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PREFACE

The increasing role of education and science in modern society has caused changes in its
understanding. Modern education becomes a condition for the country's development, a guarantor
of its security, determines the level of the economy. Thus, education and science for sustainable
development must function as a direct generator of new socio-economic life and produce social,
environmental, and economic changes towards sustainable development.

One of the preconditions for achieving a sustainable development of society is science
and education, which are also the most important tools for effective governance, sound
decision-making, democracy. At all stages of development and implementation of the concept
of sustainable development — from clarifying the need, formulating ideas to practical
implementation, it requires a strong, deep, and extensive scientific and theoretical basis and
the widest possible educational and explanatory work.

In addition, one of the main tools for sustainable development should be the close interaction
of education with science.

Therefore, the problem of supporting the development of education and science is deeply
social and is one of the priorities of social development, which is directly related to the system
of national interests, improving the quality of life and national security.

The monographic research presents the scientific works of the team of authors that reveal
different directions and aspects of science and education in providing sustainable development.
These are: 1) Financial and Economic Principles of Sustainable Development; 2) Innovative and
Information Technologies in Education: Applied Aspects; 3) Socio-Humanitarian Aspects
of Sustainable Development; 4) Technical Solutions to Ensure Sustainable Development.

The first section of the monograph deals with questions of economic development, modelling,
and analysis of microeconomic and macro-economic processes.

The second section of the monograph outlines the role of education and science in sustainable
development. The authors considered innovative technologies and ICT in the educational and
scientific system.

The third section of the monograph "Socio-Humanitarian Aspects of Sustainable
Development™ looks at the environmental, linguistic, psychological, cultural, and art-therapeutic
aspects of the development of society.

The fourth section of the monograph focuses on technical solutions for securing and
protecting sustainable development.

The team of authors hopes that the monograph contains useful research results that are
relevant for scientists, students and anyone interested in various aspects of education and science,
given their significance in various areas of public life.

Editors



3.4. EVALUATION OF EFFECTIVENESS OF PIGGYBACK TRAFFIC WITHIN
THE NATIONAL NETWORK OF INTERNATIONAL TRANSPORT CORRIDORS
OF UKRAINE

The advantageous geographical location of Ukraine fosters the development of innovative
technologies related to cargo transportation. Prospects for sustainable development of transport
in Europe are associated with stimulating the combined (intermodal) transportations®*”°. The main
task of intermodal transport is qualitative and timely cargo transportation while providing economic
efficiency and favorable conditions for carriers. Such transportations preserve the environment
from pollution and harmful factors, which is one of the topical problems today.

The purpose of the article is to study the development of intermodal transportations
in the transport market of Ukraine, identifying advantages and disadvantages of such
transportations, determination of savings between piggyback and direct automobile transportations.

The urgency of the problem. Railway transport is an integral part of the production and
transport logistic chain, charged with the task to achieve the highest economic efficiency
in the implementation of processes of production and cargo transportation.

An analysis of the development of progressive technologies for cargo transportation shows
that the advantage should be given to highly profitable transportation, including mixed with
multiple modes of transport. Given the competition in the transport market, increasing the economic
efficiency of railway transportation is a determining factor in the financial stability of the railways’
operation in Ukraine.

Many scientists, scholars devote much attention to the issue of intermodal transportations,
especially today when piggyback transportations are considered as one of the effective areas
in expanding transport services. Special mention should go to such famous scientists:
Y. S. Aloshynskyi, T. V.Butko, M. I. Danko, Y. V.Domin, A. M. Kotenko, H. M. Kirpa,
A. O. Kovalov, D. V. Lomotko, H. I. Nesterenko, and others!376,

Considering the specifics of combined transportations, it is necessary to distinguish cargo
traffic flows from the total volume that are suitable for piggyback transportations to perform

1375 Gapanovich V. A. (2012). On the organization of piggyback transportation on the "Space 1520". Railway Transport.
No 6. P. 30-35.

