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Counterexample to ordinary solvability
for systems with discontinuous nonlinearities

A.Cibulis

Summary. The solvability problem of the system of the type
(“u(“l-‘-‘l)u:)'+ﬂi(“luu1)=fn (n

u.(aj) = Ai;- J= 2 (2)

is convidered. It has been shown that discontinuities belonging simulianssisly in both
coefficienta a,, 5; create generally speakiing the nonexistence of the soiution determined
in the so-called muahy region by one and the same unknown function.

1991 MSC 35445

Let ) = (dha]). fl € L?(n)- 9 € C(R).
Q= {(I,T]E RxAR r =9(!)]| Q=R"H\Qm

and let the coefficients a, : @ — A, where ay = 8y, 04 & 2, be continuous functions in
Q with finite limits
al(t,r):= .Emucn[!.l). k=14

Ry analogy with single eyuation, see for example [1], we use Lhe following “ordinary”
definition of the solulion.

Definition. The pair u = {(u;,uz) € H'(1) x H'(f} is said to be the solution of (1),

(2) if houndary condition (2) holds and if a function ¢ € Li({1) with values from [0, 1]
exists surh that

[ el pnin - alaluodn + fmlds =0 Woe By, i=12 @)

where
ajfu.g) = af (up +ag(u)(1 — ), k= 1,..4. )
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Remark 1 The function p is of a great importance only in the mushy region fly = {2 €
0 uy{z) = g{u,(z)}}, because a] = of = a; = a;, whenever z ¢ (o,

Remark 2 The solvability of (1), (2) in a case when §; =0 under some assumptions on
a, 1= 1,2, is steled in [2].

To construct the desirable countermcample we choose
Q=(0,1}, Au=An=0, An=Ayp=1, A=10,

h=fi=0, gly=1, w=u—uy,

o) = artu = extwy = { 3 950
a1
sy = ={ T 71 I USD
Then (2}, {3) ia equivalent to
fna'(w,p)u;q;d: =0 VYn € H,, (5
j;‘la-(‘-"»'f’)“;'?; - B (w,p)mldz =0 ¥m € Hy, (6)
w0y =0, wu(l)=1, =12 (7)

Lemma. Suppose that (uy,ua) s the solution of the system (5)-(7).
Then w <0 in 1.

Proof. If w(x) > 0 for some £ € {1 then continuity of w and boundary cendition (7)
yields the existence of points z,, 3 € {1 such that

w(z) > 0ip (£y,73) and w(z,) = w(zy) = 0.

Asay = ay =3 and § = —6in (2, x7) then taking g, = m = win (z),77) and py = =0
outside (z), 23} we have, see (5), (6).

fn Juju'ds =0,
i

T3
] (i’ + 6wlde = 0.

The difference of these equalities leads us immediately Lo the contradiction
jn (3w? + 6w)dr =0
£y
becanse Juw? + 6w > 0 in (14, 2,).

Theorem. Sysirm (5)-(7) haa no solution (u,.
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Proof. Suppose that (uy, uy) is the solution of (5)-(T). Then difference of the equalitics
(8) and (6) yielda

[ 1o (w o)y’ — B (o phnldz =0 Vo€ H}. (8)

Let N_ := {z € N1 | w(z) < 0}. Taking into nccount Lemma and the well-known fact that
w' = 0 almost everywhere in [y, see, for example, [3], from the equality (8) we ohlain

J, wr = - Dindz - [ grodz=0 vne H. (®)
Ou the other hand for 7 = sinxz we have 4" + x’p = 0, Hence it follows that
jn(—w'q' + #'uwy)dr = 0.
Arguing a8 above we obtain
L (—w'n’ + elwg)dz = 0
which together wilh (9) yielda the following contradictory relation

jn ndz = jm g ndz. (10)

If meaally = 0 then right-hand side of (10) ia zero but left-hand side is positive because
n > 0in 0 and meas (1. > 0 by virtue of Lemma.

In ity turn if meas §lg > 0 then right-hand side of (10) is negative (because —6 = 3~ <
f* < B* = —1) but left hand side is positive or zero.

This completes Lhe proof.

Remark 3 To obtain the solvability of the syatem (1) or (3) one can use the more general
concepl of salutron when discontinuous coefficients a, are delermined in mushy region cach
by his own unknoun function .

Let us show that pair {v;,u3) = {z, 7) satisfies the [ollowing equations, compare wilh
(5)-(7),
jnn'(w,w;)u',n',dz =0 Vo€ H, (1)

[ ot ausm - 8w palnldz =0 v € Hi, (z)

ifp, =0,z =xand p3= %
Observe Lthat {1y = {1 and

a*uyp)=aty +at(l —p) =3,
a'(wp) = atprda (l—p} =21 +1,

8w, s) =0T+ 37 (1 —ma} = -2
This implies equalities () and (12).
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A.Uubynuc. KonTpnpumep x obuxncacunod PAIPEIIMMOCTE CHCTEM C PAIPLIB-
HuIMMH HENIHHeAHOCTAMMN.

AMHOTALMKA. PaccMaTprsacTcs Npoliiena DAIPCWEMOCTK AR CHCTEM ¢ PAIPLISHE-
MM NEeNUMERAHUCT EMM BHAR

(ai{ur ugdu)) + Bifup,ug) = fi,

“'(‘ﬁ) = Aiu Jo= 1,2

Y cTasoRICHO, 4TO N0ONpENEneRe PAIDMBEMX KodpPuaucHTOn a; B 5, B TAK HAYLIBAC-
mold geyxdarnofl 3oue npx pomond oRHol m Toll we memymecTROl PyUKOEN BMILIBAST,
acobile rOBOpH, BECYLISCTROMAMS PeIDEHMA.

YK 317.95

A.Cibulis. Pretpiem8rs sistdmu ar plrtrauktim nalinearititdm parastai
atrisinAmibai.

Anotlcija, Aplikota atrisinijuma eksistences probléma didim sistEmim ar péc-
trauktiun nelinearitatén

(au{us,ua)u,) + B{uy,uz) = f,,

ﬂ.(ﬂj} = A.,'. .j = ‘,2.
Noskaidrots, ka partraukto koeficientu o; un 8, papildudefinSana ti saucamaji div-
fazu zonk ar vienas un (ks paias nezinimaia funkcijas palidzibu, viepirigi runijol, izraisa
atrisinkjuma neeksistenci.

Institute of Mathematica Received 07.06.96
and Computer Science,

University of Latvia

Rainis blvd. 29



GROBMAN'S-HARTMAN'S THEOREM
FOR TIME-DEPENDENT DIFFERENCE

EQUATIONS

A. Reinfelds

Summary. A short proofl of global dynamical equivalence of Lime-dependent diffe-
rence equations in & Banach epace is given. The proof is cartied out by means of Green's
function.

1991 MSC 34C33, 39852, 54H20

0. Introduction

The linearization problem in the theory of otdinary differential equations were explo-
red by P. Hartman [1], D. M. Grobman [2], J. Palis [3], C. C. Pugh [4], A. Reinfelds [5, 8],
K. J. Palmer [6], M. A. Boudourides [7] and Nguyen Van Minh [9]. In the present paper
we extend Grobman's-Hartman's theorem to time-dependent difference equations.

1. Preliminaries
Consider two lime—dependent semilinear difference equations in the Banach space X:

z{r + 1} = A(n)x(n) + fi(n,z(n}), )

and
2(n + 1) = A(n)x(n) + f5(n, z(n)), {2)

where:

(%) the maps £ — Afn)r, 2 — A(n)z + [i(n,z) and 2 — A(n}zr + fi(n.z) for fixed
n € Z are homneomorphisma;

{1) the maps fZ x X — X and f3:Z % X — X aatisly the estimates

iln, 7} = faln. 2} € N < +o0; 3)
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iln,z) = filn.2")] < 2]z = 2, 4
1fo(n, z) = faln. )| S ez - 2] LY

Let ¢1(-,m, 2, ):E — X be the solution of the equation (1), ¢(-,m, x,):2Z = X
be the solution of the equation {2} that satisfiea the initial condition ¢y(m,m,z.) =
#ai{m,m, zn) = Za.

Let us note that the solution of {1} is given by the formula

(3] ]
$i(nm za) = X(nm)za + 30 X(n, i + DA, di(im, za)),

the solution of (2) is given by the formula

dan,m,zm) = X(n,m)za + E Xin, e+ 1) fa(s, da(i,m, zm)),

where X(n,m) in Cauchy evolution map of the linear equation
z(n + 1) = A(n)z{n). (8}

Definltion. Equations (1) and (2) are globally dynamically equivalent if there is such
homeomorphisen H{n,-}: X — X that foralln € Z

H(n, é1(n,m, 1)) = ¢3(n, m, H(m,24)).
Definition. The Green map §: Z* — Hom(X) is 2 map such that:
()
G(n+1,m) = A(n)G(n,m)in # m - I;
()
G(n,n) = A(r)G(n ~ 1,n) + E;
(i#)

4 a0

lug Z |¢(n,0)] = M < 4o00.
nEL (im0

Here E is the identity map in the space X.

Remark. If the linear equation (6) possessea an exponential dichotomy on Z, then
there exista & Green map.
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2. The main theorem

Theorem. Let § be the Green map and eM < 1. Then cquations (1) and (2) are
globully dynamically equivalent,

Proof. Consider the operator F, defined by the formula:
Fhim,zm)

5 Gim,i + D2l tr(iom, 2.2) + A3, drlium, za))) = Fili, duli, m, 2m))).

Let us take arbitrary A € BC, where BC is the space of all bounded continuous maps
from Z x X to X. With the supremum norm BC is a complete metric space. Boundedneas
of the difference f, — f3 , condition (5) and the conditions of the theorem implien that
Fh € BC, Further,

IFh{m. xm) - fh‘(m-’m”

+o6
=I Z g(mvi+1}(fl(i-¢l(ilm|IM)+h(it¢l(i!'n|=n))}

=hli,¢limza) + KL 66 m, s DN
e f 1 (m. i + DIIAG, $u(5, m. 2m)) — KN, 15, m, 22))]

rou
< elth = || sup ( 3 |c(m.=')|) = eMijh - K.

From the lust inequalily it follows that ¥ is a contraction. Thereflore in BC there is only

one solution satislying the functional equation FA = h.
We have

hin,di{in,m z,)) = i Cln, i+ LY fali,&i(i,n, é1(n.m, 2..))

1m-op

+h(e, $i(iim, dilnom, 200))) — Sl diliyn, duln, moza))))

E Glnii+ V(falr, iloom,en) + AL d(em, 20 ))) — fild, ¢1(1.m, 7))

VE—rx

-\'("l.m){ Y Goma+ DAL Gl m 20) + 8L B0, m 20))) - f.(-,qb.(:,m,r,,.)))}

a-1
+ E Xing + 1) fali, (0, morn) + A, @ {f,m,z0))) — filz, (1, m,10))).

We check that p(n) = ¢i(n,m, xm) + hin, §1(n,m, 1,,)) satisfies the equation (2).

a-1

Xin,mjr, + z Xina+ Ufile.di(t,m, 2]} + X{n,mMA(m, zm)

1=m



12

+ 20 X(ns + D{fa0,903)) = fili, di(i,m, 2,)))

n-]
= X(n,min(m) + 3 X(ri + 1) fabi.n(i)).
Therelore ¢1(n,m, z,.) + h(n, $i(n,m. 2,,)) = 3(n, m, 2. + him, 2..)).
Changing the roles of f, and fi, we prove, in Lthe same way, the existence of &’ that

satisfies the equality ¢a(n,m, z,.) + A'(n, da(n,m, za)) = d(n,m, 1a + A (M, 14)). Desi-
gnating H(1n, 2m) = 24 + h{m, z,), H'(m,25) = 2 + A'(m, 1., we get

H'in. H{n,di(n,m, 2,))) = ¢u(n,m, H'(m, H(m, 1))
and
Hin, H'{n,da(n,m, z.1)) = $s(n,m, H{m, H'(m, 2,.))).

Taking into account uniqueness of mapping H'(n, H(n,:)) — E and H(n, H'(n,-)) - E
in BC we have H'(n,H(n,-)) = F and Hin,H'(n,})) = E and therclore Hin. ) in a
hoineomorphism, eatablishing the global dynamical equivalence of equations (1) and (2).
G

Remork. If instead of (3) we assume that sup,, {fi(n.x)| < 400 and f3(n.z) =0,
then systema (1} and (6) are globally dynamically equivalent.
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A.Pelindens. Teopema 'poBuinta - XapTuana 418 3a8UCALIRY OT BPEMEHH
PAIHOCTHRIA yPABHERKA.

AnHorauns. Jlao kopuruoe okaATEALTeo FAobuiLkod AHHaAMMYCCXOE IhBHBS-
NEHTHOCTH J4BHCALUEX OT APEMEHN PAIHOCTULIX YPABHAHHA B GAHAXOBLIX N[OCT PAHCTBAX.
Hokasarennct po npopaitares ¢ nosowni ynxkune Fpuua.

A. Reinfeldr. Grobmana - Hartmena teor®ma no laika atkarigiem dife-
rentu vienkdojumiem,
Anotkcija. Dots 139 no laika atkarige diferentu vienadojumu globilas dinamniskas

ekvivalences pieradijusus Banaha telpa. Pieradijunw balstas uz Gnoa funkcijas pielicto-
Jjuma,

Institute of Mathematics

Latvian Academy of Seirnces

University of Latvia Rereived 12.00.96
Akademijas laukurns |

Higa, LV 154 Latvia
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On the behaviour of solutions

of a system of two first order
ordinary differential equations

V.Ponomarev

Summeary. Interrelations are established between components of two solutions of Lwo
ordinary differential equations

2= h{t,2.y), ¥ =f(t.z,¥)

where functions f,h: [a, 8] x A — R satisly the Caratheodory conditions.
1951 MSC 34B99

Consider the system of two first order differential equations

z'=f(l.:_y), y'=h(l,z,y], “J

where funcliona h, f Ix R — R, | =[a,b], —00 € a < b < +20 satisly Lhe Carathcodury
conditions [1].

Interrelations between components of two solutions at the ends of an interval plays
important role when proving the existence of solulions of some boundary value problenis,
for example, the two-point ones with boundary conditions prescrihed al the ends of an
interval, One may observe this in explicit or implicit form in the proof of results in the
papers (|2]-19)). In this paper we invesligate the interrelalion between components of two
solutions at the ends of an interval with regard Lo one sided Lipschitz conditions irmposed
on the right side of the equation (conditions E,, i-= 1,....8) and to monotonicity of & and
f (conditions M,,i=1,....4).

We need the [ollowing conditions in the sequcl.

M) AL, z,y) striclly increases with respect to y € R lor (L r) € 1 < R hixed;

M;) h(t,z,y) is non-decreasing with respect 1o y € R for (£, 1) € 1 % Ji lixed,

Ma) f(t, 2, y) strictly increases with respect to r & R far (¢, y) € T < R fixed:

M) f(t,z,y) is non-decreasing wilh respect la r € K lor 4. y) € F =x M fixed.

Forany M € (0,a0) thereexist k, € L{f), 1 = 1.....6.such that or any (¢t ry. 24,31, 11)
€ I x [-M, M]* the following conditions hald

E hlt o) = k(G 22.90) < & (1)(7) — 14),
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E) Mt z.n) = At 22, 10) < k(t)xy — 22), 21 2 23

Ea) hit,xi.;) = M, 33, 1) € k()2 = 23), ) £ 25

Ex) h(t,zy,m) — h{t, 23, 3n) 2 ks(t) (a1 — 12), 21 > 2y

EY Atz m) — At 22, 0n) 2 ki(t)(z0 — 22), 210 € 73

Eg) f{t,zrm} = F(tizm) S k() ~ va)o 1 2 v

Es) J{t.z1,3) — f(t. 5, 1a) € ha(t)(ph — va)o i S

Ey) fit,zi, ;) = flt. 2, 4) 2 k) ~ va)o v = 1

Es) f{t,z1,n) = fll,z1,3a) 2 kalt) i — w2)o 1 S .

Let (21(t),m(t)}, (za(t), ya(1)). t € ] be solutions of the aystem (1).

A1) For any to € [a,b) 2,(t0) = zi(to) and yi{lo) > yalla) implies z,(b) > z3(b),
n(d) = ya(b);

Ay) for any ty € {a,b] z1(te) = za(lo) and pi{ls) < ya(te) implies z,(a) > xy(a),
wile) < wla);

Ay) for any &5 € [a,b) zi(te) = zi(lg) end yy(to) > yalto) implies 2y(b) > ra(d),
wn(d) > ya(d);

A,) for any to € (a,8] z:(to) = Z3(ta) and p(te) < wa(to) impliex z:{a) > zi(a),
wi{a) < yafa);

Ag} for any to € 1a,8) mi(to) > zalto) and () '= yalto) implien £1(8) 2 2a(b).
n(d) > y(b);

Ag) for any ty € (a,B] x,(to) > za(to) snd wi{te) = yalto) implies x.{a) > 2i(a),
yila) < ya(a);

A7) for any ty € [6,0) 3;(te) > Za(to) and wifle) = palte) implies z,(b) > xy(h),
¥i1(5) > wa(b);

Ag) for sny tg € (a,b] z){ts) > za(to) and pi(te) = ya(te) implies zy{a) > z;(b),
vila) < yzla);

Ag) For any 24 € [a,8] zi(to} > zi(lo) and yi(to) < ya(to) implies »{a) > z3(a),
wnle) < yaa);

A;n) for any g € [d, b] r;(!g) > :z(fo) and ;ﬂ(‘p) > "3(‘0) impli.el 1‘|(b) > Ig(b),
ni(3) > wa(b);

An) for any b € [a,b] z1(te) 2 xa(lg) and pi(te) > yalto) implies x,(b) = z(b},
yi(d) > walb);

Auz) for any tg € [a,8] 31(ta) > 2a(ta) and wi{te) < ya(to) implien z,(a) > z;(a),
wia) < ya(a);

Au) lor any ¢y € [a,8] z,(ts) > z3(to) and pi(te) 2 wa(to) implien z)(b) > z4(b),
wi(d) 2 ya(b):

Ayq) for any ty € [a,8] x,{tg) 2 z3(tg) and p(te) < ya{te) implies z4(a) = zafa),
vi(a) < yala);

Ays) for any to € (a,b] z,(tg) < 23(ta) and pi(te) = yi(to) implies z1(a) < x3(a),
wnila) > yala); )

Ag) for any &g € (a,b] £,(te) = zalto) and yi(ts) > pa(te) implies 2i{a) < xa{a),
wi(eg) > pla); '

A7) for any fg € {a,8] z,(te) < z3(to) and yi(ts) = pa(te) implies zi(a) < z5(a),
wila) > yala);

Ays) for any to € (ﬂ,b] r(la) = 2a(lo) and Ul(‘o) > yalto) implies 1,(a) < zi(a),
wia) 2 yala);
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Aw) for mny ta € [a,b] 71{le} < 77(te) and y,(ta) > wa(lo) implivs 1,{a) < ry(a),
vi{a) > yy(a});

Am) for any to € [a,b] 21(t) € ra(te) and yi(to) > ya(le) implies 1 {a) € r,{a),
wnla) > yyla):

Aa)} for any ta € [a,8] x1(to) < 73(lo) and yi(to) 2 yi{fo) implies z,{a) < 7;{a),
wila) > .VJ('I]-

Theorem. 1 Let (xi(8). u(t}). {za(t), 12 )Y t € [ be solulions of the system (i}, Them

the following is true:
1AM M Ey Ey Eaimply A,;
L) M M, E\ E; Eq imply A;;
3) My, My, B> Eq, Ey imply As;
4) My, M E\ By, By imply Ay,
3) My, My Ey Ea, Er mply Ay,
5} A!-)‘ Af;. F]. Er. E' iﬂlp’y Ag,‘
7) My Afs, Es, Ev, Ey imply Ay
3} .ﬂ’-,t. ,'"J. E:. E.'. E. imply A.,‘
9) My M E,, Eg imply Ag:
10) Afy, My, E5, Ey imply A,0;
.”) Af;. 1‘!]. Ea. E'r l'mply All.‘
12] My My, Ey By imply A 2;
J'.?) ‘u], A.f‘, E;, E. unply A|3.‘
14) My, M, Ey, Ey imply Ay4;
15) M,y M, By, Ea, Ey imply A\S;
16) M, M, Ly, Eq, Ey ymply A\6;
I’J) A!]. A’;, E;, El, R irnpi' A|T,
18} My, M, E\, E,, Eq imply A:8;
19} .l\!a, l“;, E.., El mlply Alg,'
20} My, M. E, Ey imply A30;
o1 My M E,, Eg imply Asl.

Proof. We consider only typical cases. The main attention is paid o the case A5
Proofs for other cases are only outlined.

In all cases we denote u(t) = 2,(t) — ra(t), () = yi(t} - ya{t). We suppore also that
for

M = max(fleul, |=all, By |l tiy2ll}

ke lif),i=1,...8{lizll =eup{) 2(t) |: ¢ € [}) arc lound.

Let us prove that A,5 holds. Denote by ({4, 1g] the maximal interval on which uit) < 0.
We will show that v(i) > 0 in [t,.lg). Note that if v(t) = 0 for say t € [1,.4,) then, by
virtue of M;, u(t) = 0 for any t € [t,,fo] which is imposaible. Then cither there exist
t; € [t),t0) and t3 € (t3, L) such Lhat v(t;) < O in jt1,f3) and v{ts) = 0 or there exint
te € [t 6y} and s € (1, ta) such that (1) = 0, (1) > 0in (t,, 4]

Consider the first ease. We have from the second equation of the system 1hat for ae,
t € (14, ty], where

V(t) = bite(t) + A1),
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bﬂ(:) = f(‘tzl(‘)v F‘l(t)) - f(‘o 31(‘)-”’(')) <90,

_ (), () ~ f(t, 2:08),n(t)
hit) = wilt) — yalt) . 2 k(1)

Hence

() = exp Bu(t){o(t2) + | h(s)exp (= Bi(a))ds),
where By(t} = [, b;(a)ds. Therefore for any 1 € {ty,13) and t € [t3, 7]

v(i) § v(t;}exp By(2) € v(ta) expj':},(.-)d; <

t
< v{ty) min exp [ kafa)ds = -r <0,

which contradicts the assumption that v(ts) = 0.
Consider the second case. Analogously to the first case we have for any 1, € (t,, 1y}
and ¢ € [y, 4] that

o(t) 2 w{t) exp Ba(t) 2 wite) exp | " _k(a)ds >

2 v(ts), :![:j.?.lexp l . ~ky(s)ds =ry > 0,

which contradicts the condition v{ts) = 0, where
Bilt)= [ b(shs = [*1-bi(s)ds

and by (t) < ka(2) for a.e. 2 € [te,t5].
Consider the case uft;) = 0. We have from the first equation of the system that for
ae t € [h,to)
u'(t} = ar{t)u(l) + aoft),
where
ao(t) = A{t, 230}, (1)) = A(t, 7a{t).3al1)) 2 0,
Alt, 2:(t), 1 (2)) — hit, z3(¢), va(t)}
1]([) - Jg(t) < k‘(‘)
We have then that for any 7y € (£,1;) and ¢ € [7y, Lo}

aq(t)=

u(t) = exp Ax(t)u(to) + | aos)exp (= Ar(s))ds)
where A,(¢) = ! a;(s)ds = J}* ~a;(s)ds. Heace for any 1, € (t1,t) and 1 € [r, o]

u(t) £ ulto)exp Ay(1) < (i) exp [ —kufo)ds <

ta
< ulte) min exp [ —k(a)ds =~ <0,
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which contradicts the assumption that u(fy) = 0 and proves that the condition 4,5.

We will prove now that A, holds.

We will show that v{t) > 0 in (t5,1,]. Let [to,¢,] be the maximal interval in which
u{t) > 0. Note that if v(t} = 0 for any £ € [ty,¢1], then in view of the condition M;
u(t) = 0 for any ¢ € |tg,t,], which is impossible. Theu either there exist t; € (. ¢,] and
ts € [fo,ty) such that v(#) = 0 and v{t) < 0 in {ta,t;] or there exist £, € (to,!;] and
ty € {la.1,] such that v{t,) = 0 and v(t) > 0 in {ts,4,). Consider the firet case. We have
[rom the second equation of the aystem that for any 7 € (ta,2) and t € [r,, ;)

o(t) < vlta)exp Bu(t) < vlta)exp [ —klo)ds <

U
<, g s = <0

which coniradicts the assumption v(f3) = 0, where By(t) = [ bi(s)ds = [/ —by(s)ds and
t(t) < ke(?).

Consider the second cave. Analogously to the first case we hiave that for any 7 € (¢, 1,)
and t € [t;, T|]

v(t) = v{ts) exp By(t) > u(t.)expf ko{s)ds >

2 v(l.]'erﬂ.i‘:la"expj: ke(8)ds = r3 > 0,

which contradicts the assumption that v(i,) = 0, where By(t) = r" b(a)ds and h(t) =
kz(s) for n.e. t € [ls,1,).

We are done, if t; = b, Let ty < % Then there exiot ty € (2,,4) and ty € [(i, 44) Buch
that v(t) > 0 in (to, ty), u{ts) = 0 and u(t) < Q in (ls, 1]

We have from the first equation of the systemn that for any 7y € (5. 1,) and { € [y, 4]

ult) < ults)exp As(t) € ulteexp j" —ky(s)ds <

< u(ty) mm cxp/ —ky{s)ds = —r; < 0,
IE Iy .04

which contradicts the assumption that u(ty) = 0 and proves As, where A,(t) = [, ai(s)ds =

f* —ay(s)ds and a;(t) > k3(!) for ae. t € [ta, L4).

Let us prove that A; holds. Let [fo,t,) be the maximal interval in which u(t) > 0. We
will show that v(t)> 0 in {to,f:]. Suppose the contrary is true. Note that, if v(t} = 0 for
any ¢ € [tp, t4], then, in view of Mj, u(t) = 0 for any { € [to, ], which is impossible. Then
either there exist {; € (tg,1,] and (3 € [{g, 1) such that v(iy) = 0 and v(1) < 0 io (i3, t3)]
or there exist t, € (fo,t,] and ¢y € (lg,14) such that v(é} = 0 and v{t) > 0 in [ts, t).

Consider the first case. Then for any 7, € ({3, ¢;) and ¢ € [f., t;] we have that

ot) < witz)exp Bulr) < v(tahexp [ —ka(o)ds <

fa
< v(ta) l&:}:ﬁﬂexp A —ky(a}ds = -r < 0,
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which contradicte the assumption that v(f;) = 0, where By{t) = f,: b (s)ds = [ —by(s)ds
and 4 (1) < ky(t) for ae. 1 € [ta 9]

Consider the second case. Analogously to the first case, for any 7, € {ls.14) and
t € [ty 7;] we have

v(t) > v{ts) exp Ba(t) 2 w(ls) exp j' Y _ty(a)ds 2

ty
> v(fs) min expj =ks(a)ds = ry > 0,
1€ftsa4] '

which contradicts Lhe assumption that v(ty) = 0, where By(1) = [\ 8,(s)da and by(1) 2
kr(1) for ae. t € [ty 84).
Consider the case u(t,) = 0. Hence for any v € (to.t,) and ¢ € [tg, y| we have that

u(t) = u(ta)exp A(t) = u(!g}cxpjlq ky(a)ds >

H
> uftg) min n-xpj ki(s)ds =r;3 > 0,
VE(ip.fy] fa

which contradicts the assumption that uit)) = 0, where A((t) = [} a\(8)ds and a,{t) >
ka(t) for ae € [to. 4]

Let us prove that A;0 holds. Let |ty t;] be the mnaximal interval in which v{t) > 0.
We will show that u(t) > 0 in [ty 1,]. Suppose the contracy is trae. Let 15 ¢ (8] and
[tn.$2) - the maximal interval in which u(t) > 0. Then u(ty) = 0. We Lave frean the firat
equation of the systemn thal for any 1y € (fo, ty) and ¢ € [to. 7}

'
u() Z ulte}exp Aylt) > u(!u)oxp'[! ky{s)ds 2

‘

2 ““u]lélllmpi.lll‘ll'xp_/‘n kyladela =7 >0,
wliich contradicts the assumption that w(i;} = 0, where Agit) = J'l'o tq(s)ds and a (i) >
kslt) for ae. L€ [ty ty].

Consider the case v{ty) = 0. We have Tronmi the second equation of Lthe system that for
any ) € (to, 1)) and ¢ € [ty, 1]

e{t) 2 elig)esp Hi(1) 2 vit) exp f‘ ke(a)da >

T
-xp[ kela)ds =1y > 0,
ia
which contradicts the assumption that v{fy) = 0, where By{t) = L'n by(2)ds and b (1) >
kty for s £ e [tg.4].

Sinee [Ly. ] s the alin which w{f) > 0 and v{t) > 0, we have that
1, = h

Let s prove that A3 holds. Let {4y 47} be the maximal interval in which u(t) > 0.
We will <how tlun w2y 2 0 [fo. 1] Suppose the contrary is true. Then one can find
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t; € (o, 1y and ty € |Lg, ;) such that v{t) < O in Et;,‘g] and v{ta) = 0. We have (rum the
second equation of the system that for any 1y € (13,23) and ¢ € [n, 13)

v(t) < vits) exp By(t) < vita) exp | " “kya)ds <

s "“=’.e'?3i.‘.‘,fxpf." —ki(s)ds = —r <0,

which contradicta the assumption that v(ta) = 0, where Bi(t) = [, bi(s)ds = [[1 —by(a)ds
and &, (t) € keft) for ne. ¢ € [ts, t5].

Let u(t;) = 0. We have from the first equation of the system that for any # € (¢, 1)
and { € [ty, 1y]

u(t) 2 u(te)exp Ay(t) 2 ulto}exp j; b (s)ds >

4

which contradicls the assumption that u(t,} = 0, where Ay(¢) = f} ac(s)ds and a;{t) >
ky(t) for ne. t € [lg,1)].

Since [tg, t1] i» the maximal interval, in which u(¢) > 0 and v(t) 2 0, then {; = b.

Consider now the condition A,6. Let (tg,t,] be the maximal interval in which v(t) > 0.
We will show that u(t) < 0 for any { € [t),t). Note that if u(t) = 0 for any t € (i, o],
then, in view of M,, u(1) = 0 for any t € [t,,lo], which is impossible. Then cither there
exial {3 € [t1,10) and ¢y € [fa, ta] such that u{t3) = 0 and u({) > 0 in [t;, t3) or Lhere exist
14 € [ty,1y) and s € {4y, L0) such that u{t,) = 0 and u{t) < 0in (ty,1t4]

We have from the first equation of the system tike in the case of A,5, that for any
7 € (f3,13) and t € [t3, 7]

u(t) > u{tz) exp A5(t) 2 u(l;)exp -[ ky(s)ds >

t
> u[t;)'sri"ljr::]exp/h ki(s)ds =1 >0,

which contradicts the assumplion that u(t3) = 0.
Consider the second case. We have that for any 7, € {ty,15) and { € [r;, 1]

u() € ufts)exp Aj(t) € ufts)exp j'u =ky(a)ds £

11
< ) — = -
< u(h)le'ﬂ:.ltl;lﬂpju ky(s)ds r <0,

which contradicts the assumption that u(ts) = 0, where A3(t) = I.: wyfalds = [[* —a,fa)ds
and a,{t) < ka(t).

Consider the case of v(t;) = 0. We have from the sccond equation of the _steqn that
for any 7 € (¢(,1) and ¢ € [r;, ¢g]

te
v(t) 2 eltp)exp B, (1) > v(!u]c_\'pj —kels)ds 2
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. L]
> u(ta) 'er{:‘lll}dexpl ~kys)ds=r; > 0,

which contradicts the assumption that v(t,) = 0, where By{t) = [ by (s}ds = [[* =bi(a)ds
and 3,{t) < ky(t) for a.e. t € |1y, 1)

Consider now the case of A,7. Let [, 1] be the maximal interval in which u(t) < 0.
We will show that v(t] > 0 in [t,,ta). Note that if the equality v(i) = 0 holds {or any
t € [ty,1g), then, in view of My, u(t} = 0 for any ¢ € [l.1s] which is inipossible. Then
cither there exist t; € [t;,5) and t3 € (t3,20] such that v(iy) = 0 and v(t) < 0 in [t2.ts)
or there exist ¢y € [t;,to) and ta € (i4, Lo} such that o(t,) = 0 and v(t} > O in (¢4, ta].

Consider the first case. We have from the second equation of the system that for any
€ (f:,‘;) and L € [‘;,1‘,]

o) S v(ta)exp Bute) < ita)exp [ hafo)ds €

< ota) gin exp [ ko(o)do = =1 <0,

which contradicts the assumption that v{t;) = 0, where By(t) = L" bi(a)da and by(¢) >
’;ﬂ(f) for a.e. te [h,f;q].

Consider the second case. We have from the second equation of the system that for
any 1, € (ty,ty) and £ € |y, Ls)

(1) 2 vlts)exp Byft) 2 wits)exp [ ~ksa)ds 2

Iy
> e(ly) re'ﬂ:.lsl.]expjl —ky(a)ds =1y >0,

which contradiets the assumption that v(t,) = 0, where By(t) = L". b{s)ds = ['* ~b;(s)da
and bi(t) < ka{t} for a.e. ¢ € {iy, ta].

I we have that ¢, = a, then proof is complete. Lel ¢) > a. Then there exist £y € (a,1,)
and 1y € (1, t;} such that v(t) > Gin [ty, L], u(ts) = 0 and u() > 0 in [t,.t5).

We have from the first equation of the ayatem Lhat for any 7 € (, ts) and ¢ € [t 7]

u(t) 2 ulteexp A1) 2 wlehexp [ hala)ds 2

]
> i : =
> u(l.)'el}::lrllhlexpfh ky(s)ds =1 > 0,

which contradicts the assumption that u(ls) = 0, where A,(1) = f,"‘ ay(s)ds and a,(t) >
ky(t) for ac. 1€ [tets].

Let ws prove that A,8. Let |4, tg] be the maximal interval in which v(t) > 0. We will
show that u(t) < © for any ¢ € [,,4,). Note that if u{t) = 0 [or any ¢ € [t,,tq], then,
in view of My, o(t) = 0 for any t € [ty,1y), which is impossible. Then either there exist
t: € [t ty) and fa € (f3,60] such that u(t;) = 0 and u(t) > 0 for any ¢ € [t3,¢3) or there
exisl 14 € [t1,tg) and t5 € (L4, tg) such that u(t,) = 0 and u(t) < 0 in (¢y, ]
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Consider the first case. We have from the first equation of the aystem that [or any
T € (2,03} and L € [t3, 7]

w1} 2 ulta)exp A1) 2 ultaexp [ ki(s)ds >

]
> u{ty) min expf kyla)ds = r >0,
1€[t3ut5] iy -

which contradicts the assumption that w(i;} = 0, where A,{l} = f,; a:(s)ds and a,ft) 2
ka(t) for a.e. t € [ty ta].

