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Conditions of coercive solvability of third-order differential
equation with unbounded intermediate coefficients

a

In this paper we study the following equation —y"”' + 7 (z)y" + q(z)y + s(x)y = f(z), where the
intermediate coefficients r and ¢ do not depend on s. We give the conditions of the coercive solvability
for f € Ly (—00, +00) of this equation. For the solution y, we obtained the following maximal regularity
estimate: 5", + 119" ll; + lay'lly + lsylla < C1fll3, where |||, is the norm of Ls (=0, +5c). This
estimate is important for study of the gwasilinear third-order differential equation in (—ooy+oc0). We
investigate some binomial degenerate differential equations and we prove that they are coercive solvable.
Here we apply the method of the separability theory for differential operators in a Hilbert space, wich was
developed by M. Otelbaev. Using these auxillary statements and some well-known Hardy type weighted
integral inequalities, we obtain the desired result. In contrast to the preliminary results, we do not assume
that the coefficient s is strict positive, the results are also valid in the case that s = 0.
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1 Introduction and Main Theorems

We consider the following linear differential equation:
Loy=—y" +7r @)y +q@)y +s@)y=f(v), (1.1)
where € R = (—o00,+00) and f € Ls := Ly (R). By oW (R) (=0,1, 2, ...) we denote the set of the j-times

loc

continuously differentiable functions in the every compact, Cl((?c) (R) = Cloc (R) is the set of the continuous
functions. We assume that r € C\2) (R), q € ctV (R), s € Cioc (R) in (1.1) are real functions, in general,

loc loc

they are unbounded. We denote by L the closure in Lo of the operator Ly defined on the set of three times
continuously differentiable functions with compact support C(()?’) (R).

Definition 1.1. The function'y € Ly is called a solution of the equation (1.1), if y € D(L) and Ly = f.

In future, by C, C1, Cs and ete. we will denote the positive constants, which, generally speaking, are different
in the different places.

Definition 1.2. The solution y of the equation (1.1) is called a maximally Lo-regular, if the following estimate
holds:

1y 2 + iy lla + llay'llz + llsylly < C ISl (1.2)

where || -||,-s.a norm in Lo. The inequality (1.2) is called the maximal La-regularity estimate. If (1.2) holds,
then the operator L is said to be separable in L.

The purpose of this work is to find the sufficient conditions for correct solvability of the equation (1.1) and
the fullfilment of the estimate (1.2) for a solution of the equation (1.1). The important examples of the equation
(L.1) are the Korteweg-de Vries equation (linearized) and its modifications that describe the wave propagation
and are used in the problems of a gas dynamics (see [1] and the references therein), as well as the composite type
equations that are used in the hydrodynamics and hydromechanics [2]. Furthermore, the equation (1.1) appear
in the case that we apply the Fourier method to the partial differential equations of mathematical physics. The
other applications of the third-order differential equations can be seen in [3-6].

The smoothness problems for solutions of the equation (1.1) are of a great interest. The case of the
bounded domains and smooth scalar coeflicients are well understood and sufficiently well described in the known
literature. In the case that the domain is unbounded, although the solution of the odd-order equation (1.1) is
local smooth, but it may not belong to the Sobolev spaces. This fact causes some difficulties for study of (1.1).
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The estimate (1.2) is very important for the study of singular nonlinear differential equations [7]. The maximal
regularity problem for the second-order partial differential equations were investigated by P.C. Kunstmann,
W. Arendt, M. Duelli, G. Metafune, D. Pallara, J. Priiss, R. Schnaubelt, A. Rhandi [7-10] in the case that
their intermediate coefficients are unbounded, although they were controlled by the potential. This problem for
a degenerate second-order differential operator was studied in [11].

