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Abstract. Background. In accordance with the modern doctrine of the development of the latest rocket and
space technology, the control and management of systems of onboard radio-electronic equipment is extremely im-
portant. Increasing requirements for reliability and increasing the density of deployment of radio-electronic means for
various purposes, especially on-board equipment, significantly limits the possibility of heat removal using ventilation
and convection in multi-level radio-electronic modules. At the same time, the conductive method of heat removal in-
volves the use of thermal maintenance systems, special heat-exchange materials for sealing elements of radio-
electronic devices. In many cases, an unbalanced temperature regime leads to an increase in the error of the sensors,
which leads to a violation of the stability of the entire complex of rocket and space technology. The aim of the study is
to analyze and develop mathematical models of heat transfer processes in radio-electronic modules that have analytical
solutions. Materials and methods. A mathematical model for the analysis and provision of the thermal regime in radio-
electronic modules in the form of a quasi-homogeneous anisotropic parallelepiped with stationary volumetric or flat
heat sources placed in a conditional environment with a stable temperature is proposed. Results and conclusions. This
approach makes it possible to implement the following procedures: complex spatial arrangement replacement of heat
sources with simpler ones; multicomponent subsystems with a heterogeneous structure are replaced by quasi-
homogeneous regions with effective values of heat transfer properties; spatial arrangement of quantities describing
heat transfer processes at the edges of areas replaced their average values. The proposed approach makes it possible to
significantly simplify the calculated value of the temperature and these models can be widely used to calculate, meas-
ure and analyze thermal regimes in radio-electronic modules with a high density of radio-electronic equipment and are
a convenient tool for thermophysical design and ensuring stable operation of on-board radio equipment of rocket-
space and special equipment.
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AHHOTaUMA. AxmyarbHocms U yeau. B cCOOTBETCTBUU C COBPEMEHHOM JOKTPUHOM pa3BUTHUS HOBEUIIEH pakeT-
HO-KOCMHYECKOW TEXHUKH YPE3BBIUANHO Ba)KCH KOHTPOIb U YIPABICHHE CUCTEMaMH OOPTOBOW PaauO’IEKTPOHHON
anmaparypsl [loBeinieHue TpeOOBaHUN K HAlE)KHOCTH M YBEJIMYCHUE IUIOTHOCTH Pa3MEIICHUS PaJnO03JICKTPOHHBIX
CPEICTB Pa3IMYHOTO HAa3HAYCHUS, OCOOCHHO OOPTOBOrO 00OpYIOBAaHWs, CYIICCTBCHHO OTPAaHHYMBAIOT BO3MOXKHOCTH
OTBOJA TEIJIa C MOMOLIbI0 BEHTWIALMU U KOHBEKLUMU B MHOIOYPOBHEBBIX PAIMO3JEKTPOHHBIX MOIyJsiX. B To xe
BpeMsl KOHIYKTUBHBIM METOJ OTBOJA TEIlIa MPENIoJaracT NPUMEHEHUE CUCTEM IMOAJIEPKAaHUS TEIJIOBOIO pEXUMa,
CHETHUANTBHBIX TEIUIOOOMEHHBIX MaTEPHAIIOB U TePMETH3AINH YJIEMEHTOB PaIHOIEKTPOHHBIX yCTPOHCTB. Bo MHO-
THX CIy4asx HecOaJaHCHPOBAHHBIN TeMIIEPaTypHBIH PEXUM MPHBOIAWUT K YBEINYCHHUIO IMTOTPEITHOCTH PaOOTHI AaTIH-
KOB, YTO MPUBOJIUT K HAPYIICHUIO CTAOMIBHOCTH PaOOTHI BCETO KOMIUIEKCA PAKETHO-KOCMHYECKON TeXHHUKH. Llenbio
HCCIICZIOBAHUS SIBIIIETCSI aHANIM3 M pa3pabdoTKa MaTeMaTHYECKHX MOJIENIEH MPOLEeCCOB TEIUIOOOMEHA B PagHOdIIeK-
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TPOHHBIX MOJYJISAX, UIMCIONIMX aHAJTUTUYCCKUE peuieHus. Mamepuanst u memoosl. IIpennoxena MaTeMaTHIeCKas MO-
JIeJIb aHajIM3a U 00ECICUeHHsI TEIUIOBOTO PEXKUMA B PAMO3JICKTPOHHBIX MOAYJISAX B BHJE KBA3UOIHOPOIHOIO aHU30-
TPOITHOTO MapalIe/ICHuIea CO CTAMOHAPHBIMA O0BEMHBIMH WJIH IIOCKAMHU UCTOUYHUKAMHE TEIUIA, Pa3MEIICHHBIMU B
OKpY>KaIOIIeH YCIOBHOM cpelie co CTaOMIBHOM TeMIepaTypoil. Pezyibmamet u 661600b1. TaKoi MOIXOM TACT BO3ZMOXK-
HOCTb PEAJIM30BaTh CJIEAYIOUINE MPOLETYPhl: CIOKHOE MPOCTPAHCTBEHHOE paclpesiesieHue UCTOYHHUKOB TeIlla 3ame-
HSIOTCS Ha 0oJiee MPOCThIC; MHOTOKOMITOHCHTHBIC ITOJICUCTEMBI C HEOJAHOPOIHOW CTPYKTYPOU 3aMEHSIOTCS Ha KBa3H-
OTHOpPOIHBIE 00MacTh ¢ 3(P(PEeKTUBHBIMU 3HAUYCHUSIMH TETTIOOOMEHHBIX CBOWCTB; MPOCTPAHCTBEHHOE paclpeieieHue
BEJIMYMH, OMHICHIBAIOIINX MPOIECCH TEINIOOOMEHA Ha Kpasx oOiacTel, 3aMeHSI0TCI Ha UX cpeqHue 3HadeHus. [Ipen-
JlaraeMbli MOAXOJI MO3BOJISIET CYIIECTBEHHO YNPOCTUTh PACYETHOE 3HAUECHUE IOJIEW TEMIIEPATYpPhl U 3TH MOJAEIU MO-
IYT LIMPOKO MPUMEHATHCS Ul pacueTa, U3MEPEHMs] M aHAIM3a TEIUIOBBIX PEKUMOB B PAJUO3IEKTPOHHBIX MOAYJISIX C
BBICOKOH TUIOTHOCTBIO KOMIIOHOBKH PaIMO3IEKTPOHHON ammapaTypsl U SBISETCS yIOOHBIM HHCTPYMEHTOM IUIS TETl-
J0(DU3MYECKOTO KOHCTPYMPOBAHUS M OOCCIEUYCHUS CTaOWIBbHOH paboThl OOPTOBOW paguoamnmaparypbl PakeTHO-
KOCMHYECKOH U CHel[UalbHON TEXHUKHU.

