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Two theorems on estimates for solutions of one class of nonlinear
equations in a finite-dimensional space

The need to study boundary value problems for elliptic parabolic equations is dictated bygtumerousypractical
applications in the theoretical study of the processes of hydrodynamics, electrostatics,qhechanics, heat
conduction, elasticity theory and quantum physics. In this paper, we obtain two theorems on a priori
estimates for solutions of nonlinear equations in a finite-dimensional Hilbert spacesThe work consists of
four items. In the first subsection, the notation used and the statement of ghe main‘results are given. In
the second subsection, the main lemmas are given. The third section is deyote@d td'the proof of Theorem
1. In the fourth section, Theorem 2 is proved. The conditions of the theorems are such that they can be
used in studying a certain class of initial-boundary value problems,to obgain strong a priori estimates in
the presence of weak a priori estimates. This is the meaning of these theerems.

Keywords: finite-dimensional Hilbert space, nonlinear equationshinvertible operator, differentiable vector-
functions, a priori estimate of solutions.

Tatroduction

The problem of describing the dynamics of an®incompressible fluid, due to its theoretical and
applied importance, attracts the attentiont\of many researchers. In mid-2000, the Clay Mathematics
Institute formulated this problem as Thé&Millennium Prize Problems on the existence and smoothness
of solutions to the Navier-Stokes edqutations for an incompressible viscous fluid [1].

Countless works were dévoted\to the solution of this problem even before it was declared the
problem of the millennium. Singe there"are an infinite number of them, we simply do not list them.
The given article providesg@incomplete list of works [2].

Many first-class mathem@tiéians who managed to solve other important mathematical problems,
including those i, problemggef gas-hydrodynamics considered this problem. Such prominent mathe-
maticians of the 20th éemtury as A.N. Kolmogorov, J. Leray, E. Hopf, J.-L. Lions provided significant
results in their wopks.“€omplete solution to the problem for two-dimensional case given by O.A. Lady-
zhenskaya [3faIn [4)a complete analysis of the current state of the problem and a review of the
availdble literaturef as well as proposed methods for solving the problem, are given. In particular,
the mainfproblem of the global unique solvability of the three-dimensional Navier-Stokes problem is
reducedito the question of finding a strong a priori estimate for all possible solutions. Works [5]-[12]
are devoted to the study of the solvability in the whole of equations of the Navier-Stokes type, the
continuous dependence of the solution to a parabolic equation and the smoothness of the solution. In
papers [13], [14] questions about the formulation and their solvability of boundary value problems for
high-order quasi-hyperbolic equations were studied.

In this article, we obtain two theorems on a priory estimates for solutions of nonlinear equations
in a finite-dimensional space. These theorems are proved under certain conditions, which are borrowed
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from the conditions that are satisfied by finite-dimensional approximations of one class of nonlinear
initial-boundary value problems, rewritten in "restricted notation".

1 Used conditions and designations. Formulation of the main results

Let H be a finite-dimensional Hilbert space (10 < dim H = N < o0) and G is an invertible operator
in H such that |G]| < 1, ||G™!|| < co. We will be interested in the following equation

f(u):=u+L(u)=g€ H.

Throughout this paper, f (u) will mean an operation of the form u + L (u), where L
transformation. *
If € is a parameter from [0,+00) and the vector u (§) is a vector function thatyis inuously
differentiable with respect to the parameter £, then we assume that the vector fufict (£)) is also
continuously differentiable (as well as the expressions arising from L(u) an elow).
We introduce the notation L, :

(L (u(€)))e = Luue-

It is obvious that L, (for every w € H) will be a linear operator

L 4

Lo = (L (u() \

Here and throughout follows, E is the identi
Operator adjoint to L, denote by L, ¢hat is L), = (L,)". Denote

We have

Dy, = E TGy f (u) = f (u) + Ly f (u).

If u is a differentiable Ve then we set
(D;:f(u))g = Myue.

Here M, is a linéar opera fixed is defined by the formula

Muv = (Muu§) ’

ug=v’

ing conditions C1-C4.