Consider the second case. We have [tom the first equation of the system that for any
nE (f.,ls) and t € [1'1.!5]

u(t) S u(ts)exp Ax(t) S u(ts)exp [ ~k(s)ds

Iy
< u(h)-g[':.iﬂ-.]expj —kgs)ds = —ry <0,

which contradicta the assumption that u(ty) = 0, where A;(¢) = f:‘, ay(s)ds = f* —a,(s)ds
and a, (1) < k. {t) for ae. ¢ € [ty tg).

Il t, = a, then the proof is complete. Suppose that ty > a. Then there exist {4 € (a,t;)
and t3 € (14, ¢;] such that uft) < 0in [ty to], {ts) = 0 and v{t) < 0 in [te.ts).

We have {rom the second equation of the systens that for any vy € {4, 1s) and # € [L,,v}]

w(t) < vlta) exp Bi{t) < wltadexp [ belo)ds <

[}
< v{ty) min exp/ ky{s)ds = —r| <0,
1€[10.1) e

which contradicts the assumption that v{l;) = 0, where By (t) = f!l. by(s)ds and b,(t) >
kq(t) for a.e. t € iy, 15

Consider the case of 4,9. Let (t,, 1) be the maximal imerval in which r(1} > 0. We
will show that u{t) < 0 in [t;,f5]. Suppose the contrary is true. Let 1, € [{).te) and
(t1, to] be the maximal interval in which u(t) < 0. Then u(fz) = 0. We have from the first
equation of the system that for any 7 € (t3.0y) and t € |7, (]

u(t} < u(to)exp Ay(t) < u(ty) min "’q’j‘u —kfs)ds = —r <y,
tE(r: ta) ¢

which contradicts the assumption that u(l.) = 0, where A (1) = ,'u ay(=)eds = [
and a, (1) < ky(t) for a.e. t € [tg,80)-

Consider the case v(t,) = 0. We have ssecoud equation of the  stem that for
any 7 € (41, ta) and t € [n, to]

ty
o) 2 wtolexp Bi(0 2 0 [ —hniapds 2
[

ty
> elly) min (-xpj —hois)ds =y -0,
) el rg| '
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which contradicts the assumption that v(t) = 0, where By(t) = [ bi(s)ds = [}® —by(s)ds
and bi(t) € ky(t) for a.e. t € [y, ty].
Since [ty to] is the maximal interval in which u(t) < 0 and v(t) > 0, then ¢, = q.
Consider the condition A;0. Let (1, {5] be maximal interval in which v(t) > 0. We will
show that u(t) < 0 in [t;,fo]. Suppose the contrary is true. Then one can find t; € [t,,1a)
and t3 € (ty,1] such that u(t) > 0 in |2, ¢3) and u(ty) = 0. We have Trom the firat
equation of the system that for any v, € (t3,¢3) and ¢ € [t3, 1]

u(t) 2 u(ta)exp Ax(t) 2 u(ta)exp [ ks(s)ds >

]
> u(ty) 'erﬁzii]expjl kxyfs)ds =r > 0,

which contradicte the assumption that u(ts) = 0, where A,(t) = [, a;(s)ds and a,(t) 2
‘.3(!) for ase tE [t:,la]

Suppose that v(¢,} = 0. We have from the second equation of the system that for any
n € (!h!ﬂ) and tE 1T1,to]

u(t) 2 v(to)exp Bi(t) > t,v(to)e)q:b'/'*° ~ks(3)ds 2

1
> i - A =
> v(tg)'er{:‘lll expj' kg(a)ds = r; > 0,

which contradicts the assumption that v{te) = 0, where By(t) = f:, bi(a)ds = [ ~b,(a)ds
and by (1) < ks(t) for ne. t € [1, 1)

Consider the condition A;1. Let (t),15] be maximal interval in which u(#) < 0. We will
show that v(t) 2 0 in [{y,ts]. Suppose the contrary is true. Then one can find ¢; € [¢),tq)
and ty € (3, to] such that »{t) < 0 in [t5,13) and v(ts) = 0. We have {rom the second
equation of the systern that for any 7 € (t3,t3) and t € [t3, 7]

o(t) < vitapexp By(t) < w(tr)exp [ ka(o)ds <

< u(t,) mm exp/ kg(a)ds = —r < 0,

which contradicts the assumption that v(t;) = 0, where By(t) = [ bi(s)ds = §® =by(a)ds
and by (t) < ky(t) for a.e. t € [t5,1,)

Suppose that u(f;) = 0. We have [lom the first equation of the system that for any
T E'('l.‘o) and t € [T].(o]

W(t) S uita)exp A,() S ulta)exp [ —k(s)ds <

< u(ta) r{nn exp/lo —ki(a)ds = —ry <0,

which contradicts the assuroption that u{t;) = 0, where 44(t) = J ar{s)ds = [* —a,(a)ds
and a,(t) 2 ky(t) for a.e. t € [ty, Lo).
Sinee [y, to] is the maximal interval, in which u{t} = 0 and v{t) 2 0, then t, = a.
Remark. We note that in the proof of A5 we proved in fact more than the validity
of A5, namely A},) for any to € (a,}] and ¢ € [a,20) the conditiona 1,(t) < z5(t5) and
¥1(to) = ya(to) imply that z,(2) < z4(t) and yy(t) > wa(t).
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V.Ponomarevs. Par divu pirmis kirtss parasto diferenciflvienidojumu
sistEmas atrisindjumu uzvedibu.

Anoticija. Diviem parasto diferenciilvienidojumu sistémas
2 = ht,z,¥), ¥ = f{t,2,y),

atrisindjumiem, kur funkcijas h, f : [a,3] x R? — R spmicrina Karateodori nosacijumus,
atrastas sakaribas starp to komponentém.
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On the existence of a solution

to a boundary value problem
for functional-differential equation

V.Ponomarev

Summary. Conditions for Lhe existence of a solution to a boundary value problem
for functional-differential equation are given.
MSC 34K10

Consider boundary value problems

' = Fz 4 Fyz, (1)
Lz=r, (2)
z'=Fr, (3)
Lz =0, (4)

where F, Fo AC(I,R*) — L(I,R), L AC(LR®) = R*, r € R*,n € {1,2,...},
I'=[a,b], 00 <a<b< oo, AC(I,R") - the space of absolutely continuous functions
z:I — B with a norm

b *
lzll =1 =@ 1+ [ 2(6) | s,
L{I,R) - the space of Lebesque-integrable functions y : J — A with & norm
'
v = [ Vv e,

where | z |= max{| z;|:1 € {1,2,...,n}} - the norm in R*.

1. We suppose in the sequel that the BVP has a unique solution, the trivial one.
Solutions of the problem (1}, (2); (3), (4) are identical with solutions of the equationa

2(t) = '[-' (Fz)(a)ds + _/.' (Fax){s)ds + Lz + x(a) - r,

=)= [ " (Fz)(s)ds + Lz + z(a),
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respectively.
Define the operatom B, 8; AC(I.R*) — AC(I,R"), A [0,1] x AC{/,R*) —
AC(I, R*) as {ollows:

(Bz)(t) = [" (Fz)(s)ds + Lz + z{a),

(Boz)(t) = [ (Fe)o)ds =,
A(A, )} = Bz 4+ AByz.
The the problem (3), (4) can be written as

= Rr

and the problem (1,2) as
r = Bz 4 Byr.
To begin we show that there exists u € (1,00) such that for anmy solution v of the
equation
r=A(Az), 0<€Ag] (%)
an estimate
fellac £ paAllBovllac (6)
is valid.

Suppose the contrary is true. Then one can find 8 sequence v,, % = 1,2,... of nontrivial
solutjon of the equatjon (5), and A,, n = 1,2, ... such that

[[eallac = nall Bovallac

or

Anll Horadl ac 1

lim < lan — = 0. nm

% iellae e

I1. Suppose that the operators H and By are coinpletely continuous, and B is also
homogeneous.

The ecztion (5) inplies
ta e, A, Hyvu,

loallac — Nvallac ~ livallac’

and, letting v} = ;—. n = 1.2..., one obtainy

A“ Bull

"vn“AC

Since B is completely continuous, it maps the bounded set
{vn v n={1,2..1}
"o ||” li o
nito compart. lence one can choose a subsequenee o), k= 1.2,... from the sequence
oy =120 which converges Lo vy € AC( RY), and |lepl|ac = 1.

Passing to the limit in (8), we have vy = Buy, in view of (7), which contradicts the
s af asoltion te the problem (33, (1).

* = Bl +

8)

slimale,
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I11. Supposc that the inequality
[t Boz|lac < fo+ Elizlac,

is true, where fo, k € [0, 00).
Then we get from (6) that

vllae < phllBovll < whfo + udklivlac < phfo + phik + Dllvliac.

Hence

urfo
(T—uh)(E+ 1)
IV, Let for some ks € (0, 00) such that

lvllac <

#rfo

ko> AT+ D)

the condition
1Bzllac € ko, [lellac = ko
be fulfilled.
We get now the existence of a solulion Lo the problem, by application of the method

of Leray-Schauder (cfr. (1], v.5.37.6, p.298).
Thua, a theorem is proved.

Theorem. 1 Let conditions [-fV hold. Then there exists a aolution lo the preblem (1),
(2.

Remark. This note sharpens the results in [2] and generalizes the results in [J].
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Sturm-Lioville boundary value problem

for two dimensional differential system
with asymptotically asymmetric nonlinearities

0. Zayakina - F, Sadyrbaev

Summary. Estimations of the number of solutions for nonlinear system
= flty)+ultizy), ¥ =gt 7) +elt,7,y),
with boundary conditions
z(a)cosa —y(a)sina= A, z(blcosP-y(b)sinf=208

are given provided that there exists at least one solution to the problem. The limits

fo = limy_ ﬂ%’-ﬂ and g3 = hmy_ e 9-(1:‘?5)- are supposed to exist and in general
g- # g+, [- # fi. Nonlinearities u(t,z,y} and v(t, r,y) are sublinear. Consrequences for
second order equaticns are discussed.

1991 MSC 34B15

1 Introduction

We copsider the boundary value problem

2 fley)+uit.zy),

d

T —gltni+eltry),
r{a)cose — yla)sina A,
z[b)cos 3 - y(h)sind R

where f(t,y), g(t.r), u(f, 1, ¥}, v{t,7,y)  are comtinuously differentiable
l<a<rs, 0 3<r.
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The goal of this paper is to obtain estimations of the number of solutions to the
problem (1), (2) provided that the principal part defined by the functions f(t,y) and
g(t,z), i» piece-wise linear at infinity. We suppose that there exist uniform in ¢ limits

f(t ¥) = Ly p git.z )_9 ).

y—tm %
As a particular case, system (1) includes a second order equation
"+ g(z) = v{l,z,x') {3)
with asymptotically piece-wise linear g(z).
Two-point boundary value problems for equations of the type (3} were studied inten-

sively by a number of authors (see (3], [8], [5] and references therein) under the assumption
that limits
¢(z)

Lp T e
exist and generally g_ # g,.

As a general idea, a comparison with the associated linear eigenvalue problem

"+ iz =0, (4)
z{a)cosa — '(a)sina 0,
z(b)cos § — 2’(b)sin A Q, (%)

was employed. For example, in the works [5] and [8] estimations of the number of solutions
were established for Dirichlet type problem for (3) with very apecifi- right hand sides.
These estimations depend oo the number of the associated eigenvalues Ay lying in the
interval ( g_,9+ ). Simple examples of equations of the type (3) show however that
the number of solutions to the problem (3),{5) depends rather on the interrelation of
the associated eigenvalues Ay with the right hand side in (3) than on the number of
Ay in ( g-,9+ ). This interrelation was investigated by the first author in [11]. It was
established that the number of solutions to the problem (1),(2) depends substantially
on the local characteristic of some particular solution §(t) the existence of which was
assumned implicitly in the works (5], [6], and on the behavior of the nonlinearity g(z) at
infinity, that is, on the noumbers g_ and g¢,.

In this paper we extend the results of [11] to the case of the differential system (1).
As far as the authors know, boundary value problems with asymptotically asymmetric
nonlinearities for systems of the form (1) were not considered previously.

Our approach uses much of the technique of the angular function. We would like
mention the results of A. Perov [2] who considered a symmetric case (g =g, /- = f, )
of the system {1).

Recent works [10] end [9] also employed the angular function technique for investiga-
tion of similar problems.

The structure of the work is the following. In the second section following A. Percy
[2] we introduce oscillatory classes of linear and piece-wise linear second order systema.
Preliminary results are given in the third section. In the fourth scction main results are

iven.
: We consider the boundary value problem (1), (2) under the following assumtions on
the functions f,g,u,v:
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(A1) f9:|ab]x R— R, w.v:la, 8l x R"— R are continuous functions along with
r'mrtia.l derivatives %(!‘V)' gg-((.:). gg(t.z,y), g—:(!,x,y), g‘;’(l,;r,y)_
AR

(A2) the limite limy—sm ﬂ%ﬂ = Le(t) limpmse 28 = gi(1)  exist and are uni-
form in ¢ € ja, b);

; t ; IUEN .
(AS) I1m|,|ﬂ.|,__“, H= 0 and l|m|,|+.,|_+,, sl-}'r‘:—lﬁ= 0 uniformly

int € [o, b
(A4) there exists a particular solution {£(t),n(t)) of the problem (1),{2).

A definite role in our considerations will play the systein ol equations of variations
wilh respect Lo (£(t), n(¢))

G B+ B . ne)w,

(6)
a -(gitr.wn—ﬁfu.c(:’).nt:)))z««ﬁﬁ(:.cu).nunw
and a piece-wise linear system
@ o= Lt - Lo,
(M

SRR S PR
where z* = max{z(t),0), 2~ = z* — z(t}, y* = man{y(t),0}, y~ = y* —y(1).

Notice that the system (6) describes the behavior of solutions of (1) near (£(t), (1)}
and the ayatem (7) characterizes the behavior of solutions of (1) at infinity.

2 Definitions

In this section we consider & linear system

3 a(t)z +6(t)y,
(8)
B = —)z+ditly

and piece-wise lineas system (7).
We introduce the angular function ¢{t} by

z(t) = p(t)sinp(t), y(t) = p{t} compft), where A = 31 + (¢



a3

Notice that increasing of w(t) corresponds to clock-wise rotation of the vector (z(t), y(t))
on & phase plane,
In the work [?] A. Perov introduced classes G sssociated with the homogeneous
boundary conditions
z{a)cosa — y(a)sina = O, (9)
z(b)coa B = y(b)sind = 0.

Definition 1 (Perov) A system of the form (8) is said to be of Class G, with respect
to the boundary conditions (9) if the angular function p(t) defined by p(a) = o, satisfies
the condition

B+hkr <)<+ (k+1)r (10}

Jor some integer k.

We introduce an analogoun definition for piece-wise linesr systerns of the type (7).
Notice that, unlike the symmetric case (8), multiplication of a solution {z(t),y(t)) by —~1
( or, equivalently, defining of the angular function w(t) by p{a) = a+ x ) may not yield
a solution to the problem.

Deflnition 2 The aystem (7) is of Class G, with respect to the boundary conditions (9)
if the angular functions 8,(t) and 6.(t), defined by 8,(e} = o, 8_(a) = a+ ¥, satiafy the
condilions

Bimr<by(b)<g+(m+1)x, (11)

B4n+llr<d_()<B+{n+2x (12)

for some integers m and n.

Remark. lotegers m and n cannot be chosen arbitrarily. They can differ st moat
by unity as lemma 3.2 below states

Remark. Notice that right sides of both systems (7) and (8) are positively homoge-
neous. Recall that f(t,r,y) is 3aid to be positively homogeneous if f(t,cz,cy) = cf(t, z,y)
for ¢ > 0. Hence solutions of (7) and (8) defined by 6{a) = a, p(a} = a, can be obtained
by multiplying of the normalized solution { p*(0) = 1 ) with appropriatc positive number.

3 Preliminary results

Lemma 3.1 Let 6,(t) and 8;(t) be the angular functions of the aystem (7}, and lel the
inequality 8;(a) < 83(a) hold.
Then 8,(1) < 8;(t} for anyt € [a,d],

Proof. By application of theorem 15.2 of [2].

Lemma 3.2 Let m and n be the numbers in (11),(12).
Thenlm—=n| <1.
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Proof. Let 8_(t) and #,(¢t) be the angular functions of the sysiem (7) defined by 8,(a) =
a,8_(a) = a+r. Consider the angular {unction #,(t) defined by @, ,(a) = a+2x. Since
solutions of {7} are uniquely defined by the initial data, we have that #,.{1) = 8,(t) + 2x
for any t € [a,b].
By lemma 3.1,
0,(8) <O_(b) < 0,4(8) = &,(b) + 2.

ln view of (11)

Bame <P (b)) <A+ (m+ ), (13)
Comparing (13} snd (12), one obtains that
Aimr<l ()< B+ (n+2)x (14)
and
B+n+l)r<d_(b)< J+(m+3Irx. (15)
Hence [m - n| < 2. [

Remnark. One has for the boundary value problem = = —kx*, 1(0) = 0, z(x) = 0
withl <k<2thatm=1!andn=0.

4 Main result

Consider the system
& Flt,p) + Ult,3.9),
(16)
% = ~G(t, )+ V(,z,4),
where
F(t,y) = flt,y + ()} - J(t,n{1)),
G{t,z) = glt,z + £(t)) - g(¢, £(N),
Ult,z,¥) = u(t, 2 + £(0), ¥ + n()) — u(t, &(t), p(t)),
Vit z,y) = v(t,z + £(t).y + n(t)) — v(t.£(t), n(0)).
Notice that atill

o FO9 ol n, i S,

y—kom ¥ F—tm

Obvioualy, the system (16) with homogeneous boundary conditions

z(c)cosx — y(a)eina = 0,

z(b)cos B — y(b)sing = 0 (17)

has the trivial solution.
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Let d.(t,p0) &nd ¢_(t, py) denote the angular funciions for system (16) with the

initial conditions
$+{a, ) =0, Z(a) +4'a) =4} (18)
$.(a.p)=a+x, s a)+y'(a) =p; (19)
reapectively.

Lemma 4.1 Suppose thal the varmalional aystem (6} is of Class G, for some & > 0.
Then € > 0 erists such thal, for py € (0,¢) the inecqualities

B+kn <o (bpa) <B+(k+1)r, {20)

A+(k+l)r < (bpp)<B+(k+2)r (21
hold.

Proof. By definition of the class G, for the angular function (k) of the variational
system we have that

Brkn <ty <3+ k+Dx < (1)< B+ (k+2)r,
where . (t) =p(t), w.(H=p(i)+r.
By continuous Jependence of solutions of (16), (17) on the initial data and by dil-

ferentiability with respect to the initial data we have that ¢4(2, po) — w{t) a8 po— 0,
reapectively, L

Lemma 4.2 The functions ¢,.¢_: [a,8 x Ry = R are continuous.

Proof. Follows inunediately from continuous dependence of solulions on the initial data.
Lemma 4.3 Let 8,(1) and 6_{t) be the angular funclions of solutions to the system (7)
with initial values 8,(a) =a,0_(a) =a + .

Then @4(b, py) — 05(b) as py— +o0.

Proof. Consider Lhe case of 8,(t). Proof for 8_(t) is analogous. Write the system (186)
in the form

& x(ty) + Uit 2,9),
(22)
%;—' «(t.x)+ Wit z,y),
where
xlhy) = foltly* = (™,
w(t,x)i=go(t)et —g-(t)c™
and

Wyl =Ulporoy)+ Fltph= folhy + f-(Oy,
RRIERESTEICOIIE T NN T
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are bounded functions. Consider the solution (z{t, po), (¢, po}) of the system (22), defined
by the initial dala (18). Consider also the solution (z,w) of the system (7), defined by
the initial conditions

8,(a) =a, 2*{a)+wia)=1" (23)

Making use of formulas for polar variables one gets that @,(t) solves the differential
equation

& = coaf- x(t,cond) + sind - x(t,0ind) =: w(t,4), (24)
while ¢, (t, pg) satisfies
¢ = ﬁ[coscﬁ- Uy - sing - Vi] +w(t. d), (25)

where in turn p(?) is & solution of
F=U\sing +Vicosd + psin ¢ y(f, cosg) — pcos & - x(t,sin¢). (26)

Since the right side of (26) grows in p like linear function, solulions ol (26) extend to
the whole interval [a,3]. Ther, by Theorem 15.1 ia [2], there exists A(py) such that
A(po) — +00 as po — +20 and p{t) > A(p) lor t € [a,b].

Then é,(¢t,p0) — 8,(t} as py — +oo uniformly in ¢, and the assertion of lemma
follows. ]

Theorem 4.1 Let conditions (Al)-({A4) hold. Suppose that the variational system (6)
ts of Class G\. Suppese also that the piece-wise linear system (7) is of Class Gmn.
Then the number N of solutions of the boundary value problem (1),(2), (£, 1) included,
satisfics the esitmation
Nzlm—kl+k-n|+1.

Proof. Let (u,v) and (1,y) be solutions to the problems (16}, {17) and (1),{2) respec-
tively. We have

z(t) = u(l) + £(t).  w(t) = vt) +nle).
Consider the solution (u(t, p), v(t, p)). We have, by application of leruma 4.1, that for
pE(0,8)
Btkr < dp(bp)<Pd+{k+1)r (27)

On the other hand, lemma 4.3 implies for p— +oc
B+mr < (bpl< I+ 1+ 1)r. (2%)

By lemma 4.3 ¢,(b,p) ia continuous with respect Lo p. Hence p,(h p) passes all
values of the form 3 4 1w, where i € {k +1,...,m} ort € {m+ L. &} depeneling on
which of the number k or m is greater.

Thus we oblain at lcast [m — k| solutious of the problem (16). {17} and.
of the problem (1). (2).

The same type argument for $_(b, p) yield adilitionally at least |& — n| . |
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5 Second order equations

In this section we consider the second order equation

= -—d:(:’)g(t.;) +u(l,x,x") (29)
along with the Dirichlet boundacy conditions
z{a) = A. .:(b] =R. (30]

We consider the boundary value problem {29), (30) under the following assumtions on
the funclions ¥, g,u
(El) ¢y R— (0,+c0), ¢ [a,8]x R— R, u [a,b] x ' = R arc continuous functions
H H : H 4 J i * ",
along with partial derivatives g—;%[!,: ) g-g(!,:), g—%(t,:,z ) g;:,(t,z,: %

(E2) the liniits  limy 0 282 o 0 (1), limyosoo ¥(y) = Vi, ¥4 > 6o > 0, exiot
and g, are uniform in ¢ € [a, b];

: Lr, ; . .
(E3) Nrmijoqq )=t H: 0 uniformly in t € [a,8];

(E4) there exists a particular solution £(t) of the problem (29),(30);
{E5) ¢{y)>0 lorany y € R.

In order to reduce the equation (29) to the systemn of the form (1) we i~troduce the
function F by
dF

2o =v(F), Foy=0. (31
¥
In view of (E2) and (ES), F{y) is continuously differentiable and strictly increasing
function. Then, the reciprocal function
v=F(z)
13 defined.
We introduce now the angular funclion w(¢) for solution (¢} of Lthe equation (29) by

r{t}

lal’l@“) = m (32)
In the case of (') = 1 the augular lunction () is given by
4
tanp(l) = %t)) (33)
The equatian of variations with reapect to a solation £(¢} is now
(=o€ P ety + 5 e, oy +
(34)

" [_%({‘“)}y(f.{(t]) + éﬁé(l.f(f),f'(f)))y‘-
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Definition 3 Accordingly to definitions of oscillatory classes qiven in [2] we will say that
the linear second order equalion

v =pltly + g(t)y
&2 of Class G, with respect to the boundary conditions
wa)=0, y¥(b)=0,
if the angular function (t) defined by plo) = 0, satisfies the inequalitics
rthkra<pd)<x+(k+1)x (35)

for aome integer k.

Consider also the piece-wise linear system

%f- Yapt -y,
4 (36)
F = —alzt 4+ (1),

which plays the role of a limiting system (7) for & system (J7) equivalent to the second
order equation under consideration.

Theorem 5.1 Let the conditions (E1) te (ES) hold. Suppose that the equation of raria-
tions (84) is of Claas (i, {in the senre of definition 3) and the associated piece-wise haear
system (86) is of Closs Gm e with respect to the boundary conditions (30).

Then the boundary value problem (29), (30) has at least |m — k| + |k = n| 4 1 solutions,
E(t) included.

Proof. We prove the result in several steps.

Step 1. We show now that the equalion (29) is equivalent to Lhe system of the
form (1}.

Introduce variable y by 2 = F(y) where F is defined in {31). We have then

2 F)
(37)
%?- —g{t,r) + vit, x.y).
where
v(‘ : )= ult.r. Fiyl}
VS TOFG

On the other hand, differentialing both sides in the first line of {37) with respeet Lo ¢ one
obtains that

. dF )
' = T{y-(y)(—g(!,:[)-i- v(l,r.oyl) = —uixr'jyit,



k1)
Since (s} is continuous and bas pasitive limita as a tends to +00 and —oo, !df is separated

from zero and Fiy) dF
im =% = im &= Jim w(F(y) = ¥

—tx oy yr—tx d

Step 2. One ensily can verify that the system (37) meets the conditions (A1)-(A4) of
section 1, and the vector-function

(&), nit)) = (£(). FHE ()
solves the aystem (37) and satisfies the boundary conditions
z{a)cona ~ y(a)sina = A,
2)ef—y(Banp B, (33)

wherea =0, =~
Step 3. Routine calculations show that the variational system associated with the

aystem (37)
4% = Howw,

W g + B e N + Tt @i

is equivalent to the equation of Vristions (34).

Step 4. Let z(t) be a solutionsto the equation (29) and (t) be the angular function
of z(t).

Then (z(t), F1(z(t)) = (z(t),y(t)) i » solution of (37). Let ¢(t) be the angular
function for solutions of (37).

Hence

(39)

z(t) (t)
Fem) ~ po -

Step 5. We conclude then that the aystem {39) with the boundary conditions r(a) =
0, z(b) = 0 belongs to Gi. Since the limiting system (36) with boundary conditions
z{a) = 0, z{b) = 0 is of Class G, we oblain, by application of theorem 4.1, that the

tan p(t) =

boundary value problem (29),(30) bas at least [m — k| + [k — n| + 1 solutiona. [ ]
As an example consider the boundary value problem
¥ = —¢¥(z)z, (40)
z(0) =0, =z{x)=0, (41)
where ¢ satisfies (E1) and (E2).
Consider also eigenvalue problem
™+ Ar=0, (42)

2(0)=0, z(x)=0.

Theorem 5.2 Let conditions (E1) and (EB) hold for the function ¥ in the equation ({G).
Suppose also that the inequalitics
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(E8) A < ¢(0) < duyy;
1 + 1 < 1
2VV¥. 2V¥Y- N

hold for some integers k and N, where A are cigeneaiues of the problem ({2). Then
the problem (40), ({1) has at least 2|N — k| nontrivial solutions.

1
T
BN 7 <

Proof. Equation of variations for (40) with respect to the trivial solution ¢ =0 is
¥ = — (0. (43)

By virtue of (E6), solutions of (43) with Initial values {0) = 0, ='(0}) = 1 are auch that
2(#) # 0 and the corresponding angular function ¢ eatisfies

r+(k-l.)r<¢(sr)<r+ kx.

Therefore equation (43) is of Class G,
On the other band, system (37) for {40} ia

% = Fu).
(44)
4 - -
where ! = F(y) and F is defined in (31).
The limiting system (36) s now
z 'P%v‘* -y,
(45)
y' =I,

and we are looking for the Class G, o to which (45) belongs with respect to the boundary
conditions (30). Let #, and 4. be the angulnr functions for (45) with initial values
#,(0) = 0 and #,(0) = x. Codsidering (45} 81 a single second order equation

v ==yt ooy {46)

and looking for solutions p(?) ‘with initial values y'm)'= 0, y(0) = L1, we obtain from
(E7) that
Nt (s)-0,(0)<N+1

and
Nc<o_(m)-0_.(0)< N+ 1.

Then m = n = N and, by theorem 5.1, the total sumber of nontrivial solutions is
2N - &|. .

Remark. In the result above we compare parametess of our problem (0, ¢, and
¥~ with spectra of Dirichlet type eigenvalue problem {£3) and Neumann type problem
for (46).
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6 DBoundary conditions of mixed type

In this section we consider the nonlinear system

& iy itz
p (47
3% _g(tlz) +u(t, z,¥)
along with the boundary conditions of the mixed type
z(0)= A, y(r} = B. (48)

Tl:e main cesult restated for the problem {47),(48) is as follows.

Theorem 8.1 Let the conditions {Al) to (A4) hold. Assume that the angular function
w(t) of solutions of the variational system (6), defined by the initigl condition p{0) =0,
sahsfics the inequalities

*/2+kr <p(x)<xf24+(k+1)x. (49)

Suppouse that the angular functions 8,(1) and 0_(1) of sclutions of ife s.stem [6) defined
by the conditions 0,(0) = 0, 8_(0) = w, salisfy the inequalities

/24 mx <O (x)<nf2+(m+ 1w, (50}

2f24+(n+)r<B_(r)<x/2+(n+2)r, (51)
where m and n are integers.

Then the tolal number of solutions to the boundary velue prodlem (§7), (48 ts at least
{m— k|4 |k -n|+ 1.

Consider now the problem
€ ) +ulty) + sealt),
(52)
B glz) + v(tz) + sen(t),
" 5(0) =0, y(r) =0, (53)

where ¢;(t) = sint/2, e;5(t) = coat/2, s is a parameter.
We investigate it by comparison with Lhe eigenvalue problem

¥+ Az =0,

(0} =0, ='(r)=C. (34)

Notice that ¢,(2) is the firat eigenfunction of (54).
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Theorem 6.2 Let the conditions (A1) fo (A4) hold. Suppose that the hmits

. - I
R AR

exist and are conslant. Moreover, assume that the inegualities
(AS) J-9- <\ <« < X € fole < Janr

hold for some k, where )\, are cigenvalues of the problem (54). Suppose also that the

inequalifies

au(!,z,y))( _ du(t,z,y)
du o+ az

(A9) M<(fe + ) < Apsr

hold for (¢, z,y) € [0, %] x R}.
Then for s positive and large enough the total number of solutions to the problem ({7),({8)
is at least 2k,

Lemma 8.1 Let the conditions of the theorem 6.2 hold.
Then for s posilive and large enough there erials a solution (£(t), n(t)) of the prob-
lem (47),(48), both components of which are positive in (0, 7).

Proof. Define the functions fi, g, : 1, — R by

A= fly) - foy, o) = —g(z) + g4z

Note that f, and g, are continuous and bounded functions.
Consider the system

dr fru+ Lily) + ulty) + sea(t),
p (35)
F et ala) +o(ts) Fea(),
which is equivalent Lo the system (52) in the quadram {r,y) € Ry < R,.
lotroduce X =% and ¥' = g, and consider the system
@ oY + At Y s) + ea(t),
(56)

W g X (X} + at).

where 1
hilt, Xis) = < (00(sX) + w(t,8X)),

Bt Y:s) = %U.(,y) +u(t, a¥)).

Note that A; uniformly tend to zero ss 53— +o0, 1 =1,2.
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The boundary value problem

Joy £ 25(t),

o

(57)
-9+ + (1),

2(0) =0, y(x}=0
has & particular solution (zg, ya}. given by
af, =2
4f49. — 1

Then Lhe vector function {21, 33) = (X — 7o(l), Y — yo(t)) is & solution 1o the problem

d-dzil _{+z;+h;(t‘zg+yu(”:3).

2y

49,

o= alt), w= J:gﬁh(‘)-

(58)
%z =ge3 + Al 20 + 2olt)s 0),
50} =0, nin)=0

Since f,g, iz not an eigenvalue of the problem (54). the non-homogenerous prob-
lem (56) allows for representation of a solution & = (1, 22} via the Green's function

(1) = jo Gt s)h(a)ds, (59)

where G(t, s) is two dimensional Green's miatrix, 2 and b are vectors.

Since |(A[|. — 0 as 8 — +00 [|z]| tends to zero also. ‘Therefore the solution (X (1), ¥Y(t)) =
{2i{t) + ro(t), 22(1) + ya(t}) is positive as s — +o0.

Then (£(1. 3).n(t, 3)) = s(z3[), 23(8)} 13 a solution to the problem (52), (53). a

Lemma 8.2 4 soluhion £(8;s) (in the previous lermmn) 1s such that the angular function
@(t) corrsponding to the varmalional system

dr (%1-%319.

(60)
d r)l
&
and defincd by the initial condition (0} = B, setisfies the inequalitics
A2+ hn < p{xr) < mf24 (k4 1)F, (61)

where & 1s the same as m (AS).

Proof. Irotn detinitions of fi(y) and gy{r)} we liave Lhat ¢)(z) = 0 as 7 — +20 and
Sl = U as u—' +2.

Therrfore T — f, anl TL—' 4 as a— +oc, uniflormly in ¢
The cunclusion then folluws lron {AB). [ ]
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Proof of the Theorem 8.2. Coansider the system (7) of piece-wisc linear equations.

Let #,(t) and &_(t) be Lthe angular functions of solutions of the system (7), defined by
the initial conditions

91,(0) =0 9_(0) =K.
By the condition (AS), #,(t) and 0_(t) satisly the inequalities

2f2ci(xl<nf2 4+,

24+ x<B (x)<xf242r

For the angular function () of the variational system (60) we have
2+ k<)< w/24(k+1)x. {62)

Then for s positive and large enougl the tatal number of solutions to the prob-
lem (52),(53), as slates the thicorem 6.1, is

N0kl +]k—10+1 =2k

=
Theorem 8.3 Lei the bimits f_. f,,g_,94 be constani and sucl that
(AT} M<fg <hn< < An < fage < Ao
Suppose also that
m 1 1 1 .
+(m—1)(7—+ Y+ (i —1) # I
Qf+g+ Vi -9+ Uf-sr- ;}Ly

(63)

Jin 1 1 m— 1
T e ot T e

Jor any inleger m (nonresonant condition}),
Let for any (t,z,y) € [0.7) x R? the tnequalitics

(A8) A< (fo+ 2
¥

(AD) M < ([t
hold.