KiioueBble cJI0Ba: aHU30TPONHASL MOJIEIIb, GOPTOBBIC PAJHOMOAYIIH, TEPMOPETYIHUPOBAHUE

Jnsa uutupoBanus: ['pumko A. K. AHU30TpOIHAsS MOJENE CHCTEMBI KOHTPOIIS U YIPABJICHHS TCIUIOBBIMU MapaMeTpaMu
OOPTOBBIX PAJIMOIICKTPOHHBIX MoyJel // HamesxxHOCTh U Ka4ecTBO CIOXHBIX cucTeM. 2022, Ne 2. C. 25-32. doi:10.21685/2307-
4205-2022-2-3

Introduction

Radio equipment of different purpose refers to complex engineering systems and typically constitute
a modular hierarchical structure. High density of arrangement of radio-electronic equipment limits signifi-
cantly the possibility of heat removal by means of ventilation and convection in multi-level structural mod-
ules. The engineering solutions that do not pay due attention to the efficiency of heat removal, decrease the
efficiency and accuracy of the equipment operation and can significantly lower its service life. In this situa-
tion, the conductive method of heat removal, that suggests the use of the systems of thermal management,
special heat-exchange materials for sealing elements of radio-electronic equipment. Optimum solutions for
heat removal can be achieved by various means — analytical calculations, laboratory physical modelling;
mathematical modelling, including with the use of analytical solutions and computer simulation.

