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Bounded on the semi-axis multiperiodic solution of a linear
finite-hereditarity integro-differential equation of parabolic type

The question of the existence of a solution of linear integro-differential systems of paraboli¢type limited on
the semiaxis in a spatial variable and multiperiodic in time variables was considered. Sufficient conditions
of multiperiodic oscillations in time variables in a linear homogeneous equation with a beundary condition
and in a linear inhomogeneous equation were established. A linear homogeneous and inhomogeneous finite-
hereditarity integro-differential equation of convective-diffusion type were investigatied:
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Problem statement

It is known [1,2] that many hereditary phenomena in biologyand mechanics are described by various
types of integro-differential equations. If the state of a plienomenon at the moment 7 is determined by
the set of states at the moments of the interval (7 —&, 7|, then such a phenomenon is called hereditary
with a finite hereditary period € > 0.

In the case of € = 400, the state of the phenomenon at the moment 7 depends on its states at
moments in the interval (—oo, 7]. The hereditary ofithe’phenomenon can also be related to the interval
(70, 7], where ¢ is some constant.

When the heredity of the phenomenon is\bounded by the period £ > 0, then a linear phenomenon
with bounded hereditarity can be deseribeduby an integro-differential equation of the form

dq;(:) = /K 7, 8)u(s)ds + f(7). (1)

In the case of a quasilinear phenomenon of the heredity of the period € > 0 we obtain the equation

du(T): /KTS s)ds + f | 7, u(r /KTS s)ds

[n the'linear (1) and quasi-linear equations the functions A(7), K(7,s) and f(7,u,7) are known.
Such ‘equations, along with biological phenomena, describe the processes of elastic deformations,
electromagnetism, and other sections of the general dynamics related to the hereditary propagation of
thermal, magnetic, light, sound and other waves along the z axis. Propagations of this kind type can
also be of a diffusion nature. Propagations of this kind may have a diffusive character also. Then the
equation describing this phenomenon takes a form |[3,4]:

ou(zx, 1) 22 0u(z,T)

5 902 a(x, T)u(z, 7)+
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T

+ / b(x, 7, s)u(z,s)ds + f (x,7,u(z,T)). (2)
T—¢
In the case of multi-frequency waves and fluctuations, to study the processes, following [5-19], it

will be necessary to introduce a variable t = (¢1, ..., t,,), varying on the vector field j—i = ¢ and one has
to consider the equation

OPu(x, t
Deu(z, t,7) — QQW =a(z,t,7)u(z,t,7)+
-
+ / b(x,t,T,t —cT + cs, s)u(x,t — e + cs,s)ds + f (x,t, 7, u(z, t, 7)) (3)

T—E€

with differentiation operator
D.= 0 —i—ic- 0
°c or = J 8tj

in the direction of the vector ¢ = (ci, ..., ¢m) With constant coordinatesiggs> 0, j = 1,m, and all the
input data of this equation are assumed to be periodic in time®~ariables (t,7) = (t1,...,tm,t0), to = T
period-vector (w, ) = (w1, ..., wm,wp), with incommensurable €emponents wy = 6, wj, j =1, m.

Obviously, [5-16] along the t = ¢(7 — 79) characterigficsivector field operator D, of the equation
(3) turns into the equation (2), and its (w, 6)-periodic on, (¢, 7)€ R™ x R solutions turn into almost
periodic 7 solutions of the latter at x € R..

Thus, the investigation of multiperiodic by (#.7) solutions of equation (3) of period (w,f) at z € R
is of great importance in applied problems of the'theory of fluctuations and oscillations.

Note that problem studies in such a formulation are not found in the scientific literature. The
research is carried out in the inductive order from the particular to general. In this connection, the
problem was studied for various linear cases,of equations (3).

It is clear [17,18] that the problem under consideration and its methods of investigation are closely
related to some applied aspects’of'equations of mathematical physics of parabolic type and analytical
problems of the theory of multi-frequency oscillations.

