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IMPROVEMENT OF A SYSTEM CONTROLLING A PROCESS
OF RAILCARS UNLOADING IN THE CONTEXT OF CHANGES
IN TEMPERATURE MODE WHILE OPERATING

Context. The problems of cost minimizing for the delivery of raw materials, fuel and materials, while meeting all the requirements of end
user in terms of transportation, condition, quality and amount of the cargo, the compliance of the rolling stock with the equipment of
unloading points, etc. are still the key problems of efficient transportation management. A problem to improve a system controlling a process
of cargo operations performance at industrial enterprises during the cold season, when well-managed process is considerably complicated by the
influence of stochastic fluctuations in the environmental temperature remains to be topical one. Delivery cost experiences significant increase
due to the growth of power consumption for the cargo defrosting.

The objective of the paper is to improve a system controlling a process of railcars unloading in terms of expectations of the negative
changes in the temperature mode owing to optimization of the railcars distribution among the unloading points by the criterion of the idle time
minimization.

Method. Two temperature modes are singled out: standard operating mode in terms of positive temperatures and a mode of necessity to
recover looseness of frozen cargos. The method of operative disbalance of incoming cargo flows has been developed to provide more rational
distribution of cargos within cargo loading/unloading complexes during the periods of temperature changes being typical for Ukrainian climate.
A new procedure to solve dynamic transportation problem with the varying intensity factor of incoming cargo flows in terms of time has been
developed. A factor of minimum period for cargo operation has been proposed as an optimization criterion.

Results. Methodology has been developed basing upon a method of operative disbalance of incoming cargo flows. Experiments concerning
the methodology application have been carried out to improve the system controlling the process of railcars unloading in terms of changes in
temperature mode.

Conclusions. Analysis of the research results has shown that the proposed approach decreases significantly the idle time of the railcars
in terms of temperature mode changes, reduces expenses connected with the railcars use as well as the expenses connected with the recovery
cargo looseness and operation of locomotives.

Keywords: cargo flow, dynamic transportation problem, criterion of minimum time, disbalance of supply stock, optimum distribution.

NOMENCLATURE E, s a cost saving per idle time of railcars being

A, is the amount of the i cargo delivered per day;

a,,i el is the amount of the i cargo delivered to an
enterprise;

B, is a maximum supply to the j* loading/unloading
complex;

bj, j J is the amount of the cargo delivered to the j”
unloading complex of an enterprise;

N is a daily amount of possible supplies to a unloading
complex;

e Is a standard time to unload one railcar loaded
with the i cargo type at the j* loading complex;

Lrargo is a total idle time of railcars being unloaded, hrs;

x,/ is the amount of the i"" cargo delivered to j* loading
complex in terms of the # delivery;

z} is the efficiency of the ;" loading complex in terms of
the i cargo delivery taking into consideration the number
of the #* delivery;

B is a total cost of railcars being unloaded;

idle

B, d[e“"”‘“’ is an actual cost of idle time of railcars arrived to

an enterprise per day;

B, d,(j‘“"’ is a calculated value of idle time of railcars arrived

to an enterprise per day;
C.,. is a prime cost of one hour of idle time of a railcar,

UAH;
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unloaded.
INTRODUCTION

A problem concerning the development and application
of new approaches to the organization as well as control of
transportation and cargo handling at the enterprise is the
priority to improve its efficiency. Loading operations at the
industrial enterprises depend on physical state of certain
bulk cargos. During cold season such cargoes freeze
requiring additional investment of time and energy to recover
their looseness.

Under the above conditions, methods of the
transportation management and control foresee measures
to use preventing means against freezing; besides the
measures should be aimed at accumulation of cargo stocks
at the warehouses of a consuming enterprise during warm
season being favorable for loading/unloading operations,
establishing of points to heat frozen cargos in railcars as
well as the use of other means to provide smooth process of
loading/unloading operations.

The objective of the research was the improvement of a
system controlling the process of railcars unloading under
the conditions of possible changes in temperature mode of
operation at the expense of optimization of the railcars
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distribution among the unloading points according to the
criterion of idle time minimization.

The development of new methods for effective use of
technical means involved in transportation and
technological processes remains the topical research area.

1 PROBLEM STATEMENT

Suppose that X matrix with x” components is preset.
The matrix is a set of the i cargoes delivered to j unloading
complexes of the enterprise in terms of p* feed according to
transportation plan.

To describe the transportation problem, introduce
following designations for coefficients and variables:
iel= {1, 2, .. m}, a set of the indices of the cargo type;
jJ=A{L,2, .., n}, aset of indices for unloading complexes;
pP = {1, 2, ..., k}, a set of delivery number indices.
Mathematical formulation of such transportation problem

is (1):

m n k

i=l j=1¢=I

ifxl.jl’ >0;i=1,2,...mj=1,2,...mp=1,2,.. .k

It is required to minimize the number of railcars being
unloaded within the unloading complexes. To do that, one
should minimize time loses connected with raw material
unloading.

An index of minimum time required for loading/unloading
operations may be used as optimization criterion.

