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On a mixed problem for Hilfer type differential
equation of higher order

The study considers the solvability of a mixed problem for a Hilfer type partial differential“equation of
the even order with initial value conditions and small positive parameters in mixed derivatiyes injthiree-
dimensional domain. It studies the solution to this fractional differential equation of Migher order in the
class of regular functions. The case, when the order of fractional operator is 1 < a < 2,(is ex@mined. During
this study the authors use the Fourier series method and obtain a countable systent of ordinagy differential
equations. The initial value problem is integrated as an ordinary differential equatien and the integrated
constants find by the aid of given initial value conditions. Using the Cauchg#=Seéhwarzinequality and the
Bessel inequality, it is proved the absolute and uniform convergence of the obtaiged Fourier series. The
stability of the solution to the mixed problem on the given functions is Studied.

Keywords: fractional order, Hilfer operator, mixed problem, Fourief‘Sesies; initial value conditions, unique
solvability.

Introductian

The theory of the mixed problems is one of the mest Tmportant directions of the modern theory
of differential equations. A large number of works are devoted to the study of the mixed problems for
differential and integro-differential equations (see, fox ex@imple, [1-12]). Many problems of gas dynamics,
theory of elasticity, plates, and shells are described by higher-order partial differential equations.

Fractional calculus plays an important rele for the mathematical modeling in many applied prob-
lems. In [13], it is considered problems,of cofitituum and statistical mechanics. The work [14] studies the
mathematical problems of the Ebola epidemic model. The studies [15] and [16] investigate the fractional
model for the dynamics of tubefculesis infection and novel coronavirus (nCoV-2019), respectively. The
construction of various models ‘of, theoretical physics by the aid of fractional calculus is described in
[17, Vol. 4, 5], [18], [19]. $ome applications of fractional calculus in solving applied problems are given
in |17, Vol. 6-8|, [20}¢ Iny21|,/the solvability of an initial value problem for Hilfer type fractional
differential equation with nonlinear maxima is studied. In [22], by analytical method, the unique
solvability of boundary value problem for weak nonlinear partial differential equations of mixed type
with fractional Hilfer operator is studied. In [23], the solvability of nonlocal problem for a mixed type
fourth<6¥der differential equation with Hilfer fractional operator is examined. In [24], it is considered an
invetse problem for a mixed type integro-differential equation with fractional order Gerasimov-Caputo
operatofs. The research works [25-34] obtained the results on the direction of applications of fractional
derivativesdio solve partial differential equations.

Let (to; T) C RT = [0; o) be an interval on the set of positive real numbers, where 0 < tg < T <
0o. The Riemann-Liouville 0 < a-order fractional integral of a function n(t) is defined as follows:

I n(t) = 1“(104) /(t —5) n(s)ds, a>0, te (to; T),

to
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where I'(«) is the Gamma function.
Let n —1 < o <n, n € N. The Riemann-Liouville a-order fractional derivative of a function 7(t)

is defined as follows: "

« d —
D& n(t) = %Iggﬁn(t), te (to; T).

The Hilfer fractional derivatives of a-order (n —1 < a < n, n € N) and S-type (0 < g < 1), are
defined by the following composition of three operators:

[0 n—o d n—ao
Doty = 1200 S 1004, e (to; T).

dtn to+

Let v = a+ Bn — apf. It is easy to see that a < v < n. Then it is convenie other
designation for the operator D 7n(t) = Dy! Fn(t). Hilfer operator is generalizatién n-
Liouville operator and was introduced by R. Hilfer based on fractional time evolutlon ring
the transition from the microscopic scale to the macroscopic time scale (see [17

In this paper, for the case 1 < a < 2 we study the regular solvabilit e value problem
for a Hilfer type partial differential equation of higher even order with pOSl arameters. The
stability of the solution from the given functions is proved.

