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Technical and Technological Means to Ensure the Development
of Interoperable Transportation Between Ukraine and the EU
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Summary

The article discusses realistic development trends for effective international railway transportation between Ukraine and
the EU countries based on the introduction of results of scientific and technical research on technical support for freight
transportation in accordance with the transshipment-free technologies. In particular, there is a brief description of experi-
ence with European Automatic Gauge Changeover Systems (AGCS). This article presents information on scientific and
technical projects for ensuring intermodal transportation based on technologies that involve the use of AGCS-technology.
The prospects of development and practical application of similar systems with a view to accession of Ukraine to the rail-
way transportation network of the European Union are discussed.
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1. Introduction

One of the fundamental technical and techno-
logical problems of ensuring the effective intermodal
transportation between Europe and Asia, including
the New Silk Road, is the difference between the track
gauge at the junction of the Trans-European Trans-
port Network (TEN-T) and railways of neighboring
partner countries. The urgent need for deepening
economic and social relations between the EU and
Ukraine determines the priority of effective interna-
tional rail traffic. A key technical issue that remains
open is if Ukraine will use an automatic change
of gauge, taking off the real limit to interoperability,
or continue to use the current schemes of reloading
cargoes on the border with the EU. Obviously, the
transportation market, both present and forecast-
ed, should be taken into account to choose the best
AGCS technological solution for railway transporta-
tion of goods between Ukraine and the EU.

In recent years, systems of automatic track gauge
changeover increasingly attracts researchers’ atten-
tion in the field of transport communication between
the countries whose railways differ in structures and
design of tracks. Numerous works like the following
[1, 12, 15] are dedicated to the presentation of such
systems. The problems of the rolling stock transition

through the breaks-of-gauge of 1435 and 1520 mm
tracks are particularly important because of the devel-
opment of international combined transportation [8].

The prospects of wide implementation of AGCS
is associated with the development of international
transport corridors. The following directions should
be considered as the first priority: the Baltic Sea -
Black Sea (part of the project ,,Baltic-Black Sea axis”);
Ukraine - Poland - Germany; Ukraine - Hungary -
Slovenia - Italy; Ukraine - Slovakia — Austria / the
Czech Republic. On the part of Ukraine, the last two
corridors are the natural extension of corridors of the
trans-European Transport Network TEN-T, namely
the Rhine-Danube Corridor and the Mediterranean
Corridor.

The positive experience in using the SUW2000
system of automatic track gauge changeover for pas-
senger transportations between Poland and Ukraine
was obtained due to a long and fruitful cooperation
of Ukrainian and Polish experts.

The example of effective implementation
of AGCS-technology is the project of passenger
railway transportation service on the route Baku -
Tbilisi — Istanbul with the use of DBAG Rafil type V
system of automatic track gauge changeover. Howev-
er, the prospects for further development of freight
transportation based on the existing AGCS systems
remain uncertain.
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2. Technologies for the rolling stock
transition through the breaks-of-gauge
of 1520/1435 mm tracks

International railway transportation services be-
tween Ukraine and EU countries are related to the
need to perform transitions from 1520 mm tracks to
1435 mm tracks and vice versa. Transition points for
Ukrainian and EU countries railways located mainly
at the Lviv railway (See Table 1).

Table 1
Transition points at the breaks-of-gauge
of 1520/1435 mm tracks

Transitional points Bordering states

Yagodyn - Dorohusk Poland

Mostiska 2 — Medyka Poland

Chop - Chiyerna nad Tisou Slovakia
Uzhhorod - Matovtse Slovakia
Batiovo — Epereshke Hungary
Chop - Zahony Hungary
Vadul Siret — Dornesti Romania
Djakovo - Halmeu Romania