Then theve enst s, > 0 and & < G such that the lotal of s
problen: (32).(53). when o > 5y and 5 < s_. ix al bast Hn

Lemma 6.3 Suppose that [, and g, are conslants, salisfyng the condition (AT)
Then for s large and positiee there st o ~olution E,00 . af M problon 052,
whtch 15 positive i (0, 7).
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Proof is analogous to that of lemma 6.1.
Lemma 6.4 Suppose that f_ and g_ are constants, salisfying the condition (AT).
Then for s large and negative there ensts o solution §_(t; 3) of the problem {52),{59).
which i3 negative in (0, x),

P'roofl is analogous Lo that of lemma 6.1.

Lermnma 6.5 Lef the conditiona of iemma 6.8 hold, as well as the condition (AB).
Then the angular funclion p{t), corresponding to the variational system (60), and
defined by the inttial condition (0} = 0, satisfies the inegqualitics

f24nr < pR)< 7R 4 (n+)x (64}
Proof is analogous to that of lemmia 6.2.
Lemma 8.8 Let the conditions of lemma 6.4 held, as well as the condition (AB).
Then the angular function p(t), corresponding to the varictional syxtem (63), and
defined by the vmitial condition p{0) = x, salisfies the incqualities
Tf24hke < oA} rf24+ (k4 1)x. (67)
Prool is analogous ta that of lemma 6.2,

Proof of the Theorem 6.3. Consider the vystem (6). Let 8.(¢) and # (¢} De the
angular functions of solutions of this system, defined by the initial conditions

2.(0p=0 &.(0)=r~.
From (A7) we have that
xf24+ar <O (r)<xj24(u+1)x, (66}

rf2+kx <O (D)< nf24(k+Dr {67]
The nonresonaut condition of the theorem says that the anly solution of the system
witl gir s = (b i e trivial one.
Then the total numbers of solutions to the problem (52, i53) for & > s, is at least
[ =nl+p—nl+1=k-—n+1l,

15 al least

|£‘—£:+H'—n|+|=k—11+],
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0.3asxuna, ©.Canupbaen. Kpaepas sanaua HItypma — Jluysuana anas
aeymepuoil anddepeHIHANLHOA CHCTEME ¢ ACHMATOTHYECKH ACHMMET PHYHL-
MH HenMHeAHOCTEMM.

AnnoTauna. [Jauw oueHyd 9@cha pemenuil anx genanefinol cucTenm

I'=f(¢.y)+u(t,z.y). '= —g(t,:)+v(t,:.y),

€ KPACBLIME YCROBHAMA
z{a)cosa —y(a)sina = A, z(d)cosf —y(bleind =B

B OPEANONOXKEHHN, YTO CYMECTRYET XOoTE Ou oMo pemeune ianaqu. Ilpeaponaraeres,

4TO CYWECTAYIOT Mpement fi = lim,_.*.,mg'-ﬂ gy = limp s ﬂ‘—;ﬂ‘ KOTOphe
MOrYT GuiTh Me pabhht Mekfy cobof. Henuuelwocti u(t,z,y) ® v(t, #,y) noxnuHeRru.
MpuponsaTcs clEACTBES ANE YpaBHEHAN BTOPOrD MOPEAKA.

YIK 517.927

Q. Zajakina, F. Sadirbajevs. Sturma — Liuvilla robetprobl¥ias divu dimen-
siju diferencidlai sist&mai ar asimptotiski asimetriskim nelinearitit&m.
Anotfcija. Tiek doti atrisindjumu skaita novértéjurmni pelinedrai robeZproblémai

I‘ =f(!.y)+u(f,2,y). y'= —g(t.:)+v(t.:,y),

z(a}cosa — y{a)sina = A, z{bjcoad—y(b)sinf =B

pie nosacijuma, ka eksisté vismaz viens problémas atrisindjurns. Piegemam ka robeZas

Fo = limy i ﬁt?y-)- un g3 = lime.gon 9.&1_51 eksisté un var bit nevienadas. Nelio-
earitites u(t,z,y) un v(t, z,y) aug lénak, neka lincara funkcija. Ir apspriesti secindjumi
otras kirtas vienadojurmiem.

Institute of Mathematics Received 16.09.96
and Computer Science,

University of Latvia

HRainis blvd. 29
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3apava [IMpuxne Ana yPABHEHME TPeThero NMOPAAKE

H.U.Bacunees, A.f.Jlenuu

AwnnoTanus. [lpusansTes ROCTATOUHBIE YEAOBUN AN roMeoMOPDHOCTH kY 5a H MHOXECT-
aa pewennt xpaepol 3anatn

= fit,z, ', :“)l a<z<f,
rne a B f - pemenns ypasnenus ™ = f(t,z, 0, ") ma < 3.

YK 517.927

PaccmoTpust ypasienue
= f{i, 1,2 2", (1)

roe f 10,1] x R* — R ynonnersopscT ycnosnaw Kapateonopu. [lycte o, 8 [0,1] —+ R
- pemeuns ypasunenus (1) Tasne, aroa < 4. [Ins a € [0,1), b € (a,1], A € [a(e), A(a)] »
B € [a(b), J()] oBornaunm vepes S(a, b} MHokecTno pewenuk z [a,b] — R ypabucuns
(1), nexamux mexny a 1 g, & uepes D(a, b, A, B) - usokecTno peruennd ¢ {a,8] —+ R
sapnaen Iapuxne

™= f(fl:v:'v I"), z(a) = A, z(}) =5,

nemamux Mexay o 4 8. Nycts
M(a,a,b) = {y € 5(a,b) (30 € [a,b]}{y(7) = a{e) Ay'(2) = a'(2))},
M(8,a,b) = {z € 5(a,d) (37 € [a,8]}{z(r) = B(r) A () = F(7))).

B nansHeimeM HaM DOTpeSyIOTCA CACOYIOIINE Y CIOBRN:

1. D{0,1,a{0),8(1)) # ©. D(0,1,5(0),0(1)) £ @.

2. Ilne mobwx a € [0,1) v b € (a,]] sakaetcas M € (0,00) Taxoe, 910 0% mobore
pewmenus 1 : (a, ) — R w3 a(t) < z(2} < A(t), t € (a,b) cnenyer

sup{| z*(t) |: t € (a,8)} < M.
3. lna nwbeax a € [0,1), b€ {0,1), c € (b,1] m A, B,C & R pemesne xpaspoft 300290
™= f(t,r,2',2"), z{a)=A, z(b}=8B, z{(c)=C,
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a(t) € z(t) < B(t). 1€ (a,¢]
ENHHCTBLAHO,

B paSotax [1] w [2] npebesenn ycnoBks romeomophuOcTH ky6a R MHOXECTBA pemteHul
5(0,1). Mipst 3ToM CyImec TBeHRO ACHOLIOBANACH ENMICTBEBEHOCTL pemeHR 3anayn Konm.
Tpn enuucTaeREOCTH PelDeHUR TBY X TORCTHEIX Kpaenkix JaaY 8 pafioTax [3] u [4] yaanocs
OTKA3aThLS OT EAWACTBLHHOCTA pemelBs 3anatn Kows, B nacTosiueir pabote ymanocs

OTX238TheA OT €QMHCTBEHHOCTR PellieHis 3anavd Komn OpH eHMCTBEHHOCTE peineHns
TPEXTOYEHHEX 38044,

Mesmma 1 Ecau sunoansomes ycaoous 2, 8, a € [0,1), b € (a,1), c € (b 1), d € {¢,1],
¥.zZE S(a‘d)s y(b) = z(b)r y(d) = z(d), a(‘) < y(i), te (b| c) u z{t) < ﬂ“)l e (6,:), mo
¥(t) = z(1), t € [b,d].

Horasameavemeoo. Npennosomun nporusnce. Torma y(t) < a(t), ¢t € [a,b) U (b,d)
B y"(b) < z"(b). Bynem cquraTh, 4To a M ¢ mocratowmo Enmaxe x b. Ecne gra moBoro
T € (b,c) cymecrnyer z € S(a, ) Taxoe, ate r(b) > y(b), z(r) = y(r), ¥(r) = y(r} =
V(1) = y’(r), 10 2{a) < z(a) = vafineTcn s € S(a,d) Takoe, wro s{a) > z(a), s(d) = y(d),
8'(b) = y'(b) u s"(b) = y"(b), 9T0 WpoTEBOpEAT ycioRAO 3.

ABANOTHYRO paccMaTpHBaeTCR chydad, korsa nns noboro * € (b,¢) cymecThyeT 1 €
S(a, 7} Takce, ato z(b) < z(b), z(r) = z(r), £'(7) = (v} - 2*(r) = "(7).

Paccmorpam cnyvadl, xoraa z(b) < A(b) m makneres r € (b, £) Taxoe, wre nns moboro
r e S(br) ma z(r) = y(r), 2'(7) = ¢'(7) m 2%(1} = y"(r) cnenyer z(}) < y(b). s
RocTatouno uanux £,§ € (0, 00) paccsmoTprM pemenue 3anatr Komn

= f{t,2,2,1"), xr)=yr)-¢, Z(r)=y(r), () =y"(r)+d

Eciu dukcHpoBaTh § B ywmedblIaTs £, TO RONYHaETCH MPOTHBOPCHME ¢ 3 ycnopuem.
AHANOTAYLO paccMaTpUBaeTCS Ciyuak, xorna y(b) > a(b) B nafmercs 7 € (b, ¢) Taxoe,
4To a8 awboro € S(b 1) wa x(r) = z(r), 2'{r) = 2(r) ® () = 7"(r) cremyer
z(b) = z(b).

Jlemma 2 Ecau evinoaxsomes yeaconr 2, 8, a € (0,1},
(A, Ay, A3) € ((e(a), B(a)) x RY) U {(ala},a'(a), a*(a)),(B(a), A{a), B"(a}}},

K{a, A, A, Ay) = {z € ${a,1}: a(a) = AA Z'a) = A A 2"(a)'= Aa} # @,

Mo dag 4106wr Ty, 27 € K(a, A, Ay, Az} naldemes b € [a,]1] maroe, ume nu{t} = za(t),
t€[a, 8 uzy(t) # 33, t € (b,1], 0 mnoxcecmoe Kia, 4, Aj, A;) uscemes munuaatenoe
PEUIENLE ¥ 4 MAKCUMALLNOE pelucnue 2z u omoldpaxcenue T — (1) 20mcomopgno omo-
Spamcaem K(a, A, Ay, A7) wa [y(1),2(1)].

Hoxazemeasemeo. Inz mobuix 11, z3 € K{a, A, Ay, Aj) ycnonae

{(3b € o, 1H{(Vt € la, A)(22(t) = za(t))A

AYEE b 1) (z1(E) < za(0) V (V4 € (b, T){za(t) > 2a(8) @
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cnenyer w1 yciosnd 3. KosnaktuocTs K(a. A, Ay, A;) enenyer n3 ycnossa 2. i (2) x
EOMNAK THOCTI CacoyeT CymecTooannne ¥, € H{a, A Ay, A;) Taxrax, yToy <z < zr ana
mobuix £ € K{a, A, Ay, A3}). Ecnn

K, = {z(t): 7 € K(a, A, 41, A7)},

10 3 (2) cnenver, wro x — (1) - romeosoppuam meany Kla, A, Ay, A;) 1 K. Nokaxesn,
wro yenosne [y(1). :{1)]\A' # @ npupcant x npotisopeumo. Nlvers B € [y(1), 2(1)\ K.
Toraa maiinytes yo, 20 € K{a, A, Ay, A2} Taxne, 910 yg € 20, B € {wo(l), z(1)) r K1 N
{vo(1), 26{1)) = 0. MyeTn & € [0,1) Taxoe, uTo yo(b) = 20[H) 1 yo(t) < 2o(2), t € (b, 1].

PaccuoTpunt chyyadl, xoraa a(b) < po(b) < A(8). Ong c € (b, 1), nocratoano 6nurkore
X b, MBOKecTBO pewenui 3anavs Kowmn

Y= fltor, 22", () £yeld), () = yib), z"ib) = y2(b)

Ha MHTEpPBATE [b:] CAI3HO M NeXNT measy a ¥ 3. CrenoBaTennio, cyliecTeyer pelienye
z  [a,c] = R ypasneuns 2z = f(i,z,2',r") Taxoe, uT0 yol(t) < z(t) < (1), ¢ €
[a,¢] u po(c) < z(€) < 25(c). [pononsas 3TO pelee BOPABO, NONYIACM DPOTHBOPEYYE,
AUASIOrINHG pACCMATPMBAICTCE CAyYal, koraa yo(bd) = a(b], yo(b) = a'(b), y5(b) > a™(b)
u z0(b) = B(b), z(b) = B(b). z2(b) < B"(b).

PaccdoTpum cayqsd, vorma yo(b) = a(d), yo(b) = a’(8) n yi(b) = a”(b). yecrh c €
(5,1) nocraTouno Gauaxo K b. Ecnu palnercs pewense x : |b,c] — A sanaun Kown

" = fll,z,x,2%), z(by=a(d), I'(b)=a'(h), z"(b)=a"(b} (3)

Tokoe, uTo () 2 all), t € [b,c] u po(¢) < r{c) < z{c), To, Npanonkan erc pupaso,
nonyyus nporusopexme. Iycth 8y € (belon € {1,2,.. ), ta = buy. [tag] = R -
MEHAMAJTGHO? pelleHe JaNAUN

= fitn, 2, 1), z(ta) = zo(ta),  Z'(te) = z5(ta),  woll) S 2(t) < 2(1), 1€ [ta.d]
(4)
Sctio, 910 yale) = yolc) unm BainyTex o, € (fa.c) Takite, 4TO yo(on)} = wolon). Ecnu
ya(e.) = yi(oa), To Npomonkas y, BNEBO, NOMYYHM MPOTHBOpeque ¢ yCaoBHen 3 wna
nesivoht 1.
PaccuoTprm cnyuall, kofna OOCACAOBATEILEOCTE Yo CXORHTCE k pewicnuo y b, ¢] —
R. Ecnu y(t) = yo(t), ¢ € [b,c], To nahuerca B. € (yolc), 2o{c}) Taxoe, w0 ya(c) < B,
n € {1,2,..}. Mokaxem, 9TC HaiinyTcn pewenns r, [la,c] — R 3amaws (§) raxae,
qT0 Ia{c) = B PuscupyeM 1 H npeanonokuM npotusroe, Ha nemumul 1 crenyet cyme-
cTeORAnRE pemeudd u,, 2, € [ta,c] — A samaan (4) Taxux, 4To ua(c) < B: < zu{c) &
ans moboro pewerss = [ta,c] — R 3anaun (4) anaverne ric) ne nexeET B ARTEpBANE
(ua(c), za(c)). Ecnm uf{t.) < 22(1s), To Ans peweHus 7 : [ta,<] — R >anaun Kowx

™= f(t,z,z",:"), I(tn} = zﬂ‘.tn)v z‘“n) = ZBU-)‘
2"(ta) = (upn(ta) + 2(ta))27",

nonydaem npoTRBOpeyRe. Ecna ul(t,) = 17(i,), TO ABANOrMTHO DpPEALIDY TIEMY DONYHALM
npoTEBopeyme. ACHO, STO BEXOTOPAS DOANOCTENOBATEALHOCTE T, CXOABTCE X PELOCHEIO
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z € §(b,¢) aanaan Kown (3), kotopoe ynonnersopaet ycnosaio z(c) = B.. Ecin y we
COBDADAET C Yo WAA 2o Ba [b, ], To p - Ackomoe pewenne ramaun Kown (3).

Paccmorpum cayvah, koraa y{t) = zg(t), t € |b,<]. [ipanonaas y, Bweso, ¥ nemmu 1
nonyuaes, 4To uainetex b, € (b,1,) Taxoe, 710 ya(ba) = pa(ba) M yo(t) < ya{t) < 2(t),
t € (Bo,ta). Myern kyin € (1,2,...},04 € ({a,€) H O € (Lm. be) Taune, 970 pi(0n) = yolow)
HYm(0m) = vo(om). [lna nocTaTouno manux €,§ € (0, 00) pacCHOTPHM PEILCHNE £ 1018 H
Koum

™= f(t,z,2',2"), T(Om — £) = pul(Om — €},
T(Om —€) S yilom —€), T'(Om — €)= YplOm — €} + 4.
AcHo, YTO T MMEET ¢ Y, 1A BHTepBATE (L, £) ABe ToukH nepeccueniis. ChenopaTensio,
nakneten 7 € (by,0,.) TaKOE, 970 2(7) = wir). Ho Torna z umeeT Tpu obwAc TouxA
Vi, YTO NPOTHROPSTKT YCNIORHIO 3.

Eenu nekoTopat nonnocneqoBatedsiocTh ¥, CXORHTCS K PELICHHIO §f, TO MOKA3ATENh-

€TBO BHANOTIMHO. AHATIOTNYNG PACCMATDHBAETCE Chy4ai, xoraa zo{8) = 3(b), z4(b) =

B(b) w () = B7(b).

Nlesmn 3 Ecau swnoawromer ycacous 2-8, a € [0,1), b € (e,1), c € (b)) uy,z €
S(a,c) maxue, wmo y < z, y{b) = 3(b) u y{e) = #(¢), mo y{t) = (1}, t € [b.e].

Hoxasameascmoo. Npeanonoxnn nporusuoce. Torna y(t) < =(t), ¢t € [a.8) U (b,c).
Hy nemmu | cenyer, uto y(b) = alb), ¥'(b) = o’(b), y"(d) = a”(b) nam r(b) = Hib),
d(by = F(b), "(b) = F"(b). Paccmotpum cnyyait, korna y(b) = ol(b), y'(d) = A'(8) =
y"(b) = a”(b). M3 neroia 2 cnienyeT, 970 1" (B) < (b}, Byoem CURTATE, ¥T0 « . IBCTATONHO
Bunako x b. Ecnm c = 1 pan y'{c) = 2'(c), nou nadineted T € (b, c] Taxee, uT0 2(7) = (1),
TO BMECTO = BOWLMEM PelieRwe atavn Kot

= [t L 2"), z(b) = olb), (b)=d'(h), T(b)=(y"(b)+"(B))27"

Eciu nne wenaropors & cyuertayer 1 € S{a, o) Takoe, w10 £{b) > y(b), z(a) = y(a),
P(a) = y'le) nw 2"{e) = y"[), To @1 oMM 2 1I0AYHACM APOTHBOPCUNE € YCI0BHeM 3.
Paccmorpum cayvak, noroa

X = {r € 5(b., b, € [bye) Ae € (boc] Ax(b,) = ylh ) A () = y'(b)A

Ar(e) = gle) A r'le,) = y'le) AVEE (b e d)elt) > y(IN) =<

w6 € (0, 5¢) pacesorpim pewene (6,1} yanaun Kown
Y= find ") zle) = yle), rle) = yile). r(e) = y"(e) + 4. (5)

Lenw 8 nocraronio macio, 1o naiiaeres t(8) € (b,c) Takoe, uto 2{8,1{8)) = y(t(&)) u
ylt) < r{d ) < 2(th FE (L[6).r). llyern & Takoe, uTo 7{6,¢] MaxcuManhHOe prileHue
(5). ynusacTROpRIInCe yoaomem: aaiwred £{8) € (b, ¢) Takve, uTo (6,48} = y(1{6) m
ulty « rfé 1) < =1t 0 € (18}, r]. Arno, uTo naineten v € [hoe) Takee, y1o 7(6. 1) = =(r),
1O PO URGpIe 1 ke X xoneine, 1o BGHpan B kauecrse z pemene r € X

M e — b IPHXOMIES & Y AC DAKGPANTIOMY €Ty daK.
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PaccmoTpam ciyqail, korps X Secxoneqro, Ecnu Toamas HRHEE Tpanh 3HBYEHHRA
¢, — b, nnx ¢ € X GonbIe Hyns, TO ONSThL OPHXONUM K Yme paroSpaHHOMY CAYdalo.
Paccuotpmi chywail, koras TouRan HHKESS rpadsL sHaveHndl ¢, — b, pasna synw. [ycts
§ nocTaTowuo Mano ¥ PukcEposano. Bubepem T € X Tax, ¥Tobu c. — b, GulTo nocTaTOuBO
Mano, B paccMOThHM pEMIeHUe s 3afauyd Koma

= fit,z,2",2"), 2(d)=pld), 2{d)=y{d), 27(d)=y"(d)+4,

the d € (¢, b.) A pocTaTouHO 6MIKO K €, ecatit . — b, < {c—5)2"!, nnn x b B nporRBROM
cay9ae. flcRo, 9T0 5 B T UMEIDT Ke MEHEe TPEX TOUCK DepeceyeHyd, YTO NpPOTHBOPEYAT
yenosuw J.

Cay=ad, xoraa 2(b) = A(b), /(b) = B'(b) ¥ 2"(b) = B"(t), paccmaTpusacten auanc-
THMHO.

Jemua 4 Ecau smnosnsoncy ycacevr 2, 8, e € (0,1),

(4, A1) € ((ata), B(a)) x R) L {(o{a).a'(a)),(8(a), H(a)))},
K(a, A, A) = {z € §(a,1): 2(a) = AAz'(a) = A4i},

mo o muoxcecmoae K (6, A, A)) uMeemes MUKURAADNOL PEUIEKLE Y U MOKCUMAABNOC Pelite-
xue 2, omobpamenue T — (1) 20mcomopfuo omobpancaem Kia, A, Ay} xa [y(1). z(1}].
y(1)=a(l) wmuy € M{o,a,1) u 2(1}) = A1) vau z € M(F,a,1).

Hoxazemessemeo. Ua nemm 2 n ) cnenyer, uto K{a, A, A)) nuueiiro ynopanouenc,

& U3 XOMIAKTHOCTH CNIEAYeT CYLUCCTBOBAHNE MUHUMATLHOMO # MAKCAMANLHOTO peIeHHA.
Ecnu

Ky ={z(1):r € K{a, A A))}.
To W3 eMNn 2 crrepyer, wTo Ky = [y(1), z(1)], a w3 nuneduoft ynopancuenHocTH ceayet

romeoMopdiad Mexny Kia, A, A} u K. Yenosue y{t) > alt), t € [e¢. 1] npnponnT &
OpPOTUBOPEYHI0. AHBNOrAYHO MoqydaeTcd, uto 2{1) = A{1) naw r € M(F,a.1).

Newmma 5 Ecau svtnoansomes ycacaug [-5, mo dag mobur a € [0, 1} u b€ (a,1]
D{e,b,a{a), 4(8)) # @, Dla,b,8(a),o(b)) # O.

Hoxazameasemae. Hycte a € (0,1) n s € D(0,1,a(0). 3(1)). JNlokamesm, uro Dia, ],
afa),3(1)) # O. Ecau s{a) = ala) w z(t) = s(1), t € [a,1], To £ € Da.l,nia). J(1})).
INyers s{a) > afe). [pumenss nemmy 4, nonyvarm cyluecTsoBaune r € S{a.l) raknro,
yto z{a) = ala), '{a) = a'(a), x(t) < s(#), ¢ € [a.]] w nadaevce ¢ € (2.}] Taror, yTo
z(c) = s{e). Eean r'(¢) = 5'(c), To 370 uporuBOprUNT NC. 3 Caenonaeanio, e = 1 i
z € D(a,1,a(a}, 8(1})-

Anranoruyno nokasupaerca, yto D{a, b, o{e). 3(0)) #  w Diabd(n), a(b)) #
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Teuma 8 Ecau sunoangomes ycacous 1-5, a € {0,1), b € (a,1), A € {a{a),F(a)) v
B € (o(b), (), mo mnomcecmeo pewenud Jadaws Jupurae D{a, b, A, B) uscern smuny-
Macenoe prwekue v smancusdaonoe yla, b A, B,) € M(a,a,b) perenue z{a. b A B,")
€ M(3,a,b). Pewenus pla, b, A, B,-} v z(a,b A, B,-) nenpepmsno zasucam om a, b,
A u B Hdag awbozo U € [y'(a,b A, B,a),2'{a,b, A, B,a)| cywecmayem eduncmoennoe
s(a,b,A B, U, )€ D(a, b A, B) maxoe, wmo s'(e, b, A, B,U,a) = U. Pewenus

s{a, b, A, B,U,-) nenpepuisno jasveam oma, b, A, B, U u

D{a,b,A,B) = {8(s,5,4,B,U,") U €[y'(a,5,A4,B,a),7(a,bA,B,a)

Eeau UV € ly'(a.b, A, B,0),3'(a,0,A, B,0)] u ! < V, mo s(a,b, A, B, U,t) <
< sfa, b, A, B, V, (), t € (a,b) u s(a,b,A, B, U,b) > s'(a,b A, BV, b}

Lloxasameasemes. Ilo neMme 5 cymectoyet o € D{c,b, afa), #(b}). Henoaways nemmy
4, staiunem z € D{a,b,a(a), B) Takoe, uto '(a) = a'(a) u z{t) < a(t), t € |a,B]. Pac-
cMOTpHM cayvah, xorna wafinetes v € (a, b) Takoe, wto z(r) = B(r). ¥ B{7) = (7} £
3(r) € B(7) caenyet a{r} = B(r). Caenvmatennua, r(t) = s{t), L € [a, 7], r'{r) = F*(r) n
CywecTRyeT peltteltite 2y [a,b] — R - pewmenne xpaenoft vanayw

.!'m e ![" T, I., J'”L

ra)=4, z(r)=8(s), L(r)=F(r), 2(r)=4"lr)
Takoe, uTo r{t} € £y(t) € (1), ¢ € fa,r]|. Torna z(t) = r(¢), t € [a,7| w (1) = r(t), t €
|7, 4] spngeTea peuicies Yansun Mlupnxae: z € Na, b, A, B). W3 yenonuas 3 a3t wTo
7 MakcaManuuoe peweitte wy Da, b, A, ). Ha xosmuasrnocts Dia, b, A, 1) n yenosus
3 cneayer cywectiopanne mmnaMainioro petnenna y € Dia, b, A, 8). llukaxes, ura y €
M(a,a.b). Npeanonoxum npotumior. Ecan wafiae icx so € S(a, b} 1akor, uro se(a) = A,
syla) < y'(a) w sg(b) € H.ro sylt) < y{t), L € (a,b] v naitarres y, € D{a, b A, 0) Takoe,
uto yi{a) = sy(u) v ¥y €y, w10 NpPoTHROPeYHT MUHUMATLNoCTH . B ApoTuBLOM Criyvar
NATRETCS NOCICAVKATEALIOCTL 30 € S(a,ba), b, € {a.b) v 7, € (a.b,), n € {1,2,...}
Tahne, tto 3.{a) = A, o (a) < y'la). sulon) = alon), sa(bi) = ylba) u a(t) < y{t),
LE (a,bn). v € {1,2, ) nslfa) — y'lu). Cirnosareinno, nainercs s, € S(a,b.), b €
(a,b) v 7, € (a,b.) Takne, wro 5.(a) = A, s.{a) = y'(a), 5.(0.) = a{a.], 5.(b.) = y(b.}
3.(t) < y(t), t € (a,b.), wro upaTHBOPEYHT TeMMe T
Paccmotpus cayvait, korna r < J. lyet

M = {A, & (afa), He)) Dla.b A B) £ 2).

Torna M #  noasmsnyro n (ofa). Fa)). Hokakesm, «ro M oteparo. lycre AL € M.
ANANIOUIIIIG APEALIAY HIEMY JIORANIBACTCH CYIUArTBORAIINE MUHIMATLHOID DEILCHHE | €
Din b AL, Y r Mioca b w makenmanora peineiws € Dia, b, A., B) N M(53,a,8).
Eoan yin) < Zfe), 1o w1 aease 2w cariyeT, dro as awboro U7 € (y'(a), 2'(a)) eyue-
cruver (00 E Diacb, AL 1 takoe, uto s'({a) = {7 Caenoratenwsno, A, sRyTpeunes
Mol ). [lyern a7 € {a,b) 1akue, w10 (o) = alo) u

e nlai o ytiry = F(r). Paccmotpan cavaai, ko

.| plrt = s{r). e 3 y(d) = s{t). 1 € [o,7].
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Cnenopatensso, y"(o) = a”(g). Ecnu ylo) < s(a) w y(r) > a(r), To y ® s EMeoT TPR
TOMKE NepeceqeHan, YTO DPOTEROPETUT YCI0BRIC 3. AERANOTEYYG PACCMAT pEBASTCE CNY-
wad, xorae ¢ > 1. M3 y"(0) = o”(¢) v y"(r) = B¥(r) cnenyer, wto A. - BHyTpeREAZ
Tovka, HeopepLisHal 3asMcHMocTL W BepaneHcTsa 3(a, b, A, By, U, ¢) < s(a, b, A, B, V1),
tE(a,b)n 3(a,d A By, U, b) > 8'(a,d A, B, V,b) cneayrs r3 yenosus 3 u nemmut 3.

Teopema 1 Ecax sunoansomcd ycacous 1-9, o € [0,1), b € (a,1], A € [a(a), Ala)] «
B € [alb), A(b)], mo mnomcecmao pewewul zadawu Hopuzae D{a,b, A, B) usuerm munu-
aasunoe pewenue y(a, b A, B,-) € M(a,a,b} v uaxcuscwnoe pewenue z{a, b, A, B,-) €
M(8,a,b), xomopue xenpepusuo zasucsm oma, b, A u B. [Jag arobozo X € [0,1] cywe-
cmayem s{a, b, A, B, ), -} € D(a,b, A, B) maxoe, ymao

sup{s{a,b A, B A1)~ yla, b A B t): 1€ [ab]}=

= Asup{z(a b, A, B, X 1} -y(a,b A B 1)

Pewenur s(a, b, A, B\, -) nenpepotenc sasucem oma, b, A, B, A u
D(a,b A, B) = {s(a.b,.A,B,A,-): Xe[0,1]}.
Ecau A €[0,1), Ay € (M, 1} u y(a, b, A, B, ) # z(a,b,A,B,-), mo
a(a, b, A, B, A, 1) < s(a,b A B, Ny, t), L€ (abd)
Lorazameavemeo. Ma nemmm 6 # yoiosus 2 crenyeT CyuleCTBOBaNHE Y, 2 Il 3, & H2
ycnomus 3 chenyer HENMpephBHOCThL ¢, Z H 3.
Cnucox JUTepaATYPH
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[2] Bacunees H.M. O6 aanod xpaepoft 3anave ans AudePeHUHATLAGCMO yDaRIeNHT Tpe-
Thero Dopaaka // LU zinatniskie raksti. Matematika. Dilerenciaivicnadejumi. 1995,
41.-51.1pp.

[3] Tennn A .fl. Kpacpme sanauu nns ypawneuns TpeTwero nopsnka [/ JIAH. 1995,
T.344, N 3. C.209-310.

[4] MTennn A.f. Obwas xpaesas 1anava ANL YPABISHWR TPETLETO MODALKA [/ B HACTOR-
weM cbopuuke.
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N.Vasilyev, A.Lepin. The Dirichlets problem for the third order differential
equation,

Summary. The sufficient conditions for homeomorphism of the cube to the set of
solutions for the boundary value problem

zm=f(":’="1")‘ nsxsﬁ’

are given, where o and § are the solutions of z* = f{t,z,z',z") and a < .
1991 MSC 34B15

N.Vasiljevs, A.Lepins. Dirihl& probl&ma tredss kirtas vienfidojurnam.
AnotEcija. Doti pictickami nosacijumi, lai kubs batu homeomorfs rebetproblémaa
atrigindjumu kopai
"= ft,r,7',12"), a<z <8,

kur & un # ir vienidojuma 1™ = f(t,z,z',1") atrisindjumi un a < 8.

HBETETYT MaTeMATHENE B MUBQOPMATAKE TocTynmna 20.06.96
Tareurfickoro yHRBepeRTETA
Pura, 6.Padunca, 29



O uucne pasGuBAXIIHX NOKPLTUR noauoro rpada

3.5 T punbepr

Annorauus. B pafote chopuynuposans 8 soxazana Teopema, NpR OOMOmM koTopod
BOIMOKHO DEPEYHCITUTL HEXOTOPLC DOATpaPLI NATHOrO [pada.

Yk 514.1

1. Tepumunonorna K obo3EAYCHNS

OboSutenunin oonunm rpadow G(X,V) mokso Raspats komeauwd cemuwi rpad
¢ | X |= n nponyueposaninbiuy BepLiMuaMm, ¢ HONHuE cumMeTpEYeckoft rpynood S,
BCPIUAHAKX ABTOMOPdHIMOB H MHOXKeCTBOM V' pebep, nyr u neTenn. B obmew chyqae V
COACPXKT o P! DeTenk y kag N0l BCPLIBHL, p pebep, CARILBAIOAUNX MOS0 apy pasnmy-
HLIX BEDINRH I A y, M ¢ AYT, HAYIIMX OT KaKAOR BepllMMB F K Kaunofi Apyrofl pepmnae
y. O6nide paccyXMenni 3TOrO naparpads, B YACTHOCTH DOKAILIBASMASL JAJICE TEODEMA,
6aINpYIOTCA HA HANAYWY 5, NONEOA CHMMETPUYECKOR rPYURE B EMEIOT CHMY MNA TAXEX
obobimenunx fotnmx rpadon. OfHako AN YMERLIICHHA FPOMO3AKOCTH PACCY KACHMA R
GopMyn B KOENDETHHIX DPHMEPAX MLl OTPRHMYUMCE PACCMOTPEAHEM ODLIYHLX MoIBRX
Heoprpador < 1 > M DOMAWX CHMMETPHYALIX oprpados << n >> Be3 nerens B Oa-
pannentakxX pebep ¥ 4yT. B janayax paccMaTpEBASMOTO TENA ODepexan k ¢1y¥am, Korga
p unn ¢ Goaklte eqEuMUW, coBepiaeTcs el Tpyns, a pACCMOTpeHHE DeTelib, K&K 3TQ
IeNAETCE B QQHOM NPHMEPS, MOKEO JAMEHATL Ha CHAbKeHAe BEPLIHE DOMEeTEAMM,

Jlerko npopepHThL, YTO BETpevasMule faliee KOHKPCTHLIE CTeDENHLIE PAZL CXOASTC
afcoTI0THO X0TA 58 B HeXOTOpo# ok pecTHocTH By as. [ToaTomy nposanyMue ¢ auMA omepa-
OEE EMCl0T Menaesnll CMuicr, § M He Syfnend kaanul pas 370 oSocHoBLISAT.

Ja RCKADYEHEEM ODPERENEHAMN HHKE TEPMAKOS, ACOOMNLIYETCK TepMUBOIOrus no (1),
€ EEXOTOPEIMA DODONAEHMEMH ¥3 [2].

