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OPTIMIZATION OF TRACK DISTRIBUTION OF INDUSTRIAL RAILWAY
STATIONS BETWEEN CAR DESIGNATIONS

Purpose. To improve the method for distributing the tracks of industrial railway stations for the accumulation of car groups
between separate assignments. The optimization problem is to find such a distribution of classification work between the indus-
trial marshalling yard and freight stations, as well as such a distribution of marshalling yard tracks between individual destinations,
which ensures the minimum time expenditures on shunting work.

Methodology. The studies were carried out using the methods of the theory of railway operation, simulation modeling and
dynamic programming.

Findings. The optimization problem of distribution of sorting work between the marshalling yard and freight stations of an in-
dustrial enterprise, as well as searching for such a distribution of marshalling yard tracks between individual destinations, which
ensures the minimum time expenditures for shunting work, has been solved.

Originality. The paper proposes a method for formalizing and solving the problem of distributing the tracks of industrial railway
stations for the accumulation of car groups between individual destinations as a dynamic programming problem. Unlike the exist-
ing methods, where the number of tracks is considered as a constraint, in the proposed method, the number of tracks is an objec-
tive function argument of minimizing the duration of shunting operations, which improves the quality of the solutions obtained.

Practical value. The method proposed in the paper, due to the rational distribution of the existing track arrangement of railway
stations, makes it possible to reduce the time expenditures on the making- and breaking-up the trains and shunting transfers and,

due to this, increase the carrying capacity of the stations, as well as reduce the cost of production of enterprises.
Keywords: railway transport, industrial railway station, siding, shunting operations, accumulation of cars

Introduction. Modern conditions for the operation of rail-
way transport of industrial enterprises are characterized by a
sharp increase in the shunting operation volume. In the post-
Soviet countries, the railway infrastructure construction main-
ly took place in the Soviet time under conditions of planned
economy. The arrangement of their sidings was designed to
work with a small range of goods and carry out transportation
in universal cars of one operator — inventory railway cars. Cur-
rently, the share of cargo transported in the specialized cars has
increased significantly. Moreover, the universal car fleet is di-
vided between many owners, and even the universal cars are
not interchangeable. Therefore, despite the decline in the vol-
ume of work, there is a chronic shortage of tracks at industrial
enterprises for the accumulation of shunting transfers and train
sets, which is the result of the car destinations increase. This
problem is especially acute for the enterprises of the mining
and metallurgical industries [1, 2], as well as seaports, which
were focused on using their own railway infrastructure to ser-
vice loading and unloading operations. In this regard, the
problem of organizing the work of railway transport in the con-
ditions of a shortage of track capacity is relevant.

Literature review. Railway transport is a complex system.
Herewith, the same operations can be performed by various
technical means. Under these conditions, various tasks arise
for the rational distribution of technical means in order to
achieve the minimum cost of work or to maximize the volume
of the work singled out. On the mainline transport, the task of
distributing the sorting work on the network is solved as part of
the development of a plan for the train making-up. In the pro-
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cess of moving along the public railways [3, 4], car traffic vol-
umes go through several marshalling yards. The number of
tracks available at marshalling yards is considered as a con-
straint on the solution of the problem. If there are not enough
tracks for yard operation, this work is transferred to another
marshalling yard. Due to the large size of the main railway net-
work, when developing a problem formation plan of special-
ization of marshalling tracks, they are solved for each station
separately. Considering the small number of stations in indus-
trial enterprises, the methods used in mainline transport have
limited application in industrial transport.

Compared to mainline rail transport, the transport systems
of industrial enterprises are much smaller. Therefore, the task
of rational organization of shunting work is limited to several
stations and cargo fronts.

The articles by Bohlin, et al. [5], Belosevic & Ivic [6],
Gestrelius, et al. [7], Zhou, et al. [8] are related to the organiza-
tion of the process of breaking-up, accumulation, and making-
up the trains at sorting yards with the limited amount of the
tracks. The works by Kozachenko, et al. [9, 10], Sivitsky, et al.
[11] are devoted to the tasks of making-up group trains. In the
considered articles, the problem of making-up group trains un-
der conditions of shortage of track capacity is solved within only
one station. Herewith, the problem of optimizing the sorting of
cars when passing through several stations is not considered.