2.1. Transportation with the use of bogie
exchange and transshipment

Until now, traditional technologies based on the
change of running gears are used to provide direct
and transshipment-free railway transportation ser-
vice between 1520 mm and 1435 mm tracks. There
are appropriate technical facilities at the points
of cars rearrangement (PCR) which are located at
border stations. Except for PCR with enclosed space
at Yagodyn station, all other points perform works
outdoors, which creates inconveniences in case
of unfavorable weather conditions. Production pro-
cedures connected with cars rearrangement include
shunting operations on placement of cars to the bays
and rolling stock forming after bogies exchange, lift-
ing and lowering of cars on jacks, withdrawal of one
type of bogies and supply of another type of bo-
gies. This operation includes low usage of automa-
tion and mechanical equipment in works related to
traffic safety and hoisting. Technical and economic
weaknesses of the system of cars rearrangement in-
clude the need for availability of spare bogies pool
corresponding to the number of cars crossing the
border. In the context of passenger transportations,
cars rearrangement makes passengers feel uncom-
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fortable due to the need to carry out these produc-
tion operations. Some of these operations, such as
lifting and lowering of cars with passengers on jacks,
are potentially dangerous. Works with cars on pro-
duction areas of PCR are carried out in conditions
of high noise impact on passengers. The duration
of operations on cars rearrangement leads to viola-
tions of sanitary and hygienic conditions, and it is
not compatible with comfort requirements. It is ob-
vious that the use of technology of cars rearrange-
ment with bogies exchange does not meet modern
requirements for passenger transportation and does
not contribute to the attractiveness of international
travel by the railway transport.

There is an occasional use of points of freight cars
rearrangement. This is largely a result of restricted ad-
mission of 1520 mm track cars to the railways with
1435 mm track due to non-compliance with require-
ments for dimensions and low dynamic characteris-
tics that significantly reduce permitted speed.

Today’s transportation in ,East-West” directions
is performed mainly using transshipment technology.
This can be transfusion (pumping) of liquid cargo (liq-
uefied gas, oil products, chemicals, etc.), transloading
from one car into another, car unloading at designat-
ed areas (storage units, boxes, bins, containers, etc.).
Transshipment technologies require significant time
and labor expenditures and energy resources. There
are problems with the preservation of cargoes and
the rolling stock. Furthermore, at the transshipment
of hazardous cargo there is a potential threat of tech-
nological disasters.

The analysis of technical condition of freight rolling
stock involved in the international transportation with
transshipment shows that in recent years there is suffi-
ciently high level of cars’ damages caused during trans-
shipment. There are mass damages of 1520 mm track
cars at the foreign transshipment points. Losses of rail-
way companies associated with the restoration of dam-
aged cars are not covered by penalty payments of parties
guilty of the damage caused.

Traditional technology of transportation with the
transshipment based on outdated technical solutions
and limited to temporary commercial considerations
meets views of carriers but, in essence, it constrains
the development of scientific and technological prog-
ress in international railway transportation with dif-
ferent standards of track. The continued widespread
use of transshipment technologies is the direction
associated with the loss of cargo, damage to roll-
ing stock, and in the case of hazardous cargo it also
causes environmental problems and operational
safety threat. Therefore, the development and imple-
mentation of advanced technologies based on the use
of technics for transshipment-free transportation is
of vital importance.
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2.2. Transshipment-free transportation

Previous studies of technical and technological pro-
vision of international railway transportation services
showed that there is no alternative for technologies
based on automated systems for the rolling stock tran-
sition through the breaks-of-gauge of 1520/1435 mm
tracks for passenger transportation [7]. The technol-
ogy of international passenger transportations associ-
ated with the use of variable gauge wheelsets (VGW)
is winning, since it substantially reduces the time for
crossing borders with EU countries and eliminates
the need for storage of exchangeable bogies at the
point of car arrangement. It should be noted that sys-
tems of variable gauge wheelsets are a subject of EU
Regulation 1302/2014 (TSI LOC&PAS) and also that
new EN standard is prepared.

However, the practical application of the system
of automatic transition through the breaks-of-gauge
of tracks of different standards requires the imple-
mentation of a set of measures to ensure safe opera-
tion of running gears with VGW. Automated systems
of the rolling stock transition through the breaks-of-
gauge of tracks with different gauge are becoming
more widespread. European systems of automatic
rolling stock transition through the breaks-of-gauge
of tracks with different gauge realized in metal in-
cludes: Spanish systems TALGO and BRAVA, Bulgar-
ian system BT, Polish system SUW2000 and German
system DB AG/Rafil.

