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DETERMINING THE EFFICIENT MANAGEMENT SYSTEM
FOR A SPECIALIZED TRANSPORT ENTERPRISE

Purpose. To identify the efficient management system for a specialized transport enterprise in terms of the varied demand ow-
ing to the parameter optimization and cost reduction.

Methodology. An approach to identify management system of the specialized transport enterprise has been proposed relying
upon the system analysis principles and upon the apparatus of queuing theory. Construction of the regression models involved
formalization of expenditures connected with order servicing, while a level of the parameter system effect on the estimated figure
was determined using regression analysis.

Findings. Analysis of the theoretical evidence has shown that despite the numerous developed approaches intended to improve
management systems for enterprises of different branches, which propose modern methods and models, it is required to develop
absolutely cost-effective and adaptive procedure to determine the efficient management system for a specialized transport enter-
prise. An approach determining such an efficient management system exemplified by a business unit of Illich Iron & Steel Works
PJSC (Mariupol) has been proposed. Its implementation anticipates two levels: in terms of service parameters, and in terms of
expenditures connected with order service of the enterprise. For the purpose, a mathematical model of such an order service system
has been developed. The model takes into consideration various probability factors (i.e. ordering moments, service period, and
others). Moreover, service costs have been formalized to identify optimum conditions. Values of the latter and influence parame-
ters have been applied to develop regression models in the power form with a nonzero coefficient. The models will help identify
online optimum service conditions and make managerial decisions concerning variation of the number of repair crews, vehicles,
and so on.

Originality. For the first time, the paper proposes an approach as for the determination of the efficient management system for
a specialized transport enterprise based upon a queuing theory taking into consideration a system analysis in the interaction be-
tween production enterprises and transport ones. Moreover, forecast models are developed concerning expenditures connected
with order service of mining and metallurgical companies depending upon the number of crews, service time variations and the
order quantities.

Practical value. The approach is the theoretical background to improve interaction between the specialized transport enter-
prises, and mining and metallurgical companies. The models may be used to develop efficient management system relying upon
determination of ratio number of repair crews and vehicles at a motor transport enterprise; in turn, that will help to reduce expen-

ditures connected with the resource use.

Keywords: management system, specialized transport enterprise, queuing theory, costs

Introduction. Service of the primary production of mining
and metallurgical enterprises needs the development of the ef-
fective system for activities of the specialized transport enter-
prises granting transport facilities as for delivery of repair crews
with equipment, repairing means, and spare parts. The above-
mentioned involves rapid response and fast arrival to a client.
Functional complexity of the system, its high dynamics and
probabilistic nature of its processes need a scientific approach
to solve the problems of efficient operation.

Early in the year of 2013, Ukrainian mining and metal-
lurgical complex involved almost 800 large and small enter-
prises and organizations, including 19 large smelting inte-
grated works and plants; 12 pipe factories; more than 20
hardware plants; and more than 100 scrap-recycling enter-
prises localized within four economic clusters. Efficient re-
source use and operative scheduling of the enterprises are of
significant economic effect. Thus, it is required to solve the
problems of operative planning of activities by specific vehi-
cles as the means providing delivery of repair crews for emer-
gency order service in terms of a specialized transport enter-
prise being a business unit of Illich Iron & Steel Works
PJSC (Mariupol).
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Literature review. Current state of the development of mo-
tor transport is characterized by a growing role of the special-
ized road vehicles since in the near future they will be prefer-
able for transportation in the context of different branches of
economy [1]. Like any other production enterprise, a carrier
operator, engaged in transportation within a logistic delivery
system, [2] should aspire to the increased amount of its prod-
uct, and to its sales [3] to improve their own financial and eco-
nomic, technological, and technical indices or to maintain
their high level [4]. It is important for logistic system to orga-
nize efficient transport service for mining and metallurgical
enterprises with the minimum costs and maximum implemen-
tation level of modern managerial decisions [5], IT [6], and
Industry 4.0 principles [7].

