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QUALITY ASSESSMENT OF MULTI-PARAMETER CONTROL
OF VEHICLE COMPLEX SYSTEMS EFFICIENCY

Abstract. The aim of the study is to quantify and predict the risks of diagnosing multi-parameter systems of
vehicle

The object ofresearch is the process of technical maintenance of multi-agent systems.

The subject of the research is the process of quantitative evaluation and prediction of the risks of working
capacity in the process of diagnosing vehicle multi-parameter systems.

To achieve goal the following aim is fulfilled in the article: sources of errors on the trajectory of the formation
of the total measurement uncertainty were identified on the example of monitoring phase parameters of diesel engine
fuel supply. A vehicle is considered as a complex multi-parameter multi-agent system with feedback to restore
system performance. The control process is accompanied by errors in the form of a false and undetected defect.
Probable errors determine risks of two types: risk of vehicle health checker and risk of a customer. For a quantitative
assessment of these risks random and simulation models have been developed. Models allow to investigate the
influence of statistical characteristics of modeling agents on control risks. For the integral assessment of the quality
of maintenance, a “fuzzy” model and algorithm were developed by the example of the “personnel quality” criterion.
Reliability and effectiveness of modeling is tested by a computer experiment based on a simulation approach. The
developed mathematical model and simulation algorithm are universal and can be used in various scientific and
technical practical applications. The authors proposed a new multi-approach method for quantitative assessment of
decision-making risks in a multi-parameter control and management system using differentiated and integral
functional indicators of the object under study.

Key words: vehicle, agent, system, model, probability, control, process, diagnostics, standard, accuracy, errors,
risks.

Introduction. The performance of a complex system is an integrated composition of functional
indicators taking into account the effects of the external environment [1-5]. The performance of the
vehicle in accordance with the maintenance regulations is subject to periodic monitoring in order to
quantify the compliance with the established standards (tolerances) of the current measured values of
some of the most important technical and economic processes. From the stages ofthe car's life cycle, this
paper considers the stage of its operation. From the point of view of system dynamics, this stage is a set of
complex interconnected multi-agent processes United by a single goal [6]. In this composition of
processes, it is necessary to distinguish the maintenance process (maintenance), which largely determines
the economic, environmental and social indicators of vehicles. The main task is to maintain the
operational reliability ofthe vehicle in the broad context of this requirement [7].

The maintenance process relies on knowledge from such subject areas as: mathematics, economics,
management, diagnostics, ecology, computer science, artificial intelligence, etc. In this context, “agents”
combine such properties and concepts as: software - hardware, technologically target entity; joint solution
of a common problem through aggregation systems; inter-agent exchange of information and knowledge;
providing local and aggregate robustness; modularity; system scalability and adaptability; multipath in the
process of formalizing the functionality of agents; system openness [8,9].

The control system and support of the operational reliability of a vehicle should contain a monitoring
that includes procedures (subprocesses) of measurement, comparison of the measured value with the
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normative meaning and decision making [9].The process of managing the operational reliability of a
vehicle consists at least form the following agents: the object of control, control, analysis, decision-
making and the agent for restoring the regulated functionality. The controlled parameters may have value
of a specific physical quantity that in real conditions has a probabilistic nature, and be approximated by
some distribution law f(x). If it is not possible to measure a physical parameter directly we need to control
its derivative called a diagnostic parameter S, which also has a probabilistic nature with a distribution
density functionf(S) [10].

Scientific problem. The measurement procedure in modern industrial and social technologies is often
carried out by instrumental means, expert methods or their combination with technical means, and in some
cases, especially in the control loop based on information systems that gives rise to the “human factor”.

It is traditionally considered that the determining factor in the assessment of the reliability of control
is the measurement error. But as it shown above, control is a complex systemic composition of agents with
non-linear characteristics. An important condition in many well-known technologies for diagnosing road
transport is the absence of standards, but the recommended technical conditions for carrying out
diagnostic work and the regulatory framework are based on statistical data that suffer extreme
heterogeneity, which makes the results of monitoring substantially uncertain. All of this led to the idea to
use uncertainty as a measure ofaccuracy [11,13].