The problem of classification work distribution in a port
junction is considered in the work by Borodina, et al. [12]. In
this work, the task of the classification work in the junction is
formalized based on the condition for achieving a minimum of
operating expenses; however, the methodology for solving this
problem is not given. The work by Borodin & Panin [13] con-
siders the task of distributing work between two stations: an
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industrial marshalling yard of a metallurgical enterprise and a
mainline marshalling yard. It should be noted that in this
work, when solving the distribution problem, the general task
was divided into subtasks, which are solved sequentially. In this
regard, the resulting solution, as a rule, is not strictly optimal.

The performed analysis shows that the problem of the op-
timal use of the railway infrastructure to perform shunting
work is relevant and requires further research. The solution of
this problem is associated with the use of methods of the theo-
ry of railways operation to estimate the time spent on perform-
ing various technological operations, as well as operations re-
search methods to find optimal solutions [14].

To estimate the time expenditures on performing shunting
operations, at present the simulation and statistical methods
are mainly used. The first approach is based on solving the
equations of motion and simulation of operations occurring in
the process of shunting. This method makes it possible to esti-
mate the duration of shunting operations with high accuracy.
Such an approach, for example, was used by Nechay, et al. [15]
when developing a system for managing the operation of rail-
way transport of industrial enterprises, as well as in the work by
Kuznetsov, et al. [16], Kozachenko, et al. [17] to evaluate the
characteristics of a shunting locomotive. It should be noted
that simulation models are very sensitive to the quality of the
initial data. The solution of the tasks of planning shunting
work is based on the average parameters of the predicted car
traffic volumes. Under such conditions, the methods based on
the use of simulation modeling of shunting movements be-
come too cumbersome. The second approach to estimating
the duration of shunting operations is based on the use of sta-
tistical, mostly linear, models to determine the duration of el-
ementary shunting movements or complex operations [18, 19].
The construction of such models is one of the issues in the
theory of railway operation. The methodology for estimating
the parameters of a statistical model based on the results of a
factorial experiment is given in the work [20].

The same result of shunting work can be achieved in differ-
ent ways. In this regard, the tasks of finding the optimal use of
the railway infrastructure, rolling stock and staff during shunt-
ing arise. To find the best solutions, heuristic methods are
used, which are based on a comparison of options selected by
experts. At the same time, the main attention is paid to the
construction of adequate models for evaluating competing op-
tions. For example, the work by Hirashima [21] describes a
simulation model for finding the optimal order of train mak-
ing-up, and the work by Bohlin, et al. [22] presents a model for
evaluating the operation of a marshalling yard. The disadvan-
tage of heuristic methods is that the choice of options for com-
parison is subjective, so the solutions obtained by using it are
not strictly optimal. Another approach is based on using op-
erations research methods to find optimal solutions [23]. In
particular, in the work by Falsafain & Tamannaei [24], it is
proposed to use the dynamic programming method to im-
prove the organization of a marshalling yard. In the work by
Dorpinghaus & Schrader [25], it is proposed to use the meth-
ods of graph theory and linear programming to solve this prob-
lem. In accordance with the analysis performed in the work,
statistical methods were chosen to estimate the duration of
shunting operations, and methods of operations research were
chosen for searching the best solution.

Purpose. The purpose of the article is to improve the dis-
tribution method of accumulation tracks for groups of cars
between separate destinations.

Methods. The studies were carried out using the methods
of the theory of railway operation and simulation modeling to
assess the effectiveness of the specialization of accumulation
tracks of cars for individual assignments, as well as the dynam-
ic programming method to find the optimal distribution of
tracks between the destinations of cars.