HonycTumoe pasSusaioniee poxpuITRE (OAnee, ANS KPATKOCTH, - DOKPHTHUE) - 3TO 98-
craanntd rpad (X, V') e V! C V, emycThie koMROBEHTH CBESROCTR (fasee - KOMTOREHTH )
KOTOPOro NPEHALIENAT K SAJAEEEM BeOepecexAIOMBMCE 4 TAOAM,

[Ipmuep nne seoprpada: neppud Tun - aepenss, 3Topok TAO - ANeMedTADHLIE HEKNL,
TperEll THN - CBE3ELIC Fpadml ¢ OMEIM NEXA0M B x0T 6ui ofeol BACEve} pepmmBoR.

IlycTs a; <m@cNo KOMGOBERT §-fo THNA B PACCMAT PEBASMOM DOXpHTHE. BexTop
{oy,a3,...,2,}) mnm {a&;} - curaaTypa sToro moKpHTES; h-Taf KOODLENATA DOKPHTER
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ITO Oh- Bo BTOPOM BHOE 3ANMCHE CHTHATYpHI, Kak U Oafee B AaHAMOCMYALIX Cl1yvadX,

NHOEKC £ ¥ BeTHYHHK B HUTYPAMX cKoBxax npobecaet Bee skaveuns 1,2,..., 9.

Pasbuenne soMnodent NMOLPLITHA HA THIW - MPOA3BOILHOE. ECHH, Nnanppmep, Ha< HH-
TEPEeCYIOT ONEPEBLE M, B GACTHOCTH, JIEMEHTADHLIC LETH, TO DOCMEAHHE MOAHO BLIACNIHTE
B OOMH THT, & [epebbd € ¥ > J BHCAYAMA Bepinuamy b apyrof. Moxno Takxe, kak
3710 ByneT chenaHo Aanblue, padbHTh JeperbE HA THOR NO HECRY v BACIYHX pepind. B
Nocneniies cny4vae, éCnNM 1 — o0, TO YMCI0 THNOR HEO[paHAEHHO BOlpacTaeT, allako
e oGOoro 32 XAHHOMO N HUCTO 8, OHEBHAHD, OrPAHIEYEHIO.

Yucno seex KoMOOHERT DOKPLITHY

Ll
k= Z a; (1)
i=1
M GY/ICM NAILIBATS NOPAOKOM DOKPLITHR.

Ecnu panu eug rpaga (neoprpad unu oprpad), n E THMW KOMIOHCHT, TO MOXKHO
PACCMATPHBATE CNEOYIOUINE YHCAA B COOTBETCTBYIOOLAE HM 3KCOOHEHUR TIbOLE TOPOK-
naiomue yuxuan (3.1.4.), ConyYaeMile M1 COOTSBETCTBYIOUMX HHOET LTS Kax[Goro n
YMHOKCHHENM Ha £ 0 CYMMMPOBAHHEM 11O R,

Yueto eqh] seex caammx nokptiTHll THRa A, T.e, Y4CMO rpadon THOA /i C NPOHYMe-
poBanKtami n Bepnnavu. CooTseTcTByOMYIO 3. 0.4

0

I“
L = 5 il )
Az :
Mb GyOeM 1ta3nBaTh Ba3uchodl gyHkUMeRd TROA A,
YueHo scex NOKPLITHA HaHHO#H cHrnaTyp eq{a,} 7 3.0, L{ay).
Yucno seex nokpHITHE pasnore nopansa b ens = Fea{o} v a.n.d.

L =£L{a.}. (3)

L€ CYMMIPOBAKME TIPOIIBOAUTCA N0 BCEM CHTHATYpaM, yRosnetsopsiomum (1),
Yucno acex nokpu T
En =9 End
x

¥ 3.n.¢.

L=Y L, (4)

riie CYMMNPOBAHHE NPOHIBOAHTCE MO BCEM JOMyCTHMEIM k.
fcho, uro, sanpemep, L[h] = L{a, = 8}, rne &, - camson Kponekepa, a B cnyvae
s=1]
Cas = Cn{k}.

{Ipumeps 3amaM pacemaTpABACMOTO THHA.

1} Haiitu uncno & nepesbes 8 < n > (3anady nocrasur 5.59.Jambur).

2) Monudurauns sagavu 1): onpeficnuTs THENO Aepenbes E k - NEPEBLED C ¥ BACAYAMK
BepLIIHaNL
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3) HaiiTn yncno gasToporaos B < n >, MnGo Beex, niGo ¢ or panyueHitE Ml HA ATHIA
KOMNOHEN'T, .

1) T'pu poncracuiide 3a1a9H: YHCNO NOACTANOROK Tpynnu S,, “uc1o gakTopos rpada
<< M > U NHCIO WICHOB PALIOACHNL OIHPCACTHTCNS WA NCPpMaleHTa NOpRAKa n €
YHETOM HEROTOPIWX 0voGennocTell 2THX 06hek TOB.

IlefcTanrenLue, uepexony ¢ B j NpH NOACTANOAKE W WACHY @, MATPHUL MOKIO
conOCTaBUTE ANTY 1) Ipaha << n >>. HacTo ocobyio poil NFpamT HHBAPHAHTHLE
HIEMCILTI P B DMK TANOBKE MK JHAIONAJIBHLIE HICMCNITW 4,, MATPALW  HM MOANO €O
NOCTARNTS NCTAO y RePIIHHBL § Fpada, HAK Npoue - noMeTay ¥ 3Tok eepwniu. Ocobyso
POML INGLAA MMEHVT TAKKE NPOIIBENeHNS d,,¢,, W UKL UTHHE 2 B noacTaoeke. [las
YYETA YK2IAU WX OCOBCHROCTEN MLl MOACM PACCMATPIUBATL HOKPHTHE << n 3>, npH
“EM ONYCKAIOTEL CHENYIOWHE TPH THNA KOMOOHENT ¢ Nerko onprm-nneuun.m eufs L[A]:

HIIRPOBAHNLIE DOMCUCHNBIC Bepiinnn, b = 1. ey = 1, ey = 0 upr 0 # 1,
L|1] = z;

aAryyroaelnkn, h = 2, ey = 1, €qpy = 0 upn 0 # 2, Li2] = %?

3/leMell TADHLE KOHTYPH AN He Medee Tpex, h = 3, e, = 0 npun < 3, eqq3 =
(m=1)npun>13,

L3 = f::—!——ln{l—.r)—:-’—.

Noayyeunne 6alucHuie GYUKLMN Nad DOCJAYAST MM MATIOCTPALKN U ANK PEUICHRY
sanavu 3). Monpobroe necnenosanme sagaun 4) B TepMITHAX noncTanoBox WaeeTcs B [3).

YeTaHORUM TEOpeMy, CAKILIBAIOULY IO PACCMATMIBREME 3.1..

Hanectno ([3].[4]), 4T0 ccim Mt usieest goe 5.n.¢.

A):—',‘.

we0 '

HMeen

=3 (J‘)b“ (5)

Teopema 1 flycmb dax dowwir s munos xomnonewm useccmum Gasucnwie fiynayuu Lpy),

h=1,2,..,5 Toxda . )
L{a) = [T (®)

(Z L[ip*, M
L= exp(): Lii]). (8)

=l
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Hoxararentctuva Tpebyet Tonkko coornouicnne (6). Coorunumenns (3), (6) » dopmyna
BO3BENCHHE CYMMH B cTenexn &k naweT {7}, 2 (4), {7) 1 hopmyna parivoxcHus IxcnonenTd
B cTeneHnod pan gawot (8).

Ecam a, — &ix = 0 (6. wak u panvine. - chmnon Kponesepa), T.6. a5 = [, &, = 0 npu
7 # A, 1o (6} nmeeT MecTo NO oHUpEEACIAKD.

[lycTn Tettepn a; — &), > 0, T.€. ap 2 1 1 xo1x 61t na oanore J o; — §, 2 1.

Mput nasHom n pacEMOTPIM Bee IUKPLITHE € CHEMATYPOR {a;}, B KoTopLx Touno anmita
#3 xosnouenT THna h cHabacua noseTxol. [loiuidi cliMeoK TAKM NUKDILTHA, OTANYAK-
wuxes XOT2 6L ttoMeelIofl KoMNoleN Tofl, coc Takat JIBY MR cllocobarti.

Bo-nepaux. Gepesm cnmcok Beex en{a, | paRisriinX SoKpu THIT pACOMATPHBACMON CHE-
HATYPHL, KA NOE U1 ILHX NORTOPECM O PAY H B K2ATOM 113 TAKHX MOBTOPH NG cnabsae,
noMeTEofl APYTYIo KoMIoICHTY Trna b,

Dropadi coocol: BLIOHPEEM } BCPILHI, KETOPH® GYAYT BCPUIMHAMI HOMGUCHIGE KoM~
BONENTLL, 10 MOANO. cacstavh (7] pasimonusim cnocoGamm. hirest olh] pavianass
CROCOGAMH CTPOMM NOMCHCIHY b KOMGOHCNTY ¢ yruxu Bepmnias, Ha oc-annunxcs n—}
BBUHAX CTPGHM NUKPII THE ¢ CHEHATYPOR {0, — 8,4}, 10 Mukle eaart eq jin, = 6, )
parandisi cnocubasit. Haxoneu, cyMMupyest witcaa oy YeHiy UoKPWTHil 0o BoeM
BOIMOAHIMM IMAUCHHEM .

[Tpupasndsas ncaa NoKpLTIE B GOOIKX CINICKAX, HMeeM

anealn} = ¥ (';)thl«n-,lr-. — bu).

el

Mpasas vactn uxeer gt upaneit varin (5) ¢

@ = ralhf by = ru o — bl

Mpegesw cyastuposaiied yeatanu no anasorun ¢ (5], Tak nak M pafloracry € Benycrass
KOMUQUPTI TaMN, VO cAaraemwe  J = 0 o § = n (BOIMOAHO, U JIPYTHS) DARIND 1ty aw,
[lepexons & o HoHeI M LI AOPOAARNIIIN Y TIKUNEM, MId (I01Y HReN

LiA|Lto, = 2a}

Ly =
o

"

Kak sinane, “sennineiine ma canimny - 7o noOPAIG T CREHRTY PLE, Xapak 1o iy -
1ICR (B K IO RO MACTO, JOCLHFEACTCR BLIICCOI IO MHOAN T e 8 gﬂ [ ponon &as »rort
UPOIece peny g, Mid MOACM CHOC TR TIFRYICRY 0 KOOPIAHTATY euria YPW K CHATNHIE, a
RCC OCTadLNLe K iy IW, 1 to naet (6).

Hpu nepexone o (6) & (3) B cHay cymMupobanng Tepieted umpopsauua. g npe-
JOTHpAUIIIHE Takall DOTEPN MUA LG NCROILIORE T H IEIOIHATCABITEE DepeMeniLe 3, 4 2,
CTEOEIN KOTOPLIX XaPak T[Ty reT ConTBTOTReNIN QUG KOMIGHONT TR 3 # HOPSAOK
FORPLERDL TORaa S Hony Haest conTinmenig

1) = f[ {ELdy™

=l (n')!

¥

fe= %(‘Z LE)w0*,
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r
L = exp(z ¥ Llily).
ixl
HO(JIEIIHHC tbopMynu MOAHO HCOQILIOBATE H B BIIOM CMEKCIE, ITonaram ICKOTOpIE K3
i PRBIHWMH H)'J'IIO, Mhl HCKTWYACM M3 PaCCMDTpC""l COOTBETCTBYIOILUHE KOMMOOHEHTH, &
nonarag Heilyfeeule z W y, paBHbiMi 1, ¢Hoba NPOM3IBOAKM cyMuupoBanie, B kavecThe

[ApHMEPa PacCMOTPHM Sasuciibie GyHEUMIL, NoAydYennble 0% yatayu 4). [Lag 3.n.¢. uncna
BCEX DOKPhITHR Mhl UMeeM ¢ 2 =1

z?

L = exp{z + 2

P ) (9)

Ilonaras y3 = 1, y1 = y3 = 0, Mu nonyyars 2.M.¢. AN NOKPHTHE JBYYIONhIIHKAMER,
APYrHME CIOBAMH A YHCTA COBEPUICHHEX [OPOCONCTaHNA B Heaprpae < n >:

 ZE1a¥
eXp— =) —~—,
2 Jgu_;! -

CACAOBATENLRO, COOTBETCTRY IGHINE MIICTA €, HMCIKOT INAYCHNER

eamsy =0,

(2m)!
mizm
UTO, NOHATHO, AETKO NOAYHACTCT H IENOCPCUC TRCRIIO.

Ananoruuuo, ¢ y3 = y3 = 1, ¥y = 0 Mu noaycacs s.m.d. Ag dcna dpaxropon oprpaga
<< n >> Ger netens

Cim =

=135 (2m-1),

H 3TO 4MC0 - HHaye WiIcio Noacyt. ooy 603 MHBAPHANTILIX JICMEH ToB Han mcno Gec-
MOPAOKos - HMeeT IHaYCHAe

ofiino nocryvaemoe nitem my rem |3, [4].

Ina pewenun sanaun 3), T.e. onpenctenns Mca GakTOPoR (o B < B >, B Ka'tec ree
GaancHO QYK MBI IMeeM

. 1
L3)=3L09).

TAK KdK KamOMYy FAMHIbTCHOBY UHMKNY COOTHCTCIBYIOT [IHA 1daMINILTOHUBIIX KuUETYpa.
Tlonaras 8 (9) ¥ = y3 = 0, ya = L, MW noayuacs

- 1 pd I*
[=———exp(-1 -2, (o
T Tz Ty T )
Hns pacucta XONKPOTHLIX WAHCHULL £y MOKPM UCKATL PR AN (LA:

(10} nact
21 - :)ﬂ = L.
dr



H NQRCTARTER

ME OOTY4YaeM

—1n -2
= (n =)y + = ’_2‘" LIPS

Tak kak &, = 0 npu n < 3, €3 = |, TO AFPBHLI HCNYNCBLMA HIAYSNHAMH £, ABIIOTCR
chenyoLHe:

n |3[4][&65[6]| 7 4
€ |1 12 | 70 | 165 | 3507

]

[ns oritomennr A, 4ncia HakTOPOR K HUCHY '-‘]—‘ FAMHUABTOUORIWN LIHKNOB MId HMECM

PEKYPPEITHOE COOTHOWICIME

. , 1
A=A+ ml\n‘a-
HpH 1eM
Aa=M=A=1
Cnenosatenuno, npu n > 6
Ao > 1 +}: 2(1

T.e. TPH 1 — 5C, Kak 1l CACIORANO DKBAATL, A, HCOTPAHHYCIRO BOIPACTACT.

Mut toayacy e oy MonagHERILNW COOTIOUICHINT TropeMId, eCTH UK MAKNOR
KOMINOUCILTIL THIA A PACCMATPIRACM HCRQTOPWI AJUILTHBINGE BeEC Jy, HANPHMCD YUCao
Bepuitn faunoft ereneind. Torsta see nokpurns Gyact €yMMoR Becow 1o kumnoteut. B
TAKOM CY'MAC B KaveoThe Garuenoft 2.1, cerectheins Gpath

e ¥
LIk =) f"—llh]x"y""
o
Npn yysiosennn Takix iy nkini € rencin g GyAYT CYMMUPORATLOR, CGI/ORATCILIO, 3TH
TR B PAIOACHIAX BpAnIX ac 1ed [6), (7] 0 (8) Gyy T pasHIl BCaM cooTRETOTRY K-
nuex kosmnoteu T, Honaras ae y pasiias cAmiiie, MId CHOBR OIYMAM .01, VIR HOACHCTA

CIA BTEX COUTRCTCTBYIONINK BukpraTiil.

Takyws Beconyio HepesCHIYI ¥ A GYICM BCRAILMBATL B QWY IoeM naparpade
NN AT T, e meaynx wepunnt, Jlongrio, B cayuae NanofnocTH, MOKHG Takxe
PACCMATPIHATL 006OR KOMUICRT AJUITHRIG BECUR, IABRRMED, MACa BePLLTH CTENCIm
D20, Ka kit s 10 Bpette Tani g L€ JEUSTEMH CHOl G TEARHOR NepeMeunon y, a
TakAe HPOWIRGIN L HOXMILe  CHE SACTHHIGS CYMMIPORAIINA, NOVIAFAR BCC ¥, WU NeKo-

TOPLE 08 HHX pPASIIIMEL e JTHIETES
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2. Yncno pepenven m k-acpeBLed € ¥ BUCIUUMK BOPLUNNIAMH

Ileperom B nannMefiteM HaILBAETCA TOALKO COOTBCTCTBYIONIMA YacTHUMKA rpaf
{AHaue NrPeBO-0CTOB) PACCMATPUBAGMOINO HEOPrpada, Tee. BCOTO < N > AW ompe-
nenenxoro ero noarpadga < n’ >. [lokpuTue € A ROMDOIEHTAMI, Kaklal Ut KOTOPLIX
SATICTCR OCPCBOM ANE CBOCIO MIOACCTBA BEPMLMK, 3T0 k-ACpeBo, TaK 4TO 1-OrpCBO - 3TO
ACpeBo NNd Bcero < n >,

PekyppenTiioce COOTHOWEHHE MK MUCAa L, € ¥ BHCAMHMA BeDIHNAMY K 1 2 3 MOKHO
HONYy4HTh cneayioniy obpaios. Mul cocTARNIREM ARYME CNOCOBaMA CIHCOK BOCY ICPERLEB
T ¢ v Bca My pebpamy, TOUHC GHO B3 KOTOPHIX CHAbXENO NOMETHOR, IIpITMEHAY IDPHeM,
AHANOTHYHKA JOKRIATENLCTBY TeopeMid. Bo-Nepsux, B cincke aeex [, hepenben Ge)
noMeToK GepeM Kanfoe B v IKIEMIAAPAX U B KAKAOM W3 X CliabkaeM NOMeT kol apyroe
Bucayce pebpo. Beero nonyvaem vig, TAKMX QUMCUCHIILIX JIEDCBLEB.

C npyrofi cToponn, ectw pepess T nseeT nomeweitnoe pefipo (a,8) n a  Bncavas
BEpUNIA, TO, OTOPACKBAZ 3TC PeBPO W 3Ty BEPIWINHY, ME NOAYHaeM aepebo 77 nan noa-
Horo rpadha ¢ MuokecTaoM sepmni X \ a, y koroporo Bepunia b 160 Bucsvan, :Aubo
HeT. [losToMy HMecM Tak e ey 101Nl CMocol COCTARICHING CNHrKA BCeX T0 B < 0 > wa-
GHpaeM BepLIlY 4. HTO MOAHO cnenaTh n cnocobasit. [lanee B < n—1 > co MiosecTROM
pepwan X \ a:

1) fno1, pariisHbMit ciocobami sufupacy nepeso T ¢ v sucgunstn pepiunnamu; aag
KA UTO M1 HHX HMCEM ¥ BOIMOAHOCTEN BWGUDA Q/IKOR BUCAUCH BUDILIHIL B KatocTye b

2) thoru-1t PAMIHNHEMYE cO0CoGamy BuIGupasy acpese T ¢ v — 1 BUCAYER BCPLUNHOR
H IS K3KNOTO I3 HUX WMecM i — 1 — (¥ — 1) = 1 — ¢ ciecobon miibupa ool HeBncs e
BepUIHIN B Ka'eCThRe b.

Takm oGpaloM ML TOAYHACM

Vlay = f[ttay. + {0 — ¥)aci-1] (11}

npian > 3.

npll n S 2, QUPBHAHO, MPENLIUVILNE DACCYMRNECNINWT NC EPIMCHMIL, naecer
mecTe. IMeI0TCR TouLO TRA HCNYICBLIX AR

tl.‘ = 1\ r2.]=l|

eLNH HIONIPORAINIY YO MP"-[“")', Kax 1o obnulo Aestactce, ©° NOJEPeRssT,
Ina n 2 3 wenynepuie b, . nonyuaesm, cc:

2L pr<n—1.
NpH YeM
"!
=y (1)
OTH 3uaveids Nerko NOAYYAITCH NeHoreictpetiio. [N amioll FasumionupGit e
B < T > COOTBCTCTBYIOT ABC PALLNNLIC HOPOCTAHOBKIL 4 1IOMEDOB Ae PTG jejachoi o

BEPULHMLGE clenient 7 — | onpencieno aalopos w100 sepurinm o run, ammio v
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ucnonbionaTe (11}, roe ang v = 2 axnynApyerce BTOPO? CIaraemow B kBAOpPaTHOR ckobie,
anpr v =n—1 neppoe cnaraemoce. (11) n (14) anoT:

ton-2 =n(n— 1)‘2“-3 - l]- (15)
Manaras
n!
tay = —8(n=2,n —v), (16)
.
MU Tiontyyaem w3 (14)
sfn=2,1)=1 (n

npan>3 u npeobpasyercl B
sn=-2n—y¢)=s{n-n—v—-1)+(n=v)s(n=3,n-v}, (18}

YTO, C TONHOCTBIO A0 ofo3HayeHAll NapaMeTpOB, CORNANAET € PEKYPPEHTHRM COOTHOILE-
HHex nnd ahcen Crupaunra sToporo pana [[3], ¢Tp.44].

B cuny th. =0, (17) u (18) Benuynnm s(n—2,n —v) B (16) SBASIOTCE 3T 4MR YHcHaMY
CTupiuAra ¢ yKa3aHHHME T8 HHX N8PaMETPaMA.

HekoTopute ymatenns by,

v

n 2 3 4 s 6 7| a?
3 3 0 0 T 00 3
4 12 1 0 6 0 0 16
s| 60 60 5 ¢ 0 0| 125
6| 360 7220 210 6§ 0 0) 129
7| 2520 8400 5250 630 T O 16807
820160 100800 109200 30240 1736 8| 262144

MMocaeauni cTonbew conepANT CyMMu N0 CTPOKAM, T.€. THCITR BLEX JEPEBLLB,
Inx 3.0.¢.

o n=1

Flz,y)=3) % ""z“y'—-zy += f'(3y +y")+.. (19)

nxld v=l

coaThowenue (11), ¢ yyeTom nepanix waesor & (19), NaeT ypaeHeHue B YaCTHLIX DPOH)
BONHEIX

aF 8F
Pt (- -1y — + 2% =0. 20
iartl-ayts Ngy +Y (20)
Symuues F(r,y) oasoIHa R0 onpeneseTCR ITHM YPABHCHHEM B YCIUBHEM
F(x,0) =

A B KOReYHOM BHAe MOdeT GuTh BlupaXeRia NOCPencTBOM napaMeTpHieckoro apeacTtas-
JICHRA

-R 2(y—1)
{ Re . zerlrt), 20

= R—%R’—:+-}z’-—:’y.
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ITpu 3ToM cooTBeTCTBYIOWAE APYT OPYCY BOTBYM 3Havenndt R u * smbupawTcs Tak,
| ol

R=r pu y=0. (22)
Hobannan x F unenw, cooTseTeTymie mavennan (12), Mu nonyuaem Basucnymo
Pynkuino N Aa 9KciB Brex QepeBLEB € N NPOHYMEPOBAHH LIMH BEPUHHAMK, #3 KOTOPBIX

BICETIHE:
Re R retrY),
{ N Fry+ iy (23)
R-I1R+(y-1ir+ Ly - )2,

UpH 3ToM onsTe cobmonacres (22), (20) naer

IN aN
[ il — 1) - L
S +(—2y+x; I)Oy +z+(y-1)z* =0 (24)
Coornoutenna {21) » (23) xomnak Taw, Ho nexpHL. B oracasntx cnyvasx Gonee yaos-
HLMU MOTYT BLITh COOTHOUWIERHE APYTHY BIWIOB, KOTOPHE MOAHNO NOAYHHTH u3 (20) u (24).
Tax, nanpumep, noaaran
o
F= Z Pu(T)y",
v=1

Mhl OOTY AL

1‘"“0-(-")

P =B
rae

Qalz) = Quiz) = 1,
A farbuediive nonMHOME QL(F) cTrnenn v — 3 ¢ uenouucnenHuME KoMDPauTEeBTAMY
OIpEneROICE PCYPPEHTHIAL €00 THOWPHNEM

d v
Qa=[{2r-4)z2+1]Q. +z(—2+1) ﬁ_ .
Hanpnwmep,

Q4 =1 +2-|3.

Qs =1+ 81 + 627,
Qe =1+ 22r + 585" + 242,

cTaptonlt Koxdupuunent B Q. pasen (v — 2)!, caobennmil wiek enHHnue, 3
G(1)=3 5.7 ..-{2v-8).

Ha ocHOBE TeopeMul i 3aMeTAHMA O Berax, 3.0.¢). A% k-REPEBRCR € v BHCTUHMIL BEDPUIH-

HAMH PABHA
(V) )

Ny = T {23)

Yuuoxag (24) ua (M), yu nonyvaem neueftEce GIBOPOLNOE COOTHOMICHIE MeXnY

QACTHHME npoMIsomuuiMy Ni 4 GyRxuBed N,_;, KOTOpOr MOXEM RCHOMRIOBATE ANT 0O-

NY9enuN PAITUYHAIN PeXYPPeHTHMX cooTHomennh. Taxmu ofparos MmO, HanpUMED,
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MONYNATE COOTHOUICUNE fUtt yucna b, , 2-D0penct B € A > € sUCHYHMK BEPWHITAME
(mepiunna r, d(r) =0 Bucavaa):

nfn— 112
—!n—’l.b—i-

Vb = nlvbooru +(n = V)bacsuni + ——

llexoTupiae waveuns b, .

v

nl2 1 4 3 6 7 a3
2(1 0 [} 0 0 0 1
] 3 0 0 0 0 1
410 12 3 0 0 0 15
510 0 50 1] 0 0 110
610 60 630 90 1] 0 1080
710 2320 750 150 147 0] 1177
R0 20160 Y2400 75600 12320 224 | 200704

Hocacuunl cTon661 OOBTL COMCPKRT CYMME O CTPOKAM, T.C. PACCMATPHBACMIE HE-
AF UNCAR T, 7 WA - jwpenLen B < 1 >,

33 «cobuix cholic T fepeRten c B = | M A = 2 hauaio TabHUL HECKO/ILEG ILEpery-
Aapho, & obiune couTUeHES a8 b, BEPHE TONLAC HAYHHAN C BOCTATOMNO Gonbuiol
n. Tax, naapusep. jwnsko npe a2 5 umees

win 1)

[ 7 bna=2""n(n—){n? —n+6)—2""'n(n - 1)%.

3. Yucno seex k-pepesnen

Obitees MMcI10 BOeX k- Nepesuen Fpapa < 0 > 060IHANMM HEPe T,y 4. ITO MU0 MOKHO
NUAYHITE, CYMMHPY R N0 ACEOM COGTBETCTBY FLIHM ¥ YHCIA TAKHX ACPCBLAS € U BACTIRMM
PEDLIRHAMM, H10 ML ACTATH & TAGIILAK NPEALayLIero Maparpadba.

“FacnonFiuaisHAl BopOAfARLAS (BYRKIKE

1‘5 = E %I. l26]

LL L]

njryuaeicn Wy [29) w (22), nonarae y = |, wro oaer

Re®=r R—0 npur—0, (27)
T=I=H- %R’. (24)

T* )
NE (29)

(1 MeTHM. 1To pyHAtes R, hoTop o onpeneineT cooThalvende (2T), 3To v.a.d. ana
YHCAA ROpICHEIX NepeBbrB, ITo GVHE LME TONYHAFTCN HHEM Ny Ted | dajobue decieny-
ercn s (4l
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Huitee RupaKcHRS 40K T, ), MOMHO NOJYYHTE, HCHOMNBIY S CBOACTBA BIJMFTUR AHANY-

THACRRX DYy HALKA:
e

ful
nl H"’lkt -u]

(30}

©ynxuna R(r), oupesenennan cooTHawenikeM (27), perynupia 8 oK pecTHOCTH HAYATTL-
HoR Tousn miockorTH r. Kontypy €, oxsarusaumieny 31y 1ouxy, 8 niwckoctw B coor-
BeTCTBYE T anann] niund souTyp (7 Hosvomy, npeacvannss upasyw vacts (30) seper
unTerpan uo koutypy ' u nepexons k unterpuposaiimn o ) ML B KolleuHoM cyeTe
YOTAHABIHBACM, UTO BENUNHKHA
2b"!fnlh

pasHa kowppuunenty npsn ® pavonenwn n pag Jlopata oo creitenk A pupakennn
a2 - R)* (1 - R

Cnenosatennio,

Pty = """‘"n!g(—mk m(f) (n"’"""

TETES )

One k=1 Ml DOSYYACM BIBECTHOC MIAMEHHE NN YUCTTA DEPERLER B < 0 >
Y
n-3

Tag =n ]

& 408 AANBHERIUMX sHANCuuR k:

e Y [ 32
rae Fi(n) nonuuom crenesmd k — 1 ¢ neacumeaeRuuMn koddapuunentavu. B uacruocts,
faa = 3(n = 1) + 6=, ()

ras = 3ln = )i = 2)(n? + 3 + 60",

Pin) = n® + 2la? + 202n + 310,
*Fi(n) = n' 4 30n> 4 4510 + 38460 + 15120,
Pa(n} = n* + 40m* + 835n> + 109600 + BT636n + 332640,

Pyny=n""+ %U: —1)(k + 10)n* 7+
+2L4(k ~ 1)(k ~ 2)(34&™ + 6Tk + 492" 24

+;l§[k —1)(k — 2)(E = 3)(® + ITE + 551k « 3T16n*~ 4 ..
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I TH IHANFITHA MOAHO MONYYHTE HelOCpec Taenso Wl (31) nan e urtoanonaTh pe-
KYPI#ITIGE COOTHONLEHER ANS T, . J103 (0syvenns nocaenimix oBomaanm v prxosM
audupepentiponaine no inr: of

f =5

Torpa nngupepenunposanne (27) u (28) snet T* = H, coepomaTenuno, (1) Mokno NucaTh
A BASW

™ =21 -2 {4}

Fimdwpepenunpyu 2o cootTuomense 1 YIMTWRAr (M) ey anTaT MOKIK HALHCATE B
WH e

T =T 1 =0T (35)
Torua
(P = 1 4 5T — 6T
nro s chay = Uy nae
tr g = {n' 400
caegopa belinho, gropavay (33,
Mpa & = 2w cnay (M) w (35) s maeen
U RN A T R S TR T 1 1Y
B T O Y T Y R TY TF S ) i
P BTE ST A

Hpene vamasid i s oanme seens 77 seper conrmesonviomie 1,0 s oy aes

PRSI WO GO DI JLIH R e ] TN 1OTGH Db O ACHUR THRCHIIITRX, RO TOfH RS flae T
LESTRITITN

2k th 1)tk [ 3¢ {36)

A sErenueriste e i i e LAt AR R B D) Dpaaide a1 i
PERC I CAVIOIY L)

Yin -tk WA (47)
(1)

Mer i Mo LA L. ST HHIIANA O G
[ TR bRl T LN MO L

i

w1 PABHO UHEL


file:////i/k
file://-//n-tk
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Pasunocrs (1‘) — Tma-k PEBHA SACSY coNeTRRKR pefiep rpaga < n > no &, xamace n3
KOTOpLIX CONCPMKT Bee pebpa XoTs Gkl GLIOIO UMK/,
HexoTopue snavenas 7, ;-

1296 1080 115 105 15 1
16807 14377 5250 1k05 210 21
262144 200704 76G03  IBRGS 42N 273

k
n 1 2 a 94 3 6
2 1 1 0 0 Q [}
3 3 3 1 ¢ 0 Q
4 16 15 b 1 ¢ 0
5 125 110 45 10 1 0
6
7
8

Cnucok nureparyph

[} Bepa K. Tropna rpados 1 ce npusenenn Mo WL 1967,

[2] Fwkon A A Tropue konewnwx rpadon 1. Howoo ubupen: Hayka,
[1] Puopasn la. Bornrnue b womGunaropuud anmmy. M. KL 1960

(4] Xona M. KomGuHartopusa. M. Mup, 1970,

E. Grinberg. On the number of decompaosing coverings of complete graphs,

Sumanary o this work the author [ormulates and proves thesrein, which allowa
enutnerate subgraphs of a complet: raph

LYU1 Mue 0510

E.Grinbergs. Pilna grafa sndaloso phcklajume skaits.
Anotacija. Haksta tick furnileta pieradita teorema. ar har Niimaka
prlua grala lady apakegraly skitu

TarRsae ks vingwepea te

IMura. FoPaiiim: 9


http://pieia.hu
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O uymene pewennll xpacnoh 3a0A4N )18 CHCTEMM ABYX
AndppepenUNANLHMX YPpARHenE BTOPOrfo NOPRANA.

O.1L 3ananna

AnnoTauma. [luayuensd Girnkn SACLA pelieHul KPArALIX SARAY AN CHC TEsE
" Fotoe)y r Fop) + Ut e y),

»

v (it y) v Vit 1y,

roe dyusimin FiL Fy G R £ AckMIDGI e e SneRdig 0o npuaaiesat saacy CT
pyrnditiy 7w Vo pankaelid,  wparsisi 31 A0RHEMEE LBYX BRI

rlay= 4, sa)= L, yla) = " r(n)=D

rlur= A yiay= B, y'la)y=C, 2(by = 1.
MK ST ey

1 Beegenune
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lpofinema niyuacTcs B NpeanoncAcHEn, YTo cyuwectsyer pewehne (£(¢),n(l)) xpa-
esol ranaum (1),(2), dyaxunu Fy, Fy, 67 0 C) acumMnToTUYCCKR AMHERHM, TAKWE YTO
cyLiecTRYIOT Npenent

. hr) . Raey)
g B s g B0
Iim G.(“I) = g.lt}. lim ci(!‘_v] = ‘)?“)
[ PYRNSY T lpl === v

pasromepo 1o £ € [, 8], a dynkumn U u ¥V orpanawenw.
Kak uncThHA ciyvafh cHcTeMi {1}, PRCHMATPUSAETCS KParBAR JANAYA 1IN ¥ PABHPHWA
YeTBEPTOrO NopasKa

A= G 2) + Gt Y+ V(L ) {1
ria) = A, J"[u] =8B, rua)y=C. zb}=0D, {4)
roe pyHkndu 1 (g ACHMITOTHNOCKH NHICRIN, EYUIIC TRYRVT NIpejie!
Gy L Glhy)
L

pasnomepto wo € € [a,b]. a pynsuns Voot pannuena
Hanuuue pemenns xpacsod sanaiu (1).(2) nossoise r nepefitn o1 neamicinoil ned-
pepunupaninHofi cucteMul {1} & AWICRANOR CHOTeMe
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cucTeMis (1) oTHocuTensHo pewenus (£(1).7(t)).

= P+ Faeanz + Gen + g,
v G o+ Feams s BB + Fnemw.