The maximal regularity (separability) problem for a singular third-order equation has been investigated,
mainly, for the following two-terms equation (see [12-19] and the references therein)

Ky=—y" + s(2)y = F(z) (a € (~00, +00)). (1.3)

In [12-19] were obtained conditions for the continuous invertibility and separability of the operator. /& in L, (R)
(1 < p < +00). However, we can not use their results to investigate of the equation (1.1) with unbounded
intermediate coefficients. In general, in the case that the intermediate coefficients have more faster growth, the
equations (1.1) and (1.3) are different. For example, the solution of (1.1) belongs to Ls in the case only that
the functions r and ¢ satisfy some additional conditions. The question of maximum regularity for ether elliptic
and parabolic equations defined in infinite domains has been investigated in many papers [20-35].

In the present paper, we consider the following two cases for the intermediate coefficients r and ¢ of (1.1):
a) the growth of the function r does not depend on ¢ and s;
b) the growth of the function ¢ does not depend on r and s.

For continuous functions p and v # 0, we denote
1,
400 ) 2
. (/ 2972 (1) dt> gz >0,
T

aps@) = ([ or o)
Bpw,i (1) = (/TO Ip (1)] dt)% : (/_; 2y (t) dt) %,r <0,

g = (sup i (2) s 7)) G =0, 1),
T<

=

Theorem 1.1. Assume that the functions>:, q and s satisfy the following conditions:
reC2 (R, [1f=15g €CY (R), s € Croe (R), (1.4)
N i <00 CoME :Eg <Cy, Yz, ER: |z —n| <1, Cy>1, (1.5)
Vg, 150 < 00, Vs, p 1 < 00. (1.6)

Then for any right-hand side f €L, there exists a unique solution y of the equation (1.1). Moreover, for y the
estimate (1.2) holds.

In the theorem the growth of coefficients ¢ and s are controlled by 7.

Remark 1.1. The condition |r|/> 1 in (1.4) can be replaced by the inequality |r| > ¢ > 0. To show this
statement it is enough/to put & = /ot in (1.1), where t € R.

The following equation:

—y" + (72% + 3)4y” + (22° = 32> + 1)y + 2’y = f1, f1 € Lo, (L.7)

satisfies (see Example 2.1 below) the conditions of Theorem 1.1, consequently, the equation (1.7) is uniquely
solvable, and forits solution y the following estimate holds:

Hy///”2+ H(7$2+3)4y//

, H1(22° =32* + 1) /]|, + |2, < CllAll,- (1)

In the following theorem the growth of r and s are controlled by coeflicient q.

Theorem 1.2. Assume that the functions r € Cl(fc) (R), q € Cl(olc) (R) and s € Cloc (R) satisfy the following
conditions:

qu, ’}/17\[70<OO, CflgzgigCl, VJ?,T)ER:|ZL‘77]|§1, (Cl>1); (19)
Vs, q,0 < 00 (1.10)
2(r*+2r") <q. (1.11)
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Then for any f € Lo there exists a unique solution y of the equation (1.1). Moreover, for y the estimate
(1.2) holds.

Remark 1.2. In Theorem 1.2 the condition ¢ > 1 can be replaced by ¢ > § > 0. To show this statement it is
enough to put = dt in the equation (1.1).

The conditions of Theorem 1.2 satisfy the coeflicients of the following equation:

—y"" + 2% cos® 2y + [18(1 + 2%)] y/ + 32y = f2 (2) (1.12)
(see Example 3.1 below).

2 The case that the coefficient r is growing independently

In this section we investigate the equation (1.1) in the case that the growth of the function r does not
depend on g and s. First, we consider the following linear two term differential equation:

loy=—y" +r(x)y" =h(z), (2.1)

where x € R, h € Lo, and r € c® (R). We denote by [ the closure in L of the operator.ly defined on the set

loc
of three times continuously differentiable functions with compact support C(()g) (R).
Definition 2.1. The function y € Lo is called a solution of the equation . (2.1), if y € D(l) and ly = h.
The following statement is proved in [36].
Lemma 2.1. Let the function r be a twice continuously differentiable function and it satisfies the following
conditions:
r>0>0, 7,51 <00,

r(z)
7 (n)

Then for any right — hand side h € Lo there exists a unique solution y of the equation (2.1). Moreover, for y
the following estimate holds (i.e. y is maximally Lo- regular):

ct<

<CVz,neR: |lzx—n| <1, C>1.

