§2.10. SINGLE EDUCATIONAL SPACE IN THE CONDITIONS OF
DIGITAL TRANSFORMATION

IMPROVEMENT OF TECHNOLOGY OF
FUNCTIONING OF CROSSING BORDERS OF
STATE BORDERS OF UKRAINE

The leading direction of development of the transport industry is the
need to adapt Ukrzaliznytsia to the European level. At present, the railways
mainly meet the needs of social production and transportation.

The most important indicator of the quality of transportation in the
transportation of goods in interstate traffic is the speed of delivery. The
determining factor in reducing this indicator is the problem of crossing
borders between countries.

In the process of transferring car traffic between countries, the main role
is given to border transfer stations. To improve the operation of the transport
system as a whole, it is necessary to focus on the weak links in the process of
transferring cars in the interaction of the railways of neighboring countries.

When servicing trains at border transfer stations, the main task that
needs to be solved is the task of reducing downtime and avoiding delays of
cars while minimizing the cost of resources of all kinds. Its solution lies in
the need to improve the process of international freight transport, including
the improvement of international rail transport in the context of Ukraine's
accession to the EU.

According to the estimates of the world economy development, at the
beginning of the XXI century the most urgent issues for increasing the
competitiveness of Ukraine in the world market of transport services are
the need to improve the system of interstate freight transportation of our
country.Based on the trends of expanding Ukraine's foreign economic
relations, as well as in the context of strengthening trade relations between
Europe and Asia, the geographical location of producers and consumers,
our country is in a favorable position.

Export cargo by 30 %, which is approximately 25 million tons / year.
The increase in the volume of transit freight traffic on all modes of
transport can be 30—40 %, ie 10—15 million tons / year [18].

Railways now account for almost 44 % of all public transport. At the
same time, there are many unresolved problems and difficulties in the work
of railway transport. In Ukraine, as in other countries, such global issues as
resource conservation, updating the information, technological and legal
framework come to the fore.

Analysis of the current state of functioning of border transmission
stations has shown that the main factor in reducing the quality of
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transportation in the transportation of goods in interstate traffic is the
problem of crossing borders between countries.

In order for railway transport to maintain its leading position in the
country's transport system in modern conditions, it is necessary to reach
another, higher level of interstate traffic. To strengthen the cooperation of
cooperating countries, special attention should be paid to the borders of
neighboring countries, namely: improving the technology of border
transmitting stations and improving the functioning of information and
document processing subsystems in neighboring countries (Rules of
registration of transportation documents, 2012).

After studying the interaction of the railways of Ukraine and
neighboring countries in each direction of carriage between two adjacent
border transfer stations revealed failures in the system of car traffic and the
percentage of detained cars from the total car traffic.

On the example of two pairs of stations on the Ukrainian and Polish
sides, the import, export and transit flows of wagons arriving or departing
from one country to another are analyzed. track facilities, signaling and
communication systems are being improved. However, the western borders
are more in line with international standards. If we consider the stations
that transmit freight to Poland, Belarus and Moldova, it should be noted
that they do not have sufficient conditions and technical means. This makes
railway transport less competitive against the background of improvement
and opening of road crossing points.

train checkpoints, increasing the capacity and processing capacity of
the sections adjacent to the border. According to this program, 49 railways
are being built railway checkpoints across the state border in the direction
of Belarus, Moldova, Poland, Romania, Hungary and Slovakia. Despite
efforts to strengthen the technical and technological base, border
transmission stations remain the narrowest points of the international
transport system. Recently, the issue of merging business entities for the
sake of increasing profits has become increasingly important. One of the
key directions of the general strategy of regional development is the
strategy of development of the transport system, which aims to strengthen
the competitive position of all modes of transport in the region, both in the
domestic regional and national markets for transport services. Based on the
fact that Ukrzaliznytsia occupies an important place in the future cluster of
Kharkiv region, it is advisable to improve the functioning of railway stations
and transport services in accordance with the interests of transport entities.