Since global dynamics of the external environment of enter-
prises continues its growth, it becomes more and more impor-
tant to maintain managerial systems for organizational flexibility
[8]. The authors propose collaboration-based managerial sys-
tems [9]; systems of quality evaluation and cost minimization
[10]; corporate structure systems [11]; feedback systems with
uncertainty consideration [12]; forecasting systems based upon
fuzzy neural model [13]; and information control systems [14].
The solutions are costly ones as for the system development and
its adaptation in the context of a relevant production complex.
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Current state of the development of methods and mathe-
matical apparata has resulted in the origination of the founda-
tions to solve new application problems whose practical utility
is evaluated with the help of a high production system in any
sphere of activities inclusive of mining production and metal-
lurgical one [15, 16]. Probable and fuzzy values as the elements
of mathematical statistics apparatus are the most popular
methods [17]. They are the methods making it possible to de-
scribe stochastic nature of a service market demand as well as a
system of interrelation between the system subjects. Many de-
cisions are based upon the queuing theory being a very useful
method to develop complex models with probabilistic param-
eters and cross ratios between certain elements of the system.
The method is also very helpful to determine the optimum
number of service channels with the appropriate demand lev-
els [18, 19].

Purpose is to identify the efficient managerial system for
specialized transport enterprises under the conditions of a
variable demand while optimizing parameters and reducing
costs.

Objectives of the study are:

- to develop a mathematical model of order service system
for the specialized transport enterprise while performing
emergency repairs at mining and metallurgical companies;

- to identify stages of solving the problem concerning the
development of the efficient management system for a special-
ized transport enterprise;

- to formulate analytical models for expenditures connect-
ed with service orders by mining and metallurgical companies
and to analyze the results.

Methods. A process of rendering services by the specialized
transport enterprise should involve a desire to minimize costs
at each stage involving the maximized productivity in terms of
compliance with time limits and cost reduction. The study
considers the specialized transport enterprise being a business
unit of [llich Iron & Steel Works PJISC (Mariupol), which pro-
vides scheduled maintenance as well as accident elimination in
the production area of mining and metallurgical companies.
The system of customer services is regarded in terms of the var-
ied demand for the accident order execution. That is why op-
erational planning of activities by the specialized vehicles and
repair crews will be considered from the viewpoint of a random
order inflow. According to a procedure of order execution, ap-
plications inflow randomly; thus, their execution time is a ran-
dom value (Fig. 1).

It is proposed to evaluate the system functioning with the
help of two levels: in terms of service parameters (K) and ex-
penditures connected with the enterprise order service (C,).

First, we consider level one of the order service system.
The level involves the parameters in terms of which the system
functioning is evaluated: ability of the system to execute each
of the orders; likelihood that all repair crews will participate in
new order execution; likelihood that during working hours the
crews will not be able to execute the order; likelihood that ex-
pectation period before the repair start will exceed average

—{ Inflow of application by a customer for a repair

The application processing by a dispatcher;
1
acceptance of it for execution
Selection of the specialized vehicle

1

with a repair crew and departure

Conducting repairs and issuance
1

of work acceptance reports

Fig. 1. Procedure of order service at an enterprise

time of the repair expectation; mathematical expectation of
the queue length; and the number of free repair crews.

The system of order service belongs to the queuing system:
a lossless system (i. e. the application will expect its service un-
til execution); inflow of applications to the system is a random
variable belonging to a simple inflow; order execution time is a
random variable. In this context, the following limitations are
involved [20]: the number of orders is not limited; application
inflow belongs to a simple one; and unilateral indicators of the
system evaluation are used.

Let us assume that the moments of application submission
is a random variable; thus, inflow of the orders is a random
one. Hence, the probability that accurate number m of the ap-
plication will be submitted during 7 time is [20]

yi— (Wt? -~
m!

where 7 is the average number of service orders per reasonable
time, u/h; ¢ is time, hours; m is the number of orders, units.

If m increases, then probability decreases rapidly in terms
of m > n - f since in terms of the equation, the denominator
starts undergoing its rise faster than the numerator.

Let us assume that repair time is a random value. Taking into
consideration the number of crews within the service system,
average time for one order execution is determined as follows

>\' ="
v

where v is the number of orders which may be executed by all
the crews, units; # is the number of crews within the service
system, units.