In three-dimensional domain Q = {(¢, z, y)|[to < t < T, 0 a higher order partial
differential equation of the following form is considered

4
D2, U] =a(?) b(w, (1)

with initial value conditions

lim Jt Uz, y) = 1z,

t—+to o:-’yU(m z, y) = p2(z, ), (2)

where T and [ are given positive real numbers, 0 <

2I~c 2k 4k 4k
D& DY — 0 — & )
€1, 62 332k aka 858419 ay4k

84k o4k
Qk ax4k 8y4k)>:| U(t7 z, y)7
w is positive parameter 2 are positive small parameters, 1 < o < v < 2, k is given positive
integer, a (t) [to; T], Q= [0;1], b(z, y) € C (Q}) is known function, ¢1(z, y)

and po(z, y) are tinuous functlons Ql = x Ql We assume that for given functions the
following bound ditions hold

b(0,y)=b(l,y)=b(z,0)=b(x,1)=0

Prob tatement. We find the function U (¢, x, y), which satisfies differential equation (1), initial
value conditions (2), zero boundary value conditions for tg <t < T

Ut,0,y)=Ut,l,y)=U(t,z,0)=U(t z 1) =

92 2 2 2
:83;U(t0y) 52 U@ L y) = 8xU(txO) 62U(t,:v,l):
82 82 2 2
82U(t0y) 8y2U(tly) 82U(tx0) 83/2U(t,:lc,l):...=
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84k—2 a4k—2 34k—2 a4k—2
4k—2 4k—2 4k—2 4k—2
0 Ul(t,0,y) = 0 Ut l,y) = 0 Ul(t, z,0) = 0 Ul(t,z,1)=0, (3)

84132 84k2 84132

= Oy 2

class of functions B
(t—t)* U (L, =, y) € C(Q),

4
DU (t, z, y) € Caiy ™ () N CHEFO(Q) N COLIR(Q), @)
where C’;{kj 9(Q) is the class of continuous functions W on €2, while C’O+4k is the class

0= U (t,x,y o4k—2
WODQ

of continuous functions , WU (t, z, l) we understand as

Q={(t,z, y)[to <t<T,0<a,y <} \
1 Transform of fractional differential equation 6

Lemma. The solution to the ordinary fractional differential equatlon

D7 (t) +wo(t)

(5)
with initial value condition 2 3 A
N
1 =
t—ggo‘]t + U =00, —>+t
is represented as follows

U(t):UO(t_tO) 2Ea'yl + 1(t t—to) )+

" / (t — 5)WREM (~w (t — 5)) [ (5, v(s)) ds, (7)

to
where E, ,(z) is the Mittag @on and has the form [17, vol. 1, 269-295]
-N"_ 0:

f(t,v) € C(Q real parameter, vg, v1 = const, Q1 = [to; T] x X, 0 < tp, X C R =

d?
D*7 = J%+adt2Jt0+,1<a<7<2 y=a+20—ap.

Proo rewrite the differential equation (5) in the form
JIEDY v () = —wolt) + £ (1, ).

Applying the operator J , to both sides of this equation (5), taking into account the linearity of this
operator and the formula [35]

—1 _
n t—t S+k—n

dk
Jto—l—Dto—l-v Z T 5 + ]{3 + 1— n) tl)t0+dtk Jt—)t0+v (t)’ 5 € (n - ]" TL],

k=0
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we obtain

(t—t0)" 2 + W (t—to) ™" + JE L f(t, v (D). 8)

Using the lemma from [26], we represent the solution to equation (8) in the form

v (t) = —bJJto(;_i_’U (t)m

(t—t0) "2 4 e (t —t0) " + TR St v (1)~

— Yo
V0= )

v—-1)

t

w / (t— ) By o (—w (t—5)%) x
| N

x [% (s —to) ™2 + % (s —to) "™ 4 JE f(s, v () ffls. (9)
We rewrite the presentation (9) as the sum of two expressions: K
L(t) = r(vvo_ ) {(t — o)~ w/(t —5)* ' Eaa (—w ( @— to)VQdS] +
+F1(’1) !(t — 1) w/ w (M- 5)%) (s —to) ds] , (10)
I (t) = Jig o f (v (b)) —w a(—w-(t=8)") T f (s, v(s))ds. (11)

We apply the following presentatio 1, 269-295]

EO& ,u) Tz Ea,u-i-a(t): a>0, u>0, (12)
@,ﬁ (At e = 2P By gy, (A2%), v >0, B3>0, (13)

) we obtain the presentation

=00 (t —10)" 2 Ea o1 (—w (t = t0)*) +v1 (t —10)" " Ea~ (—w (t —t0)%). (14)

The int n (11) is easily transformed to the form
t
[0 Baawr (- 0%) Jiy £ (€ 0(€) € =
to

3

_Lt _go-l —w- (t=86)“ —5) (s, v(s))ds =
=ty =0T Baa (e =9 g [(6 =97 (s, v () a

to to
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_L t s. vl(s s / _ a—1 _Sa_l —w- B o
P(a)to/f(’ (s))d S/(t (-5 Eaal (t—8)°) d¢. (15)

Taking into account the (13) the second integral in the last equality of (15) can be written as

t

/(t—é)o‘_l(& — ) Baa(-w- (t =6 dE=T(a) (t €)' Eaza(~w- (t-€)%).

s

Then, taking into account (12), we represent (11) in the following form

t 2 \
Ig(t):/(t—s)a—lEa,a(— = 5)Y) [ (s, v(s))ds. (16)

to

Substituting (14) and (16) into the sum v (t) = I1(t) + I2(t), we obtain ( he ma is proved.

