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CYIIECTBOBAHUE PEIIEHNI KPAEBOII 3AJIAYN
JJIsI KBABUJIMHENHOTO
OYHKIIVMOHAJIBHO-IU®PEPEHIINAJIbHOIO YPABHEHU S

© II. M. CumoHnos, A. C. JlapuoHoB

Kaoueevie crosa: bynkiponanbHo-aubbepeRualbHOrO ypasHeHwe BTOPOro TOPsJIKa, 3HAK (PYHKIUU
I'puna.

CraThs TOCBsIEHa aKTyaJlbHON TPobIeMe Pa3spEmMMOCTH HeJIHHERHBIX KpaeBBIX 3aJad aiud audde-
peHIuanbHeX ypapHeHuit. Ha ocHoBe qudepeHansHoro HepaBeHCTBA, SBIIAIONIETOCS AHAJOTOM H3BECT-
HOro Jud bepeRnansHOro HepaseHcTsa JaIlIbIruHa, A 0GLIKHOBEHHOTO AuddepeHnnaNtbHOro ypaBHeHHS
I€PBOro NOpsKa, AOKa3bIBAETCA T€OPEMa O CYIIECTBOBAHUE M OrPaHAYEHHOCTH DelIeHHs KPaeBol 3aadu
MU KBa3SUIHHEHHOrO byHKIMOHANBHO-IM( GepeHTHaIbHOr0 ypaBHEHHS ¢ HociaenelicTereM. B XoJle JOKa-
3aTeJIbCTBA MCXOXHAA KpaeBas 3aJada PeJyUMpOBaHa K HEKOTOPOMY ONEPATOPHOMY YPABHEHHIO C BIIOJIHE
HelIpepLIBHBIM OIIEPATOPOM.

HeJmuneiinbie kpaesele samadn g1st guddepeRnuanbHEX ypaBHEH I JaBHO yKe sIBISIOTCH 06D-
€KTOM MHTEHCHBHOTO U3y4YeHus (CM., Hampumep, 063op [1] mim Monorpadmuio [2]). B ocrose nokasa-
TENLCTBa Pa3PEIIMMOCTH U TIOCTPOEHHS OIEHOK PellleHn i KPaeBbIX 33,144 JIst HeTuHeHHbX 1udde-
PEHIMABHBIX YPAaBHEHHE YacTO JIeXKaT TeOPeMbI 0 A depeHIHatbHOM HEPABEHCTRE THITA TEOPEMbI
Hammeruna [3]. Huxke MpHBOAUTCS TeOpeMa O CyIMECTBOBAHUM M OTPAHWUEHHOCTH DEIIeHHs ABYX-
TOYEYHON KpaeBoil 3a/1a4u /1A KBa3HIHHEHHOro (pyHKIUMOHAILHO- UG bEPEHIHATBLHOTO YPaBHEHNS
C mocaeneiicTBUEM.

Byzem nons3oBarses obozHavenuamu: RT = {a € R,a > 0}, W™|q, b] (W(gl ) [a,8]), n=1,2
— mpocTpaHncTBo byHKIuit T : [a,b] — R ¢ aGcomorHo HenpepbiBHOI npoussoiHOl (n — 1) -ro
nopsinka, npudeM =™ € L(Le), n=1,2. 3necs L = L[a,b] — mpocTpaHCTBO KJIaccoB CyMMHU-
pyeMmbix Ha [a,b] dyHkmui z : [a,b] > R; Lo = Lyfa,b] — mpocrpancrso kmaccos dyHKImit
z : [a,b] > R u3MepuMBIX U OrpaHUYEHHBIX B CymecTBeHHOM. IIpeamoiaraercs, 9To Bo BceX MpO-
CTPAaHCTBAX €CTECTBEHHBIM 06pa30M BBEIEHA MOJIyyNOPAJ0YEeHHOCTD.

PaccMoTpuM IBYyXTOYEdYHYH0 KPAeBYIO 3aJady i YPABHEHUS

E(t) = f(t,2(g(8), z(h(2))), (1)
(E(ﬁ) =0, CB({) =0, ecnu § ¢ [a’ b]7

C KpaeBbIMU YCJIIOBUAMHU
m(a) =a, m(b) =0 a,B€ER, (2)

rme g, h : [a,b] — R mamepumby, g(t) <t, h(t) <t pas nourn Beex t € [a,b]; f:[a,b]xRXR — R
yIoBJIeTBOpsieT yciosuio Kapareomopu.