A distribution law parameter is identified taking into con-
sideration the fact that the time follows the distribution law
indicator

Y= x
Capability of the system to execute all the orders is deter-
mined with the help of the inequation

HZn.
Y

If the number of repair crews within the system is less than
the ratio, then the queue will increase constantly. As a result,
either the system balance will take place demonstrating itself as
a refusal from following orders to restore or stability or its
complete failure. If the number of the repair crews far exceeds
the ratio (more than per a system), it can be considered as that
being underloaded (i. e. its potential is not used completely).

The dependence makes it possible to define such a failure
probability as well as potential probability to improve its effi-
ciency.

The following formula determines the probability that at
the moment of a new order receipt for repair or accident pre-
vention all the crews are involved

n
-—"1% [“j ,
(nfl)!'(nyfn) Y
where p, is the probability that all the crews are not involved at

the moment of a new order receipt. It is identified taking into
consideration the additional transition parameter

1

Bals) et (3]

where k is the additional transition parameter.

Dy =

s
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The probability that during a shift the crew will not be able
to respond to the order obtained early is

PP)=Q-e7,

where [ is expectation time for the service start.

The index helps to evaluate the share of orders execution of
which will start after the determined period. To do that, it is re-
quired to apply a dependence determining the number of orders
still expecting to be completed after the certain period has finished

m(z) = P(B) - m.

The index helps to consider customer complaints as well as
violation of contractual relationship.

Average time for repair expectation depends upon the pre-
viously determined values

Q
n-y-m

T=

The index describes average time for repair expectation.
Depending on regulatory data, it can also be used to evaluate
quality of the system functioning.

The probability that expectation time for repair start will
exceed average expectation time for the repair is

PR>0)=Q-e®

Moreover, it is possible to identify the probability that the
repair will start no longer after 7'

PB<NH=1-PQP>1).

Mathematical expectation of a queue length is

Py n

2 b
e

where p, is the probability that the number of orders will be
less than the number of crews

1 n
pn:'.m -
n! \y

Actually, the probability demonstrates the average number
of orders which will wait for execution in terms of constant
laws of a random value distribution.

The average number of noninvolved crews is

Consideration of the determined index within the model
makes it possible to assume that it is expedient to rationalize
the number of crews to improve the system efficiency.

The identified approach becomes a basis to form schemat-
ic representation of stages to solve the problem concerning the
development of the efficient managerial system for the special-
ized motor transport enterprise to service customers while per-
forming both preventive and emergency repairs under the con-
ditions of variable demand (Fig. 2). Stage one evaluates the
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Fig. 2. Stages to solve the problem concerning the development of efficient management system for the specialized motor transport enterprise

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2020, N2 4 187



total probability of a long queue. If so, then the system either
becomes unstable or refuses from the application.

Stage two analyzes possibilities of the crew involvement
or noninvolvement at the moment when a repair order is ob-
tained. If probability one is rather good, then there is a
chance to increase the number of the crews. If probability
two is rather good, then it is necessary to decrease the num-
ber of the crews. The probability that during a working day a
crew will not be able to execute repair order is evaluated as
follows. If the number of orders which execution improba-
bility is great (i.e. more than 15 %), then the system should
be modified. If the number is small (i.e. less than 5 %), then
the system can be considered as a stable one in terms of the
parameter.

Stage three analyzes average time of an order execution.
Preliminary analysis of a probability for an object to be under
repair during 7* time is carried out; time for a crew delivery is
recorded. Difference in the crew delivery process and maxi-
mum expectation time is responsible for a maximum index
value exceeding of which is indicative of the irrationality of the
developed service system. Comparison of the limited index
value with its actual value makes it possible to substantiate the
following improvement of the order service system. Probability
of the average expectation time for execution exceed is the ad-
ditional index used to supplement the previous one. It helps to
analyze the order share which will not be processed during the
average expectation time.

The final stage four analyzes a queue taking into consider-
ation its length. A long queue affects very negatively the system
efficiency indices. Length of the queue speaks for the necessity
to improve either the system structure or the repair operation
schedule. If all the indices (or some of them) do not compile
with the requirements of the service system, then their im-
provement possibilities are analyzed. To do that, certain indi-
ces are recorded; then, the system parameters, in terms of
which the indices may achieve relevant efficiency level, are
determined inversely.