2 REVIEW OF THE LITERATURE

Logistic approach as for the optimization of cargo
delivery processes is rather common [1-5]. Formation of
objectives to improve the efficiency in the form of
transportation problem while optimizing transportation
process is quite popular. It depends on a great number of
efficient methods for its solution.

However, practice often faces such problems which
formalization cannot result in classic scheme of
transportation problem. Solution of such problems requires
serious methodological background, development of models
and methods for cost optimization, and, what is more
important, the development of decision-making support
systems on the basis [6].

In terms of real organizational processes of cargo delivery,
the intensity of raw materials supply and its demand are
usually random values. Under such conditions, calculating
factors of efficiency (namely, transportation cost) are also
random values, if we mean optimizing problem solving.
Together with standard properties of linear programming
problem, the specific features stipulate a number of its
peculiarities [7]. While solving optimization problem
concerning cargo transportation from suppliers to
consumers, current approach, unlike traditional methods,
takes into consideration, for instance, such a condition that
transportation cost is a random value with a preset
distribution density [8].

Solving multiindex distribution problems often results
in such problems as great dimension of the initial data and
multiparametric character of the optimization problem [9].
There are various approaches to certain solutions of the
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problems [10-14]; a theory of solving multiindex problems
of linear programming in general form has been developed
[15]. The solution of the multiindex transportation problem
can be obtained by the method of potential; nevertheless,
implementation of the method is labour-intensive since it
contains numerous iterations. To make the initial support
plan for the multiindex problem of transportation logistics,
it is proposed to use the null-transformation method of the
initial value matrices [16].

There are three-index planar transportation problems
with nonlinear cost functions [17]. Metaheuristic
evolutionary algorithm is proposed for an approximate
solution of the problems. The advantages of parallel search
with several populations are in a higher rate of convergence
and stability of the time required to obtain the solutions.

No methodology alone is fully adapted to implement the
method of operational disbalance of input cargo flows. It is
necessary to form new procedures to be based on common
optimization algorithms.

3 MATERIALS AND METHODS

A process of railcars unloading depends on the
environmental conditions. Single out standard operation
mode at positive temperature and the mode of necessity to
recover looseness (for freezing cargos) at negative
temperature. At the territory of Ukraine, cold season is
characterized by frequent changes in temperature, and,
accordingly, modes of railcars unloading.

Under such conditions, while waiting for the transition
from the standard mode to the looseness recovery mode,
unloading process optimization is possible by means of
distribution of railcars among loading/unloading points
according to the criterion of minimum time required for
loading/unloading operations. The optimization relies upon
the possibility to unload certain cargos within several points.
In this context, planned balance of warehouse stock as for
the cargos experiences certain disbalance, which can be
recovered if temperature conditions improve and standard
operation mode is applied. Fig.1 demonstrates the method
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Figure 1 — Scheme of cargo loading/unloading processes
performance under conditions of changes in temperature operation
mode
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of operational disbalance of incoming cargo flows using
the scheme of cargo loading/unloading processes
performance proposed by the paper.

Optimization process of railcars unloading. To optimize
the unloading process by means of correction of planned
distribution of railcars among loading/unloading complexes,
one can use a new procedure based on traditional methods
of transportation problem solution (formula (1)).

Fig. 2 demonstrates graphical representation of the
transportation problem.

Description of the optimization procedure for the process
of railcars unloading in terms of small transportation systems
of enterprises. For the enterprises with small amounts of
raw material delivery (up to 100 railcars per day), the number
of deliveries for a certain unloading complex is limited; it is
convenient to present the transportation problem in an
expanded form.

To do this, the “Unloading complex” column is divided
into additional columns which number depends on the
number of deliveries per each loading complex. As for each
of the complexes, determine daily number of possible
deliveries using formula (2):

4

M=% @
J
It should be taken into consideration that in the majority
of cases the last delivery will be “incomplete”; thus,
determine its dimension using formula (3):

B/ = 4,-B;(N-1). (3)

For the first delivery series, z,' value is taken as:

Z~-1 = ¢,.cargo

j Ty ’

Following cargo delivery should involve time spent to
unload railcars from the first delivery:

2 cargo tijcargo .B.

Zj =l J:

Similarly, one can calculate z” value for any number of

deliveries (4):

z, :tlj"‘”g"(l+Bj(N—1)). (

N
~

b
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Figure 2 — General arrangement of the transportation problem taking into account delivery number

Table 1 — Cargo distribution for small transportation systems

Complex b, b, b
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Description of the optimization procedure for the process
of railcars unloading in terms of large transportation systems
of enterprises. Large enterprises require constant delivery
of raw materials for the continuous production. Such
enterprises have more complicated transportation systems;
thus, it is rather difficult to determine in advance the required
number of deliveries and sometimes it is even impossible.

Transportation problem consisting of p-number of blocks
depending on each other is proposed for such cases. Each
of the blocks is a transportation problem for a separate
delivery series. The initial data for the first delivery series
are the cargo volumes arriving per the estimated period of
time, maximum delivery amount per each unloading complex
and the time required to unload one railcar in accordance
with the capacity of each complex.

