciy4ae, MPHBOOHT K MNPOTHBOpeYHO.

3) MNycte ¢yHKUHA g Oonee OKHOTO Ppa3a MeHAeT 3HaK Ha I.
Tormna, Kak clleayeT H3 MpeabOymero MyHKTa, 3a MCKIOYEHMESM TOYKH
t=0, Ha Bcex wuHTepBanax, rne g=0, Heob6xomuwo nuGo v+w>0, nubo
v-w>0; Ha Bcex HHTepBanax, rae g=0, Heob6xomuMmo nubo v+w<0, nubo
v-w<0. TawuMm ob6paszox, anAa Bcex Le(0,1] Heoblxoammo aubo v+w=0,
nubo v-wz0, 4YTO NPHBOOMT K MPOTHBOpeuYH® B TouKe C=l.

MycTsh, HaxoHeu, g(0)=0,u cymectsyetr Touka, rne g=0. Toraa
Ha#lnetcAa HHTepsan (§,t)cI, Ha wotopoM qg=0. EymeM cHHTaTh
uHTepsan (£,T) caMuM nesbiM, Tak 4to Ha [0,§] Gymer g=0. M3
npeinofiokeHMA O CYmNEecTBOBAHHK AByx pemenu 3amaux (1), (2]
Heofxonuxo cnenyer p=0 wa [0,£]. B rakom cnywae u3 (5), (6)
cnenyet v+w>0 uHa (0,£) npu p>0 u v-w>0 npu p<0 wHa (0,£]. Mpasee
ToukH L=f paccMOTPeHHe MNPOBOOKUTCA TOYHO TaK Xe, HaK MW Bhme.

Tecpeua OoKa3aHa.

NinTepaTtypa
1. BenauuH M.M. 06 acuMnNTOTHKE B ONHOMEepHOH MoNenH HEeKOTOphIX
nonynpoBOOAHMKOBMX npubopor // RKypHan BolYUCAKT.MATEM. i
MaTeM.pu3IuKu, - 1988, - T.28, N 1. - C.34-51.
2. Tyaxos B.B. PaspemuMocCTh Kpaesod 3anauu ana onHoxepHoil
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MomenH MoJNynpoBONHHKOBOT O npubopa 1/ MareMaTuKa.
InppepeHUHaANLHLEe ypaBHeHMA: Hay4Hele Tpyaw. - Pura: II¥y. -
1992. - T.570. - C.42-53.

V.Gudkov. The uniqueness of solution of boundary value problem
for one-dimensional model of semiconductor device.

Summary. The system of 4 ordinary differential equations,
modelling semiconductor device in a one-dimensional stationary
case, is investigated. An uniqueness theorem is proved for
related boundary value problem.

1991 MSC 34B30

V.Gudkovs. RobeZproblémas atrisindajuma unitate pusvaditaju
ierices viendimensiju modelim.

Anotacija.Tiek pétita 4 parasto diferencialvienadojumu
sistéma, kura modelé viendimensiju staciondru stravas plismu
caur pusvaditdju ierici. Pieradita robeZproblémas atrisinajuma
unitidtes teoréma pieminétai vienadojumu sistémai.

HHCTHTYT MaTeMaTHKH ¥ HHOODMATHKH Noctynuna 16.06.93
JlarsuficKOro yHuBepcHTeTa
Pura, 6.Paiun, 29
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CYMECTBOBAHWE PEWNEHHA KPAEBOR 3AIAYH
INA ¢YHKUMOHANLHO-NHeSEPEHUHANIEHOIO YPABHEHHA
MEPBOr0 MOPANKA
B.l.MoHoKapes

AHHOTAUMA. [I[pHBOOATCA YCJOBMA CYmMEeCTBOBAHHMA pemeHHA AJ8
Kpaepofd 3amayM aAnd pyHKUHOHANbHO-AHbPEepEeHUHANLHOTO YpPaBHEHHSA.
YOK 517.985

PaccMOTPHM Kpaesble 3afadu:

x'=Fx+fx, (1)
Lx=r, (2)
x'=Fx, (3
Lx=0, (4)
rae F,f:AC(I,R™)-L(I,R"), L:ac(I,R")-R", rer", ne{l,2,...},
I=[a,b], -0<a<b<+w, JC{I,RN} - NpocTpaHCTBO abcomoTHO
HenpepsiBHLIX QyHKUHUA x:I-R" ¢ HOpMo#
b
Ixl=lxta)|+[|x" (s) | ds.
a

Hau nmoTtpefyeTca Taxkxe HopMa
lec = max {(i,t]e{l,..-,n}xl ] |xi[t}|} :

LtI,H"] - NMPOCTPAaHCTBO CyMMupyeMwx no JleGery dysxumit y:I-R" ¢

HopMO#
b
IYI'JIY(S}IdS.
a
rne [x|-max{ie{1,...,n} | |xj]} - uopHa 8 R".

AHanorM4Hele 3ana4d paccMaTpuBanucs B pabote [l), raoe umeercs
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obwHpHar GuGnHorpadHa.

I. [MpennonoxuM, HTo 3amaua (3), (4) uMeeT eOHMHCTBEHHOe
pemenue, TOXKOeCTBeHHO paBHOe HYJO.
Pewenua 3ama4 (1),(2); (3),(4) 2xKBHBanNeHTHH COOTBETCTBEHHO

pemeHHo ypasHeHMA

t b
x(t) = I(Fx](s]ds + I{fx}(s]ds + Lx - x(a) - r,
a t
T
x(t) = I(Px)(s}ds + Lx - x(a).
a

OnpenennM oToGpaxeHHA A,AO:AC{I,Rni~AC{I,Bn} cnenywouxsM obpa3ou:

t
(Ax)(C) = I[Fx](s]ds + Lx - x(a),

4a
C

(Ax)(t) = I[rx}{s}ds -r.
a
Torna 3zamna4y (3), (4) MOXHO 3anMcaTs B BHOe:
x=MAx,
a 3amauy (1), (2) - B Bupe:
x=Ax+15x.
llna npuMeHeHHA TeopeMsl Jlepe-Mlaynepa [2] o cymecTBOBaAHHM pemeHHA
ypasHeHHA
x=Ax+AA X, (5)
roe 0sAsl, Heo6XOOHMMO QOOKAa3aTh AMPHOPHY® OUEHKY PpemeHH
ypasHeHHA (5) He3aBHMCHMO OT A.
lpenpapHTenbHO MOKAXeM, YTO ANA JOGOro pemeHHA V ypaBHEHHA
(5) cnpapeanxBa oueHKa
vl = mlaul..
rone 0<n<w. [lpennonaras nNpPOTHBHOE, Hafned nNocleNoBaTeNbLHOCTL
(vn] Takywo, 4To nns mo6oro ne{l,2,...} BuMONHAeTcCHA
Iv I, > majayv |,
Hnu
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II. NpennonokuM, YTo onepatopel A Au BIIOJIHE HENpepbBHbI, a
onepatop A ONHOpPONEH.
Hecnonbsays BROnHe HelpepsIBHOCTb onepartopa A H ero

OHHDPDBHOCTI:, mony4aed, HYTO nocliefoBaTellbHOCTH
%o o Zalt)

=
"alt) = T

CXONOWTCA, CKakeM, K JNeMeHTy Vv , KkOTopwil Gyner pemenuen

ypaBHeHHA
v_=Av .
oA,
Tax wxaxk [v | =1, To nonyyaeM npoTuBOpedHe C ENHHCTBEHHOCTbLR
pemenua zamayu (3), (4).
llokakeM anpuMopHy® oueHky. [lycTh X - MpoH3BoNbHOe pelieHHe

ypasuenHa (5). Hueem
L

Ixlo = nalaxl. = = [J-(t‘x}(slds-ﬂc.
a

I11. MpennolloXHM, 4YTO CNpaBeaAnHsa olUeHKa
fex]. = £ (e)+efx]_,
roe fosL{I,ﬂ}, O=se<+=.

Torona mMMeeM
b b

[x[ s Urot s jds+cf|xucds+ |r| ]
W = a
b
H[Ifo(s]ds+|r|]

a
Ixic = T-me(a+b)  °

1
IV. MpennonoxuMM, 4YTO OAA KOHCTAHTh C 7(a+b) BBIMONHAGTCA C<C.
V. MpeancaoxmuM, 4To ana moforoc OrpaHMuYeHHOTO MO HOpHe |—|C
n
MHOxecTBa GyHKUMRA GCAC(I,R ) HalmeTcAa KoHcTaHTa c, Takaa, wuvO

nna nobbix X€G MMeeM:
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b b
|I(rx}{s:ds|+|I{fx}(sids <c,- (6)
a a
Ha (6) cnepyer anpMopHad OueHKa pemeHMA ypaBHeHHMSA (5)
He3aBHCHMO oOT A. CnemopaTensHo, cornacHo TeopeMe Jlepe-llayaepa,
cymecTsyeT pemeHMe 3amadd (1), (2) mnna moboro r.

Htak, Me OoKazanuy TeopeMy.

Teopena. [lycTb BHMNOJHARTCA ycnosua I-V. Torpma Hafnertcs
koHcTaHTta c>0 Takaa, 4TOo AnNA mobeix £<¢ 2anava (1), (2) umeer
pemeHHe aonAa mobux r.

NIutepaTtypa
1. Conti R. Recent trends in the theory of boundary value
problems for ordinary differential equations // Boll.Unione
mat.ital. - 1967. - v.22, N 2. - P.135-175.
2. TpeHoruH B.A. ®yHKUMOHanNbLHBIA aHanua. - M.: Hayka. - 495 c.

V.Ponomarev. Existence of a solution to a boundary value

problem for first-order functional-differential equation.
Summary. Conditions for the existence of a solution to a

boundary value problem for first-order functional-differential

equation are given.

MSC 34K10

V.Ponomar jovs, Pirmds kartas funkciondla diferencidlvienddojuma
robeZproblémas atrisindjuma eksistence,

Anot3cija. Tiek doti atrisindjuma eksistences nosacijumi
funkciondla diferencidlviendadojuma robeZproblémai.

HHCTHTYT MATeMAaTHKH H HHOODMATHKH Moctynuna 22.06.93
Nateuiickoro yHusepcuTeTta
Pura, 6.Pa#iua, 29
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PARTIAL DECOUPLING OF SEMIDYNAMICAL SYSTEM
A. Reinfelds

Summary. A theorem of topological conjugacy of a given
possible noninvertible mapping in a complete metric space to a
simpler mapping than the given one in terms of decoupling is
proved.

1991 MsSC 34C35, 54H20, 58F99

0. Introduction

The purpose of this paper is to present a general result
which concerns a continuous and possible noninvertible mapping
in a complete metric space defined by

(x,y,8) = (£(x,¥,5),9(x,¥,5),0(5)).

We prove that there is a Lipschitzian with respect to
second variable mapping g such, that the given mapping is
topologically conjugate to the mapping defined by

(x,y,5) = (f(xeYn:S};Q[qIX;YrS}aY-SJ;6{511-

The conjugacy problem between noninvertible mappings comes
from the theory of evolution equations. It should be emphasized
that the time one mapping is noninvertible, in other words,
backward solutions may not exist. The decoupling and lineari-
zation for noninvertible mappings has been considered by
B.Aulbach and B.M.Garay [1,2] and A.Reinfelds [8,10,11]. There
are extensive works on the subject for invertible mappings. See
[3-10].

1. Main result
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Let X and ¥ be complete metric spaces with metrics p, and
Py respectively, and let 5 be a topological space. Consider a
continuous and possibly noninvertible mapping T: X x ¥ « S + X
< ¥ x S, where T(x,y,s) = (f(x,¥.5).9(X,¥.5).0(s5))-

We will make the following hypotheses:
(H1) p'{x,x') s upi(f{x,y,s),f{x',y,s};, a > 0.
(HZ) p (£(X,¥,S)E(X,¥"45)) = Bo,(¥.¥")-
(H3) p (g(X,¥,5),9(x",¥",S)) = ¥p (X,x") + &p(¥e¥'),

where a(é + 24By) < 1.
(H4) Mapping f(-,¥,S): X » X is surjective.

Denote

-1
1 =208 [ 1 - a5 +4(1 - a5)? - sa%py | .

It should be noted that al(7l + &) + af = 1.

