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APPLICATION OF CALCULATION METHODS FOR SOLVING APPLIED
PROBLEMS OF HEAT AND MASS EXCHANGE IN COMPLEX SYSTEMS

The accuracy of the calculation and optimization of the objective function and its parameters when solving applied
engineering problems depends on the accuracy of the formulation of the main optimization problem, calculation and applied
optimization problems, as well as the accuracy of computational methods for their implementation. An increase in the considered
features of applied optimization problems will complicate the setting and methods of implementing boundary value problems. Thus,
for the implementation of modernized boundary value problems, it will be necessary to apply several computational methods that
will create a computational structure. The main condition for constructing a physically based boundary value problem is to find and
Justify the conditions for the existence of a unique solution. To increase the efficiency of the use of methods of calculation and
optimization of technical parameters, it is necessary to increase the number of considered features of calculation and applied
optimization mathematical models for heat and mass transfer in technical systems. Along with the construction of boundary value
problems, it is important to define and justify the conditions for the existence of a single solution.

The research article deals with some aspects of solving applied problems of heat and mass transfer in technical systems.
Nonlocal boundary value problems for inhomogeneous and homogeneous pseudodifferential equations in partial derivatives with
Integral boundary conditions are considered, methods of solving a nonlocal inhomogeneous boundary value problem are proposed,
and the correctness conditions of this problem in the class of infinitely differentiable generalized functions of power growth are
defined and proven. Proved conditions for the existence of a correct problem for pseudo-differential equations with an integral
boundary condiition. The research of this article should be applied for controlling possible risks when solving applied problems in
technical systems, biotechnology and veterinary medicine.

Keywords: applied engineering problems, calculation methods, heat and mass transfer, boundary value problem.

JIEBKIH JImuTpo

JlepxaBHHUIT O10TEXHOJIOTTYHII YHIBEPCUTET

METOJIA PEAJIIBAII IMTPUKJIAJTHUX 3AJIAY TEILIOMACOOBMIHY J1JIS
CKVIAJHUX CUCTEM

TOYHICTb pO3PaxXyHKy [ ontumiBaLli @yHKUIm MeTv Ta i napameTpiB rnpu po3BA3aHHi MPUKIGAHNX [HXKEHEPHUX 3afay
38/1EXUTb Bl TOYHOCTI IOCTEHOBKYM OCHOBHOI OITUMI3aLIIHOI 3a4a4), PO3PaxyHKOBUX | MPUKTIGAHNX ONTUMI3aLIIIHUX 38434, a TaKoX
TOYHOCTI OBYNCIIIOBA/IbHUX METOAIB A1 X pearnizauii. 36i/IbIIEHHHS BPaxoBaHNX OCOG/IMBOCTEN TMPUKIBAHNX 33434 ONTUMI3aLli
YCKIaAHUTD IOCTAHOBKY | METOAM pearnizauii kpariosux 3agayd. Tak, A5 pearnizauii MOGEPHI30BaHNX KparoBux 3a4a4 JOBEAETHCS
3acTocyBatv AEKIIbKa O6YUCTIIOBA/IbHUX METOLIB, SKi CTBOPSATL 0OYUCTIIOBA/IbHY CTPYKTYpPY. [0/10BHa yMOBa 4719 1106yA08BM Gi3n4HO-
OBIpyHTOBaHOI KpavioBoi' 3a4a4i — e 3HauT Ta JOCTANTU YMOBYU ICHYBaHHS €ANHOMO PO3BA3KY. /15 36i/IbLUEHHS €@heKTUBHOCTI
BUKOPUCTAHHS METOLIB PO3PaXyHKY | OMTUMIBAaLIT TEXHIYHUX IaPaMETPIB MOTPIOHO 36IbLINTY Ki/IbKICTE BPaXOBaHNUX OCOG/IMBOCTEN
PO3DAXYHKOBUX | MPUKIGAHNX OMTUMIBALIVIHUX MATEMAaTUYHUX MOAEEN A7 MPOLIECIB TEr/IOMacOOOMIHY B TEXHIYHUX CUCTEMAX.
lTopsz 3 Moby.4oBo KpavioBux 3a4a4 A/151 LIbOrO BaX/TMBUM € BUIHAYEHHS | OOrPYHTYBAHHS YMOB [CHYBAaHHS EAUHOMO pPO3B 53KY.