Hence, determination of the efficient order service system
at stage one can be represented in the form of the function

K=f(py, Q, PB), T, PB>1), PB<H, M, P, R).

Let us calculate values of the function parameters for the
identified conditions of the system functioning (Table 1) de-
termined on the basis of the statistic data of the international
vertically integrated group of steel and mining companies
Metinvest, transportation unit of Illich Iron & Steel Works
PJSC (Mariupol).

Assume that a shift lasts 9 hours a day. Assume the number
of orders and execution time as the average ones. The number

Table 1
Values of influencing parameters
Level of variation
Parameter
Minimum | Average | Maximum

Number of crews, units 2 3 4
One order execution, hours 0.5 5.75 12
Number of applications 1 2.5 6
inflowing the system, units

of crews within the service system is 4. Determine analytical
parameters of the system relying upon the obtained data (Ta-
ble 2). The modeling involved the development of a program
code within MS Visual Studio environment using program-
ming language C#.

Resulting from the system analysis with a parameter with
two crews, for instance, it is possible to conclude that the
number of crews in two units will be less than the required one
taking into consideration the specified input application in-
flow. In this context, the application flow needs a greater num-
ber of them. High probability of the fact that the crews are in-
volved constantly and the queue is longer to compare with
one-half of the orders is the specific negative feature of such a
system (Fig. 3). The graph explains that if there are four crews,
loss by the nonexecuted order is the least.

Then evaluate efficiency of the system functioning while
determining the costs to service orders by an enterprise (C,)
taking into consideration the expenditures connected with: re-
pair; crew delivery to destination point and back; operation of
vehicles of the specialized transport enterprise; preventive ac-
tivities; and dead time of the repair crews during a work expec-
tation period.

5
C,=>Cn.
pa

Expenditures, connected with repairs, take into consider-

ation the time for order execution #,,, and the job costs S,

Ci=ty, S, n-(1+Q).

Expenditures, connected with the delivery of a repair
crews to the destination point and back, are determined using
the delivery time 7, and its costs S,

Cz = ld . Sd - n.

Expenditures, connected with the operation of the special-
ized transport enterprise vehicles, are determined as follows

Table 2
Calculation results concerning functioning indices of a system for customer service
The index value
Functioning index of the service system Number of crews, units Boundary

2 3 4 value
1 | Probability that all crews will be noninvolved when a new application is available 0.14 0.18 0.21 —
2 | Probability that all crews will be involved when a new application is available 0.84 0.20 0.08 <0.25
3 | Probability that the application, submitted at the beginning of the working day, will not be executed 0.11 0.03 | 0.002 <0.05
4 | Average time of the repair expectation, hours 0.84 0.17 0.02 —
5 | Probability that actual expectation period of the order execution will exceed the average one 0.36 0.16 0.04 <0.20
6 | Probability that the execution will start no later than in a day 0.64 0.84 0.98 -
7 | Probability that the number of orders will be less than the number of crews 0.15 0.10 0.03 —
8 | Mathematical expectation of a queue length, units 1.8 0.2 0.01 <1
9 | Average number of the noninvolved crews, units 0.21 0.74 0.9 -
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Index value

3

2 Wn=4
mn=3
W=

1 n=2

0 -

1 5 3 4 c ¢ - 8 5 Index number
Fig. 3. Graph of the dependence of indices of service system
functioning upon the number of working crews

C3:(tpp+td+te) 'Se' a,

where 7, is the expectation time; S, is the operation costs of the
vehicles, and a is the number of automobiles.

Expenditures, connected with the preventive activities,
take into consideration time, spent for them #,,, their costs S,
and execution level of the total order amount R,

Ci=t,,- Sy n- Ry - (1+Q).

Expenditures, connected with the crew dead time in the
expectation of working activities, are calculated on the basis of
the delay costs S,

Cs=T-S,,n-R.

Hence, determination of the efficient system for order ser-
vice at level two can be represented in the form of the function

Cr :f(tEs SE, R7 Q, }’l, (1, T]),
where

Iy = {tpp; 14 1o T’ tpw};

SE = {Spp; Sda Se; Spw; Sew}'

The output influence parameter data was determined for
the function calculation. Two parameters were selected to de-
velop three plans of the experiments (they correspond to the
number of the working crews) (Table 2): time to execute one
order; and the number of orders (Table 1). Nine series of the
experiments will be carried out for two parameters and three
levels. The number of vehicles corresponds to the crew num-
ber value. Table 3 shows mathematical expectations of the pa-
rameter values.