Now we will formulate the main result of the paper.

Theorem. Let the hypotheses (Hl1) - (H4) hold and let there
exist Yo € ¥ such that

ﬁuthJP‘lf{XrY-S};f{Xon-SI! <+ o

If a(l + y1) < 1, then there exist a continuous mapping q: X -
¥ «x S » X which is Lipschitzian with respect to Ffhe second
variable and a homeomorphism H: X x ¥ = $ « X =~ ¥ - S such
that the diagram

K x ¥ x S-————EL——u————+ X =Y =S

] R J#

XxY¥Yx§———— XA x¥ x5

commutes, where R(x,y,s) = (f(x,yofshglq'[x,y,s].Y,sho'isll-

2. Proof of main result
Step 1. The mapping p: Consider the complete metric space
ms= [ pl p: X x¥ xS > X is continuous and
sup P (P(X;Y,5)sX) < + @

X, ¥,

equipped with the supremum metric
d(p,p’) = sup__ P (P(X:Y,S),P"(%X,Y,S))-

x,¥7,8 1

Let us consider the mapping p -+ fp, p € M defined by the equa-
lity
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F(IP(X,¥45)s¥0S) = P(T(X,¥,5))-
According to (H1), (H4) and the continuity of T, 2p is well
defined and continuous. It remains to prove that % is a
contraction in M. First we obtain
Pl(iplel’isl:ap'(xr?csn o
S ap (F(EP(X,Y,S) 1Y, S) (5P (X:YsS) .Y uS)) =
= ap (P(T(x,¥,8)) P (T(X,y,5))) = ad(p,p").
Mext we get
P‘I'.Eid‘(r)cx'l = “P‘(f(f:}'tsiff(xlyots:‘] =
2 “5“Pm’ﬁptlfl1-Y:Si.ftxafbesl? < Fiw
Since
d(fp,idi,\ E d(?p,ﬁidx; + d{:!z'd“,id‘} = ad(p,id‘} + d(ﬂjd',id‘}
it follows that fp € M and therefore there is a unique solution
p € M of the functional equation
f(plx,¥,5).:¥,.S) = p(T(x,¥,5))-
Step 2. The mapping g: Consider the closed subset
ml) = | gl qgedand p(q(x,y,S),qlx,y",s)) s 1p,(y.¥") ]
of the complete metric space M.
Let us consider mapping g -+ %%g, g € M(l) defined by
the equality
f(ig(x,y,s),¥,s) = q(f(x,Y,,5).9(q(x,¥,S).,¥,5),0(5])]-
As in the previous step fg is correctly defined and continuous.
Let us note
p (2q(x,y,s),x) s ap (£(%q(x,¥,S).Y,S), E(x,¥,s)) S
= ap (q(F(X,¥,,8),9(q(X,¥,5),¥:S),0(S) ). E(x,y,,8)) +
o+ “Dltf(xtyutslrf(xr}’asi) 3
= ud{q,idx| + o:sup*m.pz(f(x,yn,s],f(x,y,s}j.
In addition,
01(Eth:Ya$‘rEQIx:Y'tSH =
s ap (g(f(x,y,,5),g(q(X,¥.S),Y.S).0(5)),
q[f{r,yo.shg{q[x,y‘,s},y',s:.a'(s}}} + “BPJY:Y’] s
s al(71 +8)p,(y,¥') + afp,(Y.¥') = lp,(¥,¥’).
It follows that 2q € M(1l). Since
pltﬁth.y.s],‘!q'(x.y.sn *
s ap (£(2q(x,y,S).¥.S),£(%q" (X, ¥,5),¥,S)) =
= ap (qUf(x,¥,:5),9(qQ(X,¥,S) e ¥rS)s0(S)),
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q'(f(x,Y,+5),9(9"(X,¥,5),¥,5),0(s))) =
= ad(q,q") + ﬂ?191(91x-Y-31-Q'(er:Sil = a(l + 9l)d(g,q")
it follows that there is a unique solution q € M(1l) of the
functional equation
f(q(x,¥,5):¥,S) = q{fIX:YO:SII:Q’IQ(LYpSl:Y.Sl-c'lsiI =
= g(R(X,Y,5))-
Step 3. The mapping P: Let us consider the functional
egquation
P(R(X,Y,5)) = £(P(X,¥,8).¥,,S)-
It is easily wverified that this functional equation has
solution P(x,y,s) = x. Let us prove uniqueness of the solution
in M. Otherwise there exists (x,y,s) and x = P(x,y,s). We get
P UP(X,¥:S), %) = ap (E(P(X,¥,S),¥,eS),E(X,¥,8)) =
= ap (P(R{X,y,5)),f(x,¥ ,5)) = «d(P,id |.
It follows that P(x,y.,s) = x.

The mapping P', where P'(x,¥,s) = plqg(Xx,¥,S).Y,5), also
satisfies this functional equation,
P'(R(x,Y,5)) = P(Q(R(x,¥,5)),9(q(X,¥.S).¥,5),0(5)) =
= p(E(q(X,¥,5),¥:S),9(q(x,¥:5),¥,5),0(5)] = =

= f(P(Q(X,¥:5).¥:S):¥Y,eS) = £(P'(X,¥,5),¥,,5)-
Hesides P' € M. Indeed
PP (X,¥:8),X) = p (P(QIX,Y,S),¥,S),X) =
= D‘IPW(I:J’-SI»}'cslcq{xo)’esll + PI{QI-\'«Y.SI-XI S
= d(p,id ) + d(q,id ).
Consequently, we have
P'(x,y,s) = plg(x,y,5).Y) = x.
Step 4. The mapping Q: Let us consider the complete metric
space
niy = [ Q@1 Q: X x¥ xS x ¥ > X is continuous,
suP"y.‘JP‘{Q[forS:z:':x] < + = and
P,(QUX,7.5,2),Q(x,7,5,2°)) 5 1p,(2,2") |
equipped with the supremum metric
d.(Q.Q) = SUPM.,.zol{O(X.y,S.ZJ,Q'tx.y.s.z)1-
Let us consider mapping Q@ - f2Q defined by the functional
equation

[1%Q(x,y,s,2),2,5) = Q(T(x,¥,5),.9(Q(x,¥,5,2),2,5))-
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Let us note that #Q is continuous. If Q@ € TN(l), then
pJEQ{x,y,s,z;,Eatx,y,s,z‘)) =
s ap (£(20(x,Y,5,2),2,5),£(2Q(x,y,5,2"),2",8)) + aBp,(2,2') =
= apl{Q(T(x,y,s},g{Q{x,y.s,zl,Z.Sl],
QIT(x,y,5),g(Q(x,¥,5,2'):Z2",8))) + aﬁpa(z,z') =
= (al(yl + &) + aB)p,(2,2") = lp,(2,2")-
Let us note that
P QX Y,S5,2),x) = ap (£(2Q(X,y,5,2),2,5),£(x,2,5)) =
= GPIIQ(TIXrY:Shng(X:Y:SfZln"-’osllof(f:Y-Sll *
tap (f(x,y,s).Ef(x,2,5)) =
= nd‘{Q,id') + Zasup;NJp:(f(x,y,s},f(r.ya,s)].
It follows that Q € fi(1). We have
pliQ(x,y,s,2),%Q" (x,y,5,2)) =
= :xpl[f(ﬁq{r,y,s.z],z,s},f[EQ'{X,y,s,z],z,s]| #
= “p!{Q{T‘x!]hs]ag(Q{le:sfz):zls:‘ )«
Q'(T(x,y,s),9(Q(%X,Y,5,2),2,5))) +
+ ulfpl{Q(X:Yasrz}:Q'(x:Yasoz]}-
Hence
dllEQ,QQ‘) = afl + ?I}dltﬂ,a'l-
It follows that there is a unique solution in 7(1).
The mapping Q‘, where Q'(x,¥,s,2) = qlplx,y.,s).:2,5), also
satisfies the functional equation
£(Q'(x,y:5,2),2,5) = flqlp(x,y,s),2,5),2,5) =
= q(R(p(x,Y,5),2,5)) =
= q(p(T(x,¥,s)).9(q({p(x,¥,5),2,5).,2,5),0(s)) =
=Q'(T(x,Y,5),9(Q"(x,Y,5,2),Z,5)),
and the Lipschitz condition
p Q' (X, y,5,2).Q" (x,y,5,2")) =
= pllq{P(":}’Js}:zvslaq':p{xt}’fs}cz'fs]} s lpztzaz'i-
Besides
ﬂl(Q'IXcY.S.ZJ;II = Pl{QIP(XcY:SJ:ZaserIX:Yas}l +
+ p (plx,y,s),x) =dlqg,id ) + d(p,id ).
It follows that Q' e TM(l) and therefore @Q(x,y,5,2) =
= gq(plx,¥.5).,2,5). It is easily verify : that Q(x,¥y,s,y) = x.
Therefore q(p(X,¥,5),Y.S) = x-
We obtain that the mappings H, I't X « ¥ « S + % <« ¥ « S
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defined by Hix,y,s) = (p(x.Y,s).¥:,5) and T(x,y.,s}) =

= (g(x,Y¥,5).,¥,s) are inverse to each other and that H is a
homeomorphism that establishes conjugacy of the mappings T and
R. Thus the theorem is proved.

3. Example
Let us consider a nonautonomous system of difference
equations on Z of the form
x(n + 1) = A(n)x(n) + F(x(n),y(n),n},
y(n + 1) = B(n)y(n) + G(x(n),y(n).n),
where x € X, y € ¥, X and ¥ are Banach spaces, A(n) and B(nj)
are bounded 1linear mappings, A(n) is invertible, #B(n)1 <
< wA'(n)u™, and mappings F: X ~ ¥ « Z - R, G: % - ¥ - I - ¢
satisfy Lipschitz conditions
IF(x,¥.n) = F(x*,y",n}l = g{lx = x"| + 1y =¥ 1),
IG{x,¥y,n) = Glx",y" /)l = e(lx - x"] + 1y - y°1)
and mapping F is uniformly bounded.

It is easy to verify that this mapping satisfies the
hypotheses (H1) - (H4), where a = ((sup 1a"'(m)n)'- )", g =
=y =g, § = sup"HB(n]l + € and o(n) = n + 1. The mapping given
by formula x = A(n)x + F(x,y,n) for fixed n and y is
surjective, if csug}dq{n]ﬂ < 1. The condition a8 + 2{F7 ) <
< 1 reduces to the inequality e = ~1-l{{.-mi::"ﬂ.i"(J"nn]'t -

- sup IB(n)#). Let us naote that esup 1™ (n)l = 47 < 1. Then
given nonautonomous system of difference equations is globally
conjugate to

x(n+ 1) = A(n)x(n) + F(x(n),0,n),

y(n + 1) = B(n)y(n) + G(q(x(n),y(n),n),y(n),n|.
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O CYMECTBOBAHMM CTALUMOHAPIILIX PEWEHHA
OOHOR 3ANAYM XMMHUECKOTO KATANIM3A
A.H.3pArHHUEB

AHHOTAUMR, [llpu n=1,2 nna kpaesoll 3anauu

dn“r}'u:—nl'unn*' UnUs.n = N
= -dntl—-ul-uzl + 2 4nYn + uluz[nb‘u'.‘-bzuz} ¥

ua{—1}=u5(1]=0,
c NONOJHHTEeNbHBIMH OrpaHHYeHUAMHU un(x}zﬂ, r..rl (x) +u21 x)=l,
xe[~1,1], mMnokaswpaerca cymecTBOBaHHMEe peweHuidl n0NpPpH  BLINONHEHHH
N N_ <
ycnosui {1—b1] =0, {1—bl+b2} =0, asdz-2a‘dl.
YIOK 517.927

Mpu MOonenupoBaHHUH peaxuMm OKMCNeHHA Ha MOBEPXHOCTH
KaTtanulatopa (1] Bo3HMKaeT HeolXONMMOCTL PeWHTL Cchaeayomyp
KpaeByw 3amayy:

au

- a du
= e + Sland,
u{x,Ujﬂa(x}, _1‘13‘51#
du(x,t) . augxzcgl =0, t>0,
ax ax
X=-1 Xx=1
roe

u=(u ,u,); P=(P,+9,); ¥
wlwp‘[ul,uzj-al{l-ul-uzj—aau‘-u‘uz{1+blul+bauz) 3

- S 2 2. N,
wz-wz{u‘,uz}-az(l u, uzl -au, u'uatl+b‘ul+b2u2) ;

d (1-u) du
d(u) = 1 = { it | ;
= da”z dz{lhul}
a',az,a:,a.,d‘,d;o; b,,b2>-—1; Ne{0,1,2,...%.

