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We examine the well-posedness questions for some inverse problems in the
mathematical models of heat-and-mass transfer and convection-diffusion processes. The
coefficients and right-hand side of the system are recovered under certain additional
overdetermination conditions, which are the integrals of a solution with weights over some
collection of domains. We prove an existence and uniqueness theorem, as well as stability
estimates. The results are local in time. The main functional spaces used are Sobolev spaces.
These results serve as the base for justifying of the convergence of numerical algorithms for
inverse problems with pointwise overdetermination, which arise, in particular, in the heat-
and-mass transfer problems on determining the source function or the parameters of a
medium.
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Introduction

We examine the question on recovering of the right-hand side and coefficients in a
second order convection-diffusion system. Let G be a domain in R™ with boundary I of
class C? and let Q = G x (0,T). This system is of the form

U,t+A(t,l',D)U:fC, (t,ﬂf‘) €Q7 (1)

where A is a second order elliptic operator with matrix coefficients of dimension h x h.
The equation (1) is supplemented with the initial and boundary conditions

uli—o = ug, uls = g(t,x), (2)

where S = (0,7 x I'. The right-hand side and the operator A in (1) are of the form

To

fo= Z bi(t, z)qi(t) + f, (3)

A(t7 xz, D)U, =A= Z QZ(t)Az(xa t) + Ar+1 (ZE, t)? AZU = Z CL&DQU. (4)
i=ro+1 lal<2
The unknowns in (1), (2) are a solution u and the functions ¢;(t) (i = 1,2,...,r)

occurring into the right-hand side of (1) and the operator A. We consider the following
overdetermination conditions:

/ up;(x)de =;(t), i1 =1,2,...,s, 7= sh, (5)
G,

k3
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where G; C G are some domains. Consider also the overdetermination conditions
w(zi, t) =i(t), z; € G, i=1,2...,s, r=sh. (6)

The problem of this type arise when describing heat and mass transfer, convection-
diffusion, and filtration processes (see [1-5]). Inverse problems on recovering of the
coefficients of an equation (1), depending on ¢t with the overtermination conditions (5),
where = 1 and G; = G, are exposed in [6-12|. The linear inverse problems on recovering
of the right-hand side are studied in [5,13] respectively. Similarly, both types of problems
with conditions (5) and (6) are examined in [4,14] and [15,16]. A large number of physical
statements and numerical methods of solving of the above-mentioned inverse problems with
condition (6) is exposed in [27] and [28]. The problem on recovering of the source function
(3) with the overdetermination conditions of the form (6) can be found in [29, Ch. 3|,
where the main attention is payed to numerical methods. In this monograph the problem
of determination of the source function G(z,t), with given measurements (6) is examined.
Here, the source function is replaced with its approximation of the form (3) which is
calculated numerically. Note that most articles are devoted to the case of some model
equations, where n = 1. We can note only articles [17, 18|, where problems (1), (2), (6) in
general statement are treated. We can also refer to monographs [2,6,14,19,20]|, where the
reader can find statements of inverse problems for parabolic equations and systems and
the corresponding existence and uniqueness theorems as well as some numerical methods
for inverse problems solving.

In the present article under natural conditions on the data of the problem, we
demonstrate that problem (1) — (5) is uniquely solvable and establish stability estimates
for solutions. On one hand, problem (1) — (5) is of interest in its own right. On the other
hand, a solution to problem (1) — (4), (6) can be approximated by solutions to the problem
(1) — (5) for a suitable choice of the weights ¢; = ¢;(z, ¢) depending on a parameter € > 0
(actually, we can construct an approximation of the Dirac d-function). The convergence can
be established under appropriate conditions on the data. The latter fact allows to construct
numerical algorithms for solving of problem (1) — (4), (6). We should note that most of the
authors for numerical solution of the inverse problems use methods based on minimization
of some functional (which is not convex) (see, for instance, [29] mwm [27]). Algorithms
relying on an approximation of solutions to the problem (1) — (4), (6) by solutions to
the problem (1) — (5) allow to construct simpler methods and this fact is confirmed by
numerical experiments. In the next section, we present some auxiliary statements and
conditions on the data. In section 3 we state and prove our main results (Theorems 4, 5).