As a rule, the moving goods are packed and placed in such a way
that they cannot be removed from the sealed cargo space or placed in it
without leaving visible traces of unpacking or damage to customs
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security. If the minimum possible violation is detected, the car will be
detained by customs until it is clarified.It should also be noted that the
customs services pay special attention to cargo, which is transported in
gondola cars. This type of rolling stock may not have appropriate sealing
devices. It is because of the easier access to the cargo with such cars that
many problems and misunderstandings arise. For example, according to
statistics, most claims, which are resolved in court, arise in respect of
wagons loaded with scrap metal. This is due to the difficulty of tracking
the safety of this cargo on the way (Rules of registration of
transportation documents, 2012).

This system makes it possible to monitor the territory of the station,
the arrival and departure of trains. At many stations in the CIS, this has
made it possible to ensure the parallel processing of trains, to reduce the
staff of border guards employed in guarding the territories of stations for
border control of trains. It was also possible to reduce the downtime of the
export train. For example, at Ukrainian stations in January 2019, the
average downtime of export rolling stock averaged 100 minutes, and in
April of that year, this figure dropped sharply to 20 minutes. It should also
be noted the positive example of the border station Pechora-Pskovski,
where together with the Estonian Railways created points of commercial
and technical inspection of trains and cars.The technology of joint
inspection of trains and wagons allows to inspect cargoes only once, which
excludes re-inspection on the territory of Estonia, as well as to quickly
make decisions regarding the safety of goods and traffic safety. Stations are
gradually being equipped with an automated system of commercial
inspection, which allows inspection during the train with the help of
monitors installed in the premises of the commercial inspection point. This
introduction has reduced the time for a commercial inspection of export-
import trains by an average of 20 minutes.

Recently, industrial television has been installed at Kovel Station, Lviv
Railway. However, when comparing the indicators of car delays due to
commercial or technical defects before and after the innovation, you can see
that the number of detained cars has increased several times. This is mainly
due to the increased opportunities when inspecting cars. Operators of the
commercial inspection point were able to detect, for example, such a
commercial defect as uneven load in gondola cars.

The main technical faults of freight cars, which go in the interstate
service and are subject to elimination, concern carts and wheel pairs,
shock-absorbers, auto-couplings, bodies, floors, frames and sides of rolling
stock. On average, the estimated number of defective cars is 12 % and
remains unchanged.
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Employees of "PrykordonTEK" take appropriate measures in each case
of delays of cars at the transfer station with notification of the culprits
(departure station, entrance border station, etc.). In addition, downtime is
recorded for each cargo owner, freight forwarder or railway company to
make claims against them. A certificate of unaccepted and detained wagons
is kept for each train being processed and generated in electronic form by
PrykordonTEK (Instruction on conducting station commercial reporting,
approved by the order of Ukrzaliznytsia, 2016).

Analysis of the technology of customs operations at border
transfer stations

Occurrence of delays of cars caused by customs is due to the fact that,
as a rule, at border transfer railway stations customs officials and
employees of the station in the prescribed manner to the current legislation
and technological process check the number of vehicles, integrity of RFP on
an open rolling stock. If non-conformities are found during this inspection,
a decision is made on the need to detain the cars for customs inspection. In
this case, the employees of the station draw up acts of general form, and in
cases provided for in the agreements, commercial acts. Copies of these
documents shall be submitted to the customs authorities. about the delay of
the car. Inspection of this car is done in the presence of a station employee.

If there is a good reason for the delay of the wagons by the customs
service, and in case of a decision to conduct a detailed inspection with the
door open, the wagon is served on the sludge track according to the
application of the customs official.

Thorough inspection (re-inspection) of cargo in a wagon or container
with partial or full unloading, the wagon is fed to the access track of the
customs zone, in accordance with the application of the customs official.

Station or enterprise on the territory of which the customs zone is
located. All operations with cargoes with removal of seals and opening of
doors of cars are carried out by the commission with participation of
responsible persons of station, officials of customs, the representative of the
consignor or the consignee. In case of absence of the consignor's or
consignee's representative within 30 days, the car is opened and inspected
without his participation. If there are sufficient grounds for seizure of cargo
as evidence, the customs representative cargo and documents.

At the end of the inspection (re-inspection), customs officers seal the
car with their seals and enter information about the new overlay.