A, value is assumed as that being equal to the total number
of railcars with a certain cargo delivered to the enterprise.
Since B, value is taken as the number of railcars within one
delivery, it is obvious that 4, sum will exceed significantly B,
sum. Optimum plan of the problem will be singular one, i.e.
not all cargo will be unloaded within loading/unloading
complexes. Consequently, for the following delivery series,
A, value will be equal to the number of the railcars remaining
after the previous delivery, etc., until the whole cargo is
distributed among loading/unloading complexes.

z,! value for the first delivery series is assumed as that to be
equal to the period required to unload one railcar with certain
cargo within the corresponding complex. For all subsequent
delivery series, z} value is found using formula (5):

P _, cargo , , cargo pl . cargo p 2 cargo p k
zii" =1 +1 B +1; B +.. 41 B;". (5)

As a result, we obtain a transportation problem which
general form is represented in Fig. 3.

4 EXPERIMENTS

To demonstrate implementation of the procedure
optimizing a process of the railcars unloading, consider the
application of the method for such transportation problem
solving in terms “Zaporizhstal” integrated works.

Basic freezing cargoes (i.e. ore, coal, coke and limestone
in hoppers and open box cars) arrive to five basic unloading
complexes: Aglofabryka station, “Bunkery” park (railway
lines #2 and #4), Rudna station, Vuhilna station, and
Pidbirkova station. In this context, some of them can be
unloaded only within one complex (ore and coal) while the
rest are distributed among several complexes.

Each of the unloading complexes has different capacities.
Unloading duration within certain complex depends on the
delivered cargo type. Moreover, it should be taken into
consideration that certain cargoes should be delivered only
to certain complexes.

It is necessary to minimize the time spent for raw materials
unloading.

The initial table of the transportation problem can be
represented as follows (Table 2).

Since the amount of stock (volumes of cargo deliveries)
is not equal to the sum of the demand (the delivery amount
in terms of loading/unloading complexes), than the obtained
transportation problem is open one. To solve the problem it
is necessary to transform it into a closed one. To do this,
introduce a theoretic consumer (loading/unloading complex)
for excessive cargo amount.

Obtain optimum plan for the first delivery series cargo
distribution within loading/ unloading complexes:

— “Bunkery” park, railway line #2 — 9 railcars with coke
(0.43 hrs/railcar);

— “Bunkery” park, railway line # 4 — 9 hoppers with
limestone (0.07 hrs/railcar);
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Figure 3 — General arrangement of transportation problem for transportation systems of metallurgical enterprises with continuous
production process
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Table 2 — The initial table of the transportation problem of freezing cargos delivery to a metallurgical enterprise

Cargo Bukery® Bunkery® Loading/unloading complex S Total
railway line #2 railway line #4 Rudna station Vuhilna station station
Ore - - 0.06 - - 137
Coal - - 0.06 0.06 - 17
Limets)g):zai:s open B B _ _ 032 23
Limestone in hoppers - 0.07 - - 0.07 37
Coke 0.43 - 0.06 - - 74
Total 9 9 15 14 9 288
56

— Rudna station — 15 railcars with ore (0.06 hrs/railcar);

— Vuhilna station — 14 railcars with coal (0.06 hrs/railcar);

— Pidbirkova station — 9 hoppers with limestone (0.07
hrs/railcar).

Minimum time spent to unload the first delivery series
is:
F(x)=0.0615+0.06-14+0.07-9+0.07-9 + 0.43-9 = 6.87 hrs.

As it is understood, the optimum plan is singular one as
not the whole amount of cargo has been distributed. Thus,
the rest of the cargo is transferred to following transportation
problem of the second delivery series as A, value, and the
unloading period per one railcar (zij2 value) is calculated
using formula (5) taking into account cargo type and the
unloading complex capacity (Fig. 4).

Similarly, all following delivery series are distributed until
all the cargos are unloaded within the loading/unloading
complexes.

S RESULTS

Result of the dynamic transportation problem solving
will help obtain optimum distribution of cargo deliveries to
the unloading complexes:

—9 coke series (8 of them are 9 railcars, and 1 is 2 railcars)
will be delivered to Agglofabryka station, “Bunkery” park,
railway line #2;

— 3 limestone series (2 of them are 9 railcars, and 1 is 1
railcars) will be delivered to Agglofabryka station, “Bunkery”
park, railway line #4;

Initial table of transportation problem for the second delivery series

Unloading[ “Bunkery” “Bunkery”

; : Rudna Vuhil Pidbirkova
omplex 1 L uhilna '
Cargo lines Ne2 122}? Yo | staton | swtion | station | TO!
Ore (0J06+0.06-15) .06 122
LB he s Rl die ke o W ’ ’
L
Unloading““Bunkery” | “Bunkery” ) ; ot /
~gomplex|  railway railway B}'dﬂd \{uh}lna Plc‘lblr_kova Therest | Total /3
Cargo lines N2 | lines No4 station station station 3 -7 4
' i, - ~ ,
Ore 0.06[15] o R R B ,’2,3
i
- il /
Coal 0.06 [14] 3 =4=~17 /,’1;)
Limestone in e o
Jd--3 P
open box cars 23 - 23 % 6;
. G /
Limestone 0.07 [9] 0.07 [9] 19 =4-""37 232
in hoppers <74
T /
Coke 0.43 [9] ol /,’
Total 9 9 s 14 9 287 ~+{~“288

\ Optimum plan to distribute cargos within complexes of the first delivery series

Figure 4 — Calculation of the data and formation of the initial table for the transportation problem of the second delivery series
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—10 ore series (9 of them are 15 railcars, and 1 is 2 railcars)
will be delivered to Rudna station;

— Vuhilna station will get 2 coal series (14 railcars and 3
railcars).

