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ALGORITHM FOR BUILDING AND OPTIMIZING THE REGIONAL NETWORK OF
TRANSPORT AND LOGISTICS COMPLEXES
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An algorithm for building and a method for optimizing the structure of the regional network of
transport and logistics complexes is proposed. Minimization of transport costs of goods delivery was
chosen as an optimization criterion. The possibility of applying the proposed approach for building a
transport and logistics network in the Dnipro region is shown. Calculations of the processing capacity
of the logistics complexes of the constructed network were carried out.
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Axmyanvricms danoi cmammi 00yMO8AeHA MUuM, wo no6y008a peioHaNbHUX MPAHCNOPMHO-
JO2ICMUYHUX KOMNIAEKCI8 Y CKAA0T HAYIOHATbHOL 102ICMUYHOI cucmemu 8idiepae HA036UYALIHO BANC/IU-
8y posib y 3abe3neuenti be3nepebilinoco pyxXy A02ICMUYHUX NOMOKI8 MO8apie 6i0 NOCMAYAIbHUKIE 00
cnooxcusawie. AHaniz pe3yromamis HaAyKo8ux O0O0CAIONCeHb NOKA3VE, wo 6 mpancnopmuiu eanysi €C
be3nocepeonvo 3atinamo nonad 10 minviionie wonosik, wo ckradac 4,5 % 6io 3a2anbHoi wucebHOCMI
npaye30amuo20 HAceienHs, i cmanosums 4,6 % 6i0 NOKA3HUKA 84108020 HYMPIUHBLO20 HPOOYKMY, a4
8i0n06i0H0 inancosi eumpamu €C Ha po36UMOK MPAHCNOPMHOL THOpACMPYKmMypu nepeddauams-
cs1 8 00ca3i nonao 1,5 mpan. espo Ha nepiod oo 2030 poky. Tomy npogedenHs 00CcioNceHb N08 A3AHUX
3 YOOCKOHANICHHAM MaA PO3POOK0I0 Memo0ono02ii nobyodosu pecioHaIbHOI Mepedici MmpaHCnopmHO-
JIO2ICMUYHUX KOMNIIIEKCI8 MAE OOCMAMHBLO AKMYANbHe SHAYEHHS

Memoto oanoi cmammi € pospodka ancopummy ma mMemoody onmumizayii cmpykmypu peeio-
HAIbHOI Mepedci mpaHCnopmHo-aA02ICMUYHUX KOMNLEKCI8 13 YPaxy8auHAM MONCAUBUX 6apIiaHmI8 iX
Ppo3miwents. YMo8010 MONCIUBO20 MICYs PO3MIUWEHHS T02ICIMUYHUX KOMHIIEKCI8 € 1020 3abe3neye-
HiCTb HeoOXIOHOI0 MPAHCNOPMHO-I02ICMUYHON0 THpacmpykmypoio. Takodxc HeoOXiOHO eusHauumu
nepepoonioganvy CNPOMOICHICIbL KOHCHO20 J02ICMUYHO20 KOMNIIEKCY.

YV 6ionogionocmi i3 3anpononosanum ni0Xo00M 8 AKOCHI Kpumepisi ONMuMizayii UKOpucmo-
8YEMbCL KpUmepil MiHIMI3ayli CyMapHUx mpaHCnOpPmHUX UMpam OOCMAsKY Mosapié 00 CHONICUBA-
uig. B npoyeci nowyky onmumaibHo20 8apianmy Micyb po3mMiujeHHs I02ICMUYHUX KOMNIEKCI8 MepexCi
Ha nepulomMy emani Ha OCHO8I Memoody YEeHMPA MAc Pi6HO8A2080I CUCMEMU MPAHCNOPMHUX UMPAM
BUZHAYAIOMBCS KOOPOUHAMU PO3MIUEHHSI O0HO20 J0LICHMUYHO20 KOMNIIEKCY I pO3PAX08YIOMbCs MPAH-
CHOpMHI 8UMpamu Ha 00CMABKY Mosapie 00 KodcHoz2o micma peciony. [lomim nposodumuvcs ananiz
sapianmy mepeici i3 080X JO2ICMUYHUX KOMNJIEKCI8, POSMIWEHUX 3a KOOPOUHAMAMU MICT 3 HAUOLIb-
wumMy 00caeamu Mpancnopmuux aumpam 00CmagKku mogapis. B pobomi nagedeni pesynomamu po3s-
PAxXyHKi6 01 6apianmie mepesici 00 N ’simu 102iCMUYHUX KOMNJIEKCI8.