The official of the customs authority registers the submitted
documents, checks them and makes one of the following decisions:

— on the return of goods abroad; on the customs clearance of goods;
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— on the delay of goods, documents on them and on additional
inspection or seizure of these goods,

— on the direction of goods to the customs authority of destination
under customs control.

The decision to seize or return goods abroad is confirmed by hands in
the transfer statement and in the railway consignment note under the name
of cargo: "subject to withdrawal", "subject to return" with the indication of
the bases for withdrawal or return. The record is certified by the personal
number seal of the official of the customs authority. In addition, a
document of the form established by the customs authorities shall be issued
for the seized cargo.

In the event that wagons are detained for full or partial customs
clearance, after payment of due payments and compliance with applicable
law in terms of product certification, clearance of goods is carried out in
cases established by applicable customs legislation.

Delay of goods, documents on them or additional inspection is
confirmed by a mark on the railway consignment note "Pass is prohibited"
under the name of the cargo, indicating the reasons for such a decision. The
mark is certified by the imprint of the personal number seal of the official of
the customs authority. Transport documents for the detained goods are in
customs until the relevant decision is made. Employees of the station are
issued a document of the form established by the customs authorities on
the refusal to pass the cargo for delivery to the customs of destination.

In the case of a decision to send goods to the customs authority of
destination under customs control, the official draws up these goods in
accordance with the rules governing the control of delivery to the customs
of destination.

The reason for detention can be singled out in the absence of an e-mail
from the customs office of departure.

In this case, the wagons will be detained until confirmation is received
in the central customs database of customs clearance at the station of
departure or transit.

stations can be combined on the principle of inconsistency of data in
documents of different samples. These include:

— inconsistency of data in the consignment note and cargo customs
declaration. In the event of such a situation, it is necessary to obtain written
confirmation of the authenticity of one of these documents. Wagons are
delayed indefinitely until the necessary confirmation is provided,

— incorrect paperwork. This type of delay covers many cases related to
the preparation and execution of documents. Examples include the following:
discrepancy between the numbers of wagons in one set of documents, the
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absence of at least one wagon in the group cargo customs declaration, the
lack of one or more mandatory documents or marks in the set;

— violation of the route. As a kind of this reason can be noted delays of
cars in case of violation of the plan of formation. For example, the car must
go to the country of destination through a certain (both in the documents
and in the electronic database) crossing point, and arrives in a completely
different direction. There may also be a situation when a car without
documents and information was accidentally sent with a train traveling on
a certain route, and the opposite situation — documents and information
arrive, and the car itself is not available. In all these cases, the algorithm is
similar. In case of arrival of the car without documents - it is detained until
the documents are sent, or returned to the station of departure. If a set of
documents arrives instead of the car, the arrival station receives the latest
information about the location of the car, then contacts the station of
departure and agrees to transfer the missing car;

— no invoice. Without this document, customs brokers will not be able
to make a cargo customs declaration, this applies to import and transit
flows. In turn, the customs service also checks the availability and content
of this document. The car is delayed for this reason until the sender
provides an invoice.

As mentioned above, the reasons for the detention of wagons may
arise from the electronic transmission of data between border transmission
stations. The following reasons are common for the considered stations:

— absence or closure of the forwarder code.Usually the validity of the
forwarder's code is checked by the agent of the border commodity expert
office (PrykordonTEK) by checking the number indicated on the document
and the presence of the number in the electronic database. In the event of a
discrepancy, the car will be delayed until the code is restored,

— no information in the central database. Information may be missing
for the whole train at once, as well as for one individual car. There can be
several reasons for the lack of information: most often the imperfection of
databases, an error in entering information at the station of departure.
Also, there were cases when after the actual transfer of the train, if it was
not processed within 2 days, the information on it disappeared. Such
situations occur due to the impossibility to process such a large number of
cars by the destination station. After the actual crossing of the border, the
transit train was at the border station until permission was obtained for its
further movement, which led to the loss of information. The emergence of
such a situation once again raises the global issue of imperfection and
inconsistency of the interaction of information systems of two adjacent
border stations.
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Each border transmitting station coexists with additional services that
perform their functions. As a result of this interaction there are many
misunderstandings, which often cause delays in cars. One of the reasons is
the ban on further tracking of wagons by the environmental service and (or)
radiation control service. in order to identify environmentally hazardous
and prohibited for export from Ukraine and import into Ukraine goods, in
the prescribed manner to stop the rolling stock, check documents and
conduct environmental and radiation control of goods. If violations are
detected, within their competence, employees of this service have the right
to temporarily prohibit further movement of wagons, which is carried out
in violation of established rules, suspend issued permits for import and
transportation of environmentally hazardous goods in violation of statutory
permits (Shuldiner, 2011).