Kotenko A. M., Shilaev P. S. (2009) Intermodal Transportation: Prospects of the Development. Collected Scientific
Works of the Ukrainian State University of Railway Transport. Iss. 54. P. 31-36.

1876 Bech P. V., Nesterenko G. I, Muzykina S. I., Lashkov O. V., Muzykin M. I. (2015). Ways to Increase
Competitiveness of Railway Transport in Modern Conditions. Science and Transport Progress. No. 5 (59). P. 25-39.

Bech P. V., Lashkov O. V., Muzykin M. I., Nesterenko H. I., Avramenko S. I. (2017) The Management of Freight
Traffic and Railcar Traffic on the Railway. Visnik of the Volodymyr Dahl East Ukrainian National University.
No. 3 (233). P. 22-30.

Gapanovich V. A. (2012). On the organization of piggyback transportation on the "Space 1520". Railway Transport.
No 6. P. 30-35.

Kotenko A. M., Shilaev P. S. (2009) Intermodal Transportation: Prospects of the Development. Collected Scientific
Works of the Ukrainian State University of Railway Transport. Iss. 54. P. 31-36.

Muzykina H. 1., Savenko A. S., Bech P. V. (2005) The problem of Cargo Transportation Management in Conditions
of Impact of Economic Factors. Bulletin of the Academy of Customs Service of Ukraine. No. 1 (25). P. 51-57.

Nesterenko H. 1., Kirichenko H. I., Ozerova O. O. (2012) Technological standards for the operations logistics center
rail. Visnik of the VVolodymyr Dahl East Ukrainian National University. No. 6 (177), Part 1. P. 169-173.

Savenko A. S., Muzykina H. 1., Bech P. V. (2005) Economic Efficiency of Container Transportation by Railway
Transport. Bulletin of Dnipropetrovsk National University of Railway Transport named after Academician V. Lazaryan.
Iss. 9. P. 226-228.

Nesterenko H., Muzykin M., Avramenko S. (2019) Practical Aspects of Improving the Operation Interaction of the
Station and Sidings. Transport Problems: VIII International Symposium of Young Researchers, Katowice. P. 927-934.

Butko T., Muzykin M., Prokhorchenko A., Nesterenko H., Prokhorchenko H. (2019) Determining the rational
motion intensity of train traffic flows on the railway corridors with account for balance of expenses on traction
resources and cargo owners. Transport and Telecommunication Journal. 20 (3). P. 215-228.
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calculations. According to foreign sources, the part of combined transportations in total volume
should be up to 10%*37,

The foreign experience shows that in the organization of combined automobile-railway
transportations, the average length of the distance of dispatch La by automobile ways should not be
more than 20% of the cargo distance of dispatch by railway L. During the research, the length
of the distance of dispatch was taken in some range — from 5 up to 30%, namely

La: r- Lr,

where r — a part of haul distance by automobile ways from haul distance by railway
(it is accepted 0.05-0.30).

In previous studies™®’8, it is given that both the traffic handling cost, and the reduced specific
costs show results similar in meaning. However, in determining the rational distance of piggyback
transportation, it is very difficult to give preference to any one criterion. This is because the increase
in the running speed of piggyback trains leads to a reduction in the travel time, but at the same time,
as calculations®™"® prove, the mechanical work of locomotive, the costs of electricity (fuel) and
the costs of a train mileage increase. All this is reflected in the current operating costs and the traffic
handling cost does not decrease with rising speed but remains practically constant. On the other
hand, with increasing speed, the cargo delivery time decrease, the rotation of cars, locomotive and,
respectively, the reduced specific costs decrease.

Therefore, when establishing a rational distance of piggyback transportation, the entire
system of criteria is considered, and first of all — monetary ones.