2 FExpansion of the solution into Fourie s@

Nontrivial solutions to the problem are sought as a Fouﬁ\

o0

U (tv &€, y) = n, ) y)a (17)

where
2, Y) In,m(2, y)dedy, (18)
n,m=1, 2,
We also suppose that the fol ion is expanded to Fourier series

/l/lb (, ¥) U, m(z, y)dxdy. (20)
00

Subs ing Fourier series (17) and (19) into partial differential equation (1), we obtain the
countable system of ordinary fractional differential equations of order: 1 < «a, v < 2

a(t)bn,m
L+ p2k,, (e1+eapk,)’

Dt () + A2, (1, 2) @t m(t) = (21)

where

2k 2k
1+ k
)\?fm (€1, €2) = :un,m( ,Un,m) ug,m: (%) /2h 4 m 2k,

1+ M%{cm (81 + 62:U’%lfm) 7

190 Bulletin of the Karaganda University



On a mixed problem for...

According to the Lemma, the general solution to countable system of differential equations (21)
has the form

Unm(t) = Ctnm (E = 10)772 By (<22, (1, 22) w (6= 10)") +

O (6= 10) ™ By (<22, (61, €2) @ (= £0)7) + b, m(8), (22)
where
) t
B (t) = t—s)*'E AP , «
n,m() 1_{_“%]?”1 (51+52N%Ifm) /( 8) a,a ( (61 &?2 S) ) a(s

0
C1n,m and Ca,, n are arbitrary constants. 2
By Fourier coefficients (18), the initial conditions (2) we rewrite in the forms \
| @
1(x, Y) I, m(, y dwdy— (23)

1

o d \

tl}ﬂodt*]tw wn,m(t //t 1+t0 Qy nm(2, y)drdy =
0 0

1
=//<p2(x, y) U, dedy=0onm- (24)
0 0

I
o _
o _

To find the unknown coefficients C'y Can,m in (22), we use conditions (23) and (24). Then

)

from (22) we have
Un,m(t) = NQVQ Ea,y-1 (‘A%’fm (1, €2) w (T — to)a) +
+ - 0)7_1 E, Y (
t

)\2 (61, 82) w (t — to)a) +

/(t—s)o‘_lEaa< A (e 22 wlt—9)%) a(s)ds.  (25)

> Guom@ ) [Pram (= t0) 7 Bayyo1 (<AZ, (1, 22) w (E— 1)) +
n,m=1
+2n,m (t—t0)" " Ea (—)\Zlfm (1, 82) w (t — to)a) +

t

b
+ n. T t—5)" 1 Eq o (=A% (e, t—s)” ds| . 26
1+ N%{cm (61 + 52”721]?111) /( S) ’ ( ? (61 52) w( S) ) a (8) 5 ( )

to

This Fourier series (26) is a formal solution to the initial value problem (1)—(4).
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3 Convergence of the Fourier series (26)

We prove absolute and uniform convergence of the Fourier series (26). We need to use the concepts

of the following Banach spaces. Hilbert coordinate space ¢3 of number sequences {¢p, m} _, with
norm
o0
2
lelle, =] D lenml® <oo
n, m=1

The space L2(Q7) of square-summable functions on the domain Q7 = Q; x ; with norm

1
19, 9) 1, (02) = //|19:cy|dxdy<oo ‘\\
0 0

Conditions of smoothness. Let for functions

vilz,y)(1=1,2), b(x,y) € C4k(Ql2)

there exist piecewise continuous 4k + 1 order derivatives. Then byflintégrating in parts the functions
(20), (23) and (24) 4k + 1 times over every variable z, y, we obtain the following relations

(8k+2) p(8k+2)