In case of initiation of detention of wagons by ecological service and
(or) service of radiation control the inspector-ecologist draws up acts of
inspections and protocols on administrative offenses and considers cases
on non-observance of norms in the field of environmental protection.
Wagons are subject to delays until such violations have been remedied.

Further obstacles to the interaction of additional services and stations
are delays by phytosanitary, veterinary, sanitary and quarantine services
and border services.

The main task of these services is to prevent the entry into our
country, or unauthorized export of goods that do not have the appropriate
permits or do not meet the established quality.

The controlling bodies at the border transfer stations, each within
its competence, are: state inspectors for plant quarantine, sanitary and
quarantine control, leading veterinarians of the veterinary and sanitary
control point. They supervise the implementation of quarantine
measures for exports, imports and transit by rail. Agree on issues of
disinfection of relevant products. Timely carry out the procedure of
inspection, inspection and analysis of quarantine materials and objects,
which includes the execution of relevant documents. In case of non-
compliance with the norms established by the current legislation,
inspectors have the right to impose a ban on further movement of goods,
ie wagons will be detained until further notice after the implementation
of quarantine measures.

Another reason for the detention, noted at one of the considered
stations, Order 325U, or a temporary ban on the import-export of any of the
goods. This reason for detention arises in the form of a supplement for a
documented period. As its variant, the wording "Convention Prohibition"
can be indicated. In this case, the wagons are delayed for the period of
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validity of the order or decision not to accept a certain cargo by one of the
countries in accordance with the law.

The next service that can delay the wagons during transfer is the
border service of the station. The purpose of border guards is to control and
determine the grounds for crossing the state border by persons, vehicles in
accordance with current legislation of Ukraine and international
agreements to combat crime, drug and arms trafficking, as well as to
counteract illegal entry into the country. Each rolling stock arriving at the
station from abroad or sent is inspected by representatives of this service.
The locomotive must be inspected and the identities of the members of the
locomotive crew established. Border guards during the inspection record
the names of the cargo, sender and consignee. In case of suspicion of
violation of the legislation on crossing the state border, the border service
detains the cars until they are clarified.

An integral part of the technology of each station is the technical and
commercial inspection of cars. Despite the vigilance of employees and the
latest improvements to simplify the work of this activity, the number of
detentions of cars due to "technical or commercial malfunction" is not
decreasing. A wagon or group of wagons that is identified as technically or
commercially defective is then already waiting in the territory of another
state. The next or preliminary inspection is also carried out at the station of
another country. Without eliminating the identified shortcomings, the
transfer of rolling stock abroad will not take place. A significant number of
commercial and technical defects, which have to be eliminated directly
during the transfer, could be detected and eliminated at loading stations,
sorting or precinct, in the case of providing more detailed control before the
arrival of rolling stock at the border. This would significantly reduce the
number of delays in this regard at border transmitting stations and save
time. But in this situation, a clear algorithm of action must be defined as
soon as possible to correct the defects.

A significant percentage of car delays are indicated in the station
reporting as "Other reasons". An example of such a case may be the absence
of a calendar stamp, the load over the load capacity or the delay for
predominance. During the inspection of train documents by PrykordonTEK
agents, other reasons for detention included such isolated cases as incorrect
filling in of transport documents according to the customs legislation of
column 20 "Payments for subsequent transit roads accepted by the sender”,
inconsistency of additional road information columns, lack of additional
copies or incorrect filling of them, or lack of appropriate seals.

