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Abstract: An algorithm for simulating the number and order of cars in a train arriving at
an access track.

The paper presents an algorithm for randomly generating the characteristics of trains
arriving at the access road. Trains are characterized by the following parameters: the number of
uncoupling cars arriving at the internal stations of the access track, the number of cars in each
uncoupling, the order of the uncoupling in the train. The number of detachments is formed
randomly in the range from one to the value of the total number of internal stations of the access
road. The number of cars in each uncoupling is formed randomly from zero to one-third of the
size of the train composition. Moreover, the proportionality of the volumes of car traffic going to
each station is observed. The number of options for the location of detachments (permutations) is
determined by the factorial of the number of stations. The number of the permutation variant is
randomly selected.

Key words: train, simulation modelling, number of cuts, industrial transport, car turnover,
car traffic volume optimization, access road, transport management.

The duration of technological processes Since this algorithm can be used for
with trains arriving on the access roads of  mathematical modelling of  various
industrial enterprises depends largely on the  technological processes, the solution to this
order in which the number of cars directing to  problem is quite relevant.

various internal stations of the access road is Typically, access roads of industrial
located. enterprises are made as follows: there is an

It is obvious that the order and  access road station with access to an adjoining
guantitative composition of cars is random. station of the backbone network and

For  mathematical modelling of  connected to other stations or freight points of
technological processes for processing trains  the access road. Let us call it the Receiving
arriving on access roads, it is necessary to  station. Let us assume that the access road is
develop an algorithm for simulation of the  also characterized by several internal stations
number and order of cars in the train. that receive a certain car traffic volume and
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are located in a specific order and at a certain
distance from the Receiving station and
among each other.

The algorithm of this simulation model
includes the following steps:

1. Calculation of conditional-constant
variables

We determine the total car traffic
volume at the stations of the access road
according to the following formula:

Ny
V = Z Mg;
i=1

where Mg; - is a car traffic volume

directing to i-th station of the access road,

nst ~ IS the number of stations under
consideration in the model.

We determine a share i-th in the total
car traffic volume according to the formula:

1)

(2)

We determine the distance travelled by
groups of cars to the stations of the access
road according to the formula:

Inpi = Inepi—l + Inepi’ (3)
where |, - is a line distance between
i-th and i-1 stations of the access road,

moreover |, is equal to the line distance

between the Receiving station and the first
one in the direction of travel of the station of
the access road.

We determine the annual number of
domestic trains according to the formula:

N =—
m

(4)
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where m - is the number of cars in this
train.

The algorithm flow chart implemented
in the Scilab software environment is shown
in Figure 1.

In the flow chart of the algorithm for
the calculation of conditional-constant
variables of the simulation model:

- in blocks 1-2, the total car traffic
volume by stations is determined;

- in blocks 3-4, a share of the car
traffic volume directing to each station is
calculated of the total car traffic volume;

- in blocks 5-6, the haul distance of
groups of cars from the Receiving station to
each internal station of the plant is calculated:;

- in block 8, the number of domestic
trains made up at the Receiving station to the
internal stations of the plant per year is
calculated.

2. Formation of groups of cars and the
number of groups of cars by destination
stations

The number of cars in the group
arriving from the connecting station is
determined according to the following
formula:

My =INt(m-rand(i)-«;) (5)

cuti
where int - is a function that returns an
integral value from the parameter to be
calculated,
m - is the number of cars in the made
up train;
i - is the number of the group of cars
a;, - is a share of i-th car traffic

volume in the made up train;
rand(i) - is a function that returns a

random number between 0 and 1
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HMUTAIMOHHON MOJIEIN
Figure 1 — Flow chart of the algorithm for the calculation of conditional-constant variables of the
simulation model

The number of cars in the groups of cars
in the made up train must correspond to the
total number of cars in the train, thus, the
number of cars in the group arriving at ith

station m,, must be controlled for their

correspondence to the total number of cars in
the train, according to the following scheme.

We calculate the actual total number of
formed cars in the train:

(6)

i=1

We calculate the obtained difference
due to the random formation of the indicator

M,,..,, . determining the difference between

the actually received number of cars and the
required one according to the formula:

A:rn_mact.- (7)

We adjust the previously calculated
number of cars according to the following
ratio:

37

My = mcuti +A- & . (8)

Then we calculate the actual total
number of formed cars in the train again
according to formula (6) and calculate A
according to formula (7). We estimate the
value A based on the condition that it should
not exceed the accuracy ¢ of the total number

of cars in the train, i.e. the following condition
must be met:

A e )
m

If condition (9) is not met, repeat the
calculation according to formulas (6) - (9); if
condition (9) is met, we adjust the maximum
element by organizing a cyclic process for the
formation of . and verification of

compliance with the condition:

mCLItI'TBX =m + A * (lo)

As a result of this process, we obtain
the compliance

cut max
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m=m.,, .

This algorithm, implemented in the
Scilab software environment, is shown in
Figure 2. In blocks 1-2, the number of cars in
the group is randomly formed by assignment
to various stations of the plant. In blocks 3-5,
the actual obtained number of cars in the train
is calculated. In block 6, the difference
between the actual and the given number of
cars in the train is calculated. In block 7, the
calculated relative error is compared with the
allowable one. In block 8, the final adjustment
of the maximum number of cars is carried out.