Presenting the main material. The railway infrastructure of
large metallurgical enterprises includes industrial hump or flat

yards, which ensure the handling of car traffic volumes coming
from the public railway network and sent to it, as well as freight
stations servicing various workshops. Between the stations of
metallurgical plants, as a rule, train traffic is organized. The
procedure for determining the number of sorting track was es-
tablished by SNiP 2.05.07-91 “Industrial Transport”. Accord-
ing to this regulatory document, the number of specialized
sorting tracks for car accumulation at industrial stations and
large cargo fronts is set from the condition of removing 150 cars
from one track per day. Removal of cars from specialized sort-
ing tracks intended for breaking-up the trains according to the
grades of raw materials and fuel, types of car handling, the state
of technical suitability of the rolling stock for loading bulk car-
go, etc., is taken at the rate of 100—110 cars per day from one
track. The removal of cars from non-specialized sorting tracks
is 30—65 cars per day, depending on the number of accumu-
lated destinations and the number of cars in the trains being
reformed. One track is allocated for the accumulation of ap-
pointments with a daily number of no more than 200 cars. The
significant difference between the daily number of cars that can
be accumulated on specialized and non-specialized tracks
makes it possible to formulate the task of rational distribution
of accumulation tracks between the destinations of cars.
Unlike the design tasks, when the number of tracks required
to master the given volumes of work is determined, in operation
tasks it is necessary to find the most rational option for using the
existing track arrangement to master the given volumes of work.
An analysis of the work of industrial enterprises shows that the
number of destinations formed at marshalling yards generally
corresponds to the design conditions. At the same time, at freight
stations, there is a need for additional handling of car traffic vol-
umes due to an increase in the number of car destinations.
Breaking-up and making-up the trains and shunting trans-
fers is the main activity of industrial marshalling yards. To per-
form this shunting work, sorting humps and turnout tracks of a
special profile are being built to perform car sorting by pushes.
Unlike marshalling yards, freight stations of industrial enter-
prises, as a rule, are not designed for car sorting. The selection
of cars into groups at these stations is carried out by pushing,
when the cars are moved by the locomotive to the stopping
point. This leads to a significant fuel and time consumption for
shunting work, as well as to overloading shunting locomotives
and turnouts. Reducing the loading of technical means of
freight stations can be achieved by enlarging groups of cars at
marshalling yards and sending group trains to freight stations.
The time spent on shunting operation for breaking-/mak-
ing-up the trains and shunting transfers depends on the number
of allocated tracks for the accumulation of cars. In this regard,
the problem of distributing the available tracks between differ-
ent car destinations arises. In this problem, a part of the process
of handling freight cars on the siding of a large industrial enter-
prise is considered, which includes the breaking-up of the trains
coming to an industrial marshalling yard, the making-up of the
trains or shunting transfers, the breaking-up of trains or shunt-
ing transfers at freight stations. When specializing the tracks of a
marshalling yard, it is necessary to determine how many tracks
are allocated for the accumulation of cars assigned to each
freight station and what type of trains (single or group one) is
formed to its address. Given that the redistribution of shunting
work occurs within the same enterprise, a natural indicator can
be used to assess the effectiveness of the decisions made — the
minimum time spent on shunting work. The restrictions in this
problem are the total number of tracks allocated for the accu-
mulation of cars at the marshalling yard, as well as the process-
ing capacity of the marshalling yards and freight stations.
The mathematical formulation of the task is as follows. Let
i be the conditional number of the freight station j =1,k (here
k is the number of freight stations). The parameters of the car
traffic volume running between the marshalling yard and the
i™ freight station are characterized by the assignment of cars
arriving to the address of the station d,, the daily car traffic vol-
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ume N, the number of cars in the train m;. Let the variable x;
denote the number of tracks that are allocated at the marshal-
ling yard for the accumulation of cars to the address of the i
freight station. The variable x; can take integer values, while 0 <
< x; < W (here W is the number of tracks allocated for the ac-
cumulation of cars at the marshalling yard). Let us designate a
sign of train group formation at the marshalling yard to the
address of the i freight station as Boolean variable b,. In this
case, if b;=0, then one-group trains are sent from the marshal-
ling yard to the i” freight station, where the cars are arranged
in random order, and if b; = 1 then from the marshalling yard
to the i” freight station group trains are sent, where the cars are
selected into groups according to their destinations.

The time expenditures on shunting work with the car traf-
fic volume to the address of the i freight station include the
time spent at marshalling yard S; and the time spent at the
freight station F;

TAN;, m;, d;, x;, b)) = S; + F.