Kax noxasano » pabore, ana |7| — oo HOpMHpoBAHROE pelleHue cMcTeumul (3) eTpe-
MUTEE K PEILUCHHIC RPEOETLHOR CHCTEMbL

{-"" = filt)z + Ay,
¢

{7

(8)
PAGER NS

Cpabhuead Nosepense pewenndt cucTemu (3) B6nH3n Hyns H Ha BeckoHeumocTH, Mu
nonyyacs HeoGXOMMYI0 oueHKy. Briepaaie waes cpasHcHES MOBENEHEE PEMEHNHA CUCTeMN
s6am3N NYNS A Ha GECKOHEYHOCTH OANE NONYUYENNE OUEHOK YHCILA peuicHHB Guna Menone-
sosana A.[leposnis a pafore [I], rae mconenoBasiack cHeTEMa ABYXN ypasHuchul nepsoro
nopaaxa ¢ kpacurmn ycaoskami Tuna Ulcypaa-lluysnas. Jasiee 3101 Meran ucnonuso-
BANCE NPE WCCACAOBANMA PANIHSHEX THIIOBM HenHheRitWX ypasHesnd B pabotax (4], [6],
{71, 81, 9}, [10]. {3).

OcHostble MAINTHE H onpehesienns, KOTOPhIE HCHATEIYIOTCE B Aaliod paboTe, TaHu
cornacwo crateam (1], 2]

CrpyxTypa paboTh CReqyIOMAS,

Bo propolt MACTH MK ONMCKAAEM KNACC BCCTeNyeMLIR MAJAY M DpHBoaMM uweobxanu-
Mule onpeneneius. B TpeTied dacTh paloTwl HOpMYNTHPYIOTCE M NOKRILBRIOTCE BCAOMO-
CATE/LIbE Ppe1y b TATH. B yeTBepTOR HacTH ¢HOPMYIHPOBAH K NOXAIAH CAABHUR peayne
TAT 3ToR paBoTu. B nerofl yacts paboTw NOKAIH TISBHEA pelyiLTAT ANS ypaBHeHMA
YeTaepTOro fropaaka (3) c xparatimy ycnosuamu (1), B wectolt yacTu paloTw noxasan
FAABHEIA PEIYNETAT LN cACTEM (1) € APYTHMK KpaerbiMn yeTosnamd. B cennmoft HacTe
PAGOTH OPHBEOCHL NPHMEPL! KPALROR AAAYN MI1E CHCTEME H TN YPABHEHAS YETICPTOIG
nopanxs.

2 Knace MccneayempiX 3ana4d H onpeaeieHus

B paBore uccnenyercy xpaesas ansda (1),(2) » npeanonoxenun, 9o

(A1) FL,F5,G1,Ga [e,blnR— R, UV [a,b]xR'— R, 1 ax4acTree npoussanuse
M0 T K J SATSIOTCE HEOPEPRBRLIMN (YHKHUMNEMK;

(A2} cvitecTayer pemenne (§({),7(¢)) xpacmok sanavu {1),(2);

{A3) naw nobux (1, y) € (a. b] x R? swDONHAETCE HEPABRACTBO

[( F (t, N+ 5 (f E y))z+( ™ (f-r)+ H(f z v))v]

E’(!-vH %y‘i(l.r.u))y] >0

1 [(?ﬁu )+ aa—;u.r.ynur.
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(Ad) cymecreyior pannomepiue no t € |a,b] npenenw

I'l'l_'}!‘ F‘(:‘I) = filt), |'|Ii1"= fi(';—'!‘) = fa(1),
LG, . Ghale,
"llliltlm %:) = qif) |lt||l£n‘n __:{;__y_) = ga(th

(AB) cymecTayer passomeprud no t € [a, b] openen

mn U(l,!.y)-{-"(l.:,y) =
R RMEES |z + fu)

0.

Yenosnme (A1) ober - inaeT cyiucd rAOBANENE M eARHCTBEHROCTL peltenns anavi Ko
WH, 4T SSIRCTCA N LIMBMM QIS dccenonanus annclinod 1anaun (5), (6). Kpome
TOID, 3T YC(rodMe OOFCNEURBAFT MEMD VWBHYIO JARNCHMOCTR pewicHuR 3aaayn Koww ot
HAYANBHLIX IAHHIAX.

B pafiore [2] K.Kprar ssagut yo.wsse {A3), kuTopor oBeCHCHMBACT KpyNeHBe pe-
wennl simnelod cucTeMil ABYX RHPPCPCHUNATRNIIA Ypasnenal BTOPOIV THOpLIKs HA
nnockoc TR (1, ).

B nanuuedinem nay noTpely o TCE HEXOTOPLI® NOHATRE MY TCUPHN AMHEAMIN CHCTEM.
lloyToady, paccuoTpuM nuKelinyo cuc resy

7”7 = a(!)-l‘ + b(”v.
9
s ct)r + d(t)y.

Ilas neenewaanus peutennd cie Tesi yaobno nepeBTH K DONBPHLIM KOUPAMNATAM B
BBLCTM [OMETHE YI/Ha0R GyHKUHE DriUCHUN,

llepexan & DUASPHLM MOUPAMKATEM ¥ MCNONLMOBAHME TEKHMKM YOH0BOR dyHh MK
ascrpeasetor 5 pabore A.lleposa [1]. B paboTe mais Tea HoNPILe KOUPIRHATL COPAMNO

(2)-

(1) = () sn 8(1), p(t) = r(t)cos8(t), »¥I(t) = £7(2) + y'{1),

y(t)
ctgb(t) = r (10)
Onpenenenxe 1 (K.Kreith) Mycms (5(1},p(1)) prwenne cucrmenn (9), ouprdeieunce
no uumepsase {0, b]. Ecaw £7() + p?() > 0 dur i € (a.b], mo Fynxnuw 1} Syden
nImsams yiaoscd Pynnuued prucuus cucmeasin {9).

Pemcnne cucTeru (9}, yOoRne rROpAOIIEE HANAIEHLIM ¥O10BMaM (6], B Tepuitax 0o
REPALIX KOOPAMHAT AOTAHO YAORIETBOPATE CAGAY I MM HAUATaHM M VCIONMEM

r(a) = 0, F'{a) = 7, #a) = 0.
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Onpenencuue 2 (K. Kreith} a, € (0,8} warsesemcs n-o@ conpswennod x { =
o moukod omNocumcasxe cucmeans (9), ccaw cpuecmayem NempusudasHoe peuweNue
(£(1), (1)) cucmemm, maxoe ymo r(t) warem n — | uyced na unmepsase (g, on), npu-
e 0 mowKe | = a IMO PeuiEKUE CuCTEMb wdeem mpobnod wyds u r{a) = 1, 6 moxxe
t=a, z{a,) =10, e mouxe t =b z(b) #0.

AHABOMHUNO ML) MOKEM COPMYTHPORATE NOHETHE COMPIKPHUCH TOMKH ANA Oudie-
PEHUAANLIIONO ¥ PARHCHHE YETBEPTOrO OOPAOkA.

Onpenenenne 3 (Leighton-Nehari) a, € (a,b) woomecaemes n-od conpracessod x
(= a moexold OMNOCUMEIBHG AUNCENOZO YPAONEXUSE YeMmeepMo20 Roprdxa

= = g (t)x + ga(t)r", (11)

ECAN CYtyECMBYEIN NEMpuUBuUAAbNOE pewienue (1) ypasnexus, maxoe wmo x(l) umeem
=1 sy.ted ua unmepease (a,a,), npuves 8 moNKet = a Mo peuienue uMeem mpoinod
Kyas ur'{a)=1, o moune t = a, rl(o,) =0, s mouxet =b r(b) # 0.

Jamevanne. s ypasrenns (11) noisprme KCOPANHATH BBOLITCH AHATOFYYHO NO-
ASPNLIM KOOPIAWHATAM CHCTEMB ypaswennfl, roe y(t) = ().
B pabore [2] K.KpeliT BRonET HexoTopyo dyNkaHIO

#(t) = 2'(t)y(t) ~ z(e)y'(e). (12}

¥Ycnoaue (A3} >ususanenTHo Tomy, uTe ¢'(¢) > 0 ank ¢ € {(a,8]. D10 ycnomue obec-
hesupaeT cnupancobpasioe AskkeHue pewrenuil cucTeMid (9) wa nnockocTy (7,y).

3 Bcnomoraresnbnne pe3ynsTaThl

Jlemma 3.1 Kawmdouy peuiewun (X(1), Y (1)) sadauu Kowu {5),(6) ydosaemenpawweny
ycaosuo N{b) = 0, coomsemcmayem pewenue xpacsod 3adavu (1},(2).

NoxaratenncTno. {lo nocrpoerne z(t) = X{8) + £(1), y(t) = Y(t) + n(¢), rae
Lr(t), y(f)) pewenwe cucTemm (1), yHOBNETBODIWOUICE HAYATEKBIM ycftopdaM r(e} =
A, r'la) = B, y(a) = C, y'a) =9'la) + 1.

¥eiomne X(4) =0 wiever z(b) = D,

Takus obpasom, (r(t), y(t)) senzeTcn pewennest kpaesoh vanauu (1),(2).

Jlemma 3.2 [Jax |3] — oc wopMuposannoe pewenue cucmess (5}, ydostemsopawouiee
NONQILHDIK yeaseuss (6), cmpeaumcs x peuenusw npededsuod cucmesns (8), ydoa.ie-
TNBOPIIOUEMY HANDAENLLM YCADOUSM

ra) =0, r'fe)=0, yla)=0, y(a)=1. {13}

Hokasteasctao. (ycte (X{i], V(1)) pewenne yanavy Kown (5),(6). Pacemorpun
HOPAMI poBakHOe pelueiie cacTema (5} (z(t), w(t)).

1
by = . N =-Y t, .
=Xy, wt) " ()

-
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Hopunposanioe penenne (z(t), w(!)) yaosneTsopier cucTeme

o o= Ay - RO, Rltawtg) - B,

+ UUJJ‘ + {17“’ + '.P) - U(‘-(- ﬂ)
¥ 1

‘ (19)
w® G.(l,7z+{’)-61(m+ Gﬂl,1w+$)—(:,(!,q)+

+ Ytz + mw; ) - V{4 £.9)
£ HANANLILIM YeroBias
20a) =0, #(a)=0, w(a}=0 w{a)=1) (15)
TIpn |7} — oo no ycnosnam (A4),( \3) cuctema (14) npumer arx
[ " h(0z + fH()w + eft; 1),

(16)
w” ai(t}z + ga(hw + &{t;7),

roe
dtiy) = L) _ Fied)  Alton) | Aloel)
! P) 1 1
+U(!-1= + &) yw +a(e)) = U(LE). n{n)}
7
Stn) = alt)() _ Gi(t.€(1) _ Galt.n(t)) + glthn(t)
1 2l 7 7
+V(l. 32+ {{t). yw + nit)) - V('.El!).u(i))l
¥

Cpanuum cuctemy (16} ¢ nadanbrmmu yorosuamn (15) ¢ npenennuoll cuctemod (3) u
AHATOTHMHEME HANAJILHLIME Y CAGRUEMA,
Nycre u(t) = =(t) — (), v{t) = w(t) - p{f).
Nonyuses cucremy
{ u' o filthut fa(the +e(tiq)
(17)

v ail)u + galt)v + 8(t:7)
€ RYNEBLIME HAYATLAMMH Yoaosnaun u(a) = 0, u'{a) = 0, v(a) =0, v(a} = 0.

Henonpays "dopuyny BapuaAUN ot TORHERX" AN AHRcAHOD HEORNIOPONKOA CHCTEMB,
pelerne GyneT EMeTER BRA

(1) = W()W™"(a)z(a) +j_' W(OW =" (a)h(s)ds.
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roe z(t) = (u(t)v(t)), W(t)— wmarpuua Bpoucxoro,
h(2) = (e(t: 7). 8(64))-
TaK KRk MU HMECM RYNeBLIe HaYAJILHLIE YCIOARN, TO

:u):f.' W (OW ™" (a)h{a)da.

Mpu || — a0 A{t;4) — 0 paenomepno no {, cnencaaTenuno, cuetema (17) npu 9] —
0O EMEET UL TphhNanbioe peureane u(l) = 0, v{t) = 0 nas nwboro t € [a,b].

Taxum ofipazom, I [4] — o¢ HopMUpoBAHOE pricHue cAcTemMId (5) cTpeMuTen ¥
pPeEWICHNIO fpencLHON cHeTemn (B).

Temma 3.3 ¢(t) crpozo aospacmanuar gywyus dae t € [a 8] u ¢(t) >0 dus i > u,
HoxasarenscTeo. Pucestorpum ¢'{t). llo ycaomuw (A3} &'(t) y(Ohr"() -
)y (1) > 0. Cac mareman, (1) crporo smpacTamitiag yuKIRs,
Tax kak ¢(a) N, 10 ¢{t) >0 mn l > a.
Nemma 8.4 8(1) cinpozo soapacmawwes Pynxyas das L € [a,b].
DNoxaatenscreo. Tax kak ¢(1) = (F{OF(1)), 10 (t) = r(HE1). o aemme 3.3
é(t) > 0, chenosar: o #(t) >0 naat > a

Crenobatenbiu, Y(1) cTpoUre MAPACTAKINAE DY HKILAA.

Mesmun 3.5 Jwobor wempustasune pouicuur sadaun Koww (5),(6) wsrrin vy Goare ad-
n0e0 dAVINAZD HYAS.

NoxasaTerscren. K tg Asofinod ny:n peuicnna, X{ta) = Y{y) = 0. ¢lly) =
N)V (ta) = X (1) ¥ (te) = 0.
Tak kak ¢(«) =0 u o/} g oGore € a, Tu by == a.

Takum OOt s, 0G0e 1te1 pHAKLLLIUE peateldte 3ae e Ko (5),06) imeer ieoinmof
HYJh B TOUKE | == g, @ WOC OF TAILNKE NYIN NATHIOTUN DO ) 1dMiL

Hemma 3.8 4(1: fu.bl £ ft nenprprisnay gﬁyum(ui Ao raaoKyuNDemy |

NoxasaTenvcreo. Nyern (X4 4) YVitiy)) pewenne cnevesid (5), VHUBC T BOPHR-
Hata LM s (6). 1 y) viionas VI o Lo (eitie .

[F Ay -
Bt L) LYRETIER LS [ i"'"*!u'l

T

ERUC A LT TRININ BD O TeOpesMe O en|H PLIRIGH TARHCHMOrTH

POTHCIILE 4t ol o AL JLaR
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4 I'naBumii peayanTaTt

Teopesa 4.1 flyeme emnoansomes yeacoux (Al}-(AB). [fyems, xpoue mozo, rucme-
mo ypaswewul s odpuayusr (T} wmeem n moves conpracekrwr k1 = a, a nprdeavuas
cucnrma (8) umeern £ movex, conpamensniz x £ = g, We uwmeponae (a,b). Hpuven
k#n.

T'oxda xpacsas 3adava (1),(2) wmerm ne smenee 20k —n| + 1 pewenud.

HoxkmiaTensctso. Pacemotrpum pewenwne (N (2), Y (1)) wmaauun Kow (5), (6). hynem
HIMEHATH IHaYeHue ¥ oT 0 g0 +20.

Nns 4 Gauskux k nymo yrnobas gyHkuna 6{¢;y) petnenns vanaun Koum (7),(6) yno-
BICTBOPAET YCI0BHIO

nx < (b 4) < (n+ 1),
roe N Lenoc YHCNo.

Hna 4 — +oo yraosas dynxuun 8(¢; ) pewennn sanaun Ko (8),(6) ynowneyaopaey
yCcnomnio

kr < 0(biv) < (k+ 1)m,
rie k woaoe Mo,

Tax xak 8(h, ) nenpeplaBiag pyUKURE 0O <, TO 10 TEOPUME O (LPOME A Y TUMIIOM 1A
weinw O{b,4) = me, roe m € k+1,....n wnn m € n+1,. .,k B rasucHMocTH aT
IHBYENHE k KoL

Tanum obpasoM, Mid Boayuaesm |n — k| perieniui sajadn Komn (5), (6), yrosie o
putnex youosio X{b) = 0. llo acmme 1.1 Ka&aAoMy TAROMY PCUICHUIO COWEBSTCTBY T
peenne Kpacroi yanagan (1).(2).

[Ipu wameneduu 4 o1 —sc 1o O doayvaes ente (v — k| pewenai.

Tawunm obpasor, Kparuas wanata (1),(2) vseet we seetee 2o - k| + 8 peineni.

Ananoruunil eI TAT AR COCTEM I JRY X Y PARICIHE IEPROIT TOpRIRA TJIIROILIT N
i paGore A Tlepona [].

5 Kpaepas 3agaya IJA YPABHEHMA YETBEDPTOro mMo-
pAanka

B y1om naparpade s goxaseM dauende 1asmaro e
TOIG NORAKika

© KPP BRI YOTORHMMM CRCY KOTICTO RIS
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(E3) nns mobux ({,7,y) € (a,8] x R? suponHseTCN HepaseucTRO

=GR+ B a i + G G <o

(E4d) cymecTayor npepeis

(1) L Ll )
Jim ==l ln T = el

pannomepno oo f € [a, b].

(EB) cyuwr iuyeT npenen
Vit r, y)
nr
el4 e ms Ir[+ sl

pamiomepno un 1 € [a, b

Danee B pabo  (ac CYAYT HUTEPCCaBATE VPRANCHHC B8 BAPHBLAX 0TI HTCIIRIG pe-
urennn £(1)

ac av . , .
M=+ ) +{ ,.u 13 1+ uu’n {20)
HPOICALIGe Yo e
Y= gt 4 gl (21)
Quenmgiiio, uto VPAaRNeHNe L weprein Noisfika (1%) shanpaICIt g coere anyx
YPARBACHIA B 10010 OpANKA !
;Jl y
(22)
v INTERYIR

A K[Arhue VeToRds (19) s rakof cae Tesid By i e L ey onu miy
A Llay = 1, rih) = D (23)

Tax Kan wpacsaw vagtiasta 18101 JUIE Y PABICUIL e TR PILOTD IGERIKA IKHRBAICNT -
Ha hpachoil vt (220 03 st cle nesid YK VDAl Rioja o Hupaiha, 1o Bee
CRUMETRL PeWeTET cRe Tesd P22 O3 use b Mec Lo L peine il v panneans {18).

Kparpak s (220020) groiaeied Sac s cavitaen Kpacson agtan {1).02), rme
[T U A R VR

Rparaan 2t E2200EN NPRIALIC AT K RIACCY W rak Kan
aonun {AL)-(AS) voHy veaonnn (EL)-(ES)
Pannst vt 2w kpacaoi w0k ACAUHATEILND K U R PACROR G-
JIHU S R YN N R N TS TR HUNTATLINSTENA 11l
Teopema 5.1 aonnd (E1)-(ES) KMt TR, YU aNE -
l‘nll.ll! ws il hir l“nlnkf—

! Hprwem &,
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6 Jpyras xpaepas 3agavya

B 3ToM naparpadie M NOKAMEM, 4TO APEANCKEAHLIA METOM ACCIENOBAHNA NOAXOANT AR
CHCTEMEl NBYX OEdxbepeHUBANLHLX YPABHEHHA BTOPOrO MOPRAKS

{ ™ Az} + Fa(t,¢) + Ut 1),

{24)
' Gilt.z) + Galt,p) + V(t,z,y)
€ KPACBLIMH YCAOBMAMA CAEOYIOUIETO BULA
z(a)= A, yla)=B, y(a)=C, z(h)=D. (25)

Bynem asywaTh xpaesyw yanaqy {24),(25) » npennonoxcuun, YTo BLNGAHEKITCE Yo
sux (A1)-(AS).

Hanuure pewcuus xpaesod zanawn (24),{25) nosonser nepeitin or nennnernof
audppepepunanbiofl cucteMw (24) x annefinon cncreme {5), roe (£(L),7(1)) penenne
xpaepoft aapasn (24),(25), (z(t),¥(f)) pewenwe cuctemu (24), yuopneTpopsioulee Ha-
MANLHLIM YcnomMeMm z(e) = A4, y(a}) = B, y'(a) C,z'la) = £(a) + 3.7 € R,
X(t) = z(t) - £(e}, Y{¢) = p(t) — n(t).

Gynes neenenonate nobenenne peiseuh cheTemet (5), YAORICTHOPAWLIKY ChEAYIOUIUM
HaUANLILIM YCAOBHAM

X(@)=0, Y(a)=0, ¥'{a)=0 X'(a)=1, (26)

racy € R

Koxpuunentu cuctemul (5) sanmear o1 wHaverrdn = Jlin 4 Giasux Ky cu-
cTema (5) npeBpamaeTcs B COOTBETCTBY OILYIO CHOTCMY YPABICHURE B BapHaiurax (7) una
cHeTeMId (24) oTnocuTensre pewenns (E(t).n(L)).

lnam |y] ~ oo sopmupomaliHoe pelienye cHeTemnl {3) CIPEMUTAE K priuciiK OpeieAb-
Hofl cucTemg {§).

Jameyanne. B repMubax Moadpix KoopAmiaT POHeHRe RiaeRH0R
NOAANO YAOBNETAOPETL CNEAYIOIUHM HAYAILHLIM HIATEHIINM

r(a) =0, Fla) =+, O{a] = -

Jlemmn 8.1 Aawdomy pruwexwo (X(1). Y1) radawu Rt TGP -
My yeaosuwo X(b) =0, coomaememeaye m pemenne Kpcrnon

Jlokasare: TinO JIeMMLL AHANOD Wiio
Nemma 6.2 /lia |4 DO MOUPMUPOBHNNOE [ HIEHHTE

LA dhis e r0nesl () cmprane @ piuten

'Tll'\f].]Jll)(’H(l,‘l_',‘ LI SR LTI Y] yl".
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JNemun 8.3 §(t) empozo sospacmavwns Pyxxyus dart € [a,b] « ¢{{) > 0 dusrt > 0.
HoxaratenncTBo neMMbl ABATIOTHYHO BOYASATENLCTBY NeMME 3.).
Jemma 0.4 6{t) cmpozo soapacmawwacs gynryus das t € a, .
DoxaraTeNLcTao AcHMhl ANATIONEUHO SOKASATENLLTRY Jemstd J.4.

Nemma 8.5 Toboc nempusuaavnoe pewenue 3adavu Koww (5),(26) uutem we 6ouce

onozo deotinozo wyas.
L]

DNoka3aTenscTRO NeMMLI AHANOTHHHO AOKA3ATENLCTBY seMMbt 3.5,
Jlemua 6.0 (i) € {a,b] x R nenpepuienas fynxuus no cosoxynmocmu t u .

HokasatenteToo NeMmbl ABANOTHINO NOKAIATENLLTRY NeMME 3.6.

Taxuum ofpazom, ana kpaesod saqauu (24),(23) HateeT MecTO FNABHLIE peryALTAT pa-
GOTH.

Teopema 8.1 [Tyemo smnoangromes yeaoous (Al)-(AS3). Hycms, xpose mozo, cucme-
ata ypaoxenud & sapuayusr (7] uMeem T TRONEK CORPEMENNGLIE & | = 0, 8 Apededbrns
cucmesa (8) uucem k mouex, conpsacennnr x | = a, wa unmepaaae {a,b). Tpuves
k#n.

Tozda wpaesas 3adava (24),(25) useem we senee 2|k — n| + 1 pewenud.

7 IIpumepn
1. PaccmoTpRU KpaeByIo 1anauy [Uia ypasHeNus 4€TBEPTOrG MopaIKa
2 = —g(s), {28)
7 z(0) = 7'(0) = £"(8) = 0, z(x) = 0. (29)

l'lpennonoxm;, 4TO
(1) g: R R, g—z(.r) SATEIOTCA HeNpePLiBALIMY Gy HKIBIME;
(2) g(z) cTporo porpacTawwas dyunkuns, g{0) = 0;
() GLO) = 4kt
(4) glz) orpannvens:s Gpynxnus.
YpasneHue B BapHauiax HMeeT BEA
W = ~dk'z, (30}

a npeenLLoe ypasHeHite
=0 (31}



80

Ilam xpaesod tagauu (28),(29) sunonusotes ycnosus (E1)-{EB). Cnenonaventno,
KMeeT Mec o TeoprMa 5.1,
Paccmutpra peaichun anieAnmx ypassesuil (30) u (J1), yoosnersopaomnue navane-
LM YeoRHEN
r(0) = 2'{0) = 2"(0) = 0, £(0) = 1. (32)

Peurenne sanaun Kown (30).(32) r(t) = ét’ HE WMEET CONPEASHHLIX TOYCK HA HMH-

Teprane (0, x).
Janava Koww (31),(32) nMeeT peittenne

1 .
(M) = m(ch kt sinkt — sh ki coskt).

,(4):4% ekt 4+ ahV ki(ain (ki — ),

roe
ch bt sh ki

= rus _— =
Vehi bkt 4 shikt VeRTLt 4 aht bt
Tasum obpawm, ypasuenae » sapuaunsx (J0) umeer & — | conpakennyw Touky HA
HuTephane (0, x).
Cnenosatensno, no reopeme (5.1) kpacsas 1anaya (28), (29) umeer ne mence 2k — 1
peuienui.
2. PaccmoTpus kpacsyio 30084y 1108 CHCTEMW YpaiieHn A

sin 0 <.

Bz + f(y),
l (33)
¥ -g(r) + 8ky,
£(0) = £'(0) = 0, p(0) = 0, x(x) = 0. (M)

NMpeanonoanm, 4ro
a a N - ;
(1) f.g R— AR, Eé(-")‘ B%(:) AANEWTCL HCNPEPLIBILIME BYHKIHAMH;

(2} fly) crporo pospactaonias gyuxnua, f(0) = 0, g{r}) crporc sBIpac raula Gy Hk-
uns, ¢(0) = 0;

(3 oy =0, 99(0) = 94,

(4} J(p). g(r) orpastnuentuie gpynruun.
Cuctemn ypasiexiit B BapuaussX NMeeT BHA
i Bkir 4+ 1kly,
115}
y" —9k%r + 8kYy,

& DpenenLUAR CHCTEMA

z" 3Kz,
{ (36)

y' = Bkly
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Ilna xpacsod 3agsqu (33),(M) sunonumorcs youwosaz (Al1)-(AB). Crenosatenuas,
EMCeT MecTo Teopema 4.1
Paccmotpus pewenns nunefinux cacrem {35) u (36), ynosnersopaoinse HavamLumn
YCNOBRAM
2(0) = 2'(0) = y(0) = 0, y'(0) = 1. an

Pemenne ranaurx Komm (35),(37)

(0,

W) eh(kvE) @
[
B¢ HMECT COUPAKCHALYX Touex uA HHTepnane (0, x).
3anaqn Kown (36),(37) ameer pewmenue
z(t) sh 3kt - cos kt — Jch Ikt - sin ki,
{39)

yit) sh 3kt - cos kit + (% —3)ch Akt - sin ke,

Taxnm ofpasom, cacTema ypasieundl & papwaneax (35) wMeer t — | conpaxennyw
TONKY Ha muTepsane (0, 7).

Crenopatentno, 0o Teopesmse 4.1 xpacsan janaus (33), (34) uuneer Be menee 2k — 1
pewenaul.

Cnucox auTepaTyphl

[{] W.M.Whyburn, On self-adjoint ordinary differential equations of the fourth order,
Amer. J. Math., 52 {1930), 171-196.

|2] Kreith K. Rotation Properties of & Class of Second Order Differential Systems // 1.
Diff. Equations., 1975, V.17, N 2, P. 395 - 40%.

[3] Kpacnocenncxuit M.A , Mepon A.H., llonononiun A.I'., Jabpeduo LI, Bexroprute
noaa Ha nnockoctH, M.: duamatriy, 1963, 178-204.

[4] Kurypanse H.T. HexoToprie cHHrynsprtie Kpaenue 3ana4i Anx oSulk BOBEHILIX TH-
epeRUMMILHLX Ypaiocuk. - T6unnci: Han-so TSunucckoro yumsepcurers, 1975,
- 352 c.

(5] Gera M., Sadyrbacv F., Multiple solutions of a third order boundary value problem.
Math. Slovaca, 42 (1992), No. 2, 175-180.

(6] ®.2K.Canupbacn, [inyxTogeunas xpachas 350848 04 YPABHEHHA HETBEPTOID NOPAD:
ka, Pura; Mateufickva yeuscpeaTeT, [lapdepennaaicane ypanseuas, 1.553, 1990,
B4-91.
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[7] ®. 3K .Canmpbaes, Jaseyaine 0 MeTQIAX OUEHOK YuC/ia peuleuB HemueRALX Kpac-
BLIX 38144 A58 06L KHORCHALLX NuddepeHBATRHEX ypasherud, MaT, sameTky, T.57,
sunycx 6, 1995, 889-895.

{8] E.Rovderova, Number of solutions of boundary value problems, Nonlinear Analysis,
TMA, vol. 21, No. 8, 1993, 363-368.

[9] E.Rovderova, On the number of solutions of a third-order boundary value problem,
Ametican Mathematical Society, vol. 347, No. 8, 1995, 1079-3092.

{10] E.Rovderova, Third-order boundary-value problem with nonlinear boundary
conditions, Nonlinear Analysis, TMA, vol. 23, No_ 5, 1995, 473-483.

O. Zayskina. On the number of solutions of a boundary value problem for
2 system of two second-order diffeential equations.

Summary. Estimations of the number of solutions of boundeary value problems for
the system

[ = Fift.z) + Fa(ty)+ Uit z.y),

¥y GI(‘-Z)"'G‘J“!U)"' V(‘13|y)'
ye given, where functions Fy, F3, 7, and G; are continuously differentiable and
asymptotically linear at infinity, functions {/ and V are bounded, with the boundary
conditions z(a) = A, 2'(a) = B, y{a) = C, x{b) = D and r(a) = A, y(a) = B, y'{a) =
C z{b)=D.
MSC 34B15

0.Zajakine, Par atrisinfjumu skaitu robeiproblEmas divu otrls kirtas
diferencillvienEdojumu sist@mai.
Anotkeija. Doti atrisindjumu skaita novériéjumi robeZproblémim sistémai

{ E S F|(t.-r)+Fz(!.v)+U(!.:r.y).
y' = Gi(L)+ Galt,y) + VL, 2.y,
kur funkcijaa £}, Fy, G; un G; ir asimptotiski lineiras un pieder C! klasei, funkcijas

un V ir ierobetotas, ar robeZnosacijumiem £(a) = A, 2'(a) = B, y(a) = C, z(b} = D uo
z{o) = A, y(a} = B,y (a) = C, z() = D.

aremfickall yauBepcRTET [loctynrna 01.07.96
Para, 6.Pafinnca, 19
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O cABMCTRECHHOCTR pewieHus Kpacpoll 3anaum
Ang canoroe Henmnelnoro ONAY sToporo nopaaxa

H).A Knoxoa

Auporauus. Paccmatprpastcs saaaua
- %u’ +0u+(u) =0,

0)=0, u(lj=A 20, B,LeR
Doxaiano, w10 ana nwborc 8 > | cymecTayeT eauncTechroe A > 0, nid xeToporo
peweruse u(l) onpeseneno fpe ncex ¢ 2 0 v moHoTONNO.

YIK 517.927

Pacemorpum 3anavy
t
u"—;u'+9u+(u')]=0. )
u'(0)=0, uw(l)=x 8>1, t21, (2)
e © > 1 mpano w uiyTes A € M, AN koropulX peuichds u(t) onpedencrs Ha BoeR
noayocn £ 2 0 {cm[1]).
Takum peulensem gangetcd, nanpusmep, ¢y Hxuns
6-1 ©&®-1,
DS LAY, a
28 4 &
[Tokakes, ute petuenne anatn (1), (2), onpeneacknoe npy § 2 0 n morororio y6e-
BAKLIEE, FIMICTROING, T.€. IPYUHX pelwekni, kpome (1), ver.

FameTia, aTe nonuGHE PELICHNS MOTYT CYILCCTROBATL, TONBKO ccau A > 0.
Caenarym 8 (1), {2) 1ameny

>0, u=lnz, {4)

Tak 4TO ¢ = u'r™ M oCOU U PC L MOHGTON IO yhLBalwer petense (1 < 0,1 > 0), To
2o 0,8 > U u () ectn Tak e MonoTorne yiusawuer pewenue. MNocne nonctanceke
BMeeTo dajdaun (1), (2} uoayuns sanavy

Y+ 8:lnz =10,

ol o~



7]
#(0)=0, z(B)=¢", z2(0)>0, (20 (6)

(¢yuxnnm 28 3 B Byne Donaracu paBsioR EYMO).

Tlycts z(1) ecTe pewenne (5), (6), onpenenennor napaseTpom A > 0,

Jlerxa noxasaTe, ato z(t) — 0 npa ¢ — oo. leRcTBUTENLHO, NPEANONOAHM NPOTHBHOE,
Myers z{oo) = ¢, ¢ € (0,1). Toraa npu Gonwviuax { w3 {5) nonyvaem

2= 27 = Bcln 201 + e(t)),

oTkyAs caienyeT, «To npa Gonnmax { weobxoaumo 2{t) — —oo npx ¢t — ac. Cneposatcas-
e, ¢ =0.

O6onadum

’

pP= -1

TS
B nyne onpencnsest p(0) no HenpepwBHOCTE B TAKWMM 06paloM MOTYYarM

p>0, >0 (k)]

p0) = O
W3 (7) m (3) naxanum
P SRV PPN LL
p=tp +_|:~(2 J)+e—. (3)
Ha (7) naxaanm raxe, uto
!
H(t) = z(l])ﬂ(p(—j sl 8)ds)
a
¥, CAELOBATENLHO,
Inz=A f spls)ds (9)
ns= - 8. by
a
Tak kax z(t) = 0 np.u I — o0, TO
]
/ ap{s)ds — +oc npu § — 4o (10)
[+]
Nanctaanas (9) » (8), HaxonnM yparsrnue
. a2 (1B '
p=t+ Pri - '[‘l + —’—lz\ —-/” apgshls).

KOTOMOC HEPETINILCM B BT

t BA—p O gt
ot - ——]
r P +2V ; r 1

Herko nponeputn. wro p(r) 4]
P > (B 1y wam @) < 13 1y
<Aty w0y b A Pl

Hoitoupn s



O7rcionn npr | — 0 HaxoanM
P'(0) = 2i2p +1 - 0), (14)

roae po = p{0) = B

Oycru p{0) = po > (O =~ 1)}/2 Torna m {14) creuyer p’(0) > 0 w npy manux
t peienne p(l) ByncT MOHOTOHHO BOAPACTATH. TloxakeM, MTO 3TQ peuIeline lie MOXET
wMeTh MakcubyMa. JeficTauTensuo, nycte npm wesotopom L p/'(2) = 0, p(1) € 0. Torna
npu 3Tom anavcuun ¢ ua (13) waxammm (.. p{t) >N > (8 - 1)/

tp"(t) = 1p{t) (2t} + L - B) > 0.