Table 3
Parameter values to identify costs
Parameters Values

Delivery time, hours 0.5
Expectation time, hours 0.84
Time for the preventive activities, hours 0.4
Performance level of the preventive activities 0.3
Cost of the repair activities, UAH/hour 480
Cost of the working crew delivery to destination point 180
and back, UAH/hour

Operation cost of the vehicles, UAH/hour 280
Cost of the preventive activities, UAH/hour 120
Cost of the repair crew dead time, UAH/hour 170

Cost, UAH

200000

170000

140000

110000 En=2

80000

50000

20000 -

-10000

1 2 3 4 5 6 7 8 9

Series of the experiment

Fig. 4. Graph of the dependence of execution of orders by an
enterprise upon the combination of input parameter values
in terms of each experiment series

Table 4
The results of power-function regression model determination

The number of repair crews, units Regression model

_ 82 .40.79
2 C,=e"1,"m
3 C. = e82.4083,
r op n
4 C, =es2 _t%s m

The carried-out two-factor experiment helped to deter-
mine the costs to execute enterprise orders (Fig. 4). Values of
the estimated figure were calculated basing upon the deter-
mined minimum, average, and maximum influence parameter
points in terms of the crew number variation from two to four.
Minimum service costs were obtained when four repair crews
were involved and minimum influence parameter values at the
expense of expectation time savings.

Let us carry out regression analysis to analyze the effect of
influence parameters on the costs [14]. The models were de-
veloped with the help of MS Excel having the embedded pro-
gram to calculate linear regression and power function with
nonzero coefficient. Analysis of the results helped to identify a
power-form regression model with a nonzero coefficient where
each index points to the degree of the relevant factor influence
on the resultative factor. It has been defined that the model is
the most adequate one since the values of the R-squared index
are near-one being equal to 0.99. Moreover, coefficient values
of the regression model were also examined in terms of values
of a standard error, -statistics, P-value, low value, and high
value. The models take into consideration the indices of exe-
cution time per one order and the number of the orders since
they exert the influence on the result (Table 4).

The developed models are applicable to identify the pro-
jected cost values to execute orders by vehicles of mining and
metallurgical companies depending upon the number of repair
crews and taking into consideration certain changes in the ser-
vice time and the number of orders.

Conclusions. The analysis of the developments has demon-
strated that despite numerous available approaches to improve
the system of enterprise managements, proposing modern
methods and models, it is required to develop cost-effective
and adaptive methods aimed at the identification of the effi-
cient management system for the specialized transport enter-
prise. The approach considers the represented system as a mul-
tichannel queue system with expectation and lock-free queue.
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The developed mathematical model to service orders by
the specialized transport enterprise exemplified by a business
unit of Illich Iron & Steel Works PJSC (Mariupol) while exe-
cuting emergency repair activities at the enterprise makes it
possible to involve various probability factors (i.e. moments of
application inflow, service time, and others).

Certain stages concerning solving the problem to develop
the efficient management system for the specialized transport
enterprise have been defined. Implementation of the stages
will help to make managerial decisions as for the variation in
the number of repair crews, vehicles and so on. The proposed
approach was applied to develop a program code within MS
Visual Studio environment using programming language C#
for determination of the optimum parameters for the special-
ized transport enterprise management. The abovementioned
helped to identify the conditions under which it is efficient to
use the enterprise resources for order service.