The researchers’ intergst inthe problems for integro-differential equations, started at the end of the
XIX century, has not weakéned'to this day [19,20]. From various points of view, where the hereditary
terms of the equations are described by integrals of Volterra or Fredholm types, and the dynamics of
phenomena are ¢haracterized by ordinary or partial derivatives of unknowns, developing their theory
from equations to inclusions.

1 Multiperiodic zeros of the differentiation operator in the multiperiodic boundary condition

Applying the differentiation operator V. = D, — a28—22 of the variables z € Ry = (0,400),

oz
T=ty € R, t=(t1,...,tm) € R™ to the function v(x,t,7) we introduce the equation

Vev(z,t,7) = 0. (4)
m
Here D, the differentiation operator for time variables (¢,7) of the form D, = 8% + > cj(%, co=1;
j=0 =
a = conts > 0; V. is the differentiation operator by (z,t,7). The equation with one-dimensional time

. 2,
tj of the form Cj% —a? %;2] = 0 has solution v;, depending on ~;,/¢cjx + 7?a2tj running waves with
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parameter y;, then the solution of equation (4) with multidimensional time (¢,7) can be represented
by the relations

% (viveGz+ia’t;)

v(x,t,7) = a+ Per=° (5)

with arbitrary differentiable functions «, 8 and ~;, j = 0, m vector variable t — 1 = (t1 — 17, ..., ty —
emT), €= (Cl1y ey Cm)-

Consequently, relation (5) represents zeros of the operator V. at x € Ry, (t,7) € R™ x R.

In what follows we will deal with bounded zeros of the operator V.. Then by setting = to zero from
(5) we obtain the limit function

a? in: vjztj 0
v(x,t, T)|p=0 = a + e I=° =0v'(t,7) (6)
and for x — 400, in the case of Revy; < 0, we have
V(8,7 | gmioo = @ =07 (£, 7). (7)

To ensure that the solution (5) for ¢; > 0, by virtue of (6) and (7), the'functions «, 3, v; and along
with the condition Rey; < 0, the conditions Im~y; > Rev;, j = 0, m mustbe bounded.

The main problem is related to the establishment of sufficient ¢enditions for the existence of (w, 6)-
periodic on (¢, 7) real-analytic at t; € II, = {tj : i—’;|lmtj| < p}, j=0,m, wy =6, w=(wi,..., wm),
p = const > 0, solutions of the equations in quéstiofi. Therefore in this case we assume that the
boundary condition (6) is defined by the function

Ot +w,m+0) =0, ) @ AP (7 x 1L,) . (8)

Here A;jf (I II,) is a class of (w,f)-periodic rea-analytic at (¢,7) € II7" x II, and continuous on
closures ﬁ;n X ﬁp functions, with wy =@hwy, ..., wy, are rationally incommensurable positive constants,
p being the bandwidth II, of the inferval 0 <'p < 1.

From the condition (8) we have a Fourier series representation of the function v°(¢, 7):

m
27 Z kjl/jtj

Ot ) = Z vee 170 , (9)

kezm+l
where k = (ko, k1, k)= (vo,v1, ..., Vm), Vj = w;l, j=0,m; 122 - are Fourier coefficients having
the properties @2 = vgk and satisfying the estimate
o] < [[0°]]e#I (10)
m
with themor |[0°]| = sup [00(t,7)] and |k| = 3 |k;].
7 X1, =0

Due to rational incommensurability of frequencies v; = wj_l, j = 0,m parameters «, 3, v; become
constant, for the function depending on the difference t; — 7 to be w; and 0 = wg - periodic as by t;
and so by 7 it is necessary and sufficient. Assuming (8) with respect to (6) we find the solution (4),
(6) in the form of series

5° (niv/EaHra®t)
o) = > we (11)
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with constant coefficients v;, and indicators v;i, 7 = 0,m, k € Zm+
Obviously, (11) is a generalization of the function (5) to an infinite series, which represents the
solution of the equation (4) in general form.

