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Abstract. The aim of the article is to systematize the existing ways to decrease the
environmental load at the enterprise, in the country and in the world, to identify ways of greening
the enterprise by using transportation means to transport goods from enterprises to customers using
information systems and technologies. In the process of preparing the article we used the method of
theoretical generalization (to determine the theoretical and logical substantiation of the method of
transport at the enterprise), the method of systematization (to build algorithms for determining the
optimal route of transport to specialized centers), graphical method (to build a histogram of
emission costs for different kinds of transport in the world), mathematical modeling (to determine
the optimal route for the transportation of goods by the enterprise, which goes into solving the
transport problem and the travelling salesman problem). The means by which the recovery of the
ecological situation is stimulated are determined, namely, ecological supply chains are considered
as competitive advantages of the enterprise, methods of solving the problem of routing in the
enterprise, energy saving in transport, possibility of automobile sharing by different companies,
expediency of introduction of innovative types of transport, supply optimization of products from
the enterprise to consumers. The latter is considered more carefully using a mathematical apparatus,
namely, by solving the transport problem using the method of the smallest element in the column
and the method of potentials, and solving the travelling salesman problem using the branch and
bound method. The scientific novelty of the work is the systematization of methods of greening the
environment, identifying the capabilities of information systems used to achieve this goal, and
applying the method of the smallest element in the column and the method of potentials to solve the
transport problem, and the branch and bound method to solve the travelling salesman problem to
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EKOJIOTTYHA OIITUMI3ALISA TPAHCIIOPTYBAHHS BAHTAXKIB
HIIIMPUEMCTBA 3 BAKOPUCTAHHSM IHOOPMAIINHAX CUCTEM
AHoTalisg. MeToo CTaTTi € cucTeMaTH3alis HasBHUX HUISXIB 3MEHIICHHS €KOJIOTIYHOTO
HaBaHTAXXCHHS Ha MiJIPUEMCTBI y KpaiHi Ta CBiTi, BU3HAYECHHS LUIAXIB €KOJIOTI3allii MiIpHEMCTBA
HIISIXOM BUKOPUCTAHHS TPAHCTIOPTHUX 3aCO0IB JJIsl TPAHCTIOPTYBaHHS TOBapiB BiJl MiAMPUEMCTB JI0
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KJIIEHTIB 3a JOMOMOIo0 1H(hOpMalIHHUX CUCTEM 1 TEXHOJIOT1. BUKOpHCTaHO METOJT TEOPETUIHOTO
y3arajJbHEeHHS (711 BU3HAYCHHS TEOPETHKO-JIOTIYHOTO OOIPYHTYBaHHS METOMY TPAHCIIOPTY Ha
HIANPUEMCTBI), METOJ cucTeMarusauii (Uig 1moOyJOBH aNrOpPUTMIB BU3HAYEHHS ONTHUMAIbHOIO
MapuIpyTy TpPaHCIOPTY /O CHeliali30BaHUX LEHTpPiB), rpadiunuii meron (mns mnoOyaoBu
riCTOrpaMM BUTpAT Ha BUKUU JUISl PI3HUX BHUJIIB TPAHCIOPTY Y CBITi), MaTeMaTH4YHE MOJEIIOBAHHS
(IuTsT BH3HAYEHHS ONTHMAIBHOTO MAapIIPyTy TIEPEBE3CHHS BAaHTAXIB IMIAMPUEMCTBOM, IO
BUKOPUCTOBYETHCS UII  PO3B’SI3aHHS ~ TpaHCIOPTHOI TpobiemMu 1 TpoOIeMH TMPOJABII).
BusznauaroTbcst 3aco0m, 32 IOMMOMOTOIO SIKMX CTUMYJIIOETHCS BITHOBJIEHHS €KOJIOT1YHOI CHUTYyaIlii, a
came: eKOJIOTTUHI JIAHIFOKKU MOCTaBOK PO3IUIANAIOTHCS K KOHKYPEHTHI MepeBaru ImiJrnpHeMCTBa,
METOJIM PpO3B’s3aHHS MPOOJEeMH MapIIpyTH3alii Ha MIANPUEMCTBI, €HEpPro30epexeHHs Ha
TPAHCIIOPTi, MOXKJIUBICTh CITUUIBHOTO BHKOPHUCTAHHS aBTOMOOUTIB Pi3HUX KOMMaHiH, TOIIBHICTH
YIOPOBA/DKCHHST IHHOBAllIMHMX BHUIB  TPAHCIOPTY, OINTHUMi3alliss TIOCTAaBOK MPOAYKIIi 3
miAnpueMcTBa croxuBadaMm. OCTaHHE pO3TIAJAETHCS  OLIBII  PETENBHO 3a  JIOOMOTOIO
MaTEMaTHUYHOTO amapaTy, a caMme LUISIXOM BHUPIIIEHHS TPaHCHOPTHOI 3a/ayi 3 BUKOPHCTAHHSIM
METO]ly HaMEHIIIOTO eJIEMEHTY y CTOBIILI Ta METOy MOTEHIIialliB, a TAK0XX PO3B’SI3aHHS MPOOIEMHU
MPOJaBIs 3a JOMOMOIOI METONy TiTOK 1 Mex. HaykoBa HOBHM3Ha poOOTH — cucTeMaTu3allis
METOIB €KOJIoTi3allii CepeOBHINa, BHIBICHHS MOXIUBOCTEH 1HPOPMAIIMHUX CHCTEM, IO
BUKOPHUCTOBYIOTHCS JJIl JOCATHEHHS IIi€l METH, 1 3aCTOCYBaHHS METOJly HalMEHIIOro €JIEMEHTY B
KOJIOHIII Ta METO/Y MOTEHIIaliB IJIsl PO3B’sI3aHHS TPAHCIIOPTHOI MPOOJIEMH, a TAKOK METOAY TiIOK
1 MEX JUIsl pO3B’A3aHHs MPOOJIeMU MPOJABLS ISl JOCATHEHHS ekosoriynoro edekry. [Ipaktuuna
3HAYYIIICTh JOCHIPKeHHS TMOJsrae B TOMY, IO JOCHIJXKYBaHI METOIU BHUKOPHUCTOBYIOTHCS
nepepoOHUMU TIAMPUEMCTBAMHU JIJIsl O3€TICHEHHS CBOET AISUTBHOCT1 Y TPAHCIIOPTHUX OMepalisx.