3. Determination of the random odder
of groups of cars in the train.

According to the mathematical theory
of combinatorics, the number of options for
arranging groups is subject to the following
law

where nis the number of arrangement
options that is equal to the number of stations
of the access road.

We use the development provided in
[1], using which we create a file in the
Microsoft Excel environment containing n!
possible swithing options.

To ensure a random selection of
option, we form a random number between 1
to n!, using a structure

Nope. = INt(NI*rnd (2)) . (12)

Then, we select the line with the
switching option corresponding to the number
1.4, from the previously created Excel file.

Thus, a distribution file of the random
arrangement of groups of cars in the made up

train is formed.
A file which indicates the number of

A=n! (11)  cars in groups at destination stations, as well
as the order of their location in compliance
with the location of stations of the access
road, are finally formed.

Y
1 Cycle 4
Cycle Aa HeT
i:1,ncr i:1;n01
c N
2 5 8
mmm:int(m*rand*ai) Maxr=Mdaxr+Morui Moty max=Moru max+A

] |

r

Mpacr= 0

A =M-Mpax:

END

L

L |

PucyHnok 2 - ANroput™ cirydaifHOro orpesiesieHUs] KOJMYecTBa aBTOMOOWIEeH B Tpymnmax,
pealn30BaHHbIN B IporpaMMHoii cpeae Scilab
Figure 2 - Algorithm for the random determination of the number of cars in groups, implemented
in the Scilab software environment
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This algorithm, implemented in the
Scilab software environment, is shown in
Figure 3.

In block 1, the file with switching
options for groups of cars is loaded. In block
2, the number of the switching option is
randomly determined. In block 3, the vector
nstl is assigned with a random value of the
switching option for groups of cars.

This algorithm was used to develop a
mathematical model for the optimization of
car traffic volumes at the Karaganda
Metallurgical ~ Plant of  "ArcelorMittal
Temirtau” JSC (Kazakhstan). In this model,
the above algorithm is used to simulate the
technological process of processing trains
coming from the backbone network on the
access road [2].

!

Entry of the Excel
file “perestanovki-

1

I

neap=int(n!*rnd(1))

2

nstl=perestanovki(nsa)

3

Pucynox 3 - AnTopuT™M CiydyaiiHOTO BBIOOpA TOPsJIKa BAarOHOB B MOE3]1¢
Figure 3 - Algorithm for the random selection of the order of cars in the train
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AJITOPUTM UMUTAIIMOHHOI'O MOJAEJIUPOBAHUA KOJIMYECTBA "
HOPSIAKA PACIIOJIOXKEHUS BATOHOB B COCTABE ITOE3JIA,
INPUBBIBAIOIIEI'O HA HIOABE3JIHOU ITYTH

AmniaoBa Haszpana JIxkemc-YaroBua, PhD, Akamemust JTOrMCTHKH W TPaHCIIOPTA,
Anmarsl, Kaszaxcran, adilova_n@mail.ru.

AnHoranusi. B pabore mpencraBieH anroputm (QOpMUPOBAHUS CIy4allHBIM 00pa3zom
XapaKTEepUCTHK COCTABOB, NMPUOBIBAIONIMX Ha MOABE3JHOM MyTh. COCTaBBI XapaKTepU3YHOTCS
CIEYIOIMMU NTapaMeTpaMH: KOJUYECTBOM OTLENOB BAroHOB, MPUOBIBAIOIMIMX HA BHYTPEHHUE
CTaHLUHU MOJBE3AHOTO MYTH, YUCIOM BaroHOB B KaX/OM OTILENE, MOPAIKOM pPacHOI0KEHUs
OTLIETIOB B cocTaBe moe3fa. KomnuecTBo oOTLENOB (QopMHUpyeTcs CilydalHbIM oO0pa3oM B
npezenax oT €IWHUIBI 10 3HaYeHUs OOILEro KOJMYECTBa BHYTPEHHUX CTaHLUUN MOABE3THOrO
nyTtd. Yuciio BaroHoB B KaXXJI0OM OTIene (GOpMHUPYETCs CIydaliHbIM 00pa3oM OT HyJs J0 TPETU
BEIMYMHBI cocTaBa moe3na. Ilpudyem coOmdromaeTcss MPONMOPHUMOHAIBHOCTE — 00BEMaM
BaroHOMOTOKOB, CIIEAYIOIIMX Ha KaXayr cTaHIuio. KolnyecTBO BapHMaHTOB pacCHOJIOKEHUS
OTLENOB (MEPECTAaHOBOK) ompesensercs: (akTopualoM OT KojuuyecTBa craHiuil. CiydaiiHbIM
00pa3oM BRIOMpPAETCsI HOMEp BapuaHTa EPECTAaHOBOK.

