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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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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 of research 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 of the 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 of the 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 function f(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 of accuracy [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: O; - error of applying the base mark (marks on the crankshaft pulley); 6: - 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; 6s- error due to the
dynamic instability of the fuel supply process; Os- error of visual fixation of dynamic marks (in
stroboscopic measurements); O; - 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% =V {6%}.

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 of two-
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, Py is the
probability of a false defect and P,y 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 of the 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 = I- (P - Puy).

The case of a single-limit restriction of the controlled parameter S “from below” by the standard S,
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;> S,), 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 <Sn) (not valid), which is a false marriage;

- the true value of the parameter is lower than the standard (S; <S,), 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 (Simeasu™> S») (valid), which is an undetected marriage.

Initially assumed that distribution densities of the monitored parameter f{S) and random error j(y) are
approximated by normal laws. Then the expressions for estimating the probabilities R, and R, will have
the following form.

51
Pfd:;E;!- zdf—J. de (D)

The expression for estimating undetected defect P, will be:

P, = :re 2dt- —je 22a’z 2)

Nerd

The variable 7 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.
98
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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 P, P.s 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 /F (branching)
Vl <I/i <Vvu and Vl<I/imea < Vu-

Blocks 7 and 9 are event counters. In block 10, the calculation of the risks of Rr4 and R, 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 Rgq is
most affected. If the value of measurement uncertainty o, is comparable with the value of o, 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 ¥ 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 S,,
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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ABTOMOBWIbAIH KYPJIEJII )KYUEJEPIHIH )K¥MbICKA KABLJIETTLIITTHIH,
MYJIbBTUKOPCETKIIITIK BAKBIIAYBIHBIH CAITACBIH BAFAJIAY

AnHoTtanusi. 3epmmeyoiy Mmaxcamsl aBTOMOOWIIb >KYHENEpiHiH KONKOPCETKIITIK IMarHOCTHKAIAybIHBIH
TOYEKeJIIIriH Ooynkay MeH caHbIK Oaranay 00BN TaObLIa bl

3epmmeyoiy Hbicanbl KONIATEHTTIK XYHeIepAiH TEXHUKAJIBIK KAMTaMachl3 eTyiHiH Yp/ici O0JIbI TaOblIa bl

3epmmeyoiy noni aBTOMOOWIBIIH KOINKOPCETKIIITIK JKyHeNepiH AWarHoCTHKanay YpHICIHIETi >KYMBICKA
KaOUIeTTUTIKTI 6aKpLIay TOyeKeIiriH Ooyrkay MEH caHJIbIK Oaranay ypaici O0bI TaObUIaIbL.

KolibuFan MakcaTka JKeTy YIIIH Makajiaja MIHACTTep MICHIUII: AW3elb KO3FAITKBIIIBIHEIH OTBIH OCpyiHiH
(hazasblK KepceTKiuTepiH OakpLIay MbICAJbIHAA OJIIECYAIH XHUBIHTBHIK OENTiCi3AiriH KaJbINTACTBIPY TPaeKTOpHs-
CBIHJIA JIQJICI3/IIK KO3/IePiH aHBIKTaFaH.

TexHuKanblK KbI3MET KOpCEeTy perlaMeHTTEepiHe CoMKec aBTOMOOWIBIIH >XYMbICKa KaOuleTTiniri keibip
HEFYPJIBIM MaHBI3/Ibl TEXHUKAJIBIK-OKOHOMUKAIBIK YPAICTEPIiH arbIM/arbl OJIICHETIH MOHJIEpiHIH OesrijieHreH
HOpMaTHBTEpre (pykcarrapra) COMKeECTIriH caHIBIK Oarajay MakcaThlHAa aFbIMJABIK Oakpulayra jxaTaisl. by
JKYMBICTa aBTOMOOMIIB/IIH OMIpJIiK IUKJIIHIH Ke3eHJepiHEeH OHBI NaiaaHy Ke3eHi KapacThIpblIabl.