1. Definitions and Auxiliary Statements

Let E be a Banach space. The symbol L,(G; E) (G is a domain in R") stands for
the space of strongly measurable functions u(x) defined on G with values in F such that
the norm ||[|u(z)||gl|L,(c) is finite [21]. We also use the spaces C*(G) comprising functions
having derivatives up to the order k inclusively in G continuous in G' and admitting
continuous extensions onto G. The notations of the Sobolev spaces WG E), W;(Q; E)
and so on are conventional (see [21,22|). If E = C or £ = C” then we use the notation
W3 (G) or C*(G) rather than W3 (G; E) or C*(G; E). Thus, the inclusion u € W3(G) (or
u € C*(G)) for a given vector-function u = (uy,us, ..., u;) means that every component
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of u; belongs to W#(G) (or C*(G)). In this case the norm of the vector-function is the sum
of the norms of the coordinates. A similar convention is used for matrices as well. Given
an interval J = (0,7'), assign W"(Q) = W;(J; L,(G)) N L,(J; W} (G)) and, respectively,
W3r(S) = Wi(J; Ly(T)) N Ly(J; W (T')). In what follows the symbol Vu stands for the
vector (Ug,, Ugy, - .-, Uy, ), 1. €. the gradient of u in the space variables. The condition
['e C* (o > 1) is understood conventionally (see [25]).

The smoothness and consistency conditions. Fix p > n + 2. We assume that

up(z) € W;’Q/p(G), g(x,t) € W;’l/Qp’Q’l/p(S), 9(x,0) = up(z)|sc, (7)
Git) € CY([0,T)), 1i(0) = /uo(a:)goi(x)dx, i—1,2,. s (8)

G;
ay(t,2) € Loo(@) (lof <2), dal, € C(Q) (la] = 2). (9)

We assume below that the boundaries of the domains {G;} (j = 1,2,...,s) those in (5)
belongs to the class C'. We employ the following conditions on the weights {p;(z)}:

supp ; C Gy, @ €WH(Gy) (4 +5=1), i=12....5 (10)

supp p; C Gy, pj € L1(G), j=1,2,...,s. (11)
Let Go = U;_1Gj, Qo = Go X (0,7). Under the condition (10) we require that

b, f € C([0,T]; Ly(Go)) ( =1,2,...,70), al, € C([0,T],W,(Go)) for |a| =2,  (12)

al, € O([0,T],L,(Go)) (i=ro+1,m9+2,...,7+1) for |a| < 1. (13)
If we replace (10) with (11) then we need the conditions

Vi, VI € L(Qo), Vuo € Wy *(Go), Vai(e,t) € Lo(Qo) (o] <2),  (14)

afx S C([O,T},LM(G())) <|a| < 1)7 bk7 f S O([O>T]7LOO(GO)) (k = 1727 s 7T0)7 (15)

where i =19+ 1,79+ 2,...,7. In the case of the problem (1)—(5) we define the matrix B
of dimension 7 x r whose rows with the numbers from (k — 1)h + 1 to kh, (k= 1,2,..., )
are occupied by the A X r-matrices with columns

/bl(ilfao)@kd%.--,/bro(%o)%@kd% —/Aro+1(l‘70)uo¢kdl‘a--->—/Ar(xao)uosf?kdx-
G G G G

We require that
det B#£0 Vte[0,T]. (16)

Assign Gs; = {z € G; @ p(z,0G;) > 8}, Q; = Gsi x (0,7), G5 = U;_,Gs;, and Qs =
Gsx(0,T), Q5 = Gsx (0,7) (6 2 0), Q" =G x(0,7). Let A =35 aa D%, where a, are
h x h-matrices. This expression can be also rewritten in the form A = — szzl ijO0z;; +

Yo, a;i0y, + ag. We say that A is elliptic whenever

n

Re Z(aij(x7t)£i7£j) 2 60 Z |§i|27 v§17§27 s afn € Rh,V(I7t) S Q (17)
=1

3,j=1
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Here ¢y is some positive constant. The following theorems are valid.

