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MATHEMATICAL MODELING OF THE OPERATING PROCESS
OF THE ENGINE AND MEANS OF INCREASING SERVICE LIFE
OF VEHICLES

Purpose. Modeling of the engine intake process with a non-traditional power mechanism and improvement of
maintenance system and repair of vehicles by adjusting maintenance modes.

Methodology. During the simulation of the intake process of the gasoline engine, theoretical positions based on
the fundamental theory of thermal motors, thermodynamics and hydraulics are used. The work of a non-shaft engine
was investigated with usage of calculation-theoretical research methods. Experimental studies of the change in the
life-cycle of trucks during the exploitation operation were carried out using simulation numerical modeling and road
tests at the automobile enterprise. The methods of theory of probability and mathematical statistics, reliability theory
are used.

Findings. The mathematical model of the engine intake process with an unconventional power mechanism allows
us to evaluate the measures aimed at optimizing the design of the engine and increasing its fuel efficiency. It is simpler,
less labor consuming and requires less machine time for calculations compared to conventional models. Algorithms
of analysis of truck failures and determination of their rational modes of maintenance (on the example of Volvo ve-
hicles) have been projected. The economic effect of innovations involves reducing operating costs per unit of per-
formed transport and increasing profits.

Originality. The mathematical model of the working cycle of the engine is specified in the part of development of
the model of the intake system, which takes into account kinematics of the engine and an alternating degree of com-
pression, which increases its fuel efficiency by 10 %.

Practical value. Measures are developed for controlling the technical condition of the main parts of trucks and
their maintenance, taking into account the actual state of the vehicles, which allowed increasing the probability of
predicting 10 % of malfunctions. The usage of these measures can increase the technical condition of the mining in-
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Introduction. The main trends in modern automo-
tive industry are the increase in liter capacity, improve-
ment of environmental parameters and the increase in
fuel economy of piston engines.

Current engines with a crank-shaft mechanism are
insufficiently economical. With improving their fuel ef-
ficiency, the design of engines is significantly compli-
cated.

Above described requirements correspond to engines
of nonconventional design, among which the engine
with a non-shaft crank mechanism with variable com-
pression can be distinguished.

The work of engines with an unconventional power
mechanism and a variable compression mode in partial
modes has been hardly investigated. The partial modes
are significant part of the total engine running time.
Therefore, it is impossible to predict the fuel consump-
tion in the operation of the engine on partial modes.
Modeling of the intake system of the engine with the un-
conventional power mechanism and the variable com-
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pression mode on partial modes is an integral part of the
calculation.

In addition to improving the fuel efficiency of the en-
gine, increasing the efficiency of the operation of vehi-
cles depends on the rational maintenance (technical
service). The high-quality maintenance, which is done
in time, is the guarantee of reliability and low operating
costs for long-term operation of vehicles.

Aforementioned information points at the relevance
of the topic — the need for research on the economic
efficiency of a non-shaft engine in terms of its utilization
in the road transport, especially in the mining industry.
Based on the research on the vehicle service life, it is
necessary to develop a new approach to efficient opera-
tion by adjusting the periodicity of the maintenance
(technical service), taking into account the operating
conditions.

Analysis of the recent research and publications. The
constructions of engines with variable compression
mode were engineered by constructors who were also
engaged in the cooperation with companies as Ford,
Mercedes-Benz, Nissan, Peugeot and Volkswagen. The
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engineers of research institutes and companies have re-
ceived thousands of patents. None of these engines has
undergone full-scale production, since the problem
with vibration has not been resolved.

The engines with original kinematics are being ex-
plored now [1]. The author analyzes the equilibrium of
the engine with variable compression and working vol-
ume. It is shown that the equilibrium of traversing
mechanisms at moderate values of the number of cylin-
ders of the engine is complicated with comparison to
other known structures.

The research and the engineering works on the cre-
ation of an engine with a cranked spherical mechanism
are being conducted in many countries [2]. From the
analysis of works [1—3], we can conclude that the vari-
able compression ratio is easier to implement using a
non-shaft engine with a cranked spherical mechanism.

A method for modeling the working processes in the
combustion chamber of the internal combustion engine
had been developed. The method includes description
of the preparation of a three-dimensional model of the
engine combustion chamber, putting of a finite elemen-
tal grid, the problem of boundary conditions [4].

