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1. Introduction

Freight forwarding companies that in the course of
their development begin to provide logistics operator ser-
vices enter a new market and become part of the logistics
infrastructure of the region or several regions.

The concept of logistics infrastructure, as well as
infrastructure in the general economic sense, can be con-
sidered from different points of view. But all of them
boil down to the fact that in logistics, infrastructure,
as well as in other areas, primarily plays an enabling
role, and infrastructure activity is realized in the form
of services.

Logistics infrastructure is a complex of interrelated
elements that ensure the functioning of the system of
procurement, supply, storage and delivery of products
to the consumer. Under the logistics infrastructure is
understood the market of logistics operators, transport
and information systems.

The logistics operator becomes part of the logistics
infrastructure of the region (country) and at the same
time is an element of various logistics infrastructures in
their narrow understanding.

Let’s note that in the future, by the term
«region» we will understand the area of the
city, district or region — the content depends
on the scale and strategic goals of the com-
pany for which the logistics infrastructure is
designed. And the location of infrastructure is
directly one of the most important factors af-
fecting the configuration of the logistics system
of enterprises, as well as the level of costs.
Thus, the decision on the composition and
location of the logistics infrastructure objects
is relevant in the company’s strategy.

2. The ohject of research
and its technological audit

The object of research is the infrastructure
of the logistics operator.

The infrastructure of the logistics operator
is influenced by the factors that are presented
in Fig. 1.

Factors of the infrastructure of the logistics operator
can be divided into two categories — the factors of the
external and internal environment. The external environ-
ment is directly influenced by the micro level, which in
this case includes the logistics services market, the trans-
port infrastructure that is fundamental in determining, for
example, the location of the storage network. Among the
factors of the internal environment of transport-forwar-
ding companies, the already existing logistics infrastruc-
ture and the development strategy are decisive in this
matter [1-4].

One of the most problematic places in designing a lo-
gistics infrastructure is that a freight forwarding company
must take into account a number of interrelated factors
that can affect it. This is due to the fact that one of
the main is the structure of costs, which includes: trans-
portation costs, permanent investment in infrastructure
and its operation. And also the availability of vehicles,
their number and brand, distribution centers, warehouses,
their number, capacity and location. All these factors in-
fluencing determine an unlimited and constant amount
of expenditure.
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Fig. 1. Factors affecting the infrastructure of the logistics operator
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The reason for this is the lack of experimental data
in this field of research, which would allow to describe
the economic and mathematical model of the process of
designing the infrastructure of a logistics operator and
also to choose the direction for improving the work of
the freight forwarding company in the field of distribu-
tion of warehouses.

3. The aim and ohjectives of research

The aim of research is development of an economic
and mathematical model for determining the prospects
for the presence of a freight forwarding company in the
regional markets in question as a logistics operator.

To achieve this aim, it is necessary to solve the fol-
lowing tasks:

1. To identify the factors those influence the formation
of the logistics operator infrastructure.

2. To determine the structure of costs of the logistics
operator.

4. Research of existing solutions
of the prohlem

Analyzing the market of transport and logistics services,
the tasks of placing the warehouse network (distribution
centers network) are often used in modern publications.
For example, the author of [5] believes that the location of
infrastructure objects directly affects the configuration of the
logistics system of enterprises, as well as the level of costs.
Thus, the decision on the composition and location of logis-
tics infrastructure facilities is key to the company’s strategy.

Let’s note that the logistics systems, on the one hand,
are <«tied» in the design to the existing objects of the
logistics infrastructure. On the other hand, the logistics
infrastructure is replenished with facilities in accordance
with the need for existing or projected logistics systems.
Classical approaches are: the «center of gravity» method,
the Weber model. At the heart of the classical approaches
is the minimization of transportation costs.

The problem of forming a warehouse network or deter-
mining the location of a distribution center is studied in
the work [6]. In this work it is noted that the process of
making decisions on the choice of the location of distribution
centers consists of several stages with a gradual transition
from large regions to smaller ones, down to specific land plots.

At the present stage, there are methods that are the
development of basic approaches in terms of the meaning-
fulness of tariffs and distances (for example, the replace-
ment of distances by coordinates, distance by road, etc.).
It should be noted that many studies in this area are fo-
cused on warehouse (terminal) networks of manufacturers
or large distributors, when information about consumers
and suppliers is quite specific.

The paper [7] is devoted to simulation modeling of the
work of logistics distribution centers aimed at managing
already created logistics centers and optimizing supplies
in real time or designing infrastructure centers.

In works [8—10] it is noted that the efficiency of
transport services for regional industrial consumers is to
minimize the costs associated with transportation. These
include the costs of bringing the goods to the final con-
sumer, namely — distribution (distribution, or distribution
of cargo flows in the delivery directions), for intermediate

storage of cargo during the movement of goods and costs
directly for transportation.

When designing the main parameters of the terminal
network (the number and location of terminals in its com-
position), it is necessary to take into account not only
the entire spectrum of costs accompanying transportation,
but also the multivariance of possible spatial-quantitative
network solutions [11-16].