Analytical models to define expenditures, connected with
service orders by mining and metallurgical companies, have
been developed. The modeling results helped to identify the
values of each expenditure item as well as the parameter influ-
ence on the estimated figure in the form of a power function.
In future, the regression models will make it possible to evalu-
ate the potential of the specialized transport enterprise exem-
plified by a business unit of Illich Iron & Steel Works
PJSC (Mariupol) and to make operative decisions for the ef-
ficient performance of the main production units in the system
of other enterprises of mining and metallurgical branch.
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Merta. BuzHaunTu e(heKTUBHY CUCTEMY YIIPaBJIiHHSI CIie-
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BYBaHHSI, 3alPOIOHOBAHO MiAXi 1IOJ0 BU3HAYEHHS edek-
TUBHOI CUCTEMHU YIIPaBIiHHS CIelliali3oBaHUM TPAHCIIOPT-
HUM mianpuemcTtBoM. st moOynu perpeciiHux Mopenei
¢dopmasizoBaHi BUTpaTH Ha OOCTYrOBYBaHHS 3aMOBJICHbD Ta,
3a JOIOMOIOI0 perpeciiHoOro aHajizy, BCTAHOBJICHO PiBEHb
BIUIMBY TlapaMeTpiB CUCTEMM Ha OLIHOYHMIT MOKA3HUK.

PesynbraTtu. AHasti3 TeOpeTUYHUX PO3POOOK MOKA3aB, 1110,
He 3BaXalouud Ha BEJIMKY KiJIbKICTh pO3pOOJEHUX MiIXOIiB
1IOJI0 BIOCKOHAJIEHHSI CUCTEM YIPABJiHHS MiIIPUEMCTBAMU
Pi3HUX rajy3eit, B SKUX IPOITOHYIOThCS Cy4acHi METOIU Ta MO-
JieJti, HEOOXiIHO PO3POOUTU CaMe HEBUTPATHY Ta alalTHUBHY
METOIMKY BU3HAYEHHS e(heKTUBHOI CUCTEMM YITPaBJIiHHS CIie-
1iaJ1i30BaHUM TPAHCIIOPTHUM ITiATIPUEMCTBOM. 3aITPOITOHOBA-
HO TIi/IXiJ BU3HAYEHHS TaKoi cucteMu Ha nipukiazi [TpuBaTHo-
ro AkuioHepHoro ToBapucTBa «MapiyrnosbCbKUil MeTaTypriii-
HUI KOMOIHAT iMeHi Ditivya», Ha JBOX piBHSIX: 3a MapaMeTpamMu
00CITyrOBYBaHHS I BUTpaTaMU Ha OOCITYyTOBYBaHHST 3aMOBJIEHb
mignpuemMcta. s Iboro po3podjieHa MaTeMaTUYHa MOZIE/b
CHCTeMU 00CITyTOBYBaHHSI 3aMOBJIEHb, 1110 BPAXOBYE Pi3Hi IMO-
BipHiCHi (hakTOopu (MOMEHTM HAIXOMKEHHSI 3aMOBJIEHb, Yac
o0cJTyroByBaHHSI Ta iHIii). Takox ¢opmaltizoBaHi BUTpaTh Ha
00CITyroByBaHHsI, 32 SIKKNMU BU3HAYAIOThCSl ONITUMAJbHI YMO-
BM, Ta Ha OCHOBI iX 3HA4YeHb i MapaMeTpiB BIUIMBY OTpUMaHi
perpeciiiHi Mozesti y cTyreHeBiil (opMi 3 HEHYJIbOBUM Koedi-
ientom. [1oOGynoBaHi MojieJi 103BOJISIT B ONIEPATUBHOMY pe-
JKMMIi BU3HAYaTH ONTUMAJIbHI YMOBH OOCYrOBYBaHHS Ta Mpu-
MaTu yIpaBIiHCBKi PillleHHs] 1IOA0 BapilOBaHHS KiJTbKOCTI
PEMOHTHMX OpHraj, KiJIbKOCTi aBTOMOOIJIiB TOLIO.

HaykoBa HoBu3HA. Y po0OTi Brepile 3alpoONOHOBAHO
MiAXin 111010 BU3HAYEeHHS e(heKTUBHOI CUCTEMU YITpaBIIiHHS
creliasizoBaHUM TPAHCIIOPTHUM ITiAMPUEMCTBOM Ha OCHOBI
Teopii MacoBOro OOCIIyTOBYBAaHHSI, 3 YPaxyBaHHSIM CHUCTEM-
HOTO IMiAX0AY Y B3a€MO/Iii BAPOOHUUMX i TPAHCTOPTHUX Mil-
npueMcTB. Takox modynoBaHi MPOrHO3Hi MOJie/i BUSHAUYEH-
HSI BUTPAT Ha OOCIyTOBYBaHHSI 3aMOBJIEHb TipHUYO-BHUIO-
OYBHMX i METaJIypriliHUX KOMIIaHill y 3aJIeXKHOCTi Bill Kijib-
KOCTi OpuTa, 4acy 00CIyroByBaHHSI Ta YMCJIA 3aMOBJIEHbD.