A method for simulation of thermal processes in a
low power piston engine was developed [5]. Modern de-
sign packages were used for simulation of this process.

Diverse numerical simulations of the purge of the in-
take valve system of the piston engine system using a
new implicit modification of the method of large fre-
quencies were performed [6]. Recommendations for
improving the flow characteristics of the gas exchange
system of the classical engine were obtained.

However, in these works, there are no methods and
results of the study taking into account the kinematics of
an unconventional power mechanism of the engine with
varying compression ratio.

With the development of vehicle designs, the main-
tenance of a proper level of their operational reliability
remains relevant, especially in the case of trucks for the
mining industry.

Modern constructions of vehicles require certain con-
ditions for maintenance (technical service), which are
recommended by the manufacturer [7]. Trucks work on
difficult and mountainous road sections and on soft
grounds, therefore their high level of technical condition
requires adjusting modes and amounts (technical service).

Objectives of the article. The purpose of the work is
to simulate the process of driving an engine with an un-
conventional power mechanism and to improve the
maintenance system and auto service by adjusting the
modes of maintenance.

To reach this goal, the following tasks were set:

- to simulate the engine intake process, to determine
the total pressure loss in the engine intake system, taking
into account the kinematics of an unconventional power
mechanism;

- to develop an algorithm for adjusting the mainte-
nance of vehicles taking into account the factors which
influence the service life of their main parts;

- to evaluate the economic efficiency of the improve-
ment of the maintenance system and repair of vehicles.
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Refinement of the mathematical model of the engine
intake process. The engine model is made up of three
sub-models: intake system model, cylinder model and
exhaust system model. One of these sub-modules of the
engine is considered, namely, the model of the intake
system, which consists of an air cleaner, a throttle valve,
an inlet pipeline, a cylinder head, and an inlet valve.

Certain assumptions were made to compile the
mathematical model. The pressure before the inlet valve
is constant and equal to the average conditional pressure
in the inlet line. The heat regime of fresh charge is
steady. The temperature and charge density are con-
stant. The flow of gas in the inlet of the engine is consid-
ered constant. In the inlet pipe on partial loads of the
engine, the flow after the throttle valve is not restored.
The pressure before the inlet valve is equal to the gas
pressure in the inlet section of the throttle valve. It takes
into account the loss of pressure in the air cleaner, the
cylinder head and friction along the length of the pipe-
line. With a small pressure drop, the compressibility of
gas can be ignored.

Taking into account the assumptions, the scheme of
modeling of the engine intake system was compiled. The
difference between the calculation process from the actual
one is taken into account by the corresponding coefficients.

Engine intake system model. The calculation model
of the intake system of the engine is shown in Fig. 1.

In the proposed intake system, there are three sec-
tions: the cross section 0—0, with the air velocity taken
as equal to zero vy= 0, the pressure is equal to the atmo-
spheric p,, section 1—1 is taken before the inlet valve and
the section a—a is located at the end of the inlet.

The process of the inlet system is considered in the
following formulation: the parameters of the fresh
charge stream pp and 7 before the inlet valve are deter-
mined, taking into account the load ¢, and the speed of
the engine n.

Applying the equation of mass conservation, the heat
exchange, the first law of thermodynamics and the state
equation of gas according to known flow parameters in
front of the inlet valve, the thermodynamic parameters
and mass of the mixture in the engine cylinder have been
determined.
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Fig. 1. Design model of the intake system of the engine:

1 — intake pipeline; 2 — throttle valve; 3 — intake valve;
4 — cylinder; 5 — piston
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The calculation of the parameters of a fresh charge in
the inlet system is made according to known hydraulics
formulas.

Temperature of mixture in the inlet line. Using exper-
imental data, the temperatures of the mixture in the in-
let line [8], which are approximated for modern engines
depending on the speed and loading modes, depen-
dences of the temperature change of the mixture before
the intake valve were also obtained, taking into account
the speed and loading modes of the engine

., Tdr
Ty=Ty ;,,
B

>

where T, T4 is temperature of mixture (K) depend-
ing on the speed of the crankshaft » (min~') and the
opening angle of the throttle valve ¢,, (%), accordingly.