. If u, v € H, then the transformation L, and L} continuous in H, L (0) = 0 and the
met

[1L(uw) = L)l < »([Jul)]lu—v],
1w = Lolla—m + 1Ly = Lolla—a < ¢([[ul)u = o],
1Dl < (f[ulDloll,
Myl < ([Jull)loll,

where || - || = || - ||&, () strictly monotonously increasing on [0, oo) positive continuous function.
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This condition is natural, since H is certainly, as a rule, it is performed. Therefore, we will use this
condition often without stipulating. We will sometimes use the above designations without reservations.
In addition to them, we give often the frequently used designations

Y(w) = (D}, f (w), w)|ul| 2
p(w) = [|Gul? |l 72,
S(u) = Dy, f(u) = y(uw)u — K(u)R(u),
R(u) = G*Gu — p(u)u,

<G*Gu— p(u)u, Dy f (u) — |u||> 0\
= [GCul? / \

J(u) = [[ull* exp(=||f(u)
Condition 2. If u-operator’s own vector G*G, then the inequality has 1&1

lull> < (If(u)]* +2)" @

Condition 3. For any u € H evaluation is made

where m—integer number, m > 2.

1Gull? <
For some 0 #u € H
U||
|Gall?
where the infinum takes on all such «a at
% 1, (G*Gu,a) = (u,a) = 0.
Condition 4. If 0 # u &: 0, K(u) > 0, then
Kd <1-3,
fair, where 0 € (0, 1
Theoremel. If conditions C1- C4 are met then for any v € H fair assessment
lull> < C exp(|[ f(w)[?), (1)
where not depend on u and depends only on the conditions C2, C3, C4.

Remark 1. Since G is an invertible operator, we immediately have from condition C3 that the
following estimate holds:
lull® < IGTHP |1 Gull? < d || f ()], (2)

When approximating an infinite-dimensional problem, the finite-dimensional quantity ||G~!|| can
tend to co. Therefore, from (2) it is impossible to obtain the estimate for |lu/|.

Theorem 1 is extended to infinite-dimensional problems, and this is its meaning.

We present one more result.
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Theorem 2. Let H be a finite-dimensional Hilbert space. Assume that L(-) is a continuous transforma-
tion in H and D is a linear invertible operator. Let us pretend that L(0) = 0 and for any H we have
the inequality

(Du, DL (u)) > —6||Dul?

at some 0 < § < % Then for any g € H equation
u+tL(u)=g

has a solution satisfying the estimate

| Dul|> < (1—26)"" || Dglf*.
L 2
Various forms of this theorem are well-known. \

Basic lemmas
Lemma 1. If 0 # u € H, then the orthogonality equalities K
(u, B(w)) = (u, S(u)) = {R(u), S(u) = Q

Proof. These equalities are consequences of the deﬁniticzls R(u)

Lemma 2. For any C > 0

Proof. Since G is an invertible operator and cofidi atisfied, then for u € M¢ s we have

|2 eIl

This implies the boundedness of the set Mc 5. B n, since H is non-dimensional, we obtain the
compactness of the set M¢ s. Lemma 2 is proved.

Let us put

b(it) = sup ||Gu)?, (3)
where the supremum is take& a € H, then
J(u) > J(u). (4)
Lemma 3. If € n there is a vector @, such that

IGa|? = b(u) > ||Gull?, J(@) > J(u).

isterice of the vector u follows from Lemma 2, since over a compact set is achieved on
f this compact space, and the suprenum set over which is taken is compact by Lemma
2 (see prenum and (4)). The lemma is proven.

a vector function as a solution to the problem

{u§ = 2 G* Gu+y S(u), -

u(§)le=o = u.

here @ is the vector constructed in Lemma 3 for some 0 # u € H. For functionality .J(u(¢)) and for
the norm ||Gu(§)|| using the orthogonality equalities of lemma 1 we have

(IGu(©)1M)e = 2(G"Gu, ug) = 22| G*Gull?, (6)
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Je(u(€)) =2 1(u(©)) (i — i/ (w(€)), ) =