As a result of approximation, it has been established that reduced specific costs that are
attributed to 1 ton of cargo are well approximated at automobile and railway transportations
by a linear function

ITi(a)=ay + by - L; I:(3)=azx+ by L,

The traffic handling cost and reduced specific costs, attributed to 10 ton-km, are expressed
by hyperbolic dependence

HTKM(a) = as + b3 ° I—, HTKM(3) = a4 + b4 . L,

After approximation of the calculated data at a running speed of 50 km/h, the formulas have
been obtained in Table 1.

Table 1. Types of empirical functions accepted in the study

Values of indices . Types of functions fqr transport
Automobile Railway
IT;, UAH/t K (0.66+0.04071 - L) K (6.37 +0,003954 - L)
I, UAH/10TKM K (40.72+ 654.61 - L) K (3.95+6362,5-L)
Ce, UAH/10TKM K (28.72 +225.05 - L) K (1.79+5333,0 - L)

1377 Butko T., Muzykin M., Prokhorchenko A., Nesterenko H., Prokhorchenko H. (2019) Determining the rational

motion intensity of train traffic flows on the railway corridors with account for balance of expenses on traction

resources and cargo owners. Transport and Telecommunication Journal. 20 (3). P. 215-228.

1378 Bech P. V., Nesterenko G. I, Muzykina S. I., Lashkov O. V., Muzykin M. |. (2015). Ways to Increase

Competitiveness of Railway Transport in Modern Conditions. Science and Transport Progress. No. 5 (59). P. 25-39.
Bech P. V., Lashkov O. V., Muzykin M. I., Nesterenko H. I., Avramenko S. I. (2017) The Management of Freight

Traffic and Railcar Traffic on the Railway. Visnik of the Volodymyr Dahl East Ukrainian National University.

No. 3 (233). P. 22-30.

1379 Muzykina H. 1., Savenko A. S., Bech P. V. (2005) The problem of Cargo Transportation Management in Conditions

of Impact of Economic Factors. Bulletin of the Academy of Customs Service of Ukraine. No. 1 (25). P. 51-57.
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Similar empirical dependencies have been obtained for other values of movement speed.

Determination of rational distance of combined transportations. To determine the rational
distance of transportations, an analysis by some criteria was carried out:

- According to the criterion of reduced specific costs of 1 ton of cargo. In this case,
the equation of reduced specific costs in the automobile and combined transportation can
be represented in the form

al+bl-L=(l+bl-r-L)+[a2+Db2-(1-r)-L]

In the above expression: leftward — costs at the direct automobile transportation; rightward:
the first addition — costs of cargo transportation from the shipper to the departure station and
from the destination station to the cargo receiver, the second addition — the costs at transportation
by railway.

After conversion, we obtain a formula for determining the rational distance of piggyback
transportations:

az

L= @ram )

This formula works at r > 0.
The values of the rational distance of transportations by criterion IIt are calculated
by the formula (1) for various source data are in Table 2.

Table 2. The rational distance of transportations by criterion IIm, km.

Speed of motor vehicles, km/h | Characteristics of the standard area Speu(f;jwelght of the guztomoblle haul gh;tance
40 178 200 229
50 light-load 193 217 248
60 204 229 262
40 186 209 239
50 heavy-load 201 226 259
60 213 239 274

- according to the criterion of specific costs for 10 ton-km and the traffic handling cost. In this
case, the equation of reduced specific costs at the automobile and combined transportations can be
represented in the form

a3 +b3/L=(az +ba-r-L)+[as +bs-(1-1)-L] (@)

In the above expression (2): leftward — costs at the automobile transportation; rightward —
costs at the combined transportation. After conversion, we obtain:

b,
(az—az)-(1—r1)

The values of the rational distance of transportation by criteria Il and C. are calculated
for various source data and given in Table 3.

Data analysis of Tables 2, 3 shows that the value of the rational distance of transportations
by two criteria — specif reduced costs that are attributed to 1 ton of cargo and to 10 ton-km coincide,
and at the ratio between the length of the automobile haul distance to the distance of transportation
by railway L,/L, = 0.2 are in the range of 200-240 km depending on section load and movement
speed.