— 2 series of limestone in hoppers (9 railcars each) and 3
series of limestone in open box cars (2 series of 9 railcars
and 1 series of 5 railcars) will be delivered to Pidbirkova
station.

Table 3 contains total minimum time spent to unload all
delivery series involving unloading complex as well as
comparison of the obtained values with the actual ones.

The difference in the number of railcars within loading/
unloading complexes in the actual and calculated variant is
insignificant. The difference can be easily added in a less

strenuous period, i.e. if the temperature conditions improve,
when it will not be necessary to heat the cargos. Thus, one
can assume that the requirements of all unloading complexes
are met.

The difference between the actual and calculated idle
time of railcars within the determined loading/unloading
complexes is shown in Fig. 5.

The method cannot take into consideration the fact that
under the conditions of continuous production period new
cargos can arrive even before previous cargos were
distributed and unloaded. The factor may affect significantly
the capacity of loading/unloading complexes as well as the
distribution of delivery series within the complexes.
Therefore, in future it is planned to improve the optimization
method of railcars unloading process.

Table 3 — Comparison of the obtained calculated values with the actual ones

Actual values Calculated values
Unloading complex
N“mber of Nu‘?’bef of Total idle time, hrs Number of Number of Total idle time, hrs
railcars deliveries railcars feeds
“Bunkery”, railway line #2 72 12 312.08 74 9 280.36
“Bunkery”, railway line #4 15 6 51.25 19 3 11.41
Rudna station 140 15 136.58 137 10 121.74
Vuhilna station 16 2 18.67 17 2 12.3
Pidbirkova station 45 14 110.33 45 5 71.18
Total 288 49 628.92 288 29 496.99
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Figure 5 — Curves of changes in railcars idle period within loading/unloading complexes
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Total cost of idle time of the railcars being unloaded is
determined using formula (6):

Bigie = leargo “Cidle- (6)

Cost of one hour of railcar idle time at “Zaporizhstal”
PJSC as of January 2015 was 12.04 UAH/hour.

Therefore, the cost of idle time of the railcars arrived at
the enterprise during 6 January 2015 actually was:

Biy, actual _ 19 04 - 628.92=7572.16 UAH.

idle
Application of the above method of railcars distribution
will help reduce the cost of idle time of those very railcars:

B-dlemlc =12.04 -496.99 = 5983.76 UAH.

1
Determine the cost savings in idle time of the railcars
being unloaded and the railcars arrived within a day (7):

actual _B. calc' %)

idle

Eday = Bigse
Egqy =7572.16-5983.76 = 15838.4 UAH.

6 DISCUSSION

Owing to more rational distribution of railcars according
to the deliveries involving the capacity of loading/unloading
complexes, the number of deliveries has experiences
significant reduction. That makes it possible to shorten idle
time of the railcars during when transportation system of an
enterprise is overloaded. Cost savings can account for UAH
1.588,4 (21%) when the method is applied.

Average idle time of the railcars depended upon the
necessity to heat cargos during cold season is 2 hours.
Taking into consideration the number of days with a
temperature differential, annual effect can be up to UAH
1500000 per year considering the reduction of expenditures
connected with defrosting of cargos if it is required.

The proposed method does not take into account the
necessity to recover the balance of incoming cargo flows
and the replenishment of disbalanced warehouse stock;
thus, it requires further improvement to obtain more accurate
results and efficiency indices.

CONCLUSIONS

The paper has solved the burning problem concerning
the improvement of a system controlling a process of railcars
unloading in terms of expectations of the negative changes
in the temperature mode owing to optimization of the railcars
distribution among the unloading points by the criterion of
the idle time minimization.

Scientific novelty of the research is that the innovative
method of operational disbalance of incoming cargo flows
has been proposed. The method makes it possible to
organize more efficient operation loading/unloading
complexes of an industrial enterprise, to shorten railcars
idle time under the condition of frequent temperature
changes during cold season.

A procedure to optimize a process of railcars unloading
for small transportation systems of enterprises for short-
time period has been proposed. The procedure solves
dynamic transportation problem by means of its reducing
to a common form.

A procedure optimizing a process of railcars unloading
for large transportation systems of enterprises has been
proposed. The procedure involves the dynamic
transportation problem solving with time varying factor of
intensity of incoming cargo flows.