Ha odH3auyeckHX coobpamkeHuit GyHHLMK u‘(x,l::, u)[x,l:] nps
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-1=xs1l, tz0 pgonkHel YyAOBNEeTBOPATH OLEHKAM
U:ul(x,l:]si, ﬂsuztx,C}sl, Dsui{x,t}-r»ua(x,.t)sl.

au
B crnyuyae cCTaUMOHAPHOTO pexuMa [I’TE 50] nony4aeM CHCTeMYy

ofbIKHOBEHHMX OudpPepeHUHaNLHLX YpaBHeHHH

~1 1 -1
- (d e (u.,u)+d, ¢, (u ,u))u-d g (u,u,) -
3 l1-u -u, .

-1 -1 =1
O (d, 9, (u,,u,)+d, pa‘u:‘uznuz_dz Pl ) (2
g 1_“1_"': !

C KpaesbMH ycnosuaMu Hedimana

up (=1)=u; (=1)=u; (1)=u’(1)=0 (3)
H RONCJHHTEeAbHBMH OrpaHMYMeHHAMH
u (x)=0, u, (x)z0, u (x)+u (x)=1, xe[-1,1]. (4)
PaccHOTpHM KpaeByxo 3ajgavy
u"=f (u,v), (5)
v“=f2{u,v}, (6)
u'(a)=v'(a)=u’(b)=v’(b)=0, (7)

rae fl,fzzﬂ*li; Dcﬁz; u,v:I+R; I=[a,b]. B nansHefuwex noHamobHUTCAH
cnenyouni pesyastar [2].

Teopera 1. NycTs CymecTBYWT  (PYHKLUMM a‘,az,ﬁl,ﬁzeczﬂ},
obnanawwme crhneaywwHMH cBOHCTBAMH:

1) al{x}SB‘(xJ H uztx}s.ez{x) nns scex XxeI;

2) fl,fzec[a'], roe wcD " wa{(u,n: nl(xjsufﬂl(xl,

nz[x}svzﬂz(x}, er} ;

3) ay(x)zf (« (x),v(xX)) H BY(x)=f (B (X),v(x)) ana
a (x)=v(x)sR (x), x<Ij

4) al (x)=f (u(x),a (X)) H Bolx)=f (u(x),B,(x)}) ana
a‘(x}ﬁu{x}sﬁl[x], xel;

5) a'l.[a]zu, u}{b]so, Bi(a]:ﬂ, 8}{1)]:0 ana i=1,2.

Torna 3anpada (5)~(7) uMeeT pemeHHe U(X), V(X) Takoe, YTO OAH

Bcex xe€I BLIMONHAWTCHA HepaseHCTBAa
n‘{x]w(:t)sﬁ‘(xi. a (x)=v(x)=p, (x).
C nonoWlbl 2TOR TeOopeMbl [OKAaKeM OCHOBHOR pe3ynbTart.

Teopena 2. [lyCTh BHIIOAHHOTCH YCAOBMH
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(1-b) V=0, [1—b‘+b2]~=0, (8)
adz22ad, . (9)
Torna zama4a (1)-(4) uMeeT pemenue.

Hoxa3aTenscTBo, O603HauMMM

vix)=u (x)+u,(x). (10)
Cnoxus ypaeHenua (1) wu (2), paccHOTpuUM cregykluyw Kpaesyw
zanauy:
-1 -1 -1
5 (d, @ (v=t,t,)4d, @, (Y-U,,u, ) )4, ~d, ¢, (V-u,,U,)
u = ' (11)
2 1-v
- gt g
vi==d g (v-u,,u,)-d g (Vv-u,,u,), (12)
u;{—l)nv'(-1}=u;(1}=v'{11=0. (13)

NMonaraa nona Bcex Xxe[-1,1]
@ (x)=0, B (x)=1, @, (x)=0, B(x)=1-g,
rone ¢€(0,1) u G6yner onpenened gnanee, NpPoOBePHM  BLIMTONHEHHE
ycnosuft Teopemw 1 nna 3zamaum (11)-(13). Ecau cuurats, uto u =u,
a npassle HacTH ypaBHeHMH (1l1), (12) cooreercTBeHHO O0603HAUYMTE
Yepea f;{ua'V)' fz{uz,vj, TO O4YeBMAHO, HTO MNepBce, BTopoe W
NaToe YyCcNoBMA Teopembl 1 BemofHeHsl. [lokakeM,  4To Tperse H
YeTpepTOe YCNOBHMA TeopeMd 1 TOXe BLINONHAKTCA.

Ina O=v(x)=<l-e, xe€[-1,1] B cuny (B) uMeem:
al(x)=02-a,d ' (1-v (X)) =f ( (X), (%)),
B2 (x)=0=d]" (a +a +(1-b (1-v(x)+b )N )=f (B (x),v(x)).

B cuny (8), (9) ana Dsuztx)sl, xe[-1,1] wnMeewm :

a a aa a‘ =
a;[x}:u B o =g SrapliX) F gulx) -
1 2 1 2

" [a"]l' + a—:-][1—b1uz(x)+b2uztx)]-""u:(x) = £, (u,(x),a,(x)),
% L 1, 1
B (x)=0 = [ Fll-u(x)) + gu (x) + [3-43—]u2tx1(1-u?{x1|[1+
: z 3 2y 2
a +a a

N 1 a 2
+ b (l-e-u (x)) + bu (x;] ] - € + —=cC +
1 2 2 2 31 d2

+ [{T:‘ + ai]uztx}(u-b:(l-c—uz,[xﬂ + b)u;!(xilu] =
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= £, (u,(x),B,(X)).

llockoNbKY BbipakeHHe B KBagpaTHuX cxolxax CTPOro NONOXHTENLHO,
TO MnoclnenHee HepPpapPeHCTBO BHMNONHAETCA ANA NOCTATOYHO MalnblX
ce(0,1). Baas €, MOCTATOYHO MalkiM, nOAy4YaeM, HTO TpeThe H
YeTEEDTOe YCNOBHA TeopeMbh 1 Toke BHNONHAWTCA. Torga Mo Teopede
1 Kpaesaa 3amaua (11)-(13) uHMeeT pemeHue uz(x], v(x), npuueMm
onsa scex X€[-1,1] crnpaseniuBbl HepaBeHCTBa
Osuz(x}ﬁl, st{x]sl—co. (14)
Tak Kak u‘{x}=v(x]-u2(x) ABNAeTCA pemeHHeM ypaBHeHHA (1) H B
cuny (13) ynosneTrBOpAeT YCNOBHAM u;[-1]=u;(l}={), To ul(x],
uz{x] ABNAETCA pemeHMeM KpaeBo#H 3amaum (1)-(3). Hz (14)
cnenyer, 4TO u.[x]€1 ana wBcex Xe[-1,1]. [MMoxkakeM, 4TO OQYHKUHA
u’{x] HeoTpHuaTensHa Ha oTpezke [-1,1]. IQycTs xoe[—l,l] -
To4YKa, B KoTOpoR u!(x] OOCTHraeT MHHHMyMAa:
u (x,)= min u (x)-
~15x=)
llpeanonoxuM, YTO ultxo}d). Torma wus (1), (8), (9), (14)
BLITEKAET, 4TO

N
u (x )fa+u (x )(l+bu (x )+b u (x_))
= 1 L) k) 2 [} 1 1 [} 22" 0
ur(x,) < l-v{xo}[ 7 [i-u‘(xn]]..
N
= al”z”o“”d"o”1;bau:[xol+b2u2tx°’) u (x ]] = (15)
2
u (x;)

-v(x}[ d - a““z“"] iha

Ecnu xo=-1 HIH xo=l, To c© y4etoM (13), (15) umeen
ul[xu)<0, u’l(xolzo, u‘l'{xo}<0.
CnenosatensHo, Ha KoHuUax oTtpeska [-1,1] ¢yHxuua ul{xl HE MOXeT
HNOCTHrraTh OTpHUATeNLHOTO MHHHMYMa. B cnysae ke -l<x0~11
Heo6XoOMHO BLIMONHEeHHe ycnoBHH
u; (x,)=0, ui(x,)=0,

4To nporHeopedHT (15). [lonyvyeHHoe MpPOTHBOpEYHE NoOKaswBaeT
OUEHKY ul(x_ltﬂ ana xe[-1,1}.

TaxuM obpazoM, ana8 GYHKUKHR ul{x], uztx), KOTOpsle HABNHOTCH
pewenned kpaepol zamauu (1l)-(3), ycTaHOBHAH OUEHKH

05uI¢x1<1, ﬂsuz.;x}sl, D:ui[x]ﬂ;z(x)ql
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npu Bcex xe[-1,1]. CnemopaTtensHo, u‘(x), uz{xj ecThb pemeHue
HcxonHof zanaun (1)-(4). Teopema noxaszana.

B 3anave (1)-(4) c d¢u3audeckot TOYKM 3IPEHUA  HHTepec
NpencTaBNANT Npexie BCero peNeHHA, OTIHYHee OT KOHCTAaHT. Ecnu,
kpode ycnosu#i (8), (9), norpefGosaTb, 4TOGH aareﬁpaﬁqecnaa

cCHCTeMa ypaBHeHHR

a,(1-y-z)-a_y-yz(1+b, y+b,z)"=0,

2 2 N (16)
az{l-y—z} -a,z -yz{1+b1y+bzzj =0

He wWMena pemeHHR B Kpaaparte IM={(y,z): Osy=l, 0=z=<1}, 7o,
OYeBMOHO, 3TH YCJIOBMAR CFAapPAHTHPYKRT CyWecTBOBAHHE pelleHHMA 3afauu

(1)-(4), OTNHYHOrO OT HOHCTAHT.

NuTepaTypa

1. Enenun I'.T'., Jlicak T.M. IOuccunaTHBHbIE CTPYKTYphl B MODOEnbHOMH
peaxkuWH OKHCNEeHHMA OKMCH yrnepoma // IuddepeHU.ypaBHEHHA. -
1988. - T.24, N 7. - C.1186-1192.

2. 3paruHues A.H., 3y6osa N.¢., MoHoMaper [.0. O cymecTBOBaHHH
CTauMOHapHLIX pemeHHRA  onHo#A kpaepoHl  3amadu  XMMHYeCKO#
kuHeTHkH // TeopeTHHecKHe H 4YHCNEHHbIE HCCENOBAHHA Kpaesmx
Jaga4y. - Pura: JrY uMm.l,CTyuxH, 1989. - C.33-40.

A.Zvyagincev. On existence of stationary solutions for some
problem in chemical catalysis.

Summary. The existence of a solution for the boundary value
problem

i LS -
dn[[; ua—n}unh Upyn = N
= —dnll—u’-uz) + a,4n¥n + ulu2{1+b1u‘+bauz] ¥

uy (=1)=u; (1)=0,
with additional constraints unzo u!tx]+uatx111, xe[-1,1] |is

proved in the «case of n=1,2 provided that tl-b:)NtU.
N

[l—b!+bz} =0, aad=a2a.d1.

MSC 34B15

A.Zvjagincevs, Par kiada kimiskds katalizes uzdevuma stacionaru
atrisindjumu eksistenci.
Anotdci ja. Tiek pierddita robeZproblémas

- i - -
dﬂ[‘l uﬂ—ﬂ‘un uﬂu:l—n
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n n n N
~dp(l-u-u, )" +a,u, Y uu(ltbu b)),
un[—1}=un(l}-0,
n=1,2 ar papildus ierobeZojumiem untx}zu. u:[r]-l-uz[x)sl,
ve[-1,1] atrisindjumu eksistence, ja izpildas nosacijumu

N N 3
(1-b ) =0, (I-bl+h21 20, asdz-Za‘d‘.