B axocmi ymoeu onmumanvnoi cmpykmypu pecionanbHOi Mepedici J02iCMUYHUX KOMNANEKCI8
obupaemvcs eapianm mepesici 3 MiHIMATbHUM 3HAYEHHAM CYMAPHUX MPAHCROPMHUX umpam 0ocma-
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6KU BAHMANCI8 3 MAKCUMANLHO OONYCHUMUMU 00CA2amMu KanimanbHUx 6K1a0eHb Ha 0YOi6HUYmMeo
JIO2ICMUYHUX THEPMIHANI@ Mepedici. [lisl pO32iaHYymo20 Npuxiady nobyoosu mepexici mpaHcnopmHo-
JI02ICIMUYHUX KOMNIEKCI8 [HINPOBCHKO20 pe2iony 8 AKOCMI ONMUMANbHUX MICYb POIMIUEHHS 102iCMU-
YHUX MEPMIHANI8 BUSHAYEHO KOopOuHamu 8 okoauyi micm /[ninpo, Kpuesuii Pie, I[lasroepao.

B nooanvuiux docniodsicenns ons niosuyeHHs epekmusHoCmi 3anponoH08aH020 HIOX00y HeoO-
XIOHO 8 IKOCMI Kpumepisi onmumizayii oopamu MIHIMI3ayiio 102ICMUYHUX eumpam nepepooKu moea-
PONOMOKY 8 N02ICMUYHUX MEPMIHANAX MA 00CMABKU MOBAPI6 00 CROICUBAUIS.

Knrouoei cnoea: memoo onmumizayii’ 102icmuyHol Mepesici, 102icmuKa, NOMyNCHICMb 102ic-
MUYHO20 MEPMIHATY.

Problem’s Formulation

The integration of the Ukrainian economy into the European system of economic cooperation
involves bringing to uniform standards the functioning of the relevant transport systems within the
framework of the European transport market, as well as at the national and regional levels. Modern
transport and logistics infrastructure, based on the application of the latest technologies and innova-
tions, is one of the effective factors of the successful social and economic development of European
countries [1, 2]. The results of the research show that more than 10 million people are directly em-
ployed in the EU transport industry, which is 4.5 % of the total number of working population and
4.6 % of the gross domestic product, and accordingly the financial costs of the EU for the develop-
ment of transport infrastructure are expected in the amount of more than 1.5 trillion. euros for the pe-
riod until 2030 [3]. In this regard, conducting research related to the improvement and development of
the methodology for building a regional network of transport and logistics complexes (TLC) has a
sufficiently relevant scientific and applied significance.

Analysis of recent research and publications

The creation of regional transport and logistics complexes as part of the national logistics sys-
tem plays an extremely important role in ensuring the uninterrupted movement of logistics flows of
goods from suppliers to consumers. The analysis of the results of scientific research indicates a suffi-
ciently strong theoretical justification of the problems of functioning and development of transport and
logistics systems taking into account the conditions of integration [4].

Research is especially active in the search for new, effective methods of building regional
transport and logistics systems. The results of such studies are covered both in fundamental mono-
graphs [5] and in scientific publications [6, 7]. In accordance with world experience, the creation of a
network of regional logistics centers is a determining factor in the effectiveness of the development of
the national transport and logistics infrastructure [8]. The rationale for the importance of optimizing
the logistics infrastructure to increase the reliability and efficiency of international freight transporta-
tion is given in [9]. The results of a systematic analysis of methodological approaches to the formation
of logistics transport and customs infrastructure in Ukraine are given in [10]. In work [11], modeling
and research of the functioning of the transport and logistics center was carried out. Mathematical
models and systematization of transport problems related to placement-partition optimization under
conditions of uncertainty are considered in [12].

The results of the analysis of the effectiveness of the construction of a network of transport
and logistics complexes based on the factor rating model are given in [13]. The work [14] is devoted
to the issue of improving the structure of logistic transport and customs complexes.

At the same time, the issues of optimal placement and determination of the processing capaci-
ty of regional transport and logistics complexes remain understudied. Therefore, the development and
improvement of methods and algorithms for the formation of transport and logistics complexes in the
regions are becoming extremely important.