= —2.J(u(€)) {[K (u(€))G" Gu(€) + S(u(€))], ue) = ()
=2J(u(©)) [ - 2 K(u(©))|G*Gu(©)|I” = y IS (u(©))]*]-
Lemma 4. Let u € H, U be from Lemma 3. Then the conditions a), b), ¢), d), e):
a) S(u) =
b) K(u) = 0,
¢) K (@) < K (),
4) G(@) = G(a), ¢ \
e) J(@) = J(u). \
Proof. Let S(w) # 0. Then in (5) we choose K
=1,y =—[S@)|*[1+ K(@)||G*Gu(¢)
Then from (6) and from (7) we find
(IGu@) 1) >0, ng@\ ®)
This implies the existence of a number &y > 0 such that fhe Strictlinequalities
[Gu(&o)|l > [|Gul, > J(u). (9)

These inequalities contradict the origin of the

Let us pretend that K(u) < 0. If we choose
(8) is satisfied. From (8) it follows that th
contradiction with the definition of w.

herefore, S(u) = 0 and done a).

, y = 0, then it follows from (6) and (7) that
is a small § > 0, such that (9) is satisfied. We obtain a
re, b) is satisfied.

We define a vector function as tio the problem
o — {2 GG,
u(&)le=0 = u,
where a € H andy(a, @* Because dim H > 3, such a vector e € H, ||e|| = 1 exists. Thus,

(IGu@©)[*)e = 2 {e, G*Gu) = 0 (10)
(-S(©). 1) =2 { - [ Sy(utm)in.ue) =
u(€)) [s<sn<u<n>>,ug>|n:os+52 ()] =

[< HZTP — My, + K (0)G*Guu,), a>\nzog + 520(1)] - 1)

= 25(u©) [J25 - (oo, + K@ [GalJe + 200,

In the last transition, we used the condition C3 and the equality u,|,—0 = e. By definition K (u) from
(10) and from (11) it follows that if K (u) > K(u), then there exists a vector a and &y > 0 such that

1Gu(éo)ll = l[Gull, J(u(€)) > J(u). (12)
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Now, we define the vector function g(¢£) from the problem

{gds) = G*Gy(©),
9(8)]e=0 = u(&o)-

Then for g(u(§)) we have
3
IGg(©)11* = lIGu(&)]I* + 2 . IG*Gg(n)||*dn.

From here and from (12) it follows that there exists &; such, that & > & as for g(&1 ) are
fulfilled, in which instead of &y taken &;. We get a contradiction. Therefore 1tenﬁd a is
proved.

Suppose J(@) > J(u) and define the vector function g(¢) how to solve a pr

{gg(é) G*Gy(¢),
g(f)|§=0 = .

Since for small ¢ the strict inequality J (%) > J(u)
IIGg(&)]| we obtain that there exists §y > 0 suc

0, which contradict the origin of the vector u. Th
The lemma is completely proved.

get spoiled, then from the 1nequahty for

For ||Gg(&)|| we have
3
IGg(&)I* = | Gul? +2/0 1G*Gg(n )sz® IG*Gg(n)|*dn.

rict 1nequaht1es J(u(&)) > J(w), |Gg(e)| >
=J ( ). Item e) of the lemma is proved.

Lemma 5. Let 0 # u € H, U be a véetor Qonstructed from u according to Lemma 3. Let us pretend

that R(u) # 0 and define the VectOtl (£) as a solution to the problem
=R
\ {“ ). (13)
0

Then relations (15)— sfied for 0 < £ < 1

EIR@)IP < IR(u@)I? < e[ R@)IP, (14)

Qlcww / | Ru(m) |2 > | Gall? + 2¢ | R@)|? — €8¢ | R(@)]|, (15)
J(w(©) = T@ep( 2 / K (un) | R(u(n)) P

i) exp ( / K (u(m) |1 B( (>>||2dn)z (16)
J(1) exp ( — 2 K(@)|R@)| - £2||R<a>||201<||a||>),

J(@) = J(@) exp [K@(IG@IP ~ |G()]?) — ECs ()] (17)

where C1(+), C2(-) — functions continuous on [0;00).
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Proof. Let R(u(§)) then we have