HHCTHTYT MATEMATHKH M HHPOPHATHKH Moctynuaa 29.07.93
llaTBHACKOro yHHBepcHTeTa
Pura, 6.PaHua, 29
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METON ANMNPOKCHMAUMH 1A OBOBMEHHOR PA3JPEMHMOCTH
KPAEBHX 3ANAY
A.f.Jllenun

AnHOTauma. [InAa kKpaeBo#l zanaum
xX'=f(t,x,x'), Hlx=h‘, Hzx-hz, asxsg, u,

rone o« - o6o6meHHaA HMXHAR OGYHKUMA, B - ob6o6meHHAA BEepXHAA
pyHKuMa W U - HekoTOpoe YycnoBHe, paccHaTpPHBaeTCA TNpHMeHeHHe
HeTOmna ANMNPOKCHMAUHH ana ookazaTtenscTBa CymecTBOBaHHA

o506MEeHHOr 0 pemeHHA .
YOK 517.927

Mycts aeR, be(a,») u I=[a,b]. Ona T, 7 IR U ie(l,2}

»
T:ula@)=lim 7¥.(T), v.(a)=Iim v (%),
i A i ksl

7;u(b)=lim 7 (7), 7;(b)=Tim 7 (%),

T-b- T-b-
[vte[a,b:][ri,(t:=min{iig 7;(t), lim r.(t;}],
T-t- T+ *

[vce;a,b]][r;(:}smax{IIE 7;(T), Iim ri(t}}],
T+t~ T+L+

Li = {(t,x}e(a,b}xn 3 1i*tt}5151;(t}} v]

v {(a,x)e{a}~ﬂ : min{vi(al,11,(al}sxsmax(rital,rzta}} v

v {tb.xje{b)xﬁ : min{ri(bl.?i,(bl}sxsmax(ri[bl,r:tbl)}.

p(7, ,7,)=inf{ce(0,=): {VrleLI)[BrzeLh}{lrl-r2|Cc] A
[vr}ELEJ{BF‘ELI)[|rl—ré]<:} + ]1’ta]—1z(a11 + |7ttb}—12|h)].
BeeneM  ofo3HaYEHMA: Car[Iuﬂa,R} - MHOXecTBO  HyHKuMA,

ynosneTBopapmHx ycnosuo Kaparteomopu ([l1], <.9), AGftI,Ri -

HHO®eCTBO o606WEeHHLX HHXHHX G¢yHKUHR ypasHenua x"=f(C,x,x")
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(11, ©-.25), BGf{I,R} - MHOXeCTBO OSOGWEeHHBIX BepXHHX GyHKUHHA
ypaBHeHHR x"=f(t,x,x") {[1]1, e.25), SGr{I,R) - MHOXeCTEO
o6obmweHHuX  peweHHMH ypaBHeHHWA x“=f(t,x,x') ([1}), c.41) ¢
Tononoruef, onpenenAaeModl MeTpHxo# p, CtSGr[I,R},R} - MHOXEecTBO
HenpepsBHbX GYHKUHOHANOB H3 SGF{I,H} B R ¥ Fun(I,R) - MHOMECTEBO
gymcuu#t ua I ® R. Oycts f,f eCar(I=R,R), H ,HC(SG.(1,R),R),
Fﬁn,H;HECtSan(I,R],R}, h‘,h?,hin,h?nqm, aedG (IR},

ansﬂcfn(r,ﬂ}, BEBGr(I,R], 5neBan(I,R] ona neN u as<@.
PaccMOTPHM KpaeBble 3afgaydu:
x*"=f(t , X,X"), Hlx=h‘, H;x=h2, a=x=g, u, (1)
x;=fn(t,xn,xé], H:nxnﬂhin‘ Hznxn“hzn' unﬁxnﬁﬂn, Un‘ (1n)

roe U, Un - HekoTopsle ycnoeua ([1], c.52), neN.

OnpeneneHKe annNpoKCHHAUMW. Ecnau

(YneN} (a 3B ), (2.1)
h;m hm=h|’ ;E h2n=h2' (2.2)
him pla,a )=0,  lim p(B,R )=0, - (2.3)
IUHE(D,m]]{q?EL[I,ﬂ})[VneN]{vteI}
(2.4)
{vx,ye[-H,H]}({f (taxcyllfftt)]r
{VteI](vu,v:N*R){ﬁgg g =u A A;m Vv,
. g (2.5)
pim £ (C,up v )=f(Ct,u v )),
(VxeSGr(I,R]:[Vz:m*Fun(I,Rj]tasst A (¥YnelN)
[znsscfn(r,n} A apszosBo) A Lim p(x,z)=0 » (2.6)
EEQ thzn-ﬁix A Aém Hznzn=Hzx]'
(YX€SG(I,R))(¥Z:N+Fun(I,R)) (o=x=p A Aim p(x,z )=0 & (5.9,

A (VnEN](znesc (I,R) A ansznsﬁn A Un] - U),

n
To kpaeBsle 3anauM (1ln) annporcHMMpy©OT Kpaesym 3zaaady (1l).

OnHMM M3 MeTOoNoB H3Yy4YeHHA obGobmeHHOH paapemHMocTH Kpaesof
aanau (1) ABNAETCA pacCHOTpEeHHE AMMPOKCHMHPYOWHMX KpaepsX aanad

(ln). HauGonee npocTofl peaynbTat B ITOM HanNpanieHHH naeTcH
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cnenyomeit TeopeMoH.

Teopena 1. EcnM Kpaesele 3agadu (1ln) annpoxCHMHDPY®OT Kpaesyn
sapauy (1) u nanAa GeckoHedHoro uHcnaa neN  uMent ob6obmenusie
PeweHHua X, TO Kpaesas 3anaua (1) uMeeT o6GobueHHOEe pemeHHe.

HoxasaTtenncTBo, H3 (2.3) crnenyer pasHOMepHaA OrpaHH4YEHHOCTh
o©, M Bn' Mo Teopewe 4 ([1l], c.28) Ha#nyrtcsa aDEAGf[I,R},
ﬂnEBGf[I,R], xhesaf(r,ﬁ} H P:N‘N Taxme, uyTo nna moboro nelN

o6obmeHHce pemeHHe Kpaesod 3anmaum tlw[ﬂll cywecTByer, Limp(n)==

# ana moSoro tel

AR o) (E)=0(E) s Rim By ) (B1=R(E) ., RAm Xy (q) (B)=X(C).
NMycrts
H=[ce[a,b]: IDlﬂ[t]|=w v 1DIB(C}1=m v |Drm{t||=w v !Drﬂttll=w}-
Ina te(a,b)\M u3
(vnem{amm(c]sxmmttﬁ‘-‘ﬂwmltlJ

nony4ae

aft)=a (C)=x (L)=B (L)=B(L).
CneposaTtensHo, HalineTcs XESG[[I,R} Taxkoe, 4yTO osxs M
ptx,xh}=0. OTkyna

Aim ptx.xmn}lﬂ,;g p(x,.x )=0.

p(n)
CnegoBaTensHo, H1x=hl, Hax=h2.a BLIMONHAETCA ycnoaue U.

Tenepr paccMOTPHM TMpPHMeHeHHe MeTola aNMpoOKCHMaUHH  ANA
nAoxazaTenbCTBEA TeopeM BHaa |

Teoperna 2. [MycTs

(VXESGf(I,R}][ﬂsxiﬂ A UaV).

Torna cymecteyeT ofofmeHHoe pemende Kpaepoil aamaum (1).

Hapany c TeopeMoit 2 ana nelN paccMOTPHMM TeopeMbl.

Teopera 2n. IlycTs

{vxnsscfn{r,m}](ansxnssn A Un'yni'

Torna cymecrteByeT obofmeHHOe pemeHHe KpaesoH zanmaum (1n).
O6o3nauuM 4epes W ycrnoBHe, KOTOpPOE T[loAy4aeTCA B nOpeneie M3
ycnosuh ﬂVn:
tvxeSGf{I,R}l{vz:N-Fun(I,R:][a=xﬁﬂ A h;m p(x,zn1=0 A

A (VnEN“anSGr (I,R) A a_=z =B A -Vn} » W).
n

Teopenma 3. Ecnu kpaepwie 2anaum (ln) annpokcHMHpyoT Kpaesyp

n n'n
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sana4y (1), ana no6oro nel cnpasennuBa TeopeMa 2N M
(¥XeSGp(I,R) ) (a=x=B A UaVaws Hx=h A H,x=h,), (3)
To cnpasensiMea TeopeMa 2.

lloka3aTtenbcTBo, EcnuM MHOKeEcTBO
{new: [Vxnescfn[lf,ﬂ] ) (anﬁxREBn A Unavnj}

feckoHe4HO, TO Mo TeopeMe 1 cymecTByer o6o6umeHHoe pemeHHe
xpaepofl 3amayu (l). EciH MHOXecTBO

{neIN: [3xneSan[I,R]](an=xnsﬁn A Un A ni’nj}
SecHoHe4HOo, TO  adanoruyHo TOMY, KaK 3TO nenaeTcsa B
noxKazaTensCcTEe TeopeMsl 1, HaxoauM xeSGr(r,R] Takoe, YTo a=x=8,
U u W. Orkynoa H‘.x=hl H H’Zx=h2.. CnenosarefilkHo, X ecThb obobmeHHoe
peumesue Kpaesod zanaum (1).

Teopema 4. Cnenywumne Habopw U, V ¥ W ynopBleTBOPAKT YCHOBHIO
(3).

U=a, (4.0)

V=
= (x(a)=«(a) A x{b)=a(b) = Hl:arshl v Hzxsha) A (4.1)
A (xla)=ala) A Hzr=h2 “ H‘xsr:l] A [4.2)
A (x(a)=a(a) A x(b)=B(b) = H\:«:sh1 v Hzx!hz] A (4.3)
A (x(b)=8B(Db) A H‘x=hl = Hzlﬂh?l A (4-4)
A (x(a)=B(a) A~ x(b)=B(b) = H,ﬂh, v Hzﬂh;,} A (4.5)
A (x(a)=Bla) A Hax=hz - Hlxzht] A (4.6)
A (x(a)=B(a) A x(b)=a(b) = Hlxzhl v Hzxshzl A (4.7)
A (x(b)=a(b) A ﬁ'lxwhl » H2x5h2], (4.8)

W=
= (x({a)=a(a) A x(b)=a(b) a Hlxzht A Hzxzhz} v (4.9)
v (x(a)=ala) » H2x=hz A Hlxzh‘] v (4.10)
v (x(a)=a(a) A x(b)=B(b) A ‘I'{‘)rztl1 A Hzxﬁha] A (4.11)
v (x(b)=B(b) A Hlx=hl A Hzxzhzj v (4.12)
v (x{a)=f(a) A x(b)=B(b) A Hix'shl A Hexshz) v (4.13)
v (x(a)=B(a) A Hzx=h2 A H]xﬁhl} v (4.14)
v (x(a)=B(a) A~ x(b)=a(b) a Hl'”h: A Hzxzhzj v (4.15)
v (x(b)=a(b) A Hlx=hl A "2“33‘2]- (4.16)
U=a, (5.0)

V=



72
= (x(a)=cl{a) A x(b)=x(b) =
= Hlx-Haxzhl—hz v H‘x+H2x=hl+h21 A
A (x(a)=a(a) a H1x_"zx=h;_hz = H‘xﬁh:} A
A (x(a)=a(a) ~ x(b)=8(b) =
- ":R_Haxghz-hz v Hlx+H2xzh‘+hzj A
A (x(D)=B(b) a Hlx+5;x=hl+h2 = Hlxshll A
A (x(a)=B(a) A x(b)=B(b) =
- Hlx—Hzxshl—hz v Hlx+H2xzhl+h2] A
A (x(a)=B(a) A Hlx-H_,x=hl—hz = Hlx:h‘} A
A (x(a)=Bla) » x(b)=a(b) =
- H‘x—Hzxzhl—hz " !1x+H2x5hl+h2] A
A (x(b)=a(b) A Hlx+1:x=hl+h2 > H‘xzhl),
"B
= (x(a)=a(a) » x(b)=a(b) »a
A Hlx—Hzxshl—hz A :‘x+}{2x=hl+hz] v
v (x(a)=a(a) A H‘x-H,.:=hl--h2 A Hlxzh1} v
v (x(a)=ala) a x(b)=B(b) A
A Hax'Hzxzh:'hz A 1x+HZxanl+h2] v
v (x(b)=B(b) & Hx+H :=h +h A Hlxzhi] v
v (x(a)=B(a) » x(b)=B(b) A
A Hlx-&'zxzh,-h2 A I.Ixﬂfzxsnl-l-hzj v
v (x(a)=B(a) ~ Hx-H v=h -h, A Hx=h) v
v (x(a)=B(a) a ¢(b)=a(b)
A H‘x—Hzxshi-hz Al lx+H’2xm‘1l+hzj v
v (x(b)=a(b) A H=x+H :=hl+hz = HlXSh‘),
U=a
V=
= (x(a)=a(a) A x(b)=a(b) = Hlx+H2xsh1+hz) A
Af(x(a)=x(a) A~ x(b)=A(b)) ~
A Hlx+H2x=hl+h = Hlxshlj A