Substituting (11) and (9) into the boundary conditions (6) formally we obtain vy = v}, ’yjzkaQ

2mikjvy, 5 =0,m, kj = Z?H Z?r is the set of non-negative integers.

\/2mvjk; - \/ Tk A/ TVik;
+ ajj_ﬂ_j: aJ]+Z aJ]

Since we are interested in the solution bounded by x in R, we have

ik = — <\/7ZJ J +¢\/7T:J ]> L j=0,m, kj =29, (12)

Hence v, = at kj € ZS)r is the set of positive integers.

In the case of negative k; = —|k;| < 0 we have the equation vjzkaQ = —2milk;lygy j =0, m, kj = Z_
to determine the indicators ;. Hence we find v;, = +v/—1 2”‘5# A= :I:zkvzﬂayj‘ku| . 1—\7; =
+ <_\/77Vj|k’j i i\/m/j/fﬂ)

a a :

Hence, to ensure that the solution is bounded by x € R, we take theé roots with a plus sign:

Vik =

<

_Vmslkil | Vilkl g (13)
a a

Thus, the roots (12) and (13) are mutually conjugate. Henee, combining these formulas we have

/ k / k
FVJ’ ]| ' k;j WI;Jl ]|7 Jj=0,m, kj =27, (14)

Vjk = ——~———— — sign
a

where this formula includes the case k; = 0, at which sign 0 = 0.
Substituting (14) into (11) we obtain the solution

v(z, t,7) = v8+

m m
\vic ksl . vielk;l
+ g veup | = g —%x—i—z signk; E #w—k%rkjujtj . (15)
i=0 =0

0£kezm+1
Obviously, the seriésu(db) converges absolutely and uniformly at * € R, and (t,7) € R™ x R,
differentiable by ‘@, (a“finite number of times), analyticity at (t,7) is preserved. In support of this
claim gWeéhuse the evaluation (10) and i k|2 < Vm+1 (Z;n:l \/{:j]>1/2, which follows from the
Bunyakovskii-Schwartz inequality. =

The golution (15) is multiperiodic at (¢,7), bounded at (x,t,7) € Ry X ﬁzl x II, and unique in the
class of bounded functions.

Theorem 1. The Problem (4), (6) under the condition (8) has at (z,t,7) € R4 x ﬁ? x II, the only
real-analytic (w, §)-periodic on (t,7) solution v(z,t,7) of the form (15) satisfying the

0@ t,7)] < CO)I/5™H, 7€ e, (7)€ Ty x Ty s (16)
with an arbitrary constant ¢ from the interval 0 < § < p < 1, where ¢ = ¢(m)is a constant,

independent of § and v°.
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The proof of all the positions of the theorem is given above. To complete it, it is necessary to verify
the validity of the estimate (16).
Indeed, from (15) we have the series

i) Z kjvit;
v(x,t,7) = Z vk(;v)e2 =0 (17)

kezm+1

with coefficients

m
Savcilka
vp(z) = viexp | — Z Vmvselkil (1 +isignk;) x| , (18)
=
which satisfy the inequalities
jor(@)] < o, k€ 2™, (19)
The case of absence of ¢ is considered in [17; 201-202]. Then, by virtue,of (10), from (19) it follows
that
[ow(2)] < [10°]]e =74, (20)

Consequently, according to the properties of the Fourier coefficients of analytic functions [18; 108],
the function (17) with coefficients (18) satisfying the evaluationy(20)is analytic and obeys the constraint
(16).