Knrouoei cnosa: exonorizailis, TPaHCIOPTHI MEpPEBE3CHHs], MiANPHUEMCTBO, TPAHCIIOPTHE
3aBJaHHS, 3aBJIaHHS MPOAABII, iH)OpPMaIliiHI CHCTEMH.

®opmyn: 3; puc.: 2; Tabmn.: 3; 616m.: 21.

Introduction. The problem of global warming caused by rising carbon levels in the
atmosphere is constantly raised in the speeches of reputable figures and international organizations
involved in the environment. Despite the fact that without the development and functioning of
industry, the progress of mankind as a whole is impossible, the presence of large-scale pollution of
the environment by industrial enterprises and vehicles is very acute.

In the field of transport, environmental thinking and environmental priorities are becoming
more widespread. Therefore, the issue of greening in enterprises that actively use transport is very
acute at this time. It is necessary to systematize ways to improve the environmental condition of
roads. One of the ways to reduce the negative impact of transport on the environment is to reduce
the routes of transport, which is achieved by calculating the most optimal of them. A mathematical
apparatus should be used to minimize transport connections.

Analysis of research and problem statement. The study, conducted in [1], aimed to
compare, from an environmental point of view, four different scenarios for the use of freight
transport by the supplier to transport the product to the customer on the Italian route.

The study was conducted in order to find an environmentally sustainable solution, or at least
a sustainable compromise, as well as the biggest environmental problems associated with the
geographical dimension of transport in Italy. The publication [2] considers the identification of
possible sources of competitiveness of companies in terms of international transportation and
logistics with an emphasis on knowledge and ecology. In the article [3] industrial ecology is used as
a basis for the analysis of production of various sources of energy for transport and consequences of
this process.

Another way to reduce the burden on nature is energy saving in transport [4]. Much effort is
currently being made to develop energy-saving technologies and improve the environmental safety
of various modes of transport [5, 6]. Issues of optimization of intra-corporate transport are relevant.
In order to reduce the environmental load inside the company, one can use the method of applying
the optimization of transport, speeding up the processing of semi-finished products in warehouses
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[7]. Article [8] assesses the potential of the truck sharing economy of various enterprises in Polish
cities.

The article [9] notes the One Belt, One Road initiative proposed by China to launch
cooperation between the respective countries in the field of energy and trade. The study highlights
the relationship between industrial value-added cost per capita, freight transport and CO, emissions
of partner countries of the One Belt, One Road initiative with the help of the Group of 33
economies in 1986—2017. The idea of greening in multimodal transport was proposed in [10].
Global aspects of greening in transport were considered in [11]. Also, the problems of greening in
transport were studied in [12; 13].

Unsolved aspects of the problem. However, the means to improve the environmental
situation in transport are not yet fully systematized. Reserves for reducing emissions into the
atmosphere have not been studied. These reserves can be identified on the basis of route
optimization in the transportation of goods.