L =
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Table 3. The rational distance of transportations by criteria ITn, and Ce, Km

Specific weight of the automobile haul
Speed of a motor o _
vehicle, km/hour Criterion distance
40 178 200 229
S0 Ce 192 216 47
60 203 229 261
60 226 254 290

With a decrease in the speed of cargo supply to the departure station and pickup of cargo from
the destination station by automobile transport, the rational distance of transportation by railway
decreases up to 200 km at a running speed of motor vehicles of 40 km/h and increases up to 230 km
at a speed of 60 km/h (Fig. 1).

=

150 —4—VTex = 40 Km/roq,
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Fig. 1. Dependence of rational distance of transportation from the ratio of transportation lengths
by automobile and railway transport by specific reduced costs

By the traffic handling cost, the rational distance is within 240-255 km for a relatively easy
section by the plan and the profile (Fig. 2).
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Fig. 2. Dependence of the rational distance of transportation from the ratio of transportation
lengths by automobile transport and railways by the traffic handling cost
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Thus, it can be assumed that piggyback traffic is effective practically by all economic criteria
at the distance of cargo transportation of more than 250 km.

Table 4 shows the specific costs (for 1 ton of cargo) to perform the entire complex of driving,
loading/unloading, and other transactions with piggyback trains. For clarity, expenses
in a percentage ratio are presented in Figure 3.

M o4aTKoBI | KiHUeBi onepauii 3 popmMmyBaHHSA
i po3dopmyBaHHA NOI3AiB
B Pyx noi3Ais AinsaHKamu

M MNepepobka BaroHis Ta nepeGpopMyBaHHA
noisais
B YTpMMaHHA NOCTIMHWX MPUCTPOIB

B HaBaHTaMeHHA | BUBAHTAMEHHA
HOHTpeinepis
M 30WUTKM HaBKOIMLIHLOMY CepeA0BMLLY

MpuBeaeHi NUTOMI BUTPaTK B PYXOMMIA
cHnag,

BapTicTb BaHTaMiB B MOLeCi NepeBe3eHHA
, (npwn 3500 rpH/T)

Fig. 3. The diagram of costs for cargo transportation by railways

The reduced specific costs (I, UAH/t) and the traffic handling cost (C. UAH/10 ton-km)
for the Uzhhorod — Kharkiv direction are compared in Tables 5 and 6 at the following source data:

- the annual volume of transportations — 1,27 million tons;

- the average tariff distance by railways — 1160 km;

- the average tariff distance by roads — 1400 km;

- the average length of the distance of dispatch by roads — 240 km.

The calculations are performed for different load-carrying capacities of motor vehicles and
different costs of cargo that are being carried.

Table 4. Impact of basic factors on the reduced specific costs (I, Incv)
and traffic handling cost C.

Fact . Specific costs Amendments, Conforming amendments, %
actors namin
g UAH/10micn | % % Ly, Moy %
Marshaling and breaking up of a trains 4.80 16.9 10 1.69 2.80
Movement by sections 4.31 15.2 10 1.52 2.51
Shunting operations of cars and 399 113 10 113 187

remarshaling of trains

Maintenance of fixed equipment 0.63 2.2 10 0.22 0.35

Loading and unloading of

contrailers/piggybacks and their storage 4.02 14.2 10 142 2.33

Environmental destruction 0.18 0.6 10 0.06 0.12

The reduced capltalsl[rcl)\(/:istments in to rolling 751 26.4 10 264 437

The cost of cargo in the transportation 375 13.2 10 132 219
process

Table 7 shows the results for the average load section, with a running speed of 50 km/h, cargo
capacity of semitrailers of 26 tons, the cost of cargo is 10 thousand UAH/t and the length
of the distance of dispatch by roads is 17% from the distance of transportation.
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and combined transportations