B crarti JoC/imKeHHi AEesKi acriekTu pOo3BA3aHHS PUKIBAHNX 334a4 TE/IOMacoO0bMIHY B TEXHIYHUX CUCTEMAX.
PO3I7ISHYTI HEIOKAIbHI KPavioBl 3a4adqi 4719 HEOAHOPIAHUX | OAHOPIAHUX [TCEBAOANDEPEHLIIA/IbHUX PIBHSHB B YaCTUHHNX MOXIAHUX 3
IHTErpaIbHUMU KParioBUMHU yMOBaMY, 3arpOriOHOBaHI METOAM PO3BS3aHHS HETOKaIbHOI HEOAHOPIAHOI KPaoBoi 3a4adqi, a Takox
BU3HAYEHI | JOBEAEHI YMOBH KOPEKTHOCTI L€ 384a4i B K/1ACI HECKIHYEHHO-ANGEDEHLIIMOBaHNX y3ararbHEHUX QYHKLM CTENEHEBOro
3pocTanHs. [JoBeeHi yMOBU ICHYBaHHS KOPEKTHOI 3agadi A/ MCEBAOANPDEDEHLIANIbHUX PIBHSIHb 3 [HTErPA/IbHOK KpPavioBo
YMOBOIO. [JOCTIIIKEHHS L€l CTATTI AOUI/IBHO 3aCTOCYBATY A/151 KOHTPOJTIHIY MOXJ/IMBUX PU3NKIB MU PO3B A3aHHI MPUKIIEAHNX 33434 B
TEXHIYHNX cucTeMax, BIOTEXHOJIOrT Ta BETEPUHAPII.

KI1t040Bi ¢/10Ba: NPpMKIaAHI IHXEHEDPHI 3a4a4i, METOAN PO3PaXyHKY, TEN/IOMACO0bMIH, KparioBa 3a4a4a.

Formulation of the problem

The study of the theoretical foundations of the construction and implementation of applied engineering
problems of heat and mass transfer is connected with the difficulties of their formalization. To increase the accuracy
of the solution of boundary value problems, it is necessary to increase the number of factors of simulated processes,
which will complicate the existing mathematical models with differential equations. Summarizing the research of
many scientists, it can be stated that non-local boundary value problems with systems of pseudo-differential
equations are used for mathematical modeling and analysis of the state of many technical systems that contain
sources of thermal action. However, the correctness of these boundary value problems cannot be guaranteed.

In the article, homogeneous and inhomogeneous boundary-value problems for pseudo-differential
equations with integral conditions on the segment of the real axis are considered, their specific properties are
analyzed, based on which, the solution of the boundary-value problem for a system of inhomogeneous pseudo-
differential equations with an integral boundary condition is obtained. The correctness conditions of the
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inhomogeneous boundary value problem in the space of infinitely differentiable generalized functions are presented
and substantiated in detail. It is advisable to apply the research of this article to prove the correctness conditions of
other multifactorial mathematical models when solving applied problems of heat and mass transfer. This will lead to
an increase in the accuracy of the main optimization criterion, a clearer separation of the optimized area and
delineation of its boundaries, which will allow a more precise analysis of options with the aim of choosing the
optimal.

Analysis of the latest research

In publications [1, 2], the peculiarities of using information and control technologies and control systems to
reduce useless heat losses in buildings and construction structures are investigated. To increase the energy efficiency
of buildings, measurements of the thermal resistance of external enclosing structures were carried out [3]. Using the
correctness conditions of boundary value problems with systems of differential equations in partial derivatives, full
controllability conditions for systems with distributed parameters were obtained in publications [4, 5]. Conditions
for increasing the efficiency of cloud infrastructure process optimization are proposed in publications [6, 7]. To
ensure uniform distribution of thermal effects on machine parts, the authors of the publication [8] proposed
mathematical models and methods of rational placement of objects in a closed 3D area. The publication [9]
proposed mathematical models and methods for fast image retrieval in the information storage repository.

The purpose of the work is: to increase the accuracy of the implementation of calculation mathematical
models for heat and mass exchange processes in technical systems.