The temperature of the mixture from the frequency
of rotation 7 is

1
1600+n |
. ] : (1)

m :77—(77—t£')~(m
N

where 7 is the temperature of the mixture at nominal
mode of the engine, °C; ny is the nominal rotational
speed of the crankshaft, min~'; / is the exponent, & = 4.

The mixture temperature is
Ty =t +273.15.

The temperature of the mixture with depending on
the size of the opening of the throttle valve (%), is deter-
mined by the system of equations

1

n
1 =85-(85-1)f )[ﬁ)_doj when ¢, <ok, <100%
, )

k

W
tr _55—(55—t§).(%] when 0< g, <ok,
(\Ddr

where ¢ =25% is the intermediate angle of opening
of the throttle valve; h, = 3.5; h,= 2 is the exponent;

1y is the temperature of the mixture at ¢, °C;

k _d
p=1g ((Pf;r )
The temperature in K is

T =19 +273.15.

Lowering the temperature 7'z due to fuel evaporation
in the inlet pipeline is not taken into account.

Pressure of the mixture in the inlet line. Losses of
pressure at places 0—0 and 1—1 consist of losses from
hydraulic resistance along the length of the flow and
losses from local resistances.

Total pressure loss in the intake engine is

APB = Aptr + Apdr + Apno + Aprca

where Ap,., APy, AP, AP, are losses of pressure from
hydraulic resistance, respectively in the pipeline, throt-
tle, air cleaner and cylinder head, Pa.
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The friction pressure losses in the inlet pipe between
the throttle valve and the section 1—1 are calculated by
the Darcy formula [9]

/ V2

Aptr = }\‘in 'i'pln 'TBs
where 2, is the Darcy coefficient, which characterizes
the resistance of flow through the length of the inlet line;
lp is the length of the considered section of the flow in
the inlet line; dj is the internal diameter of the inlet line;
vy is the average per-section speed of the charge in the
inlet pipeline; p,, is pre-determined average charge den-
sity at the considered section of the inlet pipeline.

Depending on the size of the throttle opening ¢4 and
frequency of rotation #, the relative loading A is calcu-
lated by the formula

hy =1- 100-¢,, ’
100-¢,,,,

where m is the index of degree, which is determined by
the dependence

a
n —n
— max
m_(mmax_mmin)'(n J + Moin>
n

max — Mmi

where accepted m,,, = 4.5; my;, = 2.041; 1y = Ry
Nin = 0.25ny; a=4.5,
where ny; is the distinct frequency of rotation of the
crankshaft, min~'.

The value of the local resistance &g, which is the
function of the opening angle of the throttle valve, is de-
termined by the Weissbach formula [18]

2Ap,,
édr = Z bl
PoVp
where Ap,,is pressure loss in the throttle (from friction);
Ap 4= AP — APy — ADyips

where Ap, is discharging in the inlet pipeline, Pa. Pres-
sure loss in the air cleaner Ap,,. Pressure loss in the air
cleaner in partial modes is determined by the formula

V2

Apno =<tT’no 'pO '%’

where ,, is the coefficient of local resistance.
_20pl
T2

PoVion

g}’10

where ApY is pressure loss in the air cleaner at the nom-
inal mode [10]

Appy =(0.05...0.1)-Ap,,
where Ap,,is total resistance of the intake line at nominal

mode, Pa.
According to the data [10]

Apy=(11.5..20.4) - 10%,
where accepted Ap,, = 18 - 103 Pa.
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Based on the results of experimental studies of hy-
draulic resistance of elements of the intake system of
different internal combustion engine (ICE) [1-3], it was
adopted

Aprc = Aptrub'

As it was shown by the analysis of experimental stud-
ies [1—3] of hydraulic resistance of the elements of the
intake system of different ICE, the loss in local supports
in all cases are greater than frictional losses. In this case
of the partial pressure of the engine, where the loss of
pressure in the throttle valve is a very essential indicator.

Modeling the system of maintenance of trucks taking
into account the factors which affect the service life of
their main parts. The algorithms were developed in the
process of studying the service life of load-trucks of Vol-
vo brand names at the LLC “Zenal” LTD (Odesa,
Ukraine) [11] (Figs. 2 and 3).