2 Multiperiodic solution of a linear diffusion, equation with a multi-frequency oscillating source

Consider the equation

2’LL T
2% = f(z,t,7). (21)

Here a = const > 0, the function f(z,t, ) is represented as a series

Veu(z, t, 7)== ulEt, 7) —

—yEx+27mi Z kjvj
(x,t,T) Z fre = (22)

kezm+l

with constants of v, 0, f, k = (ko, k1, ..., km) € Z™TL5 vj = wj_l, j =0, m with

[fel < 1 flle?M, (23)

where || fll =" sup |f(z,t, 7).
§+XH ><H

The multiperiodic solution of the equation (21) will be sought in the form

u(z,t,7) ZWktTe’ka (24)
kezm+1

Substituting (22) and (24) in (21) we obtain
27 § kjv;t;

Z [DCWk(t,T)—a2”y]%Wk(t,T e kT = Z fre =0 e kT,

kezm+1 kezm+1
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2m g kjvjt;
Hence we have equations D Wi (t,7) — a®>viWy(t,7) = fre =0 , k € Z™*! which have (w,)-
periodic by (t,7) solutions

- 2mi fj kjv;(ty—ciT+css)+avE(t—s)
Wk(tv T) = fre =° ds =
+00
fk 27”']5_1:0 k‘jVjtj 1 f Qﬂijgok:jljjtj (25)
= e J= = ——fre = ,
2+2 R ag + ibg k
—a?y; +2mi Yy kjvie;
j=0
m
since conditions Ag = ax + iby. # 0, where ai = —a27£, by =21 Y kjvjcy, k € 72+ are satisfiéd. By
5=0
substituting (25) into (24) we obtain solution
1 2711 i k‘jl/jtj—’ykl'
u*(x,t,7) = —fre 770 26
@tr= Y ok (26)

kezmtl

To ensure the convergence of the series (26), we assume that the strong incommensurability
condition is fulfilled v; = vjc;, 7 = 0,m of the form

bl = 2m | k| 2 ATHRIRE, Wkl =) kil >0 (27)
j=0 j=0

with constants A > 0 and [ > m+1, or the sequence @y satisfies the condition of boundedness condition
of the form

lap| =7, kezmt! (28)

with constant r > 0.
If one of the conditions (27) and (28), together with estimation (23) is satisfied, the series (26) will

converge absolutely and anifermly.
m

Thus we distinguish two kifds of running waves ¢y (z,t,7) = 2mi > kjvjt; — ez, k € Z™T1, for
j=0

which a) Ap = dp+ibg = 0 and b) Ap = ap + iby # 0, k € Z™ 1. In the case a) uy, = eVre(@tT) will
turn out to he zerosyof the operator V., and in the case b) V. ux # 0.

Nofe that ajsimilar result can be obtained when the real function f(z,t,7) is defined for complex
values v = ap+ 10k, Br # 0.

So“equation (21) under the conditions (22), (23) and under one of the conditions (27) and (28)
admit onlyd(w, #)-periodic on (¢, 7) solution (26) with values Ay = ay, + iby # 0, k € Z™+L,

In general, equation (21) has an infinite set of (w, §)-periodic solutions u(x,t,7) by (¢, 7), consisting
of the sum of the solutions v(z,¢,7) of the homogeneous equations (4) with Ay = 0, k € Z™*! and
the solution u*(z,t,7) of the nonhomogeneous equation (21) with A, # 0, k € Z™+1:

u(z,t, ) =v(z, t,7) + u*(z,t,7), (29)

where v(z,t,7) is defined by the problem (4), (6), and u*(z,t,7) by the relation (26) and satisfies the
boundary condition
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uw(0,t,7) = v(0,t,7) +u*(0,¢,7). (30)
The solution (29) of the boundary value problem (21), (30) is singular.

Theorem 2. Under the conditions (22), (23) and (27) or (28) the equations (21) has (w, §)-periodic
solutions represented in the form (29) with terms (15) and (26).

