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Summary. In the article we presented a principle and mathematical model of searching of the rational variant
during the operative planning of technological treatment of incoming car traffic volume on industrial
enterprises of rail mode.
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INTRODUCTION

More than 80% of car traffic volume of railroads originates and retires on
industrial enterprises. For these enterprises it is too important to improve the transport
service on the area of connection station — access railroad where considerable part of
current financial transport outlays of enterprise is made by payment of car-hours of
using cars of “Ukrzaliznici” and private operator companies.

On main line transport enterprises poorly organized and unrhythmic traffic
volumes are forthcoming that leads more often to overwhelming of the transport system
of enterprise, in particular, of locomotives, station and exposition tracks. Thus the
volume of work of locomotive brigades is increased, and the general index of efficiency
of their use goes down. A traffic controller is often physically unable to analyze all car
traffic volume that is forthcoming on an enterprise, and to define the optimum variant of
a transport service. That is why for achieving more effective results on enterprises
unmanned systems of planning and operating rail mode with the help of computers are
more frequently used. It was discovered as a result of analysis of existing systems, that
on enterprises the informative systems and systems of prognostication and planning are
used separately. Informational systems are fulfilling next main functions:

-calculation of presence, distribution, use, and demurrage of the rolling stock;

-calculation of loads which are forthcoming and departed by type, deliveries and
recipients;
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-calculation and control of implementation of planned tasks;

- drafting of row of forms of the statistical reporting.

The existent systems of prognostication and planning do not take into account
appearance of unplanned situations, and accordingly, cannot give out adjustment of
prognosis which was made before.

Maximal efficiency in a management of work of transport is possible to achieve
by integration of unmanned informational systems and systems of prognostication and
planning. That means that there must be unmanned system which controls
implementation of transport processes real-time and founded on received information
plans transport processes. The final decision on forming of the plan must do a traffic
controller that is why a system must have a structure of a system of support of making
decisions (SSMD). In order to receive optimal result SSMD must “understand”
principles of fulfilling those or other transport processes. Thus in order to receive a
rational variant of technological treatment of incoming car traffic volume SSMD must
solve next tasks:

Distributing of cars after homogeneous freight fronts (FF) with the purpose of
implementation of freight operations (FO) with a minimum cost;

a choice of rational sequence of delivery of groups of cars to FF;

planning of shunting operation for reforming of rolling stock in different
available places of enterprise;

complex estimation and choice of minimum cost variant of distributing of cars
after FF, sequences of placing and plan of conduct of shunting operation.

A procedure was developed for the decision of set tasks: mathematical
description of which is presented below.

A PROCEDURE OF SEARCHING OF THE RATIONAL VARIANT OF
TECHNOLOGICAL TREATMENT OF INCOMING CAR TRAFFIC VOLUME

The process of feed, assembly and transportation of cars from freight fronts is
suggested to be divided into the row of stages. For car feeds on freight fronts it will be:

-reforming of the rolling stock,

-successive delivery of feed and arrangement on FF,

-freight operations.

The state of the transport system on each stage is characterized by the range of
points ¢’ s (pzp,.. @",, collection of which is vector o(p)=( o' p, (pzp,.. ¢",), it is a vector of
the state of a system. The state of the system on the prime stage p=0 is considered
predetermined @(0)= @,.

Development of the system consists of successive transition from one state to
another. It is possible to influence it on every transition through the stage p by a certain
operation u#(p) which was chosen from the range of possible operations. Thus, the state
of a system @(p+1) is determined from one side by the vector ¢(p) and from the other

side by operation u(p):
o(p+1)= flo(p)ulp)} "
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Function f set the rule of transition from the state ¢(p) into the state p(p+1)
depending on the option of u(p). The range of options each of which may be chosen on
the stage p=m we will indicate as U,,. Development of the system is determined by the

succession @ = {qD(O), go(l),..., (D(P)}, where o(p) € ¢ ,, is the vector of state of the

system for p=m .