Bakputay ypaiciHiH auroputMi OakpUIaHATBIH KOPCETKIIITIH KAacHEeTTepl MEH MoHAEpiHe, HOPMAaTHBTIK
MOHJEpre, Talgay oAiCi MeH KypaljgapblHa JKOHE MNIellM KaObuinay dkyHecine OaiianbicTbl Oomnansl. Erep
HOPMaTHBTIK (pyHKIMSUIApIBl KaJlIblHA KENTIpYy KaKETTIri Typajbl HIEMIM KaObulgaHca, OHJa OOBEKTire Kepi
OaiinaHbIC HBICAHBIH/A peTTey (Ty3eTy) acepi KoinaHbuiaasl. Kepi Oaiinanbpic GapIiiblK TEXHUKAIBIK KbI3MET KOPCETY
YPAICIHIH TYNKUIIKTI HOTWKEJUIIiH aHBIKTalWIpl, OWTKeHI Kepi OaiiiaHbICCHI3 Oackapy OapiiblK MarbIHACHIH
JKOFAJITA/bI XaHe OOJIBIN )KaTKaH JKarJalijipl )all FaHa olyayra aifHaJIabl.

ABTOMOOWJIBIe TEXHUKANBIK KBI3MET KOPCETYIIH COHFBl HOTW)KECI MalJalaHy CEHIMAUITIH apTTHIPYFa,
9KOJIOTHSUIBIK, KayiNTUIIKTI TOMEHIETyre >oHE YHEMAUIriH apTThipyFa OarbITTalybl THic. KemnkepceTkimTik
JIMarHOCTHKA OCBI MIHAETTEP/I IIenryaeri THiMal Kypai 6ouibin Tadbutaabl. COHBIMEH Kartap, )KOFapblaa KepCeTiIreH
enuemep OOWBIHIIA JMATHOCTHKAIBIK KEIIeHII OOBEKTHUBTI TaHJay onicTeMmeci ic Xy3iHAe >xok. Kentipinren
Mocese OOMBIHINA IIEeIIiM KaObU1iayJblH OOBEKTHBTLUIII MEH camachl Koijga 0ap TeXHHKaJIbIK Oa3aHbl MaijanaHy
ToyeKeJIepiH Oaranayra oHE 3epTTEJETiH MACENIeHl IIeNlyie MHHOBAUMSUIBIK TEXHUKAIIBIK-YHBIMAACTBIPYIIBIIBIK
Tocuaepal eHri3y KesiHzae ojapnael Ooipkayra MYMKIHAIK OepeTiH (opMalibabl KypajlapAbl €HTi3y >KOJBIMEH
JKOFapbUIaybl MYMKIiH.

Kypmeni xemkepceTkiluTik jXyHeae miemiM KaObuiiay camachlH 0ackapy, OChl YpZICTIH HaKTBUIBIFBI MEH
JKEJISNAITIH apTThIpy YIUiH (OpManbIbl MaTeMaTUKAIBIK JKOHE MMUTALMSUIBIK OMicTepAl TapTy KaxkeT. Kemkep-
CEeTKILITIK >KYHenepaiH camacklH Oackapyna Oakpuiay ypiici HIEHIyIli peJi aTKapalbl, OHBIH Ke3eHiHIe Oackapy
TOyeKeJIAepl KaJbITacaibl.