If for some k® = (k:g, K9, ..., k%) we have Ak, = ag, + by, = 0, then we exclude the corresponding
k%-subject from relation (26) and introduce a function

t t 271 in: KOviti—v,0x
agT + a1ty + ... + oy, mfkoe Pl (31)
ag+aic1 + ...+ amen,

u(z,t,7) =
with an arbitrary constant vector o = (g, a1, ..., ayy, ) satisfying equation

27 % Koviti—v, 02
cho(x,t,T) = froe =0 PR (32)

Then, based on (31) and (32), the solution (26) can be represented inghe form

m
f 2mi > kjust;—vx
k j=0

’lj*(x,tﬂ') :uo(x,t,T)—i- Z *W_Z‘bke =
KO£ke Zm+1

(33)

Theorem 3. If ao + ibgo = 0 and ay, + ib, # 0 4t k % k°, then under the conditions of Theorem 2,
equation (21) has a solution u(z,t,7) = v(z,t, 7) + (&, t,7), where v(x,t,7) is defined by the formula
(6), and u*(z,t,7) by relation (33).

3 Multiperiodic solutions of a linear homogeneous integro-differential parabolic equations with finite
hereditarity

Consider (w, 6)-periodic by (¢, 7)"equation

Veu(z, 6,7 = Dou(x,t,7) — aQW =
T
=a(z, t, 7)u@, t,7) + / b(x,t,7,t — e + cs, s)u(x,t — e + cs, s)ds.
T—¢
This equatiomdescribes a multi-frequency phenomenon propagating along the semi-axis Ry 1) diffusion
with gonstant a?,#£40, 2) linearly hereditary with finite period ¢ > 0 and kernel b = b(x,t, 7,0, s), 3) at

each point = € R it is linearly related to the external environment by the coefficient a = a(x,t,7) and
4) flows withspeed D, u(x,t,7) defined by differentiation along the direction of vector field of operator
D=2 85" c;2
c or =17 8tj .
An important special case of the process is when its heredity and coupling to the external world
do not depend on x € Ry . In this regard, we introduce into consideration the equation

Veu(z,t,7) = a(t, 7)u(z, t,7) + / b(t,1,0,s)u(x,o,s)ds, (34)

T—E€

where the matrices a(t,7) and b(t, 7, 0, s) are real-analytic functions.
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m
Consider the null operator V., depending on m+ 1 running waves Y (v;x + 2mit;v;k;) of the form
j=0

Uk($7t,7') — b€27riZ;n:0 tiviki+vy;x (35)
with constant coefficient b # 0 and parameter v; = v;(k;, v, ¢, a).

It’s obvious that vg(x,t,7) has the property

Vevr(x,t,7) =0,

vp(x,t — et 4 ¢s,5) = b 1w (0, —cr + cs)vg(x, t, 7). (36)
Next, by replacing

U(I‘,t, 7-) = U(t,T)Uk;(l’,t,T) (37)
equation (34) on the basis of (35), (36) is reduced to

DUt 7) = alt, ") Ut 7) + / b(t, 7, 0, )b o (0, onsU (5, 5)ds.
—€

T

Under the conditions
at,7) € A7 (TI7 x I0,) | b(t, 7, o1 &), € Ag 0 NI x T, x TI7" x 11, (38)
it is possible to show the existence of a singlefolution Uy (¢, 7, 0,s) = Ug(t, 7,t — cT + cs, s), satisfying
the condition Uy(t,s,t,s) = E at 7 = s and Ui (tyz, 0,5) € A;‘jfjg’:’f (HZ"” x Hp x T x Hp).
Suppose that U (t, 7,0, s) satisfies the estimate

Uy (t; P74 cs,5)| < Ae =9 (39)

with constants A > 1 and X\ > 0 fér any k € Z™+1.
Then a solution of the form(37), which is bounded at = € Ry, t € R™ and 7 > s and satisfies the
evaluation

iz, ty7)| < Ae T oy (a, t,7)| < ule Ao H0al (40)

with some constantiu® s> 0 and p > 0. Here p > 0 is defined on the estimation of the zero (35)
operator V..

Inequalityy(40) shows that under the condition (39) the homogeneous equation (34) has only a zero
bounded (w,0)-periodic solution on (t, 7).

Theorem 4. Under the conditions (38) and (39), equation (34) has only zero (w, #)-periodic in (¢, T)

solution.