The values S; and F; functionally depend on the parameters
of the car traffic volumes and the values x; and b,

AS'i :fS(]Vi’ m;, dir Xis bz)! (1)
Fi=fp(N;, m;, d;, b)). (2)

Let us denote the admissible duration of occupation of
shunting vehicles of marshalling yards by Ds, the admissible du-
ration of occupation of shunting vehicles of freight stations by D,.

In general, the problem of distributing the tracks of an
industrial marshalling yard for the accumulation of car
groups between separate destinations lies in the search for
such values of the variables x; and b; with the given values of

N, m,,di,(i=L7) that minimize the value of the objective
function

Zﬂ(xi,bi)—)min, (3)

i=1

under restrictions

k
Zfs(x,.,bl.)sDS
i=1

b)<D, i=l,
Sr(B)< D, . . @)
O<x,<W, i=lk
k
le.SW
i=1

To identify the parameters of functions (1 and 2), the
methods of the railway operation theory were used. The num-
ber of tracks allocated at the marshalling yard for the accumu-
lation of cars of a certain assignment affects the time spent on
both breaking-up and making-up the trains. During the break-
ing-up of the trains or shunting transfers, their cars go to the
accumulation tracks. After the train accumulation is complet-
ed, this train for some time is idle on the accumulation track
under technological operations and waiting for them. If for the
train accumulation of a specific assignment one track is allo-
cated, then the cars arriving when the accumulation track is
full are sent to the screening track and are subject to re-sorting.
To avoid re-sorting, if there are two or more tracks, the accu-
mulation process starts on another accumulation track. To as-
sess the dependence form between the daily number of cars
coming to the accumulation track and the number of cars sent
to the screening tracks, a series of computational experiments
with a simulation model was performed. During the experi-
ments, the filling of the accumulation track with cars was sim-
ulated. The cars were arriving in groups. When the accumula-
tion track was full, the excess cars were sent to the screening
track for re-sorting. An example of the results of computation-
al experiments is shown in Fig. 1.

30
Maximum daily car traffic =~ <
25
volume for accumulation
20 on|one track /
g /
S 15
& 4
10 /
5
L — <~
0 —
0 50 100 150 200 250
N, cars

Fig. 1. Relationship between the number of cars coming to the
accumulation track and the number of cars sent to screen-
ing tracks

On the basis of statistical processing of the results of compu-
tational experiments performed using the simulation model of the
station [26], it was found that the dependence of the car number
directed to the screening track 7, ; on the daily number of cars of
the i” destination coming to the processing is a quadratic

at x; =1

2
4 )% +aN, +a,N;
"0 at x>
where ay, a;, a,are polynomial regression coefficients.
The time expenditures on shunting operation for the re-
sorting of cars can be determined from the expression

Trs,i = trsnrs,[(xia ]Via mi)s

where t,,is average time expenditures on re-sorting per car, min.

The formation of a train or shunting transfer at an indus-
trial marshalling yard consists in connecting separate groups
of cars by pulling them, as well as in arranging the cars in the
order as part of group trains. The time expenditures for pulling
is defined as

T,

P

2= 0.08m,,

where m, is the number of cars on the track.

Taking into account the fact that the value 7, depends
only on the total number of cars, it does not change when the
different track specialization is changed and can be excluded
from the objective function (3) and the Py value in the con-
straint system (4).

The time expenditures on the arrangement of cars in the
train depend on the number of tracks allocated for the accu-
mulation of the train. When dispatching single-group trains,
the cars in them are not arranged. If one track is allocated for
the accumulation of cars for a certain purpose, then the selec-
tion of cars into groups includes car sorting at the track ends
according to their purpose, as shown in Fig. 2, @ and their sub-
sequent assembling on one track, as shown in Fig. 2, b. As a
result, the cars in the train will be assembled into groups, as
shown in Fig. 2, c¢. If the number of tracks allocated for the
accumulation of group train cars is equal to the number of ap-
pointments, then it is enough to combine the accumulated car
groups on one track. The formation of the group train in this
case is illustrated in Figs. 3, a, b. A mixed variant of selecting
cars into a group is also possible, when the number of tracks
allocated for accumulation is more than I, but less than the
number of car assignments.