(IR@@)?)e| = 21(R(u(€)), (G*G — p(ul€)))uge — pe(w(€))u(€))| =

(18)
2/(R(u(€)), (GG — u(u(&))Ru(§))| < 4] R(u(€))|*.
This implies estimates (14). Further
(IG@@)?))e = 2(G*Gu, ug) = 2(G"Gu — p(u)u + p(u)u, 2(|| R(w)|® (19)
Je(u(§)) = 2J (u(§)) [(—K(U)G*Gu — S(u), R(u))| = (20)
2J(u(§)) [ — K(u)|[R(w)|* = (S(u), R(U)
Integrating (19), using (18) and already proven inequalities (14), we obtain ( rate

(20), and then using the definitions R(-), K(-), S () and the results of Lemma

J(u) = J(u) eXp )| R(u ||2£

/ | (i) +
@) exp | 2R @RI - / ‘Q; ||2

(—au(n) + Dy, dndT = (21)
J(u )exp W) R(w)]* u
HR

(77
(@) exn | - My R >>>] >
i) exp n 5 §2||R< JI2C(Jal >]
where C(+) — functions cont
To estimate the facto sed the equality ||u(&)|| = ||u]|, which follows from the following
equality
(Hu(f)l\z)g = 2(u(§), R(u(§))) = 0.

From (21) follows, ( (15) and (16) follows (17). The lemma is proven.
Lemma @ u € H, u — the vector constructed from  in accordance with Lemma 3. Let us

pret t 0 and define the vector function u(§) as a solution to the problem
Ug = G*Gu, (22)
w()lg=0 = u.
Then at 0 < £ < 1 relations (23)-(26).
e ¥ G Gu|? < ||G*Gu(9)|? < €| GGl l? (23)

IGal* > |Gal® > ||Ga)* = | Gal*+

¢
+2 / IG*Gu(n)|Pdn < ||Ga))* + 2¢)|G*Gal|* + 26°8¢*||G*Gal|
0
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J((€)) = J (@) exp |26 K @)]|G* Gl — Ca(al2)i(e)| =
= J (@) exp |26 K (@)||G" Gl — €Ca([)1(9)]

o

J(u(€)) = J(u)exp Ay (1 — a)(|Gaull* — |Gul*) — € Ca([lal*)i(€)] , (26)
where C3(+), Cy(+) functions continuous on [0;00) a I(-) function with values from the interval [—1;1].
Proof. For |G*Gul| and ||Gu|| we have

(25)

(16" GulP)e| = 20(G" Gu, G* Gug) | < 2)1G* G,
(IGulP))e = 2(G"Gu, ug) = 2|6 Gul

Integrating these inequalities and using Lemmas 3 and 4, we obtain (23) and ( 24? \

For J¢(u(&)) we have

Je(u(€)) = 2J (u(€)) | (=K (u)G*Gu — S(u), G*Gw} =2J(u IG*GUII

(27)

When estimating the factor at &2, we used the eq
| (lull?) | = 21y uelhy= 2(u, G*Gu) = 2| Gul|* < 2||u]]*.

From which it follows that

[al* < lull* < el

From (27) and from J(u) =

Proof Theorem 1. Le
Therefore, from it

follows, and (24) implies (26). The lemma is proven.

H. If R(’(L)L) =0,, then u will be an eigenvector of the operator G*G.
have

= [l exp (<[ f(@)]1%) = (I f(@)]]* +2)" eI <

< supa™e *t2 = me M2, (28)
)
I | construct the vector u then by the vector wp. If R(up) = 0, then for J(uy) we obtain
an inequ similar to (28) J(lg) < m™e ™2, Therefore, since by construction J(ig) > J(u) we

have that (1) holds. From this we draw the following conclusion.

Thus, if at least one of the conditions R(w) = 0 and R(%@) = 0, is satisfied, then Theorem 1 will be
proven.

If R(u) # 0 and R(@y) # 0, then we construct a sequence of pairs according to the following
algorithm.