Honyuunn npotumopene. avar, peuieiine Mororonin BOMACTART npu acex ¢ > 0.
MoryT 6uwTh ABA rayuas: aubo p(x) = ¢ > (8 — 1)/2, b p{o0) = +20. H nepaom
ciydas, pasenus ' 12) na f, upH { — oo noay4uM
_ap S 8 -
O0=c¢ -i-2 2 —2(2r+l a) =0,

uTto npoTHmopeieo. Bo atopors cayuse ny (12) api t — +oc naxonum g = fp?{1 + (),
roe <) — 0 upw ! = oo, Ho wy vroro ypasnenms cocayer, 1o pediciw p(t) npu
nekoTupoM kotiey (1 ofipatnTed 8 Geckoieditucth. Takam ofiprioM, B cAyYae, Notia
p(0) > (O — 1}{2, pruenne 3A084N HE CYLIFCTRYPT.

Ecar p(0) < (6 — [)/2, To anaiorwine petrenune GyacT MonuoToun youdsaTu, # ecnn
ploc) =, 0 < e < (6 = 1)/2 To, KAK B RIBC, IOIY JACA DPOTHBLPELIe

0= (20 41— 8)/2 <.

CrenoBaTeanno, oeTae ey cavaan po) = 0 (p'(0) < 0,0 < f < a).
Ofnnaunm

]' spds  Jit),
u

Tan dio JL) = dpit) u, covaacun (10}, J{t) — 4+ npu t — o,
Hepennttest (12) » puie

]

J

]
i

60
= —{] 4+ «it ———
; { N+ VR
sl e pn b e mrit) = o L b p > 0 apn > VI r(c) = 4
Hiierpupen (00t =0y > V2 1o 8 2 e, naxois

t ¢ p’i:«)n’s
2010y ~- ERERY e
||ruf|+ 'rl)|+./.,,r'[.~'JJ(:«)

ol rl ) '| upi ¢ 2 4y Torna
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Nanee ovenmpro, aTo J(t) < p(to)g. Taxuu obpazom 13 (18) DonyyussM EepaReHcTSO

2lae(l + £,(¢)) > 2010 ¢{1 + &5(1)) _}P(fo). (17)
J(to)
Tax xak £,(t) — 0, e2{t) — O npa t — oo @ O > 1, To npm Gonnmax ¢ HEPADERCTIC
(17) cramonuTce nporasopesnn. [losTomy » cnyuse p{0) < (6 — 1)/2 pemnenne Tauxe
Re cymecTayer. Juauny, MoEOTONRGE periDedne sanagn (1), (2) eauucTaenso.

Cnecox nETEepaTyph

[1] Adjutav M., Klokov J. On some nonclassicial problems for ordinary differential
equation // Latvijas Zinitgu Akademijas Vestis. - 4/93. - P. 56-61.

Yu. Klokov. On uniqueness of a solution to a boundary value problem for some
nonlinear second order ordinary differential equation.
Summary. The boundary value problem

t
2
Wio)=0, u@)=A t20, OAeR

is considered. It is proved that for any & > 1 there exista a unique A > 0 for which a
solution u(t) to the problem exista for any t > 0 and is monotonic.

1991 MSC MB1S

Mo
u =

« + Bu + (v')? =0,

J.Klokovs, Par robe2problémas atrisinfjuma unititi kkdam nelineiram
parastam otrls kbirtes diferencidlvienidojemam.
AnotAcija. Aplikots uzdevums

H
u" - Eu' +8u+ (v =0,

w(0)=0, w(0)=Ai (20, O.AeR.

Pieradits, ka jebkuram € > 1 eksisté vienigs A > 0, kuram ir atrasts
atrisindjums u(t) pie visign ¢ = 0.

HHCTHTYT MaTeMaTUKH 7 HIBOPMATHK Hoe rvimoa
NaTrulickoro vANBCPCMTET
Pura, 6. Padnuca. 29
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06 oanoill sanave aNns o8N KHOREHHNOrG Henupefivoro
MuTerpo-AdPPePeHURANLHOIO YPABUERMN

10.A Knoxos, A.Il. MExafinos

Awworaums. [lns xpacroll 3niavs
(k(z\p)p') = F{z,p.P, ),

P0) = a0+ up0), P} = a, - bipll),
rae
= L‘ K(z,s,p(z),p{s))ds,

YXA3ARM DOCTATOYELE YCNOBEA CYIICCTPOBANES PCIICERS ¢ BCOMWILMOBANECM HEMHAX B
pepXEMX GyHxLURE,

YIK 517.927

B 370l cTATH MU PACCMOTPEM KpaeRYIO D8y
(k(z,p)p') = Flz,p.p,2). (1)
7(0) = aa+ &p(0), P!} =ay - bip(l), (2)
roe kb K € CUxR), FE€C(Ix B), k>0Vz,pe (I x R), I = 0,1,
- f K(z, 3, plz), p(s))da,
K{z,5.p,q) € C(I* x R3), ag, a1, b, by € R, bo, by 2 0.

Teopema 1 [Tpednoaoxcus, wmo K ecme nesoapacmawwyas ynxyus g, a Pyuryus F we
yboisaem no z « pacmerm no nepesennod g ue Soicmpee noadpama. Myemo a(z), A(z) €
C2(I) - dymwyun maxue, ymo afz) < B(z) Vz €1,

F(0) < a0+ B0}, A1) 2 ay = bi{l), 3)
a'(0) 2 ao + bea(D), (1) £ a0y — ha(l), (4)
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a'(0) = ay + tuar(0),- o'(1) € a; — bya(d), (4)

(k(r.a(r))’(z)) = F(r,a(f).a'(r),z.) Yrel, (5)
(M(x. HeNF (1)) € Fla, 8(x), F(r), ") Vzel,

ede d
2 =j° K({z,s,a(r),als))ds,

= f,: Kz, s 3(z), B(a))ds.

Tocda pewenur sadavu (1)-{2) cywecmayem, npuvem a(z) < p(£) < Ble)¥r e 1.

Lonazantesveman, s (1), Auddepentinpyn, nainem

F'= telapp. ) (6)
rae
plr.p .z} = (k(x,p)) " (Fla,p, ¢’ 2) = kcp’ - kp®) — p.
JameTus, uto ccnn £ pacreT no p’ se GucTpee KBAIpaTA, To GYHKUNA p+ > DACTET NO
P raxae ne GucTpee xsaapata. [yere p(2) ecTe Awbor petenne (6}, yhosieTnopaiotnee
nng wexotoporo M > 0 ouenwe | p(r) |€< M anz vr € I. Torns m (6) cneayer
HEpABEHC TBO
A N n

roe nocTofbue oo,y 2 0 jamucsT roiaeko ot M. Hs (7) crenyer, uwro ons awboro
M > 0 naitnetcs N > 0 (N = N{M)) Taxoe, uTo ecnu p{r) £cTh nwboe pewenue (6),
yooaneTRopaiotiee Hepapenc Ty | p(r) [ M Ve € L, vo | p(«) |€ N ¥r € 1 (en][l],
ra.d). B nancHefuwen Mu Nokbwes, uTo A/ = Afy = max(max | a{z) {,max | J(x} |),
z € 1. Cootuetoraytowee Hauenue N ofoauaunm uepes Vg = V(M) Hanee yepes N,
oboyamum Ny = max(Ng, max | o’(£) |.max | #(r) ), z € 1. Hna a € ¢ oupencanm
dyuxumio §:

e, b<a
flabey=( b a<h<e
¢, d>c

1 oSoInavHM

b (z) = 8a(z), p{r). I)),
Flr) = 8(—No, p’(z), Moy
He) = f; K{z,3, (), j{s))ds.

PaccuoTpis BCnomoraTenkhoe ypabhenbe

P-=p+'?(3!ﬁ|ﬁ'!i)' (8)
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NMyer Gi, ) ects gpynsnas Mpuma sns ypannenns p* = p ¢ yerosnmun {2). Torma
(8), (2) Momuo 3amwcaTs » BaD®

) = pote) — [ Gt s ole 0, 500, 50D, ®)

ole) = o= [ Gale, hol MO 50, 0D (10)

roe v(2) = pix), ¥(z) = §(—No,v(z), No} u py{z) scTs pemeupe sagann (6), (2) opx
»u0.
Tax Kax o WenipepiEna, TO CYIRECTAYST pocToAEEAS L > 0 Taxaw, w10

| Az do.8) < L Yrp,p € (I x RY).

Tenept i (9), (10) encayer, ¥ro

Ip—pl< L[:G(:.!)dl vrel,

]
lo—gI<L [1G.(x0) & Vzel,
¥ moaTOMY cymecTayer nocTomuas L > 0 raxas, 1o ans Vr € J
(p-mi<k |v-KlIgl (1)

MuomecTso wexTOp-¢y i ank (p, v), yAneTaOpLOITEK BepaneucTsaM (11), ovenanmo,
OFPARRICR0, BLNYENO, YAMKAYTO, A oepatop A, onpeacnesunl aa yToM MBOXCCTRE
TpARLIME SACTAMM ypasncamk (9), (10), snonne wenpepuner u 0TOSPARAST MBORECTRO
(11) n cefis. Cornacso npyuumny Dlaynepa (en.[2], r0.4, c.204), cymecTayet ueoossaxuas
Touxa Tazoro otofpameris, B DOOTOMY pewncEme cEcTesmyd (9), (10) cymecTayer. OBo-
SEAYMM <10 seped p(7), v(£), 2 € J. Hcmo, wro p(z) ecTh pemcane (B) x b cuny cnolicTs
dyusunn Upana p(z) yoornetsopser yonoanam (2).

floxaxem, wro p(r) € ¥{z) ¥z € /. [lpenponoauu tpoTussce. flycts nps RezoTOpOM
z p{z} > Blz). Toraa s cnay yowsad (3), (2) cymecrayer Touxa za € I Taxas, Y70

piza) - Hze) >0, F(za) = H(zo) = 0,
§(2s) - B7(20) < 0. (12)
Ho roraa w3 (3}, (8}, (8) naxannm (y<xTusas yeroans Teopews o gyusumsx y u K), w10
({3} — Bl2a))" 2 ({30} — Blza))+
+olro BEQ)F ro)i) = wlze., 12e). F(a).4°) 2 pl20) ~ Blzu) > 0.

Moayamnu nporwsop e ¢ (13, Jnauur p{z) € Vi) 72 € /. Ananarmaso porasis:
merca, yro afr) €pir) . r €/, nostomy a(x) < W) € Hr) Vs € ! CorsusaTeanw,
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OTa Teopema CocOWAST UASK PEIYALTAT, Buloaenuuil & paboTe [3], » xoTopod m3y-
HANRCH BOOPOCH YILECTBORIHNE B CARHCTREHHOCTR pellenks anaun

(K. pY = Filz,p) + [ oo, pa))iolz) - pla))ds, (19

Flo) =0, p{l)=0, (14)
roe k ko ko € C(I xR, k>0,020Vz,pe (IxR) F(z.0) S0Vz € {nanx
nexotoporo m > 0 Fo(z,m) > 0Vz e I,

CywecTnopanue pewtenux sanasn (13}, (14) cheayer w3 poxasasHo® Teopesit kax
uacTHRB cnyyall, ecnu nonoxuTh a(z) = 0, A(z) = m ¥z € J. ¥panuenna(i3), (14)
BOIHHAJE B oABOft Hek NaccHYeckod HenmHelnolt 3afavue TENAONPOBNIHOCTH.

Jomevanue. B ycnomusx 'reopeuu.rpeﬁomne Toro, %Tofd GyRkuna K Guna pe-
Bo3pacTaoltedl o Nepementull g, SBNRETCE BechMA cyinecTaenutim. CooTpeTcTByLOUIKE
DpMMsephl lerko HOCTPOH T,
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Cnucox nuTepaTyphl

(1] Bacuaser H.H., Knoxon K).A. Ocuosti Teopas kparsiix 3a0a4 oGLIXHOBFRHLIX AAd-
Pepenianthnx ypaswenafl. - Pura: Juxatae, 1978, 184 c.

[2] Cnpasounas maremarruecxas Gubnuorexa. Pyuxunonansandl asanwy. M., 1964.

13} Knowon 10.A., Muxadinon A.1l. 06 anxoft xpacsod wamaae Helimana ans axterpo-
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Yu. Klokev, A. Mikhailov. On some problem for ordinary nonlinear
integral-differential equation,

Summary. Sulficient conditions for existence of a solution to the boundary value
problem \

(k(:lP]P')' = F(valf"t 3)|
P(0) = ag + bop(0),  p'(1) = ay = bypll),
with
4
* "_'l A"JIJ.,I(I)‘P(J))dS‘
]

are given, using upper and lower [unctions.

J.Klokove, A.Mihailovs. Par vienu uzdevumu vienk#irdam nelinefiram
integraldiferencidlvienddojumam.
Anotkeija. Paraditi cohezproblemas

(k[r.pip'} = Flr,p,p.
Pi0) = ag + bup(B),  p'(!) = a) — bip{l),
kur ,
[ Bt ptay,plaips,

atrisinajuma vhsistences  pirtickanie

izmnantojol  augsejas un apaksejas
funkrijas.

Huczntyt Matvsmatlihn B H8bopMariu Hoerynuia 10.06.96
atRiichore yusseprniela
a0 6 1 uinue 20



O8was xPacpas 3aAn%a
AAS YyPABDMeEES TPeThLero NOpSAKA

AA. Nleams

Axnoranua. [ns xpacscd :uu:n
=™ = f(t,2,2°,2"), Hiz=0, Hiz=0, Hyz=0 ass<8

roe an f  pemenng ypasmenma 1™ = f(t,z2, . 2%) m a < £, yxamagw ycnosss iy
CYICTRORAHNE S DEIOCHEN.

YIK 817.927

PaccmoTpas ypasnenne
™ = f(t,r. 2,27, ()

toe [ [0,.4 % R — R ynosnernopaet ycnaauam Kapateamopn, a € Rm b € (a,00). llycrn
a8 (0,8 = R - nma pukcuposanubix peuieAns ypasienas {1),a < 8, 5  unoxecTso
z [a,b] = R pemeund yparuenna (1}, yNoRneTBOpSYHRRX BepapeRcTBaM o < 2 < B,

M, = {y € 5:(30 € [a.}])(v(e) = a{o) Ay'(a) = o'(0))).

My={1€e8 (3 elabl}z(r)= B(rIn2(r)= Fir})).
Hnvcela,b) md€ (c,b] wsnomectso 2 [e.d] — R pewennd ranavn Jdupuxne

™ =ft.r, 2 2"), z(c)=A, zx(d)=8,

nexmunx Mexsy a n 3, obomaunu uyepes Dic,d A B), D(A B)= Dla b A 1)

Ham nonanobsrer cnedymine ycnosns.

1. Dia(a}. 8(b)} # O, D{d(a} afb)) # .

2. [lng nxbux ¢ € [a,b) n d € (c.b] naknercn M € (D.oc) Tanoe, v1o 1w amboro
pewernn = (c,d) — A ypasuenns (1) vy a(t) € 2(4) < A1) t € (c.d) carayer | 2701 | <
M. te(rd).

3. llne nsbux ¢ € [a.b). d € (e8] 0 €, D,C, D, € K peuenne 7 |r.d] = H nudoh
B3 KpArBRIX 3A0AY

=fit.r. "), rley=C ray=C rdy=1)

"= fitr Lortdr= 00 A= Dy
Nraamee MEANY re W 3, elMie | pe L.



Ocnosnas Teopeuws. Ecan punomewros yoncans 1-3, Hy, Hy, Hy € C(5, R) u ans
mobore x € 5 capascnnusu ycaosus

z{a)mof{e) > Mz <D0, z{a)w= fle)= H 220,
s(t)=a(by= Hx <0, z(B)=3(8) = HMHz20 {2)
seEM, o Hiz <0, 2€My= Hyr 20,

TO KpACBAR MLAAYA
‘mtf(l,l,l',l.). "l’-ﬂv H]I"“. ”3‘=0l 0‘_:'5.3 (3)

HMEET prUeHNe.

okmiatenncTeo ocncanol Teopest GarupyeTes HA RIyUrumH MHosccTSA peinennd
sagaan Napuxne D(A, B). Ouasuasacrcs, 4To ans nwbuix A € [a(a), J(a)) w B €
[a(3), Bib)] m D(A, ) mmeeTca ManuMAnLHOe prineuse p{t, A, B), maxcumansnoe peiveane
2(t, A, B}, ans mboro U € [y'(a, A, B), '(8, A, B)] nadnetca ensenc raernoe x(f, A, U, B) €
D(A, B) Takoe, wic ¥'(a, AU B) = U, y(-, A, B) w 2{-. A, B) venprpunuc apeciT o1
(A.B) » z(-, A U, B) wenipepusuo susucut ot (A, U, B). D1o nowonse! ycTanosaTh
roueosoppaim F uexny xyou K x 5 no popuyne (r({a),z'(a), 2(#)) — z. Ha npoTn-
BONOIOABLX Cpansx kyGa K nonywssorcs wepasewcrsa H F <0, HLF >0,¢ = 1,2,3,
KOTOpLIE FAPAITEPYIOT CYLUWC TROBAHRE PrILEKME Xpassod 3anaus (3).

Npusepu

=0, 2(-)1)=0 z(l)=8 0<s<T+1,

™ =270 20)=20, F0)=0, ()= 0<r<2
= -,
z(0) = -1, x(3x) = —1,max{s(t) t€[0,3x]} =1, -1<r<I

NOKAILBAKYT CYURCTAMHHUCTL KA &0 W1 yonosil 1-1 ans enpasrnswsorth octonrol
Teupedid. Yononue | s ofl procicHuoM cMbICae weobxaaumo. Pure yononsdl Tana 2 xopowo
uinecTia (es 1], c.15t). Pons yenosus 3 e wewa.

Cytiee rBOBAKHS 83 CANHCTAEHHGCTE NOIPOGHO MIYUANOCH U1 YPABHEHWE ATOPOIO
nopeaxa (cu 2]} EAnCTReRnorTE IpACaLIX MIAY BCMOILIYETCS ¥ NPH NCTICNOMAUAR
PAVPELITAMM. TH NPASBRIK JANAM UTE YPARMEHUR TpeThero nopiaka (oM |3]). OT npyrux

pravinraton moaToR obnacrn (cud (4], |5]) ocvoswat Teuprua oTaMuarTCr ofROCTRIC
R ACRISX YEIMRNE,

Jlesmun | Frau sunotugwmes yracong 2.3, A, A € Ry
Kio A.A)) = {.r ES rfa)= AA .r'(u) = A.] #0,

mo dig oofur 1.5 € Kia, A, A} watidomed ¢ € [a,b] maxoe, wmo 1,(1) = £,{t),
t € larlurin # 5,00, t € (e, 8 K{a, A A|) usromrs suNusgisuor peuexue
Y. MUKCUMAANNOC PEIHRGE ylb} = a(b) wauw y € M,, z(b) = B(b) wau z € My u
omobpaacenns 5 -+ rib) somrono: fun omobpawacm Kia. A, A} wa [y(h), :(8)].
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Hoxazameavcmso. Haa mobux x;, 73 € K(a, A, A}) yenosue

(e € [a, 3} (¥t € [a, ] H{zy(t) = 2,{t)) A
((ve € (e, {1 (2} < 72}V (VE € (&, 8] {m[0) > z:{t}D) )

cnenyer us ycnosue 3. Komnaxteocte Ka, A, A} cnenyet uy yenosun 2. By (4) »
MOMIAKTHOCTH chelyer cyuecTnosaune f, 2 € K(a, A, A|) Taxnx, uro y € r £ z nna
mobuyx r € K(a, A, A,). Ecan

Ky = {z(b}: z € K(a, A, A} = ly(b), 2{8),

To M3 ycriosun 3 enepyer, sto r — z(d) romcomopduim.  [loxaxem, 410 ycnosne
[w(8), z(8)] \ K:1 # & npumanut k npotusopewan. Ilyers B € |yib), :(h)]\ Ky. Torna
AafuyTea Yy, 29 € K (a, A, A;) Taxune, 4To Yo € 20, 8 € (yy(b), 20(b)) u Ky N{yp(b). 2(b)} =
O. Tlyete ¢ € [a,b) Tanoe, uto yolc) = zo{e) u wolt) < z0(t), L € (e, 8]. Hewa, uto
yole) = zlc). Ecau ygla) € z5(a), To ans pewckus sanauu Koy

2= f(tr,2' 5,

ra)=A, (a)=Ay 2"(e) = (g)la) + zj(a))2""

neaydacm npotunopedne, Ciuenopatentro, yiic) = zg{c). Paccmorpum cayyvad, korna
a(c) < ywic) < Ble). Band € (e,b), aocTarouno 6aMILOro X £, MHUKECTRU PeLICIEHR
yansn Kotuw

= fit.z. 0 ") zle) = woleh, Fic) =wlel. 1(e) = yllc)

Ha uprepaate [o, d] cpgino ¥ deEnT Meany a u . Cnenors Lo Lo, Cyer TRYED peierne
r |a.d] — R ypasnenwa £ = f{t.z, 2 5"} rakor, wro yo(t) € £(t) < zoll), 1 € [a.d]
A yold) < r{d} < z(d). llpagoakas 21¢  MmCNHe RNpABO, MOAYYASCM NROTHBODCIE,
ANanor 1 paccmal puBakricd caydau, koljta pole) = afc), yyle) > o’{c) yolc) = alr),
yatc) = '(c), yplc) > a”le); zole) = Pic), {e) < B{e) niz(e) = Jieh, zle) = L,
zh(r) < B3(e).

Pacesorpust cayuaii, xorna yole) = ale). pyle) = o'le) # gile) o"(e). (lyon
te € {g,b).n € 1,2, rakne, qro l, — e W z(te) < LJHit,). C 1,2, Hepes S,
oB01MAHM MIOACCTRO pelemstii £ (fa. b] — 5 b, € (1, 4] sanann

™ = fihr 20",
FIWAICTRODEKONIWX ¥EIOBHK)
(t e |t b iiplt) S r() < zgdt) A lh, < h= sth) = mihasih) <

Muumnsiainue ={res s, b
Nio YoM Tt oupu [T
ol A b it
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oonyuaeM npotusopeyne. Cnegosatensho, yi(tn) = zJ(2.). Eema :2{ta) = zi(t,), To,
HCTIONEBIYN Yo, TORYHAEM HPOTRBOPEH#He ¢ onpedeiended yo. Cnesvsatenwno, 2(t.) <
zpila) w alf) < z.{t) < 201}, t € (tmb]' Mycrs ca € “mbu.) TAX0E, UTO Ya(La) = zn{cn)
B Yot} < 2a(t) ¢ € (e, b, ]. Heno, 310 yi{c) = 2 (e), ¥*(e) = 2"{c) m ae.) < za{c) <
Bleq). Nna d, € (ca, by )y MOCTETOUNO ENHIKOrD K 4, MHOKECTBO petmenuii 3a0a3u Kown

"= fit,2,£,7"), zle) =plea) Flea) =ynlea),  Z°(en) = yilcn)

48 UHTEpBaNie [ca,d,] cBE3Eo W newur wekay o u §. CrenoBaTentio, CymecTayer
pewensne 7 [ta,dn] — R ypasuesus 2™ = f(1,z, ', ") Taxoe, uto ya(1) < 2(t) < 24(1),
t € [ta,du] U yold.) < x(d.) < 25(dn). Tlpononmas 3ro pelense BOpaso, NomydaeM
npoTnecpeyne. CnenosaTtensmo, z.(b) = B, Bubupax ¥ nocnefoBaTeNbHOCTM In, N =
1,2,... cXonswyocq NOANOCHEAOBATENLHOCT L, NoNYuaeM peltteline. 2. [¢, b — R vaxoe,
970 z.(c) = alc), zi(c) = a'(c), 2%(c) = 6"(e), 2.(B) = B w a(t) € z.(t) € z(1), 1 € [c,b].
Mycrs 2(t) = 20(2), ¢ € [a,¢] u 2(t) = z.(1), ¢ € [, ). Torna £ € K{a,; A, A) na(b)=1B,
NTO NPOTHBOPCHHT HALUEMY LPEATNONOKEHHID,

Chyuah, sorna zp{c) = Blc), zglc) = F'{€) n z7(c) = 8"(c), paccmaTprraeTcs anac-
rewno. Tomeomopdum K(a, A, A;) a [y(b), 2(5)] moxaran,

AHANOIMYLO NPEALIAYUIEMY NPHBOANTCA ¥ TIPOTHBOPEHUIC CAYHAH, ¥Oraa

a < yV(ala) = y{a) Aa'(a) < y(a) A (VL € (a,8])(a(t) < y()),

1 < AV (Bla) = 2(a) A B'(a) > 2'(a) A (Y2 € (a, B))(BE) > £{1))).
Chneposarensho, y(b) = a(b) v y € M, u 2(d) = B(b) vV 1€ M;.

Jameuane 1 Ecau awnoanswmes ycaocsur 2-5, A, A, A€ R u
Kia, A AL ) ={r€S zla)=AAz"(a)= A Az"(a) = A2} #0O.

me 8 K{a, A, A;, A;} vMeOMes MUNUMGIbXOE PeLenue |, MCKCHMAALNOE PEUIERLE I U
omobpamenue x — 1(b) zomcomopdno emobpancaem K(a, A, Ay, Az) na [y(b), 2(8))].

Jlenua 2 Feau sunoanswomer yeacsus 1-3 w B € [a(b), 3{b)], me cyiyeemayemn edun-
cmeennoe pewenve y(-, ala), B): [a,b] = R xpaesod sadaun

™ = f(t,7,2,1"), z{la)=ala), z'(e)=a'la), zb)=8B, e<zr<f (5

u y(-,ala), B) € 1 das awboze z € D{a(a), B), dax awbozo ¢ € (a,b) cywecmayem
eduncmoennoe pewenue y(- a,¢,a(a),f(c)): [a,c] = R xpaescd sadawu

™ = flt,z.2',2"), z(a)=ala), £'(a)=a'(a), z(c)=d(c),
Acwcauyee wencdya v 3.
Hoxesameavcmso, Tyern » € Dia(a). A(4)). Ecay 8'(e) = o'(a), To

{x{b): 1 € K(a,0{a},a’(a})} = [a(b). B(8]]



u papeiusocTh Kpacsoll sansas (3) onesuwma. Myets #°(a) > of(«) o 2 - MancRMaRLBOR
peachne w3 R{a,ala).a'(a)). Ecan 2(b) = A(d), To paspewnmocTs xpacnoll sanavn (5)
ovenenna. [lycre z(8) < S(b). Hs a(ty < s{t) < B(t), ¢ € (a,4 w z € My cnenyer
cymecTnonanme §;, € (a,) Tanoro, wro ofl;) € 5(1;). Cpenosarenumo, Haltnyres 1 €
K(a,a(a),a'(a)) m t; € (a,d) Taane, 9710 x{{3) = s(l3) m 2'(1;) = #'(ly), 4T0 HpOTEOpeIET
ychosmio 3.

Ecnu B = a(b), o y(-, o(a),a(#)) = a n uepanesctmn y(-,a{a), B) € & ans anboro
z € D{a(a), B) cvepuano. DQyern B > o(d) m £ € D{a(a),B). Ecan 2'(a) = a'(a),
10 £ = y(-,a(a), B). Nycre 2'(a) > a'(a). HAcho, wro aft) < =(), t € (a, . Echm
nsdneren b € (a,b) Taxoe, aTo 2(1y) < y(t),a(a), B), To maknyrcs 2, € K(a, afa),a’(a))
m i3 € {a,}) Taxne, o 5, (1;) = 2(t3) = 8i(ty) = 2£'(fy), YTo NEOTEROPLIT ychosuo 3.

E“". "tl Q‘ﬂ).ﬂ(‘]] = ﬂ(c),my{f,a,c,o(a). ﬁ(‘)) = '(‘oa{.L ﬂ{‘))" e i.‘t]' ﬂyrﬂ.
¥lc.ala), 3(8)) < B(c). Yepes 5. oborueanu umoxecTno pemeund = : [a, 4] — R cpacnod
anNME

" = f(t,2,2',2%), 2(a) = ofa), £'(a)=a'(a),

yaoaneTaopuoumx yciosusM yit, ale ), 4(8)) € 2{t) £ B(1), t € [a, )] u £(b,) = F(b,).
Ecnz b, < b, 1o B3 ¥ro ycnosas caeayet, wro r'(h,) > F'(4,) uan y(t,afa), A(b)) = 2(1),
t € [a,b,]. Remo, w10 §; = [ € S. & > ¢} #e nycro. M3 2-ro ycnomas chenyer,
%10 53 = {r € 5. b < ¢} m nycro. Ecnm walperes r € 5. Taxoe, 4r0 4, = ¢, TO
y(-.a,.c, ala), F(c)) = 7. B npoTamsom cayase Oy<TE § - MAKCEMATILECE pelueuRe By S,
57 - MMNMMAIREOS PelleuEe N) S). AHAOrENE0 JOKASATEIMTSY NesMa | nonyuaew
poTHROpeyRe.

Janavanne 3 Hencsssys cunsempug 3 —~ —z sl — —1, w3 scanun £ dad swSus
A € |ala}d(a)], B € [a(3),3(8)]. c € [a,b) u d € (c,}] moayvammes caedyouue
ymeepacdenns.

Cywwectayet pewenne x(-,5(s), B): [o,8] — R xpacnod masun
™ = f(t,2,6,5"), x{a) = Pla), s'(a)=f(a), ri})m B, ags<P

Takie, uro 2(-, #la), B} > z pas amboro z € [XNd(e), B).
Cywmectayer pewense y(-, A,a{b}) : jo.§ — R upacsod sazaun

™= f(t,2.0,27), :_(-) =A zd)=ad), FM=a'(}), a<r<F

1ax0e, w70 p(-, A, a(h)) € .z ana ruoboro 2 € D{A,a(b}).
Cymecrayer peuicune z{-, A, 5(3)): [0, ] — R cpacsod anaunm

= f(t 1,5 3"), sa)= A, b} =5H, S N=FD) a<s<d

Taxce, wTe 2(-, A, 3(8)) £ z g noboro 2 € D{A, B(b)).
Cymecrayer peinenne (-, ¢, d,a(c), }{d)} : [¢,d] — K xpaesod sansan

= fihex,2"), 2(c)=olc), 7(c)=alleh =(d) = B(d),

AemAIee MeXRY o B S,
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Cymectayer pemenze 2{-,¢,d, #(c), a(d}) : [¢,d] — R xpacnok ansqvz
™ o= fit,r,2',2"), z(c)=Ple), £le) = Flc), z(d) = a(d),

nexamee wexny « 1 8.
B aampefimen, counmancek ma mobyio NeMuy, Mul Synes uM¢Th BBMLY M0bot EY ¥T-
pepxnenll, NONYYCHAMN € DOMOIMLIC TAXEX CRMMETDEE.

Jameunpne 3 Ecin cnpascdanon ycsssur [-8, Mo anaaosuvnbic yedoous cnpaecdausn
das awbozo swmepsasa [¢c,d] C |a,b]. Has yesoout £ x § smo oneaudno, a dax ycavcous
1 amo caedyem wy Jauevanss £

Jlewsin 3 Ecau sunoanaomes yeaosus -3, y,x € 5, y(a) = z(a), y(d) = z(D vy < 2,
mo das awbozo U € [y'(a),7(a)] naddemes edoncmeennoe s{-,U) € 5 maxoe, vmo
y € o, 0) € r uda,lU) = U, pewenue s{-,l/) nenpeprione sasucum om U  dus
ambozo V € (U, 2'(a)] cnpasedauso nepasencmso o(t, U) < s(t, V), t € (p, b}

Hoxasameancmao. Ecnx y'(a) = #(a), To nemma oqesunma. [ycme y'(e) < £(a),
U € (y'(a),5'(a)) m 5. - mpomecTno pemenlt = : [a,b] — R, b, € (a, b] xpaesod sanaum
"= I(‘u z, 2'. zl): =(“) b lt("]- :’(d) =U,

ymancTsopmonax yenonmau (1) < 2(1) < 2(2), f € la,8,] & 2(be) = y(by) wam z(b,} =
£{bs). M3 yenosut 2 cneayet, 16 umoxecTsa

8 = {z €5, : z(b) = ()},

82 ={z € 5. :2(b,) = z(b.)}
Be OYCTH, & ®s ycnosma 3 chenyer, 9ro z'(d,) < () Aax £ € S, = 2'{b) > 2'(b,)
ans z € 5;. Ecny wakoeres £ € S; Taxoe, 310 b, = &, 10 5(-,U) = r. B mporaseon
UTyHAE UYCTh ) - MAKCMMANLRGE pemeRme ms Sy, a z; - MENEMANLEOE peiledRe B3 S5,
Ecma yf(a) < #)(a}, To ans peineuns 3pnave Komm

= f(t,3,7,5"), 2(e)=pla), Z(a)=U, z*(a)=(yi(s)+ ()2

noiy4acu npoTasopeane. Cnenosatenso, yi(a) = 27(a). [Ipumenss saneqanmwe 1, nosy-
qaeM DPOTRBApETNE.

M1 ycnonas 3 crexyior pepaneucraa y(t) < a(t,U) < =(t), t € (a,}). Hepomayn >t
acpancuctes, qne o(-, ) m z nonyasem o(t,U) < o{t, V), L € (a,d).

H> xompautrOcTR D(p(a), y(b)) ® yenosms 3 cnenyer Bempepuiauax >asmCEMOCTE
s U)yor U.

Jlemmn 4 Ecax sunoanmwmes ycacour 1-8,
Map = {z € §: (30 € [a,b))(x(o) = a{o) A L'(s) = o'{a))A

A € (0,8)(=(r) = B(r) A2'(r) = ()} # ©,
A.=aup{z{a): z € M,5}, B.=inf{z(}): x € M,p},
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0. = sup(o € [a,5) : y(o, ala), BB = afs)},
7. = inf{r € (a,8]: :(r,a(a), A()) = A7)},
mo y(-, a{a), B(b)} = z(-,a(a), B(b)},

{r{a): z € Mip) = [o{a), A], {z(b): 3 € M,p) = |B., (b}
u (1) = y(t,a(e), (b)), | € [o.,1.] des aoboso 1 € M.,

Aoxazameasemeo. Myetny = y(-, ala), (), z = 2(-, a(a), B(H)), £ € M,p, 2 € [a,}),
r € (a,8), 2(0) = a{e), 2'(¢) = o’(a), 2(r) = A(1) u 2(r) = F(7). Noxaxew, urTo

z(t) =.y(t), telo,r] (6)

Eena 2(o) = y(e), To w3 z({r) > y{r), z(b) < y(d) & ycnosus 3 cnegyer (6). Ecnm
z{e) < y{o}. To nycTs 5 : |, b] — R - makcumanHos pemenue kpacnol sanaun

™= f{t,2. 2 2"), rlo)=alo), 2(e}=d'(e), ()< y(t), tE€[od)

HAcno, aTo Haitnetes &) € {0, b] Taxoe, wro o(t,) = y{ti) u () = y'(t;). [Ipononaan »
BNEBO, NONY4YAeM NpoTEROpeune ¢ ycnomnew 3. Ma yenosrs (6) cneayer, uto y € M,
u z(t) = y({), t € [¢a,74]. Amanoruamo moxamsmpacTtcs, uto z € M,5. Crenosatensso,
y = . Ecnu o, > a, To y*(0,) = a®(¢.) B 1) 3amesanita | cneayer yenosue (z{a) : 7 €
M,s) = [o(a}, A.]. Ecam 7. < b, 1o 2’(1.) = #"(r.) B Wy samevamns | cnenyer ycnosme
({8} : z € Mag} = [B., B(B)].