ABTOMOOMIIB, XKYHEHIH XYMBICKa KaOUIETTINIriH KaiiTa KajimblHA KeNTipy MakcaThlHIA Kepi OaiinaHbickl Oap
KYpAeN KeNKepCeTKIITEpIiH KeIlareHTTIK XKyile peTiHae KapacThlpbUiaipl. bakpuiay ypIiciHe >kanFaH >KoHE
TaObIIMaraH axkay TypiHAeri kKaresep karaael. bIKTMMan Karemep €Ki TypHeri ToyeKeJaep[l aHBIKTaiIbl:
JIMarHOCTUKAIIBIK SKYMBICTApIIbl OHJIIPYLIIHIH TOYEKelll >XOHE >KYMBICTapfa TalChIphIC OEpyIIiHIH ToyeKedi.
Kepcerinren toyekenaep/i caHIpIK Oaranay YIIiH BIKTUMAJABIK KOHE MMUTALMSUIBIK YIITIIEp KacalblHABL. YJITiiep
YJITiJiey areHTTEpiHIH CTaTUCTHUKANBIK CHUIaTTaMallapbIHBIH OaKpLIay ToyeKelAepiHe acepiH 3epTTeyre MYMKIiHIIK
Oepeni. TexHUKaANBIK KbI3MET KOPCETY JKYHECIHIH carlachlH MHTErpajiblK Oaraiay YIIiH «aHbBIK €MeC» Yl yKoHe
«TIEPCOHAIBIH Callachl» KPUTEPUili MBICATIBIHIA AITOPUTM 3ipJieHAl. YJTUICYIiH AYPBICTBIFBI MEH HOTHXKENLIIri
MMHTALMSUIBIK TOCIT HETi31HAE KOMIBIOTEPIIK SKCIIEPUMEHTIICH TECTIJICHE/11. O31pJIeHIeH MaTeMaTHKAaJIBIK YIITl XKoHE
MMHTALMSUIBIK aITOPUTM aMOe0an cUmaTka HMe >KOHE opTYPIl FhUIBIMH-TEXHHMKAIBIK TOKIPUOETIK KOoChIMIIajiap/aa
KOJIIaHBUTYBl MYMKiH. ABTOpJIApMEH 3epTTENICTIH OOBEKTiHIH An(depeHIrabl KoHe HHTErpaabl (yHKIMOHAI-
JIBIK KepceTKilTepi OOMBIHIIA KeTnapaMeTpiIiK 0aKplIay JKoHe Oackapy >KyHeciHae MmIelliM KaObliiay ToyeKenaepin
CaHJBIK Oaraay/IbIH XaHa KeITaCUIl 9licTeMeci YChIHBUIIBI.

Tyiiin ce3aep: aBTOKeIIK, areHT, Xyiie, YT, BIKTUMaJ, 0aKpuIay, YPIIC, TMarHOCTUKA, HOPMATHBTI, IIBIHAMEI,
KaTeJiep, TOyeKed.
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OIEHKA KAYECTBA MYJIbTUITAMETPUYECKOI'O KOHTPOJIA
PABOTOCHOCOBHOCTH CJIOXKHbBIX CUCTEM ABTOMOBUWJIA

AnHoTanus. [Jenvio uccredoganus SBISAETCS KOMMYECTBEHHAS OLIEHKA M MPOTHO3HPOBAHNE PUCKOB TUATHOC-
THPOBAHMSI MHOTOIIAPaMETPUIECKAX CHCTEM aBTOMOOMIIS.

O6vexmom ucciedosanus SIBISIETCS MPOLIECC TEXHUYECKOTO 00CTY)KUBAHUSI MHOTOAr€HTHBIX CHCTEM.

IIpeomemom uccredo8anus SIBISETCS MPOLIECC KOIMYECTBEHHON OIIEHKH U IPOTHO3UPOBAHUS PUCKOB KOHTPOJIS
paboTOCIOCOOHOCTH B IpOIIEcCe TUArHOCTUPOBAHNS MHOTOMIAPaMETPHIECKUX CHCTEM aBTOMOOMIIS.

21.]'151 JOCTHUKCHUA MOCTaBJICHHOMN SN B CTAaTb€ PCHICHBI 3aJavuu: BbIABJICHUEC HCTOYHHUKOB HOFpemHOCTeﬁ Ha
TpaeKToOpuu (POPMUPOBAHHS CYMMAPHOH HEOMPEISICHHOCTH U3MEPEHUs Ha IpUMepe KOHTPOJIs (a30BhIX MapameT-
POB TOIJIMBOIIOAAYH AU3CIIbHOIO ABUTATCIIA.