Theorem 1. Assume that G is a bounded domain with boundary of class C?, the
conditions (7) hold, the coefficients of the operator A =73, ., aaD* satisfy the condition

ta(t, 1) € Loo(Q) (laf <2), aa € C(Q) (laf = 2) (18)

and the ellipticity condition (17) holds. If f € L,(Q) then there exists a unique solution
u € Wy*(Q) to the problem

u + A(t,z, Dp)u = f, ulimo = uo(x), uls =g, (19)

satisfying the estimate

lullwpiay < e[ lp0@ + Nallya-ama-ag) + Nuollyz-sre ey | (20)

where ¢ is a constant independent of f,uy and a solution u. If we additionally assume that
2

Vo € W, 7 (Go), Vaa(z,t) € WL(Qo), |al <2, (21)

and Vf € L,(Qo) then a solution u possesses the property Vu € W;’Z(Qd) for all 6 >0
and, for a fized 6 > 0, we have the estimate

IVl + Nl < e[ fllzu@ + 1V @0+ )
Hg”WI}—I/Zp,Q—I/p(S) + ||UO||W§—2/1)(G) + ||VUO||W5—2/I)(GO)] .

Proof. The first claim follows from Theorem 10.4 in [25]. The second claim is justified
conventionally with the use of the finite difference method and Lemma 4.6 of Ch. 2 in [26].

O
Theorem 2. Assume that G is a bounded domain with boundary of the class C?, the
coefficients of A = 3o aaD satisfy (18), the ellipticity condition (17) holds, and
feLy,(Q) (v €(0,T]). Then there exists a unique solution u € W,)*(Q") to the problem

w + A(t,z, Dy)u =g, u|i=o =0, ulsg=0, (23)
satisfying the estimate

[ully2igny < cllglln,@), (24)
where ¢ 1s a constant independent of .

Proof. A solution sought agrees on [0,7] with a solution u, to the problem (19) with the

. o _[g tel0,]
right-hand side g, = { 0, te(y,T
conditions. Theorem 1 yields the estimate [[u,[ly21q) < cllgylr,@ < cllgllz, @) which

validates (24).

] € L,(Q) and the homogeneous initial and boundary

0l
Theorem 3. Assume thatl the conditions of Theorem 2 and condition (21) on a, hold.
Then a solution u to problem (23) for a fized 61 > 0 satisfies the estimate

lully2igmy + IVullwpagy y < elllgllzy@n +1Vall@3): (25)

where ¢ is independent of .

Proof. The proof is in line with that of Theorem 2.
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2. The Basic Results

Define the constants ¢} (1=1,2,...,r) as solutions to the system

¥;5¢(0) + Z QzfAUO(p]dx—f'fAr-&-lUO@]dx_Z%fb rcO%derff%dl’ (26)

1=ro+1
where j = 1,2,...,s. In the following theorem we assume that
the operator A° = Z ¢ A; + A, is elliptic. (27)
i=ro+1

Theorem 4. Let the conditions (7) — (8), (9), (10), (12) — (13), (16), (27) hold. Then there
exists vo > 0 such that, for t € [0,7], there exists a unique solution (u,q) (7= (q1,--,qr))
to the problem (1) — (5) such that u € W,*(Q™"), ¢(t) € C([0,%]), i = 1,2,..,r. A
solution depends continuously on the data of the problem, 1. e., for every two solutions
(u', g, ..., q") (i =1,2) to the problem (1) — (5) from the class

u' e WA(Q™), ¢; € C([0,%]), (=12 j=12....r),

)

corresponding two different collections of the data f°, s uh, ¢ (1=1,2,...,s,1=1,2)
satisfying (7) = (8), (9) — (10), (12) - (13) and such that the condition (16) holds and

1 o) + Zl 12 e o,y + 11 leorniza(coy +
]:

+HUBHW372/”(G) + HgiHWplfl/2p,27l/p(S) < R, (2 = 172,)

there exists 1 = v1(R) such thal the stability estimate

Ju' = w?{|ypre gy + Zl lg; — Glleqormy < CUS = FPllzyem) + Zl 19; — il e o)+
j= j=
I = Plleqorizacon + b = uillyz-2m ) + 19" = 81 y1-1/2m2-1m (g )

is valid, where C' is a constant independent of R and 71 and S™ = G x (0,71).