4. Methods of research

When designing a logistics infrastructure, the freight
forwarding company must take into account the cost struc-
ture, as well as the factors that affect them. Let’s note
that most of the factors affecting the infrastructure of
the logistics operator determine its costs. Therefore, the
formation of the logistics infrastructure is largely deter-
mined by the costs of its creation and operation.

The costs of a logistics operator associated with the
operation of a logistics infrastructure can be presented
in the form of three components:

— A — transportation costs (expenses directly for trans-

portation);

— B — investment costs for the acquisition of vehicles

and construction (acquisition, reconstruction) of ware-

houses (distribution centers);

— C — operational costs associated with the operation

of the warehouse network (here, too, rents in the case

of renting storage facilities) and the maintenance of
the fleet of vehicles (fixed costs).

The costs of group A are determined mainly by the
characteristics of the transport infrastructure of the re-
gion and the location of the storage network, as well as
the type of used vehicles. In essence, these are variable
costs of vehicles, if transportation does not involve the
participation of several modes of transport, for example,
delivery of goods in a container by sea, and then by road.
In this case, in addition to variable costs for vehicles,
this group includes the costs of transportation by other
modes of transport (not owned by the operator).

The structure of expenses of group A depends on what
kinds of expenses the logistics operator assumes. If it ser-
vices goods, only have arrived (for example, by sea), then
the costs of maritime transportation are no longer included
in this group. If the operator assumes the responsibility
for the delivery of goods «from door to doors, the inclu-
sion of transportation costs by other modes of transport
will be determined by the transport terms of the contract.

Thus, transportation costs of group A can be divided
into two categories:

— A1 — variable costs for vehicles belonging to the

operator;

— A2 — transportation costs by other modes of transport

and vehicles that do not belong to the operator, within

its responsibility in accordance with the transport terms
of the contract and the contract with logistics services.

The costs of group B, on the one hand, are determined
by the cost of the logistics infrastructure, and, on the
other hand, by the investment opportunities of the opera-
tor. Also let’s note that the costs of group B depend on
the financing option for creating a logistics infrastructure.

In turn, the cost of the logistics infrastructure depends
on its type, condition, etc. For example, the cost of the com-
position is determined by its size, type of equipment (ware-
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house infrastructure) and location. So, in different regions
the cost of the same version of the composition can be
different. Also, the cost of renting a warehouse in a group
of expenses will be different.

Therefore, when determining the location of a ware-
house, it is important not only to account for transportation
costs (as indicated in virtually all publications), but also
investment and operating costs. This should be taken into
account when designing the logistics operator infrastructure.

The costs of group C are fixed costs for vehicles and
operating costs for syllables (including rental).

The main parameters of the logistics infrastructure in
the i-th region:

1) the number, types and brands of vehicles (in most
cases, motor vehicles);

2) total capacity (capacity of warehouses).

Let’s note that the assignment of fixed and variable
costs for vehicles to different groups, in contrast to syllable
costs, is determined by the fact that the variable costs
for vehicles depend on the characteristics of the transport
infrastructure (with fixed characteristics of vehicles) and
the location of warehouses. Variable costs for syllables
are determined by the characteristics served by material
flows (with fixed characteristics of warehouses) [17, 18].

6. Research results

It should be noted that at the stage of strategic de-
cision-making on logistics infrastructure, the location of
the warehouse network is not the subject of research,
therefore, in the framework of this task, the total storage
capacity requirement is determined.

Let’s introduce the notation:

X — number of vehicles of the k-th type of / — brands
(manufacturer) that serve the i-th region, k=1,K, [=1L,
where K — the number of types of considered vehicles;
L — number of considered brands (manufacturers). Let’s
note that modern manufacturers of vehicles (namely, it
is considered as a vehicle in the logistics infrastructure)
produce a wide range of types (isothermal, refrigerated,
etc.), so it is considered that K is not related to L

X©! — the capacity of warehouses in the i-th region.

Also, let’s introduce the parameter I, characterizing
the level of the equipment of the composition. In order
to form a set of possible values of I it is possible to
develop an assessment scale or use a generally accepted
variant of classification of warehouses by category.

The category «A+» combines warehouses with the most
convenient and profitable ones from the point of view of
logistics. Such warehouses have sufficient areas, offices,
warehousing and loading equipment. The cost of renting
such premises is high.

Warehouses of category «A» are slightly cheaper, al-
though they meet many requirements inherent in the
previous category. This is also one-story capital facilities
with a developed infrastructure.

The category «B+» requires the warehouse to have
a ceiling height of at least 8 m. The composition should
be located near major roads, have convenient access roads
and a place for maneuvering heavy vehicles.

Premises of the category «B» can be either single- or
double-deck. Category «C» includes storage rooms with
ceilings of at least 4 m. This can be both capital facilities
and insulated hangars.