Let the pairs be built (ﬂo,g), (U, 1), 0 < n, R(uj) #0,5=0,...,n.

. . 1
Let us build a pairs (U1, "G ).
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In Lemma 3, instead of the vector 13,, we take the vector 1 and construct the vector w, which we
take as Upy1.
For w41, two cases are possible:

(I) R(un+1) =0,
(1) R(tn41) # 0.

1 -
If (I) is satisfied, then we construct the vector ™" using Lemma 6. To do this, in (22) as u we take the

~ 1 N
vector Uy41 and for "4 we take the value u(§) at point &,:

-~ ~ n+l
§n=£7 U Zu(fn)
Then from Lemma 6, using condition C4, we have
n+1 n _ n+1
T = TE) exp [d7(1 = 8)(| G2 — 16" %
n _ n n+1 29

> J (@) exp [d71(1 = 8)(|Gull* — |G

—&C
When deriving (29), relations J (tn41) = J(), | Glng1| > |G| w ich follow from Lemmas

3 and 4 and the definition of u,11. Let’s choose &, in the rightgplac

In the case (I) pair (Up41, 1—51) is constructed.

In the this case, we stop the process of constructing of pairs.

. ~ -
In case (II), we construct "l ) using Lemma 5% o n (13) as u we take the vector 41

and for "4 we take the value (13) at point 3

do [ R 1) |I?

7 DO (om0 & Colllina )+ 1 TR ) T 11 (30)

gn:

here C1(-), Ca(+)— continuous on [0; ns from Lemma 5, dp is a small number. From Lemma

5 (17) and from (30) we find

n+1 52

IG" 22 + 26| R(iin11) |12 - 20355,
n+ —1 2 n+1 62 (31)
J(" exp |d7H(1 = )(IGH|2 ~ |G |12) - 205,557

.~ n+1
Pair (Up41, u

R(uj) # 0, R(tng41) = 0.
@ we deduce
HG = HGuHZ + 23070 &R (@) |2 - 1025,

< ng be an integer number, which holds for all j < ng

0 (32)
)= (i) exp [d71(1 = 8)(|Gull® — |GHI?) - 10263
From the second inequality (32) we have
J(@)exp |[d7 (1 = 9)||Gul? — 10%3] < J(i) exp [d7 (1 = D)||GH|?] =
(33)

— W2 exp |~ IS ()2 +a (1= S)IGRIZ| < %12 exp 3]l £()]2]
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In the last transition, condition C3 is used.
From (33) and from Lemma 2 on compactness (see Lemma 2), since the left side of (33) does not
depend on ngy and the inequalities 0 < § < 1, it follows that

18] < J(@) < oo, (34)

where J (3) does not depend on ng. From (34) and from the first inequality in (32), due to the choice
of &,, follows that only two cases (A) and (B) are possible:

(A) There is an n > 0 such that R(u,,) = 0 and R(u;) # 0, if 0 < j < n4;

(B) For any j = 0,1, ... done R(u;) # 0 and lim,,_, || R(u,)| = 0.

Here lim means lower limit. ¢
Indeed, if none of the conditions (A) is satisfied, then by virtue of (34) and the ch\ see)(30))

from the first inequality in (32) we obtain

n
I = TP 2 16T P 2 [GHP - 10°8 4 2 0
j= ()
When n — oo, the right side tends to +00. So we got a contradi herefore, at least one of
conditions (A) and (B) is satisfied. L 3
Let condition (B) be satisfied. Then, by virtue of (34), iflmece , passing to sequences can be
considered .
lim % = g, lim R() = Ly £ (%) = £(7).
j—o0 j—o0 —00
When deriving the equality for R(g) and we used the estimates for R(QJ,L) in terms of R(u;)
from Lemma 5 and choice &; (see (30)), as well as vergence of the harmonic series.