TALGO and BRAVA systems

TALGO system is the most practically developed
automatic track gauge changeover system [1, 9, 10].
Since the late 60s of the last century, TALGO RD trains
provide direct transportation between Spain, Switzer-
land and France. Moreover, this type of trains per-
forms domestic passenger transportation by means
of change of track gauge from 1668 mm to 1435 mm
and vice versa.

Articulated TALGO trains are distinguished by
their features of automatic track gauge changeover.
Furthermore, TALGO system cars are equipped with
passive system of body tilt (in curves). Running gears
of TALGO system are two-wheeled bogies which sup-
port two adjacent cars in the rolling stock (Fig. 1).
Wheels of such bogies run independently of each
other. Such bogies are equipped with systems of radial
wheel mounting on semi-axis.

The reorganization of running gears of TALGO
system for the desired track gauge is made by means
of special gauge changeover devices (GCD). In the
process of changing the distance between the wheels
the load from the body is transferred to the elements
of track changeover devices with the help of the slid-
ing wheelsets. To reduce the coefficient of sliding fric-

tion water is delivered to the friction wheelsets. At low
temperatures it is necessary to heat the water.
At the same time, delivery of heated water is accom-
panied by icing of running gears.

Technical solutions, which are implemented
in TALGO system and have been long-tested at pas-
senger rolling stocks with 180-350 km/h speed, are
used in the designs of variable gauge wheelsets for
freight cars. However, the first version of the bogie
with such VGW could not stand the test set, and the
search for rational design continues.

Fig. 1. TALGO system bogie

In 1999 CAF company developed new system
of automatic track gauge changeover BRAVA [1]. This
system is designed for both non-motorized and trac-
tion rolling stock, and this enables uninterrupted tran-
sition through GCD with the speed up to 40 km/h.
The maximum speed of trains equipped with BRAVA
system running gears is 250 km/h. During the cer-
tification tests the speed of 293 km/h was achieved,
which is a world record for this type of trains.

The technologies developed by TALGO and CAF
are based on the same principles but are not geo-
metrically compatible. Gauge changeover devices
of TALGO and BRAVA systems are somewhat differ-
ent. At the same time, there is the project on which
these devices can be compatible. State-owned compa-
ny ADIF as Administrator of Railway Infrastructures
has integrated both technologies in a unique installa-
tion called dual changeover facility, in use for com-
mercial passenger trains.

BT variable gauge wheelset

In Bulgaria, engineer Nikola Haydarov proposed
the design of variable gauge wheelset. Wheels in vari-
able gauge wheelset run independently relative to
the fixed axis. Just like in TALGO and BRAVA sys-
tems, the reorganization of wheels for the required
track is made with unloaded wheels. Standard bogies
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of Y25 type for freight cars with some design changes
(Y25 Lsd-2M type) were equipped with wheelsets
of Haydarov system. Table-type GCDs are used for
track changeover of such bogies. The maximum speed
of the cars on the section of track with gauge change-
over device can reach 30 km/h.

To test the possibility of using VGW of Bulgarian
production Lviv Railway bought 10 bogies of Y25 Lsd-
2M type in 1994. The refrigerator car was equipped
with these bogies. It was subjected to dynamic and
running tests. Monitoring of variable gauge wheel-
sets during dynamic tests did not reveal any defects
in their work. The efficiency of the mechanism of au-
tomatic change of position of wheels according to the
track gauge was tested on changeover device at Ba-
tievo station on Lviv railway. The results of running
dynamic tests showed a number of shortcomings
of Y25 Lsd-2M-type bogies due to which they were
not allowed to be used on the railways of Ukraine. The
main reason for this conclusion was the unsuitability
of the design of bogies for 1435 mm track to the work
on the railways with 1520 mm track.

SUW2000 system

Options of variable gauge wheelsets for passenger
and freight cars were first proposed by famous Polish
designer and researcher Ryszard Maria Suwalski [11,
13, 14]. His system named SUW2000 got a practical
application. Wheelsets of SUW2000 system are used
for equipping bogies of both passenger and freight
cars. Fig. 2 shows 25AN/S-type bogie for passenger
cars that meets the requirements of Technical Specifi-
cations for Interoperability.

Fig. 2. 25AN/S-type bogie

6RS/N-type bogie for freight cars was developed
within the framework of the international project IN-
TERGAUGE (2] (Fig. 3).