4 Multiperiodic solution of a complete linear inhomogeneous integro-differential equation of parabolic
type

Let’s introduce the equation

Veu(z,t,7) = a(t, 7)u(z, t,7) + / b(t,7,0,s)u(x,o,s)ds+

T—E€
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m

+f(t,T)exp Z [vjx + 2mikjvsts] | - (41)
=0

Here vj(z,tj) = vjx + 2mik;v;t; are the travelling waves defined by the equation

Veezplvj(z,t;)] =0, j=0,m (42)

with unknown parameters ; and constants, v; = wj_l, k; € Z with the condition that z — +oo follows

expvj(x,tj) — 0. (43)
The functions a(t, 1), b(t,7,0,s) and f(t,7) are (w, @)-periodic by (¢,7) and (o, 's)g#belong to the

class A“0«0 (HZ1 x I, x TIj* % Hp).

t,7,0,8
From the conditions (42) and (43) we have a2'yj2 = +2mikvicj, j = 0,m and,co= 1at ¢y = 7.

/ 7Tk Lo . / T . Lo . . ..
Hence we have ~y; = i#%, kj > 0; v = i%%, k; < 0g4Torsatisfy the condition
(43) we choose v; as

Sk s
—M(l — isignk;): (44)

I a

Thus, by virtue of the latter relationship, the function

m
v(x,t, ) = exp Zvj(x,tj) (45)
7=0
has the property
Vev(z,t,7) =0, x @R (t,7) € R™ X R. (46)
It can be shown that
m
v(x,t = cr Hcs,s) = v(x, t,T)exp | —2mi Z kjvi(t —s)| . (47)
j=0
Next, enter the replacement
u(z,t,7) = U(t, 7)v(z,t,7) (48)

into the equation(41) and due to (47) we obtain

D U, )v(x,t,7) + U(t,7)Veu(a,t,7) = alt,7)U(t, 7)v(x, t, 7)+

+/b(t,7,a,s)ea:p —QWiZijI/jCj(T—S) Ul(o, s)v(x,t,T)ds + f(t,7)v(z,t, 7).
&€ J=0

Then, given (46), reducing by v(x,t,7) # 0 we have the equation

T

D.U(t,7)=ua(t,n)U(t,T) + / b(t,r,0,s)exp | —2mi Z kjvici(t —s)| U(o,s)ds+ f(t, 7).  (49)
T—€ J=0

The solution U(t, 1,0, s) of the homogeneous equation corresponding to equation (49) with initial
condition U(t, s,t,s) = E satisfies the evaluation (40).
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Then it is easy to show that the inhomogeneous equation (49) admits a single (w, #)-periodic by
(t,7) solution

U*(t,7) = /U(t,T,t—CT—}—csl,sl)f(t—CT—I—csl,sl)dsl. (50)

Then by substituting (50) in (48), we obtain a single bounded on z € R, (w, #)-periodic on (¢,7)
solution

u(z,t,7) =U"(t, 7)v(z,t,7) (51)
of equations (41).
Theorem 5. Let the functions a,b and f belong to the class Aff;”sg (I x T, x T XA,) <Then
under conditions (43), (44) and (40) equation (41) has a unique bounded in x € R, (w, )-periodic on
(t,7) solution of the form (51) with factors (50) and (45).

By the superposition method, the theorem can be generalised when the freeiterm f(x,t, 7) equation
(41) can be represented as

m
flx,t, 1) Z fr(t,T)exp Z Vg +27rikj1/jtj] ,
kezm+1 J=0

where v, is a constant from (44).
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2K.A. Caprabanos!, I M. Aiitenosa?

