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3amavya TpoO OXOJOKEHHS MPO(UII0 KpWia B TOTOII TMOBITPSI 3BOJUTHCSA JO HACTYITHOL
M0YaTKOBO-KPaioBOi 3a1a4i:
ov
0V—-V(kVV)+u-VW=0, Vv|_=V,, a—n|C:O, (1)

Ie V— TeMIepaTypa; V,— [I04aTKOBa TeMIIepaTypa Kpuia; U — IIBUIKICTh MOBITPSHOTO MOTOKY; t—
gac; n=(n,n,)— OJUHUYHMIA BEKTOp HOpMaml 10 KoHTypa koima C, &k— KoeQilieHT
terutonposigHocTi (& = 0.1— ans kpuia ta &k = 0.01 —ist mOBITPS).
HIBUAKICTh U MOBITPSHOTO MOTOKY BU3HAYAETHCS TaK:
oy
u= 6()9(3// , J€ ¥ € po3B’s3KkoM piBHsHHA Ay =0.
0%,

[IBuAKICTh MOBITPS Ha CTIHKAaX KpWia € HyJbOBOIO. [IOBITpSHMN MOTIK Mae€ piBHOMIpHY
mBUAKICTE B Ko C. 3Bakayum Ha I YMOBH, MOXKHA 3MOJICIIOBATH HACTYIHY 3aJady s
3HAXO/KCHHS IIBUAKOCTI TOBITPS:

Ay =08 Q' y|s=0, yl=Y,
ne 0Q'=CuU S, S—rparuild npodiro Kpuia.

[TouaTkoBo-KpaiioBa 3ama4a (1) po3B’sI3yeThes 3a TOTIOMOTOI0 METOAY CKIHUCHHUX €JICMEHTIB
3 BHKOPHUCTaHHSM JIIHIHHUX HelepepBHUX ciulaiiHiB[1l]. B KOXXeH MOMEHT dYacy MoXuOKa
CKIHYEHHO-EJIEMEHTHOTO PO3B’SA3KY OILIIHIOETHCS 32 JOMOMOTOI0 alloCTEPiOPHOTO OI[iHIOBAYA, SIKHIA
noOy/JI0OBAaHO 3a TEXHIKOK YCEPEIHEHHs TpalieHTy 3HaWAeHOro po3B’s3ky[2]. AmoctepiopHuii
OIIIHIOBAY JIO3BOJIIE TAKOXK B KOKEH MOMEHT 4acy aJanTyBaTH CITKY METOAY CKIHYCHHHX
CJIEMEHTIB JI0 TOBEAIHKH PO3B’s3Ky. [IpoBeeHO OO0YMCITIOBAIbHI E€KCIICPUMEHTH 33 JOIOMOTOI0
nakery FreeFem++[3].

Cnucox BUKOPUCTAHOI JiTepaTypu

[1] Szabo B., Babuska I. Finite element analysis. Method, verification and validation. Second ed.
—John Wiley & Sons, Inc., 2021. — 387 p.

[2] Carstensen C., Bartels S. Each averaging technique yields reliable a posteriori error control in
FEM on unstructured grids. I. Low order conforming, nonconforming, and mixed FEM //
Math. Comp.— 2002. — Vol. 71. No. 239. P. 945-9609.

[3] Hecht F. FreeFem++. Third Edition, Version 3.60. — https: //doc.freefem.org/
_static/pdf/FreeFEM-doc-v3.pdf

UDC 004.9

MODEL FOR ASSESSING THE RISK OF FAILURE OF COMPONENTS OF COMPLEX
TECHNICAL SYSTEMS

VYCHUZHANIN A.V. (126.ist.onpu@gmail.com)

National University "Odessa Polytechnic™

The developed model for assessing and predicting the risk of failure of components of a
complex technical system is presented. The use of a posteriori inference in Bayesian belief networks
makes it possible to determine the risk of system component failures, taking into account incoming
diagnostic information about component failures.
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Complex technical systems (CTS), which have a variety of equipment that differ in operating
principles, consist of numerous interconnected and interdependent subsystems, components with
structural and functional features, with complex intersystem, intercomponent, interelement
connections [1]. The use of intelligent systems for assessing and predicting the technical condition
(TC) of complex systems can significantly extend the life cycle of CTS, including ship systems.

@

BP bvell‘
0 [}~

Fig.1. Structure of the BTN SPP

Intellectualization of estimation, prediction of the risk of CTS failures involves the
development and application of artificial intelligence methods and technologies for analyzing data
on the operation of complex systems in order to identify and prevent their possible failures [2].

The initial data for constructing an intellectualization model for assessing the technical
condition and predicting the risk of failures of complex systems on the example of a ship power
plant (SPP) based on a dynamic Bayesian trust network (BTN) are: scheme and principle of
operation of the SPP; failure probabilities of FE and FC CTS. The structure of the BTN SPP is
shown in Fig.1 (IE- Input element, FFS- Firefighting system, CAS- Compressed air system,
MCME- Manual control of the main engine, CS- Control system, RACSME- Remote automated
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control system of the main engine,. P1- Intermediate component, SPP- Ship power plant, ME- Main
engine, BDS- Ballast drainage system, ED PSC- Emergency drive propulsion and steering complex,
CSPSC- Control system for propulsion and steering complex, BP- Boiler plant, TPMEP- Transfer
of power from the main engine to the propeller, P2- Intermediate component, PSC- Propulsion and
steering complex, EXIT- Output component). When modeling the BTN SPP (Fig. 1), for various
values of the probability (risk) of failure of the input element, the values of the probability (risk) of
failures, the performance of functionally interconnected and interacting elements of subsystems for
20,000 hours of operation of the SPP (Fig. 2) are determined.

It follows from the research results that the maximum non-operating state during the
operation of the SPP is 20,000 hours. Corresponds to the ME subsystem (Fig. 2). Because the ME
subsystem is dependent at the level of the hierarchical structure of the SPP, therefore, in the future,
it is necessary to check the subsystem in order to find the cause of its failure.

Thus, based on the intellectualization of the technical condition assessment of the FE and FC
CTS by diagnostic features, it is possible to substantiate the forecast of the risk of failures of FE and
FC systems with a large number of variable parameters and with different operability.
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Fig.2. Risk of failure of subsystems of the SPP
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