In general, the arrangement of cars in a group train includes
shunting work on sorting cars to different tracks according to

their destinations and their subsequent collection to one track
tyi=1I i+ 1, at b;=1.

The duration of sorting a train of m, cars and g cuts is de-
termined by the formula

lo=Ag+ Bm,, ®)
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Fig. 2. Formation of a group train under conditions when one
track is allocated for the accumulation of its cars:

a — accumulation and sorting of cars according to their destina-
tions; b — assembling of cars; ¢ — formed train
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Fig. 3. Formation of a group train under conditions when one
track is allocated for the accumulation of its cars:

a — accumulation and assembling of cars; b — formed train

where A, B are the coeflicients depending on the technical
equipment of the station, min/cut and min/car.

In accordance with the “Manual for the Design of Indus-
trial Railway Stations”, there is a statistical dependence be-
tween the number of cars in m; and the number of car assign-
ments arriving at the station d; on the one hand, and the average
number of cuts g; and the number of car assignments g; that are
part of the train on the other hand. In this regard, the average
number of cuts in a train can be determined from the expression

g=agmg,
where a,, g; are coefficients, respectively car/cut and assign-

ment/cut.
Then the sorting time of the train can be found as

qi= aqaa

tS = RmS’

where R is the coefficient depending on the technical equip-
ment of the station, min/car.

The total time spent on the sorting of cars accumulating on
several tracks is proposed to be determined by the formula

0 at 5 =0
(q,—x;+1)

i

0 at b=0 at b =1, x,2¢

S, (x;,0)=

1

RMm, at b,=1, x;<q;, (7)

where Ry is the coefficient depending on the technical equip-
ment of the marshalling yard, min/car.

The collection time of a train of mg cars for one track,
which was sorted on z tracks, is determined by the formula

t,=7P+ (z-1) Emy,

(®)
where P, E are coeflicients depending on the technical equip-
ment of the marshalling yard min/track and min/car.

When deriving expression (8), it is assumed that there is
the same number of cars on all tracks.

The total time spent on assembling cars from several tracks
is determined by the formula

0
Seori(Xi5b,) = x,-P%'FM ath =1,x,<g;. (9)
| mi ql'
qlpﬁ+w atbizlsxiqu‘
m; q;

After the train arrival at the cargo station, it should be sort-
ed. The duration of the train sorting at the cargo station is deter-
mined by (5). Considering that the total number of cars does
not change when they arrive in single-group and group trains,
the second addend in expression (5) can be excluded when
comparing during the calculation of the objective function (3)
and the restriction P; (4). As a result, the time spent on sorting
cars at the freight station can be determined from the expression

AFl.Ni at b=0
o
F(b)= ;, : (10)
A, —— at b =1
| OLgO(.q

where Ay, is the coefficient depending on the technical equip-
ment of the i freight station, min/cut.

In general, the value of the objective function (3) can be
set based on the expressions (7, 9 and 10) as

T(x;,b,)= ZSc,i(xi’bi)+S

col i

(x;,b,)+ F(b)—>min. (11)

k k
i=

1 i=1

The restriction on the maximum permissible duration of
shunting operations at the marshalling yard in system (4) can
be represented as

k
ZSC,i(xi’bi)JrScol,i(xi’bi)SDS_G > 12)
i1

and at the freight stations as
F(b)<D,~G,, i=Lk, (13)

where G, G, are the constant time expenditures on shunting
operations at marshalling yard and freight stations, indepen-
dent of x; and b;, min.

Results. Function (11) is a non-linear function of two vari-
ables, while its arguments can only take integer values. An ex-
ample of the dependence between the time expenditures on
shunting work, on the one hand, and the type of the trains
dispatched, as well as the number of tracks allocated for their
accumulation, is shown in Fig. 4.
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Fig. 4. The relationship between the time expenditures on
shunting work, on the one hand, and the type of the trains
dispatched, as well as the number of tracks allocated for
their accumulation

Taking into account the nature of the objective function
(11), the problem of the track distribution for the car groups
accumulation between individual destinations can be reduced
to a dynamic programming problem.