Practical importance of the obtained results is as follows:
at the expense of the use of operational disbalance of
incoming cargo flows and procedures optimizing unloading
process during cold season, optimization of transportation
system functioning is performed according to the criterion
of minimum railcars driveway time during unloading
operations; that helps cut the cost for railcars use by 21%.
Annual saving is up to UAH 1500000.

Prospects for the future research is to determine the
effectiveness of the proposed method taking into
consideration the reduction of idle time of railcars before
their unloading and involving the replenishment of
warehouse stock during transition period from the mode of
unloading process optimization (when negative
temperatures are forecasted) to the standard operational
mode.

ACKNOWLEDGMENTS

The research has been carried out as the part of research
and development project 02015 “Improvement of
transportation and transportation and technological systems
of Zaporizhzhia region” of the Department of Transportation
Technologies of Zaporizhzhia National Technical University.

REFERENCES

1. Van der Aalst W. M. P. Logistics: A Systems Oriented Approach.
/' W. M. P. Van der Aalst // Proceedings of Third International
Working Conference on Dynamic Modeling of Information
Systems. — 1992. — P. 169—-190.

2. Taha H. A. Operations Research: An Introduction / H. A. Taha. —
Prentice Hall, 2006. — 838 p.

3. Nunez A. Hybrid Predictive Control for Dynamic Transport
Problems. / A. Nunez, D. Saez. — Springer Verlag London, 2013. —
169 p.

4. Stocchetti A. Supply chain management in industrial production.
A retrospective view / A. Stocchetti, E. Scattola / MPRA Paper,
University Library of Munich, Germany. — 2011. — 1(09). —
P. 45-66.

5. Stock G. N. Enterprise logistics and supply chain structure: the
role of fit / G. N. Stock, N. P. Greis, J. D. Kasarda // Journal of
Operations Management. — 2000. — 18. — P. 531-547.

6. Kocenko O. B. Mozenb ynpaBieHHUst HA OCHOBE PELICHUS HECHM-
METPUYHBIX TpaHCTIOPTHHIX 3a1a4 / O. B. Kocenko, . B. [Tymrau-
Ha // U3Bectus IOxHOTO denepanpHoro yHuBepcurera. TexHH-
yeckne Hayku. — 2013. — Ne 2 (139). — C. 175-180.

7. Packun JI. I. MHOrOMHIEKCHBIE 3a/1a4M JIMHEHHOTO IPOrpaMMHu-
poBanus (teopus, Meronsl, npuiokenus) / JI. I. Packun, . O.
Kupnuenxko. — M. : Pagno u cBsizp, 1982. — 240 c.

8. ynaeBckas O. W. 3amava TpaHCIOPTHOM JIOTHCTHKH CO CITydaii-
HOM cromMocThIo TiepeBo3ok / O. U. lynaesckas, JI. I. Packus //
BectHuk XapbKOBCKOTO HAILMOHAJIBHOTO aBTOMOOHIEHO-I10POX-
Horo yHuBepcurera. — 2007. — Ne 37. — C. 87-89.

9. Kocenko O. B. [loBpimenne 3ppeKTHBHOCTH METOIOB PELICHHS
MHOTOMHJICKCHBIX 3a/1a4 pacrpezernenus pecypcos / O. B. Kocenko
// 3Bectust FODY. Texamueckue Hayku. — 2016. — Ne 4 (177). —
C. 73-81.

10. Heunraitno H. M. TpaHcniopTHas 3agada 1o KpUuTepruo MUHUMY-
Ma 00IIero BpeMEHHU € YYeTOM MOTeph Ha MPOMEKYTOYHYIO 00-
pabotky pecypcoB / H. M. Heuwnraiino // I3BecTus BeICIINX y4e0-

