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Solution of a boundary value problem for a third-order
inhomogeneous equation with multiple characteristics with the
construction of the Green’s function
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In the paper the second boundary value problem in a rectangular domain for an inhomogeneous third-
order partial differential equation with multiple characteristics with constant coefficients was considered.
The uniqueness of the solution to the problem posed is proven by the method 6faenergy integrals. A
counterexample is constructed in case when the uniqueness theorem’s condition$ are violated. Using the
method of separation of variables, the solution to the problem is sought in the ferm¥f & product of two
functions X (z) and Y (y). To determine Y (y), we obtain a second-order ordinasydifferential equation with
two boundary conditions at the boundaries of the segment [0, ¢]. For thisqproblent; the eigenvalues and the
corresponding eigenfunctions are found for n = 0 and n € N. To determinegX (), we obtain a third-order
ordinary differential equation with three boundary conditions at the Bowndaries of the segment [0, p]. Using
the Green’s function method, we constructed solution of the specified preblem. A separate Green’s function
for n = 0 and a separate Green’s function for the case whengn 8mnatural were constructed. The solution
for X (x) is written in terms of the constructed Green’s fumetion. After some transformations, an integral
Fredholm equation of the second kind is obtained, the selutiomyof which is written through the resolvent.
Estimates for the resolvent and Green’s function are obtained. The uniform convergence of the solution and
the possibility of its term-by-term differentiationfunder gertain conditions on given functions are proven.
When justifying the uniform convergence of the solutionf the absence of a “small denominator” is proven.

Keywords: differential equation, the third order, multiple characteristics, the second boundary value problem,
regular solution, uniqueness, existence, Green’s*unction.
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Introduction

Third-order partial differential equations are considered in solving problems in the theory of
nonlinear acousticgfandiin thé hydrodynamic theory of space plasma, fluid filtration in porous media [1].

In the aggregatejall third-order equations occupy a special place in terms of their specific character,
equations with multiple characteristics.

The first results on a third-order equation with multiple characteristics were obtained by H. Block 2],
E. Del Vecchio [3].

L. Cattabriga in [4] for equation D27 +1y — Df/u = 0 constructed a fundamental solution in the form
of a double improper integral.

In [5], a fundamental solution of a third-order equation with multiple characteristics containing the
second derivative with respect to time was constructed, their properties were studied, and estimates
were found for |t| — oo.

In works [6-9], boundary value problems for third-order equations with multiple characteristics are
considered using the construction of the Green’s function. Also, we note the works [10-21], in which
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Solution of a boundary ...

the boundary value problems for third-order equations are considered. Boundary value problems close
to the topic of this work were studied in [22,23]. In [24, 25], a solution to the problem posed for a
third-order equation was found with other boundary conditions.

1 Formulation of the problem

In the domain D = {(z,y) : 0 <z <p, 0 <y < q}, we consider the following third-order equation
of the form:
L(u) =Ugpe — Uyy + A Uy + AU, + AgUy + AU = g1 (:U, y), (1)

where A;, p, q € R, i = 1,4, are given sufficiently smooth functions.

By the replacement
A A-

U(z,y)=u(w,y)e 3772V,
equation (1) can be reduced to the form
Uggr — Uyy T A1Uy + Q2U = g(l‘, y)a (2)
3 2 A A
where ar = _ATIQ + A2’ az = % % - % + A47 g(xvy) = gl(x’y) . e%x_Tgy'

Problem As. Find function u (z,y) from class C};’j; (D) N Ci’; (D), theft satisfies equation (2) and
the following boundary conditions:

uy (2,0) =0, uy(z,q) =0, 0% z <p, (3)

u(p,y) =v2(y), uz(p,y) =93 (W fa07y) =11 (y), 0<y<gq, (4)

where ¢; (y), i = 1,3, g (x,y) are given functions. Note that in works [9-12] the case a; = az = 0 was
considered.

2 Thesunigueness of solution

Theorem 1. If problem Ay has ajsolution, then if conditions a; < 0, ag > 0 are met, it is unique.

Proof. Let’s assume the oppofitér et problem As have two solutions u; (x,y) and usg (z,y). Then
function w(z,y) = wuy (x,y) £ ud(asy) satisfies the homogeneous equation (2) with homogeneous
boundary conditions. Let’s ,provesshat u (z,y) = 0 is in D.