15" llo + Iyl Cu iRl -
Proof of Theorem 1.1. We put x =.at (0 > 0,7% is new variable) in the equation (1.1). Then (1.1) become

the following form: .
=" +ai ()7 +a*G(t)§ +a’5(t) 7= [ (1), (2.2)

ag ~\ =
where y (at) = 3 (t), r (at) = 7(t), qlat) = G(t), s(at) = 5(t), a®f (at) = f(t) and a®Lay = L,j. First, we
consider the following equation:

V2

—~

loal = =5 +ar ()" = h (). (2.3)

We denote by I, a closure in Ly of the operator lo, defined in C’éB) (R). We have a~'7 (t) > § > 0. By Remark 1.1
and Lemma 2.1, for any function h € Ly there exists a unique solution § of the equation (2.3) and for g the
following estimate holds:

”Z‘YHHQ + ||a7:gu||2 < C, laglly V5 € D (la). (2.4)

Using (2.4), by Theorem 2.1 in [37] and Lemma 2.1 [11], we have
|a*q7' ||, < 2075, 7,0Ch, [ladll, (2.5)

and
16531, < 2a%7s, 5 1C1, el (26)

If we choose
-1
a=1[2(v4#0+avs71)Cr, +1] 7,

then, by (2.5) and (2.6), the following estimate holds:

|a*qg'||, + l|la*5g]l, < 0 1Ll , (2.7)
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where

2 (vg.7,0 +75.7.1) Cu,
< 1.
2 (vg,70 +75,71) Cl, +1
Then by Lemma 2.1 and the well-known perturbation theorem [38; 196], there exists a unique solution of the
equation (2.2).
Now, we show the maximal Lo-regularity estimate for a solution of the equation (2.2). By (2.7),

0<f=

Maily < [lai+ 0235’ + a*53], + |23 + a*53]], < || L], + 0 Nai
(0 < a < 1). Consequently
1 -
la~ <— La~‘ . 2.
By the estimates (2.4), (2.7) and (2.8),
- o o o Ci,+0 >
15"l + 107" ll, + |a®33 [, + [la*531l, < =5~ | ol (2.9)

(2.9) is the desired estimate for a solution § of the equation (2.2). By replacing ¢t = £, we get that there exists
a unique solution y of the equation (1.1), moreover, for it the estimate (1.7) holds.
FEzample 2.1. We consider the following equation

—y" + (T +3)" " + (20° = 32 + 1)}y + 2%y = fila),

where z € R, fi (z) € Ly. Here, r = (72% + 3)4, g = 22% — 3224+ 1 and s = 23. The intermediate coefficients

r and ¢ satisfy conditions (1.4), (1.5), and (1.6) of Theorem 1.1..In fact, since the function (722 + 3)4 is even,
for any x > 0

+o0 dt oo dt 3
ay, yr1 (@) =B yr (m2) SV (/x @2 + 3)4> = (71;/f3)3 </a: Tt + 3) =

Analogously, we obtain

N

ol

g0 (2) = B0 (HENE </3 (4% 1 0" 1) dt)

0

/+°° dt §<
«  (2+3)°) ~

<(%l‘7+%x5+x) (/“’O dt >2<OO
- (722 +3)" . Tt2+3

I 3 +o0 s 3
asml(x)—ﬂs,r,l(x)§</ 1 dt) ( / 2 (762 1 3) dt) <o
0 x

For any ) n € R_such that |z —n| <1

Nl

and

(1> +3)" _ [6 (1 +3)]"

< o = 1296.
(7% +3) (7% +3)

So, by Theorem 1.1, for any f; € Lo there exists a unique solution y of the equation (1.7) and for it the estimate
(1.8) holds.
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8 The case that the coefficient q is growing independently