Modern methods of integrated assessment of vehicle performance include the use of complex
diagnostic systems. Diagnostic algorithm appears to be a fuzzy multiparameter process. In such systems, a
differentiated approach is used to assess the diagnostic qualities of the parameters according to their
informativeness about the technical and economic performance of the engine. They are: environmental
friendliness, connection with vehicle operational safety and fuel consumption. It is usual to proceed from
their own experience and preferences to determine the optimal set of diagnostic parameters, especially in
practice. Some studies recommend to use the methods of expert assessments and to determine the weight
of individual diagnostic parameters. Therefore, there is a need to use some integral indicators calculated
by factor aggregates using the fuzzy sets apparatus, leaned on linguistic qualitative assessments [9].

Research methods. A systematic approach was used as a methodological base for research. Within
the scope of theoretical studies, scientific hypotheses were put forward, the purpose, criteria and
objectives of research were determined. Formalization tool like a multi-approach methodology involving
expert estimation, the theory of fuzzy sets, mathematical statistics, agent-based and simulation modeling
are suggested. A wide range of sections including mathematical apparatus is because the task has a semi-
structured and multifactorial type and the modeling is carried out under conditions of statistical
uncertainty.

Research result. The model of structural uncertainty, based on the example of measuring the most
important diagnostic parameter of a diesel engine - the fuel injection advance angle, is formed by the
following sources: 61 - error of applying the base mark (marks on the crankshaft pulley); 62 - the error of
applying the base label (marks on the crankcase); 63 - TDM sensor installation error; 64 - the error
determined by the instability of the speed mode of rotation of the engine crankshaft; es- error due to the
dynamic instability of the fuel supply process; 6e- error of visual fixation of dynamic marks (in
stroboscopic measurements); 67 - error of reading information (in analog devices).

These structural components are of a statistical nature, independent and uncorrelated. The first two
uncertainties are determined by factory documentation. Then, the resulting uncertainty is estimated from
the expression 6 b=V {62}

Control risk modeling with one limit standards. Let’s consider some conventional complex multi-
parameter system quality control. As functional processes, measurement and decision making are
investigated. In this task, the control process is considered as a multi-agent system, where agents should
be distinguished: agent - external environment; agent - object of control; agent - the measurement process;
agent - standard consumption; agent - decision making system.

Process quality indicators, according to existing technical regulations, should not exceed some of the
permissible standards. Standards (limits) can be one-sided (top or bottom) and two-sided. The case oftwo-
sided limitation is called limiting.

Mandatory control procedure is measurement. Measurement is considered as an independent agent,
which possesses characteristics independent in the control process - the distribution law and the
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corresponding statistical characteristics. During the research of a multi-agent system, these characteristics
may vary in order to find the optimal values. This approach is applicable and to other agents.

The term and technological procedure “measurement” in this context can be understood broadly for
any object (parameter, process, event) regardless of its nature [12]. Under the measuring instruments
(meter, “device”) there can be physical instruments, instruments and methods of measurement, methods
and resources for identifying data on documents, the subject and the resources used to identify the
necessary information. The result of the measurement is always a number (or a set of numbers), giving a
quantitative estimate of the measured value in some pre-selected units. The set of measurement results is
the set of numbers from a certain range of possible values.

As shown above, control is a sequence of measurement procedures, comparing the measured value
with the standards and making decisions based on the principle “a controlled object is suitable”,
“a controlled object is unsuitable”. The final decision “suitable-unsuitable™, as a rule, generally accepted
by man.

Due to the fact that the measurement process is accompanied by random errors, control errors occur.
Control errors are usually divided as false and undetected defects (false and undetected failures).
Quantitatively, these errors are estimated by the corresponding probabilities, in this case, Pfd is the
probability of a false defect and Pud is the probability of an undetected defect. These probabilities are also
sometimes given a sense of the risks of the producer of the work and the customer of the work,
respectively.