General overview of research problem

Hierarchical geometrical model of radio system with high density of structural modules arrangements
can be represented, according to [1-4] as a certain total of parallelepipeds and plates in an enclosed space
with different types of attachment to each other and different orientation. The outer surface of this total of
bodies is the border with the external environment (external surface) [4-6].

Let us assume that in a system under analysis randomly distributed in space heat sources are in action
and have content intensity over time period. The input ventilation and corresponding heat outlets are absent.
As a lot of elements in this enclosed space are close in their structure, the heat exchange can be described
on the basis of the model with distributed parameters. Characteristics for heat propagation within the sys-
tem are the coefficient values of effective heat exchange. The coefficient values will depend on physical
properties of the system, material of the bearing structure; geometrical forms; conditions accompanying the
mutual heat exchange between structural modules. The coefficients are calculated using the pattern for
long-range order systems, i.e. for one elementary unit [3—6]. A structural module and adjacent space — air,
parts of mounting and bearing structure — are considered as an elementary unit.

This approach to modelling can be also applied to objects with some deviations from long-range or-
der, local geometrical and heat-transfer properties. System thermal conditions will be influenced by envi-
ronment and other objects of the systems which emit heat: supports, sections, blocks etc. [1-3, 6]. It can be
assumed that the object under study is placed in a certain ‘conventional’ environment, at a calculated tem-

perature ¢ taking into consideration all temperature influences. Heat exchange with the external envi-

ronment proceeds according to Newton’s law [4, 5], with each surface of the external area characterized by
corresponding heat exchange coefficients o .

This model is then applied gradually according to the descending order of modelling heat exchange
in structural modules of RS. In the model of the analyzed structure the low-level structural modules with
power evenly distributed in space are counted as heat sources.

Heat sources in different structural modules have different forms, according to these features the
models can be differentiated and classified [1-3, 6]. For example, separate models in heated areas of sup-
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port without ventilation are classified according to the following forms of heat sources: rectangle, parallele-
piped with parameters equal the model size; parallelepiped with parameters differing from the model size.

In the research, conducted by the authors, in line with [6—8] the complex of new models was devel-
oped on the basis of this approach. These include support areas experiencing heat, sections, modules with
high density of element arrangement; micro-modules with compound cover; PCBs with flat surface ele-
ments.

Support areas experiencing heat, sections, devices are shown as the total of structural modules of low
levels (sections, blocks) that have high density of arrangement of bearing structure and air gaps between
them. The conventional environment for heated areas is considered to include parts of the structure (exter-
nal coating of supports and devices), adjacent air, whose external surfaces experience heat transfer and
whose temperature values were calculated at preceding modelling stages. The conventional environment for
PCBs and microassemblies is considered to include surface of the screen, cover (if present) and surfaces of
the neighboring (including the bearing microassemblies) of PCBs, cover walls, air inside blocks, sections,
devices where they are positioned.

To conduct the analysis of thermal conditions, RS support in particular, thermal model for structural
modules [6,8,9], that has the form of homogeneous anisotropic parallelepiped, consisting of 3D heat
sources — blocks. It has to be noted, that the resultant model with accepted limitations and allowances, in-
cluding those imposed by the chosen methods of solution, does not have a wide sphere of application. As
the object has to be given in the form close to the plate, the depth of all heat sources must be the same and
equal the total depth. It is also impossible to set different conditions characterizing heat exchange at exter-
nal surfaces.

Considering the above mentioned drawbacks, it is worthwhile to develop an improved model, free of
the limitations mentioned earlier.

The development of the mathematical model

As the studied models of objects are different from each other not only in forms of heat sources, the
general model of structural modules with high density of arrangement can be presented in the form of qua-
si-homogeneous anisotropic parallelepiped with different-size stationary 3D (parallelepipeds) or flat (rec-
tangles) heat sources that are located in the conventional environment with stable temperature.