We will name the presented sequence as a strategy. Admission of a strategy is
conditioned by the possibility of existence of the option that allows making a transition
out of any state on the certain stage in the following on other. Each strategy is described
by the target function F(p). Thus, the development of the system is described:

-by the range of admissible states of the system ¢,,;

-by the range of admissible options U,,;

-by rules of transition from the one state into another after chosen option:

o(p+1)=flp(p) ulp)} @

by the target function F(p).

The task of the searching of rational variant of technological treatment of car
traffic volume comes to the finding of admissible strategy which guarantees the
minimum of the target function. The last one in the general case is set by the sum of
criterion functions Q,,{ ¢(m), p(m+1)} which were received during the transition from
the state @(m) to the state p(m+1):

P-1
F(p)=30,{p(m)p(m+1)}
m=0 (3)
The target function must be considered the function from option because any
admissible strategy ¢ is absolutely determined by the sequence of admissible options
u=(ug, uy,..u,1). Thus, the task comes to the necessity of determination of options u*=(u
*0, u ' yeu *p-l) which minimize the target function:

Flolu)= 20 lplmkoln+ Djomin

on condition that

o(p+1)= flp(p)ulp)y:
p(m)e 9,; 9(0) € p,; 5)
u(m)eU,;m=0]1,.,P-1.

Computing process of car feed on FF after the end of receive-return operations
should be divided into several stages.

At the primary stage (p=0 ) we should collect and analyze information about the
current status of the system, especially those elements which may be involved in the
process which is planned.

Technological treatment for the case of car feed on FF will have 5

stages, P = 0,4 Examination of stages we will start from the last one (p=4). This stage
determines all possible variants of arrangement of cars after FF taking into account the
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duration of freight operations for car groups. ¢(4) is a vector which describes variants of
arrangement of cars after FF:

O(4) = (0}, 02, 0} e 1) ©

where: every variant 2 , V= Lk, in its turn describes parameters of freight work with
cars after the end of their arrangement after FF, namely: cost and duration of fulfillment
of FO on every FF, locomotive hours and car hours spent on FO on every FF, cost of
work of freight-unload mechanisms and shunting equipment on every FF.

On the next stage of the system, (p=3), it is offered to examine all possible
variants of delivery of car groups to FF:

pB)=lp!" "} v=lk, t=lg! n=1k
(v.zim)

where: Ps is a vector which describes parameters of delivery of cars to FF, Vs
a number of variant of arrangement of cars after FF, T is a number of variant of

sequence of delivery of cars to FF for the chosen variant of arrangement (V), 8v is

the amount of FF where FO is performed for V' variant of arrangement, 77 is the index
of the shunting zone where the delivery to FF starts, k; is the amount of shunting zones.

On the next stage (p=2) parameters of shunting work for reforming the rolling
stock are calculated and brought forward. Here we should take into the consideration
that the process of reforming may be fulfilled in different ways and in different places
of the enterprise. As ways of leading a classification work there are singled out 3 types:
classification on vertical climbs and half vertical climbs; classification on tracks in
parks and necks by means of deposition and pulling out cars; classification by pushes
(the fulfillment is possible only if there is electrical centralized point in the park).

Main parameters of carrying of shunting work, which is fulfilled for reforming of

the rolling stock under V' variant of distributing of cars after FF and T variant of the
(o(v,f,ﬂ)
sequence of delivery, are reflected in the vector 7 2 :

p2)=lpl" "} v=1k t=lg! n=Lk

where # is the index which indicates the amount of necks of the enterprise or station for
which parameters of shunting work are calculated, k; is the amount of shunting zones at
the enterprise which are suitable at that moment for carrying shunting classification
work.