In this way, initially there arises the general task of developing mathematical models for the
quantitative estimation of these errors (risks) as a function of the statistical characteristics of all
components of the multi-agent model: measurements, standards, and decision-making procedures. At the
first stage of modeling it is considered that the standards are deterministic values.

For an integral assessment of the quality of measurement information, reliability as an indicator is
often used. The reliability ofthe control is the degree of confidence that the measured values truly reflect
the object's state of interest [9]. The expression for assessing the reliability is as follows:

D =1- (Pfd- PU).

The case of a single-limit restriction of the controlled parameter S “from below” by the standard Sn
will be considered as the first variant of the model. From a probabilistic point of view, we will be
interested in two events:

- the true value of the parameter is higher than the standard (S> Sn), i.e., the monitored parameter is
normal (fit), and the measured value as a result of random error turned out to be lower than the standard
(Simeasur <S,,) (not valid), which is a false marriage;

- the true value of the parameter is lower than the standard (Si <Sn), i.e., the monitored parameter is in
the "invalid" field, and the measured value as a result of random error turned out to be higher than the
standard (Shaeasur>S,,) (valid), which is an undetected marriage.

Initially assumed that distribution densities of the monitored parameterf(S) and random errorj(y) are
approximated by normal laws. Then the expressions for estimating the probabilities R» and R, b will have
the following form.

"1 Yyl-- 1 -2
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The expression for estimating undetected defect Pnb will be:

1 ti+l t 1

Pud = > - ~  le"7dt | e

The variable t is a centered variable with respect to the average value of the monitored parameter and
normalized with respect to the standard deviation (uncertainty). The variable z is the normalized quantity
with respect to the standard deviation of the density function of the measurement error distribution.
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Analytical models (1) and (2) allow to investigate and quantify the impact of all statistical characteristics
of the control system on the likely risks of Pfd, Pud and reliability D.

In the study of more complex processes, such as tolerance control, the probabilistic model is
burdened by additional sources of computational errors. In this case, the most acceptable and effective
method for modeling control errors under tolerance standards, as established by the authors, is the use of
simulation modeling. The simulation model algorithm for this case contains:

The first block is the input of the initial statistical characteristics of the laws of distribution and the
number of simulation cycles - N. The second, third and fourth blocks, as follows from the explanations in
the blocks, are random number generators. Blocks 5 and 6 contain the logical condition IF (branching)
Wt <Vi <Vu and Vi<Mimea < Vi,

Blocks 7 and 9 are event counters. In block 10, the calculation ofthe risks of Rfd and Rud is carried

out, and in block 11, the integral indicator of the quality of control is calculated - reliability.

In the results of a computer experiment, it was found that the probability of a false defect of Rfd is
most affected. If the value of measurement uncertainty Qpis comparable with the value of Gs, the risk can
reach 25%. At the same time, it was found that the impact of variation in standards on reliability is
significantly higher than the effect of measurement uncertainties. Analysis of the simulation data showed
that the systematic relationship of the statistical characteristics of the process and control parameters leads
to non-linear results and eliminates the possibility of linear quantitative predictions of reliability and
control risks. Effective design of such systems is provided by formal methods implemented in the form of
software applications. The results obtained are extremely important when choosing alternatives in the
control paradigm, it means which one should prefer the accuracy parameters of the instruments or the
regulatory framework.