189



VIIPABJIIHHA Y TEXHIYHUX CUCTEMAX

HbIX 3aBefieHuil. CeBepo-Kapkasckuii pernoH. CepHs : eCTECTBEH- 14. boukape A. A. Teopust 1 METOZOJIOrUsI MPOLIECCHOrO MOAX0AA
Hele Hayku. — 2003. — Ne 3. — C. 11-14. K MOJEIUPOBAHMIO U UHTEIPHUPOBAHHOMY IJIAHUPOBAHUIO LIEMU
11. Ocbikuna 0. A. MHOrokpurepHanbHasi TpaHCIOPTHAs 3aJa4a ¢ IOCTaBOK: aBTOped. JHC. ... A-pa 3koHOM. Hayk: 09.09.09 / A. A.
paspbiBHOI 1eneBoit Gpynkuueit / FO. A. Ocbikuna, I JI. YepHsbl- Bboukapes. — Canxr-IlerepOypr: I'OY BIIO «Cankr-IlerepOypr-
moBa // BectHuk BOpoHEXCKOro rocynapCTBEHHOTO YHHBEPCH- CKMI rOCYIapCTBEHHbIH HMHKEHEPHO-IKOHOMHYECKUI YHHBEPCHU-
tera. Cepusi: CUCTEMHBIN aHaNU3 ¥ MH(GOPMALIMOHHbIE TEXHOJIO- ter», 2009. — 39 c.
run. — 2008. — Ne 2. — C. 10-12. 15. FOaun [I. b. 3agaun n MeTop! JIMHEITHOTO TPOrpaMMUpPOBAHUS /
12. Korenko 1. A. TpancroptHas 3aja4a JIMHEHHOIO IPOrpaMMHpPO- . b. YOnun, E. I. Tonsmrreitn. — M. : Cos. paauo, 1961. —364 c.
BaHMS Ha oprpade COCTOSHHI CHCTEMBI MAaCCOBOIO OOCITY>KHBa- 16. INoayyeHre HAYAIBLHOIO OIOPHOIO IUIAHA MHOTOMHJEKCHOH 3a-
nus / U. A. Korenko, E. JI. Hlukuna, C. 1. Typosew / Maremaru- nauu TpaHcnopTHoi noructuku / [E. b. Axuesep, O. A. I'ensapos-
YECKOE MOJIEIMPOBAHUE M KpaeBhIe 3a1a4u. Tpyabl AecaToi Bee- ckas, O. W. lynaesckasi, H. T. IIpouaii] / Paguosnekrponuka u
POCCHICKOH Hay4YHOH KOH(EPEHLUH ¢ MEXYHAPOIHbIM y4acTH- undopmaruka. — 2014. — Ne 2 (65). — C. 16-18.
eM: B 3-x Tomax. — 2016. — C. 133-135. 17. Iepeceros B. B. [IpuGuninkeHHoe peleHe TpeXHHIEeKCHBIX I11a-
13. AnexcannpoB A. D. CroxacTuueckas 10CTaHOBKA JMHAMUUYECKON HApHBIX HEIMHEHHBIX TPAHCIIOPTHBIX 3a1a4 / B. B Ilepecseros //
TPAHCIIOPTHOM 3314y C 3aI€PXKKaMH C Y4ETOM CIy4aliHOro pas- Becruux TOI'Y. Mndopmarrka, BBIYUCIUTENbHAS TEXHUKA U YII-
Opoca BpeMeHHU JOCTaBKH M BpeMeHH / A. D. AlekcaHIpOB, pasnenune. — 2015. — Ne 2(37). — C. 113-120.
H. B. Sxymes // Ynpasienue OoNbIIMMH CHCTEMaMU : COOpPHHUK Article was submitted 20.07.2017.
TpynoB. — 2006. — Bein. 12-13. — C. 5-14. After revision 01.11.2017.

Typmnak C. M.}, Tapau L. O.%, Ocrpormig O. O.?

!JI-p TexH. HayK, IOLEHT, npodecop Kadeapu TPAaHCHOPTHHX TEXHOJOTIH 3aropi3pKoro Hal[iOHAILHOTO TEXHIYHOTO yHiBepcureTy, 3aro-
piioks, Ykpaina

2J1-p TexH. Hayk, npodecop, npodecop kadenpu yrnpapiinsas Ha Tpancropri, JIBH3 «HauionansHuil ripuuunii yHiBepcurem, uinpo,
Vkpaina

*Cnonrykay, Jiorict o tpascnopry TOB «Mera-Tpancy, 3amopixoks, Ykpaixa

YIOCKOHAJIEHHS CUCTEMMU YHPABJIIHHA IPOUECOM PO3BAHTAKEHHS BAI'OHIB B YMOBAX 3MIHU TEM-
HNEPATYPHOI'O PEXXUMY POBOTH

AKTyanbHicTb. [on0BHUMY 3aauaMy €()eKTHBHOIO YIIPABIIiHHS Ha TPAHCIOPTI 3aJIMINAIOTHCS 3aBJaHHs MiHiMi3alii BUTpaT Ha JOCTaBKY
CHPOBMHH, T1aJIMBA Ta MATEPialiB 33 yMOB JOTPUMAHHS BCIX BUMOT KiHILIEBOT'O CII0KMBAYa I1[0JI0 TEPMiHIB IEPEBE3€Hb, CTaHY, AKOCTI Ta KUIbKOCTI
BaHTaXy, BIAMOBIJHOCTI PyXOMOIO CKJIajly OOJaJHAHHIO BaHTAXXONPHHMANbHUX NMyHKTiB Ta iH. Cepel LUX 3aBlaHb aKTYaJbHOIO € 3ajada
YAOCKOHAJIEHHS] CHCTEMH YIIPABJIiHHS IPOLIECOM BUKOHAHHS BAaHTa)KHUX POOIT HA MPOMUCIOBUX MIANPUEMCTBAX B XOJIOIHUM Iepiof] POKY, KOJIH
BiIpEryIbOBaHUH MPOLEC BUKOHAHHS BaHTa)KHUX POOIT 3HAUHUM YMHOM YCKJIAJHIOETBCS I1iJl BILIMBOM CTOXACTUYHMX KOJIMBaHb TeMIEpaTypu
HABKOJIMIIHBOTO CEPENOBUIIA. BapTicTh 1OCTABKM CYTTEBO 30LIBIIYIOTHCS Y€pe3 3pOCTAHHS BUTPATH €HEPIOHOCIB HA PO3MOPOKYBAHHS BaH-
TaXIB.