We will be looking for the solution of the problem on stationary temperature field of quasi-
homogeneous parallelepiped. Let us analyze the linear problem in which heat exchange parameters of inter-

nal and external heat transfer of the model (kx,Xy,KZ,(x) are considered unaffected by temperature. Using

the principle of superpositioning of temperature fields we obtain a mathematical expression that looks as
follows:

where ¢, is the temperature in j point (area) of the parallelepiped; 0 is the heat over the environment

temperature obtained in j -th point as a result of 7 -th heat source; N is the number of heat sources.

Thus, the main problem can practically be reduced to the determining the temperature field in a par-
allelepiped, induced as a result of the activities of each source. Stationary temperature field in this case is
described by differential equation of the heat exchange (index i is later dropped):

9’9 R 9’9

A—+A —+A —+W-1{S}=0 1
X axz y ayz z azz { } ( )
with the following boundary conditions:
9 o, 4l ,
on A, |
20 «,
— 9 =0, 2
|:al’l 7\"1 i|n=L ( )
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n=x,y,z

where O is the overheating realitvely the environment temperature, induced in point (x, y,z) of the model
P

by i-th heat source; A ,A ,A. are coefficients of heat-exchange efficiency of the model; W =————is
g 8AaAbAc

the volume specific power of the source;

1{5}:{

1—1n S area under the influence of the source,

0—outside S area,

o,,,0,, —heat transfer coefficient on the faces of the parallelepiped when n=0 and n= L, correspondingly.

Using the approximate analytical method [5, 8—12, 15-18] we get solutions for the equations (1) and (2).

The choice of the solution method was based on the following criteria:

e precision that is necessary for engineering calculations;

e small amount of work required to learn it and the process of solving the problem;

e the solution of the problem must result in the form which is suitable for further analysis of tempera-
ture field, so that to ensure possibility to analyze any overheating, induced by each separate source;

o the form of the problem solution must be suitable for further development of algorithms and com-
puter programs;

e the resultant mathematical expression must be easily subjected to coordinate integration, so as to
obtain data of surface-average and volume-average temperatures, which may be used as input data in the
form, for example, of limiting conditions, at further stages of modelling.

The final expression for the model temperature field with one heat source will look as follows:

ﬁ(x,y,z) :POF(x,y,z)

where F(x,y,z)=f,. f..f,, ., is the heat coefficient,

-1

H.H p.(Bg.A,+B,.4,)+

i0z*7z1 ilz*7z2
Lp.rp,p.
fo - 8\ L)L +HXHZpyEy (BiOyAyl +Bi1yAy2) T (3)
’ +Hszprx (BiOxAxl + Bilex2)

A, (e (14 By, / p,)+e " (1-B,,/ p,))
npu 7 € [0,0— AT
(1+Bi0n /pn)(l_Biln /p, )ep"(ﬁilm) +
S = +(1+Bi1n /pn)(l_Bf()n /pn)eip"(ﬁilw) +0, 4)
npu 77 € [0 — AT, 0+ AT |;
4, (ep”(liﬁ) (1+B,, /pn)+eip”(liﬁ) (1-B,, /pn))

npu 7 € [0+ AQ].

In expressions (3) and (4) the following designations are used: n=ux,y,z; ﬁzLi; a=abgc;

n

o= Aa,A_b,E is accordingly when n=x,y,z:

2 ar=t (5)
L L

v z

g= p=L eoC Az =29 Ap-
L, L, L L,
Biot number [4]:

By, =0,L,/\,,B,, =0, L /N E =\L/\NL

0n~n n>iln 1n™n z7n>

Anl = (B

iln

/pn +1)€/’n(l_a) _(Biln /pn _l)e_pn(l_&) s
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A”2 = (BlOn /pn -'_l)ep”a _(Biln /pn _l)eipnaa

Hn = (BiOn /p" +1)e_p" I:(BiOn /pn +1)hn _BiOn /pne_pna]'f‘

+e7p" (Biln /pn _1)|:Bz'0n /Al)nepﬂa _(BiOn /pn _l)hn:I_Biln /pnAnZ s

ep" (Bio” /p” +1)(Bi1n /pn +1)(1_chpn (r_l_a)e_pﬂAa)_
—eln (B[On /P,, _1)(Biln /pn _1)(1_0}117,1 (ﬁ_a)ep,,Aa)
(pn - ShpnA(_X s
b= 1 ino=0,
n pnAa/Sh pnAa no# 0,

P.»P,,P. — parameters are roots of transcedental equations.