At the end the delivery of the rolling stock from the initial point to the shunting
zone for further reforming is examined:

o(1) = 00705501 | ©)

n
where P is a vector which characterizes the delivery of the rolling stock with 7 cars

to the shunting zone 77, n=1 k1 .
The process of searching variants of technological treatment of car traffic volume
may be shown as a graph. The example of such graph is shown on pic. 1. Conditional
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denotations: C(¢’,) is the cost of fulfilling i variant for n stage of technological
treatment, C,,... is the cost of moving to the shunting zone, Cy,, is the cost of fulfilling
shunting works, C,eerr 1S the cost of moving to FF, Cgo is the cost of fulfilling freight
operations.

EXPERIMENTAL RESEARCH

Let’s look through the example of the searching for rational variant of
technological treatment of incoming car traffic volume. Let on the enterprise came
empty cars feed: 2 boxcars (BC) for freighting sackful of cement on FF 1 or FF2 with a
maximum feed 10 cars and 2 gondola cars (GC) for freighting sand on FF with a
maximum feed 5 cars. Cars in a rolling stock are placed in the next sequence: BCI,
GCl1, BC2, and GC2. We see that there no formed groups in a rolling stock that is why
the first stage of technological treatment will be the delivery of cars to the shunting
zone. Let there is only one zone available for shunting work at the moment then the cost
of fulfillment of the first stage will be the same for all cases and will be equal to
Cnsa=Cp' )=P

On the second stage the shunting wok is performed. For its planning each car
must have a sequence number of a group. As a result of the shunting work we should
receive a rolling stock where cars are located in downwards numbering of groups. All
variants of the shunting work for the given example are given in the table 1.

Table 1. Initial data for planning of the shunting work and its cost

Variams of the Initial sequence Final sequence Cost
shunting work (Cshunt )

, 12,12 22,1,1 M,

@, 2,12,1 22,11 M,

@, 1,323 33.2,1 M,

(0; 23,13 3,3.2,1 M,

@, 12,32 3221 M,

@, 32,12 3221 M,

@, 2,13,1 32,11 M,

@, 3,121 32,11 M,

On the third stage the delivery of cars to FF is performed. All variants of delivery
sequences for the given example are shown in the table 3.
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On the fourth stage freight operations are performed. All variants of freight
operations for the given example are shown in the table 2.

Table 2. Initial data for planning of freight operations and their cost

Variant of FO Thf;;rlrangem;;l; of cars on FFFF3 Cost (Cgo)
?, BC1, BC2 - GC1,GC2 | FO,
@, BCl BC2 | GCl,GC2 | FO,
¢43 BC2 BCl | GCl,GC2 | FO,
o, - BC1,BC2 | GC1,GC2 | FO,

We should note that variants ¢°, and ¢, have the same cost of their performing
but they are examined separately because the choice of one of them influences the cost
of shunting work.
Based upon the received data from table 1 and table 2 we may write down all
variants of technological treatment of the rolling stock for the given example (table 3).

Table 3. Initial data of variants of technological treatment of the rolling stock

and cost of the each stage of treatment

The amount “

- : [
| § The delivery sequence of clz:i;s on ; § Z X :E
§ —_ || en é Lg) og © Ug)n

1 2 3 E | = @)
1 FF1 FF3 FF3 210]2]| P, M; | Pl FO, o
2 | FF3 FF1 FF3 [ 2 0] 2] P, | M, | P | FO, | Co |
3 FF2 FF3 FF3 0[2]2 P M, P FO; Co |
4 FF3 FF2 FF3 0[2]2 P M, P4y FO; Co |
5 FF1 FF2 FF2 1[1] 2 P M; P5pp FO, Ce |
6 FF1 FF2 FF2 1[1] 2 P M, P5pp FO, Ce |
7 FF2 FF1 FF1 1 [1] 2] Plsz M, P°rr FO, Co |
8 FF2 FF1 FF1 1[1] 2] P, M, Pl FO, .
9 FF1 FF3 FF2 1 [1] 2] P, M; Pl FO, Vg,,_
10 | FFI1 FF3 FF2 1 [1] 2] P, M, Plrp FO, c’i,,_
11 FF2 FF3 FF1 1 [1] 2] P, M; Por FO, o
12 | FE2 FF3 FF1 11 2] P, M, Porr FO, "
13 FF3 FF1 FF3 1 [1] 2 P, M, P’ FO, [
14 FF3 FF1 FF3 1 [1] 2 P, My P’y FO, [
15 FF3 FF2 FF3 1 [1] 2 P, M, | P FO, [
16 FF3 FF2 FF3 1 [1] 2 P, My | P FO, [
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Let’s note that there are variants with the same delivery sequence and the amount
of cars on FF in the table 3. Such variants differ by numbers of cars which are planned
to be disposed on FF. Cars receive different numbers of groups that leads to different
principle of leading the shunting work and, accordingly, to its different cost. Received
results are shown as a graph (fig. 1).