In this section we consider the equation (1.1) in the case that the function ¢ is fast growing function. First,
we consider the following differential equation:

loy=—y"4+q@)y =u(z), r€R, ue L. (3.1)

We denote by [ a closure in Ly of the operator loy = —y"" + ¢ ()3’ defined in C’éS)(R). The element y € D(1)
such as ly = u, is called a solution of the equation (3.1).
Lemma 3.1. If q (z) is continuously differentiable function such as

q Z 1771,f,0 < 00, (32)

then for any u € Lo there exists a unique solution y of the equation (3.1). Moreover, for y the following estimate
holds:

Ivay'll, + lyll, < € |- (3.3)

Proof. Let y € C’(()3)(R). Integrating by parts, we have

7 2 2
(low ') =1y l5 + Ivay'Il- (3.4)

Taking into account the condition (3.2), by the Holder inequality, we obtain

lOy7

Hloy

Then by (3.2) and (3.4),

1 -
lylly < 271, g0 V@Y lla-< 290ya.0 %loy ;
and ~ ,
Iylle + Ivay I, < 2ingo 1] |floy],» v e ¢ (R). (3.5)

Further, we show that the estimate (3.5) holds for any y € D(). Let {y,} —, C C(gg)(R) such sequence that

—lyH2 50 (n— o0). (3.6)

1y =yll2 =0,

By (3.5), for any yn, ym € 053)(1%)

o + 1V@alz < [21,vz0 +1] v ||, (3.7)

and
o= ymlls + 1V W = o)lla < 291,070 +1] [fogn = Togm]| - (3.8)

We denote by W, /a(f) the completion of C’(?’) (R) with respect to the norm ||yl = ||v/@y' ||, +lylly- According
0(3:8), {ya},. ] is a Cauchy sequence in W, f(R) W21 ﬁ(R) is a Banach space, therefore there exists an

element z suchvas ||y, — 2|y, = 0 (n — o0). Then by (3.6), z € D(I), furthermore, z is a solution of (3.1).
Passing to the limit at n — oo in (3.7), we obtain the inequality (3.3) for 2z with C'= 2y, g0+ 1.

By (3.3) and Definition 2.1, there exists the inverse 11 to the operator l. So, a solution of the equation
(3.1) is'unique.

We show, that for any u € Ly there exists a solution of the equation (3.1). By Definition 2.1, it is
sufficient to prove that R(I) = L. Assume the contrary, let R(I) # Lo. Then there exists the non-zero element

z(x) € R()*: (Zy, z) =0 for any y € CO (R). On the other hand

(iv. =) :/Ry<2/”— la(2)2) ) de, vy € C§ (R).
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C’ég) (R) is dense in Lo, so we have
2" —qz=Ch. (3.9)

From (3.9), taking into account that ¢ () € Cl(olg (R), we have that z (z) € Cl(sg (R). We consider two cases with
respect to Cf.
1. C7 # 0. Then, we can assume, that C; = 1:

2" —q(x)z =1,z € R. (3.10)

The general solution z of this equation belongs to Cl(fc) (R) and is represented in the following form:
+oo
z(v) = Coz1 () + Cs22 () + G (z,t) dt,
— o0

where 27 (¢) and z2 (z) are two linearly independent solutions of the homogeneous equation z” —¢(z)z = 0 and

(@) 2@, x<t,
G(z,t){ z;(x)zi(t), T >t

is the Green function of the Sturm-Liouville operator. It is known that z; (z) > 0 and 25 () > 0. By well-known
comparison theorem and maximum principle, for any = € R the following estimates hold:

21 () > Kt 0 < 29 < Ke®, x> 0,
2o () > K~ te®, 0 < 2y < Ke*, 2 <0,
21 (z) >0, 25 (z) <0,

hence 0 < G (z,t) < Cye~ 1=t By condition z € Ls, we obtain.C5 = 0 and C5 = 0. So,
“+o0
z(m):/ G (z,t).dt > 0.
By (3.10), 2" =1+ ¢(z)z2 > 1. Let a € R such as z (a) =k > 0 and 2’ (a) = m > 0. By (3.2) and (3.10),

z(x)—kzm(:r—a)—f—(i;ﬁ—f—/: (/{ltqz(s)ds>dt>(x_2a)2 Vo > a.