Based on the research results, the following conclusions can be drawn:

To control the quality of decision making in a complex multi-parameter system, to increase the
reliability and efficiency of this process, it is necessary to involve formal mathematical and simulation
methods. In the quality management of multi parameter systems, the control process plays a crucial role,
at which stage management risks are formed. It is rational to control by two algorithms: differentiated
according to the set of indicators of the quality of system functioning and on the basis of an integral
indicator that aggregates differentiated estimates in the form of convolution. The control contains
procedures: measurements, comparison of the measured result with the standard, decision making. Risks
are control errors and are quantified by the probability of a false defect and the probability of an
undetected marriage. For the quantitative measurement of control errors in the work, probabilistic and
simulation models of estimating confidence, as well as false and undetected defects are proposed. For
theoretical modeling and practical use in the design of complex diagnostic systems, a software package
has been developed. The results of computer simulation showed the following:

1. The analysis of computer-aided customer risk assessment data also confirms the presence on the
surface of the response line of the maximum, passing for the case of a normal distribution of Y and S at
values of 10.58%, 16.5%, 25.95%, 27.05%, 29.63%, 31.3%. For the case of the distribution of Y under the
normal, and S under the uniform laws, the maximum values are 5.5%, 11.5%, 14.5%, 16.9%, 18.8%,
21.3%.

2. Simulation of the manufacturer’s risk level confirms that there is a maximum value that
corresponds to the values of 10.85%, 19.25%, 23.9%, 28.85%, 30.8%, 34%, but for the values of Sa,
equal to 1.3 and 1.4. For the case of a normal distribution of Y and a uniform distribution of S, the
maximum values are 5.9%, 12.4%, 19.4%, 25%, 29.6%, 29.7%, respectively, to the levels of variation
indicated above. The maximum corresponds to the average value of S, equal to 1.5.

3. The loss level for the uniform distribution law S is lower than for the normal law and the maximum
value shifts towards a larger value of the average value S, which has a certain economic meaning in the
process of implementing the decisions. The mathematical explanation of the presence of mini - max levels
can be considered as a consequence of the conjugation of two smooth nonlinear forms, as a result of which
a third, clearly nonlinear form is generated.
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10, Cepuubaes aTbiHAarbl LLbirbic-KasakctaH MeMIeKeTNK TeEXHUKabLL, YHUBepcuTeTi, OCKeMeH, KasakcTaH;
2T 9KMK MEMNEKETNK YHuBepcuTeTi, Jywar6e, Tax1lkcTaH

ABTOMOBWUbALL AP L EN1 KYWENEPLLL YXYMbICLIA LLABLIETTLALMLLULL,
MYNbTUKOPCETKILWT1K BAKbITAYbIHbLL, CAMACBIH BATANAY

AHHOTauma. 3epTTeyaw, MaucaTbl aBTOMOGWIb dKylienepLull KenkepceTKIlTIK AMarHoCTKanayblHbIH
TayeKeNAwWH 60/ay MeH caHfblK 6aranay 60nbin Tabbliagbl.

3epTTeyAL, HbiCaHbl KemareHTTiK XylienepALy TeEXHUKabIK KamTamachi3 ety YPLici 6onbin Tabbinagpi.

3epTTeyAlL, N3T aBTOMOGMNbALL, KenkepceTwWwwnk xYVienepin avarHocTukanay YPZciHOeri yMbicka
KabLueTTWKN 6akblnay TayekengiriH 6omkay MeH caHblk 6aranay YPZici 60nbin Tabbliagbl.

KolibinraH makcaTka ety YLUiH Makanaja MWAeTTep LWewingi: Ausenb KO3raiTKbIWbIHbIH OTbIH GepyLuiy
(hasasiblk KepceTKilwTepiH 6akbliay MbiCa/ibiHAA efLley/ll XUbIHTbIK G6enrici3firiH KanbINTacTblpy TpaekTopus-
CbIHZA 03NCI3MIK Ke3AepiH aHbIKTaraH.

TexXHUKa/IbIK KbI3MET KepCeTy perflaMeHTTepiHE C3KeC aBTOMOOW/bAIH XXYMbICKa KabineTTiniri Keiibip
Heryp/biM Maupi3fibl TEXHUKASbIK-9KOHOMUKaNbIK YPZicTepdiH arbiMaarbl eflleHeTiH M3HAEepiHiH 6enrweHreH
HopMaTuBTepre (pykcaTTapra) C9MKecTiriH caHAblKk Oaranay MakcaTblHAa arbiMablK 6akblnayra >xatagbl. Byn
XKYMbICTa aBTOMOOW/IbAIH EMIPAIK LMKNIHIH Ke3eH4epLUEH OHbI NalifanaHy Ke3eHi kapacTblpblnafbl.