IpakTyna 3uaunmicTb. Po3poOieHuii minxin € Teopetuy-
HOIO OCHOBOIO JIJ151 BIOCKOHAJIEHHSI B3aEMO/Ii1 CTIeliali30BaHUX
TPAHCIOPTHUX MiAMPUEMCTB i TiPHUUOJOOYBHUX Ta METaTyp-
riiHux komnaxiii. Ha ocHOBI oTprMaHux Moeneit MoXxHa 1mo-
OynyBaTu e(EeKTUBHY CUCTEMY YIIPaBJiHHS Ha OCHOBi BU3HA-
YEeHHSI palliOHATIbHOI KiJIbKOCTi pEeMOHTHUX OpUraj i aBTOMOOi-
JIiB HA aBTOTPAHCITIOPTHOMY TMiATIPUEMCTBI, 1110, Y CBOIO Yepry,
JIO3BOJIMTH 3MEHIIINTH BUTPATU HA EKCILTyaTallilo pecypciB.

KmrouoBi ciaoBa: cucmema ynpaeéninns, cheyianizosate
mpancnopmHe niONPUEMCME0, Mmeopis Maco8oeo 00Cay208Y8aH-
HA, eumpamu
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Heab. Onpenennutb 3GHEKTUBHYIO CUCTEMY YITPABIECHUS
CIIeIIMaTN3UPOBAHHBIM TPAHCTIOPTHBIM MPEATPUITHEM B YC-
JIOBUSIX MI3MEHSIIOIIETocsT CIIpoca 3a CUeT ONTUMU3AlUK T1a-
paMeTpoB M YMEHBIIICHUS 3aTpar.

Mertoauka. Vcromb3yst TPUHIIMITEI CUCTEMHOTO TTOIXO0-
Jla ¥ OTIMPAasiCh Ha armapaT TCOPMU MacCOBOTO OOCITyX1Ba-
HWSI, TIPeUTOXKEH ITOAXOA K ompenesieHnio 3G deKTUBHOM
CHCTEMBbI YIpaBJICHUS CIEUUATIN3UPOBAHHBIM TPAHCITOPT-
HBIM TpeanpusiTieM. 1151 TOCTPOSHUST perpeCCUOHHBIX MO-
neneit opMalin30BaHbI 3aTPAThl HA 00CTYKMBaHKUE 3aKa30B
1, C TIOMOIIBIO PErPECCHUOHHOTO aHaIn3a, ONpeesieH ypo-
BEHb BIMSHUS MTapaMeTPOB CUCTEMbI Ha OLICHOYHBII TTOKa-
3aTeb.