SO, z ¢ LQ.
2. Let C; = 0. Then the solution z of the equation (3.9) is represented as follows:

z(z) = Cyz1 () + Cs22 (z), = € R.

As mentioned above, zi (&) — +00; 22 () = 0 (x = 400), and 25 () = +00, 21 () = 0 (x = —o0). We have
Cy=0and C5=0.50 z(x)=0, z € R.

We have obtained contradictions, which show that R(I) = L.

Lemma 3.2.-Assume that the function ¢ satisfies conditions of Lemma 3.1 and

o5t < qgf}; <CoVeneR:|z—n<1(Cy>1). (3.11)

Then for the solution y of the equation (3.1) the following estimate holds:

L

Iyl + llay'llo < € ] - (3.12)

Proof. Let y be a solution of the equation (3.1). By (3.3), ¥’ € Lo. Assume, that y’ = z, then we obtain the
following Sturm-Liouville equation:
Sz=—2"+q(x)z=1a(x).

By conditions of Lemma, the solution z of the last equation satisfies the following estimate [39; 199]:

12”1l + llgzll, < Clall, -
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Then for the solution y of (3.1), we obtain the estimate (3.12).
Next, we will consider the following equation

1"

v 4 q(x)y + s(x)y = uo(x). (3.13)

Lemma 3.5. Let ¢ (x) be a continuously differentiable function, and s (x) be a continuous function. Assume
that the conditions (3.2) and (3.11) and the following condition

¥s,q,0 < OO (314)
hold. Then for any ug € Lo there exists the unique solution y of the equation (3.14). Moreover, y-satisfies the

following estimate:
"

ly"ll, + ||qy’||2 + [[sylly < Clull, - (3.15)
Proof. In (3.13) we put x = at, where a > 0 and ¢ € R. Then
aly = —y}, (at) + a’q (at) y, (at) + a®s (at) y (at) = a®u (at).
If we introduce the notations
y(at) =5 (1), q(at) =G (1), s(at) = 5(t), a*ulat) = (1) a’ly =

then (3.13) become the following form:
Ij =" + a%Gj + a®5j= i (3.16)

We denote by I, a closure in Ly of the differential expression loa§= —7% + a2Gy’ defined on C’és) (R). Since

a’G(t) > 6 > 0, by Lemma 3.1 and Remark 1.1, the operator Iy is continuously invertible and the following
estimate holds: .

i VpeD (la) . (3.17)

151> + (10267 ||, < G5 liag

Taking into account the condition (3.14) and Lemma 3.1, we have

HG3§QH2 < a_l’Yg,q,ocfa l:aﬂ

’2'

By (3.16), = ia + a®3E. Choosing the number a such as a = 2C (1+73,4,0), we obtain

. (3.18)

DN =

, 0<a<L

L)
2

Jo*8]], < o

Then, by the well-known perturbation theorem (for example, see Theorem 1.16 [38; 196]), there exists the inverse

o - =
operator (la + a3§E) and the equality R (la + a3§E) = Lo is true. By estimates (3.17) and (3.18),

_ - _ Y 15 -
191+ a2l + a5l < (5, + 3 ) [fud] (319
On.the other'hand, by (3.18),
= = 1=
< 32 ~H 15 .
lay‘z - H(la—&—a sE)y 2+ 2 lay 2’
1.e. ~ =
I ‘2 <2 H (za v a3§E> yH2 (3.20)

The estimates (3.19) and (3.20) imply
_ - . _ 1
15"1l> + la*ag'|l, + llo*s3], < Clally, € =2 (Czl * 2>'