Formulation of the study purpose

The purpose of this work is to develop an algorithm for construction and a method of structur-
al optimization of the regional network of transport and logistics complexes taking into account possi-
ble options for their placement. A condition for the possible location of the TLC is its provision of the
necessary transport and logistics infrastructure. It is also necessary to conduct an analysis of the
processing capacity and the amount of capital investment for the construction of each logistics center.
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Presenting main material
Determination of the optimal regions for the placement of TLC is carried out by analyzing the
main cargo flows, as well as the availability of transport and logistics infrastructure and its condition
[15]. The algorithm of the process of creating a regional network of transport and logistics complexes
is shown in fig. 1.
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Fig. 1. Scheme of the regional network creation algorithm transport and logistics complexes

The problem of creating a regional TLC network is inextricably linked to the issues of deter-
mining the optimal number of such centers in the region and their mutual location. Finding the best
TLC location in the region depends on a few factors.

At the same time, the optimal position of TLC in relation to other elements of the network
(consumers, suppliers, warehouse complexes) is determined by a few factors that can be divided into
three groups according to their nature and the amount of influence on the network configuration
[13, 15].

The first group of factors characterizes the economic potential of the location due to the prox-
imity of the market, investment attractiveness, the availability and value of land plots, the cost of
building a warehouse complex.

The second group of factors reflects the state of the transport infrastructure of the chosen place
due to the level of transport accessibility, proximity to international transport corridors, the number of
efficiently operating modes of transport in the region, the possibility of modernization and further
development of transport infrastructure.

The third group of factors characterizes the state of "administrative assistance" due to the
presence of locally approved development concepts and location planning of industrial and transport
facilities, obtaining permits for the construction of TLC.

However, making decisions about the placement of transport and logistics infrastructure ob-
jects based only on factor assessments does not guarantee finding the optimal placement option. In this
regard, the question of creating mathematical models for determining the optimal locations of TLC is
important.

In this study, we will consider the method of building and calculating the optimal location of
the regional network of TLCs of consumer goods in the Dnipro region with the determination of their
processing capacity.

To form the initial data of the calculation, we include large cities in the list, and assume that
the need for goods in any city is proportional to the population of that city. As a basis for determining
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the coordinates of one city relative to another, we take the geographic coordinates of the centers of
these cities. Given that the original geographic coordinates of all cities are in the range of values from
32° to 39° east longitude and from 47° to 49° north latitude. We assume that the axes of the relative
rectangular coordinate system have the direction of 32 meridians and 47 parallels with the origin at the
point of their intersection. Using the data that in the specified belt, 1° of longitude corresponds to 73.5
km, and 1° of latitude corresponds to 110.1 km, the coordinates of all receivers in km are determined
by the following formulas:

X; = (R%, —32) X 73,5+R,, (73'5/60); 1)
Y; = (RO, —47) x 1101+ R}, (110'1/60), )
where (X;;Y;) — distances from the 32nd meridian and 47th parallel, respectively; (R2;; RS ,) —
degrees of longitude and latitude of the given city; R, ;; R,,; — minutes in longitude and latitude of

the given city.

Data on the given coordinates, the population of the respective cities and the volume of con-
sumption of goods are given in the tabl. 1. At the same time, we believe that the suppliers are in cities
with a sufficiently developed transport infrastructure and provide the necessary volumes of supplies

shown in the tabl. 2.

Table 1. Coordinates and volumes of supplies of goods to consumers

Placement Population, Supply Share of the
City coordinates thousands of volumes, total volume,
X y people t. %
Dnipro 221,73 159,65 992,18 18099,3 36,18
Vilnohirsk 148,23 161,48 23,66 431,6 0,86
Kamianske 189,88 166,99 247,66 4517,9 9,03
ZhovtiVody 110,25 148,64 47,52 866,9 1,73
Kryvyi Rih 104,13 104,60 650,48 11866,0 23,72
Marganec 191,10 69,73 49,15 896,6 1,79
Nikopol 172,73 62,39 116,83 2131,3 4,26
Novomoskovsk 236,43 179,83 71,49 1304,1 2,61
Pokrov 153,13 71,57 42,59 777,0 1,55
Pavlograd 284,20 166,99 109,31 1993,9 3,99
Pershotravensk 323,40 146,80 28,97 528.5 1,06
Sinelnykovo 257,25 144,97 31,53 575,1 1,15
Ternivka 298,90 166,99 28,88 526,8 1,05
Apostolovo 126,18 71,57 28.62 522,1 1,04
Zelenodolsk 120,05 60,56 28,18 514,1 1,03
Vasylkivka 295,23 132,12 33,22 606,0 1,21
Verkhnedniprovsk 171,50 179,83 36,96 674,3 1,35
Verkhivtseve 165,38 163,32 10,06 183,6 0,37
Pidgorodne 227,85 172,49 19,53 356,3 0,71
Slobozhanske 225,40 168,82 12,95 236,2 0,47
Magdalinovka 287,88 209,19 6,50 118,6 0,24
Mezhova 346,68 159,65 7,52 137,2 0,27
Chervonogrygorivka 184,98 67,90 6,60 120,4 0,24
Pereshepyne 246,23 220,20 10,14 1849 0,37
Gvardiyske 243,78 159,65 6,20 113,1 0,23
Gubinykha 238,88 198,18 5,64 102,8 0,21
Petropavlivka 325,85 159,65 7,46 136,1 0,27
Pokrovske 311,15 106,43 10,13 184,8 0,37
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Continue of the table 1.