Conclusion

It should be noted that in case the model was used at the ‘support’ hierarchical level [9, 10—14], then

for such multi-component system the coefficients of heat exchange are ‘summed’ and the information is ac-
cumulated on heat-exchange and structural properties of lower-level structural modules [15-18], that are
still under development by engineers. This means that values of these coefficients can be obtained from
CAD databases as statistical average for base bearing structures. They can be preliminary calculated using
data for parameters of the standard design of modules (sections, blocks) [1-3, 17-19]. The developed mod-
els are used in the engineering process for specific RS, that make use of advanced electronics articles and
bearing structures. Apart from that, with their help it is possible to predict thermal processes in RS and their
structural modules at early stages of design.

References

Mikheev M.Yu., Zhashkova T.V., Shcherban A.B. [et al.]. Generalized structural models of complex distributed
objects. 2016 IEEE East-West Design & Test Symposium (EWDTS). Yerevan, Armenia, 2016:1-4.
doi:10.1109/EWDTS.2016.7807742

Mikheev M.Yu., Zhashkova T.V., Meshcheryakova E.N. [et al.]. Imitation modelling for the subsystem of identi-
fication and structuring data of signal sensors. 2016 IEEE East-West Design & Test Symposium (EWDTS). Yere-
van, Armenia, 2016:1-5. doi:10.1109/EWDTS.2016.7807748

Grishko A. Parameter control of radio-electronic systems based of analysis of information conflict. 2016 13th In-
ternational Scientific-Technical Conference on Actual Problems of Electronics Instrument Engineering (APEIE).
Novosibirsk, Russia, 2016;02:107—-111. doi:10.1109/APEIE.2016.7806423

Grishko A.K., Goryachev N.V., Kochegarov L.I., Kalaev M.P. Mathematical models of the system of measure-
ment and analysis of temperature parameters of radio electronic modules. 2016 13th International Scientific-
Technical Conference on Actual Problems of Electronics Instrument Engineering (APEIE). Novosibirsk, Russia,
2016;02:112—115. doi:10.1109/APEIE.2016.7806424

Grishko A., Kochegarov 1., Yurkov N. Structural and Parameter Optimization of the System of Interconnected
Processes of Building Complex Radio-Electronic Devices. 2017 14th International Conference The Experience
of Designing and Application of CAD Systems in Microelectronics (CADSM). Polyana, Svalyava, (Zakarpattya),
Ukraine, 2017:192-194. doi:10.1109/CADSM.2017.7916112

Grishko A., Yurkov N., Goryachev N. Reliability Analysis of Complex Systems Based on the Probability Dy-
namics of Subsystem Failures and Deviation of Parameters. 2017 14th International Conference The Experience
of Designing and Application of CAD Systems in Microelectronics (CADSM). Polyana, Svalyava, (Zakarpattya),
Ukraine, 2017:179-182. doi:10.1109/CADSM.2017.7916109

Rybakov I.M., Goryachev N.V., Kochegarov I L. [et al.]. Application of the Model of the Printed Circuit Board
with Regard to the Topology of External Conductive Layers for Calculation of the Thermal Conditions of the
Printed Circuit Board. Journal of Physics: Conference Series. 2017;803(1):1-6. doi:10.1088/1742-
6596/803/1/012130

29



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

HAAEXHOCTD M1 KAYECTBO CAOJKHBIX CMCTEM. 2022. Ne 2

Grishko A.K., Kochegarov L.I., Goryachev N.V. Multi-criteria Optimization of the Structure of Radio-electronic
System in Indeterminate Conditions. 2017 KhKh IEEE International Conference on Soft Computing and Meas-
urements (SCM). Saint Petersburg, Russia, 2017:210-212. doi:10.1109/SCM.2017.7970540