Table 5. Comparison of reduced specific costs at the direct automobile

. Direct Automobile-railway transportations
. Price for 1 t of . - - -
Cargo capacity automobile Automobile Railway Combined | I1:(a) -
. cargo,thousands - . ! :
of semitrailer, t UAH transportations haul distance transportations | transportations | I1:(c)
I1:(a) I1.(dis) I1.(r) 11.(c)
20 100 207.52 37.03 35.54 35.85 5.79
300 237.76 42.95 54.62 52.17 4.56
26 100 171.57 30.59 32.57 32.15 5.34
300 201.81 36.47 51.60 48.42 4.17
32 100 149.07 29.86 30.63 43.70 3.41
300 179.34 32.45 49.72 46.09 3.89

Table 6. Comparison of traffic handling cost at the direct automobile
and combined transportations.

Direct Automobile-railway transportations
Cargo capacity automobile Automobile Railway Combined Ce(a) -
of semitrailer, t | transportations | haul distance | transportations | transportations Ce(c)
Ce(a) C.(dis) C.(r) C/(c)
20 121.80 125.30 17.71 40.30 3.02
26 101.15 103.95 17.36 35.54 2.85
32 88.20 90.30 17.05 32.43 2.72

Table 7. Prime cost (C., 2pu/10 ton-km) at automobile and piggyback transportatioins
as a function from a distance

Distance of Direct Automobile-railway transportations
transportations, | Criterion automobile Automobile Railway Combined
km transportations haul distance | transportations | transportations
I, 59.28 11.97 30.71 27.52
400 i 148.30 176.05 92.47 106.68
C. 102.60 112.35 44.87 56.34
I, 102.03 19.39 36.89 33.92
700 ] O 145.60 161.35 63.60 80.22
C. 101.85 107.10 28.25 41.65
I, 151.90 27.93 44.03 41.30
1000 I 144.55 155.05 50.61 69.36
C. 101.50 105.00 20.79 35.11
I, 201.81 36.47 51.56 49.00
1400 T 144.20 151.90 44.45 62.72
Ce 101.15 103.95 17.29 32.03

For the accepted source data, the difference between reduced specific costs and the prime cost
at automobile and piggyback transportations as a function from a distance (Table 7) can be
represented by the following dependencies:

AIl,=0.121 - L-16,6

22351
L

AHTKM = 9744 -

12845

Ce=78.47 -
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From the first expression, we see that piggyback transportations for the accepted source data
are effective at distances more than 140 km, from the second one — at 230 km, and from the third
expression — at 160 km. Thus, with some margin, it can be assumed that piggyback transportations
are effective at a distance of more than 250-300 km.

Determination of costs related to piggyback transportations on the railway transport. Costs
related to the piggyback transportations on the railway transport are determined by formulas.

The exploitation costs are determined by the formula:

E :Emov + E%gc + Ein,

where Emov — COSts associated with train movement, thousands UAH;

Ein — costs associated with the inactivity of piggyback train at technical stations without
changing the locomotive, thousands UAH,;

El°¢ — costs associated with the inactivity of piggyback train at technical stations with
changing the locomotive and locomotive crews, thousands UAH.

Costs associated with train movement are determined by formula:

Emov =365 - Y NL - €tkm,

where Y NL is the sum of a train-kilometer;

etxm — the cost of one train-kilometer, thousands UAH.

Costs associated with the inactivity of piggyback train at technical stations with changing
the locomotive and locomotive crews are determined by the formula:

E}gc = 365+ >NH - ethour,

where YNH is the total train-kilometer of the inactivity at technical stations with train
locomotive;

et-hour — COSt Of one train-hour of inactivity with locomotive, UAH.

Costs associated with the inactivity of piggyback train at technical stations without changing
the locomotive are determined by the formula:

Ein =365 - Ymt - ecar-hour,

where Y 'mt is the total train-hours of the inactivity at technical stations without locomotives;
ecar-hour 1S the cost of one car-hour of inactivity without the locomotive, UAH.