PaboTrocmocoOHOCT, aBTOMOOMIISI B COOTBETCTBHU C PErJIAMEHTAMH TEXHHUYECKOTO OOCITY)KUBAHHS TOJICIKAT
MEPUOTNICCKOMY KOHTPOIIO C IETbI0 KOJMYCCTBEHHON OIEHKM Ha COOTBETCTBUE YCTAHOBIICHHBIM HOPMAaTHBAM
(momyckaMm) TeKyImUX U3MEpPSEMBIX 3HAUYCHHH HEKOTOPBHIX HanOoOJee BAKHBIX TEXHHKO-3KOHOMHUYECKHX IIPOLECCOB.
U3 3TamoB )KU3HEHHOTO IUKJIa aBTOMOOWIISI B JAHHOW paboTe paccMaTpUBAETCsI ATAIl €r0 SKCILTyaTalluu.

AJNTOPUTM TIporiecca KOHTPOJIS 3aBUCUT OT CBOMCTB M 3HAUYEHUH KOHTPOJIHUPYEMOTO ITapaMeTpa, HOPMAaTHBHBIX
3HAYCHWH, METOAa M CPEICTB aHajdh3a M CHCTEMBl MNPHUHATHS pemieHus. Ecim mpuHHMaercs pemieHne o
HEOOXOAMMOCTH BOCCTAHOBJICHUSI HOPMATUBHBIX (DYHKIHIA, TO MPEAIPHHUMAIOTCS PErYJIMPOBOYHBIE (KOPPEKTUPYIO-
ve) BO3ACHCTBHS Ha 00BEKT B (hopme 00paTHOI cBs3u. OOpaTHas CBSA3b ONpenesieT KOHEUHYIO Pe3yIbTaTHBHOCTh
BCEro MpoIiecca TEXHUYECKOTO OOCTY)KHUBAHUS, TaK KaKk 0e3 0OpaTHOW CBS3M YIpaBJICHUE TEPSIET BCAKUU CMBICT U
IIpeBpaIaeTcs B CO3epliaHue IPOUCXOIAIIETO.

KoHeuHbIll pe3ysbTaT TEXHHUYECKOTO OOCITY)KUBaHUS aBTOMOOMJIS JIOJDKEH OBITh HallelleH Ha TOBBILICHHE
AKCILTyaTalMOHHON HAJIC)KHOCTH, CHIKCHHS 3KOJOTHYSCKON OMACHOCTH W TOBBIIICHHUS dKOHOMHYHOCTH. MHOTrOMma-
paMeTpryecKas IUarHOCTHKA SBJSIETCSA B HEKOTOPOM 00beMe 3(p(peKTUBHBIM HHCTPYMEHTOM B PELICHUU 3TUX 3a1a4.
BMmecte ¢ TeM, MeTOIMKa OOBEKTHBHOTO BHIOOpA JMATHOCTUYECKOTO KOMILICKCA IO YKa3aHHBIM BBIIIC KPUTCPUSIM
MPaKTUIECKH OTCYTCTBYyeT. OOBEKTHBHOCTD W KaYECTBO MPUHSITHS PEIICHHUS IO IPUBEICHHON MPOOIEMAaTHKE MOKET
OBITH TOBBIIICHHI ITyTEM BHEAPEHUS (OPMAIBHBIX WHCTPYMEHTOB, KOTOPBIE MPEIOCTABAT BO3MOXHOCTH OIICHUBATh
PUCKH HCIIONB30BaHHUA WMEIOMICHCS TEXHHYECKOW 0a3bl W MPOTHO3MPOBATH WX INPH BHEIPEHUH HHHOBAIIMOHHBIX
TEXHHUKO-OPTaHU3aLMOHHBIX MTOIX0JI0B B PEIICHUE HCCIETyeMON POOIEMBL.