Proof. We construct a function ® as a solution to the problem
r 0
q)t+( Z QSA1+AT+1)(I):f_‘_zqf?bz(xat)a CI)|t=0:uﬂ($)a (I)|S:g (28)
i=ro+1 i=1

A solution to this problem exists and possesses the properties those of Theorem 1. Make
the change V = u — ® and ¢ = ¢ + ¢0 (¢ = (q},...,¢"), i = 0,1). In this case V is a
solution to the problem

Vi + A% + Z G AV = Zb@ql Z 4 Ai®, V)= =0, V|s=0. (29)

1=ro+1 1=ro+1

Theorem 2 implies that for every f € L,(Q)7) the problem

Vit AV =f V]eg=0, V|s=0 (30)
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is uniquely solvable and
IVllwr2gr < cllgllzy@n, (31)

where the constant ¢ is independent of 7 € [0, 7T]. Examine an auxiliary problem

Vit AV + > gl AV =g(x,t), Vl|eo=0, V|s=0. (32)
1=ro+1
Let ¢l € B, = {¢' € ([0, 7)) : ||qﬁ||c([07T]) < u} (1 <T). By Theorem 2, we have

+ (9, + A%~ Z G AV = (0, + A Lg(z,1). (33)

1=ro+1

The estimate (31) yields

[CEUREDS G AiV |lyr2igry < ] > A, VL, <
i=ro+1 i=ro+1 (34)

la lloo.mpeetl Vw2 gr < seerllVilyzgr-

. In this case we infer

In what follows, we assume that p < pg = 20(:

1
10+ A%)” Z 4 AV Mz < §“V“W£’2(Q )

i=ro+1

and thereby (33) is uniquely solvable and a solution V' € W, *(Q) satisfies the estimate

Vllwp2gr < 2000+ A") gl gr < 2ellgllz, @), V' € Bur (35)

Integrating equation (29) with the weight ¢; over GG, we obtain

9 § §
/Vtwidxza/vmxzwn(t), w@-<t)=wz-—/<bgoidx,
G G G

Vir + fAOVgode + Z q; fA Vpdr = Z qj fb]gpldx — Z qj fA Dpidr,  (36)

Jj=ro+1 j=ro+1

where ¢ =1,2,...,s. Examine the matrix B( ) of dimension r X r whose rows with the
numbers from (k — 1)h + 1 to kh, (k = 1,2,..., s) are occupied by the h X r-matrices with

the columns
/blgokdoc,...,/ bmgpkd:c,—/Aqu)gokda:,...,—/Ar<b<pkd:c.
G G

G G

Note that B(0) = B with the matrix B that was defined before (16). Demonstrate that the
entries of B(t) are continuous in ¢. The continuity of the entries from the first ry columns
results from (9). Consider the last r — ro columns. Since ® € W, *(Q), the embedding
theorems yield

® e O([0,T; W(G)), a<2(1-1/p). (37)
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The latter results, for example, from Theorem 1.8.3 in [21], where the Banach spaces Ay, 4,
are replaced with W2(G) and L,(G). In view of our conditions on p, 2(1—1/p) > n/p+1

and, in particular, W' "?/(@) ¢ C#(G) with 8 <2—2/p—n/p [21]. Thus,

@) coTct@) p<a->-" @)

W2(Q) ¢ C([0, T); Wyt -

In particular, changing ® on a set of a zero measure if necessary, we can assume that the

functions D® for |a] < 1 are continuous. We have A;® = A;o0® + A;1® (5 > ro, where

Ajp® = |Z|: al D*® and AP = I; al, D*®. In view of (13) and the above-pointed
al=2 a|<2

properties of @, for || < 1 the functions [, al D*®yp; dz are continuous in ¢. Consider the

case of |a| = 2. We conclude that

/ @l (x,6) D*Dp;dadt = / ao(x, 1) DY D;ngdl — / (Gaspi) e, DY ® dz,
G Ty G;

k3

where D® = a%Da/@, ny is a coordinate of the unit outward normal to I'; = 0G;. By
the same reasons, the obtained integrals are continuous in ¢.