1

By replacing t = a~'x, we obtain the estimate (3.15).
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Proof of Theorem 1.2. If the conditions (1.9) and (1.10) hold, then by Lemma 3.3, the operator

11

ly=—y"+q@)y +s(x)y

is continuously invertible, and for any y € D(I) the following estimate holds:
Iyl + lay/ Il + sl < Cx ] (3.21)

Taking into account the condition (1.11), for any y € C’é?’) (R) we obtain

"

2 2 2 1 2
Iy |15 < 1 ||y Iz + 17|, + 12"y 115 + 1 lry"II5 -

Then, by (3.15),

—_

1= 2
Iry"ll < 5 (05 + 1202+ 2) /Il + swll3) < 5|1 -

S0,

— iyl . 3.22
lry" Il < 75 11, (3.22)

It is clear that this inequality holds for any y € D(l:) Then by Theorem 1.16 [38; 196] the operator Ly = l:y—i—ry’ !
is closed and invertible, and its inverse L~! is defined in all of Lo. By (3.22), forrany.y € C(()‘S) (R)

- V3
i H <Y \Lyls
|iv]l, < 5 I wbg
Then, by (3.21) and (3.22), for any y € C(S)( R) holds the estimate (1.2), where Cp, = 1":}3[73? Taking
into account that the operator L is closed, we obtain that the last estimate holds for a solution of the
equation (1.1).
Ezxample 3.1. We consider the following equation
—y" + 2% cos® 2y + [18(1 +a®)] '+ 3a'y = fo(z), x € R, f2(2) € Lo.
3

The coefficients r = 2% cos? 22, ¢ = 18(1 + 2%) and '8 = 32 of this equation satisfy all of the conditions of
Theorem 1.2. In fact,

N

oo gt
o1, g0 (2) = B1, g0 (—1) < Vo (/ 18(1564'1)> < oo, > 0.

For any z, n € R such that |z —n}:< 1 we obtain

1 6 6
8(1+ xY) < 1+ (1+n) < 0.
18(1 + 79) 1+n8

% 0.
(/z 182(t6+1)2) <00, T >

2(r? +2r") = 2(a® + 8| +1) < 18(z% + 1) = ¢.

Further,

wlo

s, 0 (T) = Bs, 00 (—7) < T

So, by Theorem 1.2, for any fo € Lo there exists the unique solution y of the equation (1.12), and for y the
following estimate holds:

1=yl + ll2® cos® ®y” [l + || [18(1 + 2°)] /[l + [[32*y |2 < C foll2.
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K.H. Ocnanos, 2K.B. Eckabbuiosa

Apanblk k03 punmmeHTTEPI IMeHeJIMEereH YNIiHIIT peTrTi
anddepeHIInaIabIK, TeHAeYiH KO3PIUTUBTI HIENIIy IIapTTapbl
Makasana keseci Temgyiey Kapactoippitran: —y" + r(z)y” + q(x)y + s(z)y = f(x), MyEaarsl r >ksHe
q — apaJiblk, Koaddununentrep, s-ka barbmbaiinbl. Ocbl Tenueyain f € Lo (—oo, +00) yiIiH KOSpUUTHBTI
ety mapTrapbl Kearipiaren. 2Kone y memmrim yimiHi Kesteci MaKCHMAJIIBL PErYISPIALIK Oara aIblHFaH:
1"l + Iyl + llay/ll, + llsylly < C lIfll,- symaarss |-, — La (—oo, +80)-reri/Hopua. By Garanay
(—00, +00) apaJsbIFBIHAAFB! YIIIHIL PETTi KBA3UCHI3BIKTHL JuddepeHInaiblK TeHIeyIl 3epTTeyIe MaHbI3-
Il peJt aTkapabl. Keitbip eximyrmesi nykcauabl unddepeHnnasablK TeHACYIED KAPACTIPBUIBII, OJIAP/IbIH,
KO3PIUTUBTI miemminyi momenmenai. Byn xepae M. Orenbaes xkacaran ['miasbepT kenicriringeri audde-
PEHIMATIIBIK OMEPATOP/IBIH, OOIIKTEHY TEOPHUSICHI OJTICI KOJAHBWIIBL. OChl KOMEKII TYKBIPBIMIAP/Ibl JKOHE
Keiibip Genriyi Xapay TUNTI CAJIMaKThl MHTEIPAJIILIK, TEHCI3IIKTEep apKbLIbl KAXKETTI HOTHUXKEre KOJIZKEeT-
kizinai. Ocbiran feiiiH aJbIHFaH HOTHXKEJIEPMEH CAJIBICTBIPFAH/Ia aBIOPJAD S IIOTEHINAJbI KATaH OH, eIl