MeTa po6oTH — yIOCKOHATEHHS CHCTEMH YIPABIIHHSA IIPOLECOM PO3BAHTAKCHHS BaroHiB B yMOBaX O4iKyBaHHS HEraTHBHUX 3MiH TeMIIe-
PaTypHOTO PEXUMY POOOTH 3a paxXyHOK ONTHMi3allil pO3IOALTLY BaroHiB IO MMyHKTaX BHBAHTA)XCHHS 3a KPUTEpieM MiHiMi3amil 9acy IpOCTOIO.

Mertoa. Bunineno 3BuuaitHuii pexuM pobOTH IPH NO3UTUBHHUX ITOKA3HUKAX TEMIIEPATyPH Ta PEKHUM HEOOXITHOCTI BiTHOBJICHHS CHIIKOCTL
BaHTAXIB, AKi 3Mep3al0Thcs. Po3pobieHo MeTos onepaTHBHOro AucOalaHCy BXiJHUX BAHTaXKOIOTOKIB, AKHi 3a0e31edye OiIbII parioHanbHUH
PO3IOILT BaHTaXiB 1O BaHTAXXHUM (PPOHTAM B IEPiONM 3MiHH TEMIIEPATypHHUX PEXHMIB, KMl € XapaKTepHUM I KiIiMaTy Ykpainu. Byma
po3pobiieHa HOBA MpoIeAypa PO3B’A3Ky TUHAMIYHOI TPAHCIIOPTHOI 3a/a4i 31 3MiHHEM (DaKTOPOM IHTEHCHBHOCTI BXiJJHUX BaHTaXKOIOTOKIB 3a
gacoM. B sxocTi kpuTepiro onTuMi3aLii 3aIporoHOBaHO MOKA3HUK MiHIMAJIBHOTO 4acy BUKOHAHHS BaHTaKHHX OINEpPAlii.

PesyabTaTn. Ha ocHOBi MeTOny omepaTHBHOrO AucOaIaHCy BXiTHHX BaHTaXXOIOTOKIB PO3POOICHO METOIUKY Ta IIPOBEACHO eKCIIEPHMEH-
TH 110 1i 32CTOCYBaHHIO I YIOCKOHATICHHS CHCTEMH YIIPaBIIiHHS IPOLECOM PO3BAHTaKEHHS BaTOHIB B yMOBaX 3MiHH TEMIIEPATypPHOTO PEKHMY
poboru.

BucHoBKH. AHaII3 pe3ynbTaTiB AOCIIIKEHb 10KA3aB, IO IPH 3aIPOINIOHOBAHOMY IIiIXOMi 3HAYHO CKOPOUYETHCS MPOCTiif BATOHIB B yMOBaX
3MiHH TeMIEpaTypHUX PEKUMIB, 3MEHIIYIOThCS BUTPATU Ha IIATy 32 KOPHCTYBaHHSA BATOHAMU, HA BiTHOBJICHHS CHITKOCTi BAHTaXy Ta EKCILTya-
TaLi0 JJOKOMOTHUBIB.

Kiro40Bi cJ10Ba: BAHTaXOIIOTIK, AUHAMIYHA TPAHCIIOPTHA 3aJja4a, KPUTepii MiHIMaIbHOTO Yacy, IIOpYIIeHH OallaHCy 3aIlaciB, ONTUMAIb-
HUI PO3MOILT.

Typnak C. H.!, Tapan U. A.%, Octporsin E. A3

'TI-p TexH. HayK, JOLEHT, mpodeccop Kadeapsl TPAHCIOPTHBIX TEXHONOTHI 3aIOPOKCKOTO HAIIMOHAIBHOTO TEXHMIECKOTO YHHBEPCH-
TeTa, 3alopoXbe, YKpanHa

2JI-p TexH. Hayk, npodeccop, nmpodeccop Kadeapsl ynpasieHus Ha TpaHcnopre, JJBH3 «HaunoHaibHbIi TOPHUN YHUBEPCHTETY,
Juenp, Ykpauna

3Comckarens, joruct no tpancnopry OO0 «Mera-Tpancy, 3anopoxbe, YkpanHa

COBEPIIEHCTBOBAHHUE CUCTEMbI YIIPABJIEHUSI IPOLECCOM BbII'PY3KH BAI'OHOB B YCJIOBUSIX U3ME-
HEHUSI TEMITIEPATYPHOI'O PEXKUMA PABOTDI