Ostreikovsky V.A., Shevchenko Ye.N., Yurkov N.K. [et al.]. Time Factor in the Theory of Anthropogenic Risk
Prediction in Complex Dynamic Systems. Journal of Physics: Conference Series. 2018;944(1):1-10.
doi:10.1088/1742-6596/944/1/012085

Grishko A., Danilova E., Rybakov I. [et al.]. Multicriteria Selection of the Optimal Variant of a Complex System
Based on the Interval Analysis of Fuzzy Input Data. 2018 Moscow Workshop on Electronic and Networking
Technologies (MWENT). Moscow, Russia, 2018:1-7. doi:10.1109/MWENT.2018.8337237

Lysenko A.V., Kochegarov L.I., Yurkov N.K., Grishko A.K. Optimizing structure of complex technical system
by heterogeneous vector criterion in interval form. Journal of Physics: Conference Series. 2018;1015(4):1-6.
doi:10.1088/1742-6596/1015/4/042032

Grishko A., Adnreev P., Goryachev N. [et al.]. Reliability control of complex systems at different stages of their
life cycle. Ural Symposium on Biomedical Engineering, Radioelectronics and Information Technology,
USBEREIT 2018. Yekaterinburg, Russia, 2018:220-223. doi:10.1109/USBEREIT.2018.8384589

Yurkov N.K., Grishko A.K., Lysenko A.V. [et al.]. Intellectual Method for Reliability Assessment of Radio-
Electronic Means. International Conference on Actual Problems of Electron Devices Engineering, APEDE 2018.
Saratov, Russia, 2018:105-112. doi:10.1109/APEDE.2018.8542360

Artamonov D.V., Grishko A.K., Litvinov A.N. [et al.]. Modeling and Dynamic Analysis of the Structure Parame-
ters of Radio-Electronic Modules Based on the Method of Autonomous Blocks. International Conference on Ac-
tual Problems of FElectron Devices Engineering, APEDE 2018. Saratov, Russia, 2018:180-187.
doi:10.1109/APEDE.2018.8542289

Andreev P., Yurkov N., Grishko A. [et al.]. Study of Dielectric Effect on Signal Propagation in the Gigahertz
Range at Elevated Temperature. Wave Electronics and its Application in Information and Telecommunication
Systems (WECONF 2019). Saint-Petersburg, Russia, 2019. doi:10.1109/WECONF.2019.8840587

Andreyev P., Grishko A., Yurkov N. The Temperature Influence on the Propagation Characteristics of the Sig-
nals in the Printed Conductors. Modern Problems of Radio Engineering, Telecommunications, and Computer
Science : proceedings of the XIlth International Conference TCSET’2016. Lviv-Slavsko, Ukraine, 2016.
doi:10.1109/TCSET.2016.7452063

Grishko A., Lysenko A., Yurkov N. [et al.]. Stochastic Model of Parametric Prediction of Reliability of Radio-
Electronic Systems. Ural Symposium on Biomedical Engineering, Radioelectronics and Information Technology
(USBEREIT). Yekaterinburg, Russia, 2019:432-435. doi:10.1109/USBEREIT.2019.8736570

Grishko A., Goryachev N., Kochegarov 1. [et al.]. Management of Structural Components Complex Electronic
Systems on the Basis of Adaptive Model. Modern Problems of Radio Engineering, Telecommunications, and
Computer Science : proceedings of the XIlth International Conference TCSET 2016. Lviv-Slavsko, Ukraine,
2016. doi:10.1109/TCSET.2016.7452017

Grishko A., Goryachev N., Yurkov N. Adaptive Control of Functional Elements of Complex Radio Electronic
Systems. International Journal of Applied Engineering Research. 2015;10(23):43842—-43845.