Prosjne 320,92 122,95 5,03 91,8 0,18
Pjtykhatky 124,95 154,14 18,89 3445 0,69
Ilarionove 240,10 153,82 9,01 164,3 0,33
Solone 209,48 130,29 7,64 1394 0,28
Sofievka 137,20 115,61 7,00 127,6 0,26
Tomakivka 200,90 88,08 7,07 129,0 0,26
Tsarychanka 181,30 212,86 7,61 138.8 0,28
Shyroke 93,10 75,24 10,37 189,1 0,38

In total 274258 50030 100

Table 2. Coordinates of suppliers and volumes of deliveries

) Placement coordinates Supply volumes, Share of the total
City 0
t. volume, %
X y

Zelenodolsk 120,05 60,555 15604,3 31,19
Mezhova 346,675 159,645 21052,6 42,09
Pereshepyne 246,225 220,2 22514 4.5
Pjtykhatky 124,95 154,14 11121,7 22,23

In total 50030,0 100

In order to calculate the parameters of the creation of a regional TLC network, it is proposed
to use the optimization method taking into account realistically acceptable options, which is based on
the determination of the optimal places for placing from 1 to » TLC on the territory of the region, solv-
ing at the first stage the problem of minimizing transport work for a limited number of places of
placement from one, and improving this result by placing more TLCs, choosing for them the cities
with the largest transport work in relation to the previous option, thus minimizing the total transport
work. The weight of goods that need to be transported to the city depends on the number of its popula-
tion. To increase the effectiveness of the model, a level coefficient is determined for each city, which
will take into account the presence of factors affecting the increase or decrease of the attractiveness of
each city for placing TLC in it. This approach will make it possible to clearly divide consumer cities
by TLC and determine the processing capacity of each logistics complex in each of the n options.

For the specified problem, the objective function of minimizing transport costs for the delivery
of goods to consumers will be written as follows:

SCe,y) = P-Qi(x,y)y (X — x)2+(Y — y))? - min, 3)
where X, Y—coordinates of the new logistics complex; Q;—volume of product deliveries to/from the
i-th location; x;, y;—coordinates of the i-th supplierand customer; P — is the average tariff for trans-
portation of goods by motor vehicle, P=3$ 0,1 for 1 t-km [13, p.220].

The conditions for ensuring demand must also be met:

Qlx,y) = Xit1 Qi(xyy0)s “4)
where Q (x, y)—the total volume of goods supplied to the region.

The initial option for placing one TLC is found by the method of determining the center of
mass of the equilibrium system of transport costs:

_ PEL WOHGTE (XiWy)
My = PYL W)+G T (W) ©)
PYL, (YiW)+GIE (v;w;) | 6)
PEL W)+GEE,(Wy)
where (My; M, ) — coordinates of the location of the TLC; (X;; ¥;) — coordinates of each supplier and
customer; W; — expected demand from the i-th customer or expected deliveries from the i-th supplier;
G — the average rate of transportation by rail, G=$ 0,08 for 1 t-km [13].

M, =
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According to formulas (5), (6), we determine the coordinates of the center of mass of the equi-
librium system of transport costs:
_ 441496,633+355703,517

M, = = 201,70; 7
x 2351,415+1600,963 re (7)
324552,800+208509,515

My = 2351,415+1600,963 134,87. ®)

Thus, the coordinates of the center of mass of the equilibrium system of transport costs deter-
mine the place of optimal placement of one TLC-M (201.70; 134.87). Using formulas (1), (2) and
backtracking to geographic coordinates, we have the Nadiivka settlement of the Dnipro region as a
possible option for placing the logistics complex. In the case of such placement of the TLC, transport
costs for the delivery of goods according to formula (3) will amount to $ 318142, and the amount of
capital investments, taking into account statistical data on the relative costs of creating a TLC [13,
p.221], will amount to $ 40.7 million. At the same time, the largest volumes of transport costs corres-
pond to the provision of the cities of Kryvyi Rih ($ 121220) and Dnipro ($ 57669). Thus, in accor-
dance with the proposed method, the coordinates of these cities should be chosen for the placement of
two TLCs. To effectively solve the problem of optimal placement of TLC in the process of creating a
regional network, only realistically acceptable options are used. That is, potentially possible options
for the placement of TLCs that have all the necessary transport and logistics infrastructure are being
considered.