The purpose of the article is to systematize the existing ways to improve the environmental
situation both in Ukraine and in the world, to identify the means of greening in the enterprise under
consideration, through the effective use of transportation means for the transportation of goods
using information products.

Research results. European environmental policy aims to reduce greenhouse gas (GHQG)
emissions from transport operation by 90% by 2050 compared to 1990. Facilitating measures to
move to the most economical kinds of transport can make an important contribution to achieving
this goal. For passenger transport, the transition from air to railroad transport potentially has a key
role to play. This is because the pollution of the environment from railway transport is the lowest
(Fig. 1) [15; 16]. The biggest polluter is motor transport, which is ahead of air transport.
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Fig. 1. Emission-related costs for different modes of transport (500 km)

The figure also shows the level of air transport emissions, which takes second place in this
indicator after motor vehicles. In this case, the type of aircraft is also important. Approximately all
types are contained in one position. At the same time, the Airbus A319 is slightly ahead of all other
types. Traveling by electric car with four passengers and by high-speed train (HSR) is the most
environmentally friendly.

The industrial environment is largely affected by the increase in energy efficiency of
production systems, and this should be taken into account when analyzing product supply chains. A
review of the current practice of transporting large quantities of products is necessary as a
consequence of the requirements for improving the energy efficiency of industrial production
systems.

The state of the environment in our country largely depends on energy saving in transport.
Let’s analyze the methods of energy saving in moto, railroad, water and air transport.

We will present key technologies for improving energy efficiency of motor transport.
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1) Studies of vehicle manufacturers show that reducing the weight of cars and trucks due to
the increasing use of polymeric materials can achieve a great economy. If earlier weight loss was
achieved through the use of expensive magnesium and aluminum, now they have been replaced by
composite materials, such as carbon fiber. Moreover, the use of composite materials does not affect
safety.

2) Energy saving in vehicles is directly related to the type of fuel used, in particular —
liquefied natural gas.

3) The use of «green» tires reduces rolling resistance, improves traction and saves up to 10%
of fuel. Each car is exposed to friction and rolling resistance. To reduce rolling resistance, tire
manufacturers are changing the carbohydrate for silicon. Silicon reduces rolling resistance by about
20% more compared to carbon. Thus, the car consumes less energy and, accordingly, consumes less
fuel.

The leading role in increasing the pace of development of the enterprise is played by the
optimization of transportation between its warehouses and distribution centers, which then supply
products to their stores. Let’s consider a specific task for the transportation of goods, the volume of
which fluctuates during the week, but on average remains approximately the same. We will take
this as a basis in our study.

There are two options for product delivery:

1. Transportation is carried out by separate trucks from each separate warehouse to the
distribution center which are assigned beforehand while solving a transport problem.

2. Loading from all warehouses goes to one truck which then delivers production to all
distribution centers in turn.

Let’s analyze the first option.

In the task it is necessary to secure consumers of cargo in the form of products of the
processing industry to suppliers.

In our case, to solve the transport problem for the processing industry, we have the distance
between suppliers and consumers of products in the following form (7able 1).

Table 1
Distances between suppliers and consumers (km)

Suppliers Consumers

B,| B, | B, | B,
Distance, km

A 22 14 18 10

A, 10 26 14 16

A; 6 24 10 18

The amount of cargo leaving the warehouse A; — 300 kg, A, — 500 kg, A; — 800 kg. The
amount of cargo that should be received by the distribution center B — 200 kg, B, — 350 kg, B;
— 650 kg, B, — 400 kg.

This problem is formulated as a transport one and is solved by the method of the smallest
element in the column.

While solving it transport work will be the following:

200 - 6 +300-14+50-24+100 - 14 +550 - 10 +400 - 16 =19 900 (kg - km). (1)

Next, we check for optimality by the method of potentials.

As aresult of the test, a square with a negative potential was obtained. This indicates that the
plan is suboptimal, and then the reassignment of suppliers to consumers takes place. After
reassignment of the cargo, all unfilled squares have positive potentials, and the potentials of filled
squares are zero. This means that the resulting plan is optimal.

Thus, the optimal plan was found, according to which a load of 300 kg will be transported
from the A; warehouse to the B, distribution center. From the warehouse A, goods in the amount of
50 kg will be transported to the distribution centers B, and Bs, as well as the amount of 400 kg of
goods to the distribution center Bs4. From the As; warehouse 200 kg of products will be transported
to the B center and 600 kg — to the B; center.
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Thus, as a result of optimal assignment of distribution centers to warehouses-suppliers of

products, the volume of transport work will be:
200 -6+300-14+50-26+50-14+400- 16+
+200 - 6 +600 - 10 =19800 (kg - km). (2)

The problem can be solved with the help of Excel tools using the functions SUMM,
SUMMPROYZV, the command «Search for a solution» on the tab «Data» and the software product
C++.