Cnucok auTeparypsl

Mikheev M. Yu., Zhashkova T. V., Shcherban A. B. [et al.]. Generalized structural models of complex distribut-
ed objects // 2016 IEEE East-West Design & Test Symposium (EWDTS). Yerevan, Armenia, 2016. P. 1-4.
doi:10.1109/EWDTS.2016.7807742

Mikheev M. Yu., Zhashkova T. V., Meshcheryakova E. N. [et al.]. Imitation modelling for the subsystem of
identification and structuring data of signal sensors / 2016 IEEE East-West Design & Test Symposium
(EWDTS). Yerevan, Armenia, 2016. P. 1-5. doi:10.1109/EWDTS.2016.7807748

Grishko A. Parameter control of radio-electronic systems based of analysis of information conflict // 2016 13th
International Scientific-Technical Conference on Actual Problems of Electronics Instrument Engineering
(APEIE). Novosibirsk, Russia, 2016. Vol. 02. P. 107-111. doi:10.1109/APEIE.2016.7806423

Grishko A. K., Goryachev N. V., Kochegarov I. 1., Kalaev M. P. Mathematical models of the system of meas-
urement and analysis of temperature parameters of radio electronic modules // 2016 13™ International Scientific-
Technical Conference on Actual Problems of Electronics Instrument Engineering (APEIE). Novosibirsk, Russia,
2016. Vol. 02. P. 112-115. doi:10.1109/APEIE.2016.7806424

Grishko A., Kochegarov 1., Yurkov N. Structural and Parameter Optimization of the System of Interconnected
Processes of Building Complex Radio-Electronic Devices // 2017 14™ International Conference The Experience

30



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

RELIABILITY AND QUALITY OF COMPLEX SYSTEMS. 2022;(2)

of Designing and Application of CAD Systems in Microelectronics (CADSM). Polyana, Svalyava, (Zakarpattya),
Ukraine, 2017. P. 192-194. doi:10.1109/CADSM.2017.7916112

Grishko A., Yurkov N., Goryachev N. Reliability Analysis of Complex Systems Based on the Probability Dy-
namics of Subsystem Failures and Deviation of Parameters // 2017 14™ International Conference The Experience
of Designing and Application of CAD Systems in Microelectronics (CADSM). Polyana, Svalyava, (Zakarpattya),
Ukraine, 2017. P. 179-182. doi:10.1109/CADSM.2017.7916109

Rybakov 1. M., Goryachev N. V., Kochegarov 1. I. [et al.]. Application of the Model of the Printed Circuit Board
with Regard to the Topology of External Conductive Layers for Calculation of the Thermal Conditions of the
Printed Circuit Board // Journal of Physics: Conference Series. 2017. Vol. 803, Ne 1. P. 1-6. doi:10.1088/1742-
6596/803/1/012130

Grishko A. K., Kochegarov I. 1., Goryachev N. V. Multi-criteria Optimization of the Structure of Radio-
electronic System in Indeterminate Conditions // 2017 XX IEEE International Conference on Soft Computing
and Measurements (SCM). Saint Petersburg, Russia, 2017. P. 210-212. doi:10.1109/SCM.2017.7970540
Ostreikovsky V. A., Shevchenko Ye. N., Yurkov N. K. [et al.]. Time Factor in the Theory of Anthropogenic Risk
Prediction in Complex Dynamic Systems // Journal of Physics: Conference Series. 2018. Vol. 944, iss. 1. P. 1-
10. doi:10.1088/1742-6596/944/1/012085

Grishko A., Danilova E., Rybakov I. [et al.]. Multicriteria Selection of the Optimal Variant of a Complex System
Based on the Interval Analysis of Fuzzy Input Data // 2018 Moscow Workshop on Electronic and Networking
Technologies (MWENT), Moscow, Russia, 2018. P. 1-7. doi:10.1109/MWENT.2018.8337237

Lysenko A. V., Kochegarov 1. 1., Yurkov N. K., Grishko A. K. Optimizing structure of complex technical system
by heterogeneous vector criterion in interval form // Journal of Physics: Conference Series. 2018. Vol. 1015,
iss. 4. P. 1-6. doi:10.1088/1742-6596/1015/4/042032