O6o3HaunM
(o = {Ur®), e r(v) € o5
s 0, ecnu r(t) ¢ [a, b].

T e o p e a. [lycmv 6unoAHEHDL YCAOBUA:
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1. Cywecmeyrom gynxyuu v,z € W*a, b, ydosaemeoparousue nepasercmean v(t) < 2(t),
() = f(t,0g(), vn(t), £(t) < f(t, 29(t), z(2)),
v(a) <a<z(a), v(b)<PB<z(0b).

2. Cywecmeyrom cymmupyemvie gynxyuu r1,72 : Rt — RY maxue, wmo das nowmu scex
t €la,b], c€[0,+00) cnpasedaueo nepasercmeo

f(t, 1, a2) — f(t,u1,u2) < r1(e)(@ — u1) + ra(c) (@2 — ug)
ecaxutl pa3, xoeda —c < u; < U < ¢,

min v(t) < uo < U9 < max 2(t
tefa,b] () w2 < 2 telal] (&

3. Cywecmeyem Hnenpepuieras 6o3pacmarowas Pyrnkyus w : RT — RY maxas, wmo

|f (¢, u1, u2)| < w(|wl), H?lr;)]v(t) up < tfggflz(t)

s 6p
4. Cywecmeyem ¢ > b ™Makoe, umo 0As 6CET € = € GHINOAHACTNCA HEPAGEHCME0

(0)
M < e
2 "9’

20e

= {m[x 0(6) - 20, o [v0)], ma |z(t)|}

7(0) = w(@) +26r1(0) + pra(o)
5. Qynwyua I'puna G(t,s) xpaesoti 3adavu
E(t) — r1(8)2g(t) — r2(€)za(t) = n(?), 3)
z(a)=0, z(b)=0 4)

Henoaodcumenvra 6 keadpame [a,b] x [a,b] .
Toz0a cywecmeyem pewenue T 3adavwu (1), (2), ydosaemsoparowee HepaseHcmsam

v(t) <z(t) < 2(), [2(@)| <¢ telab].

s mokazarenbcTBa cHOPMYIHPOBAHHOTO YTBEPKAEHIA 0003HATUM

Fes(t, dg(t), on(t)) = £(t,04(t), 6n (1)) +r1(0)(Eg(t) — dg(2)) + r2(c) (zn(t) — On (1)),
=, v(t) <n(t) < z2(t), 16,() <c, t€lab],
H PACCMOTPHM JIMHEHHYIO KPAeBYIO 3aJady
i(t) = Fe5(t, &4(t), za(t)), tE€ [a,b], (3)
z(a)=a, z(b)=8, o,BeR (2)

HaMm nonanoburcst ciiexyronias
Jlem M a. ITycmo evinoanens. yeaosua 3 u 4 meopemni. IIycmo, daree, z(t) — pewenue 3adaru
(3), (2), ydosaemesopaouee nepasencmeam v(t) < x(t) < 2(t) . Tozda |E(t)| <C, t€ [a,b] .
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NMokasaTenabcTso. Llycts t € [a,b] — Touka MakcuMyMa dynkmun |Z(t)| u mycrsb

co = |z(tp)| = max |z(t)| > ¢
[(to)] = max [#(2)| > &
Ife ¢ ompejeleHo B ycJoBud 4 TeopeMbl. BoiGepeM AeiCTBUTETBHOE YHCIO [4 TaK, YTOOBI

b—a
|H| < Ta to+pe [aab]'