The first (presentation) run of the train with cars
with VGW of SUW2000 system was in April, 2000 [3].
Then, after the transition from 1435 mm track to
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1520 mm track at Zamost station of LHS line the said
train arrived at Kovel station on Lviv railway. This run
marked the beginning of works on studying the pos-
sibility of admission of cars with VGW of SUW2000
system to the operation on railways with 1520 mm
track.

Fig. 3. 6RS/N-type bogie

According to the joint decision of UZ and PKP,
Ukrainian-Polish group of experts for studying the
conditions of joint operation of cars with VGW
of SUW2000 system was created. According to the
agreed plans of scientific and research works, running
dynamic tests were performed and computer simula-
tion of dynamics of cars with VGW of SUW2000 sys-
tem was made [4, 6].

Theoretical and experimental studies have found
that 25AN/S-type bogies with VGW of SUW2000
system provide dynamic performance of traffic safety
and smoothness of movement of passenger cars at the
level sufficient for normal operation on the railways
with 1520 mm track. In view of the positive results
of these studies it is reccommended to equip the batch
of cars with 25AN/S-type bogies in order to carry out
experimental operation on the route chosen for the
organization of high-speed passenger transportation
in international traffic. In autumn 2003, there was
a series of experimental runs of passenger cars with
25AN/S-type bogies, including the route Warsaw
- Krakow - Lviv - Kyiv — Dnipropetrovsk - Sevasto-
pol. Since December 2003, passenger trains composed
of cars with 25AN/S-type bogies were in experimen-
tal operation in transportations between Ukraine and
Poland. At the first stage, these trains run on the route
Kyiv - Krakow for three years.

During operation on this route a number of weak-
nesses of VGW related to the manufacture of individ-
ual units was found. After the implementation of mea-
sures to ensure traffic safety that were justified by the
results of scientific, and R&D works, the operation
of trains on the line Lviv — Krakow — Wroclaw (second
stage) has been renewed since May 2009. The analysis
of operation of bogies with VGW of SUW2000 system
showed that the technical problems that prevent the
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spread of this system have been mostly resolved, and
that it is possible to create conditions under which
these vehicles can operate without fails.

DB AG/Rafil Type V variable gauge wheelsets

The development of the first versions of this sys-
tem started in 1965-67 years in Ilsenburg. The series
of variable gauge wheelsets for freight cars named RS
DRI - RS DR IV was developed. In the 1990s, Ger-
man railway DB AG became interested in this tech-
nology and took part in developing the latest version
of DB AG/Rafil Type V. VGW [16], which is similar
to SUW2000 system wheelset in means of operation
(Fig. 4). Thanks to the compliance of mechanism of in-
teraction with track structure in the area of transition
from one track to another VGW of SUW2000 sys-
tem and DB AG/Rafil VGW the same gauge change-
over device can be used for variable gauge wheelsets
of both Polish and German production.

locking lever

coupling star

release disc
compression spring

locking bush
monobloc wheel

Fig. 4. The structure of the mechanism DB AG/Rafil Type
V VGW (unlocked state)

Prototype models of DB AG/Rafil VGW were pri-
marily established in 18-100 bogies of freight cars for
1520 mm track. These cars were equipped with au-
tomatic devices for rearrangement of brake blocks.
Experimental operation of upgraded cars was held in
Germany - Poland - Lithuania route.

It should be noted that the upgrading of exist-
ing freight cars for 1520 mm tracks by application
of DB AG/Rafil VGW has a fundamental disadvan-
tage which is that the cars with 18-100 bogies cannot
be operated on the European railways with 1435 mm
track with maximum speeds above 80 km/h. More-
over, according to the UIC Leaflet 505-1, cars for
1520 mm track exceed the allowable dimensions. In
this regard, upgraded freight cars for 1520 mm track
can be used on 1435 mm track but with major opera-
tional constraints, which certainly will affect the indi-
cators of economic feasibility of such transportations.

Y25 Lsd1-type bogies are equipped with DB AG/
Rafil variable gauge wheelsets. The design of Y25
Lsd1-type bogie is based on a standard car bogie and
is designed for the use on tracks with standard gauge,
VR Finnish Railways tracks and tracks of the CIS and
Baltic countries.