Restriction (13) for an individual freight station depends
only on its parameters. Therefore, the variable b; for the freight
stations, where condition (13) is not satisfied, can be set equal
to 1 before the optimization start, and the restriction (13) itself
can be excluded from the conditions of the task.

The solution of the problem can be obtained in two stages.
At the first stage, the values of the variables x; and b, are deter-
mined, which ensure the achievement of the minimum of the
objective function (11) without taking into account the restric-
tion (12). To solve the task, a recurrence relation is introduced,
which allows solving the set problem in general terms. This
recurrence relation when searching for the minimum value of
the objective function (11) is written as follows

T, W) =min| H,(x)+T, (W -x)], x, =LW;
T, W)=min[ H,_,(x, )+ T, W =x, )], X, =LW;

Ty(W) =min[ Hy(x)+ W ~x))], x,=LW;
T,W)=min[ H,(x)+0], x=LW.

The solution obtained using the above recurrence relation is
the global minimum of the function (11). If the obtained value
satisfies condition (12), then it is the solution to the task. If con-
dition (12) is not satisfied, then the solution of the task will be
such a set of variables x; and b, that ensures the fulfillment of con-
dition (12) and results in a minimal increase in the value of the
objective function relative to the global minimum. It should be
noted that when the global minimum of the objective function
(11) is reached, it is impossible to achieve a decrease in the value
of the left side of the expression (12) by using additional sorting
tracks, since this simultaneously leads to a decrease in the value
of the objective function (11). Therefore, a decrease in the left
side of expression (12) can be achieved only by refusing from
forming the separate group trains. Given the limited number of
destinations for which trains are formed by industrial marshalling
yards, this problem can be solved by enumeration of possibilities.

As an example, the problem of specialization of 7 mar-
shalling tracks of an industrial marshalling yard for the forma-
tion of trains assigned to 5 freight stations is considered. The
corresponding parameters of car traffic volumes are given in
Table.

The total time spent on shunting work at marshalling yards
and freight stations during the formation of single-group trains
is 1800 minutes. As a result of the optimization, it was found
that when allocating 1, 2, 2, 1 and 1 tracks for the accumula-
tion of cars at freight stations, respectively, and forming group

Table
Parameters of car traffic volumes of freight stations

i N; m; 8i qi
1 80 20 8.9 4.7
2 150 20 7.9 3.6
3 70 15 7.5 2.9
4 16 10 7.0 5.8
5 43 15 7.1 5.0

trains at the freight station, the total time expenditures on
shunting work can be reduced by 25.4 % to 1342 minutes.

In general, the originality of the work lies in the fact that it
proposes an improved method for estimating the duration of
shunting operations for the formation of train sets and shunt-
ing transfers, depending on the number of tracks allocated for
their accumulation. Also, the paper proposes a method for for-
malizing and solving the problem of tracks distribution for the
accumulation of car groups between individual destinations as
a dynamic programming problem.

Practical value of the work lies in the fact that the method
proposed in it, due to the rational distribution of the existing track
arrangement of railway stations, allows reducing the time expen-
ditures on the making- and breaking-up the trains and shunting
transfers and, as a result, increasing the crossing capacity of the
stations, as well as reducing the enterprises’ production cost.

Conclusions. The studies performed allow us to make the
following conclusions:

1. At present, the sidings of industrial enterprises experience
an acute shortage of track capacity for the accumulation of trains
and shunting transfers. The reason for this is the increase in the
number of car assignments, which is caused by the division of the
car fleet between individual owners and the increase in the share
of specialized cars used for loading. The work of railway trans-
port of industrial enterprises in such conditions requires the re-
sorting of cars. Therefore, often, railway transport becomes an
element that restricts the volume of production output and in-
creases its cost. The solution to the problem may lie in the ratio-
nal distribution of technical means of industrial stations, in par-
ticular, their track development for performing shunting work.