Tewma B Ecau svinoansomes yeaoous 1.8, 3 € S\ M,, mo naddemes A, € [—oo, 4'(a))
maxoe, NMO cyuecmeoyem peuenue spaesol aadavy

™= flt,z,2',z"), z(a)=ala}, z(a)=A, =z(d)=2(b), a<z<Lo.

Hoxasameavcmao. Ecnu s{a} = aa) u s(4) = a(d), vo A, = a'(a) ¥ a - Hecxouoe
pewenne. Paccuorpus cnydal, korna s(d) > afd). Ecne nalinetcx A, € (-o0,4'(a))
TAKOe, UTO KpAfPAR 1ANAUA

= f(“xl:'i "), z(a) = a(a), r'a)=A;, asz<s M

HMEeT pellielie, TO N3 MMM | clienyer, 4To Kpaesas sanada (7) umeet peulende s,
ana xotoporo s,(b) = s(b). B nporasEoM ciyvae HARAYTCE DOCTENOBATENLHOCTE 3,
[a,b] = R, by € (a,b), n = 1,2,... pemeunit & 2, € (a, b}, n € {1,2,...} Taxme,
wT0 sa.(a) = s(a), sL(a) < #'(a), sa(2n} = a(on), #alba) = a(bu}, alt) < 2.(t) < (i),
t € {a, b}, n € {1,2,..] 2 limaeos #4(0) = s'(g). Cnenomatensno, malnyTcs pemrenye
s, la,b] — R b € (a,}] m 0. € (a,b) Taxme, wTo s,{a) = s(a), si(a) = »'(a),
s.(e.) = a(e.) & 8.(b,) = s(b.), wro mpoTUBOpeanT ycnoamio 3.

AMANOrHYEO paccMaTpHEmaeTct cnyand, xoraa s{a) > afa).

Tlewma 8 Ecau sunosxmomes yeaoaus 1.3, B € [a(b), A(Y)], mo mnomceemao pewenud
sadaxu Jupurae D(a(a), B) useern sunuunasuoe pewenve y(-, afa), B) € M, v xaxcu-
maapnoe pewienue x(-, ala), B} € M.
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Joxarameavemoo. Ilo nemme 2 cymecTayeT MEHUMaNGHO: peivenne (-, a(a), B} €
M, my D{a{a), B). M> xomnaxtrocta D{a(a), B) cnenyer cynmecTpobsnne peweins z €
D{a(a), B) Taxore, uTo anx nwboro pemenns z € D(afa), B) copasennuso wcpaneuctso
2’(a) 2 z'(a). Hepanencrso z > y{-,a(o), B) caenyer u3 munnmansiocti y{-,ofa), B), a
PABSHCTBO

D(a{a),B) = {z € §:y(",a(a).B) <1 < ¢}

cnenyeT M3 nemMu 3 ¥ ycnosus 3. Slcuo, uTo 2 - MaKCKManLIoe pewende vy D(a(a), B).
M3 nemu 5 cnenyer, uro 2 € My,

Teopema 1 Ecau suncanswmes yeaosus 1-9, A € [afa), A{a)] u B € [a(d), B(F)], mo
snoxcecmoo peuienud radawu Jupuzae D{ A, B) unrem aunusaannoe pewenue y(-, A, B)
€ M, u maxcudaasnoe pewewue z(-, A, B) € My. Pewenus y(:, A, B) u z(-, A, B) we-
npephions Jasucam om (A, B). Has awbozo U € [y'{a, A, B), '(a, A, B)] epriccmeyem
eduicmaennoe s{-, A, U, B) € D{A, B) maxoe, wmo (a0, A, U, B) = U. Peutenue

a(-, AU, B) nenpepvienc zasucam om (A, U, B) u

D(A. B} = {3('l Aib"B) U € [y‘(d,A, B)':'{G‘A'B)n'

Eeau V € (U, 2'(a, A, B)}, mo o{t,A,U,B) < s{t,A,V,B), t € (a,d) u #'(b,A,U,B) >
s'(6, AV, B).

Loxarameancmeo. Toxamenm, dto DA, B) # O ons nxbiux A € |ala).B(a)l u B €
{a(®. A(h)). Ecau B € {a(b),5(b)}, To uo nemme 6 D(A, B) # O anu nGoro A €
[ala), d(e)]. Nyctn B € (afa), Ala)) u

M = (A €ofa), Ha)] D(A,B)#O).

Ache, uTo afa),H{a) € M n M raminyTo. PaccmoTpum enywai, korna M, N My # 0.
Torna waiinyteas € MMz u 0,7 € |0, ) Takue, wiv s(o) = ala), s'(a) = a’[0), a(v) =
F(ryn o' (r) = (7). Y3 nemmu 4 cneayet, wTo 8”(a) = a*{o} upn 7 > a w (1) = g%{1)
npn 7 > a. llpusenas nemmy 1, Ha matepeane [a, o] monyvaem [a(a), s(a)] € M u za
uutepbanie la, r] nonyuaem [a(a), 3(a)] € M. PaccmoTpus cnyqait, korna M, N My = Q.
Nyrre A€ Mase DA D). Ecams € DA, B)\ (M, U My), to w3 nemmu | ceayer,
4TO nexoTopad okpecTiocty A » [a(a), 3(u)] wpnuanackutr M. E-w o € My, 1o ro
nemMe 5 nafineteR s, € DA, I3) raxce, yro si(a) < #’(a) m 5, € 5. Torna ne memme
3 nadaercs =5 € DA, B)\ (M. U M;). Anatornukio paceMaTpusacTcs cnytall, Korna
s € M, Caegosareanno, M = [a(a), J(a)].

OGumadum wepes y(-, A, Bu 2|, A, I7) pewrenns wy A, B), ynosnersopsomue He-
panchcTRam y'(a, A, B) € r'{a) € t'la, A, B) nan ynoboro 1 € D{A, B). Hy nemmu 5
cacaver, 1o y{- A B) € M, nz(-,. 4, B)Y € My [Moxakem, uto y(-, A, 8) < z(-, A, B},
Haw 4 € {afa). D)} n nbore B € [afb), I(b)] v naw B € {a(b}, 3(8)}} n soburo A €
[afa).dla)] »ru cienyer waaesamit 6. Bukcupyem I € {a(b), 3(b)) u paccmoTpum ciyvan,
kerna M., 0 fHola), £3) # Myctny € M0 Dlafa), ), 7 € (a.b), y{r)=3{r)wu

={reS (3rcfab))e(r)=3(r)rs'(7) = f'(r))A

=(r.bl)irle) = o)A 1o} = o' (o))}
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Moxaaenm, uro My, ND{A(b), B) = @. Ecnu 2 € M,pND{A(L), B), To ana s m z{t) = Jl1),
t € [a,7], z(t) = p(t), t € [r,b] Bonyusem npoTamopeuue ¢ yenosuem 3. Tlokaxem, uto
A B) = z2{(-,A,B) ma A € (a(a),A.). Nyecte yy € M,z N D(A, B), v € (a,7),
wi{e) = a(e) w s € D{A, B). Ecan s(r) = 8(r), T0 43 ycnosnx 3 creayer 3 = gy, Ecm
a(7) < Btau), To oycTs z : [a,b] = R - pewerne 3anayn Kommn

™ = f(t,z, =" "), z(e)=ale), (o) =d'(e), 2(8) = a"(e),

yhoieTBopsioumee ycrmosasu z(t) = y(t), U € [e,0], a(t) £ (1) € s(t), t € |0, b] =
gafineTea {) € (0,8) Takoe, aTo z(l,) = s{ti) & () = &°(1;). Hnx s w z nonyvaen
mpoTRpopedue ¢ ycrosred J. Ilycrs A € (Al f(a)) ® 2 |e,b] — R - peinenue sanaug
Koy

= f(t,:,x', z‘)' z(f) = ﬂ(f)u 1‘(?) = ﬂ‘(f). 3"{7) = ﬁ‘(f)' (s)

yoonneTpopaioltee ycroeus z{a) = A, p £ 2 5 Fuw z(t) = p(t), t € [1, ], Toxaxem, o
z  makcmmannroe pemenye a3 D(A, B). Ecnn s € D(A, B), t;, € {(a,7) w a{ty) > z{t,),
To HalinyTca peiteRre z; [a,b] — R sanauw Ko (8) 1 12 € (a, 1) Taxne, 910 5y (t;) =
a(ty), 2i(ta) = o'(ty), 2 € 27 £ Bz (t) = y(i), t € [r,b], wTo npoTuRopeyuT ycnosuw 3.
Cnyuafl, xoraa t; € (7,b), paccuarpupactcs ananoruuno. Cnenosatensuo, (-, A, B) ==z
g ¢(-,A, B} < z(-,A,B). Cayuali, vorna My, N D(f(a), B) # @, paccuaTpuBactca
AHANOT A9HO.

PaccuoTprm ciyuadi, vorna M,y N D{a(a), B) = My, 0 D{3(a), B) = 0. Nokaxen,
4TO

M, = {Aclala).Bla)) ¥( A B) < (- A,B))}

a M, = [a(a), Ala)]\ M; otxpriT B [a(a), B{a)]. MycTs Ap, A € |a(a), A{a)] B A Gaurxo
x Ap. Tlokames, wro y(-, A, B) Gansko x y{-, Ae, B). e 3Toro pocTatoune nokaaTe,
s1o y'(a, A, B) 6nuixo v y'(a, Ag, B). Heficte. wmuno, us

lima_4.¥'(a. A, B} < y'(a, Ao, B)
nonyvaes npoTHeopeyHe ¢ onpenenenucs y(-, A, B), a w3 nemm 5, 3 u 1 cleayet
lmp—a¥(e, A, B) S y'(a, Ao, B).

AxanorHuno nony‘l‘a.eu, aro z{:, A, B) Gamaxo k (-, Ay, ). Ecan Ag € M, Toy(-, A, B) <
z2(, A, B). Nyctn Ag € Afy. Toraa padnerck t; € (a.b) 1akoe, wro y(is, Anc B) >
z(ty, Ag, B). Cnedoeatencuo, y(ts, A, B) > 2(t3. AL B). Tenepu w1 My # aenyeT
M; = [ala), 3(a)].
Wy nesmiea 3 cnenyer, wro y(-, A, B) - MunnmasiLioe pemenye, 3 -, AL B)  MakcasMasibio
pellesue u
DA B) = {s(-, A1) U eyl A M A B}

Wiyenoesns 3 caenyer s(i, A, L7 By <sft, AV Bt e bynshe A I = e LV )
Henpepusuan sasucumocts yi-, A i, w o A H) A I} Kusiak i
S, Muunsatnioctu Y- B uosake Hio enpepitiian asicusoen,
SCeA VB cacnyer uy noMitak moe e

CHUTIBAR Sasieualde B I
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Teopema 2 Ecsu sunoangomes ycavsus 1-3, ¢ € [a,b), d € {c,b], A € |a{c),(c)]
v B € |a(d),8(d)], mo mmomcecmoo pcwewwd 3adaws Jupuzar D{c,d, A, B) use-
em  Munwhassnge pewenue yi-c.d A B) € Myic,d) v aaxcwmassnoe pewsenue
2(-,c,d, A, B) € Mjy(c,d). Pewenws y(-,c,d, A, B) v 2(-,¢,d, A, B) nenpepmsno 3asu-
cam om (c,d, A, B). JJax awbozo U € [y'(c,c,d, A, B), v'(¢,c.d, A, B)] cysecmoyem edun-
emeeusoe of-,c,d, A, U, By €

€ D{c,d, A, B) maxoe, wmo s’(c,c,d, A, U, B) = U. Peutexue o(-, ¢, d, A, U, B) nenpepuie-
®o sasscum om (c,d, A, U, B),

Dic,d, A, B) = {s(-.c,d, A, U,B): U € [y{e.e,d. A, B), (¢, c,d, A, B}}

¥ das awbozo V € (U, 2'(c,c,d, A, B)) #(d,c,d, AU, B) > o'(d,c,d, A,V,B) u
sft,e,d, AU B < a(t,e,d, A, V,B), t € (e,d).

3ameunnue 4 Ecau vepra F) oboaneuwme unoxcecmoo f, das xomopus sunosnfiomes
ycaoous -3, & wpea Fy oboamavumos mnomcecmeo f, dags xomopuzr vnpaeedauaa me-
opesa £, mo Fy  F;. Brawwewnwe Fy C F; ovesudno. fTyems f €'F., mozda peaosus
1, 3 owesudnu, a ycacsue 2 npu uncuposannmr ¢ u d ctedyem W wERpepHSNOCTAYL
s(-, ¢y, dy, A, U, B) na xounaxmnou unoscecmae

{{er,d),AU,B) 1 ey € [e,c+ 2] Ady € [d—e,d]A A€ [ala), Bley)]A

AU € 1y'(C|,C1,d|.A. B)Iz"tlvclldln A°B]] nBe [ﬂ(dl), -d(d‘)]}'
2de £ = (d - ¢)/3.

Jameyanue 5 Ecav y,z € S u unomecmeo
M= {tela,b] yit)=z{1)}
codepacim Goace dayr mouex, mo uaddymces ¢ € [a,b) ud € (¢, 8] maxue, wmo M = [e, d)].

Jlemma 7 Ecav spinoangromes ycacoug [-3, mo dax awboz y € M, ut € [a,b] cnpaaed-
AUBO HCPAAENCINGD

y(t} < max{y[t,a(a), B(b}),y(t, #(a}, alb}}}.

foxarameavcmeo. Myctu ¢ € la,b) Takoe, 910 y(o) = ale) u (o) = a'lo). Mo
wawem, uto y(t) < y(t,a{a),3{h)), t € [o.b]. Ecu @ b, T0o 3Tuv oicmnnmo. Fonn
o € [a,b) u y(a) = y(o,a(a), (b)), To 370 cnenyer w3 nemmit 1. Myt o € (a,b)
yie) < ylo,nla), 9(b)). Ecaun naiaeted 1) € {0, b) Takoe, urto y(t;) > y(t,, ala), (b))}, 1o
Hafnyten 1 € (o(b), y(b)) u t; € (o,b) Takue, uTo

vita,a, b ala}, B) = y(ta, ala), A(H)),

¥'(ta,2.b,ala), B) = y'{#;, ala), 3(b}).

Hponoasas yy Lo b a{a), B) Backo, NIy 1arM npot vBopeane ¢ voivBReM 3. AHATOCAYHO
nokasaacs, o1 gl < oyl Jla), (b)), b E [a,ai.
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Hoxasemeavcmoo ockoswold meopesum. Teopema | yeTansnnsnser romeomopduu F ;
(AU, B) = s(-, A, U, B) mexny mRoxecTBOM

K={(A,U, B): Ac [afla), B(a)] AU € [y'{a, A, B),2'(a, A, B)| A B € [a(), B(6)]}
d Myosectson perepuit S. Myere b, = HF, i =1,2,1. Hcno, 910
hiala),,, ) =0, M(B(a),-,) 20,

h?(" K] “(h)) <0, hl('l K ﬂ(b)) >0,
hy(A,y'(a,A,B),B) €0, hi(A,z'(a, A B),B)>0.

CnenosaTennno, natinercs (A, U, B) € K taxoe, wto h{A, U, B) = 0, h{A, U, B) = 0,
hi(A U, B) = D. fAcuo, 4to o(-, A, U, B) trnserce pemennenm kpaesoi anaun (3).

3ameyanne 8 Ecex Hiz = H,(z(a), 2'(a)}), Hya < 0, H18 2 0 u H, ne aoapacmaem
no smoposy apzysenmy, mo d<g ambozo 2 € §

z(a} =afa) = Hiz <0, z{a)=fHla)= Hz20

Ecau Hyx = Hy{z(b),z'(b}), Hix €0, H:8 2 0 u H; xe ybmagem no smopouy apzymen-
my, mo dag awbozo 1 € S

z(b) = a(b) = Hyz <0, z(b) = 8(b) = Hyz > 0.

Teopema 3 Ecau awmnoaxsiomes ycacaus !-8, A € [a(a), Blu)], B € [o(b}, B(b)]. A, €
[B'(a},o'(a)], Bi € [2'(8), 3 (b)], c € {a,0) u

C € [ylc, ofa), B(b)), z(e, ala), B(E))] © "+(c, Bla), (b)), 2{ec, B(a), a(8)}].
me kpaessie 3adavu

™ = fit,z. 2,7, z(a)=A, zle)=C, z(b)=B, a<r<§,

™ = f(t,z, 2. 1"), r{a)=A, 2 =C, 2(b)=8B, a<r<g,

= f(t,z. 21", 1'a}=Ai, )=C, MW =J a<r<y
UMENN petIenUE.

Hoxnzameavemeo. M3 nevmu 7 cnenyer, uto anu mobuwx y € M, w2 € My enpanen-
nnee HepasetcTsa y(c) £ C € z(e). OcTalbipic YCIOBUS OCHOBHOR TCOPEMIS GHCRILIHLIL
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A.Lepin. General boundary value problem for the third order differential
equation.
Summary. For boundary value problem

™ = f(t,z,2,2"), Hiz=0, Hz=0, Hix=0, a<s<p,

were a and 2 are solution of the equation ¥ = f(t,z,2',2"), and « < £ conditions are
given for the existence of & solution.
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A .Lepine. VisphrTga veida robeiprobl&mae tredfia kirtas vienkdojumam.
AnotBcija. Atrasti robe2problémas

= ft,z,2",z"), Hiz=0, Hiz=0, Hyz=0, a<z<48,
atrisinAjuma cksistences nosacijumi, kur a un § ir vienidojuma z* = f(t,z,s2',2")

atrisindjumi.

HECTHTYT MATEMATHKE K HEGOpPMATHXE MocTymana 23.05.96
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INIpocTelinime ABRyXTOVEUHME 3aAAYN
ANA YpARMNEMMS NETREPTOro mopsiaxa

JLA Nlenmu

Aunnoranms. Hecnenyercs maomecTso pemeand ypasscnns
= ft, 2,2, 2", ™),
SAKTORERSLIX MEXAY OBYME SAIADHLIME peidcENsuE a x 5,

YIK 517.927

B pafSoTe SyyNAIOTCS YCNORES PANDAITRMOCTE KPACRMY 34089
W= flt,x, 2, 2", 2™, N0 = A, i€ {0, M),
) =8, j={0,..0), agsgPh, k+l<2

coe k0 € {0,1,2), A€ R,i€ (0,8}, B, € R je€{0..0}f [BExE —
R yoownersopter ycncemaw Kapateamops 1 o, 8 [0,1] — R - asa duncEposansmux
pemcil YpaRncERS

£ = fit, 2,2, 2", ) 23]

Takme, wTO a < .

Amanorransie poopock paccdaTpasanmes B paSotas [1]-[H.

Nyers §  muomectso 27 [0,1] = R pemienrnd ypasseuws {1}, ¥aoaneTsopscmux
BepapencTeaM 0 S 1 < B. Jlaa k € {1,2,...} neenew ofoymavrnns

S(a, k)= {z € §:(Fn...n€BI({Vij€ fh.. Bi<jmx <)
AYi € {1,...E})((imod2 =} = 2(:) = o{ %) A2'{%) = &(npA
Ali mod2 = 0 = 2(%) = (%) As'(%) = Ak
S(B. k)= {2 €5 (e € [0 1D((¥5,5 € {3, B)Ni < j = % < WA
AV € {1,...k})((imod2 = | = 2(%:) = (L) A &%) = F(RDA
AMimod2 =0 = x(%) = o(%) A ='(%) = a'(x)))}
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S(a, 8, k) = S{a, k) U 5(8, k),
S.(ar, k) = S(o, E)\S(a, B,k + 1),
5.8, k) = S(8,k\S(a, A,k +1).
Ons k1 € {0,1,2} » Ay, ..., A4, Bo,...BiER
D(Ag, ..., Ax, Bo, .., Bi) = {z € §: (¥i € {0,....k}){z7(0) = A)A
A(Yj € {0,...,1))(s4Y(1) = B)))}.

ByneM DpequonaraTh, 9To BLOOTHEKTCE CIEAYIIIEE YENOBEN.

1. Jna mobuix o € [0,1) m & € (a,1) gadnetcs M € (0, 00) Taxoe, ¥1o And Moboro
pemenus r (a,b) — R ypaauenns (1) us a{t) < z(¢) < B(t), t € {a,)) cnenyer, 910
| =™(t) |< M npa t € (a,b).

2. Ilne moburx c € (0,1) n A;, B: € R, i € {0,1,2,3) sanaun Konm
o = ft, 2,2, 2" 2"), 20) = A;, i€{0,1,2,3),

a(t) < =z(t) < A(t), telo.d,
W= fit, 2,2, 21", () =8, ie{0,1,2,3),

a(t) Sx{t) < B{L), t€[el]

EueIOT E0NRCTICHROE PEIICHEE,

3. Mg nobuax ¢ € (0,1), k€ {0,1}, A, B; € R,i € {0,..,2-k},C; € R,j € {0,... k}
CANRCTRERALS PEINCEME KPAcALIX 3ANAY
M= flt 2,222, tOY=A, i€{0,..2-k), zU{e)=C,
I€{0,..k}, a(tysz(t) < B(1), telo,d),
2= f(Lz,7,2" 2", W) =0, i€ {0k}, V()= B;
Je{0,...2- k), alt)<z() <A(t), t€lel]

4. lnx mobux r € {0,1,2}, ko by € {0,...2—r}, s €(0,1), 6 € {1,...,7), 4, € R,
JE{O, k), BieR je{0,.. . hluCeRie(l,. . rimkt+th=al-rag<q
OpE v = 2 CNeAyeT eOMACTICRNOCTD PeleRls Kpacsod 3anatd

9= f(1,z,2",2",37), UN0) = A;, je (0. k)
:(ci) =C, 1E {L“-rr]u rb)(l) = Bil Jj€ {00"'! b'l}l
a<sz< i
5. 5(a, 8,3) = .
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Jlemma 1 Ecav 4 € (a(0),8(0), B € (a(l),3(1)) u s € D(A, B)\S(a, 8,1), me nes-
demex ¢ € (0, 00) maxoe, wmo dax Aoz A, € (s1(0) = £, 500} + ¢), ¢ € {0,1,2} u
By € (B—¢,B +¢) naildemes Ay € R manoe, wmo pewenne z: [0,1] = R aadawu Kowu

z% fit,z, o', 2", ™),
z(0) = Ao, z(0) = A4, {2)
z"(0) = A,, z™(0) = A

ydosaemuopsem yeaosuw 3 € D(Ag, Ayi Az, Bo)\S(a, 8,1).
Lonasamesncmac. Bubepen Agy € (—o0, s(0)) B Asp € (#*(0), 00) Tak, WTobM pe-

meuns 4 8 5% sagaw Koma
= = f(t,2,2, 2", ™),

2(0) = 2(0), z'(0)=9(0), £"(0)=a"(0), z"(0)= Am,
1“' = f(ii x, z‘t :.ixm)o
z{0) = 4(0), 2'(0) = S'(0), z"(0) = s"(0), z™(0) = Ay

FAORNETBOPANIN hepabeEcTBaM 0 < 89 < § R a < o° < F. Hs ycnosan 3 cneny-
eT, 910 a9(1) < s{t] < a%(t), t € (0,1). Bubepen £ € (0, 00) Tax, 9T06u max NWOGLX
A € (8D — ¢, 8" D) +¢), i € {0,1,2) m Ay € (Ap, Aso) pemenzs 3ana9 Koma (2) yoo-
WIETROPANE BepanencThaM O < (-, A, A1, Ay, Ar) < 5, 2(l. Ao, Ay, As, Am) < B -
w z(}, Ag, A, Ag, Aw) > B - £ fcuo, 9To uadnetcs Ay € {Ap, Ax) Takxoe, uTO
z(1, Ao, Ay, A3, As) = B,.

Jlemma 2 Ecaw e € (0,0), # € S, s(t) < B{1), t € (0,1), w3 o{0) = A(0) w &#(0) = §(0)
caedyem 5(0) < F7(0) m w2 s(1) = F(1} cacdyem #{1) > §(1), mo naddemes z € §
maxoe, wmo x(0) = #(Q), =(0) = #(0), s"{0) < =*(0) < #"(0) + ¢, x(1) = (1) w
a(t) < 2(t) < B(1), 1 €(0,1).

Horasameapcmeo. Paccmorpam cnyqad, xorna s(1) < g(1). Nlycts gy € (0, ¢} nocra-
Toauo manio. Torna ang Az € (#™(0), 3™(0) + £,) pemenne 2° sanum Koo

= !(tizl 3') :-l r-)l

2(0) = 8(0), ='(0) = #(0), 2"(0) = s"(0), ="(D) = Aw

yromeTaopseT uepaneucTram oft) < #%(1) < A(1), t € (0,1].
Hn u € R ofownatum wepes s{+,u) pemende >anavn Komw

W = f(t, 2,5, 2", 2™),
2(0) = 5(0), 2'(0)=4(0), ="(0)=u, =z7(0)= Ax.
Hs popuynm

o{t,8) = o(t) = (u— O + (A= B™(ON5 + 3 [ Slrsatr ), 45,00,
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(v, u), 0(r,u)) = flr,a(7), a'(r), 8" (7}, s™(PN)(t = 7)*dr

cnenyer cymectTaopanwe 1; € (0,1) Taxoro, wto s(t,u) > at), t € {0,44), u €
{s7(0), a"(0)+ £;). Bubupas u € (s”(0), 8*(0)+£,) DocTaTonne Gmmykum k »*(0), nonyvaen
BepanencTna s(t) < a(f,u) < B(t), t € (0,1]. Crenoparennno, raflicrca Ay € (—oo, Ax)
Tauoe, 4TO pemense saaaan Kown

2 = fit =, ='v3'o3~)| 3(0) = 2(0), 3'(0) = ".(0)| 3”(0) =y, 3-‘(0) = A,

ynosnetsopser yenoanauw s{t) < z(t) < s(t,u), t € {0,1) m (1) = s(1).
Cnywail s(1} = (1) paccuaTpmBasrTct ARANOFMIHO.

Nemma 3 Ecas y € S(r,2), 2 € 5o, §,2), y(0) = 2{0) u (1) = z(1), mo avboy =z €
S.a,2), aubo z € 5.(8,2) w ¢'(D) < #(0).

foxazameascmas. Myets oy, 03, 7,11 € [0,1] Taxme, a0 y(on) = af{ay), ¥(o) =
(o), 1{e;) = olm), £'(7) = d'(e), p(n) = B(n), ¥(n) = F(n), iln! = B(n),
Z(rn) = §(r). Hy ycnomws 5 caenyer, 1o y € S.(a,2), & ecm 1 € §5{8.2), 1o
: € S5.(3,2). Mlyers z € 5.(a,2). Paccworpum cayuad, xorna 0 < min{m,0,}
T = max{r, } < 1. fcuo, w0 Mexny oy W g7 RaRaercs ¢, Taxoe, uto p(,) = z(t).
Ecau ty < max{cy, 73} = o, To Ha nATeprane |7, 7| AadneTcn {5 Taxoe, uT0 Y(i;z).= 1(t;).
H> youiosasx 4 crenyet, a0 y = +. Ecnu ) = o, 70 memay 7, 1 7 nafipetcs {; TAKOR, 9TO
p(t2) = 2(ts). Cnenosaresinno, g = 2.

PaccmoTpun cayuad, worna oy = 0 = v < 1. Fequ 2(0) = y/'(0), To meany 1 a m
mafigerTen {; Taxoe, uwro y(i;) = #(ta). Wy ycmoswa 4 cnenyer, aroy = 2. Eeau 2'(0) > p'(0),
To uafinetct 4 € (0,0;) Takoe, wro p(t,) = z({)). Ha uateppane [0, 7] nafneres 4
Takoe, 4TO y(i3) = z{(2). Caegosarensho, y = z. OcTaNviiie CAYYAN DaccMATpRBAMTEY
AHANIOT HYUO.

flyctn Teneps z € S.(3,2). Paccuotpum cnyysk, xorga p'{(0) = 2'(0). Acwo, wro
0 < min{e|, 13} = ¢ < T = min{rs, 7} < | A ua uHTepBane [0, 7] HafineTca ¢ Taxoe,
wTo ¥{t)) = 2(t). Cnenosarensuo, y = 1, 9t nesoamonno. PaccmoTpum cayvad, xoraa
¥'(0) > £'(0). Acwo, 410 0 < ¢ < 7 < 1, Ha WHTeppane (0,0) HafneTcs {; Takoe, yTO
y(ty) = 2(t)), # ws unTepsane [0, 7| uafinercsa t Taxoe, 470 ¥(l,) = z({3). Cnenomatennno,
¥ = z, 4TO HEBOIMOKAD.

Tesua & Ecau A € [a(0),8(0)], B € la{1),8(1)], y € D(A, B)"15(a,2), z € D(A, B)N
5(8,2) u s € D(A, B), mo y'(0) < #(0) < '(0).

foxazameancmso. llpennonoxum npoTArHoe. PacemoTpum caydaidl, sorna s'(0) <
v'(0}). Nycr, o1 € [0,1] 1aune, 4to ylo) = ale), y'(o) o'(e) n y(r) a(r),
vir) = 8(7). Ecam a(t) < s(t), t € (0,1), To va nuTepsane (0,¢)} nainercs ¢ ta-
koe. wTo y(i) s{t)). Ecau 7 < |, 7o Ha RuTcpmane (7, 7] waknercn f; Takoe, 4TO
y(ty) = s{ty). Cacnosatenwro, y = s Ecnw a € S{a.1), to w1 &{1) = B()) cnenyet
s'(1) > #(1). Ho nemwe 2 wafinetcn z € D(4, B) takoe, wto {0) = a'(0) w aft) < z(1)
npn L e (001

¢ UCMATPHBACICE AllAA0IHHO
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Jemma 8 Ecau Ap € [a{0),8(D)], Bo € [a(1),8(1)], A1 € R u D{Ao, Ay, Bo) ¥ @, me
waddymex A.; € R, A;, € [Aj.,00) ¥

‘('! AﬂiAhAl; Bﬂ) € D(AﬂlAl'A'll Bﬁ)! Al € [A-h A:.]

Maxue, ¥mno

#(-, Ao, A1, A, Bp) € S{a, 1); 3)
(¥t € (0,1))(s(1, Ap, A1, Asa, Ba) > a(t))A
(Bo = a(1) = 2'(1, Ao, A1, Au, Bo) < (1)) = (4)
Ag=al0) A A; = o' (0) A Ay = a”(0);
8(:, Ag, Ay, Aa., By) € 5(8,1); (5}
(vt € (0,1))(a(2, Ao, Ay, Aa., Bs) < B(t))A
(By = B(1) = #'(1, Ap, Ay, Ase, Bo) > B'(1)) = (6)
Ao = B(0) A Ay = F(0) A As. = B7(0);
D(Ag, Ay, Bg) = {s(:, Ao, Ay, A2, Bs) A; € [Ag, Adl}: ("
duxr u,v € (A, As], 1 € (0,1} wa u < v caedyem, umo
o{t, Ao, Ay, u, Bg) < a{t, Ag, Ay, v, By). (8

Hoxasameascmae. Hy yenosny | crenyer xounaxtaocts D{ Ag, A1, By). Mycte
Ay = inf{z7(0) : € D{As. A, Bo)},
Az, = oup{z"(0) : 2 € D(Ap, A1, Bo)}.
Hy yenonng 4 cnenyer, wro
cardD{Ag, Ay, A3, Bo) £ 1, A; € A, As.],
& B3 gomaaxTEOCTH D( Ao, Ay, Bo) - cymecTrosanne
a(-, Ao, Ay, Az, Bo) € D(Ag, Ay, Aaa, Bo),

s(:, Ag, Ay, As., Bo) € D(Ao, Ay, Ase, By).
Hepaneucrno
"(" AO, Ah Alﬁo BO) S "('u Ao, AI.- A]n BO)

cnenyet Ry yenosus 4. Cnienopatensno, ana mofioro Az € {A., Ay.) Bafinetcs enuicTeen-
HOE

-’('t Ag, Ay, Ag, BU) [ D(AO\ Ay, Ag, Bp).

Tenepr yenonue 7 oucermno, a ycnosne 8§ caesyer u3 ycnosus 4. Hy nemmim 2 cnenyer,
4TO T8 3 = (-, Ao, A1, Asz., Bo) yeaosue

(Ve € (0, 1)Malt) < B(E)) A (3(0) = A0} A 8'(0) = 7(0) =
= 5"(0) < A0 A (s(1) = (1) = (1) > S

ne pumontsetca. Ciemosatensito, crnaseAmiss yeronnd 5 1 6. Meaosita 3 h 4 nokaikiba-
1A anaiuinuo.,
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Jlemun 8 Ecaw Ay € (a(0), 5(0)), Bo € (a{1),A{1)) v
D{Ag, Bo)\S{a,A,1) # @,
mo noddymes A,y € R, A1, € (A;,00) &

B‘('. AO! Ah Bn).ﬁ(‘.ﬂmﬁh BD) € D(Aﬂ\ Ah Bﬂ)- Al 3 lA-h AI-I

maxue, vmo

¥ Ao, Aoy BY) = 2(-, Ao, Auy, Bo) € S.(0,2); (9)
¥ Ao, Ar, Bo) = z{:, Ag, Ay, Ba) € 5.(8,2); {10)
¥(-, Ao, A Bo) € Sula,1), A € (An, Ai); (1)
(-, Agy Ay, Bo) € 5.(B.1).  Ai € {A., ALk (12)
D(Aq, Bo) = (3 € D(Ap, Ay, Bo) : A € [Aa, A} (13)

Hoxazameasemao. [lo nemue | MuoxecTso
M= (2'(0) z €& D{Ao, Bu)\S{a, 5,1)}

otkpuTo. llyctn A, Ay € R\M, (A, AL) C M u A, < Ai.. Mo newmn 5 nnn A, €
[Aw, AL.] cnenyeT cymecTaonanue

y('- AO; Alp Bo].z('r Am Ah Bﬂ) € D(AOUAI- BD)
TAKUX, 4TO chpasenrusn yciosns L1 & 12. Ecan
¥i-, A, Asy, Bo) # 2(:, Ao, Auy, Bo),

To B0 nemue i HafigeTcn ¥ € D{Ag, Ay, Bg)\S(a, 8,1), uTo npoTusopeynT onpenenensuo
anTepeana (A., A).). Cnenosarenuho,

y('! A-Dn A-l- Bo) = Z('. AoIA-1I Bl.l) € S(n.ﬁ,?).
AHaNorguto nony«aem, 4To
() Ao, Aye, By) = 2(:, Ap, Aro, By) € S(a, 8, 2).