The design of the bogie corresponds to the
structure of Y250type bogie, but the frame width
is increased so that to increase the distance be-
tween the axes of the side beams to 2036 mm for
operation on broad gauge tracks. Cars with DB
AG/Rafil Type V wheelsets have been successfully
tested for several years in different countries and in
different climatic conditions (from Spain to Swe-
den / Finland). These wheelsets are universal and
can be used in any freight or passenger bogies with
block or disk brakes.

3. Prospects for development of cars fleet
for 1520/1435 mm track

An important decision regarding considerable
improvement of conditions of freight transporta-
tion by international transport corridors is the in-
troduction of the rolling stock that would operate on
1435 mm and 1520 mm tracks. Creation of cars for
1520/1435 mm track or, in other words cars of ,,East-
West” type, for transshipment-free transportation
between railways of different standards, including
transportation with mixed schemes will significantly
increase the volume of international transportations,
which will contribute to unloading of highways and
environmental protection.

There are following options to organize transship-
ment-free transportation in ,East-West” directions
by adapting the 1435 mm track cars to conditions
of 1520 mm track railways:

1. Production of 1520/1435 mm track cars in accor-
dance with OSJD/UIC and TSI Leaflets.

2. Adapting 1435 mm track cars to conditions
of 1520 mm track railways.

The first option is the most complex and is de-
signed for long-term prospects as a universal and
one that requires considerable fleet of ,all-terrain”
1520/1435 mm track cars. The second option seems
to be achievable in the short term with a possible
purpose of freight transportation on certain routes
from Ukraine and in Ukraine mainly by trains of per-
manent set with 1435 mm track cars. It would also
be possible to include groups of such cars in freight
trains on 1520 mm track railways. Implementation
of this option is possible through the purchase of cer-
tified cars for 1435 mm track (purchase, leasing, cre-
ation of compatible fleet of cars etc.).
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It is necessary to perform specific types of adapta-
tion of cars brake equipment in order to ensure com-
patibility with systems of brake control of locomotives
for 1520 mm track. It is also necessary to prepare the
required number of transition cars at border stations.

To set the security conditions for trains com-
posed of 1435 mm track cars or groups of such cars
on 1520 mm track railways it is necessary to perform
appropriate dynamic calculations using mathematical
simulation methods. According to the results of com-
puter modeling, it will be necessary to prepare and
perform test runs with the measurement of dynamic
processes in the experimental train.

The necessary step to organize work on trans-
portation without transshipment is the development
of instructions for station employees, cars” inspectors
and drivers on the specified routes for trains with cars
or groups of cars of Western European type. Road
staff on routs of trains’ runs should get appropriate
training on issues related to maintenance of new types
of cars. Furthermore, the necessary spare parts for
braking systems and coupling devices should be pre-
pared on these routes. After commissioning of trains
for freight transportation without transshipment it
will be required to organize works on constant moni-
toring of upgraded bogies, brakes and traction equip-
ment devices in some areas of the route.

Currently, there are no specific procedures for ad-
mission to operation of the rolling stock designed for
the use on 1520 mm and 1435 mm tracks railways
[5]. Therefore, the question of admission to operation
of cars in international traffic is determined by bilat-
eral or multilateral agreements between the railway
administrations as transportation participants. Basic
requirements for procedural provisions of admission
are listed below.

Cars for international transportations must under-
go the following extensive tests before the admission
to operation: stationary, structural, running, braking
and train tests. These tests are necessary to determine
the extent of compliance of the car with technical
requirements on criteria of traffic safety, fatigue life,
reliability and functionality.

It is necessary to verify calculations and simula-
tions of dynamics and strength appointed according
to the required standards before the series of neces-
sary tests for cars with bogies with variable gauge
wheelsets on 1520 mm track. For the purpose of ad-
mission to model tests it is necessary to verify the
conformity of solution for bogies with variable gauge
wheelsets with technical requirements and design
documentation, as well as to assess the compliance
with regulatory requirements for freight cars for 1520
mm track. There is also a need to check the quality
certificates, permits, certificates, conclusions regard-
ing each element and material.
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4. Conclusions

The implementation of ATGS technology in rail-
way and piggyback traffic from Ukraine to the EU will
reduce the logistics costs of transportation of goods by
rail, decrease the sources of risk by providing more se-
cure and preserved transport, reduce losses and dam-
ageability of cargo, speed up the turnover of working
capital cargo, increase the efficiency of operating cars,
will create favorable conditions for railway transpor-
tation service users. The use of automated systems at
transition points of 1520/1435 mm tracks is rather
attractive because it substantially reduces the time
of crossing the borders with EU countries and elimi-
nates the need for storage of exchangeable bogies at
the points of cars rearrangement or transshipment
organization.