KiroueBbie cJjI0Ba: JKENE3HONOPOKHBIM COCTaB, HMMHMTALMOHHOE MOJEIMPOBAHUE,
KOJINYECTBO ~ OTLIETIOB, TMPOMBIIIJICHHBIM  TpaHCIOPT, OOOPOT BaroHOB, ONTUMH3AIUU
BAarOHOINOTOKOB, TOJABE3AHON ITyTh, YIIPABICHUE IEPEBO3KAMM.

KIPME KOJIT'A KEJIETIH ITIOE3/1bIH KYPAMBIHIATBI BAT'OHIAP/IBIH
CAHBI MEH OPHAJIACY TOPTIBIH UMHUTAIUAJBIK MOIAEJBAEY
AJITOPUTMI.

AnunoBa Ha3zmana J[Ixxemc-Yaroua, PhD, Jloructuka »koHe KOJIK aKaJeMHSICHI,
Anmarsl, Kaszakcran, adilova_n@mail.ru.

AnpaTna: JKymbicTa KipMe KOJFa KEJNETiH KypaMIapIblH Ke3IEeHCOK CHIaTTaMallapblH
KAJIBIIITACTBIPY AJITOPUTMI YCHIHBUIFaH. Kypammap MbIHamaid mapaMeTpiepMEH CUIaTTalabl:
KipMe JKOJJBIH IIIKI CTaHIUsJIapblHA KEJIeTIH BaroHIAapblH aFbITHANAPBIHBIH CaHBI, JpOip
arbITIANaFel BaroHIAPJBIH CaHbBl, IMOC3]bIH KYPaMBIHJA aFbITIIAJApJbIH OpHAIAcy TOpTiOi.
ArpITIANTAPABIH CaHbl Oip OIPMIKTEH KipMe KOJABIH IMIKI CTAaHIUSIIAPBIHBIH KaJIbl CAaHBIHBIH
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MOHIHE JICHIHT1 IIEKTeplie Ke3JCHCOK TYpJAE KalbITacaubl. OpOip aFbITyJarkl BaroHAap CaHbl
KE3/IeUCOK TYpA€ HONIEH T0e31 KypamMbl [IaMACBIHBIH YIITEH Oip OemiriHe meiiH
KaJIBIITACTRIPBUIABL. byl perTe opOip craHmusra OapaThlH BaroH arbIHIAPBIHBIH KOJEMIIEpiHe
TeHe-TeH[[iK CaKTaJiaJbl. AFBITHaJIapIIBIH OpHa/IaCy HYCKAJIApPbIHbIH CaHbl CTaHLUAJIAPAbIH
caHbIHaH (haKTOPUAIIMEH aHBIKTanaabl. Ke3neicoK Typae aybICTBIpY HYCKACBIHBIH HOMIpi
TaH/1aJ1a]Ibl.

Tyiinai ce3mep: TeMipKOJI KypaMbl, WUMHUTAIMUIBIK MOJENbBJCY, AaFbITIIaap CaHbl,
OHEPKACINTIK KOJIK, BaroHJIap alHalbIMbl, BaroH arbIHIAPbIH OHTAMIAHABIPY, KipMe 3>KOII,
TaceIMajAapsl 6ackapy.
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MEASURES TO IMPROVE THE INFRASTRUCTURE OF THE KHORGOS -
ALTYNKOL BORDER CROSSING

Karsybaev Yerzhan Ertaevich, Dr.Sci.(Eng.), Academy of Civil Aviation, Almaty,
Kazakhstan; erzhlogist@mail.ru

Musalieva Roza Dzhalilovna, Cand.Sci.(Eng.), University "Turan", Almaty,
Kazakhstan; roza.mussaliyeva@mail.ru

Rakhmetzhanov Ardak Aitkazievich, Master, Border Academy, Almaty, Kazakhstan;
raa8080@mail.ru

Abstract. The development of border cooperation is closely related to the strengthening
of the contact function of the border, which is determined by the degree of development of
border cooperation institutions and mediated by the infrastructure of border crossings. Border
crossings are an important characteristic of international transport routes. They represent a gap in
the transport chain in the form of a period of time during which the cargo or passengers do not
physically move. Such delays bring additional costs for participants in cross-border cooperation.
Thus, the capacity of the border crossing infrastructure practically affects the development of
cross-border cooperation and determines the competitiveness of a particular transport corridor in
international markets.

This article describes measures for the development of the Altynkol station. To control
the process of reloading from 1520 mm wagons. track gauge in wagons 1435 mm. track gauge
and ensuring the reloading of rolling stock on one Interstate Butt Point, a single operator of
rolling stock is needed, whose functions will include the supply of empty cars to the Interstate
Butt Point and its distribution between the transfer points in accordance with their needs. It is
also planned to build 3 receiving-departure tracks on the 1520 mm gauge to increase the daily
reception of trains at the station. The projected track length will be 1200 meters or 84
conventional cars.

China is a promising and capacious market for Kazakhstani products, which will most
likely determine the course of economic development of the world community in the 21st
century. The high growth rates of the economy of this country require an annual increase in the
demand for such resources as energy, metal products and building materials.

Key words: border crossing, organization of transportation, transshipment of goods,
Altynkol station, track width, rolling stock, customs operations
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