A (x(b)=R{b) A x(b)=A(DL) = H|x+Hzxzhl+h2} A

(5.1)

(5.2)

(5-3)

(5-4)

(5.5)

(5.86)

(5.7)

(5.8)

(5.9)

(5.10)

(5.11)

(5.12)

[5.13)

(5.14)

(5.15)

(5.16)
(6.0)

(6-1)

(6.2)

(6.3)
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A ((x(a)=B(a) A x(b)=R(b)) A
A Hlx+H2x=hl+h2 - Hlxzh’],
W=
= (x(a)=ala) A x(b)=a(b) A Hx+Hxzh +h ) v
v ((x(a)=a(a) A x(b)=i(b)) A
A H‘I+H2x=‘h,+hz A H‘xzh‘} v
v (x(a)=B(a) A~ x(b)=B(b) A H|x+Hzx=h1+h2] v
v ((x({a)=pla) A x(b)=a(b)) A
A H=x+H2x5h1+hz A Hlx5h1 )e

U= a'(a)>B"(a) A a'(a)2x’(a)=B"(a),
V=

A {x(a)=a’(a) A H'21r=h_’2 - H‘xsr:l:n A

>

A (x(b)=B(Db) A Hx=h = Hxzh) a

>

A (x'(a)=B"(a) A Hzx=hz e Hlx!h‘] A

>

A (x(b)=ax(b) A Hx=h = H;xshaj,
W=

v (x'(a)=a’(a) A H2x=hz A H‘xtbll v

<

v (x(b)=B(b) A F;I'x=hl A Hzxﬁhz} v
v (x'(a)=R’(a) A x(b)=B(b) A Hxsh A Hxsh) v
v (x'(a)=B'(a) A Hzx=h2 A H‘xShsl v
v (x'(a)=B’'(a) A x(b)=a(b) A Hxsh A Hxzh) v
v (x({bj=a(b) a H’1.7r=v.?1‘l A Hzxzhel,
U= qa'(a)>B'(a) a a'(a)zx’(a)2p’(a),
V=
= (x'(a)=a’(a) A X(b)=a(b) »
) H:X_Hzxzhl_hz v H'lx-l-Haxshl-l-hz) A

A (x*(a)=a’(a) A Hlx-H2x=hI—h2 > HlxshJ A

(x"(a)=a’(a) A x(b)=a(b) = H‘xSh‘ v Hszhzl A
(x'(a)=a’(a) A~ x(b)=B(b) » H‘x:hl v Hzxzha} A
(x*(a)=B'(a) » x(b)=f(b) = H x=h v Hx=zh,) A

(x*(a)=B’(a) A X(b)=a(b) » H xzh v HXxsh) A

(x"(a)=a’(a) A x(b)=a(b) A Hx=h A Hx=h) v

(x"(a)=a’(a) A x(b)=B(b) A H xzh ~ Hxsh) a

(6.4)

(6.5)

(6.6)

(6.7)

[6.8)

(7.0)

(T.1)
o
(739
(7.4)
(75}
(7.6)
(7.7)
(7.8)

(7.9)
(7.10)
(7.11)
({7.12)
(7.13)
(T-14)
(7.15)
[7.16)

(B.0)

{8.1)

(8.2)



2 Hlx-Hzxshl --i‘:,z

A (x(b)=B(b) A Hlx+H2x=h‘+hz = Hlxﬁhl) A

2 H‘_x-Hz.tSh‘—hz
A (xla)=B'(a) a H‘:r-ﬂzr=h‘-hz s H:xahlj A

= H x—szah A —I‘:2

A (x(b)=a(b) a }i")r+hrz.vr=l‘!l+h2 - thht]‘

A Htx-Hzrshl-he A H1x+Hzxzhl+h2} v

v (x"(a)=a’(a) A Hlx-Hzxsh‘-hz 'y Hzxahl] v
A H x-H xzh -h_ A H=x+H2xzhl+hz) v

v (x(b)=p(b) A H‘x-H:'z,\'!-h‘H'rz A Hlxahl} v
A H1X-Hzlf?-hl-h2 A H'x+H2xshl+h2] v

v (x'(a)=B"(a) A H!x-Hax=h1—h2 A Hxsh ) v
A H‘_x—Hzxshl—hz A H’x-!-HzxshI-!-hz} v

v (x(b)=a(b) a Hlx+H2x=h‘+hz - R‘xshl],
U= a’"(a)>B"(a) »~ a’'(a)=x’'(a)zp"(a),

= (x'(a)=a’'(a) A x(b)=a(b) = H‘x-t-h'zxshlfhaj A
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A (xX'(a)=a’(a) A x{b)=A(b) =»

A (x"(a)=B’(a) A x(b)=R(b) =

A (x'(a)=p'(a) A x(b)=a(b) =

W=
= (x'(a)=a’(a) A x({b)=a(b) A

v (x'(a)=a’(a) A x(b)=g(b) A

v (x'(a)=B’(a) A x(b)=B(b) »

v (x'(a)=B'"(a) A x(b)=a(b)

V=

v H!x+H2x3h‘+n2; A

v H1I+Hzxth‘ +h2 ) A

v H x+H_xzh_ +h_ ) A
1 2 1 2

A ((x"(a)=a’(a) A x(b)=B(Db)) A

A (x'(a)=B’'(a) A x(b)=B(b) = Hlx+h‘zxth!+hz) A

A

A H x+H x=h +h, = H x=h ) A

((x"({a)=p"(a) A~ x(b)=a(b)]
A H‘x+ﬂzx-h=+h2 > H1x!hl"'

W=

A

(B.3)

(B.4)

(B.5)

(8.6)

(8.7)

(8.8)

(B.9)

(8.10)

(8.11)

(8.12)

(8.13)

(8.14)

(8.15)

{B.16)
(9.0)

(92.1)

(9.2)

(9.3)

(9.4]
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= (x'(a)=a’(a) » x(b)=a(b) Hlx+H2xzhl+h21 v (9.5)
v ((x"(a)=a’(a) A x(b)=A(b)) A

A H x+H, x=h +h, A H xzh ) v (9.6)

v (x'(a)=B'(a) ~ x(b)=B(b) a H:x+Hzxﬁhl+h2} v (9.7)
v ((x*(a)=B"(a) A x(b)=a(b)) a

(9.8)

A H1x+H2x5hl+h2 A H‘x:hl},

TO X — peweHHe kpaepoR 3agauyn (1).
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3unarHe, 1988, - 211 c.

Nlenun JN.A. O6obmeHHsie peweHHA H Ppa3peWlHMOCTb KpaeBwX 3aga4

ana nHpdepeHudansHoro YypPaBHEeHHA BTOpOTO nopaaka i
In¢depenn.ypapHenua. - 1982. - T.18, N B. - C.1323-1330.

A.Lepin. On the solvability of one boundary value problem.

Summary. The solvability of boundary value problem
X =E(C X, X" ) 4 H‘x=hl, ﬁ;x=h2,

as=x=@, a' (a)sx' (a)=p’(a)

under the assumption of Schrader condition is proved.
MSC 34B1S

A.Lepins. Par kadas robeZproblemas atrisinamibu,

Anotaci ja. Pieradita robezproblémas
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x"=f(t,x,x"), H x=h , Hx=h_,

asx=B,  a’(a)=x’(a)sg’(a)
atrisinamiba,ja izpildas Sredera nosacijumi.

HHCTHTYT MaTeHaTHKH W HHPOPMaTHKH Moctynuna 16.09.93
llaTeniickoro yhHubepcureTta
Pura, 6.Pafiua, 29
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A BOUNDARY FUNCTION APPROACH TO REGULARITY
OF SOLUTIONS IN THE PROBLEM OF THE CALCULUS OF VARIATIONS
F.2Zh.Sadyrbaev

Summary. Conditions are given for regularity of solutions in
the basic problem of the calculus of variations.
MSC 49N60

We consider the basic problem of the calculus of variations
b
-lm-!ze{ JL[[,X,X']dt 1 x(a)=4, X{b)ﬂﬂ'} (P}

a
provided that the conditions

(Al) L(t,x,y) is of c'(I-R°,R), I=[a,b);

(A2) Ly(t,x,y} H g% is strictly increasing in y for fixed

(E.x);
are fulfilled.

It is well known ([l1), vol.2, ch.5) that the problem (P} has
a solution in the class of absolutely continuous functions if
LYYiP and L satisfies the coercivity condition L(t,x,y)>
>c ¥y +c,. Even in the case of LeC° some additional conditions
are needed for a solution to be of a narrower class of
functions (Lipschitz, continuously differentiable etc.). Thus
the problem of reqularity of solutions arises. The interested
reader may consult the book [2] for the whole history and more
details.

L.Tonelli also proved for Lec? (see [4] for the case of L
depending on n functions) that under the positivity and
coercivity conditions a set f{lcI exists of measure zero such
that a solution x(t) to the problem (P) is of class ¢ on I\Q

and satisfies the Euler-Lagrange equation
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gfLY{t4xlﬂl-x'(5}l =L (t,x(t),x (L)) (1)
for all teI\Ql. For examples of problems with I non-empty one
may consult the work [3].

For noncoercive problems existence results "in the small"
were proved by L.Tonelli [1, vol.2, th.109] and by F.Clarke and
R.Vinter [4]. It was shown also [4, Cor.l] that under the
conditions (Al) and [A2) a set {1 of zero measure exists such
that a solution x(f) 1s continuously differentiable on the
complement of Q and |[x'(C)|== for teQ.

A set of conditions ensuring the emptiness of Q in the case
of noncoercive functionals was given in the work of F.Clarke
and P.Loewen [5].

In this note we present conditions of a new type (comparing
with those in [2, ch.2] and [5]) ensuring the reqularity of a
solution to the problem (P). Moreover, these conditions provide
estimates for the first derivative of a solution. Our
conditions are based on the concept of bounding functions known
in the theory of boundary value problems of ordinary
differential equations (see [6] for more information).
Additional assumptions usually required when applying bounding
functions to Picard problem (that in the problem of finding
x(t) having prescribed values at the ends of the interval) have
been ruled out in the work of the author (7] by the
introduction of lower and upper diagonales. This technique was
extended by Fabry and Habets (6] to more general boundary
conditions and is applied in the theorem below.

Note that in view of (A2} there exist functions

1=(t,x) = lim Ly(t,x,y} as yrto.

Theorem, Let x(t) be a solution in the problem (P). Let
there exist functions a,nec‘(r,ﬁ) and u,veCHD,R}, where D is
scme (t,x)-domain containing graph of x, such that:

1) (c,Aa(t))eD, (c,u(C))eD vtel;

2) 1_(t,x)<u(t,x)sv(c,x)<l_(c,x) v(CL,x)eD;
3) Ly{c,A,A'jau(L,Aj, Ly(t,u,u’}sv[c,u} vLel;
4] (x-u(T))(L (L, x,y)-v (L, x)-v (L,x)y)=0 vit,x)ed, Vy:

g < Ly(taxr!"l-ﬂﬁ:xl‘c: (x-a(C) (L (C,x,y)-u (LC,x} -
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~ux[t,x]y)20 vit,x)eD, Vy: Ufu[t,xJ-Ly{t,x,y}cc, where
£ is some positive number;

5) A(a)=Azu(a), A(b)=B=u(b).

Then for any tel x'(t) satisfies the inequalities

u{t,x:ti}SLy{t,x{tj,x‘{t]]:v[t,x(t}].