1\ B2 ‘ Q) 8k+2 | by m
el =(5) St Q& nm o
(8k+2) :
[l = T @)
C 5 le
k
555 X | —884: LN (20
O xtk+19 ytht L2(7)
where
+2
(8k-+2) ei(z, y) -
in, Wﬁn’m(x’ y)dilfdy, Z—]., 2,
0
L] 88k+2b( )
(8k+2) __ €,y
mo = // B 241 G gy Ah+1 Un,m(z, y)dzdy.
0 0
T in“estimates for solution, we use the properties of the Mittag-Leffler function [36]. Let
« ¥ . If arg z = m, then there takes place the following estimate
M,y
E <
| Ear(2)| < 13057
where 0 < M1 = const does not depend from z.
Therefore, it is easy to see that there exists constant My such that
2k
max ‘ Jo (—)\mm (e1, €2) w (£ — to)a) ‘ < My < o, (30)
2k a
- - <
tongl?%{T ‘ Eq 4 < Am (€1, e2) w (t —to) ) ‘ < M5 < o0, (31)
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t

max, /(t — )2 (=) Eu g (-A%jfm (e1, &2) w (t — s)a) a(s)ds| <M <oo.  (32)
to
Theorem 1. Suppose that the conditions of smoothness and estimates (27)-(29) are fulfilled. Then
Fourier series (26) convergence is absolute and uniform.
Proof. We apply the formulas (27)—(29) and estimates (30)—(32) to estimate the series (26). Using
the Cauchy—Schwartz inequality for series (26), we get the estimate

(t_tO)Q_,YU(L z, y)‘ < M2 Z |?9n,m(xa y) | : H‘Pln,m|+|902n,m |+|bn,m|] ~

n,m=1
0\\'

)
S%MZ Z |901n,m’+ Z |902n,m|+ Z |bn,m|

n,m=1 n,m=1 n, m=1

8k+2) 8k+2 2
2 l 8k+2 ‘ (p(ln m e ‘ 90(2n,m) 2 bn,m ) ‘
= T\ x Mo Z Ak 1y, Ak 1 + Z 7 Ak, dk+1 ot 1y, dk+1
n,m=1 n, m=1 =
2 (132 8k+2) o
=7 (?) MaMs [Hd”m e2+H b, 05 o ]
2
Z 8 Ak +1Q g Ak+1 < 09, (33)
=1 L (le) L2(912)
where
9\ 2 /] 8k+2 00 1
71=M2M3(7) (;) . Ms= | > n ok g sEr < %%

n,m=1

From the estimate (33) the athn niform convergence of Fourier series (26) implies. The

Theorem 1 is proved.
& Uniqueness of the solution

To establish iq@f the function U (¢, x, y) we suppose that there are two functions Uy
and Uy that satis iven conditions (1)—(4). Then their difference U = U; — Us is a solution to

differential equafiion (1), satisfying conditions (2)—(4) with zero functions ¢i(x, y) = wa(x, y) = 0.
By virtue of@elati 3) and (24) we have that @1, m = @2n,m = 0. Hence, we that obtain from
form 8) in the domain €2 follows the zero identity

11
// t—10)> U (t, , y) O nm(x, y)dzdy = 0.
00

Hence, by virtue of the completeness of the systems of eigenfunctions {\/? sin %x}, {\/% sin %y}
in Ly (Q7) we deduce that U (t, z, y) =0 for all z € Q7 = [0, []? and t € Qp = [0; T).

Since (t — o) U (t, z, y) € C (Q), then (t — to) YU (t, x, y) = 0 in the domain Q. Therefore,
the solution to the initial value problem (1)-(4) is unique in the domain Q.
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& Term-by-term differentiation possibility

Theorem 2. Let the conditions of the Theorem 1 be fulfilled. Then term-by-term differentiation of
the series (26) is possible.

Proof. The function (26) we differentiate the required number of times

o4k ° T 4k
S (=) U y) = Y <T) D (@, ) (t—10) > U, m(L), (34)
n,m=1
o4k = /mmy 4 _
gpi (=10 Uy = 30 () dnm(ey) (- 10)* 7 (3)
Y l
n,m=1 ‘
where wy, m, (t) is defined from the presentation (25).
The expansion of the following functions into Fourier series are defined in ilar way
. 841: o 4k
(t—1t0)“ " D¥U (t, z, y), EPY (t—to)“ " D*U (¢, z, y), 9y t GV (t, z, y).
We show the convergence of series (34) and (35). Analogously t estimate (33), applying
the Cauchy—Schwarz inequality, we obtain
84k 9
'8 4k(t_t0) VU(t:cy Unm NI nm(@, y)| <
9 sy 4k
<7(5) M| X n¥lernml “lpanml+ D 0 [buml| <
n,m= 1 n,m=1
2 (1) T [niD | =[]
< 1 (;) M Z m4k+1 Z nm Ak+1 <
n, n,m=1 n,m=1
2 (1\*"F 8k-+2) (8k+2
<=z s0( +2) +HQ02 +2) _'_HbSk—i-2) <
l s n,m s
88k+2b
H T+l (x4ky+)1 < 00, (36)
paap) N OTEROVE L, (ap)
where Y s < oo
n,m=1 nm