In view of continuity of the entries of B(t), there exists 7, > 0 and a constant 6 > 0
such that |detB(t)| > 0, ¥t € [0, 79]. The equalities (36) can be rewritten as

b+ (AV, 1) + Y AV e1)

. i=ro+1
B(t)¢' = } , (u,v) = /u@dG.
&st + (AOVa 305) + Z qil(Aivv 903) “
i=ro+1
Thus,
¢t = go + R(qY), (39)
1/;115 (AV, 1) + ' > lqz (A;V, 1)
1=ro+
where go = B(t)"' | : |, R(¢') = B(¢)™* : and V is
Yst (AV,p)+ 3 AV, 0.)

i=ro+1
a solution to the problem (29), which exists whenever ¢! € B, ., with g < pou 7 < T
Consider the vector

iy
go=BH)"| :
¢st
Let 7 < 79. We have ||go|lc(o-) < C}E%Wit”%oﬂ)' In view of (26), %(0) = 0. By

continuity of &it, 3 < 70t [|golleqo) < %5 V7o < 71 Show that there exists 7o < 7y such
that the equation (39) is uniquely solvable in the ball B, -, = {¢' : ||¢"(|c (o) < Ho}-
Derive estimates for the operator R(¢'). Let ¢!, ¢* € B,,,, (1 < 7), and V!, V? are
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solutions to problem (29) (with ¢! and ¢2 on the right-hand side) satisfying the initial and
boundary conditions V7 |—o = 0, V7|s = 0 (j = 1,2). We have

' T0 T
VI AV 4 N AV =D glbi— > /A, VI =0, VI[s=0,  (40)
=1

Jj=ro+1 i=ro+1
where i = 1,2,...,m, j = 1,2. Estimate ||R(q3) — R(q3)||c([077]). We obtain

|R(a') = R(¢*)cqon) < e max [(A°(V! = V2), )+
- o (41)
> (@ AV 05) — g (AV2 0)) lloqon)-

i=ro+1

Subtracting the equations (40) for j = 1,2, we arrive at the equality

(VI— V2, + AV V24 3 AV — AV?) =

o : st (42)
Zl(q} —q)bi — Z+1(Qi1 — @) AV — Zl(qil - ¢})A®.
i= =70 1=

Note that in view of (35) the functions V7 meet the estimate

A ro T . -
VIl gry < 20 Z:Ibei = 2 GAPL@) < Cilldllcqor) < Cipo, (43)

i=ro+1

where C} is independent of z and 7. Estimate (35) and equalities (42) yield

VY= V2llyr2gry < Callg = @lloqory +max |4V 1,en Calla" — lleqoa) <

S A (44)
la" = @*lleqo. (C2 + C3llVHIwa2ory) < lla' = @*lloqom (Co + C3Cipo).

Estimate the right-hand side of (41) using the inclusion ¢; € W/}(G;). Consider |(A%v, p;)|

for v = V! — V2 We have A% = Agv + Ayv, where Agv = > a,D% and Ayv =
|o|=2

> aoD%. For |a| <1, we infer | [, aaDvpidz| < c| D1 (cy) < cllv|lwicy)- Thus,

la|<2

| / Awpidz] < erllvllws . (45)
G

Consider the expression f o Agvp;dz. Tt contains the summands

/aa(x,t)Davgoidxdt:/ aa(x,t)D“/vgomde—/ (aagoi)kao‘/vdx,

G I'; G;

where D% = %D“/v, ny is the k-th coordinate of the unit normal to I'; = 0G;. The
second integral is estimated as

/|aa||D°"v|-|som|dl’+/ || - |D¥0] - Jpilda <
Gi GO
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1 1
SMHDQ’UHLOO(G@(/G i) +M1HD"‘UHLOO(GO)(/G pldz)".