Bakbinay YPZLICiHIH anroputmi 6akbliaHaTbiH  KepPCeTKILTIH KacueTTepi MeH M3HAepiHe, HOPMATMBTIK
M3Hfepre, Tanjay a4ici MeH KypanjapbiHa >k3He Lewim Kabbingay >YVieciHe 6aiinaHbicTbl 6Gonagpl. Erep
HOPMATMBNK (YHKUMANApAbl KannblHA KenTipy KakeTnn Typanbl Lewim KabblngaHca, OHZA 006beknre Kepi
6alinaHbiC HbicaHbIHAA PeTTey (Ty3eTy) acepi KongaHbinagpl. Kepi 6aiinaHbic 6ap/blk TEXHUKANbIK KbI3MET KepceTy
YpAiCiHIH TPTKIWKM HITVKENiNiriH aHbIKTakabl, enTkeHi Kepi 6GainaHbiccbi3 6ackapy 6apnblK MarblHAChIH
XKOranTagbl X3He 60/bIN XaTKaH Xarfaingbl Xail raHa oinayra aiHanagbl.

ABTOMOGW/bre TEXHUKANbIK KbI3MET aApCeTyALll, COHIbl H3TWXeCi naifanaHy CewMALMnH apTTbipyra,
3KOMOTWANBbIK  KayinTiNiKTi TemeHAeTyre »3He YHeMANiriH apTrbipyra OGarbiTTaslybl Tuic. “nagpcerter™
[MarHocTMKa ocbl MIHAETTEPAI LWeLlyaeri Trimai Kypan 60sbin Tabbinagbl. COHbIMEH KaTap, »orapblaa KepceTifireH
enwemgep 6oMbIHWA AMArHOCTMKaNbIK KelleHAi OObeKTVBTI TaHgay a3gicTeMeci 0 XY3iHge koK. KenTipinreH
macefie 6oMbIHLWA LWewiM KabblngayablH O6BEKTUBTIIF MeH canacbl Konga 6ap TeXHWKabiK 6a3aHbl nanganaHy
Tayekengepwl baranayra XsHe 3epTTeneTiH macefell Lellyae WHHOBAUMAbIK TEXHUKANbIK-YAbIMAACTbIPYLLbIIbIK
T3CINAEpAl eHn3y kesiHge onaphbl 6omkayra MYMKIHLIK O6epeTil qopmanbibl Kypangaphbl €Hri3y >KO/bIMeH
Xorapbliaybl MYMKiH.

KYPpeni KenkepceTKiwTik »Y/efe wwewim Kkabbingay canacbiH 6ackapy, oCbl YPICTIH HaKTbIMbIrbI MeH
Xefengirii apTToipy YWiH dopmasbibl MaTeMaTUKaIbIK X3He UMUTAUMANBIK 34ICTEPAI TapTy KakeT. ~napp-
ceTKiwTik XYW enepaiH canacbiH 6ackapyaa 6akbinay ypara Luellylli pen atkapafbl, OHbIH Ke3eHiHae 6ackapy
TayeKenaepi kanbinracagb!.