Let’s look at the second loading option. In our case, the distances between the distribution
centers of the enterprise are given in Table 2.

Table 2
Distances between distribution centers (km)
B1 B2 B3 B4
B, M 10 6 15
B, 11 M 9 3
B; 6 8 M 7
B, 12 3 8 M

This option requires solving the travelling salesman problem, which we will solve by the
branch and bound method.
The solution of the problem (7able 3) will be presented as follows. Let’s take as an arbitrary
route:
Xo=(1,2); (2,3); 3,4); (4;1).
F(xo)=10+9+7+12=38.
Table 3
Emissions into the atmosphere in different ways of constructing
the route of delivery of goods of the enterprise
Emissions from different methods of delivery of goods Numeric value (d)
Emissions from the traditional method of delivery of goods 26 534
Emissions from the Qeliyery of gooFis based on the calculation of routes using 18 124
the method of optimization by solving the transport problem

Emissions when optimizing routes using the branch and bound method when solving
the travelling salesman problem

7790

Gradually determining the lower limits by means of a reduction operation, performing
branching and checking for the minimum, we will eventually arrive at the final matrix (2 - 2).

As a result Hamiltonian cycle forms the edges on the tree branches:

(B1,B3), (B3,B>), (B2,Bs), (B4,B1).

The length of the route is F(Mk) = 30.

In this case, the total workload will be 48,000 kg - km, which is much more than in the first
option. Relevant calculations are performed using information systems Excel and C++. We see that
the use of the first option of optimization is more appropriate in terms of saving enterprise
resources.

Let’s define an ecological component of the results of these calculations. This study is due
to the feasibility of implementing in Ukraine a new law of the European Union, according to which
emissions for freight cars at present should be reduced by 19% compared to 2012. For trucks,
starting in 2020, annual emission reductions of 3% must be ensured [18—20].

The company under study uses long-distance trucks and light commercial vehicles (vans) to
transport its products - for transportation inside the city brands MAN, SCANIA, FORD are used.
All vans of the enterprise have an average weight of 2610 kg and carry no more than 3.5 tons of
cargo. They emit CO; in accordance with the standards calculated by the formula [21]:

€O, = 130 + a(M — M) (%) 3)
where M is the curb weight in kilograms,
My, =1372kg,
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a = 0,0457.

The calculations lead us to the emission values presented in 7Table 3 for the first and second
methods of traffic optimization.

As we can see, carbon emissions in the formation of the route, taking into account the
travelling salesman problem and the transport problem, are much lower than in the old way of
transporting goods. The reduction of emissions when transporting goods using the method of
optimization by solving the transport problem is 8 kg 410 g, reducing emissions by optimizing the
route of the van using the branch and bound method when solving the travelling salesman problem
is 18 kg 744 g, which are significant figures. At the same time, we see that the second method is
much more effective in terms of greening the environment, so we will recommend the company to
increase the level of environmental responsibility to use the branch and bound method in solving
the travelling salesman problem. This method of transporting the products of this enterprise
significantly reduces emissions into the atmosphere, which significantly improves the ecological
state of the environment.

Thus, we have obtained several basic, in our opinion, ways of greening the use of
transportation means and information systems. Their systematization is shown in Fig. 2.

Consideration of ecological supply Innovative modes Optimization of product delivery
chains as a competitive advantage £t it from the enterprise to consumers
of the enterprise obtranspo

-
Computer calculation Robotic systems Excel, C++
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Improving
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Fig. 2. Information interpretation of ecologically optimal transportation of goods

Conclusions. Based on the analysis, the article identifies the main methods of greening the
environment both in Ukraine and in the world when using transport systems, namely, reducing
harmful emissions into the atmosphere. These methods include consideration of environmental
supply chains as a competitive advantage of the enterprise, solving the problem of routing within
the enterprise, energy saving in transport, car sharing by different companies, introduction of
innovative kinds of transport, energy efficiency in transport, calculation of optimal air routes in the
world, optimization of the transportation of goods from the enterprise to consumers. The latter is
considered more carefully with the coverage of the mathematical apparatus, namely, with the
solution of the transport problem using the method of the smallest element in the column and the
method of potentials and the travelling salesman problem using the branch and bound method. The
presented mechanism of route optimization can be used at any enterprise engaged in transportation
of goods.
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