Pe3yabraThl. AHaIU3 TEOPETMYECKUX Pa3pabOTOK MO-
KazaJ, YTO, HeCMOTPsI Ha OOJIbIITIOe KOJWYECTBO pa3pado-
TaHHBIX ITOJXOA0B IO COBEPILICHCTBOBAHUIO CUCTEM YIIpaB-
JIEHUS TIPEANPUATUSIMU PAa3TUIHBIX OTpaciieil, B KOTOPBIX
MpeaaaraloTcsl COBpeMEHHbIE METOAbl M MOJIEJIM, HE0OX0-
IUMO pa3paboTaTh UMEHHO He3aTpaTHYI0 U adalTUBHYIO
METOIUKY onpenesieHus: 3¢ GEKTUBHOI CUCTeMBbI YITpaBiie-
HUS CIICLIUAJU3UPOBAHHBIM TPAHCIIOPTHBIM TIPEATIPUSTH -
eM. IlpennoxeH moaxoa omnpeneaeHusl TAKOW CUCTEMbI Ha
npumepe YactHoro AxkumoHepHoro OOmiectBa «Mapuy-
MOJIbCKU I METALTypruyeckKuii KoMOUHAT UMeHU Mnbuyar,
Ha IBYX YPOBHSX: TI0 TTapaMeTpaM OOCTY>KUBaHUS U 3aTpa-
TaM Ha oOCJyXMBaHUE 3aKa30B Ipennpusitus. s aToro
pa3paboTaHa MaTeMaTU4YeCKask MOIEIb CUCTEMBI OOCITYXKM -
BaHMSI 3aKa30B, KOTOpasl YYMTHIBAET Pa3lUUHbIE BEpOST-
HOCTHBIE (PaKTOPHI (MOMEHTHI ITOCTYIIJICHUS 3aKa30B, Bpe-
Ms1 o0cykuBaHus u npyrue). Takxke (popMain3oBaHbI 3a-
TpaThl Ha OOCITy>KMBaHUE, IO KOTOPHIM OIPEICISIOTCS OTI-
TUMaJIbHbIE YCIOBHUS, U HA OCHOBE UX 3HAUCHMI 1 Iapame-
TPOB BO3ICHCTBUS ITOJYUYEHBI PErPECCUOHHBIC MOMICIN B
CTeIreHHOoM (opMe ¢ HeHysieBbIM Koa(pduuneHToM. Ilo-
CTPOCHHBIC MOMEIW TIO3BOJISIT B OIEPATUBHOM PEXKHUME
OIPENESATh ONTUMAJIbHbIE YCIOBUS OOCTYKMBAHUS U TIPU-
HUMAaTh YIIpaBJIcHYECKUE pEIIeHUs IIPU BapbUpPOBAHUU
KOJIMYECTBAa PEMOHTHBIX OpuUraja, KOoJuM4yecTBa aBTOMOOU-
JIEW U 1p.

Hayunas noBu3na. B paGoTe BriepBble MpenioxeH MoaXo/1
K onpeneiaeHu0 3(PHEeKTUBHON CUCTEMBI YIIPaBIECHUS CTIe-
LMAJTM3UPOBAaHHBIM TPAHCIIOPTHBIM TPEINPUSITUEM Ha OC-
HOBE TCOPUM MaCCOBOTO OOCTYXXMBAHUSI, C YIETOM CUCTEM-
HOTO TIOIXOIa BO B3aMMOIEWCTBUU TIPOM3BOIACTBEHHBIX W
TPAHCIOPTHBIX MpeanpusThii. Takke MOCTPOCHBI MPOrHO3-
HbIE MOJIEJTU OTIpeNeJICHHsI 3aTpaT Ha 00CTYKMBaHUE 3asIBOK
TOPHOIOOBIBAIOIINX M METAJLTYPTUYECKUX KOMITAHUIA B 3aBH -
CUMOCTHU OT KOJIMYECTBA OpUTal, BpeMEHU OOCITYy>KUBAHUS U
Yyuciia 3aKa3oB.

IIpakTuyeckas 3HAYMMOCTb. Pa3paboTaHHBIN MOIXOJ SIB-
JISIETCSI TEOPETUYECKOM OCHOBOM Ui COBEPILICHCTBOBAHUS
B3aUMOJICMCTBUSI  CITEIMATU3UPOBAHHBIX  TPAHCITOPTHBIX
MPEaNpPUsATUIA U TOPHOOOOBIBAIOIINX U METALTYPTrUUECKUX
KommaHuit. [ToydeHHBIE MOIEIN TTO3BOJISAT TIOCTPOUTH D~
(beKTUBHYIO CHUCTEMY YIIpaBJAeHMSI Ha OCHOBE OIpeAc/eHUS
paIMOHAIIBHOTO KOJIMYEeCTBA PEMOHTHBIX OpUTan U aBTOMO-
Oujaeil Ha aBTOTPAHCIIOPTHOM TMPEATNPUSITUU, YTO, B CBOIO
ouepelb, YMEHBIIUT 3aTPaThl HA AKCIUTyaTalluio PECYPCOB.

KiroueBbie cioBa: cucmema ynpaenenus, cneyuaiuzupo-
6aHHOE MPAHCHOPMHOE NPeOnpusmue, meopusi Macco8ozo 00-
CAYICUBAHUS, 3AMPAMbL.
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