Statistical analysis of the main parts of Volvo trucks
(LLC “Zenal” LTD, Odesa) [12] allowed:

- establishing the rational frequency of maintenance;

- summarizing the results of processing information
on the quality of parts, units, models of trucks of the
same type;

Vehicles

f

Diagnostics. Information
of environmental conditions

{

Investigation of technical state

Control process block

Correction of

of main parts of vehicle

{ {

Static Theoratical

{ {

Analysis of reasons of rejection

maintenance state

Performance

optimization

T

of main parts of automobile

f

Determining of the main reasons
of automobile rejection

{

Development of system of maintenance

of main parts of automobile

{

Optimal modes of maintenance

of main parts of automobile

f {

Prediction

Normalization

i {

Conclusions. Recommendations.

Acceptance of decisions.

Fig. 2. Algorithm of analysis of rejection of vehicles (by
the example of Volvo load-trucks)
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Analysis of vehicle construction

{
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{ |

Correction of mode of vehicle maintenance

Fig. 3. Algorithm of projection of rational modes of main-
tenance of vehicles (by the example of Volvo load-
trucks)

- comparing actual quality indicators with the pa-
rameters which are contained in the design documenta-
tion of the truck model;

- analyzing the economic expenditures of eliminat-
ing defects of trucks;

- finding out details, assembly parts and combined
parts, which limit the quality of trucks;

- determining the actual normalized quality indica-
tors of trucks and their main mechanisms, parts, nodes.

The algorithm of failure analysis by the example of
Volvo trucks during operation (Fig. 2) includes the fol-
lowing steps:

- collection, analysis of information on the refusal of
aggregates by their types;

- identification of the most unreliable nodes, parts,
and mechanisms;

- quantitative assessment of the reliability of nodes,
parts, and mechanisms.

An algorithm has been developed to establish ratio-
nal modes of maintenance and repair of vehicles (Fig. 3).
On the basis of the algorithm, the main and core opera-
tions are represented mainly, which appear most often
and have a great deal of complexity, determining traffic
safety, reliability and economy of the vehicle.
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Advantages of using Volvo’s adjusted truck schedule
of technical service include:

1. Reduction of unplanned down-time of road trains.

2. Increasing of the period of failure maintenance of
the auto enterprise.

3. Servicing of vehicles at branded service stations on
the basis of scheduled dates.

4. Projection of maintenance and repair costs.

5. Use of Volvo’s original spare parts.

6. Savings of funds of auto enterprise.

The results of the mathematical modeling of the engine
intake process. The change in the temperature of the
mixture of the inlet line before the inlet valve depending
on the rotational speed » according to the formula (1), is
shown in Fig. 4, depending on the size of the opening of
the throttle valve by the formula (2) — Fig. 5.

The engine intake system model is based on the
equations of pressure loss in the elements of the intake
system. Intake system parameters are used for further
calculations of compression, combustion, expansion
and release processes.

With the accuracy of calculations, this mathematical
model does not yield to known programs, but is much
simpler, less labor-consuming and requires less machine
time. The model makes it possible to evaluate the mea-
sures aimed at optimizing the design of the engine and
increasing its fuel efficiency.

The estimation of economic efficiency of improvement
of maintenance system and repair of automobiles. The
economic effect of improving the maintenance and re-
pair of Volvo trucks at the LLC “Zenal” LTD (Odesa)
project involves reducing operating costs per unit of per-
formed transport and increasing profits (Table).

As a result of improvement of the maintenance sys-
tem and repair of trucks, the technical and operational
parameters changed. In particular, the following items
increased: the total operational kilometers per year (by
505 thousand km); car-hours of work (by 8212 hours);
annual volume of transportations (by 5.9 thousand
tons); cargo turnover (by 1487 thousand t-km).

The calculation of the expected economic effect in-
volves further defining the deflection of the main per-
formance indicators, mainly: the need and the amount
of operating costs (total fuel costs, lubricants and
maintenance materials; wearing, tearing and repair of

automobile tires; maintenance and repair of vehicles)
are changing.

Conclusions.