ABTOMO6Mb, XYVIeHiH XyMbicKa KabineTTiniriH Kaiita KannbiHa KenTipy MakcaTbiHAa Kepi 6aiinaHbicbl 6ap
KYPOeni KenkepceTKilTepAiH KemareHTTik XYl peTiHge KapacTbipbinagbl. bakbinay YP[iciHe »anraH >aHe
TabblnMaraH akay TYpiHgeri katenep ><atagbl. blktuman katenep ekl TYPgeri Tayekengepdi aHbiKTalgbl:
OMarHOCTUKANbIK KYMbICTapAbl EeHAIPYLLIHIH TIyeKesi X3He >KymbICTapra Tancblpbic 6epyLiHiH Tayekeni.
KepceTinreH Tayekenaepai caHablk 6aranay YLiH bIKTUMaAbIK XK3He UMUTaUMANLIK YArinep >acanbiHabl. YArinep
Y/riney areHTTepiHiH CTaTUCTMKaNbIK cunaTTamManapbiHbiH 6akblnay Tayekengeplue 3cepiH 3epTteyre MAMUHAM
6epeai. TeXHUKabIK KbI3MeT aapceTy YVeciHiH canachiH MHTerpangbik 6aranay YLUiH «aHbIK emMec» YA aHe
«MepcoHaAbIH Canacbl» KPUTEpWiAi MbiCa/ibiHAA anropuTM 33ipaeHal. YArineyaiH AypbiCTbirbl MeH HATVOKenwn
NUMUTaLUANBIK TICIN HEri3iHAe KOMMbIOTep/ILL SKCNepuUMeHTeH TecTineHei. 03ipneHreH MaTeMaTuKanbIK YIri )KaHe
MWTaLMANBIK anroputm ambeban cunatka ue XaHe 3pTYPAi FbiibIMU-TEXHUKaIbIK TaXipubenik KocbiMLanapia
KONAaHblnybl MYMKIH. ABTOpiapMeH 3epTTeneTll 06beKTIHIH AnddepeHUManbl XXaHe UHTerpanibl @yHKLMOHaN-
ObIK KepceTKiluTepi 60ibIHLWA KennapaMeTp/lik 6akblnay »3He 6ackapy XpTeiHAae LeLliM kabbligay Tayekengepi
CaHpblK 6aranayplH»xaHa® m ~ N i aficTeMeci yCbIHbINAbI.

TYVii cesgep: aBTo N, areHT, XYW, YAri, bikTMan, 6akbinay, YPLC, AMarHoCTMKa, HOPMaTVUBTI, LUbIHaMbI,
KaTenep, Tayeken.

100



ISSN 2224-5278 Series ofGeology and Technical Sciences. 2. 2020
B. A. KopHeBl A. A. MakeHoB1 A. X. MaluekeHoBal, P. K. Pagxa6os2

BocTouHo-KasaxcTaHCKuiA rocyjapCTBeHHbI TexHu4eckuin yHuBepcuteT um. [, Ceprkbaesa,
YcTb-KameHoropck, KasaxcraH;
2T aPKNKCKINIA TOCYAapCTBEHHbIN yHMBEpcUTeT, AyluaH6be, TapKUKNCTaH

OLEHKA KAYECTBA MY/IbTUMAMETPNYECKOTI O KOHTPOJIA
PABOTOCMNOCOBHOCTW CJZTOXXHbLIX CUCTEM ABTOMOBWNA

AHHoTauus. Lienbio nccnefoBaHms sBNSeTCs KONMYECTBEHHAs OLiEHKa 1 NMPOrHO3MPOBaHKe PUCKOB AnarHoc-
TPOBAHMS MHOTOMapamMmeTPUYECKMX CUCTEM aBTOMOGUNS.

O6BLEKTOM MCCnefoBaHMA SBNSETCA NPOLLECC TEXHUYECKOTO 06CIYXMBAHUS MHOFOAreHTHbIX CUCTEM.

MpegmeTOM MCCneoBaHNS ABSETCSA NPOLECC KOMMYECTBEHHOM OLEHKM W MPOrHO3MPOBaHNs PUCKOB KOHTPOS
paboToCcnoco6HOCTM B MPOLECCE AMArHOCTMPOBaHMS MHOTONapaMeTPUYECKIX CUCTEM aBTOMOGMUAS.