In the domain D thegidentity

ul [u] = Utpey — Wiy + aruug + asu? =0
or

1 1
8855 <uum - §u326 + 2a1u2> - ('*)ay (uuy) + uz +au? =0 (5)

holds. Integrating identity (5) over the domain D and taking into account homogeneous boundary
conditions, we obtain

) q . q P q P q
—2a1/u2 (O,y)dy—i-Q/ui (0,y) dy+//uidazdy%—ag//qumdy:O.
0 0 0 0 0 0

If a1, az # 0, from the fourth term, we get u (x,y) =0, (x,y) € D. If ag = 0, then from the third
term uy (z,y) = 0. From the equation and taking into account the homogeneous boundary conditions
(4) we obtain u (x,y) = 0 is in D. The theorem has been proven.
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Remark 1. Note that if the conditions of Theorem 1 are violated, the homogeneous problem Ay for
the homogeneous equation (2) may have a nontrivial solution. For example, problem

e (2,9) + (%)u (e9) - (%)u (2,9) — tyy (,9) = 0,

uy(QC,O):O, uy(l’,q)zo, 0<z<p,
u(p,y) =0, uz(p,y) =0, uz,(0,y)=0, 0<y<gq

has a nontrivial solution in the form:

u(z,y) = <1 + (=) sin (Mx» cos (%y) . nkeZ

2p
8 FEzistence of a solution

Theorem 2. If the following conditions are met:

D) i (y) € C3o,ql, w/ (0) =/ () =0, i=T.3 \

Q)MEC[O %
920y2 q, gy(z,0)= 37‘1

1 M

3)0<C <min{ ———,
)0< {p2+%p3 Kp (A1 +

then a solution to the problem exists.

Here C = max {|a1|, |az|}, \1 = { (3)2, K = 331 —exp (—2\?”>>71.

q

In works [9-12] C' = 0. The 3rd conditions satisfied at C' = 0.

Proof. Consider the following Stur ville problem taking into account the boundary conditions (3):

+A%Y (y) =0,
C (6)
(q) - 07
eigenvalues and eigenfun@k problem (6) have the form:

Let’s expand g (z,y) into a Fourier series of {Y,, (v)}:
oo
Y)=> gn(7)Yn(y)
n=1

here g, (x [ J g (z,n) cos (’m )dn We integrate function g, (z) by parts twice and taking

into account condltlon 2, Theorem 2, we obtain the estimate |g, (z)| < n—Mg |F, (x)|. Here F, (z) =

q
\/gfgnn (z,m) cos %ndn.
0
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Further on we will denote all arbitrary positive constants by M.
We look for a solution to problem A, in the form

=3 X (1) Ya (1), (7)
n=0

Substituting (7) into equation (2) and taking into account condition (4) we have the following
problem:

X"+ a1 X' +asX + XX =g(x), @®)
X"(0) = ¥1n, X (p) = Y20, X' (p) = t3n,
q
where i, = /2 [ in (1) cos ( X2n) dn, i =1,3.
Vi v eos (520)
Using the function
Vi(z) = X (z) = p(x) (9)
boundary conditions (8) are transformed into homogeneous ones. Funct N ks like:
o wln 2
P (@) = Woan = Yanp + —7p7 + (Y30 —
Substituting (9) into (8) we obtain the problem :
v )\3V 23 fn N/

here
fn ($) — (alp—a1x+a2px

I ¥ )
<_§+1)¢6"W+px)wgn+g(”.

Then we have estimates

[fn () 1n|+\‘1’2n\+|‘1’3n!+ |Fn ()])

11
QD 25 (010] + |2+ | ). -
Let’s consider cases T@ d n € N separately. Problem (10) for A\g = 0 has the form:
@ (= o)~k aaty
2 2

V" (0) = Vo (0) = Vi (p) =0, 12)
fo(z) = go(z) + <a1 (z —p) + a2 (Px— % - %)) Y10 — a2i20 + (a2 (p — ) — a1) YP30.

here

Problem (12) is equivalent to the integro-differential equation

z) = O/ G (2.6) fu (€) dE + O/ Go (2,6) V1o (€) dé — az O/ Go (.0 % (©)ds,  (13)

here Gy (z,€) is the Green’s function of problem (12), it has the following properties:

83G0 (l‘, 5)

ox3 =0,
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G102z (0,§) = Gao (p,§) = Gaoz (p,§) =0,

G20 (57 5) - GIO (57 5) = 07
G0z (§,6) — Gioz (€,6) =0,
G202z (5’5) — G10za (575) =1L

Function Gy (z,€) has the form

9 (14)

(wf)—l p—&pP+E&—2z), 0<x<&<p,
S 2 (@-p)? 0<é<wz<p

It is easy to verify that the function defined by formula (14) has all the properties formulated in
the definition of the Green’s function.
Integrating by parts the second integral in (13) and introducing the notatio

)= [ Gole.€) fo €) de.
Go (:U f) = a1G0§ (ac f) - a2G0 .T f{

we get
P

(15)
Equation (15) is the Fredholm integral equation of ond kind. We solve (15) using the iteration
method.
Taking the zero approximation Vj (z a: e write (15) as follows:

0(:5, ) Vi—1(§)d¢, m=1,2,...

The first approximation is \ l @
the second approxima;n is

S
—
&
+
o —
N
o
0
o,
—~
™~
S~—
jo W
o

by changing the order of integration in the iterated integral and making the replacement

p
Gi(2,€) = [ Go(.5) Go (5,) ds,
/
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then we get
Vs ($) = Qg (.77) + / (GO ($,§) + Gl (.CC,{)) Q) (f) d€.
0

If we continue the process indefinitely, we get

Vo (z +/(G0 2.9+ G, f)) a0 (€) de.
0

m=1

Here

If we denote
RO (1"75):@0 (xa€)+ Zém ($a§)a ’@

S o)
then we have a solution in the form

Vo (z) = ag (z) + Ro (%@\Af dg.
Then we get a solution for A\g = 0 in the form Q

1

g (l‘)w (Vo) + po (2)) -
Let’s evaluate this solution. First l e estimate Gy (z,&):

@

N

For the resolvent |Ry (z, ) x, 5)’ + |G1 z,€) ‘ )+ + ’G f)‘ + ... we find an estimate using

the majorant series;
@ 1, 1
o(z,8)]<C p+5p° ) < —(Jop),

p

(i?f@

P
|Gy (z,9)] < /|G z, )| |Go (s,8)|ds < (Jop) ,
0

G2 (2,8)] < [ |Go (x,5)]|G1(s,8)]ds < = (Jop) ,

o\»a

P
G (2,6)] < / 1Go (@, 5)]| |G (5,€)| ds < })uomm“,
0
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Here C' = max {|a], |az|}, Jo = C (p + 3p®). Hence the majorant series looks

[e.e]
ZJop .

m=1

SN

Condition 3, Theorem 2 can be written as

2

§ 1, 1
p3+2p2

:>C‘—p +p| < -,
2 D

hence
J()p < 1,

then the majorizing series is the sum of the terms of an infinite decreasing geometric progression. In

this case, the resolvent converges uniformly, and its estimate has the form
Jo
Ry (x,¢)| < < M.
R0 < T2 < \%
For ag (x) the estimate is @

p
e ol e@
!

luo (v

Then

The solution to problem (10), at n € N, is ght s follows:

p
X /anifn i:’g n(2,6)V; df—az/G (z,8) Va (§)ds,  (16)
0

where G, (z,&) is the Green’s fu@ problem (10), which has the following properties:

\& 2 08) L NG (w6 =0,

Glnxac 0, 5) Gan (p: 5) = Gong (Pa f) =0, (17>
GQ” (57 é.) - Gln (fa g) = 07
Gonz (fa g) — Gz (ga f) =0, (18)

G2nmm (675) - Glnmc (5,6) =1

Let’s construct the Green’s function. Since linearly independent solutions to Equation X", +
A3 X, = 0 have the form:

Xi(@) = e, Xale) = B os . Xo() = FTsinpua, 5= Lo,

let us represent the required Green’s function in the form

_ An An g
a1e % 4 a9e 3% cos Bpx + age 2 Tsin Bz, 0<z <€,

G (2,€) = \ An iy < "
bre” " + bye 2 T cos B+ bze 2 Tsin B, € <x <p,
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where a1, as, as, by, ba, by are currently unknown functions from &.
From properties (18) of the Green’s function and setting ¢, (§) = by (§) —an (&), n =1,2,3, we
obtain a system of linear equations for finding the functions ¢, (£):

cre” ™Mt 4 026%5005@16 + 036/\7”5 sin 8,€ =0,
—cre Mt 4 Cze%ngcos (ﬁn§ + E) + 03(3%"5 sin (ﬁn§ + E) =0,

n 2 2 1
cre M 4+ 026%6008 Bn€ + il + cze e sin | 8§ + — )= =
3 3 AR
The determinant of this system is equal to the value of the Wronski determinant W (X7, Xa, X3)

at point x = ¢, and therefore is nonzero and equal to W (X7, Xo, X3) = %ﬁ Having calculated
Ac;, 1=1,2,3, we get:

ené 92¢=# € sin (BnE+ %)
C1 (5) = W? C2 (5) - - 3)\% , €3 (g) -
Next, we will use property (17) of the Green’s function; in our case latlons take the form:

n

bie "p—i—bgechos—/\np—i—bge np =0,
—bie” )‘np_|_b26 2Pcos Q_Fbge 2psm _)\np_|_ 3) =0.

Due to the linear independence of X;” , the determinant of this system is:

here A =1+ 2e~ S o@np
Consider the féll O nction
V3

A=1+ 2¢= V3 cos t, t= TAnt'

2
2b1—62+\/§b3=3)\ 5 < ’\"5-1—26 Ex cos

=5 pcos —)\np>> = V3eMPA,

The critical points of this function are

P
t :?ﬂ-i-wk: k=0,1,2,3,...

A (t) takes minimum value only at k = 0. Then

This proves the absence of a “small denominator”, hence A # 0.
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Having calculated Ab;, i =1,2,3, we obtain:

eA”p A \/g
_ né Ang A
by = \/g)\%A < + 2e” cos 5 Ané ,
9e~ 3P V3
2 An
by = _\/%)\%A (eknf +2e~ 2 ¢ cos <7)\n£>> sin ( Anp + )

An
_ T e g2 s (V3 i
by = \/§)\%A <e 4+ 2e” 2 S cos (TAnﬁ —)\np + 5

(&), k=1,2,3 we have ag, k=1,2,3:

Considering a, () = bx (§) — cx

ay = \/§i2A (e)‘"(p_g) cos <\/_ nf) %) cos C &
ag = \/§§3A (e_’\”(g_p) (1 + 267 5P cos (\[Anp>) % 7Gr)

—e M (576) (1 4 26~ 55"¢ cos (%ﬁknﬁ)) si + %>) ’

Gln(£7€)7 0§$<€,
Gn (:L"E)%Qn ($,€),€ <z Sp7

here

n(r—%) cos (i)\n§> — 9eM(67%) cos ‘/7§)\np>> —
+ 2¢— 3¢ cos (%A@“)) sin (‘/73 n(p— %) +

A (p—2) +
Loern (B s WP 4 9p " pcos<\é§)\np>>sin <\/T§>\n (ﬁ—x)Jr%)

N—

)

An(p— ) +

)

K
= (20)

1
G2n(xa£) = \/§A2A ¢

The estimate for G,, (x, &) has the form

=

+
DO
ml
vl
o
o
(95}
N
S
>
3
782
~
~
N
s
3
5
2
DO
ml
w\;
5
2
&,
=
N
[

K

|G (2,8)] < 355 |G (2, 6)] <

>

Integrating by parts the second integral in (16) and introducing the notation
P
Vo (2) = X5 [ G150 (€) e
0

Gn (xaé.) = alGﬂ{ (x7£) - GQGH (:Baé.) 5
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then (16) has the form

Vi, (2) = Vou (2) + / G (2, €) Vi (€) de. (21)
0

Equation (21) is the Fredholm integral equation of the second kind. Let us write the solution (21) using
the resolvent in the form

Vi (1) = Vou (2) + / R, (2.€) Vi (€) d,
0

where
Ry (2,8) = Gn (2,6) + Z G (2, €), (22)
m=1
here *
Gonn (0,6) = [ G (,5) G-ty (5€) s, m = 1,2, &) = Cula,5).
0