m™m
(t—10)> U (t, =, y>\ S (T ™= 0 wnn(®)] 1Dl )| <
n,m=1
2 (m\ 4k L ak o ak L ak
n, m=1 n,m=1 n, m=1
(8k+2 8k-+2 8k+2
) 1y G o [ o [
<7\z My Z AT, T Z AT, T Z nAk+1,,
n, m=1 n,m=1 n, m=1
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2 i 4k+2 [y H (8k+2 n H (8k+2) _|_ H b 8k+2) <
— I\ 25 Lo Pan,m lo|
2
88k+2 x y) H 88k+2() (x7 y) . (37)
ra $4k+lay4k+1 La(27) O xMhF19 ytkt1 La(2p)
2\2 /1 \4k+2 s 1
where Y3 = (7) (E) M2M5, M5= E M<OO'
n, m=1
The convergence of Fourier series for functions
o 4k . 4k 9
(t—t0)" 7 DU (L, z, y), EPT (t—to) " DU (t, z, y), 9y (t —t0) "y DE° Y)

is easy to prove, and the necessary estimates are obtained similarly to the cases es 33),
and (37). Therefore, the function U (¢, z, y) belongs to the class of functions m 2 is proved

6 Stability of the solution U(t,x,y) with respect to g ions
Theorem 3. Suppose that all the conditions of Theorem 2 are fulfill , the function U (¢, x, y)
as a solution to the problem (1)—(4) is stable with respect fio giyen s cpl x,y), vz, y)

to a given functions ¢1(z, y), ¢a(z, y). Let Ui(t, z, y) x, y) be two different solutions to
the initial value problem (1)—(4), corresponding o two different values of the functions ¢11(z, y),
vi12(x, y) and poi(x, y), paa(z, y), respectively.

We put that [©11n,m — @12n,m| + |2

>

Proof. We show that the solution to the differential equa& t x, y) is stable with respect

m | < On,m, where 0 < 6, p, is sufficiently

small positive quantity and the series vergent. Then, considering this, by virtue of

y) - U2(t7 €, y)] ‘ <

2 = 2 Nt
STU?, Z H‘Plln& ,m|+‘§021n7m_9022n,m”<70'3 Z |(5n,m’<OO.
n, m=1 n,m=1

If we put ¢ m | < oo, then from last estimate we finally obtain assertions about the
stability of the s e differential equation (1) with respect to a given functions 1 (z, y), @a(z, y)

in (2)

Conclusions

In three-dimensional domain, the solvability of a mixed problem for a Hilfer type partial differential
equation (1) of the higher even order with initial value conditions (2) and small positive parameters
in mixed derivatives is considered. Suppose that the conditions of smoothness are fulfilled. Then the
solution to this fractional differential equation of higher order for 1 < a < v < 2 is studied in the class
of regular functions. The Fourier series method is used and a countable system of ordinary differential
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equations is obtained (21). The initial value problem is integrated as an ordinary differential equation.
We obtained the presentation for unknown function U (¢, x, y). Using the Cauchy—Schwarz inequality
and the Bessel inequality, we proved the absolute and uniform convergence of the obtained Fourier
series (26) for function U (¢, x, y) and its derivatives. It is proved that solution to the problem (1)—(4)
U (t, x, y) is stable with respect to given functions b (z, y) and ¢;(z, y), i =1, 2.
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. a.
! m mmuoik, yrusepcumemsi, Tawxenm, Osbexcman;
2 Tawke Kemmix wwulzvicmany yrusepcumemi, Tawxenm, Os6excman

blzdvip yrusepcumemi, bledvp, Typrus
%ﬁefmi I'mnbdep Tunri anddepeHImanIbK,

TeHJley YIIIiH apaJjiac ecel TypPaJibl

T.K

@ 1 BICTA apaJjiac TYBIHIBLIAP/1a OACTAIKEI IIIAPTTAPHI YKOHE MIAFBIH OH ITapaMeTpJiepi 6ap XKyt

€T bhep TUTI Aepbec TYyBIHABLIBI TEH/IEY YIIH apaJjIac €CenTiH, eIy MyMKIH/IIr KapacThIPhLIFaH.