[ns jocTXKeHUs NOCTaB/IEHHOM Lie/in B CTaTbe PELLEHbl 33auu: BbISBNEHME WCTOYHMKOB MOTPELIHOCTER Ha
TpaekTopuM HOPMUPOBaHWS CyMMAapHOI HeonpefeneHHOCTU N3MEPEHUS Ha NPUMepPe KOHTPONS (ha3oBbIX NapameT-
pOB TOMJIMBONOAAYN AM3E/IbHOIO ABUraTens.

Pab0oToCnoCO6HOCTL aBTOMOGWA B COOTBETCTBMM C PEr/laMeHTamMy TEXHUYECKOTro 06CMY)KMBaHWUS NOANEXaT
MEPVNOANYECKOMY KOHTPO/IO C LENbH) KOIMYECTBEHHON OLEHKM Ha COOTBETCTBME YCTAHOB/IEHHLIM HOpMaTMBaM
(ponyckam) TEKYLLMX M3MEPSEMbIX 3HAYEHWI HEKOTOPbIX Hanbosee BaXKHbIX TEXHUKO-3KOHOMUYECKUX MPOLECCOB.
113 3TanoB >XM3HEHHOr 0 LiMKNa aBTOMOGW/IA B AaHHOI paboTe paccMaTpMBaeTCs 3Tan ero aKcrnayataLum.

ANropuTM npoLecca KOHTPOAS 3aBUCUT OT CBOICTB M 3HAUYeHWIA KOHTPONMPYEMOro napaMeTpa, HOPMaTUBHbIX
3HaueHWid, MeToda W CPeACcTB aHanM3a M CUCTEMbl MPUHATUS pelleHns. Ecnm NpUHUMaeTcs pelleHne o
Heo6X0AUMOCTW BOCCTAHOB/IEHMS HOPMAaTUBHBIX (PYHKUMIA, TO MPeANPUHMMAIOTCS PEryIMPOBOYHbIE (KOPPEKTUPYIO-
LLME) BO3AEWCTBMS Ha 06BEKT B (hopme 06paTHOi cBsisn. ObpaTHast CBA3b OMpPeAessieT KOHEUYHYHO pe3ybTaTUBHOCTb
BCEr0 MpoLecca TEXHUYECKOTO 0BCNY)XMBaHWS, TaK Kak 6e3 00paTHOl CBSA3W yrnpaBieHne TepseT BCAKUIA CMbICT U
npeBpaLLaeTcs B CO3epLIaHNEe NMPOUCXOAALLETO.

KOHeuUHbIli pesynbTaT TEXHUYECKOro O0OCNY)XXMBaHWS aBTOMOGMNSA [O/MKEH ObITb HaueneH Ha MOBbILLIEHUE
3KCNNyaTaLMOHHON HaaeXKHOCTH, CHUKEHUS 3KOMOTMYECKOIA ONacHOCTM 1 MOBbLILUEHNS 3KOHOMUYHOCTU. MHorona-
pameTpuyeckas AMarHoCTUKa ABNSETCA B HEKOTOPOM 06beMe 3(hPEKTUBHBIM MHCTPYMEHTOM B PELLEHWN 3TUX 3a[au.
BmecTe ¢ TeM, MeTofIMKa 06bEKTVMBHOIO BbiGOpa AMArHOCTUYECKOr0 KOMMEKCA N0 YKa3aHHbIM Bblllie KPUTEpUAM
MPaKTUYeCKN OTCyTCTBYET. OBGBEKTMBHOCTb M KAYECTBO MPUHATMA PELLEHMS MO NPUBEAEHHON NPOBeMaTKe MOXET
ObITb NOBbILUEHbI NYTEM BHEAPEHWUS (OPMabHbIX MHCTPYMEHTOB, KOTOPbIe NMPeAOCTaBAT BO3MOXHOCTb OLIEHWBATb
PUCKW MCMOMb30BaHNS VMEHOLLENC TEXHMYECKOW 6Gasbl M MPOrHO3MpoBaTh WX NPY BHEAPEHUW WMHHOBALMOHHbIX
TEXHWUKO-OPraHM3aLyOHHbIX NMOAXOL0B B PELLEHWE 1CCNeAyeMOli NPo6ieMbl.