1. The engines with different kinematics of the power
mechanism and the variable compression were ana-

ty °C
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n,min’I
0 1000 2000 3000 4000 5000 6000

Fig. 4. Dependence of the temperature of the mixture of t§
(°C) on the frequency of rotation n (min™"):

25
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Fig. 5. Dependence of the temperature of the mixture of
tgar (°C) on the opening angle of the throttle valve ¢,
(%):

*++ — experiment; — calculation

Table

Indicators characterizing economic efficiency of the improvement of the maintenance system and the repair of
trucks by the example of Volvo trucks at the LLC “Zenal” LTD (Odesa)

Description of indicators
. Conventional | before increasing | after increasing | Change of
Indicators signs the technical the technical | indicator by
readiness readiness %
coefficient coefficient
1. Annual volume of transportation, ton 145 876 151 824 4.08
2. Annual turnover, thousand ton-km 36 469 37956 4.08
2. Total operational kilometers of trucks per year, km Lgen 4545619 5050 688 11.11
3. Automobiles-hours of work of trucks, hours Ahw 73913 82 125 11.11
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lyzed. On the basis of the analysis of the modeling of gas
exchange processes, it is shown that methods for model-
ing the refractory engine inlet process taking into ac-
count its kinematics is absent at present time.

2. Dependences of temperature change before the
inlet valve were obtained. The total pressure loss in the
inlet system of the engine is determined by taking into
account the kinematics of an unconventional power
mechanism. The obtained model allows estimating
measures aimed at optimization of engine designs and
increase in its fuel efficiency.

3. The algorithms of analysis of automobile failures
and the determination of rational modes of motor vehi-
cles have been developed (by the example of Volvo load-
trucks). An improved system of maintenance and repair
by adjusting the periodicity of technical influences by an
example of Volvo trucks takes into account the factors
that affect the life of the main parts.

4. The economic effect of improving the system of
maintenance and repair of Volvo trucks at LLC “Zenal”
LTD (Odesa) is the increase in the annual volume of
transportation by 4 % and the total operational kilome-
ters of trucks by 11 % per year.
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Meta. MopentoBaHHSI MPOLECY BIYCKY JBUTYHA 3
HETpaAuLIiiHUM CUJIOBUM MEXaHi3MOM i yIOCKOHa-
JIEHHSI CUCTEMU TeXHiuHoro oocayroByBaHHs (TO) i
PEMOHTY aBTOMOO1JIiB IIISIXOM KOPUTYBAHHSI PEXUMIB
TO.

Metomuka. [lpu MopenoBaHHI MpOLECY BITYCKY
OEH3MHOBOIO JBUTYHA BUKOPUCTAHI TEOPETUYHI MTOJI0-
KEHHS, 1o 0a3yloTbcsd Ha (pyHIAMEHTaJIbHIN Teopil
TEeIJIOBUX NBUTYHIB, TEPMOAWHAMiKU ¢ TigpaBlliKu.
PobGora 6e3maTyHHOro ABUryHa AOCIIXKYBaiacs 3 BU-
KOPHUCTAaHHSAM PO3PaxXyHKOBO-TCOPETUYHUX METOMIIB
nociimkeHHs1. ExkcriepuMeHTabHI JOCTIIXKEHHS 3Mi-
HU pecypcy BaHTaKHUX aBTOMOOIJIB y Tpolieci eKc-
IUTyaTallii TpOBOAMJIMCH i3 3aCTOCYBaHHSIM iMiTalliii-
HOTO YMCEIBbHOTO MOJAEIIOBAHHS Ta JOPOXHIX BUIIPO-
OyBaHb Ha aBTOMINMPUEMCTBI. BukopucTtaHi meTonu
Teopil IMOBIPHOCTI 11 MaTeMaTUYHOI CTATUCTUKH, TE€O-
pii HagiAHOCTI.