Teneps w3 nemmn 3 crenyworr yeaoens 9 1 10, 2 w3 nemmn 4 yorosne 13,

Onprdeaenur B ycnoswax nemmie 6 nonokum
¥ Ao Bot = yl-, Ao, Auy Bo), =(-y Aw Balb = z(-. Ay, Asa. Bo).

Jlemma T /Les wobur A € {af0),3(0)) u B & (o{1).3(1))  D{A, B)\S(a,A,1) £ 0.
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Hoxasameavcmeo. Ilycru ¢ € (0,00) mocTatouno mano. Torna pemenme o, sagauE
Koms

= f(ti T, :‘v 2", E']! z(0) = a{0}, 3.'(0) = a'(o)l
£"(0) = a”(0), 2™(0) = a™{0) 4+«
yRoRneTBopECT BepasercTaaM a(t) < 8,(t) < A(¢), t € (0, 1], a pewnenne 5 sanamn Kourn
2 = flt,z,2,2",27), 2(1) =a.(1), 2(1)=4l1),
(1) = 2((1), ™(1)=a7(1) ¢
YOORIETRODAST BEPABSHCTIAM & < 8 < . ChenoraTensso,
D(2(0), a(1})\a(a, 8,1} # .

Mo acume 1 wromecTBO

M = (By € (o(1).8(1)) : D(s(0), B\S(a, 8,1) # @}

otxputo. Mycrs (B, Bp.) - maxcumansuuifi BHTepsan Hy M, conepaamsh Toury #(1).
Moxaxe, 4To BepasencTso Bug > af1) npusaart k npotusopeanno. Tycts

II('. .’(0), B-ﬂ) = B'li"’!'_. y(l ‘(O]I Bo)»

z(-, 5(0), B) = B.ll-ﬂg.,, (-, #(0), Ba).

Panencteo y(-,2(0), By) = z{-,s(0), By) nporsmopeunt ycnomum 5. Cnenspaatennso,
y(,5(0), Bu) € S.(a,2), 2(-,8(0}, Bg) € 5.(8,2) m y'{0,5(0), Bu} < 2'(0,5(0), B
H}'C‘I‘E A € (y'(O. ’(0)! Blﬂn z‘(O. "(0)| B-O)) Ty .!(0), Ay, B-D) = B.h_n;'. y(l 3(0)1 Ay, BU)
fcno, 9to y(-,3(0), A;, Bu) € Su(a,1). H3 nemmna 5 cnenyer, aro D(s(0), A;, B.q)\
\S{e,8,1) # @, a 370 npoTnRopeINT Onpedenernto AHTeprans (B, Bo. ).

ARanornuyo pokadupaercd, 910 Bo, = §(1). Cnenosarennuo, D{s(0), Bo}\ S{a, f,1)
# @ nne moboro By € (a(1), 8(1)). Ananorndno nonyxaem, uto D Ag, B\S(0.8,1) # @
ans moboro Ag € (a(0), S{0Y).

Teopema 1 Ecau Aq € (a(0}, 8(0)) u By € [a{l),8(1)], mo cpuecmoyom y(-, Ag, By},
z(:, Ag, By) € D{ Ag, By) maxue, ymo

(' Ao, By) € S.(@,2}, -, Aq, Bu) € 5.{3.2% (14)

y'(O,Au.BD) < Z'(D, Ay, Bo); (15}

ecau Ay € (0, Ap, By), 2'(0, Au, Bo)], mo cyruremeyom y(-, Ag, Ar, Ba). 2+, An, AL ) €
DHAs, A, Hy) makue, wma

¥ 0y (00 Ag, Ba). Be) - 2 - A0 80 A Bu) Ba) =y L As ) (183
0250,
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¥(- Ao, Av, Bo) € S.la,1), A € (¥'(0, Ao, Bo), 7'(0, Ao, Bo)); (18)
(-, Ao, A Bo) € 5.(8,1), A € (3'(0, Ao, Bo), 2'(0, Ao, Bo}); (19)
D(Ao. B“) = {: € D(A'Oi AII BO) : Al € ly'(O, AOI Bn).z'(l), A'.o Bﬂ)l}; (m)

ecan A, € [1¥(0, Ag, Ay, By), 2%(0, Ag, A1, Bo)], mo cywecmaynom
3(:, Aoy Ay, Ay, By) € D(Aq, Ay, Az, By) maxue, smeo

‘('! Ao, Ah ’.(0) Aa, Ah Bﬂ)o Bﬁ) = V('I AO! Ay, &)I (21)

‘('.Aa.A],l’(o,Ao,Ah&),Ba)=3('.AQ,A|,BU); (22)
D(An. All Bﬂ) = {3(" Aﬂ. Ah Ah BD) B A: € [y'(ﬂ. AOo Alt Bﬂ)' Z.(ﬂ, AOy Ah BO)]]! (23)
das u,v € [y"(0, Ag, Ay, By), £(0, Ao, A1, Bo)], t € (0,1) w3 u < v caedyem, ums
a(t, Ag, Av, 1, Bp) < a4, Ag, A1, v, Bo). (24)
Hoxasamesncmao. Paccuorpmu cnyalt, xorsa By € (a(l), 3(1)). Yeaosue
D(Ag, Bo} \ S(a,8,1) # @ cneanyer us nesniz 7. U3 nemmnt 6 cnenyer ¢ymecracsaume
AL ER AL € (A-h W) R
y('n A0| Ali BO)l 3('.Am41. BD) € D(-‘On All BO)' A € !A-I: Al-l-
fcho, wro Ay = y(0, As, B} x A = 20, Ag, By). Yenorus (14), (16)-(20) cneaywr
my ycnopef (9}-{13) nexnaa 8, a yenonme (15) - my Toro, 910 Ay < Ar.. Tlo pewme §
cymecTayoT A € R, As. € [Aa,x0) &
(', Ao, Az, Ag, Bo) € D(Ao, Ay, Ay, B), A; € [A.y, Aa].
Acnvo, 9T A = y"(0, Ao, A1, Bo) B Ag. = 3%(0, Ao, Ay, Bp). Yenoaas (21)-(24) cnenywr
=y ycnosail (3}, (5), (7) = (8) -neumm 3.
PaccuoTpam cnywal, xoraa By = a(1). Mlyets
V('nA&a“)) = Dli—g}l)y[" Ag, B)n z('l A&a(l)) = .l_“.'.'}l)z('v AD!B)'
Hs newssnr 3 cnepyior yenosas (14), (15) x
D(Ao, a(1)) N S(a, £,2) = {p(, Ag, a(1)), (-, Ao, a{1})}. (29)
Nycre
V(‘- ADI v‘(ov Aﬂ; ﬂ(l)), ﬂ(ln = 2(', A’Ol ,‘(ol AO: a(l))l 0(1)) = ﬂ(. AOI 0(1))0
v(-. Ao, 2'(0- Ag, ﬂ(l)). ﬂ(l)) = z('n Aa, "(ov Aq, a(l))-a(l )) = 2(:, Ao, a(l)lv
y('v Aq, Aha(l)} = 'l'i_.E:“y('- Ao, Ay, B)n A€ ("(ol Ay, 0(1))- z‘(ol A, a(l))).

2('- Ao. A],ﬁ(l)) = BEE:I)‘(.’AO’ Aln B)n -Al € ("(D'AQ! a(l))- x'(O, AO- 0(1)))'
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H3 (25) m nemyns 4 cacnyet, 4Ta BunonraoTen yenosns (18)-(20). Myer
3(+, Ao, Ay, Ay. a(1)) onpesenserca nesuofi 5. Scuo, uro 4.y = (0, Ao, Ay, (1)), Az =
£°(0, Ag, Ay, a(1}) u cnpanennuan ycnosus (21)-(24),

Chyuadl, xorns By = (1), paccmaTpnmaeTcs ananoruano.

OGoinayum yepes S, MHOMecTO pemrenadl 3anauM

M e f(i,2, 2, 2", 2,

2(0) = (D), 2(0)=0'(0), z"(0)=a"(0), a<r<4

Nycrs B, = sup{z(1) x € 5.}, & (-, Bo}, By € |a(l}, B,] cupenenzwoTcs ycnosuamm
J.('. BD) €S5am 3o(|| Bl)) = BO-

Teopema 2 Ecav By € [a{1),8(1)], mo cywecmayom yi-,a(0), Bo), 2(-, 0{0), Bo) €
D{a(0), Bo) moxue, vmo

If(‘, u(o)n Bﬂ) € S.(O, 2)‘ '(';a(o): &) € s-(ﬁr‘z); (N)
¥'(0,2(0), By) < (0, a(D), By); (27)

n‘(ﬂ) = y'(o.a(U). By), Boe€ [ﬂ(])'B-]i (24)
o'(0) < y'(0,a(D), By), Bp € [B.,8(1)); {29)

ceau A € [¥'(0.a(0), Bo), £°(0, a(0), Bo], mo cywecmeyom y(-, a(0), Ay, By),
£(:,a(0), Ay, Bo) € D(a{0)}, A,, By) maxue, smo

y(-,a(O),a'(O), B“J = ’n('l BO)' -Bﬂe [a(l)- Bn];

¥(-a(0),3°(0,a(0), By), Bo) = y(-,a(0), Ba), By € (B..5(1));
#(-, a(0),5'(0, a{0}, Bo), Bo) = y(-, a(0), Bo);
¥(-. a(0), (0, a(0), Bo), Bo} = 2(-, (0}, £'(0, a(0), Bo), Bo) = 2(-, o(0), Bo);
¥(-1a(0). A1, Bo) € S.(a,1), A € (¥'(0,a(0), Bo), £'(9, a(0), By)); (30)
z(- a0}, Ay, Bo) € 5.(8,1). A\ € (¢'(0.a(0), Bo), 2(0, a(0), Bo)); (31)
D(a(0), By) = {z € D{a(0), Ay, Bo) : Ay € ['(0,0(0), By), 2'(0,a(0), Bu)l};i  (32)

ecau A; € [y"(0, a{0), Ay, By), £%(0, a(0), Ay, By)], mo cywecmoyom
a(-,a(O), Alu AJ. Bﬂ) € D(O(o). Ah A:, Bn) maKue, Amo

-'{': a(o)| Ay, v"[['t 0(0), Alv B¢}| Bﬂ) = .F(‘. 0‘(0). A, Bo)r (33)
s(~, a(0), Ay, 2"(0, a(0), Ay, Bo), Bo) = 1(-,a(0), A\, Bo): ()
D(G(OL Ay, -BO) = {-’('u °(0)| A, Aa, BD) 1Al € [’"(0- n(o)l A, Bﬂ)! I”(ol a(o)! Ay, Bﬂzla}su)

dar u, v € [y*(0, a(0), Ar, Bo), (0, a(0), Ay, Bo)), t € (0,1) w3 u < v caedyem
s{t, a0}, Ar, u, Bo) < £(t, a(0), A, v, Bo). (36)
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Hoxazamessemso. MycTn
¥(0(0). Bo) = lim y(-A,Bo), 2(,a(0),Bo) = lim, s(-A,Bo).
3 nesaaaa 3 crenysor yenonas (26), (27) # panescrso
D(a(0), Bo) N S(,8,2) = {y(-, a(0). Bu). 2(-,a(0), Ba)). @A)

¥Yenonse {28) cnenyet a3 yenosns (4) m nesund 2 np By = a(l) w1x neons 3 npa By =
B(1). Ecnn By € (B,, 5(1)] u a'(D) = y'(0, a(0}, By}, To Torna sadnyres B, € (a(l}, B.)
&ty € (0,1) Taxme, 90 3,(ty, By) = y(y,a(0), By) 1 44(t), By) = ¢'(t1,a(0), By), ute
npoTusopennT yenosao (3). lyern
ll('- a(O), u'((l), Bﬂ) = -’n(‘pao)l Bﬂ € [a(l)o Ba]-
y(-.a(D}. y'(O. 0(0). Bo), Bﬁ) = r('-a(o)- BO)- By e (Bﬂlﬂ(l)l!
(-, a{0),y'(0, a(0), Bo), By} = y(-, a(0), By},
(- 0(0). "’(ol a(0), BQ)- B“) = z(-‘ 0(0)! ""(0! G(O), Eﬂ)t Bg) = 2(-, d(mr Bﬁ)-
V('la(o)! Ay, BO) = ‘EE“D}!'('- A A, Bo)v A€ (’l(ov a(O). Bﬂ))z'(uva(o)- BO)).
(-, a(0), A,, By) = ‘Eﬂo' 2, A, AL By), A€ (r’(ov a(0), Bo}, "'(0- a(0), Bn)).

Hy (37) creayior yenoans (30) m (31), & 3 mesniy 4 - ycnonwe (32). Mycts
(-, af0), Ay, Ay, By) onpenensercs nemuod 5. Acuo, w10 Ay = y*(0, a(0), Ay, Bo), Aa- =
£*(0, (0}, A1, By) B copasegnun ycnonss (33)-(36).

Teopena 3 Omofipancexue
(Ao, A1, Az, B) — a(:, Ao, Ar, Az, Bo) (38)
HoAxemes 2oucOMOpPRIMON MeNDy KNONECTIOOM
M = {{Ao, Ay, Az, Bo) : Aa € [a(0), B(0)] A Bs € [a(1), B{1)|A

AA' € [y‘(o! Aa. Bﬂ)n "(0: AO. BO)] A Al € ['.(o' AD- Al' Bo), ”"(0‘ AO- Alv 80"}

u 5. @ywynu y(-, Ao, Bo) u z(-, Ag, By) nenpepuionnt 6o (Ag, Be), o Pirixuuu
y(-, Ao, Ay, Bo) u z(-, Ag, Ay, Ba) nenpepusxi no ( Ay, A1, Bo).

Hoxasameasemeo. OnroraasmocTh oToSpamemms (38) cnenyer 3 yenonas 4. My xom-
OAKTEOCTE S @ HEIPEPHBHOCTE OToSpAMEHEN

s = ((0),5'(0), 8"(0),a(1)), s €S

ciegyeT, 9To oTobpaxcaue (38) xbaseTca romeasopdusou. H3 eqRACTALREOCTE
y(+, Ao, Bg) @ z(-, Ao, Bo) cnemyeT ux BenpepunrocTs fo (Ag, Bo), & W eQEHCTBEREOCTR
(-, Ao, Ay, Bo) u 2(., Ag, Ay, B) cnenyer wx BempepumBocTs oo (Ao, Ay, Bo).
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O6 onnoll xpasnod sanate AN CHCTEMM
CONKHOBEMEMX AN pepenauansuux ypasnennd

nepnoro nopafka
¢ MROTOTOYSTHO-PYHXUNONRALAMME FPAASYHMME YCAOPNEMM

B.1. MNowcsapes

Aunoraums. Jlnx xpacsol sanann
=: = fi(‘lzll ....Z.‘)'

LACECHRAUHES SCNQ NG

OPEBENEHL YCTOBRE CYMIECTRCBARAS PECHES.

YK 517.927

PaccMOTPHM KpPSERYIO 3alaMy
1:'=f|(":l----|=ll)b (l)

¢i(=i(“|).3i“‘i)) =¢i(zl(')l""zn('))i (2]

rne fi ITxR* — R, dyncupn &, R — R n pyuunnosanu ¢; Renpepussn, v = 1,...,n,
ne{l,2,...},a<a, < <h

B aToM naparpade Npueenera yoiobud Cyiec ThoRAKKE pewendid (1), (2), obobiaio-
Lliie COOTBETCTRYINIME pesynbTaTu pabot |1]-[4], kak B perynaproM, Tax ¥ cHHrynsapaoM
CRYYaSX.

MpuBencu Reobxoansue ofo3navcHius, ONpENeNeHAL M BCIOMOrATELALE ¥ TBEPEIC-
HHE.

Berony B nannHefiiuem npennonarasTs, WTo digexc t npoSeraeT MHoxecTso {1, ..., n}.
Re=[0,00), 0 ={ze A" z;€ Ry,i=1,..,n}

Dnam, € {0,1,2, . 3ur, el j=1,.,m nonokam Tm, = {fi,...., Tim, ) € To = @.

AC(I, R Tw,), Car(l x A" 8, T, )y BY {1, R;Th), BYY(I,R;Ty,) MuoxecTBa
dyrxuni, npunanaexaumx AC([e, d], R), Car(lc,d] x B H), BV=(I R), BV*(I,R),
nas awboro unteprana le.d] € [\ AC(J R 0) = AC(ILR)Y, Car(] x R, R, =
Cartl » R* Ity V(IR )= BY~(I, /™), BV*{I R"; &) = BVY(] R").
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AC(I,F",T..,) nupoctpancrso $yuwnadt r [ — R Taxmx, wro ||z]l. < +oo m
z; € AC(I, R; T,,); non cxanRMocTsIo DOCICIOSATEILAOCTR k =+ 23 FTOMO OPOCTPANCTEA
DOHHMACTCE PARROMEPEAS CXQMUMOCTE KAXIDE MOC/CNOBATENLHOCTE & — 74 Ba mobou
uaTepoaie [¢,d] & \Tm,.

BV-(I, R Tx,), BY*(I.R";Tn,) - msoxecrss pywxnui z,y I — R® Texmx, uto
[[2]le < o, |lylle < comz; € BY-(I,R; Ta,). i € BVH(I, R, T.).

Taxwe GynyT acnonssosau crenyiomue oboyganernx. IInn « € BV-(I, R}, f €
BV*(I,R)u,u,1,z € R*, b, 13,12, € R, A; € {—1,1} nanoxam

N={(t,z)efx R :telalt)<z<AY),

-1, t<a;
xi{t)=9 A, a;ct<h
1, k<t
h, La<ti <ty
iy thts) =0 &3, LS4, €1
b, h<hh<ly
&(u, v, w) = (6(ug, v3,01), .00, (U, Un, 10,)),
(2, ¥) = (21, Zin, Uy Zigds -os Zn ),
wslt) = (al), y(t), B(t))
amay J — R". 3anacs &; € M,(A;) cananaet, wro npe A; = 1 pns mobux 11,73 €
[ai(B:), Bi(bi)) m z € {ai(ai), Bi{ai}} w3 24 £ 22 crenyer @i(r,7;) € ®(z,r1) & opu
Ai = ~1 anz mobux ;13 € [ai(a;), Bi{ai)] m 2 € {ai(k), Bi(k)}} wa z, € z; crenyer
&.(z1,1) < B3, 7).
B naneuefitmen paxcapyioTct YACHA My, ..., My, Foe m; € {0,1,2, ...}, MHoxecTea Ty,
M OpeAnonaraeTes, uTo 3 Teopene | w cnegerauu 1 f € Car([x B~ R*), ¢ : AC(I B") —
R), a8 teopemax 213 f, € Car(f x A" BT} v ¢ AC( R T,.) = R Orme-
THM, YTO ¢ CIUTaeTCE RenpepuenM. [lan peweunem kpaepoil 3anauu (1), (2) B Teopeme

1 nounmaercy abconOTHO HenpephiBHAL QYNKOKL, YIOBNETBOPIOMAL Ypapuenuio (1) K
KpaenntM ycrosusm (2},

Onpenenenve 1 @ynnyus z [ — K noavistemct obofwennvim perwennen [-20 po-
da xpaceod Jadavu (1), (2), ecau cywecmoyom nocaedosamessnocmu abcoaomno ne-
APEPHUIGHUZ ¥ paonoMepHo ozpanuvennsiz xa ] fynnyud k — 14 u wucaoenie nocaedosa-
meapnocmu k - a,,, k -+ b, maxue, uma dag aobutr j € {I,..,m,} uk € {1,2,...}
8bINOARFEMCE

e A S Shun Sha £h

e elbije — aije) = 0, 2%, = filt, Ty4y .o, Toie) dad noumu acer t € MU (a0,
Mg Zu(t) = z,(¢) nomenewno xa I v ®,(r,(a,).2,(h)) = ().

Aamevnnme 1 Ecau f, € Car(l ¥ A* R, T...), ina dar ofiobuiexnces pevienns 1-20 poda
T wuera T € AC'(J R TL).
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Onpenenenne 2 $ywanus 7 : | — B wasmsarmes ofoSuennau pewenuca [l-20 po-

da (cu.maxxce [5]) xpacsod aadavu (1), (2), ecay xpose esnoanenus ocez ycaosud ud
onpedeaenus | doRoANUTIEALNG LMcEM

- i r L .
ﬁk?m .I:" Il:-‘l(')“d-’ =0, j=1,..m

Jemma 1 Ha avbol nocacdosameavnocmu gynnyad 7, : § — R, k = 1,2,..., paano-
MEPHO OZPANUNENMUT ¥ PASKOCTIENEUKO NERPEPMENLLT Na KaNcdox mposexymxe [¢,d] ©
NI., Tacl,me {0,1,2,..) momuo snidesumn nodnocsedosamedsnocms, paonosep-
uo crodnuyroce na xaxdos nposcxcymee (¢, d] © N\T..

HenocpencTaeRsoe ciencTame Teopemn Apnexa- Acxon.

Teopewn 1 Hycme A; = 1 u sunoantiomes pescsud:

1) eyweemeywom a € BV-(I, R"), § € BV*(I, ™) maxue, vmo a € f;

«‘-;) x;_{l)(D-a-U) = Jilt,0i(x,ai(0))} < O, xi(t)(D™Bi(t) ~ [ilt,oi(x, B(t))) 2 O dux
(t,: e il;

3) ®i(Aifai), Bbi)) £ di(zi) € ¥ilaifa)), ai(ly)) der ambuz x € AC(I, ) « ecan
a; < b, mo &; € Mi(A).
Toeda cywiecrmoyem pewenue xpaceod sadaxu (1), (£) manoe, yvmoa Sz < 4.

ﬂo:ncmuumua. XOPDIIIO HIBECTHO, YTO KPASRAS MATIAYA

7 = hi(t,2),  i(zdai), 2 (b)) = (),
rhe
At z) = A + fill, 8(a(t), 2, 5(1)))+
+a(a,(th i, Aile)), t € lai b,
Bt z) = filt, 8la{thz, B(1))), € Nai, &),
Oy, 2) = O.(8(exi{a:), v, Bile))), B{evi(b:), 2, Bi( b)) -

=30+ Ay - baula).y, Afa)) -

-gl-am=-ummLamwnx

inmeeT pewrenee r. {lokawen, 4To BHNoMNIdeTen cooTHOWEH e a < 7 < f, Tem, oveBraNO,
H BYNET 3ABEPLICHO NOKAIATENRCTRO.

IIpeaBapUTCNLIC YAMCTHM, ¥TO UTE TeX MHOekCon § € {1,...,n}, A% xoTopux a; < &,,
Ha uirepuane [ aunonnieTcs

a,(t) £ z;{(1) < Bt} (3)

Hokamen cnpasentsenocte nrpasencrea 1,{t) € 3,(¢). Hepasencrro a,(t) < z;(1)
pacrMaTpiracTck anatoruuno. Jlonyckas mpoTeenoe, Hafnem j € {1,...,n} & uwrepsan
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[#:,33] € laj, bj] MaxcamansEod wraBw Taxme, wTo F5(1) < z;(!) Ana noboro { € (3, ).
TNoaTomy

Bi(n) € zjla),  Bils) € x3(s;). (4)
Ha mmTepnane [3;, s;] maeen
A2ty = —z;{t) + A;f(2,8(alt), =(e), B{L))) + B;(t) <

< Bi(t) — =z;(t) + A; D™ By(t) < A; D By(1).
CneposaTennso, &a [y, 53] conyaass

T

zj(t) < D™ B;(t) (5)
a &; € M;{1). ¥s (5), marerpnpyn, nomyqaen
z;(33) - z;(81) < Bi{82) - Bj(as).

Ecan z;(8,) = 8;{51), 10 1;(82) < B;(2:), w10 mporusopeunt (4). losTomy 9, = @; &
Bi(a;) < z,(a;). Eenr 2,(83) = B;(22), To meTpynno moxasaTi £ wCnAnMLIORAREEM ABRG-
pepeunvamuwx gepaveacrs, a0 z;(t) £ f;(t) ans moboro t € |2, 4. Orcicns mween

#i(zs) = ¥i(zi(a;), z;(b;)) = ¥(B;{a;}, 6(a;(b;), z;{B;)),
Bi(b;))) — (z(a;) — Bila;)} < ®i(F,(a;), B;(b;)) < #;(zs),
1o opoTRBopenns. [loatwary 82 = b, u 8;(b;) < ,(b;), oTkyna mueen
#i(zs) = & (x,(a;), z;(b;)) = ¥;(8,(a;), 8;(b;)) -
—(zi{a;}— Bi(a;)) < ®,(8,(a;), B;(b;)) < bi(z4),

4TO OpoTuBOpeuaBo. CrenosaTesimo, ycTaHonTeRa onerka (1) Ha mETeprane [a;,b,].

Tak Kau OOKAIATERLLTBO HepabencTa (3) ua unTeppanax [a,a,] n [b,, b] ananornuwo,
TO PACCMOTPHM TONBKO WHTEpBAN |a,a;] B mpeancaoxuM, 9To @ < a; (¢nyyah ¢ = g;
Tpusnasen). Ouesnaro, 5T0

I;(t) = h:("ﬂ;(f(‘)-rj(f)))-
Tax vax (t,5(aft), (1), A(t)) € © mng nwbux & € I, To ka [8,a,] uueem
D_a,(t)— At o;(z(t),a;(t})} >0,

D™ 3,(t) = by (1, o, {c(2) B,(e1)) £ 0.
loatomy ¢ yaetam 1,{e;) € [a,(a,),,3,(a,)] w2 [f], T4.8, c.lcavet onrnka (3) va wirepuate
[a,a,]
Tagium obpatom, ang rex 3 € {1,...,  Jtd KoToplLx a, < b CHPARPAIIROCT L Hepa-
peHcTea (3) na ! yeranosiena.
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Tyers a; = b;. Torma yeranosam, 910
ajla;) < 2,(a;) < Bila;).
Tonycxas rpoTEBace, paccuoTpum Tomkko cayaad 8,(s;) < z;(a;). Hmeen
$:(zs) = 8}(zi(a,). 2,(0;)) = ¥;(8i(9,}. B,(a;))—
—(z(a;) — Bj(a;)) < #;(B;(a;). Bi(a;)) < &;(4),

970 npoTHBOpeunno. [loaToMy ¢ yueTom yenosas 2 # 1.4.8 u3 [6] nonyuaeum oneuxy (3), &
TeM CaMbLild COPAMETEBOCTL BepaBeECTBA a S T < f 7 Teopemu.

Cnencraue 1 flyemv g; € Car{l x R}, R,), g ne ypfusaem no nepesensols
1y Tiety Zigle o Ta), Pruxuvoncan o AC(I,R*) — R* senpepmenue v neybuga-
WNE U sNOANTFOMCT yeAosus’

1) {20, az)xil5i < 98, [2 oo Hall) das (6,2) € 1 x R

) ldilz)l < vi(z) das z € ACU), 1),

3) (-1, —13) = =%i(x1,2;) dar 71,3 € R u ecan o, < b;, mo €. € M;(A);

§) xpocoas 3adava

2‘; = gi(tv uﬂ"----- "3'\“]Xi(!)|
Si(xila), 2i(&)) = —¥i(z)
wMcern RoAONUMLEAbNOE Ppelienue.

Tozda cyujecmeyem peutesue xpacsod 3adaws (1), (2).

Loxazameavcmss. MlycTh y - nanoxarensroe pemense cpacncl sanavx. Monaras o =
=y, B =y, Rueem an2 nobux x € AC(J, B*) Taxux, 9t —y <z <y,
®ilyi(aih wilb)) = —dily) < —9(3) < dilz) <
< Wulx) S ¥ily) = — (i) wi(b)) =
= &:(—pi(a:), —w(d)).
Kpome Toro, sunoneserca

0= —(xi(t) +ailt, | = (Bl - wa(]) 2

2 —yi{txilt) + gt alll=ll, Nlwsl2))} 2

2 =yi(th(t) = Lilt, oz, —ult)))x:(t))
Ea mBowectse {(1,z} € ] x B t € I,—y(t) € £ < y(t)}. ABanorEIRO DposepeTCc
£OpABCILIHAOCTE HEPABEHCTBA BY yenonas 2 Teoperul | ans § = y. Tlo Teopeme 1 nonyasen

TpebyeMoe ¢ ¥UeTOM TOIO, 9TO Teopesa 1 ocTaeTcs copasennEnodl npe A; = ~1, ecan
a,f € AC{I, ).
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Cneactene 2 [fyema A; = | u smnoanmomes ycaoous:

1) eyweemeyom a € BV-(I, ", T..,), 3 € BV* (i, R*; T.,) maxue, vmo a < 3;

2) ycaoaue 2 meopenm I;

5} ®i(Fila). Bi(b)) £ dilxs) € ®ilai(a;), afb)) dar avbuz x € AC(I, R T.) «
ecav o, < b, mo &, € M(A)).

Tozda cywecmayem prwenue I-20 poda xpacaod aadexe (1), (£) maxoe, ymo-a <
r< B

Hoxazameavemoo. Mycte ks € {1,2,...]} Taxowo, 910 2ne k € {k. b + 1,..]) mn-
Teppanut (v; — k75, 7; + k7Y N 1 pe nepecexmiores, roe 3 € {1,...,m:}. Ine moboro
HaTypanbuoro k > ky onpenennu ¢pynxuua f € Car(l x B, ™) cnenyiomnuu ofpaom.
Ecnd T, = @, 10 fa(t, 21,y Ta) = fi(th 2y, . 7a). Ecnm Top, = {71, ooy Tim, } TO

o, 1€ ]\D.'*
s = k(1 = 27k = 4 k7)),

CA =N ol + K27 k(E - + k),
ten;— k' + &7, i=1,..,m;
8, t € I\D.‘j
gy = ) Al = ESU{ = 270kt - 7, + K7V,
FTV 4B+ 2R - + kY,
te[n; — k' + k7Y, j=1,..,m;
filtyny, . 3a), {t.z) € (\Du) = R,
D_Cl.}(f} . -i” - X + Aii

f!i(!r"l"'-v :l) =

() = ou + 2h,
)+

(t.x) € Du x R,
roe
Dy = (7 - L+ 0T,

J=1
Ais = 1 = (Bialt) ~ ault)).
Herpyauo nokasate, o a € BV~(J,R*), 8 € BV*+(I, ).
Ilo reopene 1 kpacsas waavs
1: = fii(t)-rh aeny 3-).
®i(zi(0;), 2i(h)) = dalz1,-r0 2a)
nna noboro k 2 kg EumeeT pemenue I, TAKOE, 9TO

ay €51 S By

Hs ycnoswk Kapateonops s ompencnemms dyBknEd o, f, fi nonysaes, 910 Do
cienosaTesocT® dyaxnEk k — x;, paRHOMeDBO OTPARRSEHL N DABHOCTCNCEHD Be-
Opepushn 1nx moboro unTepsana [ag, b)) € J\Ta,. [lo nesmwe 1, Be Tepsa oSmuocTH,
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CANTOEM, UTO DOCNENOBATAAREOCTE & — I, PABBOMEPHO CNOANTCH MR KAWNOM EHTEp-
sante [ao,bo] © J\Tw,. Kposse Toro, » onpenencsmn 2 cumTacw, w10 a5 = 7y — k7L,
b =rij4+ 57" j=1,..,mj k=12,.. lNosarss notedeuno 7:(f) = limi_w zu(?) &
YIUTLIBAY HenpepuisnocTh §; B @, DoRyYacM, YTO ¥ FANEETCE pellieskes I-ro pona.

Teopema 2 flyeme A; = | u ctinoawsomes yeaosus [ u 8 meopesns | u yeacoue 3

meopesm 2. Tozda cyuiccmoyem obofuennoe pewenue H-zo poda xpacaoil zadaws (1),
(2) maxoe, ymoa<z < 8.

loxazameancmso. [locTynad Tax me, Kak B Teopelc 2, DoNydiM CylirecTBOBARNE Pe-
wenes I-ro pana xpaenci sanaue (1), (2) Taxce, uTo o < 1 < 4. Cornacuo onpesenennio,
HeoSXONNMO NOKAMATS, 9TO

S [ Yo =0, j=1..

Hedicrantenswo, cornacno Teopeme 1 ([7], ¢.137), ecnnm cymuupyasna D_a(t), L' 8i(1), To
cymmapyenul 8 || Doai{t)]], |10~ 8i(t))]. YamTrBax sepasenctra a € z < § a onpepenenne
Gyuxunid f., nonyuacs

Jim [ ea(alds <

uw-a.t-)n + D" ffa)lMds = 0

hi—n

ana nobux j € {1,...,m;}. Cmmn're.m.uo. pewnieREe mragercs pemenrew II-ro pona.

Jameusune 2 Moxno noxasams, umo npw yeacsuu o, € AC(I, R*) meopeaw 1, £, 8
ecmawmed eapascdinsving ¥ dar A, = —~1,
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V.Ponomarev, On a boundary value problem for the aystem of first

order ordinary differential equations with multipoint-functional boundary
conditions.

Summary. Conditions for existence of a solution to the boundary value problem
:: = fi(t!zh"'lzﬂ)l

°i(=-‘(¢i)‘ :i(bu)) = ¢l’(:l(')--“lzﬂ('))l
are given.

1991 MSC 34Bsg9

V.Ponomarjovs. Par vienu robe2problEmu pirmHis kirtas parastas diferen-

ciElvienEdojumu sistZmaj ar deudzpunt tu-funkcion@iliem robeZnosact jumiem.
Anoticija. RobeZproblémai

z; = fill, 71,0 20),

0;(1‘,‘(0.’),2‘(5.)) = é.(fl('L "'-3'!(')).

ir doli atrisinajuma eksistences nosacd jumi.

HACTUTYT MATEMATHNR B HEDOPMATUKR [locTynnna 24.05.96
Jlatenfickoro yAuBepcHTeTa
Para, 6.Paitunca, 29
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