The first act of the general form is attached to the transport
documents. The second — remains in the affairs of the station to submit an
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operational notification to the address of the station of departure,
destination station, the regional office of the railway, Ukrzaliznytsia to take
appropriate measures. The third is sent to file a claim for delay of the car
for the collection of fines and charges to shippers or consignees through the
station of departure or destination. The fourth copy remains in the files of
the service that detained the car. Border stations process significant
volumes of imports, exports and transit, perform appropriate technological
operations. The analysis of theoretical researches and tendencies of
development of interstate transportations showed necessity of
improvement of technology of work of frontier transmitting stations. It is
established that the existing technology of wagon traffic transfer between
adjacent countries has an imperfect information base and does not meet the
modern needs of carriers in the speed and quality of cargo delivery. It was
found that in Ukraine for border transmission railway stations such issues
as updating the information technology, legal framework and resource
conservation come to the fore. It is recommended to improve the existing
technology of functioning of the transport system of international
transportations due to the large number of delays of wagons during the
transfer of export-import wagon traffic.

The urgent tasks in improving interstate communication are the need
to improve the functioning of the subsystems of border transmission
stations and the need for coordinated work of all additional services that
cooperate with border transmission stations.

Prospects for the development of border transmission railway stations

The problems of international transport and economic relations of the
Soviet Union in the 50-60's was given considerable attention in the
scientific works of G. A. ITupkyHnosa. It was he who first raised the question
of the need to coordinate international transport plans and their
development. Further research focused on issues such as the need for
unification and standardization of vehicles, the joint construction of
facilities and the organization of joint border stations. The monograph
presents the results of research on the functioning of the main processes of
transshipment stations and provides recommendations for improving
international freight (Shuldiner, Kasyanov, Altukhova,2019)

In the works of scientists such as M. A. Avetikyan, E. A. Vetukhov
complex methods of reducing car downtime, including at border stations,
due to a more rational distribution of freight traffic by mode of transport
are proposed. Sufficient attention was paid to improving the efficiency of
production assets of railway transport, increasing the capacity of border
crossings, as well as streamlining the cost of fuel, energy and material
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resources by improving the efficiency of stations, increasing the use of
reserves and technical capacity of railways.

Such scientists as E. A. Vetukhov, I. G.Kazovsky, A. I. Khokhorin
features of cargo transportation in interstate communication are
considered. The basic information on border stations, the characteristic and
schemes of an arrangement of the main devices are stated.The organization
of work of such stations and technical norms of design are also considered.
Much of the research is devoted to the issues of interstate transportation
planning, organization of transshipment stations operation and methods of
shunting work.

In the study of the transit potential of car flows, conclusions were
made about the need to form more distant trains. For the first time it was
proposed due to the automated control system of railway transport to have
full information on each car along its entire route. This has further
improved planning and forecasting for more efficient use of wagon flows
and accelerated calculations to increase their transit. The results of research
M. A. Avetikyan, V. A. Volkova, D. Yu. Levina, V. D. Lerman contributed to
the further improvement of sorting stations, the organization of interstate
transportation and made it possible to significantly reduce operating and
production costs per unit of transportation.

In the work of K. P. Mironenko considerable attention was paid to the
study of the operating conditions of border transshipment points in the
processing of imported goods of a wide range. Scientists have proposed
methods to increase the capacity of border stations, reduce empty runs of
rolling stock, as well as increase the efficiency of processing freight cars
when crossing borders (Melehov, Bernstein, Korovin., 1990).

The greatest attention in considering possible ways to improve the
process of interstate freight transportation and the operation of border
transfer sorting railway stations was paid to improving the operation of
technical means and the calculation of the corresponding resource costs.
But in most scientific works the interaction of station and customs, border
and other additional services directly involved in the processing of export-
import car flows is not considered in the complex. In some works, the
possibility of resource conservation in the organization of interstate
transportation is insufficiently substantiated.

Analyzing the above works, it should be noted that insufficient
attention was paid to technological operations for processing train
documents and information. The authors tried to reduce the cost of
resources by accelerating the work on the disbandment of trains, reducing
downtime of cars and locomotives in the reception parks. A common
disadvantage of most developments is the lack of resource-saving approach
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in the choice of rational parameters to improve the technical means of
sorting stations. Particular attention was paid to energy saving when using
electric locomotives and diesel locomotives on sorting slides. All these
factors are important and significantly affect the economic performance of
stations, but for sorting stations (especially for border transmitters) a
significant part of the processing of car traffic is working with documents —
registration and transmission of information. The time spent on
technological operations usually significantly exceeds the technical
processing of compositions. Therefore, not only the technical but also the
technological part of the car processing needs a special approach and
improvement measures.