Therefore, the second integral is estimates by c1||v||wy (). Estimate the first integral with
the use of the trace theorems (see, for instance, [21,25,26]). In view of (38) we can assume
that v € C([0,T]; CY(G)), and thus a, € C(Qy) and

|/aaDa veinkdl | < [vllwa @) laall Lo @o) |93l Loy < c2llvllwe @)

i

We involved the fact that ¢; € qu -l q(Fi) due to embedding theorems. These two
inequalities ensure that there exists c3 such that

|/A0Widf17| < cllvllwaq)- (46)
G

By the embedding theorems and the interpolation inequalities (see (38), [21]), we infer

0 2\ n
Ielvaer < bl s gy S bl gy ol 02-D =142 (4

Wy

In this case relations (45), (46), (47) imply that

0 2 . < ) 0
max [|(A°(VE = V2), ¢5)lleqor) < Collvll’ T . 1ol E0,01:20 (- (48)
As it was noted, v € C’([ Tl; Wp2_2/p(G)) after a possible modification on a set of zero
measure. Next, v = fo v, (z, 7)dT and thereby
ollcworityay < Tellvell,@rstaey, (1/p+1/g=1). (49)

Therefore, ||(Av, ¢;)|lco,7) < OTI%’GHUHWZ}Q(QT). In this case we have

1-9
1AV = V), 0)lloqom < erm o [V = V2|10, (50)
where C} is independent of 7. Using (44), we obtain

ﬂ — —
1A’V = V), 0)lleqor) < esm @ llat = ¢*[leqor)s (51)

Consider the second summand in (41). We have

T

> (G AV ) = g (AV?, ;) =

i=ro+1
r

Z (q _Qz)<A VI’@])+ Z q; (A Vl A2V27(10])
i=rp+1 i=ro+1
The summands (A; V!, ¢;), (A:i(V' —V?),p,) are estimated as the expression (A°(V?! —
V2), ;) (see (50)). We have

r

— — 1—6
q; —4q; A Vl 7] S ql - q2 clo,r T 4 Co Vi 1200 <
IIi:%H( )l )II clor] < | lefo.r IV w2 ory (52)

T Cpo) |t — @lleqon)-

Qb
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Similarly, in view of (44), we infer

' ﬂ - N
> (AW =V2),0)llcon < e @ gt = ¢*lleqon)- (53)

i=ro+1

Relations (51) — (53) imply that

IR(q) = R(@)lcon < eur @ |4 — @lleqon, V4 € Buor-

1-6
Find 7 < 7y such that ¢;17, ¢ < % In this case

— — 1 — —
12(q") = R(¢*)llcomy = 5lla" = @lloorn- (54)
Since R(qa) =0 for q_é =0, we have
IR leqom) < —Hq leor)- (55)

In this case the operator Ro(q_i) = go + R(ql) is contractive and takes the ball B,y into
itself. Indeed,

Lo
| Ro(@) oy < llgolloomny + I1R(@) logo.rn <

Lo
2+2

The fixed point theorem implies the existence of a solution c;1 to equation (39) in this ball.

By construction, V' is a solution to problem (29). Assign 79 = 7. Demonstrate that V'

satisfies the conditions [ V;dz = 1);(t). Integrate equation (29) over G with the weight
a

;. We have

= fgolde + fAOVgozcm + z qj fA Vdr = Z qj fbjcpldx - Z q fA Dy, dz.

Jj=ro+1 j=ro+1

The function g; satisfies (36); subtracting the i-th equatlon from the previous equality, we
obtain that (f pivdr — %‘) =0 or [,pvde —1; = ([ ivde — ¥i)|i=o = 0 in view of
G ¢ G

the consistency conditions. Thus, v is a solution to our problem. The stability estimate
from the statement of the theorem was actually obtained in the proof and we omit the
arguments.