Capital investments are determined in to locomotive and a car fleets. It is necessary to take
into account the number of locomotives, which is necessary for the piggyback train motion
throughout the entire direction. When calculating capital investments, we also take
into consideration the cost of rolling stock of the piggyback train, which consists of 22 platforms
and 2 compartment cars.

Capital investments in to the locomotive fleet are determined by the formula:

YNL
C = - B,
VT 24V, !

where V.. — section speed at the sections of direction, km/hour;
Py is the price of a train locomotive, UAH.
Capital investments in to the locomotive fleet are determined by the formula:

Ci=npi - Ppi + Ncom - Pcom,
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where npi, Ncom — @ NumMber of platforms and compartment cars respectively;
Pp1, Pcom — the price of a platform and a compartment car respectively.
To perform calculations of costs that are related to the movement of trains, we determine
the price of the 1st train-kilometer for each of the sections, which is determined by the method
of expenditure rates. The calculated scheme of the 1st train-kilometer is given in Table 8.
In accordance with the recommendations we accept in the calculation:
- By, By —0.02 and 0.01 respectively;
- k2 — the coefficient includes an additional time that a locomotive crew spends in the main
depot and in points of circulation (it is accepted k2 = 1.5);
- ae electricity consumption for the measuring set "10000 ton-km gross load™ (it is accepted
ae = 110 kilowatt-hours);
- a¢ — the rate of electricity consumption per 1 km of mileage (it is accepted a¢® = 25 kilowatt-

hours).

Table 8. The costing scheme associated with 1 train-kilometer
when servicing the train by one locomotive

Measuring set Expense of the measuring set | Cost rate, UAH
Car-kilometers t 1.597
Car-hours t/ Vsec 73.437
Locomotive-kilometers 1+p, 62.105
Locomotive-hours 1/ Veec + py 95.460
Crew-hours 1/ Ve * k2 607.613
Ton-kilometers gross load of cars and locomotive Qg + P 0.017
Electricity consumption 3 * Usp + alx By 10
10000 °

We determine the schedule speed for calculating the each section of the direction.
An example of calculating the price for 1 train-kilometer for the Fastov — Darnytsia section is

shown in Table 9.

Table 9. Calculating the price for 1 train-kilometer at the Fastov — Darnytsia section

Measuring set Calculation Expense of the Cost rate, Cost for 1 train-
g measuring set UAH kilometer,UAH
Car-kilometers t 24 1.597 38.328
Car-hours t/ Viec 0.51 73.437 37.453
Locomotive-kilometers 1+py 1.02 62.105 63.347
Locomotive-hours 1/ Vect+ fy 0.041 95.460 3.914
IB“gade.' hours of 1/ Veee * iz 0.032 607.631 19.444
ocomotive crews
Ton-kilometers of gross
load for cars and locomotive Qor + P 1928 0.017 32776
Electricity consumption 3130*0(‘;?)" + al* By 17.516 10 175.16
Total 370.422

The final results of calculating the reduced costs that are associated with piggyback
transportations are given in Table 10.
An analysis for the technology of piggyback transportation allows to structure the following

advantages:
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1). With an increase in the distance, the traffic handling cost by railways dramatically
decreases, since the costs for the initial-end operations are distributed to a large amount
of tons-kilometer work. On the road transport is, on the contrary, the costs for the initial-end
operations at long distances are no longer affect the prime cost since significant costs are exactly
on the transportation process;

2). During combined transportation, diesel fuel consumption decreases. The monetary
evaluation shows that fuel costs at direct automobile transportations are higher than at combined
ones;

3). The use of piggyback transportation reduces the delivery time of cargo;

4). According to forecasts, the volume of automobile carriages by some transport corridors
over the subsequent years will increase almost twice as compared with the current ones, which will
increase the issue of exhaust gases and noise pollution. Therefore, the prospect of piggyback
distribution is closely linked to the need for unloading automobile roads and environmental
protection;

5). Piggyback transportations slow down the wear of highways, reduce the level of destructive
impact on the road surface due to the heavyweight cars isolated from the traffic flow;

6). It is possible to determine such an effect as maintaining the driver’s productivity
of mechanical transport vehicle (MTV), who can spend most of the route in comfortable conditions
of the passenger car;

7). It should be noted a decrease in the number and simplification of customs operations while
performing the transportation by the piggyback train.