The following relations are valid for functions G, (,£) Q@

Graz (2,2 — 0) — Graed(] 0)=1
Gpee (z,2 —0) — x+0)=1, (23)
Gt (z,2 —0) nze (X, +0) = —1,

Gn(w,x Gn (z,7+0) =0,
nap \ Ly ) nxxm‘i‘o)__ala
n:t:r ) - n:m: :l? T+ O) = —az, (24)
(;@7 0 nxzz($x+0)_0
Let us evaluate solution ( $
_G1n$§ +G2n(33§) ‘|‘Gmn($7€)+7
let’s find the estimate

using equality G, (z,€) = a1Gne (z,£) — a2G,, (2, ) taking into account (20), we have an estimate for
Gy (7,€) in the form

1 1
Gul < las] Gl + laal |G| < (5 + 55 ) M.

For the right side of inequality (25), we construct a majorizing series. By entering the designation
1 1
J=|—+—= | M,
()\1 A%)

Mathematics Series. No.2(114),/2024 31



Yu.P. Apakov, R.A. Umarov

we have

L 2
Then the majorizing series has the form \\

Condition 3, Theorem 2 can be written as . A@
A2 \
L = ( —> KC <

< ——m
Kp()\l—i—l)

from here

and its estimate has the form

this case, the resolvent converges UK

¢¢ (x,€) into Vo, (2) and integrating, we have

: Jp <1,
then the majorizing series is the sum c@ ms of an infinite decreasing geometric progression. In

Substituting Gy, (z, &) = —3

P
Von () —@) + fn (0) G2n££ (z,0) — fn (p) G1n££ (z,p) + /Gn§£ (z,8) fn/ (€) d¢.
0

Taking into account estimates (11) and
|Gonge (2,0)] < K, [Gnge (,p)| < K,

we get

Von ()] < o (1 1B @]+ 1B O]+ Fa () + g (W10l + [l + [3]) . (20)

From (26) and (27) we obtain the estimate

Vi (@)] < [Von ()] +Ofp|R<x,s)| [Vn (€)] de <
<M1 4 |E, (@) + |Fa (0)] + |Fo (0)]) + 24 (|W15] + [ W] + | Ws,]) -
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Due to (7) and (9), the solution to the problem has the form
= ™m
(@,9) =Y _ (Va () + pn (z)) cos (71/)-

n=1

Let’s check this solution for convergence. Considering the assessment
lpn ()] S (‘\Illn|+|\112n|+|\113n|)
+MZ |\Illn|+‘\p2n‘+’\1/3n’)

we have
z)| + |Fn (0)] + | Fn (p
find the derivatives

(x,y)| <M Z (14 |F, (
Let’s show the convergence uzz (7, y). Taking into account (23) and (24),
. ’§

of V,, (x) with respect to x of the third order
P
V(@) = N fo () — (vm + [ R (2,6)
0
p
~a (Vo () 4 [ R 0,6 Vo (€€ ) = 28 Vou o) I 260 Vo 9
0
R
Using estimate (23) and the properties of the Green’s \*n we get
- 01),
n

Vion ()] < M (\‘I’m\ o
n3

|R 2, 6)| < n3M,
next we have
+— (| Fn ()| + [Fn (0)] + [Fn (p)| + 1)

<_

n=1

|\Illn‘ + ‘\Il2n‘ + ’\Ij?m’ + ZO _2

From here

‘Ux:c;v
n= 1

ovsky and Bessel inequalities, we obtain

Z!%n! + Zl|‘1’3n|2) zln—lﬁ ;O( )
3 _2) < 0.

e (.)€ M { (/2
<MV (9" G+ 1972 )+ 175 w)) + 3 0

Here
oo ) ) oo 1
221 [Win|” < HU%’”HLQ[O,q] i = Z nZ
n= n=1

Given the inequality
|ty (2, 9)] < [ugae (2, y)] + lar] [ue (2, y)] + a2 [u (2, y)]

we can conclude that u,, also converge
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From the solution of problems (11) and (13) we obtain a solution to problem Aj in explicit form:

w() = 3 (a0 @) + [ Ro(0. O an (@ de+ () +
/22 con (72 ) (2,€) X3 i (€) dé+
+ ZCOS(”" )<fR xfofp nms)\?’fn()dsd§>—|— 3n§1pn(x)cos(”£y).