The work of all additional services available at such stations has been
sufficiently studied. Were not taken into account when determining the cost
of downtime of wagons that arise when initiating delays in the border,
customs, environmental, radiation phytosanitary, sanitary and quarantine,
veterinary services, as well as when processing the Border Commodity
Expert Office, customs brokers. The nature of such situations and the
possibility of reducing or eliminating downtime in such circumstances have
not been considered (Shuldiner, Kasyanov, Altukhova, 2019).

Most of the sorting or precinct stations closest to the borders, after the
formation of the latter, received the status of border transmitters, and with
it their new purpose. To perform a set of customs, border and other
operations, the technical equipment and technology of such stations
required significant changes.

Prior to the acquisition of border status by the stations, the processing
of train documents and the transfer of information took place in parallel
with the technical and commercial inspection and did not exceed the time
norms for technical operations. But after the appearance of appropriate
related and additional services at border stations in the transfer of freight
traffic in the interstate service takes a lot of time it is the registration of
goods (especially customs) and the transfer of train information between
states, which entails increased downtime. Note this fact, to determine
possible measures to improve the functioning of border transmission
stations, it is necessary to study the work of additional units and their
interaction, both within each station and between stations of the two
countries to minimize car downtime and reduce the cost of all relevant
resources. As noted in, the main tool in solving problems, including this
type, is mathematical modeling. Namely:

— a formalized description of the processes being studied,

— further study of processes using convenient mathematical apparatus
(Shuldiner, 2011).
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The above will allow you to simulate the operation of the system and
make preliminary decisions about the choice of its characteristics without
actually having the object. In many cases, the average processing time
exceeds the time norms that are provided in the technology of work.
Statistical analysis showed that most of the delays of cars during
transportation are of a technological nature.To thoroughly study the system
of functioning of the transport complex of international freight, it is
advisable to formalize the process of interaction of two border transmitting
stations. To calculate the probability of delay of wagons for each stage of
processing of wagons at border transfer stations, the scheme of
technological processing of train documents and information in the form of
an ortho-graph is given (figure 2.10.1).
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Fig. 2.10.1. Structural and logical scheme of processing train
documents and information in the form of an ortho-graph

When determining the probability of delays of wagons, the vertices
will be passed in the order of their numbering.

In figure 2.10.1, the block numbering refers to the technological
operations.

1. Receipt of information to the office of arrival in the form of a
telegram in kind, and to PrykordonTEK in the form of train transfer
information, write-off or identification of car numbers in the composition.
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2. Receipt of train documents by the operator of the station
technological center.

3. Commercial and technical inspection of the composition.

4. Verification of documents according to the data of write-off or
identification of wagons.

5. Checking the data of the train transfer statement, telegram of the
letter in full according to the transfer statement, making adjustments if
necessary.

6. Verification of documents by related services.

7. Checking the availability of due customs duties, checking the
accuracy and integrity of the set of documents for each car.

8. Verification of documents by the receiver of trains or employees of
the point of commercial inspection.

9. Shunting operations for processing cars (sorting and forming rolling
stock, coupling-uncoupling cars, loading, unloading or overloading).

10. Transmission by customs brokers of the cargo customs declaration
and its electronic copy to the customs service.

11. Customs experts check the cargo customs declaration and its
electronic copy according to the documents for the train.

12. Making adjustments to the electronic database, taking into account
the detached cars for the development of train transfer data.

13. Verification of documents by customs officers.

14. Making adjustments to the train transfer statement by the
PrykordonTEK agent according to the documents and telegram of the full-
scale letter, checked by the office of departure.

15. Transfer of documents to the train driver, sending the corrected
information to the next station.

In figure 2.10.1, the vertices of the graph are the stages of
technological processing (v = 15). This graph has one input vertex — vertex
1, and one output — vertex 15. The arcs of the graph are the transition from
one stage of processing to another. The graph has loops, so there is no
single path that connects the input and output vertices.