The analysis shows that in the case of two TLCs, the volume of transport costs is significantly
reduced and amounts to $109562, of which $45559 for the Kryvyi Rih TLC (12 cities) and $64003 (24
cities) for the Dnipro TLC. The largest transport costs are realized when delivering consumer goods to
the cities of Nikopol — $17167 and Pavlograd — $12542.

Taking into account the factor of uniformity of placement of TLC across the territory of the
region, we choose the coordinates of the city of Pavlograd for the placement of the third TLC. In the
case of three TLCs, the value of transport costs will be $81464, and accordingly, the processing capac-
ity of transport and logistics complexes will be: Dnipro — 26344 tons (14 cities), Kryvyi Rih —
18787 tons (12 cities), Pavlograd — 4899tons (10 cities). Similar calculations were carried out to
determine the regional network consisting of four and five TLCs, tabl. 3.

Table 3. Characteristics of the regional network for different numbers of TLCs

Number and parameters Placement cities of TLC

of TLC Dnipro |Kryvyi Rih |Pavlograd |Kamianske | Nikopol
2 | Processing capacity, t | 31242,8 | 18787,2
Transportation costs, $ |64002,82 | 45559,34

Capital investments, 33086,0 | 22545,0
$ thousand

3 | Processing capacity, t | 26344,0 | 18787,2 4898,8
Transportation costs, $ |27989,49 | 42459,35 11014,99

Capital investments, 27898,3 | 22545,0 8817,8
$ thousand

4 | Processing capacity, t | 20829,4 | 18355,6 4898,8 5946,2
Transportation costs,$ | 7608,34 | 38273,2 11014,99 | 4427,66

Capital investments, 24995,3 | 24419.,4 8817,8 10703,2
$ thousand

5 |Processing capacity, t | 20700,4 | 14430,3 4898,8 5946,2 4054,3
Transportation costs, $ | 6846,78 | 19361,03 | 11014,99 | 4427,66 4108,89

Capital investments, 24840,5 | 23810,0 8817,8 10703,2 7297,7
$ thousand
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The results of the dependence of the total transport costs of goods delivery on the amount of
TLC in thousand US dollars are shown in fig. 2.
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Fig. 2. Dependence of transport costs of goods delivery on the number of TLCs

Analysis of the dependence of transport costs on the number of LTMK allows us to conclude
that the most significant reduction in total transport costs is provided by the presence of more than one
TLK in the regional transport and logistics network. At the same time, the results shown in Tabl. 3
show that an increase in the number of TLC leads to a significant increase in capital investments for
their construction. Therefore, for the considered case, the most effective option is a regional network
consisting of three transport and logistics complexes: Dnipro, Kryvyi Rih, Pavlograd. The data on the
distribution of goods flows determined by the results of the calculations for the optimal option for the
placement of TLCs in the regional network are shown in the tabl. 4.

Table 4. Distribution of cargo flow processing for 3 TLCs

. Capital Processing Transport W ork of The share of goods
City nvestments, capacity TLC, t transportation from flow service, %
$thousand TLC, t-km
Dnipro 27898,2 26344,0 279894,9 34,36
Kryvyi Rih 22545,0 18787,2 424593,5 52,12
Pavlograd 8817.,8 4898,8 110149,9 13,52
In total 59261,0 50030,0 814638,3 100,0

The creation of such a configuration of the regional network of transport and logistics com-

plexes will minimize the amount of annual costs for their maintenance and transportation of goods.
Conclusions

The results of the research show that the proposed approach allows you to determine the loca-
tions and optimal structure of the regional network of transport and logistics complexes, as well as
calculate the processing capacity of each logistics center. The process of finding the optimal variant of
the structure of the transport and logistics system is implemented on the basis of minimizing the trans-
port work of delivering goods, taking into account the possible options for placing TLCs and the
amount of capital investments for their construction. A condition for the possible location of logistics
complexes is that it is equipped with the necessary transport and logistics infrastructure.

The proposed approach allows generalization for the formation of a regional transport and lo-
gistics network based on the criterion of minimizing the logistics costs of processing the flow of goods
in logistics terminals and delivering goods to consumers.
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