/ oFapbl perTi 6eJiieK uddepeHInaIabIK TeHAEY/IiH, MEMIiMi TYPaKThl (PYHKIUAIAD KIAChIH/IA 3ePT-
. Bemmek oneparopsiabiy, peri 1 < a < 2 Tey GosaTbiH xarpail 3eprrengi. Pypbe KarapIapbIHbIH
9Jici KOJIIAHBLIBIIN, KapamailbiM auddepeHnnaaablk TeHAeYAePIiH ecenTeseTin Kyieci ampHapl. Bacrta-
IIKBI ecell KapamnaibiM JuddepeHnnanablk TeHJIEY PETiIH/e MHTErpasJaHa/Ibl, ajl MHTErPAJIBIK TYPAKThI-
Jap Gepinren 6acTankpl MapTTapbl Maiigasana OTeIphin TabbLIaabl. Komm-11IBapiy Tencizairi men Beccens
TeHCi3Airin maitnanansin, ajabiaFaHl Pypbe KATapbIHBIH aOCOIOTTI KOHE OIPKEJIKi *KMHAKTBIIBIFBL J19J1€JI-
neni. Bepiiiren dpyHKIMsIapra KATHICTBI €CEINTIH MIENIIMIHIH TYPaKTHIIBIFbI /18 3€PTTEIII.

Kiam cesdep: beek peri, ['mnbdep oneparopsl, apaJac ecer, Pypbe KaTapbl, 6acTanKbl mapTTap, bipereit
M.
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T.K. IOnnames!, B. 7K. Kagupkymnos?, X. P. Mamenos?

1 o
Havyuonaavroul yrnusepcumem Yabexucmana, Tawxenm, Y3sbexucman;
2 Tawmenmenuti 2ocydapemeenmonli yrusepcumem socmorosedenus, Tawkernm, Yabexucman;
3 Hz0uperuts yrusepcumem, Hzoup, Typuusa

O cmvmemanHoOIT 3agade A JuddepeHImaibHOro YpaBHEHUs TUTIA
Xuiabdepa BBICIIETO TTOPSIIKA

B Tpexmepnoii o6iacTr paccMoTpeHa pa3penmMoCTh CMEIIaHHOM 3a1a4un st auddepeHnnaIbsHoro ypas-
HEHHNA B YaCTHBIX ITPOU3BOJHBIX THUIIA Xnnbd)epa YETHOT'O IOopdJiKa C HAYaJIbHBIMU YCJIOBUAMU U MaJIbIMU
MIOJIO’KATEIbHBIMY TTAPAMETPAMH B CMEIIAHHBIX MPOU3BOAHBIX. Perienne sToro apobHoro audgepetnnaib:
HOI'O ypaBHEHUSs BBICIIETO HOPSIIKA M3y9YEHO B KJlacce peryssipHbiX dyHKnwmii. VccienoBas ciiydaii, KORna
MOpsIIOK IpobHOTrO omeparopa paBeH 1 < a < 2. [Ipumenen meron psimoB Pypbe, U MOTyEEHA GICTHAS
crucreMa OOBIKHOBEHHBIX auddepeHnnaabHbIX ypaBHeHuil. HadaabHasa 3a7atua MHTErPUPYETCIRKAK OOBIK
HOBeHHOE juddepeHnmaIbHoe ypaBHEHNE, U HHTErPAJIbHbIE KOHCTAHTBI HAXOJSTCH C TOMOILIO S&IaHHBIX
HadaJbHBIX ycaoBuit. C momornsio HepaBencrBa Komu—IllBapria n mepaBencTBa Beecensil forazana abco-
JIIOTHAsT ¥ PaBHOMEPHAs CXOAMMOCTH MOJydeHHOTO psia Pypbe. V3yueHa TaKKeQYCTONIHBOCTDL pEITeHMUsT
3a/1a91 10 38JaHHBIM (DYHKIHSAM.

Karouesvie caosa: IpobHBIM MOPsIOK, onepaTrop Xuiabdepa, CMellaHHas 3adadaf psfibl Pypbe, HavaIbHBIE
YCJIOBHSI, OJHO3HAYHAST PA3PEITUMOCTb.
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