The optimal variant may be found as a minimum of the target function:

F(¢(u )) = Cgeneral = Cm.s.z. + C + CmaveFF + CFO — min (9)
x : n
that means that we find: Cg‘-’”em’ - mm(cge"eml ), n=116 where X - is the number of
the optimal variant of technological treatment of the rolling stock.

The given principle of searching of the rational variant of technological treatment
of car traffic volume is implemented as a software product. Combinatorial algorithms
were developed with the help of which the search was implemented. In the software
product next stages of technological treatment of car traffic volume are taken into
account: delivery to the shunting zone of the feed which came to the enterprise;
performance of shunting operations; delivery of formed car groups from the shunting
zone to according FF; performance of freight operations with each car group.

shun.

A AC..., AC., AC, AC,,

Clo))

Clip))
Clopl)

Clo))

0 |

ta
.

Fig. 1 The graph of defining the rational variant of technological treatment
of car traffic volume after the cost criterion

Here is the interface unit of the software product. The main window of the
program (fig. 2) is used for information input about the rolling stock for which we
should find the rational variant of technological treatment.

Results of the work of the program are shown on the fig. 3. Namely: sequence of
delivery of car groups to FF, the list of car numbers on every FF, time of fulfilling of
technological operations on every stage which are mentioned above and the general cost
of each variant.
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Crpapka
Ne BaroHa TunesaroHa Tunrpysa | ToposkHui BaroHoyack!
[ [re ~|[Eapas 0w oo e Barpysie us pains Pacuér
JloBaeure | HaanuTe NocAsaHWE | Hogan noaaua | CoxpanuTs & dakin MokazaTe peagnma’r| 3arpyzure [P |
CocTae ﬂOCTyI'IHbIe Fpy30Bble ¢ROHTHI
M¢ Baroqa Tun BaroHa |Tw’| rpyza ‘Earoﬂouacbl |5Ppom | PpoHT |TW| BaroHa |Tv|n rpyza ‘ﬂ.ﬂHHa [ar.] | Ll
[E] UemenT B mewkas re17. 7918 [l 2-1 ne Mensuwme Tena 1
BRET9873 KE UemenT B mewkan 2 17, T$138 re7 ue HedrenpoaykTe! 1
BET09361 KE UemeHT B Mewkan 2 F17.7$18 g KE OrHeynopHer kkprkd 1
67684015 KE UereHT B Mewrax 2 r17.7$18 r+g ne OfopuaosaHie 1
BE4E252E KE UeteHT B Mewkax 2 re17.re18 re10 KE PasnuyHER rpysel 1
BEE19224 #n Uemerr 45 rP12,re13.rP14 re12 un Uemerr 10
5EO05423 #n Uerent 45 P12, TP13.MP14 13 #n Uemenr 10
E7E76338 an Uerenr 45 P12, TP13.7P14 14 “n Uerenr 10
re1s ne UetteHT [nakeTs] 3
16 ne Uerenr [nakersi] 5
17 KE UemeHr B Mewkax 5
18 KE UemeHT B Mewkax 4
r+19 ne KauHrep 10 =
M