yitrapsin, HoTuKeaepi s = 0 XKarmailbl YITiH JIe OPBIHIBI e KOPBITBIH/IBI YKACaIhI.

Kiam cesdep: nudepeHITnaiIbIK TEH LY, eHeIMereH KO3 OUIMEeHTTED, MAKCUMAJIIBI PETYJISIPJIbI, 6OTiK-
TeHy.

K.H. Ocmanos, 2K.B. EckabbLioBa

YcaoBus KO3PIUTUBHON paspemimMocTtu AndpepeHnnaIbHOTro
YpPaBHEHUS TPEThEro IMopsigKa ¢ HeOrpaHNIEeHHBIMU
MPOMEXKYTOUYHBIMEU KO3 durnmeHTamu

B crarbe paccmorpeno ypasmenue: —y'"' + r(z)y”’ + q(z)y + s(z)y = f(x), B KOTOPOM IPOMEIKyTOU-

Hble KO3 UIMEHTH T U ¢ HE 3aBUCAT OT S. IIpUBEIIeHBbI YCJIOBUsI KOSPIUTUBHOM DPa3PENIUMOCTH 3TOTO
ypasHenust st f € Lo (—00, +00). st perieHus: y mojydeHa CJIeAyOmasi OLEeHKa MaKCUMAJbHON pery-
saproci 1y [y 119/, + gy’ Il + lsyll, < C Ifllys ve |-, — nopwa B La (~o0, +0c). Sra onenxa
BaykKHa, U1l U3YUEHUs KBa3UINHEHHOro muddbepeHnuaibHOro ypaBHeHHs TPETHEro Mopsaka B (—oo, +00).
HWccienoBanbl HEKOTOPBIE JIBYYJIEHHBIE BBIPOXKIEHHBIE TudbepeHInaabHble YpaBHEHUs U JTOKA3aHbBI, UTO
OHU SBJISIFOTCST KOSPIUTUBHO PA3PEIUMBIMU. 371€Ch TPUMEHEH METOJI TEOPUU Pa3JeTuMOocTh auddepen-
UMATBHBIX O1IEPATOPOB B I'MJILOEPTOBOM IIPOCTPaHCTBe, paspaboranublii M. OresbaesbiM. C IOMOIIBIO TUX
BCIIOMOTaTe/IbHBIX YTBEPK/IEHUI 1 HEKOTOPBIX U3BECTHBIX BECOBBIX MHTEIPAJILHBIX HEPABEHCTB TUIA XapIu
MOJTy 9eH YKeJIaeMblil Pe3yIbTaT. B oTiinane OoT mpeaBapuTe/IbHBIX PE3YIbTATOB, ABTOPBI MPEIIOJIAraloT, ITO
IIOTEHIINAJI S SIBJISIETCS CTPOrO IOJIOXKUTEIBHBIM, PE3Y/IbTAThI TaKXKe CIIPaBeJINBLI B caydae, koraa s = 0.

Karouesvie crosa: nuddepeHInaIbHoe ypaBHEHNE, HEOTPAHUYEeHHbIE KO3 DUINEHTHI, MAKCUMAJIbHAA Pe-
IYJASPHOCTD, Pa3/IeIMMOCTb.
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