Letting go to infinity and then using the conditions C2 and C3, we obtain
) exp [d~! ~10%33] < g2 exp [ £ @] <
(35)
< (/@ “2 +2) \ 9> +2)+ 26] < supa™e o2 (ﬁ)me_m”‘s.
r>2 o
Now from the defi 1t@ and from (35) we deduce

il g D2 - a1 - oleu - 10%a] ()" < (5) e lr@Iz 36)

ion, we used that the possibility of choosing dg small and inequalities 0 < § < %, m > 1.
rom (36) in case (B).

isfied, then (29) is satisfied. From (29), since for all j < n the inequalities R(u;) # 0,

&, = € small enough, we get

IO = I (@ exp [d7H 1 = d)(|GuP — |60 - 1075 (37)

Since "' is defined in terms of Un+1 by the equation (see (22))

Ug = G*GU,
u(§)le=0 = Un+1-
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And "' = u(gn), then choosing the number En = 5 small enough from (37) we obtain
Iiinga) 2 J(@) exp [d7 (1 = (|G = |G |*) — 10°63]
Hence follows
J()exp [d7H(1 = 0)|Gull? = 10%63] < [ llexp [ @) P + 7M1 = )| Ginra]?] . (38)

From (38), since u,+1 is an eigenvector of the operator G*G, we get the estimate

m
i < (%) exp £ ()2 ,

which are derived in the same way as we derived the estimate from (36). Theor ro ed in case
(A). Therefore, Theorem 1 is proved completely.

Proof Theorem 2. We use the notation of Theorem 2. If g € H, then vector u =0'is a solution to
the equation

u+ L(u) =
Let 0 # g € H— arbitrary vector. Since D is an 1nvert1ble operator, Dyl > 0.

Denote by M the set

Let’s put

where the number 7 is chosen as follows:

’\.QF ol

Suppose equation u + — s no solution in M: Since equation u + L(u) = g has no solution,
the transformation F(;) niously translates from M to M. But then by the Schauder fixed-point
theorem ug we that th ists such that

ug + L(ug) — g
— 7N = Up. 39
Dl + Liuo) — g)] )
choice of 7 we have
|Dugll? = o = == [|DgI]
(1 —26)6 '

We act on (39) with the operator D, and then multiply scalarly by Dug. Then, using (39) and the
condition of the theorem, we obtain

[ Duo||* D(uo + L(uo) — g)|| = —[|Duo||* — {DL(uo), Duo) + (Dg, Dug) <

-1
€ 1
< [ Duo||* + 0| Dug||* + = + el Duol|*.
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Let us take € = 24. Then from the last inequality and from (39) we deduce

1 1 7
< —||Dug|*(1 — —||Dgl]? = — 1—9)||Dg||®> + =||Dg||* = ——||Dg||?.
0 < —[[Duol|*( 5)+-45H gll (1 =38)[Dygll 4-45H 9l 45H gl

(1—20)0

We got a contradiction. Therefore, the equation u + L(u) = g has a solution. We act on the equation
u+ L(u) = g by the operator D:
Du+ DL(u) = Dg.

Multiplying the resulting equality scalarly by Du, we obtain

1 1
|Dull* + (Du, DL(u)) = (Dg, DL(u)) < 5[ Dg]* + §||DU||2-‘
Now, using condition (Du, DL(u)) > —§||Dul|?, , we obtain the desired evaluation \
(1—20)[|Dul® < ||Dg]*.

Theorem 2 is proven.

Remark 2. Note that in Lemma 1 we can take K non-linear trans tions as K.
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L Oa-Dapabu amvmdaen, Kasax, ¥Yammot cu , Aamamo, Kasaxceman;
2 X anvisapanols, GKNApAMAMBGLE METHOA02UA cumemsi, Aamamo, Kazaxcman;
3 Mamemamurka scone Mamemamuraiom Mooes U umymot, Aamamoi, Kasaxemar;

Aamamo, Kasaxeman

AKBIpJBIOJIIIIEM/Ii KEHICTIKTeri CbI3BIKTBI eMec TeHJleyJIep/IiH Oip
KJIACBIHBIH, IITeIiMif 6arajiayibIH €Ki TeopeMachl