Fig. 2 The main window of the program

.| Peaynnurar ne peGopa - 2388 sapuanios, Bpema ne pe Gopa: 00.00.000

PaccTaHoBKa BaroHoOB MO FPY30BbiM PPOHTaM - 50 BapuaHTOB

Ne re1z ‘rcm 3 |rq=1 4 ‘rcm 7 |rq>1s |MaHeEpuBasl 303 [D6wan croumocTe ‘ ~
1 i 0 3 1 4 Nel 1013, 36452567375 7E

2

E] i 0 3 3 2 Net 1012, 7545378875 TEE

4 i 0 ] 4 1 0] 100.294773672843¢

5 i 0 3 5 ] Net 1012, 4756634371 362

g i 1 2 1 4 Nt 107, 3758533452850

7 i 1 2 2 3 Net 105, 3747532752684

F] i 1 2 3 2 Nt 108 546599690531 7

Fl i 1 H 4 1 [ 104.4969439354837

10 i 1 2 5 0 Net 103, 9365646141855

11 n l 1 1 A Rzt AN0 OROAR] OROIRIE Y

MocnenoBaTenbHOCTL Pa3BO3a [0 FPY30BbIX (PPOHTOB - 6 BApUAHTOR

e MaocnenosaTensHOCTE Pa3E03a Hazeatue

1 FP14, re17. rele Pazg03 A0 MaHEBPOEON S0HE!

2 P17 re14. 118 MaHeEpoBaA padoTa

3

4 P18, rP14. re1y

5 FP17, TP18. Th14

5 P18 P17 P14

NP Crmcox BaroHos Herwano pasensa |Hawaﬂn o ‘Kuneu o |
I 56615224, 56505423, 67676338 1253 1318 1425

re17 56618346, 56813873 1333 1338 18:03

re1a EE709361, 67804015, 56462526 1318 1333 20:20

Fig. 3 The window of results of the program work
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CONCLUSION

In the process of investigation of the problem of searching of rational variant of
technological treatment of car traffic volume existing systems of computer aided
planning and transport processes control were analyzed. The expedience of unmanned
system of car traffic volume control which would unite functions of calculation and
planning of transport work was shown. For realization of planning functions the
technology of car traffic volume treatment was formalized and the principle with the
help of which the search for the rational variant is performed was shown. After this
principle combinatorial algorithms were built and realized in the form of software
product which allows processing and analyzing of big amount of information and offer
the rational variant of treatment of incoming car traffic volume.

The derived software product may be used separately or as a part of unmanned
control system on industrial enterprises of rail mode. Its use will increase the
effectiveness of traffic dispatcher and locomotive brigades work as a result of relatively
quick receipt of some rational variants of leading the technological treatment of car
traffic volume plan.
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PA3PABOTKA METOJUKH ITIOUCKA PAMOHAJIBHOI'O BAPUAHTA
TEXHOJIOI'MTYECKOU OBPABOTKH BXO/SIIEIO BATOHOIIOTOKA

Kopon I'.B., 3aBepkun A.B., llluxyn O.B.

AuHOTaums. B craTthe NPEACTaBJICHBI MPUHIHUII W MaTeMaTU4YCCKad MOJCIIb IMOHUCKa panroOHaJIbHOTO
BapuaHTa IIpU ONEPATHUBHOM IUIAHUPOBAHUU TEXHOJIOTUIECKOMN O6p8.60TKI/I BXOOAIIETO BarOHOIIOTOKa Ha
TIPOMBILIIJIEHHOM >KCJIE3HOAOPOKHOM TPAHCIIOPTE.

KiioueBbie cJ0Ba: TPAHCIOPT, >KEJIE3HBIC [OPOTH, JKEIE3HOMOPOXKHAS TEXHHKA,  TEXHOJOTHYCCKAs
00paboTKa, BarOHONOTOK, INIAaHMPOBaHKe, HHPOPMALMOHHAS CHCTEMA.