Proof. Suppose on the contrary that L [ta,x(tu},x'(tujl>
>v(t .Xx(t_ )) at some tner. Consider the case x{tujﬁu(tnl. Since
u(b)=B, there exists tﬁ{to'bl such that x{t1;=u(t‘), x(ty>u(e)
vte[tu,ti]. Then for any n>1 one may choose tn arbitrarily
close to = such that

Lyftn:xltn}:x'[En]l-V[En:XIthJ < 1/n.
Since x‘(t) is continuous in a certain subset 2 of I of full
measure ([3], Cor.2), an interval {E,n]c[to,tl] exists in which
the function Lytt,x(tJ,x'[t]}—r[t,x(t)} decreases and 0<Ly~v<:
holds. Noting that x(t) satisfies the Euler equation (1) almost
everywhere in [£,n], one has by the condition 4 that

g9 [I-},(f-rxtf-l,x'{tl-V{t.X(tll -

=L (E,x(L),x' (L)) = v (L,x(L)) - v (L, x(t))x (L) Z O.

This contradicts the decreasing of Ly~v'in [E,m].

The case xtt°)<u[to} is treated similarly. The case of
x(Lo)=u(cC ). Lylta:x[talux'ltoli > vt .n(t)) = Ly(to.ultul.
ui(e)) reduces to one of the two above, since for t close to
t, either x>p or x<u holds and still L >v.

Boundedness from below can be proved analogously.

Remark 1. Functions u, v may be defined only in D\{A}, D\(u}
respectively. Then the condition 3 is to be replaced by

L (t,a{t],h'[t}}tmax{ lim u(t,x), lim u(t,x) },
¥ X+A- XA+

L (c.u(t).u‘[t}jsmin{ lim v(t,x), lim v(C,x) }.
¥ X - Xu+
Remark 2. Since 1: may be finite, the possibility of
considering the "slow growth” lagrangians is allowed.
Corollary 1. Let x(t) be a scolution in the problem (P). Let
the following conditions hold:
1) [tht.x,y)|=c|y£.ytt,x.y}|, Cc>0, Y(t,x)eD:=(a=t=b, |a|=IM}
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¥y:  |L,(t,x,y)|=K, where r=max|x(t)|, t=max{|L,|:
» tel Y
(t,x)eD, |y{52n(b-a] }i

2) 1_(t,x)<-Kexp(2CH), Kexp(ZCH}€1+(t,x].

Then |Ly(t,xtt},x'[tn|5Kexp[2(.‘ﬂ'] vtel.

Proof. Choose by A, u the diagonales (u starting at the left
lower corner) of the rectangle D. Define

-1 exp(-Cx), x>u(t),
K exp(-CM)v|L,x) =
exp(Cx), x<u(t),

ot -exp(-Cx), X>A(L),
K 'exp(-CHM)u(t,x) =
-exp(Cx), x<A(L) .

Remark 3. In fact the two-sided inequality in 1 can be
replaced by the one-sided inequalities of the type Lx-scyl.y or
sz-—t.'.'yf..y which must hold only for x>u or x<u (X>A or x<i).

Corollary 2. Let x(t) be a solution in the problem (P). Let
there exist numbers < and <, and functions A, m as in the
theorem, such that:

1) 1_(t,xj<clccz<1+{l:,x] v(t,x)eD;

2) [r—u(t}}Lx{t,x,y}zO Y(t,x)eD Yy: Lyzcz,

[x—k(t}}f..x{t,x,y]ao v(C,x)eD Yy: Lysc‘.
Then C‘SLylt,x{t},x'tt)}scz vtel.
Proof. Take u=c, , v=c_.

2
Example. Suppose x is a solution in the problem of
b
minimizing J-r[t,x) 1+x* %dt = x(a)=A< x(b)=B, where r{t,x) is
a

continuous and positive and for some pec', having the same
values at the ends of I as x(t) does, holds (x—u{t]]rx(t,x}zﬂ.
Let ¥ and D be as in the Cor.l above, d=min r(t,x). Take c<d.

Define v=c, u=-c. Then, applying the Cor.2, one gets that

| (t)|=e(ri(t,x)-c") "2

References
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®.Cagupbaer. MeTon orpaHWuMBaLmWX GYHKUWH B  Bonpoce o
PEryNAPHOCTH PelleHHWA 3afa4Y BapHAUWMOHHOTO MCHYMCIIEHMA.

AHHOTaAUuMA., B TepMHHax oOrpaHHuYMBaOWKMX OYHKUMA NPUBONATCA
ycnosuA PperyilApHOCTH PpelleHHA B OCHOBHOH 3ajave BapWalHOHHOroO
HCYMCNeHHMA, rae gyHKUMOHAN MOoXeT ObiTh HE KOJPUHMTHBEH.

YOK 519.31

F.Sadirbajevs. IerobeZojo3u funkciju metode varidciju rékinu
uzdevumu atrisinajumu regularitates jautajuma.

Anotaci ja. IerobeZojosu funkciju terminos formuléti
atrisinajuma regularitites nosacijumi variaciju rékinu
pamatprobléma, kad funkcionidlis var bat nekoercitivs.

HHCTHTYT MaTeMaTMKH W HHPOpPMATHMKH Noctynuna 10.08.93
lateuilckoro yHueepcurerTa
Pura, 6.Pa#un, 29
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CYUWECTBOBAHWME PEMEHWA KPAEBOHW 3AIAHM
nnd YPABHEHMA TPETLErO MNOPAOKA
B.l.lloHoxapes

AHHOTauWA. [IpMBOAATCA OOCTATOYHbE YCJOBMA CyWeCTBOBaHHA
pemeHHd HKpaeBoH 3agauM  ANIA ypaBHeHMA TPeThero nopiAnka ¢
$YHKUMOHANBHEIHK TPAHHUYHLIMH YCIOBHAMMH.

YOK 517.927

PaccHOTpMM Kpaesyp 3agauy:

X' Tr=E(L,x,xT,X7), (1)
Iix('laric i=1,2,3, (2)
rae feCar(I.Hj,ﬂ]. li:AcztI,leﬁ, Ii - nxHeHHble HenpephiBHbe

hyHKUHMCHANLL, rieﬁ, i=1,2,3, I=[a,b], -w<a<b<+=, Car[I-ﬂ:,H: -
MHOKECTBO QYHKUMR f:IsﬁhR, yooBneTBOpAKWMX ycnoeuo KapaTteonoph
[1], ACQ[I,R] - MHOKeCTBO HenpepsiBHBIX GYHKUMH, ¥ KOTOpHX BTOpas
npou3BonHa® alCOMOTHO HenpephiBHA.
PaccHMoTpHM KpaeByw 3amavy:
SR O (AP % ST i (3)
lix{‘l“ri: (4)
rone F(t,x,x’,x")=f(t,8(-L,x,L),8(-M,x',M),8(-N,x",N]), L,MH, Ne
€(0,+m),
X, y<x,
é(x,y.,2) = Y. Xsysz,
z, z<y,
anR X<z.

Beenem ofo3HaAYEHHA !
t_
jltl} litt—p) lui__gl‘

D= 1,(1) 1,(t-p) p LE-p)

C~-
1,01 1 (e-p) 1:1—5"'—)—



83

OGozmawuM depel D, onpenenurens, y KOToporo 8 I-ToM cronbue

MaTpMibl, cooTBeTcTBywmed onpemenurenw D, cTouT cronfeu:

t
r, - %- 11[ Ir{s,x{s},x'1s;,x“{sn(t-s;2ds]

P
t
r, - % 12[ Ir(s,lﬂs},x'[s],x“(s]](t—s;zds]
P
t
r, = 3 L[ [Fexts) e (s 27050 e-5)as].
P
Teopema. MycTs nna mo6Oro pemeHHs ypasHeHHA (3] BsinonHAeTcs
D'l
sup {}_Tr| t,pEI} s L,

D
sup {|—53| l :,psI} =N,

D
sup {l—fé‘ | c,psf} s N,
M Kpaesaa 3ama4da x'''=0, lix{-jan HMeeT enHHCTEEHHOe.pemEHHe,
TOXNECTBEeHHO paBHOe Hymo.
Torna kpaepas 3anaua (1), (2) uMeer pemeHue.
NokasarenscTBo. Kpaepas zanmawa (3), (4) HMMeerT pemenue B cHAY
eIHHCTBEeHHOCTH pemeHHMA onHopoaHofl kpaeso# 3anmauM [2]-
NMokaxen, 4TOo ana moboro tel |x(t)|=L, |[x'(t)|=M, |x"(c)|=N,
a Torma X B CHAy onpenenedHHds ¢yHxuuum F W 6GyneT pemeHuem zanauu
(1}, (2).
Huterpupya (3), noaydaem:
x(t) = x(p) + x'(p)(t-p) + 3x"(p)(t-p)* +
t
+ % f F(s,x{s],x'(s},x”(s])(t-s]{ds

p
ana mobuix C,pel.

Hcnonbaya Kpaesbie YCNOBHA, HMeeM:

2

x(P)1 (1) + x*(p)1,(t-p) + x(p)1 A=2BL =
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c
1 7 " 5
=r; -3 11.[ _[ F(s,x(s),x (s),x"(s))(t-s)’ds ]. i=1,2,3.
P
Otcrna noayyae
o4 D, D,
BIRY = & T s d  wURY s

Mo3TOMYy B CHAY YCJOBUA TEOpeMbl MMeeM:

DI Dl
|x(p)| = |—5" < sup {lT] | L.Pﬂ} £ L,
D
: 2 2
% (p)] = |-T,— = sup {‘?l | t.per} H,
Dﬂ
[x“(p)]| = |-—- = sup { o | ,per} =N,
nna aobeix pel. CnenoBaTeslbHO, anNpHopHaA oOLUeHKa OOKa3aHa, a TeM
CaMeiM M TeopeMa.
lycte ana nwboro tel
Q(c) = max{ |Flt.x,x" ,x")| = |x|sSL, |x*|=M, |x*|=N } v
g=vrai sup Q(t)eR.
tel
ﬂpEﬂﬂOﬂO*“H, YTO OIOHOpOOHAaA kpaeaan 3Iagava
x'*'=0, lix(-]=0, i=1,2,3
HMeeT elHHCTBEeHHOS pemeHHe , ToxaecTBEHHO paBHOe Hyno, H

o6o3xaiuM 4epea G(C,s) ee dGyuxumw TFpusa. B 3TOM chyuae
anpenenuTenk HaTpHUBID

L
1(1) 1.t 11[7]

2 =
A= 1,0 1t 12[12 ]
2

L
1(1)  1¢) 13[5]

OTNHYEeH OT HYnNA. BBenem oOGO3IHAYEHMHA !
b

[16te.,s11as = g (),

b

[l ttisilds = g (ty,
a


file:///x/sL
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b

[16c teos)las = g (e,
a

r
1

£5% =t
K(e)=(1,¢,5).47"| r, |-
rJ
Teopema. [lycTh BLNOMHAWTCH YCnOBMH:

sup [qgattl + IK(t}l} =L,
tel

sup [qqliti + iK'tt)l] =M,
tel
sup [qqzit} + IK‘IEJI] s N.
tel

Torna kpaepasa 3anava (1), (2) MHeer pewmenue.
Hoxa3aTenscTrBo. PeweHue ¥ Kpaeso# zanmauu (1), (4) cyuwecrtsyer

B CHJY eAHHCTBEHHOCTH peweHds onoHopoaHo#l KpaesoH 3anmauu w
naeTcAa GoOpMyno#

b
x(t) = f G(t,s)F(s,x(s).,x'(5s),x"(s))ds + K(¢C).
a
NokakeM, 4Tto |x(C)|=L, |x’(C)|=M, |x"(t)|=N nnsn moGoro tsI.

HHeewm ;
b

x(e)| = j |Gle,s) | |F(s.x(S),x (5),x"(s))|ds + |K(t}
a

s qg,(t) + |K(t)| = sup [qgnttl + 1K(tlI] =L,
el
b

|x‘(t)]| = f [Ge(t,s)||F(s.x(s),x"(s),x"(s))|ds + |K*(t)] =
a

"

= QGI(CI + |K"(t)]| = sup [qqlltl + IK'ICIII B
tel
b
ety = I |G[t{:,s|||F(s,xtsi,x‘(s),x“{s]]|ds + K"ty
a

= qg,(t) + |[K°(t)]| = sup [qq () + IK”U:)]]
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TaxkuM 059330)4 anpMopHas OUeHKa OOKa3aHa, M X HBJIAETCH peueHUEeM

ucxonuo#l zamayu (1), (2)-

luTepatypa
1. KonnsurTox 3.A., JleBHHCOH H. Teopus o0BIKHOBEe HHBIX
nudhepeHUMaNbHLX ypaBHeHu#. - M.: WI, 1958.
2. Conti R. Recent trends in the theory of boundary wvalue
problems for ordinary differential equations // Boll.Unione
mat.ital. - 1967. - V.22, N 2. - P.135-178.