Presenting main material
Calculation mathematical model for technical systems that contain sources of thermal load:

ou(x,t) 0
— = 4|t — N+ f(x,0),
= ( &JM(X )+ /(x,0) (1)
which satisfies the integral boundary conditions on the segment of the real axis:
T
JB[t,gju(x,t) du()=0. 2)
ox
Fourier's transformation of the boundary value problem (1)—(2):
%:A(t,s)ﬁ(s,t)+f(t,s), 3)
T
j B(t,5)i(s,1) d (1) =0. o
0

To substantiate the correctness conditions of the boundary value problem (1)—(2), consider a homogeneous
boundary value problem:

ou(x,t) 0
0 gl — Ny
or ( axj”(x ) ©)
Integral boundary conditions:
T
0
JB(taa_)u(xa t) d:u(t) = (/J(X,t) . (6)
X
0

By substituting the solution of equation (5) #(s,t) = (exp I A(r,s) d TJ'I//(S) into the boundary conditions
0

(6), we obtained:

JB(z,s)(exij(r,s) drjdy(t)-!//(s) =@(s). 7)

Equation (7) is true under the condition if JB(t,s)[exij(z’,s) drjd,u(t) #0.
0

For further research, we will apply the Greene's function:
Continuously differentiable on [O,r)u(r,T ] function G(s,t,7) is called a Greene's function if:
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G(s,7+0,7)-G(s,7—0,7)=1 on t €[0,7)U(7,T], %G(s,t,r):G(s,t,r) for t €[0,7) (7, T].

T
IB (s,t)G(s,t, 7)d u(t) =0, for any point of the segment [O,T ] . Note that the existence of the Greene's function
0

determines the existence of a single solution of the inhomogeneous boundary value problem (3)—(4).

Using the results of publications [10, 11], we found that the correctness of the homogeneous boundary
value problem (5)—(6) determined the correctness of the nonhomogeneous boundary value problem (1) with the
integral condition (2) in the space of infinitely differentiable generalized functions of exponential growth.

It is advisable to apply the research results, for example, to justify the conditions of the correctness of the
boundary value problem with the equation of thermal conductivity, which records the state of a spherical material
under the action of thermal load sources:

oT O’T 20T
c——A1 +——|+¢q(r,t)=0
P ot (8}’2 rarj q( ) ®)
with integral boundary conditions (2) and initial conditionson:
T(”b’to)-i_T(rn’tn):];ym’ (9)

where p, ¢, A — coefficients responsible for the thermophysical properties of the modeled system;
T=T (r,l) — harmful temperature;
q (r,t) — density function of the temperature distribution.

Another example of a correct boundary value problem is the boundary value problem for the system of
differential equations of thermal conductivity used to calculate the temperature of the laser effect on the embryo:

oT, 0’T 20T
plcl_l_/ll[ 1+__1]+Q1:0;

ot or* r or
o7, 0’T, 2 0T,
il T I et il B =0;
P26, o 2(6}”2 7 ar] 9, (10

oT, o’T, 20T,
—— +——|+¢g,=0,
4 ot /13( o’ n or o

which satisfy the boundary conditions (2), (9).

In order to improve the quality of controlling the thermal distribution in the boundary value problem, the
equalities of the thermal contact of the layers in the embryo were used:

oT, oT,

Tl(ri’t])zTZ(rDZZ)’ _Ala_rlz_jza_rz;
oT, oT,

Tz(”zstz)sz(rssts)’ _ﬂza_rzz_ﬂla_;; (11)
oT, oT,

E(%sts)zn(r4’t4)’ —ﬁsa—;=—/14a—:~

Using the results of the publication [10], we found that the solutions of the boundary value problems for the
differential equations (8), (10) satisfy the correctness conditions and therefore these boundary value problems are
correct in the space of infinitely differentiable generalized functions of power growth.

Conclusions

Effective design and analysis of the functioning of technical systems requires the development of new
applied optimization mathematical models and numerical methods of their implementation, or the improvement of
existing ones by increasing the accuracy of the implementation of boundary value problems and the search process
for the optimization of technical parameters. This will complicate the methods of formalizing mathematical models
for applied problems. Due to the fact that it is quite often necessary to apply several computational methods for the
implementation of modernized mathematical models, the first priority is the task of building a physically based
mathematical model that has a single solution.

The article defines and substantiates the correctness conditions of nonlocal boundary value problems for a
system of inhomogeneous pseudo-differential equations with an integral boundary condition in the space of
infinitely differentiable, generalized functions. The results of research should be applied to improve existing
modeling devices and hardware and software for monitoring possible risks during the operation of technical
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systems. This will increase the accuracy of the loss temperature calculation when implementing applied heat and
mass transfer problems.
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