Torna
2
x(to + ) = a(to) + pilte) + -t + i),

rie 0 < v < 1. Orciona moxyvaem
w? :
Iieo < 20+ £ {1t + i, g to -+ vi), (o + vie)) 1+

ri(co) + lig(to -+ i) = 8y(to + vin)| + ra(co)lenlto + vis) — Sulto + vi)] |

U
’Y(CO) 2
2

Ecmu p TaxkoBo, 9T0 Cp|p| = 3p, To mocnenHee HEPABEHCTBO MPUHIMAET B[

luleo < 20+ ——

v(co) o

e 9p

[oJry4eHHOE TPOTHBOPEYHE IIOKA3bIBAET CIPABEJIABOCTD YTBEPXKICHUA JIEMMBIL.
Jloxa3aTelXbCTBO TeoDpeM bl Jua kaxgoro § € W taxoro, uro 6 € [v,7], 1] <
onpejieuM oneparop A paseHcTBOM

b
(Ad)(¢) = / G(t, 8)[f (s, 89(5): n(5)) — 71(2)0g(5) — r2(2)8n(s)]ds + (),

rae ((t) — pemenue 3a1a4u
i(t) — r1(2)2g(t) — r2(@)za(t) = 0,

z(a) =a, z(b)=

Tak xak () > 0, r2(¢) > 0, To Kpaesas 3anada (3), (2) onHO3HAYHO paspemmMa ¥ ee

€JIMHCTBEHHOE DEIeHNe T HMEET BHUJ

a(t) = (A9)(?)-

Wcnons3ys yciaosus 1, 2, 5 TeopeMbl, MOKaXeM, ITO pelIeHUe 3alatii (3), (2) ymosieTBOpsieT

HEpaBEeHCTBaM

v(t) <z(t) < z(t), te€lab].

JleficTBATENBHO,
B(t) — 5(2) = F(t,84(8), 0n(2)) + 71(E) (g(1) — 0y (£))+

+r2(@)(zn(t) — 8n (1)) — f(t, B(2), va(8)) < 71 (©)(8(2) — g (t)+
+ra(©) (On(t) — va(t)) + r1(2) (g () — g(1)) + r2() (zn(t) — On(t)) =
= r1(0) (4 (t) — vg(t)) + r2(@)(@n(t) — va(t)-
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Ob6osHaune = — v = £, nomy4um

E(t) — 11(2)ég(t) — r2(2)En(t) = 0(t) < 0,
£(a) 20, £(b) >0,

oTKyZAa crenyer & > 0, mm v(t) < z(t), t € [a, b] . Araslornyno ycTaHaBIMBaETCS CIIPaBEJINBOCTD
HepaBeHcTBa 2(t) > v(t). Ha ocHOBaHWM JeMMBI 3aKJII0YaeM, 4TO JJIs ITPOU3BOJHON pelleHust T
3anauu (3), (2) cupasemusa onenka |i(t)| < €.

Takum obpa3oM, omeparop A TEPeBOXHT MHOMKECTBO

A={5€W§o:5€[v,z], |6|<c}

B cebs1. IIpencrasum oneparop A B Buse A = GM + ¢, rae oneparopst G u M OIPENEAI0TCS
COOTBETCTBEHHO PaBEHCTBAMU

b
(Gu)(t) = / G(t, s)y(s)ds,

(M8)(t) = f(t,04(t),0n(t)) — r1(8)84(t) — r2(2)n (),

a ¢ — pemeHue 3agauu (4), (2).

Omneparop M : A — L, HempepbiBeH, a onepaTop G : Lo, — W2 orpammyeH u KOMIaKTeH
KaK onepaTop u3 Lo, B WL . Crnenosarensno, onepatop A : A — WL snomme nenpepeisen. B
cuny npuxuuna Ilaynepa cymecTByeT HemoxBHXKHasi TOYKa olepaTopa A, KOTOpas H SIBISETCS
pemenneM 3agaun (1), (2).
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Tloctynuna B pegaknuio 05 deppass 2010 r.

Simonov P.M., Larionov A.S. Existance of boundary problem solution for quasilinear functional
and differential equation.. The article is devoted an actual problem of solvability of nonlinear
boundary value problems for the differential equations. On the basis of the differential inequality,
which are analogue of a known differential inequality of Tchaplygin, for the ordinary differential
equation of the first order, the theorem of existence and limitation of the solution of a boundary value
problem for the quasilinear functional differential equation with aftereffect is proved. During the
proof the original boundary value problem is reduced to some operational equation with completely

continuous operator.
Key words: functional differential equation of the second order, sign on Green’s function.
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