AKTYya/IbHOCTB. [ TaBHBIMHE 3a1a9aMu 3()(hEeKTUBHOTO yIPaBIICHNS Ha TPAHCIIOPTE OCTAIOTCSA 3aa41 MUHUMHU3AINH 3aTPaT Ha I0OCTaBKY
CBIPbS, TOIUIMBA ¥ MAaTepPHAaIOB MPU YCIOBUU COOMIONCHUS BCEX TPeOOBAHMI KOHEUHOTO MOTPEOUTEIN MO CPOKAM NEPEBO30K, COCTOSHHUS,
KauecTBa M KOJIMYECTBA IPy3a, COOTBETCTBHS MOABIKHOTO COCTaBa OOOPYIOBAHMIO IPY3ONPHEMHBIX ITyHKTOB U Ap. Cpenu 3THX 3a1a4
aKTyaJIbHOU SIBISIETCS 3a/1a4a COBEPIICHCTBOBAHUS CHCTEMBI YIIPABICHUS IIPOLECCOM BBIITOJIHEHUS IPY30BBIX PabOT Ha NMPOMBIIUICHHBIX
MPEANPUATHAX B XOJIOAHBII MEPHOJ Tofla, KOTAa OTPETYIHMPOBAHHBIN MPOIECC BBHIIOIHEHUS TPY30BBIX pabOT B 3HAYMTENBHONW CTENCHU
OCJIOXKHSETCS MOl BIUSHUEM CTOXaCTHYECKUX KOJIEOaHUH TeMIepaTypbl OKpyxKatomiei cpenbl. CTOMMOCTb TOCTaBKHU CYIIECTBEHHO YBEIHYH-
BAIOTCS M3-32 POCTAa PACcXO/ia YIHEPrOHOCHTENEH Ha pa3MOpakKUBaHHE TPY30B.

190



p-ISSN 1607-3274. PanioenekrpoHika, iHpopmaruka, ynpasiinas. 2018. Ne 1
e-ISSN 2313-688X. Radio Electronics, Computer Science, Control. 2018. Ne 1

Lenas padoThl — COBEPIICHCTBOBAHUE CUCTEMBI YIIPABJICHHs POLIECCOM Pa3rpy3KH BaroHOB B YCIOBUSX OXMAAHHS HETATHBHBIX U3MEHE-
HHUH TeMIIEpaTypHOIo pexuma paboThl 32 CUET ONTUMHU3ALUM PACIPENENIEHHs BATOHOB 10 ITyHKTaM BBIIPY3KU [0 KPUTEPUI0 MHHHMH3ALHU
BPEMEHU MPOCTOSL.

MeTona. BeineneHsl 00bIYHBIN PEXUM paOOThI IIPH MOI0XKUTEIbHBIX TI0KA3aTEIAX TEMIIEPATYPhl U PEXKUM HEOOXOJUMOCTH BOCCTAHOBIIEHUS
CBIITy4eCTH CMEp3aloIUXCsl Ipy30B. Pa3paboran MeTon onepaTUBHOrO JucOalaHca BXOIAIIUX IPY30IIOTOKOB, KOTOPHIH oOecnieunBaer Oonee
PaLHOHAIBLHOE paclpejieieHHe IPY30B 110 TPY30BbIM ()POHTAM B HEPUOABI CMEHBI TEMIIEPATYPHBIX PEKHMOB, YTO XapaKTEepHO AJIs KIMMaTa
VkpauHsl. bbuta pazpaborana HOBasi NpOLEAYpa PELICHUs AUHAMUYECKOH TPaHCIOPTHOH 3a/la4M ¢ NepeMEHHbIM (PAKTOPOM UHTEHCUBHOCTU
BXOJUILIMX TPY30MOTOKOB 110 BpeMEHU. B kauecTBe KpHTEpHsl ONTUMU3ALUM MPEIOKEH I10Ka3aTelb MUHUMAIBHOIO BPEMEHH BBIIOIHEHHS
IPY30BBIX OIepanuii.

Pe3yabraTsl. Ha ocHOBe MeTona onepaTHBHOIO J1cOaanca BXOIAMIUX IPY30I0TOKOB pa3padoTaHa METOJMKA U IIPOBEIEHBI SKCIIEPUMEH-
ThI 110 €€ NPUMEHEHHIO Il YCOBEPIIEHCTBOBAHMS CUCTEMBI YIPABIIEHHUS IIPOLIECCOM Pa3rpy3KH BarOHOB B YCIOBHAX U3MEHEHUs TEMIIEpaTyp-
HOTO pexXuMa paboThl.

BbiBoabI. AHAIIM3 PE3YNIbTATOB MCCIEI0BAHUI [10KA3aJl, YTO IIPH IPEIIOKEHHOM IOIX0/1€ 3HAYUTENBHO COKPAILAETCsl IPOCTOH BaroHOB B
YCIIOBHSAX U3MEHEHHUS TEMIIEPATYPHBIX PEXUMOB, YMEHBIIAIOTCS PACXO/IbI HA IUIATY 3 M0JIb30BaHHE BATOHAMM, HA BOCCTAHOBJICHHE ChIITy4eCTH
rpy3a M 9KCILIyaTalluIo JIOKOMOTHBOB.

KioueBble ¢10Ba: Ipy30I0TOK, IMHAMUYECKAsi TPAHCIOPTHAS 3aa4a, KpUTEpU MUHUMAJIbHOTO BPEMEHH, HapyIleHne OanaHca 3aracos,

OITHUMAJIbHOC pacHpeaeiICHUE.
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