VK. >Ky6anos amomdaes: Axmebe onipaik ynusepcumemi, Axmebe, Kasaxcman;
2 M.Omemicos amuindaes. Bamuwic Kasaxcman yrusepcumemi, Opan, Kasaxcman

ITapabo/1aJbIK TUNTI aKbIPJIbI-3PEINTAPJIbI ChI3BIKTHI
MHTerpaJIabl-TudPepeHnnaJIIbIK TeHAEeY/IiH >KapThlJIail ocbTe
MIEeKTeJITeH KOIMePUOo/AThI IIelmiMi

[Tapa6oaJbIK, TUNTI CBI3BIKTHI WHTETrPAJIIb-TudMepEeHIInaIIbIK TEHIEYIED KYMECiHIH, KEHICTIK alfHbIMa-
JIBICHI OOMBIHIITA, XKAPTHLIAN OChTE MIEKTEJITeH YKOHE YAKBIT aifHBIMAJIBIIAPHI OOMBIHITA KOTIEPUOITHI IIETITi-
MiHiH 6ap OOJIyBI XKOHIHIE cypak, KapacThipbliraH. [IlekapaJiblK MapTThl ChI3BIKTHI OIPTEKTI TEHJEY/IE K-
He CBI3BIKTBI DIPTEKCi3 TeHJIey/le YaKbIT aflHBIMAJIBICHI OOMBIHINIA KOIIIEPUOATHI TepOesicTep il *KeTKITKTI
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MapTTapbl aHBIKTAIFaH. KOHBEKTUBTI- 1 y3UsIIbl TUNITI AKBIPJIBI-9PEINTAPIIBI HHTErPAJILI- b depen-
MUAJJIBIK, CBI3BIKTHI OIpTEKTi »KoHe OipTeKci3 TeHiey 3epTTesreH.

Kiam cesdep: naTerpannp-anddepeHnnaabK, aKbIPIb-9PEIATAPIIbI, KOHBEKTUBTI, Tuddy3usiyibl, mapa-
OonaIbIK TUITI, quddepeHnnaIbK oneparop, Pypbe KaTapbl.

7K. A. Caprabanos!, I'. M. Ajirenosa?

L Axmiobuncrut peeuonasvronl yrusepcumem umernyu K. 2Kybanosa, Axmobe, Kazaxcmamn;
2 Banadno-Kasazemanckul yrusepcumem umenu M. Ymemucosa, Ypaavck, Kazazcman

OrpaHndyeHHOE HA MOJIyOCHM MHOTONepHoAnYecKoe pellneHue JIMHEMHOTo
KOHEYHO-3Pe/IUTaPHOro MHTErpo-anddepeHIinajIibHOr0 ypaBHeHs!
mapadoJIMIeCcKOTro THUIIA

Paccmorpen Bompoc 0 CymiecTBOBAHMU OTPAHHYEHHOTO HA MOJIYOCH IO MPOCTPAHCTBEHHOMNHEPEMEHHON U
MHOT'OIIEPUO/INYECKOT0 IO BDEMEHHBIM [TIEPEMEHHBIM DPEIlleHHs] JIMHEHHON NHTEEPO-a1uddepeHInalbHON Crc-
TeMbl TApabOJUIECKOTO THUIA. YCTAHOBJIEHBI JOCTATOYHBIE YCJIOBUsI MHOTOMEPUONUIECKUX KOIeOaHUN 10
BPEMEHHBIM IIEPEMEHHBIM B JIMHEHHOM OJHOPOIHOM yPABHEHHU C IPAHUYHBLIM YCAOBHEM H B JIMHEHHOM
HEOJIHOPOJHOM ypaBHeHuu. VccienoBaHbl JIMHEHHOE OTHOPOJHOE M HEOJHODOMHOE KOHEYHO-3PEUTAPHOE
uHTErpo-auddepeHnnaIbHoe YpaBHEHNsT KOHBEKTUBHO- MM DYSNOHHORO THIIA.

Kaouesvie crosa: naTErpo-amnddepeHnuabHoe, KOHEYHO-3PEAUTaPHOE, KOHBEKTUBHBIHN, TuddYy3MOHHBI,
mapabostmyeckuii Tur, auddepeHnuaabHbli oneparop, psg Pypbe.
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