Thus, Theorem 2 is proved.

Conclusion

In this paper, we consider a boundary value problem for a third-order inhomogeneous equation

with multiple characteristics, containing low-order terms with constant coefficients. The uniqueness
and existence of a solution to the problem posed are investigated. Suffigient conditions are found for
the coefficients under which the problem posed is uniquely solvable, and imtheseage of violating these
conditions, an example of a nontrivial solution to a homogeneous problemsis constructed. The solution
to the problem is constructed in the form of a eigenfunctions’ series fowfa one-dimensional spectral
problem.
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I'pun pyHKIUSICHIH Kypa OTBIPBIN, €ceJii cullaTTaMaJJapbl 6ap
YIIIHIIT peTTi 6ipTeKTi eMec TeH ey VIMiH MIeTTIK, e€EeNTiH, MIerriMi

IO.I1. Anaxos!?, P.A. Ymapos?

1 .
O3P FA B.A.Pomanckuti amwindazo. Mamemamuka uncmumymbly, Tatwkernm, Osbexcman;
2 Hamanzan urotcenepaix- viable uhemumymaos, Haftdweat, Os6excman

t D

2KymMbIicTa TypakThl KO9hOUIUEHTTEPIMEH eceli CUIIaTTaMaJaphL 6ap J1EPOeC TYBIHIBLIBI YIMIHII peTTi Gip-
TeKTi eMec MudDEPEHINAIBIK TEHAEY YITiH TIKOYPBINITH OOMLICTAXEKIHIII ETTIK ecenl KapaCThIPBLIFaH.
Koiiburan ecenTis memnmiMiHig »KaJFbI3IbIFLl SHEPTUs UHFETPAIHAPLI dJIiciMeH JJiesaeH . 2K aarbI3abIK
TEOpEeMAaChIHBIH IIaPTTAPhl OY3bUIFaH KaFAaiiFa KapCORMBbICAT KYPACTBIPLUIALL. AHBIMAIBLIAD B OOIKTEY
oaicin Kosganbi, ecentiy memmimvi X (x) xxoHe Y () exl @yHkusHbIH KobeiTinaici peringe i3neneni. Y (y)
anplKTay yiuiH [0, ¢] cermenTiHiH meKapagapblHa 6Kl MeKapaJIbIK IIapTTapbl 6ap eKiHii peTTi KapamnaibiM
muddepeHmaNIbIK TeHAeyAl anaMbi3. By ecen yui##eHikTi MoHIepi »koHe oraH coiikec n = 0 kKoHe
n € N ymin menmikTi dyaknuanaper Tabbuiasl. X (z) ampikray ymina [0, p] cermMenTinig mekapagapbiHaa
VI IIeKapaJIbIK, IIapThl 6ap YIIiHIN perTi KapamaiibiM J1uddepeHnuaiablk TeHaeya agambi3. Kepceri-
reH ecenriy mmemmimi ['pua dyHKImsICcH giiici koMeriven mbrapburad. n = 0 yiin 6esek ['pun dyHKIMICH
2KOHE 1 HATYPAJI CaH Gosrran Karmaiifinig 6elek ['pun dbyHknmsace: Kypbuiapl. X () yIIiH mentiM KypbUIFan
I'pun dysKIMACH apKBLIbI Ka3blRaH. K eibip TypJieHipyaepaeH Keitin menrimMi pe30bBeHTa apKbIIbI 2Ka-
3bUIFaH eKiHmi TekTi narerpabLPpearonsm Teneyi ajapHabl. Pe3osbBenTa Men I'pun dyHKIusce yiiin
barastaynap TabbuAbL. [ M OHPKAIBIITE XKUHAKTBIIBIFEL 2KoHe OepliireH GyHKITHIap/Ia Keibip map-
TTap YIIH mytesern guddeperntmaiany MyMKisiri goaenaeni. [lemniMuin 6ipKaJIbIIThl >YKUHAKTHLIBIFBIH
Herizey KesiHge «Kill GOMMHIH» YKOKTBHIFBI JI9JIeJIIEHTeH.