Grishko A., Adnreev P., Goryachev N. [et al.]. Reliability control of complex systems at different stages of their life
cycle // Ural Symposium on Biomedical Engineering, Radioelectronics and Information Technology, USBEREIT
2018. Yekaterinburg, Russia, 2018. P. 220-223. doi:10.1109/USBEREIT.2018.8384589

Yurkov N. K., Grishko A. K., Lysenko A. V. [et al.]. Intellectual Method for Reliability Assessment of Radio-
Electronic Means // International Conference on Actual Problems of Electron Devices Engineering, APEDE
2018, Saratov, Russia, 2018. P. 105-112. doi:10.1109/APEDE.2018.8542360

Artamonov D. V., Grishko A. K., Litvinov A.N. [et al.]. Modeling and Dynamic Analysis of the Structure Pa-
rameters of Radio-Electronic Modules Based on the Method of Autonomous Blocks // International Conference
on Actual Problems of Electron Devices Engineering, APEDE 2018. Saratov, Russia, 2018. P. 180-187.
doi:10.1109/APEDE.2018.8542289

Andreev P., Yurkov N., Grishko A. [et al.]. Study of Dielectric Effect on Signal Propagation in the Gigahertz
Range at Elevated Temperature / Wave Electronics and its Application in Information and Telecommunication
Systems (WECONF 2019). Saint-Petersburg, Russia, 2019. doi:10.1109/WECONF.2019.8840587

Andreyev P., Grishko A., Yurkov N. The Temperature Influence on the Propagation Characteristics of the Sig-
nals in the Printed Conductors // Modern Problems of Radio Engineering, Telecommunications, and Computer
Science : proceedings of the XIIIth International Conference TCSET’2016. Lviv-Slavsko, Ukraine, 2016.
doi:10.1109/TCSET.2016.7452063

Grishko A., Lysenko A., Yurkov N. [et al.]. Stochastic Model of Parametric Prediction of Reliability of Radio-
Electronic Systems // Ural Symposium on Biomedical Engineering, Radioelectronics and Information Technolo-
gy (USBEREIT). Yekaterinburg, Russia, 2019. P. 432-435. doi:10.1109/USBEREIT.2019.8736570

Grishko A., Goryachev N., Kochegarov I. [et al.]. Management of Structural Components Complex Electronic
Systems on the Basis of Adaptive Model // Modern Problems of Radio Engineering, Telecommunications, and
Computer Science : proceedings of the XIIIth International Conference TCSET’2016. Lviv-Slavsko, Ukraine,
2016. doi:10.1109/TCSET.2016.7452017

Grishko A., Goryachev N., Yurkov N. Adaptive Control of Functional Elements of Complex Radio Electronic
Systems // International Journal of Applied Engineering Research. 2015. Vol. 10, Ne 23. P. 43842-43845.

HNudopmanus 06 aBropax / Information about the authors

Aaxekceit Koncranrunosnu I'pumko Aleksey K. Grishko

KAaHAMAQAT TeXHUYECKUX HAYK, AOLIeHT, Candidate of technical sciences, associate professor,

AOLIEHT KadeApbl KOHCTPYHPOBAHHS associate professor of the sub-department

H IPOM3BOACTBA PAAHOAIIIIAPATYPHI, of radio equipment design and production,

ITen3eHCKHiT TOCYAAPCTBEHHBIN YHUBEPCUTET Penza State University

(Poccus, r. ITensa, ya. Kpacnas, 40) (40 Krasnaya street, Penza, Russia)

E-mail: Alexey-grishko@rambler.ru

31



HAAEXHOCTD M1 KAYECTBO CAOJKHBIX CMCTEM. 2022. Ne 2

ABTOpBI 3a5BASIOT 06 OTCYTCTBHH KOHPAUKTA HHTEPECOB /
The authors declare no conflicts of interests.

ITocrymnaa B pepaknuio/Received 06.07.2021
ITocrynnaa nocae penensuposanmsi/Revised 08.08.2021
Ilpunsra x my6ankanun/Accepted 14.08.2021