st ynpaBineHusi KaueCTBOM IPUHATHS PELICHUM B CIOKHOM MHOrOnapaMeTpUYecKOd CHUCTEME, IOBBILICHHUS
JIOCTOBEPHOCTH M ONEPATUBHOCTU ATOrO IpOIlecca HEOOXOIAMMO IPUBIEKaTh (popMalibHbIE MaTeMaTHYeCKHe WU
WMUTALIMOHHBIE METOJbl. B ynpaBiieHMM Ka4yeCcTBOM MHOI'ONAPaMETPUYECKHX CHUCTEM PEIIAOIIYI0 pPOJib UIPaeT
MPOLIECC KOHTPOJIS, Ha ATare KOTOpOro GOpMHUPYIOTCSI PUCKH YIIPABIICHUSL.

ABTOMOOWJIbP pacCMATPHUBACTCSI KaK CIIOXKHAS MHOTOIapaMeTpHuYecKas MHOTOArcHTHas CHUCTeMa C OOpaTHOH
CBSI3BI0 C IICNTBI0 BOCCTAHOBIICHHS Pa0OTOCHOCOOHOCTH cucTeMbl. IIporieccy KOHTPOJIS CONMYTCTBYIOT OIIUOKH B
(hopMe JTOKHOTO M HEOOHAPYKEHHOTO Opaka. BeposTHBIC OIIMOKK OMPENENSIOT PUCKU JIBYX THIIOB: PHCK MPOU3BO-
IUTENs] AUarHOCTHYECKHX PabOT M PHCK 3aKazumka padoT. (I KONMYECTBEHHOW OICHKH YKa3aHHBIX DPHCKOB
pa3paboTaHbl BEpPOATHOCTHBIE H UMHUTAIIMOHHBIE MOAETH. MOJEH MO3BOJSAIOT HCCICAOBATh BIUSHUE CTaTUCTHYEC-
KHX XapaKTePUCTUK areHTOB MOJCIMPOBAaHUS Ha PUCKU KOHTPOJA. [T MHTETPaNbHOW OICHKH KadeCTBa CHCTEMBI
TEXHHYECKOTO OOCIYKHMBaHHs pa3padoTaHa «HEYETKas» MOJeNIb U aJrOPUTM Ha MPUMEpe KPUTEpPHs - «KadeCTBO
nepconana». JloCTOBEpHOCTs U pe3yJIbTATUBHOCTh MOJEIHUPOBAHUS TECTUPYETCS KOMIBIOTEPHBIM SKCIEPUMEHTOM
Ha 0a3e MMHUTAIMOHHOI'O TOAXoAa. Pa3paboraHHass MaTeMaTH4ecKash MOJENb U MMHTAILMOHHBIA aJrOPUTM HOCST
yHHBepCﬁJ’IbeIfI XapakKTep U MOTYT HCIIOJb30BATHCA B PA3JIMYHBIX HAYUYHO-TCXHHYCCKUX MPAKTUYCCKHUX ITPUIIOKE-
HHUAX. ABTOpaMI/l MpEAJIOKEHa HOBAasA MHOronoaAxoAaHasd METOJAWKa KOJIMYECTBEHHOI'O OLICHUBAHUA PUCKOB IPUHATUA
pellIeHuil B MHOTOIIapaMeTPHUYECKOi cucTeMe KOHTPOJIS U yrpasieHus 1o quddepeHnnpoBaHHbIM H HHTErPAIbHBIM
(hYHKIIMOHAFHBIM ITOKA3aTEIsIM HCCIEyeMOro 00BEeKTa.

KiaroueBbie cjioBa: aBTOMOOWIb, arcHT, CHCTEMa, MOJEH, BEPOSTHOCTh, KOHTPOJIb, MPOIECC, NUATHOCTHKA,
HOPMATHUB, TIOCTOBEPHOCTH, OIUOKH, PUCKH.
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