Kiam cesdep: imbPepeHaIIbIK TEHIEY, YIMHII PeT, ecejli CHITaTTaMaJjap, eKiHII IMeTTIK eCell, TYPaKThI
mreriM, KaJrbIB3AbIK, 0ap Oosy, ['pun dyHKIUSCH.
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Penienue kpaeBoii 3ajiaun JiJisi HEOAHOPOJHOIO ypaBHEHUS
TpeThero MmopsiJika ¢ KpaTHbIMU XapaKTEepPUCTUKAMU
c nmocrpoeHnem dynkiuu I'puHa

IO.I1. Anaxos!?, P.A. Ymapos?

! Hnemumym mamemamusu umenu B.H. Pomanosckozo AH PY3, Tawxewm, Yabexucman;
2 Hamareanckutd unocenepro-cmpoumenvHonl uncmumym, Hamanear, Yabexucmar

B pabore paccmorpeHa BTOpasi KpaeBas 3ajiada B IIPSIMOYTOJBHON 00JACTH Il HeoZHOpoaHOro nudde-
PEHINAILHOIO YPABHEHHS B YaCTHBIX IPOM3BOHBIX TPETHETO IOPSIKA C IOCTOSTHHBIMEU KO3 duImenTaMu
C KPATHBIMH XapaKTEPUCTHKaMU. EIMHCTBEHHOCTD DEIeHns] TOCTABJICHHOM 33/1a491 JIOKa3aHa METOJOM HH-
TerpaJsioB 3Hepruu. [JocTpoeH KOHTPIIPHMED B CJIydae HAPYIIEHHs YCJIOBHUI T€OpEMbI eIMHCTBeHHOCTH. [C-
[TOJIB3Ys METOJT Pa3/IeJICHHUs IIE€PEMEHHBIX, PEIIeHNe 3aJady HINETCS B BHUJE IIPOU3BEIEHUS ABYX (MYHKIUN
X(z) u Y(y). Oust oupenenenust Y (y) nosydaem oGbIKHOBeHHOe AudpdepeHnnaIbHoe ypaBHEHHE BTOPOrO
HOPsZIKA C IByMsI TPAHMYHBIMA YCJIOBUSIMU Ha rpaHunax cermenta [0, ¢|. s sroil 3anaum HailneHbl co6-
CTBEHHBIE 3HAYEHUS U COOTBETCTBYIOIMe nM cobcTBeHHble hynknun npu n = 0 g ME NWya onpenenenns
X (z) momyuaem obbikHOBeHHOE nudHepeHImanbHOoe yPABHEHNE TPETHETO MOPAMKA G LpeMs MPAHUIHBIMA
ycsioBusiMu Ha rpaHunax cermenta [0, p|. Meronom dynkuun I'puna nosyyeHg/Peniekiyie yKasaHHOM 3a1a9u.
Brum nocrpoens! otnenbuas dyukius 'puna qjs n = 0 u oraesnbHast QyHEKNEs [lprna s Crydasi, Koraa
n — marypaJsbnoe. Pemenne qyis X (z) Beimucano gepes nocrpoennyio dbyHKimior] puna. [locie HEKOTOPBIX
11peoOpa30BaHuil 1I0JIyd4eHO MHTerpajbHoe ypaBHeHune Pperosbma EToporowposia, pelleHne KOTOPOR Bbl-
[IACaHO Yepe3 pe30sibBeHTy. [lomyduens! oneHku pe3osbBeHTsl n Gyfkiin I puna. Jokaszamer paBHOMepHas
CXOZMMOCTH DENIEHHsI ¥ BO3MOXKHOCTD €r0 IMOWIEHHOTO JuddepeHIMPOBaHIs P HEKOTOPBIX YCIOBUAX HA
3aanHble dyHKImu. IIpn 060cHOBaHIE PaBHOMEDHOMN CXOAUMOGIN DENIEHNs JOKA3aHO OTCYTCTBHAE «MAaJjIoro
3HAMEHATEJIS.

Karoueswie caosa: muddepeHmaibHoe ypaBHEHIE, TPEEANWIOPSIOK, KPATHBIE XapaKTEPUCTUKHI, BTODAs
KpaeBas 3aJada, PeryyIsipHOe pellleHne, eINHCTBEHHOCTD, CyIecTBOBaHue, hpyuknus ['puna.
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