V.Ponomarev. Existence of solutions of a boundary value
problem for third-order differential equation.
Summary. Sufficient conditions for existence of a

solution to a boundary value problem for third order
differential equation with functional boundary constraints
are given.
MSC 34B99

V.Ponomar jovs. Tresas kdrtas vienado juma robeZproblémas
atrisinidjuma eksistence.

Anotdcija. Doti tre3as ki3rtas vienadojuma ar funkciondliem
robezZnosacijumiem atrisindjuma eksistences pietiekamie
nosacijumi.

HHCTHUTYT HATEMATHKH M HHOOPMATHKH NMocrynuna 25.08.93
JlaTBufickoro yHHBepcuTeTa
Pura, 6.Pafina, 29
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3KCTPEMANIBHEE 3ANAYW ONIA NMPOW3BOMOHBLIX

A.H.3BAruUHLEB
AHHOTAUMA . NMpusonartca TOMHbLIE OLEeHKH HOpM NPpoOM 3 BOOHBIX
DYHKUMHA .
YOK 517.5
NMpu Mony4e HHH ycnoe#it, rapalHTHpYOWHX anpuophy®

OTpaHH4EeHHOCTL  pemweHH# W HMX NPOM3IBOOHLIX ANA  HEeNHHeHHsIX
ofsKHOBEHHHX aMbfepeHUHaNnbHEX ypasBHeHMH, NOBOJMLHO HacTo (cM.,
HanpuHep, [l]) HMCNONAL3IYWTCA HEepaBeHCTBa ONA HOPM (YHKUHMM H ee
NMPOX3IBOOHBIX, KOTOopbie HA3BIBAKTCA o6s4HO HepaBeHCTBAMH
Konvoroposa. B chay4ae KoHe4yHOro uHTepsana I=[0,1] nonyuenue

HepapeHcTBa KonMOropoBa NMPHBOOMT K 3IKCTPEManbHOH 3anade

k)

uk=sup{§f fﬁW;E[I],

I (1)°

|Lﬁ(:ﬁ“n}'

rae ne{2,3,...}, ke{l,...,n-1}, 1sps, M M >0, w”pwm -
npocTpaHcTBO ¢yHKUHA feLp(I], Yy koTopux (n-lj-aa npouszeoaHas
‘Mer (1.

(1)
- tni
!fle(I}-Hc, I £

afcomeTHO HenpepsiBHa Ha I u f
PemeHHe IKCTpeManbHO# 3anma4u (1) npencTasnAeT Takke HMHTepec
B CBA3M C pemeHHed H3IBecTHo# npobnems KonMoropoea [2] o Tpex

3afaHHLIX [ONOKHTENbHBIX YHCHax Hb, Hk' M_ u HOpMax (YyHKUHH,

n
npoMexyTo4YHO# W cTapuwed npou3BoaHeix. [na orpeaka [ peweHue

npobnemsl KonMoroposa MMeeT cneanywomu#t sua [3,4]: nna toro, 4Tobwu

cyuecrBoBana QyHKUHA fewgm(I}, YyOOBJAETBOPAKUWAA paBEeHCTBaM

Iftkl =

_ tm "
““Lpum'”o' e ()™ 1ML (1)Mar

HeolxXxoOMMO M AOCCTATOYMHO BLINOJIHEHHA VYCIIOBHA

Hhsuk.
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lna p== B HaCTOAmee BpeMA nokazano [5,6], wuwro 3anaua (1)

IKBHBANeHTHA JIKCTpeMansHol 3apave

k)

= = n 22 fim
Ak—sup{ﬂf (0)]|: feWw__(I), EfILw[I)"Hu' I IL (r* } (2)

T8, uk=3k. 3TOT pe3ynsTar ARaeT PO3IMOXKHOCTE B Cchay4Yae oOTpe3lka
I=[0,1] nmony4aTh HepaBeHcTBa KoJMOrOpoBa C TOYHLIMM KOHCTAHTAaMH.
Ina enyuaa k=n-1 aowazauo [7] HepasencTeo

2]’]-3 i-n fm

1 ids =(n-1)!2 +27'1|f (3)

I el I F
L (I) L (I) L (T)
npHYeM HM ONHY W3 KOHCTAHT B (3) Henb3ad YMeHbuHTh. HepaseHcTBo
(3) yrouHReT cooTsBercTHymHi pesynsTtat B.W.Bypesnxkosa [B].

B ofueMm cnyvae nony4ensi (9] HepaBeHCTSO B ANAWMTHEBHOI dopMe

(k; 2 (}n 2k n
I IL {I} “n n (I:ICOS 2n Hr"[‘ {Ij
17 o o (4)
123t g2 1 1€ HL (1)
Zn
n -1 tm 2n-1 an w
a npu ycnmosumu 1 £} | F | zn!2 cos’ —— HepaseHCTRO
L (I) L (I) 7n
B MyNnbTHONUKATHBHOR dopMe
:in = lk: i t-K/ng amgksn
ﬂ IL (I) = [1}[!]2 EIHL(IITI{ HL(I} (3]
rae Tn{:j - nonyHoM Yebumesa NepeOro pona
|k1 n?(nz-lz}...[nz—[k—llzi
(& = (ZK=1)11
HepapeHcTBO (4) ofpamaeTtcs 8 paBeHCTBO ang hYHKLIHK
= -1 21 =
f(CI—Tn[{Zl cos -ﬁ)c l] , a Nepaa_elﬂctao (5) obpamaeTcs B
paneucr B0 OMR  pyHxumu  f(t) =T I " (l+a)e~1), roe rlapaMeTp

ue[cos- 1]. Mpu n=2 HepaBencTBa (4), (5) cCoBMamamwT € HMIBECTHHMKU
HepaBeHcTBRaMu Jlangay-Anamapa [10].

NMockoneky B 3amave (2) OSKCTpeManbHbIMM GYHKUHAMM ABAAKTCH
{i1l1-14] Tak Ha3spBaeMsle SofoTapesckue cnnaitmel, TO, Haxons
zonoTapescKue cnnalHel, MOKHO BHMMCIMTB 3IHa‘leHHe Hy ® (1) rnps
p== #H, cnenopaTtesnbHO, MOXHO OoAYYUTL  pazjauvdHbie ananoru
HepaseHcTs (4), (5)-.

llng ne{3,4} npu BLNONHEHMH YCHAOBUA
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n -1 om 2n-1 2n m
1 ufﬂLw‘I}ﬂf ILb(IJ = nl2" cosT (6)
nony4eHsl TO4YHee HepaseucTtsBa [7,15-17)] Bunma
th) 1 ki -k
@ n w

rue npu n=3 napaMetp a <(1/3,1/2] u
_ -2 -2 3 2, .2
Zaj{t]-(l-a:: a [2{1-20{3“ +2(1—3c¢u]t +2a3{2—3tx3]t -1,
a npu n=4 napaMerp a‘e[v’?-l,lf?] u
z, (t)=(1-a, 1'2::;’ [4»"1‘—2u":‘+4 ( 3[!3-4{:‘4*1-2\/1—5{!"] 2+
1

+2(3(1-a,) (3a -1 }+(3-3a‘+5uf—3a3]V1-2c¢“}l52+

+2(l-a‘}[a:—a:-3or.‘+1-(3a:-2u.+l]\/l—2a"jc]+l.
PasenctBo B (7)) noctHraerca nns GyHHUMH r(:1=za [l'lt].
n

CnenyeT OTMETHTb, YTO TMPH BHIOJNHEHHHM YycnoeBuA (6) ana n=2
Heyny4WlaeMslM HABIAETCA HepaBeHcTsBO (4), a anA n=3,4 Heyay4maeMsM
ABNAeTCH HepapBeHcTBo (7). Ecnu xe ycnoeue (B) He BbINOAHHETCH,
TO cnpaBennuMso HepapeHcTBo (5), npuyes nna n=2,3 HepaBeHCTBO
(5) Heynyu4maeMo, a an4 nz4 KoHcTaHTa B (5) MomeT 6bITh yHeHbIeEHa

m

IR NOCTATOYHO GONLWOH BeNHYHHEI lnﬁfii'trlnf Mpusenen

! .
L (1)
npudep [17] ana cayuyas n=4. [llycTts

a = ?}[ —6+4VB-3VIT+vIS+/6(17+11v8-8vI0-4vIS) |,

Bavj%@a, A=3(-15+16v6-12VI0+4vIS)a™*.

-1 (41

4
LWIII“ HLm”}!J{lﬂi} HMEET MecTo

Torma npu  YCHOBHH 1']]:'[]

HEDABEHCTEO
s(t) = —‘;?(t'-2tl)—%(3—4\/E+3»’1_(?—\/1_5'}¢':'t1—
- 3(3+4vB-vI0+vTS o e
Konctanta B HepaseHcTBe (8) MeHblle KOHCTAHTE B HepaseHcTee (5)
npu n=4.

[lpencTasnreT MHTEpec BOMPOC O KOJHYECTEE 3KCTpeMalbHLIX
byHxkuM#t B 3amavye (1). Taxk KaxK ovYeBMOHO, 4YTO B 3amave (1) uapaay
C  akcTpeMansHod  dyHruHeH fD(x) hyHKUMH -—fo(xl, fou-xl,
-f“! 1-x) TO#e ABNAKTCH IKCTPeManbHBIMH, TO, roeopd o

CAHHCTBEHHOCTH aKCTpeManbHoH byHrumn, nonpaszyMesaeM
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ENIMHCTEEHHOCTL C TOYMHOCTBLNO OO CHMMETPUMH. [nAa p== ycTaHOoBNeHo

n,-1 2n-1 2n n
8 4TO CnH =n!
[183}, = 1 Hu Hnn 2 cos” ——, TO B 3apmave (1)
cymecrtayer enHHCcTBeHHas JHCTpeMalibHas hyHKUMA, KOoTOopas
BbipaxaeTCR yYepez nonuHoM 3onorapesa. B cnyuae nlzen'lcoszn-—%ﬁc
n -t 2n-1
<l Hﬂ Hnsnlz eNMHCTBeHHOCTh HapywaeTcs , M  IKCTpeManbHasd

hYHKUMA BepaxaeTcA yepea nonuiuoM Yebumena.

B ofueM cnydae BOMNPOCs © KOJMMMECTEE M AHANHTHYECKOM
BhipakeHHid OKCTpeManbHex ¢yHHUMH B 23anakax (1), (2) ocrawres
OTKPLITHIMH -

Mockonsky B 3amadax (1), (2) npH HEeKOTOPHX 3JIHAYEHMAX

napamMerpos 1, Ho’ M P 23KcTpeManbHble GYyHKUMM BhipaxawTcA 4Yepes

n’
nonuHOMs 3oNnoTapesa, TO AKTYyaNlbHLM CTaHOBWTICA BONPOC PpPeEUWeHHd
janayd 3ofloTapeBa O MOAMHOMAX HAHMEHbLWEro YKJICHEHHA B8 MeTpHHe
Lp(-l.l]. B HacTodmee BpeMA [JIA MNOMHHOMOB NPOX3BONbLHOH CTeneHH
pemenue 3anauu JonoTapesa uareccTHo [12] Tonkko B Tpex cayvasx:
p=1, p=2, p=«=. lpusenem peuweuue [19] 3amauu 3onorapesa ani

NONMUHOMOB Bfﬂpoﬁ CTeneHH

=11y

- 2
?zpto]=;:;!t —UHEILPI

fna pe(l,=) ob6o3xHaduM 4Yepes a'os(D,ZJ eaoHHCTBeHHsll HOopeH:

ypaBHEHHA
BI—O'HI:-!(1_2p'p]_80(p'p)=0'
1

rane Bclb,dj=th"[1—t]d"dt - HenonHaa G63Ta-¢pyuxumua. [ycre o=0,

. c
4a=c” w

2/e%-4a 2/o%-4a _g-2+/0%-4a
gl —————y Ela)——————————, yla)——————.