Pe3syabraTu. MatematruyHa Mofeb Mpolecy BIyC-
Ky OBUTYHA 3 HETPAOWUILITHUM CUJIOBUM MEXaHi3MOM
TTO3BOJISIE OIIIHIOBATH 3aXOM, IIIO HAIIpaBJIcHi Ha OIITH -
Mi3allilo KOHCTPYKLil ABUTYHA Ta ITiIBUILIEHHSI MOro
najJuBHOI eKOHOMiIYHOCTI. BoHa mpocriilia, MeHII Tpy-
JIOMICTKa ¥ BMMAara€ MEHIIIOTO MAaIllMHHOTO 4Yacy I
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pO3paxyHKiB y MOPIBHSIHHI 31 CTaHIAPTHUMU MOMECISI-
mu. Po3po0breHi aaroputMu aHamizy BiIMOB BaHTaX-
HUX aBTOMOO1IIB i BUBHAYEHHSI palliOHAJIbHUX PEXXUMIB
TO (na nmpuknani aBTomo6iniB Mmapku Volvo). EkoHo-
MiYHU eeKT Bil HOBOBBEIEHD Mepe10avyae 3HUKEHHS
eKCIUTyaTaliiiHUX BUTpaT Ha OJUHUII0 BUKOHAHOI
TPAHCIIOPTHOI POOOTU Ta 30iJIbILIEHHS IPUOYTKY.

HaykoBa HoBU3HA. YTOUHEHA MaTeMaTUYHa MOJIETh
poOOYOro MKIY IBUTYHA B YACTHHI pO3poOKU Moaei
BITYCKHOI CHCTEMM, SIKa BPaXOBY€ KiHEMaTHKY IBUTYHA
Ta 3MiHHUI CTYMiHb CTUCKAHHS, 110 MiABUIIYE HOTO
MaJJMBHY eKOHOMiuHicTh Ha 10 %.

IIpakTuuna 3Haummictb. Po3pobneni 3axomu 3
KOHTPOJIIO 3a TeXHIYHMM CTaHOM OCHOBHHUX YaCTHH
BaHTaXXHUX aBTOMOOLIIB 1 1X 00CIyrOBYBaHHIO 3 ypaxy-
BaHHSIM (PAKTUYHOIO CTaHYy IO3BOJWIM TiABUIIATA
MMOBIpHICTb MPOrHO3YBaHHS HECITPABHOCTEI aBTOMO-
6iniB Ha 10 %. BukopucTaHHsI JaHUX 3aXOMdiB ITiABU-
1Y€ piBEHb TEXHIYHOTO CTaHY aBTOMOOIIiB ripHUYOI0-
OyBHOI rayysi.

KimouoBi ciioBa: 6e3uwamynnuii 0gueyH, 6nyckHa cuc-
mema, pobouull Yuka, mexHiune 00CAy208Y8aHHs ABMO-
Mobinie

MaremaTuueckoe MojeJHPOBaHNE PaboYero
npouecca ABUraTe/isi ¥ MyTH MOBbINICHUS
pecypca aBTOMOOMJIei

T. H. Koaecnuxosa’, O. I1. Caxno', A. B. JIvicouir?,
H. A. Beavmaeuna’

1 — l'ocynapcTBeHHOE BbIciliee yueOHoe 3aBeneHue ,,I1pu-
JTHETPOBCKasl TOCYIapCTBEHHAs aKaleMUsl CTPOUTEIbCTBA U
apxutekTypbl“, T. JHernp, YkpauHa, e-mail: tnk1403@ukr.
net; sakno-olga@ukr.net; velmagina@yandex.ua

2 — Boennas axamemus, T. Ompmecca, YKpauHa, e-mail:
lenafox107@gmail.com

Hens. MonenrpoBanue nporecca BIycka JBUraTe-
JIsl C HETPAAULIMOHHBIM CHUJIOBBIM MEXaHU3MOM U yCO-
BEPILEHCTBOBAHUE CUCTEMbI TEXHUYECKOTO OOCITYXKU-
BaHus (TO) u peMoHTa aBTOMOOWIEH MyTeM KOpPpeEK-
TupoBaHus pexxumosn TO.