[ns ynpaBneHns KayeCTBOM MPUHSATUSA PELLEHWIA B CNOXHOWA MHOroMapaMeTPUYecKol CUCTEME, MOBbILLEHUS
[OCTOBEPHOCTM M OMEepaTMBHOCTM 3TOr0 MpoLecca Heo6XOAMMO MpWBMEKaTb opMasibHble MaTeMaTUyeckue |
VMWUTALMOHHbIE METOAbl. B ynpaBneHWM KayecTBOM MHOronapaMeTPUYecKMX CUCTEM PELLAtOLLY0 pOfb WUrpaeT
MPOLECC KOHTPO/SA, Ha 3Tane KOToporo hopMUpYHOTCS PUCKU ynpaBneHus.

ABTOMOOW/b paccMaTPMBaeTCA KaK C/OXHask MHOrornapamMeTpuyeckas MHOroareHTHas cucteMa ¢ 06paTHOM
CBA3bI0 C LIe/Ib0 BOCCTAHOBNEHWS! PaBOTOCMOCOBHOCTH CUCTEMbI. [poueccy KOHTPONsS COMYTCTBYHOT OLWIMOKM B
(hopme NTIOXKHOTO M HEOBHAPYXKEHHOTO Gpaka. BeposiTHble OLLIMGKK ONpeaenstoT PpUCKK ABYX TUMOB: PUCK MPOW3BO-
OUTENst OMarHOCTMYECKMX paboT M pUCK 3aKa3umka paboT. [ KOMMYECTBEHHOM OLEHKU YKa3aHHbIX PUCKOB
paspaboTaHbl BEPOSATHOCTHbIE Y MMUTALMOHHbIE MOogenu. Mogenu no3BoNstOT MCCef0BaTb BAMSHUE CTaTMCTUYEC-
KX XapaKTePUCTUK areHTOB MOJENMPOBAHNS Ha PUCKM KOHTPONs. [Ns MHTErpanbHOM OLEHKWM KayecTBa CUCTEMbI
TEXHUYECKOro 06CNY)XMBaHWS pa3paboTaHa «HeueTKas» MOAeb WM airopuTM Ha MPUMeEpe KPUTEPUS - «KauyecTBO
nepcoHana». [LOCTOBEPHOCTb W Pe3y/bTaTUBHOCTb MOAENMPOBaHNS TECTUPYETCS KOMMbIOTEPHbIM 3KCMEPUMEHTOM
Ha 6ase MMWTaLUMOHHOrO Moaxofa. PaspaboTaHHas maTeMaTuyeckas MOAEMb U UMWTAUMOHHBIA anropuTM HOCAT
YHMBEPCA/TbHBIN XapakTep W MOTYT UCMO/b30BaTbCA B Pa3/IMYHbIX HayYHO-TEXHWYECKMX MPaKTUYECKUX MPUIoXKe-
HUSIX. ABTOpamu NpeanoXeHa HOBas MHOTOMOAXOAHAs METOAMKA KOMMYECTBEHHOMO OLEHMBaHUS PUCKOB MPUHATUS
peLUeHnin B MHOronapamMmeTpUYeCKoii CUCTEME KOHTPOAS U yNpaBieHUs No AndidepeHLMPOBaHHbIM U MHTErpasibHbIM
(hYHKLMOHa/IbHLIM NOKa3aTe/siM UCCNeLyeMOro 0obeKTa.

KntouyeBble €noBa: aBTOMOOW/b, areHT, CUCTEMA, MOAENb, BEPOSITHOCTb, KOHTPO/b, MPOLECC, AMAarHOCTMKA,
HOpPMaTuB, JOCTOBEPHOCTb, OLUMOKM, PUCKM.
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