O
Theorem 5. Let conditions (7) — (9), (11), (14) — (16), (27) hold. Then there exists vy > 0
such that on the segment [0,o] there exists a unique solution (u,qi,..,q,) to problem (1)
— (5) such that

u € W;Q(Q”O), q(t) € C([0,%]), i =1,2,....r

A solution continuously depends on the data of the problem, i. e., for a fired 61 > 0 and
every two solutions (u',qt,...,q') (i =1,2) to the problem (1)~(5) of the class

u' € WA Q™), ¢ € C([0,%]), (i=1,2, j=1,2,....7),
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corresponding two different collections of the data f?, % uh, ¢ (1=1,2,...,8,1=1,2)
such that conditions (7) - (9), (11), (14) - (16), (27), (16) hold and

11 L) + 21 198 erory + L loqorniza @) + IV F |z, @0
. ‘7: . . .
||U6”W§—2/p(c) + ||VU6HW§—2/[)(G) + HgZHWZ}—l/Qp,Q—l/p(S) S R, 1 = 1,2,

there exists a constant y1 = v1(R) such that the stability estimate
I =g gy + IV = )l + 35 16} = o <

CUIf* = fPllLom) + 21 10] — 3oy + 11 = FPlleqo.rLo @)+ (56)
]:
IV = P L@ + lug = uglly2-2re g+

19 (b — )22y + 18" = Gl 17202170 g

holds, where S™ = 0G x (0,7v1) and the constant C' is independent of R and 1.

Proof. The proof relies on the same scheme as that of the proof of the previous theorem.
As before, the claim is reduced to the solvability of equation (39).
O

The authors were supported by the Russian Foundation for Basic Research (Grant 12-01-
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HEKOTOPBIE OBPATHBIE 3A/TAYN J1J1d CUCTEM
YPABHEHU! KOHBEKIINU-IN®®Y3UU

C.I. Ilamxos, E.U. Cagoros

B nacrosmeil crarbe MbI PACCMOTPHM BOMPOCHI KOPPEKTHOCTH HEKOTOPBIX O0par-
HBIX 33/1a9 JJIsT MaTeMaTHuIeCKUX MOJesel MpOoIeccoB TelioMacCoTiepeHOCa U KOHBEKITHH-
muddyzun. Koaddunmentsr u npaBast 9acTh CHCTEMbI BOCCTAHABIUBAKOTCS TPU BBITOJTHE-
HUU HEKOTOPBIX JOMOTHUTETHHBIX YCIOBUH TIEPEONpeesieHust. ITH YCIAOBUS €CTh 3HAYCHUS
HHTErPAJIOB PEIeHrs ¢ BECAMY TI0 HEKOTOPO# COBOKYITHOCTBIO obsracreii. JIokazaHbl Teope-
MBI CYIIECTBOBAHUS U €IMHCTBEHHOCTH U YCTAHOBJIEHBI OIleHKHU ycToiuanBocTu. [lomydentble
PE3YIBTATHI SIBJISIOTCS JIOKAJBHBIME IO BpEMeHU. B KauecTBe OCHOBHBIX (DYHKITMOHAIBHBIX
IIPOCTPAHCTB MCHOJb3yIoTCs npocTpancTtsa CobosieBa. Pesyibrarsl ciiy:kar OCHOBOH mpH
000CHOBAHNY CXOAMMOCTH YHCJIEHHBIX AJTOPUTMOB PelieHnsi 00PATHBIX 33139 C TOUEIHBIMU
YCIOBUSAMH TEPEOIPETETIEHNs, KOTOPBIE BO3HUKAIOT, B YACTHOCTH, B 337a9aX TEILJIOMACCO-
nepenoca 06 onpeeneHnn GYHKIUH HCTOYHUKOB U TAPAMETPOB CPEIBI.

Karoueente crosa: napabosuieckue cucmemst; Konsekyus-duddysus; menaomacconepe-

HoC; obpamnas 3adana; 30044 YNPasieHUa; KPaeeas 3a0aa; KOPPEKMHOCb.
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