The systematic work on the organization of trans-
shipment-free transportation in ,,East-West” strategic
directions should include the formation of specialized
fleet of cars adapted to conditions of operation on
the railways with both 1520 mm and 1435 mm track
gauge.

The creation of cars of the ,East-West” type for
combined transport will significantly increase the
volume of international transportation, which will
contribute to unloading of highways as well as to en-
vironmental protection. The rolling stock of the said
type will provide the solution for problems with the
supply of a wide range of goods, including transship-
ment cargo, to the EU and in the opposite direction.
The owners of such rolling stock will get certain eco-
nomic and competitive advantages in European mar-
ket of transportation services.
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Techniczne i technologiczne srodki zapewnienia rozwoju transportu interoperacyjnego
pomiedzy Ukraing i Unia Europejska

Streszczenie

Artykul charakteryzuje aktualne trendy rozwoju miedzynarodowego transportu kolejowego pomigdzy Ukraing
i krajami Unii Europejskiej. Przedstawia stan wdrozenia wynikéw badan w zakresie technologii bezprzetadun-
kowej w transporcie towarow, a zwlaszcza doswiadczenia zwigzane z Europejskim Systemem Automatycznej
Zmiany Kot (AGCS). Opisuje prace naukowo-techniczne dotyczace transportu intermodalnego, wykorzystu-
jacego technologie AGCS. Analizuje perspektywy rozwoju i praktycznego zastosowania podobnych systemow
w warunkach akcesji Ukrainy do sieci transportowej Unii Europejskie;.

Stowa kluczowe: transport kombinowany, tabor, zmiana rozstawu kot

TexHU4YecKme u TEXHONOTMYECKNE CPeNCcTBa 00ecneyeHNna pasBUTHA COBMECTUMOIO
TPaHCIOpTa MeXAy YKpanHoi u EBpomneiickum coro3om

Pesrome

B cTaTbe mpefcTaBIeHbl peanmucTUYecKye TeHIeHINN pa3BUTUA 3P (HeKTUBHOTO MEXTYHAPOJHOTO YKeTe3HO-
TOPOXXHOTO TPAHCIIOPTa MEX/y YKpauHOI M cTpaHamu EBpomeiickoro corosa, OCHOBAHHBIX Ha BHEAPEHUN
pe3y/IbTaTOB HAyYHBIX U TEXHUYECKNX MCCIENOBAaHUI, KACAIOMIMXCA TEXHMYECKON IOANEP>KKM I'Py30BOrO
TPAHCIOPTA COITIACHO Oe3Ieperpy30YHbIM TEXHOMIOI MM, 0COOEHHO OIBIT 0 EBpOIIeiickoit cucTeMe aBTOMa-
TIYECKOT0 M3MeHeHus paccTonus konec (AGCS). [IpencTapneHsl MHPOpMAIUY HAa TeMY HayYHO-TeXHIYECKIX
MIPOEKTOB KaCAIOUMXCA MHTEPMOJATbHOTO TPAHCIOPTAa OCHOBAHHOTO Ha TEXHOJIOTVAX, ITO3BA/IAIONINX JVIC-
nonb3oBaTh cucteMy AGCS. O6cyXaloTcs MepCIeKTUBBl PasBUTHSA U MPAKTUYIECKOTO VICIOTb30BaHA I10-
XOXKIX CUCTeM Ha (poHe mprcoenHeHNsT YKparHbl K TPaHCHOPTHON ceTu EBpomerickoro corsa.

KnroueBbie cmoBa: KOM6I/IHI/IPOBaHHI)Ie II€pE€BO3KNU, HO,I[BI/I)KHO]Z COCTaB, USMEHEHNE MEIKOCEBOI'O PaCCTOAHUA