2+0+v/c’ -4a 2-c+vo’-4a 2vo%-4a
Torna nna pe(l,=) 8 cayuae Dscrso'o

7,p(9)= 2+4p:'“"[{ 1+a +0)P(2+0) +( l+au-dipl2-a}] Ve,
roe ﬂa == ezmﬂcraeuuuﬁ KOopeHb ypaauel-ma

Ba{a’ll'zptp)'aolpfp]"ﬂﬂ(alI'.I-“2pcp|=0:
a B cnyvae 020,

r_’pm;:[zup;'”p[{ 1+an+cr]p{2+a)+(a-1-antp|2-cr;]"",
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roe a - ENHHCTBEHHLA HOPeHL ypasBsHeHHA

Bx(ay(1-2P/P)-By (4, (P,P)=0.

llpH MNONy4YeHHM ANPHOPHBIX OLEHOK QN8 NPOM3IBONHLIX peweHuf
cucTeM AupPepeHuUHansHuX HepasedHcTB [20] BO3HMKAET HEOGXOOHMOCTSH

PellHTh CHAEeay uy®w 3IKCTpPEeMalibHyKw 3alauy:*

up=inf{]f]£.pm'“: £l (0,1), “'mlr.m:n.lim}‘ (9)
rne ne{0,1,...}, 1l=psa, M>0. B pabote [21] noxkazaHo, 4TO B
zanaye (9) HMKHAH TrpaHb NOCTHraeTCH HA MHOrOYIIEHE HaMMeHLUero
YKIOHEHHA, T.e.

= M
t"p n!uQn“Lp(O,lj'

n n-i
=t + £ L Lata
rae Q (t) a JfHa, u

x n n-
IinLp{0,1}= inf [Lang- NN -

B yewegh eR
0 n-i

1

+"'+b5in{0,l|'
PeaynuTaTul, MoAyvYeHHble OJIA OKCTpeManbHeiX 3amauy (1) u (9),

MO3IBOAAKT  [OOKa3blBaTh  ANPHMOPHYK® OrPaHMYeHHOCTL  MPOM3BOMHEIX

peuesnn CHCTeMbl  HeJlMHEeHHmX Ob6BIKHOBE HHBIX anpdhepeHLHanbHLIX

ypaBHeHMA

(n;)

i

(n-1) (nyt) N
x i g XX i=1,m, (10)

=fj[:,xl,...,x 5 .

NpH HallH4MH anpuapuoﬂ OUEeHKHM CaMOTl0 pPeWlleHHH

Ixile (IJ<"i' i=1,m. (11)
1
lpeanonaraercH, ¥TO teI=(0,1] M ona i=1,m DYHHUKH
n+...+n
fjeC[I-H ; ',R} YOOBNETBOPAKT YCAOBHAM
(n-1) (ng-1)
‘fi[t,xl,...,xl peee X X =
r n-1
i m k a
1y gkl
=Y gg;00) L1011 Igh T,
; ij
j= k=1 1=

i
llokasaHu crnenywomme TeopeMmst [22].

rTne m, n., rie{1.2p---}- aijklzo' gijLs[f,ln,ﬂ]‘, se{l,=}.

Teoperna 1. lycte s=1 ¥ ani i=1,m, jni,ri, lﬁpiiw BLIMONHHKTCH

HepaBeHCTBAa
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2 1+1pk

m M

ko 1L 1T, ik 5
npMued B cny4ae paseHcTsa 8 (l2) npeanonaraerca, 4TO 4Hcna Hi
ooCcTAToO4HO Manasl. TJToria cCymecTBYOT TakWe 4YMcna Ni' MTO OnA
mo6oro peweHHA cucTeMsl (10), ynoenetBopAbWero oueHkaMm (11),

BRINONHAWTCA HepaBeHCTBa

1y >~ I =0 . n.=T
Ixz. ;Lm”}-h'j, i=1l,m, 1= ,ni—l.
Teopera 2. lycTts s== 4 ana i=1l,m, j=1,r‘i, ISpj!m BRINMONHAWTCH

HepapeHCTEHa

E R l+ip,
ke 150 1Py

npudeM B cny4ae pasedHcTea B (13) npeanonaraertchA, 4To uwucha Hl.

“ijk.l = (13)

OOCTATOMHO Mansl. Torma cymecTBYNT TaKHe YMcna Ni' 4YTO NOAA
moforo pemeHHA cHcTemsl (10), ynoenertsopromero ouexwkar (11),

BHINIONHARTCA HepapeHCTEa

vy
I=; e (r)*Msir

i=1l,m, 1=I‘5,nj-l.

TeopemMa 1 o6ofmaetr coorBeTcTByowHit peaynsrat [.T.lerenus
[23], a TeopeMa 2 ob6obGmaer pe3synbTatel .A.Knokosa [1,24].
OTMeTHM eme, 4YTo ycnoeuA (12) M (13) ABAAKTCA TOYHLIMH B TOM
cMeicsie, 4TO B HepabBeHcTBax (12) u (13) emuHuuy B npasoit wacTH
Henb3Ad 3IaMeHuTs Gonsmel Benuumuuoll. KpoMme Toro, Teopemst 1 u 2
OCTawTCH CrpaBenfMBEMH, eClH BMecTO CcHUCTeMb OHddepeHLUHaANbHLIX
ypasHeHu#t (10) paccMoTpeTh cHMCTeMy aMpdepeHUHaNbHLIX HEpABEHCTE

I (n)
x, ()

o n - I & i
=) 900 1 M g e P, i=Tn.
J= k=1 1l-=0

[lpM MccnenoBaHud MPMKIAOHBIX KpaeBslX 3afay, Kax npaBMio, 8
nepeyo oO4epeds pacCHaTpHMBaeTCA BOMPOC © CYyWECTHOBAHMM ¢
enNMHCTHEeHHOCTH pemeHHA KpaeBofl 3apmayu. [IpHBeneM HEeCKONLKO
pe3ynsTaToB, MONYHEHHLIX ANA KpaeBblX 3Iamav, BCTPeYapUHXCA 8
NMPHIOKEHHAX .

MpH HM3IYYEeHHH MOBMKEHHA HOHOB B KMAKOM COeNHHeHMM BO3HMKaeT
cnenyomas Kpaepas 3amaua [25-27]:

2 2 2 ] 2
x X -x X -X

o= g iy s % w pin w520 < s 2% (14)

Z 2 2 = R
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X' (0)=x"(1)=0, (15)

x(0)=x_, x(l)=x , (16)

rae A, 1, D - 3anaHHmse [ONOKMTEsNbHBE uYucna, a x ,X -
napaMerpsi. YcTanoeneno [28], urto:

1) ecnu cymecrtsyeT 4ucno m>0, yAoBfneTBopA®WUee HEPABEHCTRY
2
m[A = EE§1J - 1AD = 0,

To HaflnyTcha Osxisxosm, ONA HKOTOphX Kpaepaa 3ana4da (14)-{(16)
HMEeeT eNHMHCTEeHHOe pemeHMe * X(t), npuyed O=x(C)=m and sBcex
tef0,1];

2) ecnu 1D=r=min{v2A,vZAI}, To cCymecTBylT O=x <x <r, nana
KOTOphX Kpaesaa 3anava (14)-(16) uMeeT enuHCTEEHHOe pemeHue
x(t), npuuen O=x(t)sr ana scex te[0,1].

JTH pe3ynbTaTh JIHAYMTENsHnM o06pa3oM OONONHALT pealyanTaTt
ToMnconwa [27].

B paborax [29-31] paccuoTpeHa mNA  cny4as cCTauMoHapHero
pexHMa Kpaepas 3afada, KOTOpada MOOenMpyeT peaxuHlw OKHCINeHMA Ha
noBepxXxHOCTH KaTanuzatopa [31]: -

d {((l-ujui+u u?)=-a (l-u -u, )+au +

m NI (17}

i U:uz!:]t1+bliul+szu2) L

o e A 7
dz{uzu|+“'“|‘“z" azll. u uzj +a u +

m N, {18}

i usu:[:]{1+bliu1+beiuzl ’
uy (=1)=uj(=1)=u; (1)=u;(1)=0, (19
Dsus{xj, uzlx)sl, Osul(x}+uztx}=1, xe(0,1], (120)

rone ai,az,aa,a‘,d‘,dzm, ve{1,2}, me{l,2,...} w ans i=1l,m
bli,sz!—l, Nie(ﬂ,l,...}. B ofmeM cnyvae gnorkazaHo [31], wuto
ecny andaaa‘d“ M ana Tex ie{l,2,...,Mm}, KOTOPHN COOTBETCTEHYWOT
HeYeTHele YHCNA Ni, BHMOMHARTCA HepapeHCTBa

I-b‘jao, l_b|j+bEi=0'
To 3amava (17)-(20) uMeeT pemeHue.

B nocnenHee BpeMR AKTHBHO MCCNenyeTcR ypaBsHeHHe KypaMorto-
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Uyayku [33-37], xoTopoe ONHCHEaAEeT TMOBENEHHE MHOTHX OTHPBITHIX
AHCCHNATHEHLIX CHCTEM B OKPECTHOCTH TOYMKHM Oudypkaumu:
5 . 2
+ +w-(1+ic W
we=(l+ic v  Hv-(1+i 2)[1.f| ,
vxtﬁ,tj=vx{£,c)=u.
B craunoHapHoM cliyuvae valtl, nonaraf Ww=u+iv, Mony4aed Kpaesyw

3amaqy:
(1+cf}u"--u-clv+(u2+v2] ((1+c,c,)u+(c,-c,)¥), (21)
{1+cf|v"=clu-v+(uz+vz,\ ({1+c c,)v=(c,~c,)u), (22)
u’(0)=v'(0)=u’(1)=v'(21)=0. (23)

Ycrauvosnewo [38], 4To ecnu czzl:l, czbu H BLHINOJHAETCH HEepaBeHCTBO

/ 2
1<vV1/2( l+c:l ). TO Kpaesas 3agava [21)=(23) HMEEeT TONkKO
TpuBWHansHoe peuwenue usd, vs0,

BcTpevanwnecAd B MNPMAOKEHHMAX W NpUBedeHHble 30echb 3aflayu c

KpaeBbiM# ycnosuHAMM HeAMaHa HNOBONBLHO HacTo MMEWT BMA:

1 3
i J
(7ol E a..uv (24)
i-ojzo 1J '
m ri: i j
v = b, .uv : (25)
iz0j=0 £ '
g (0)=¢"(0)=u’(T)=¥" (T)=0, (26)

rae k,l,m,ne{0,1,...}, aij,bije{—w,m;, Te(0,+=). B 2TOA cBAIM
O4EHb AKTYyanbHUM CTAHOBMTCA BOMpoc noay4edHud  adpeKTHBHLIX
ycnoeMii CcymecTBOBAHMA M ENHHCTBEHHOCTH peweHHA KpaeBo# 3anauu
(24)-(26).

B cny4ae ne{3,4} aona MHcroTode4HOH KpaeBOH 3anauu

a7 (S Lo (27)
x{ti}=.olj, i=1l,n, (28)

roe  0=C <€ <...<C =1, AR M  dymkumn  £eC([0,1]-R",R)

yooeneTrsopAeT YCNosumw Munmiua

X

If“'xu""'xml-f”'rat'""xzn” s.i Lilxu‘_ 21"’

1=1

ycTanosnewo (39,40), 4To npM BLNOAHEHMW YCHOBUA E“,-‘""-fl-
i=)
Kpaewas 3anava (27), (28) unxeer enHHcreeHHoe peuwenue. KoHcTauru

al{n} cnpeneniwrcd cneanyluuM ofpazoM:


file:///ftt.X
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n t l-t
o (m=puax, [ 1le-e,l. a::l31=max{ < — }

2 3

1+c_ 2-t
G . 4)=max
J wldymmax g% —

AT - [l—tzill-ta}
“;”1=“‘“{ e }

o 2
a3{4}_max{ 17 ' 17

4 +£253+t3 3-2c2-2c3+:2t3 }
r

1+t _+t_ 3-t_~t
o (4)=max —r 3 G
‘ e

3TOT peaynsTaT NpH n=3 yTouHAeT pe3ynsTaT B.lenwm [41].
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