Table 10. Calculation of the reduced costs for piggyback transportations in directions

Section Ilichivsk — Zhmerynka | Mohilev — Fastov| Fastov — Nizhyn Nizhyn —_Khuto_r -
Mykhailivskyi
Costs for 1 train —km, UAH 354 517 370 354
Length, km 611.4 320 189.9 227.3
Movement time, hours 10.05 4.4 3.64 3.39
Schedule speed, km/hour 60.8 72.7 52.2 67.1
EXp'O'ta“O“U‘fﬂs’ thousand 3959.7 1227.6 2025.2 23433
Losses associated with the
inactivity of trains without 308.8 64.98 449.44 3029.7
locomotives, thousand UAH
Capital investments in to 11967.2 8128.1 2484.3 22208.9
locomotive and car fleets
Costs associated with the
inactivity of trains without — — — 44.407
locomotives, thousand UAH
Total exploitation costs,
thousands UAH 4268.5 1292.58 24747 5417.4
Reduced costs, thousand UAH 5704.6 2267.9 3062.3 8082.5

Conclusions. Having analyzed the current state of combined transportation and its main
disadvantages, we found that the main obstacle to the widespread use of such cargo transportation
in Ukraine is the practical lack of proper legislative regulatory framework and too high
transportation tariffs. As a result of conducted calculations, some trains, train tonnage, several
bogies, a method of placing on the platform were analysed. The dimensions of the platform-
mounted train allow its transportation on the railways.

From the research, it follows that both by the traffic handling cost, and reduced specific costs
practically identical results were obtained. Analysing piggyback transportation, it has been
determined that passing of trains on sections with a light load profile and plan, compared to heavy,
will reduce the specific reduced costs and traffic handling cost up to 4-6%.

Performing loading and unloading of contrailers/piggybacks in these calculations is provided
with truck-tractors and end / edging metal or reinforced-concrete approach ramp. Such expenses are
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up to 15% of total costs. They can be reduced if performing loads and unloads of platforms with
a high platform on the stub ended track. So, a reduction in the cost of loading-unloading operations
by 1/3 will decrease the reduced specific costs and traffic handling cost from 6% to 10%.

For the intensification of transportation in the international communication, the issue
of introducing fixed piggyback train formation into rotation is considered (on heavy section
is of 20 platforms, on others is of 40 platforms). The introduction of such trains will lead
to accelerating the cargo delivery, reducing the rotation of platforms, increasing the efficiency
of transport services.

In the study, the authors performed a comparison of the options for cargo delivery, which
proves that piggyback transportation at distances over 250-300 km is more effective.

It is determined that at the direct automobile transportations of cargoes for long-distance
by semi-trailers in comparison with the combined ones, the harmful factor is five times higher, and
energy costs increase by three times.

The use of cargoes of semi-trailers of high load-carrying capacity for transportation will
reduce the need for rolling stock (both automobile and railway) and reduce the specific reduced
costs and traffic handling cost by about 10%.

Also, it should be noted that in addition to unloading of the automobile ways and improving
their condition, in addition to reducing the probability of road vehicle accidents, in addition
to improving the environmental situation, the combined transportations also have advantages:

- it is the more rational use of fuel;

- it is resource conservation of expensive automotive equipment;

- it is reducing the dependence of transport processes from weather conditions, especially
in the winter on heavy sections of the route.
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