Metoauka. [Tpu MoxenrpoBaHUM MTpoLIecca BIycKa
OCH3MHOBOTO NIBUTATEJISI WCITOJb30BAaHBI TEOpPETUYE-
CKUE TIOJIOXKEHUST, OCHOBaHHbIC Ha (hyHIaMEHTaIbHOMN
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TEOPUHU TEIUTOBBIX ABUTATENICH, TEPMOIMHAMUKYI U TH-
npaBiuku. PaGoTa GeciiaTyHHOTO ABUTATENS UCCIEN0-
BaJlach C MCITOJb30BAaHMEM PACYCTHO-TEOPETUICCKUX
METOIOB MCCIeI0BaHUsI. DKCIIepUMEHTAIbHBIC UCCIIe-
TIOBaHUS U3MEHEHMS pecypca Ipy30BbIX aBTOMOOMIICH
B Ipoliecce dKCIuTyaTalluu MPOBOIUINCH C MIPUMEHE-
HUEM UMUTAIlMOHHOTO YUCJIEHHOI'O MOJIEJIMPOBAaHUS U
JIOPOXHBIX MCITBITAHWI Ha aBTONpeanpusaTuu. Mc-
MOJIb30BaHbl METOJbI TEOPUU BEPOSITHOCTU U MaTeMa-
TUYECKOI CTAaTUCTUKU, TEOPUU HAIEXKHOCTH.

PesyabraTtel. MaTemaTuueckasi Mojesib Mmpolecca
BIIyCKa IBUTATEJISI ¢ HETPATUIIMOHHBIM CHJIOBBIM Me-
XaHU3MOM ITO3BOJISIET OIICHMBATh MEPhI, HAIIPABJICH-
HBIC Ha ONITUMM3AIINI0 KOHCTPYKIIUK IBUTATEIST U TI0-
BBILIICHUSI €T0 TOTUIMBHOM 3KOHOMMYHOCTH. OHa po-
e, MeHee TpyloeMKa U TpeOyeT MEeHbIIero MalluH-
HOTO BPEMEHHU JJISI pacYeTOB MO CPAaBHEHMIO CO CTaH-
MAapTHBIMU MofeasiMU. Pa3paboTaHbl alropuTMbl aHa-
JIN3a OTKA30B I'PY30BbIX aBTOMOOWJIEH U OIpeaeeHus
palmoHaabHBIX pexkuMoB TO (Ha mpuMepe aBTOMOOU -
Jieit Mapku Volvo). DkoHoMuueckuit a(pdeKT oT HOBO-
BBEJEHUI TTpeaycMaTprBaeT CHUXKEeHME IKCIUTyaTalu-
OHHBIX 3aTpaT Ha ¢AMHMUILY BBIITOJTHEHHOM TPaHCITOPT-
HOI1 pabOTHI 1 YBEJTMUCHIUE TIPUOBLIHN.

Hayunas HoBu3HA. YTOUHEeHA MaTeMaTHUIecKast MO-
IIeTb paboyvero IMUKJIa IBUTATENIST B YACTU Pa3pabOTKH
MOJEJIM BIIYCKHOM CUCTEMBI, YYUTHIBAIOIIECH KMHEMA-
TUKY ABUTATENIsI U TIEPEMEHHYIO CTEIIeHb CXKaTHSI, YTO
MOBBIIIAET €T0 TOIUIMBHYI0 3KOHOMUYHOCTh Ha 10 %.

IIpakTnyeckas 3HaummocTb. Pa3paboraHbl Mepo-
MPUSTUS TIO0 KOHTPOJIIO 32 TEXHUUYECKUM COCTOSIHUEM
OCHOBHBIX YacTeli TPy30BbIX aBTOMOOWJIE U UX 00CTTy-
SKMBAHMIO C YYETOM (PAKTUUECKOTO COCTOSTHUSI, KOTO-
pble MO3BOJMIN TTOBBICUTh BEPOSITHOCTh MPOTHO3UPO-
BaHUsSI HEUCIIpaBHOCTel aBTOMOOwMIei Ha 10 %. Uc-
MTOJIb30BaHNE Pa3pabOTaHHBIX MEPOIPUITUNA TTOBBI-
IIaeT YPOBEHb TEXHNIECKOTO COCTOSTHUSI aBTOMOOMIICHA
TOPHOJIOOBIBAIOLIEN OTPACIIH.

KimoueBble ciioBa: becutamyrHolii dgueamens, 6nycK-
Has cucmema, pado4uil YuKA, mexHu4eckoe 00CAyIcUsa-
Hue agmomobuieil

Pexomendosano 0o nybaikauii dokm. mexH. HAYK
B. I. 3apenbinum.  lama  HaoxoddxcenHs — pykKonucy
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