DJUTMIITUKAJIBIK, YKOHE Tapabosia/ib HJleyJIep YIIIH MIETTIK eCenTep/li 3epTTey KaXKeTTiIiri ruJIponHa-
MUKA, JIEKTPOCTATHKA, M OTKIBIIIITIK, CEPIIM/IIK TEOPUsIChI, KBAHTTHIK (DU3UKA TPOIle-
CTEpiH TEOPUSJIBIK TYPFBIT, OITEreH NMPAKTUKAJBIK KOCBIMIIAJIAP/IbIH TYCIHIIpyIMeH TikeJei
baitaHbIcThl. By KyM a OJIIIIEM/TI KEHICTIKTEe ChI3BIKTBIK €MeC TEHJIEYJIEPIiH, IIeniMIepl yIriH
AIPUOPJIBIK, DaFaIayJT bl €Ki TeopeMa aJibiHFaH. 2KyMbIC TOpT OeJliMHEH Typasbl. Bipinrmi GesriM-
e maiianaHblIrand 6e ey. MEH HEri3ri HOTHMXKEHIH TYXKBIPhIMIAMAachl KesaTipiaren. Exinmd 6esmiMae

i Gestim 1-11i TeopeMaHbIH, J1pJsIesieMecine apHasran. Tepriaiii 6estivie
eH. TeopeMaHbIH mapThl MBIHA 1A, OHBI GACTAIIKbBI-IIEKAPAJIBIK, €CeITePIiH Oe-

HATBIH BEKTOP-MQYHKIUSIAP, MIEMTIMIEP/Il allpUOPJIbIK Haraay.

)
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B.JI. Komanos'?, H. Kaxapman®, P.V. Cernz6aena?, 2K.B. Cynaranrasnesa'

! Kazaxcxui nayuonarorod yHusepcumem umeny Aav-Papabu, Aimamo, Kazaxcman;
2 Meotcoyrapodnnidi yrueepcumem uHGOpMauuoHnvs mesnosoeut, Aimamo, Kazazcman;
3 Hnemumym Mamemamuky u Mamemamusieckozo modesuposarus, Aamamo:, Kazaxcman;

4 Axademusn epastcdancroti asuayuu, Aamame, Kasaxemar

JIBe TeopeMbl 00 OIleHKax penieHrWil OJHOTO KJiacca HeJMHEMHbBIX
YPaBHEHUII B KOHEYHOMEPHOM HPOCTPAHCTBE

HeobxomumocTs uccienoBannsi KpaeBbIX 3371249 IS SJUINNITHIECKAX W NapabOTNIecKux yp.
JTAKTOBaHA C MHOTOYHUC/IEHHBIMU TPAKTHICCKUMH TIPUIIOXKEHUAME TIPH TEOPETHIECKOM U3ydeH
TUJPOJUHAMUKH, JIEKTPOCTATUKY, MEXAHUKH, TEILIOIPOBOJHOCTH, TEOPUU YIIPYTOCTH, KBAHTOBOI
B aT0it pabore MBI mOSTYyUMIN ABE TEOpeMbl OO AIPUOPHBIX OIEHKAX PEIICHUI HeJIHe &
KOHEYHOMEDHOM TI'MJIbOEPTOBOM IIpocTpaHcTBe. Pabora cOCTOUT M3 YeThIpEeX IIyHKTO 0
[IPUBEJIEHBI NCIOJIb3yeMble 0603HAUYeHNs U (POPMYIMPOBKA OCHOBHBIX DE3YJIBTATO

MIYHKTE
— OCHOB-

HBIE JIeMMbI. TpeTnii MyHKT MOCBSIIEH OKA3aTeIbCTBY TeopeMbl 1. B gerBepro Teopema 2.
YcoBusi TEOPEM TAKOBBI, YTO MOXKHO HCIIOJIL30BATh IPU U3YYEHUU HEKOTOPOLO HaYaJIbHO-KPAEBbIX
3a/a4 JJTsT OJIyYEHUs] CUJIbHBIX allPUOPHBIX OIEHOK MPU HAJTUYUU CJIabBIX 10DH 1neHok. B stom u

paTop, muddepeHmpyeMble BeKTOP-OYHKIINN, AlIPUOPHAsT OIEH e
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