2. The optimization problem of the track distribution of
the industrial railway stations for the accumulation of car
groups between separate assignments consists in finding such a
distribution of sorting work between the industrial marshalling
yard and freight stations, as well as such a distribution of mar-
shalling yard tracks between individual destinations, which
provides the minimum time expenditures for shunting work.
To solve this applied problem, the dynamic programming
method is adapted in the work.
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Meta. Y1ocKOHaJIEHHSI PO3MOITY KOJiii MPOMUCIOBUX
3aJli3HUYHUX CTAHLIN U1 HAKOIMUMYEHHS TPYN BaroHiB MixX
pizHUMU TTpr3HaYeHHSAMK. OTITUMI3alliifHa 3aJa4a ToJIITaE B
MOIIIYKY TaKOTO PO3MOJiJy COPTYBaJIbHOI POOOTH MiX IMpPO-
MMCJIOBOIO COPTYBAJIbHOIO i BAHTAXKHUMU CTAHIIIIMU, a Ta-
KO PO3MOJIiTY KOJIiii COPTYBaJIbHOI CTaHLIil MiK OKpEMUMU
MpU3HAYEHHSIMHU, 1110 3a0e3Ieuy€e MiHiMalbHiI BUTpPATH Yacy
Ha BUKOHAHHS MaHEBPOBOI pOOOTH.

Metoauka. JlociiIXeHHsI BUKOHAHI i3 3aCTOCYBaHHSIM
METO/IiB TeOopii eKCIulyaTallii 3aJ1i3HU1b, iMiTalliliHOTO MOJIe-
JIIOBAHHS I TMHAMIYHOTO ITpOTrpaMyBaHHSI.

PesyabraTn. BupinieHa ontuMisaniliHa 3ama4a po3nofi-
JIy COPTYBaJIbHOI pOOOTU MiX COPTYBAJILHOIO i BAHTAXKHUMU
CTaHIIiSIMM TTPOMHUCIOBOTO MiANPUEMCTBA, a TAKOX MOIIYKY
TaKOTO PO3IOAiITY KOJIili COPTYBaJIbHOI CTaHIIii Mi>K OKpeMHU-
MM TIpU3HAYEHHSIMU, 110 3a0e3levyye MiHiMaabHi BUTpaTH
yacy Ha BUKOHAHHS MaHEBPOBOI pOOOTH.

HaykoBa HoBUM3HA. Y pO0OTi 3apONOHOBaHO MeTO (hop-
MaJtizarlii i po3B’si3aHHS 3a1a4i PO3ITOILTY KOl IIPOMUCIIO-
BUX 3JIi3HUYHMX CTaHIIi 11 HAKOMMYEHHSI TPYI BaroHiB
MiX OKpEeMUMHU TPH3HAYCHHSMHU AK 3a1adi JUHAMIYHOTO
nporpamMyBaHHs. Ha BiiMiHy Bil iCHyIOUMX METO/IB, ¢ YUC-
JIO KOJIill pO3IIIIAEThCS IK OOMEKEHHSI, Y 3aIpOITOHOBAHO-
MY METOJIi YMCJIO KOJIili € apryMEeHTOM LiJIbOBOI (DYHKIIIT Mi-
HiMi3allii TPUBAJIOCTI MaHEBPOBUX OMepalliif, 1110 103BOJISIE
MiABUILIMTU SIKICTb ONEPXKYBAHUX PillIeHb.

IIpakTyna 3HaYMMicCTh. 3aTIPOTIOHOBAHUY Y poOOTI Me-
TOJI 32 PAXYHOK PalliOHAJIbHOI'O PO3IMO/iIY HasiBHOTO KOJili-
HOTO PO3BUTKY 3aJi3HUYHUX CTAHIIiil MO3BOJISIE 3MEHIITUTH
BUTpATH Yacy Ha (popMyBaHHS i po3(hopMyBaHHSI COCTaBiB
MOI3/iB i MAHEBPOBUX Mepenay i, 3a paxyHOK 1IbOTO, MilBU-
LIMATH MPOIYCKHY CIIPOMOXKHICTh CTaHIii, a TAKOX 3HU3UTH
co0iBapTiCTh MPOMAYKIIiI MiAMPUEMCTB.

KurouoBi ciioBa: 3ariznuunuil mpancnopm, npomuciosa 3a-
AI3HUMHA CManyis, nid’i3Ha Koais, Maneeposi onepayii, HaKonu-
YeHHS 8ACOHIB
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