The system of technological processing of wagon flows going in
international traffic are part of the transport system. When passing car
flows through the processing system, there are delays of cars, which are
considered as accidental events. Let pj be the probability of delay due to j
car delays, m be their number, and P be the set of these events.
The following is a general list of reasons for car delays at border transfer
stations.

1 — For customs inspection;

2 — For customs clearance;
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3 — No electronic notification of the customs office of departure;

4 — Technical or commercial malfunction of the car;

5 — Discrepancy of information in the consignment note and cargo
customs declaration,

6 — Detention by one of the related services: border, phyto-sanitary,
veterinary and sanitary quarantine;

7 — Detention environmental and (or) radiation control service;

8 — Incorrectly executed documents;

9 — Closing or missing the forwarder code;

10 — Route violation;

11 — Lack of information in the central database;

12 — Lack of invoice;

13 — Other reasons;

14 — Convention Prohibition.

In the case under study, at each of the two border transmitting
stations, the reasons for the delays of the cars were determined (m = 14).
For each of the reasons, there is some probability that the cars are detained.
Two delays of wagons pj1i, pj2i, where j1, j2 = 1 » m, as probable events,
may be compatible or incompatible, dependent or independent, nj3, the
event is complex, and is the sum of three events mj1 + mj2 + mj3, the
probability of this complex event is calculated by the following formula, if
the event is compatible:

P(1: + mje + 1j5) = P(00)+P(1j2) + P(mjs) — P(1m 1j2) — (2.10.1)

— P(mjz 11j3) — P(mjor1js) + P(mj0 - mjo - 113), o

If some of the three events are incompatible in pairs, then the

probability of their joint occurrence is zero, P (nj1 » nj2) = o. If, in general,

at the i-th stage of processing there are probabilities of delay nj1, nj2,..., njl,

the event is complex, and is the sum of all events pj1 + pj2 +... + pjl. The
probability of this complex event is calculated by the formula:

P(l‘[j1 + Oj2 + ... + Hjl) = P(Hj1)+P(Hj2)+...+ ( Hjl) - P(Hj1 ng) -
- P(l‘[j2 ng) — . — P(Hj1_1 Hj1)+...+(-1)l P(l‘[jl Ijs ... Hjl), (2.10.2)

Let's move on to calculating the probability of delays of cars at
different stages of processing.

The delay of wagons in two successive stages, P (n ), P (n' '), is a
complex event, which consists of a delay in one stage of technological
processing, in another, or in two stages simultaneously. The delay in this
case is the sum of two eventsn '+ n'".
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Suppose that the probability of delay at each stage is known. If the
probability of delays at one stage does not depend on the delays at the
other, then:

P(n'+n") =P(') +(n") - P(n' ") = P(' + )= (2.10.3)
=P(") +(") — P(' ")

After analyzing the whole system, it was found that the delay in 15
stages is a complex event and consists of delays in some stages. The
opposite event is the delay of cars at all stages, which is the product of
events, ie: no delay in the first stage of processing, in the second, etc. The
results are calculated by the formula:

P[i@-} 1-TT a-pPuz) |,

(2.10.4)
where ITi is the delay at the i-th stage.
Calculate the number of detained cars per unit time (M cp):
m
M_=N_-P (Z Hij, (2.10.5)
i=1

where Nsr — the number of cars passing through the station, per unit time;

If the car is delayed, then denote by tsr the average delay time, and
calculate the car hours of delay of cars that have not crossed the border
(Tmi):

v = tcp Ncp P {Z Hi], (2.10.6)
i1

Knowing the cost of car hours idle, you can write a generalized
function of the cost of delays (F)
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F=C_t, NP Z 1, (2.10.7)

’
i=1

where Cgz — the cost of car hours idle at border transmission stations.

With the help of the obtained function of the cost of delays of cars
during technological processing in the system of transmission of car traffic
between the countries in the future it becomes possible to calculate the cost
of processing cars that have not crossed the border.

The methodology developed above provides an opportunity to identify
the weakest points in the transmission system of import-export wagon flow
for each individual border transmitting station and for the whole complex
of such stations and select the most significant measures to improve the
information subsystem of border transmitting stations. That is, those after
the implementation of which the cost function will be reduced.
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