Thus, using the generally accepted classification of
warehouses, it can be assumed that I“""E{A+,A,B+,B,C}.
Warehouses of category C and D are not considered as
possible options, as they are not used by logistic operators.

In the most general form, the task of designing a lo-
gistics infrastructure can be represented as follows:

— to determine X9 Xw@i [ for which during the

period under consideration T:

o 7XI(11 ]z{u A)+

k=1,K [=

Z(RA(XZ‘

+RC(XTr1

(1)

K Xm ll In ii A ))%mln

that is, given the integral intensity of material flows A,
the costs of transportation A’ and infrastructure opera-
tion R} will be minimal. At the same time, investments
in the logistics infrastructure are limited by the financial
capabilities of the company — operator R™. Investments
should provide the necessary level of efficiency E™ both
in general and in regions (depending on the strategic goals
of the company and the specifics of the region.) For each
region, one can establish its own level of efficiency E™:

Z(RE(XZI k:TK./:TL’XWi’ ]zv,ii)s Riinv7 (2)
i=1
(ZH (X“ i 1I<,l:1,*LYXw’ii’ [w,ii, Ai))
> Eiimr, (3)
(ZRB(X” Jii 1K11:1741XH‘,1'1'7 Iw,ii))
H X!r Jii Xou Izut A1 -
( - k=LK =1L : > Eimit (j=1n), 4
RB(X?II 1K,I:1,7L’X“'”7I zt,tl)
where TF(X}'|, i, 7, X“, 1", A') — profit from the use

of the logistics infrastructure of the i-th region (i=1,n):

V(X | e, X, T2, ATy =
= DI(XY |\, X, T8, AT)—
= (RA(XG [ oo X 10 AT+
+ R | X, 107, A)), (5)

where DI(X}’
of logistics infrastructure.

Restrictions on investments can also be differentiated
by region. For this situation:

ik X0, I°#, A" —income from the use
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As a rule, the logistics operator as the main competi-
tive advantages should have: a low cost and a high level
of organization of logistics processes. Therefore, in this
research (1) is proposed as a criterion. Also let’s note
that (1) it is advisable to use as a criterion in those
situations when the company sets as its goal the presence
in the business and «covering» it with certain regions.
Efficiency is seen as a promising goal.

To complete the simulation of this task, it is necessary
to take into account the demand for operator services
based on the projected infrastructure:

Xwii SQi(Ai)(i=L7)7 ©

iipm X0 <Pi(AY), (i=1n), 9)

=1

where Q'(A") — the demand for warehouse services in the
i-th region is determined on the basis of the intensity of
the integral material flow A’. The Q' definition should
take into account: average storage time, required level
of stocks, etc., that is a separate task and is beyond the
scope of this research; P’ — carrying capacity of vehicles
of the k-th type l;brands (manufacturer) that serve
the i-th region, k=1,K, [=1,L; P'(A") — necessary total
transport capacity of vehicles, which is determined on the
basis of the intensity of the integral material flow A’

In the above arguments, the average value (mathe-
matical expectation A’) of a random variable X' is used
as a characteristic of the material flow. But, since the
intensity of the material flow is a random variable, the
main commercial risk of creating a logistics infrastruc-
ture is associated with the deviation of the actual in-
tensity from the average level A’. For the adequacy of
the model, it is necessary to take into account the exis-
ting risk associated with the deviation of the demand
value adopted in the design, that is, consideration of
uncertainty.

The objective function and constraints depend on the
intensity of the material flow, but taking into account the
uncertainty in the objective function and in the constraints
will significantly complicate the model and increase the
amount of information necessary for the implementation.
Since the need for infrastructure is taken into account
directly in (8), (9), let’s consider it expedient to present
only these limitations in P-type (2), that is:

P{X=i<Qi(X")}=q, (i=1n), (10)

{iip" it Xt < Pi(XT )}>B (i=1,n), (11)

=1

where o, B — given probabilities (may be identical); X' —
random variable. Let’s note that Q'(X") and P/(X') are
functions of a random variable subject to the normal law.
Due to the specifics of the technical and operational sense
Q'(X'") and P'(X'"), their principal appearance can be re-
presented as follows:

Q(X)=p' X\, w20, i=1n, (12)

Pi(X)=N-X', M 20, i=1n, (13)

that is, they can be taken as linear functions by X'. Indeed,
if, for example, the entire material flow passes through the
warehouse and 30 % during a given unit of time should
be present in the warehouse as a stock, then u'=1,3.

So, according to the rules of probability theory, the
mathematical expectations of random variables Qi(X")
and Pi(X'):

M(Q(X) = A, w20, i=1,n, a4
M(P/(X)=A A, W20, i=1n, (13)
and their mean-square deviations:

o(Q (X)) =p' o, w20, i=1n, (16)
S(P(X)=N 6, W20, i=1n, an
Xl <pi A —tWict, (i=1n), (18)
K L

zzpm X”l<}\.' A'—t}uG’ (1—171) 19)

k=1

=1

where ¢, and ¢; — the value of the normalized random
variable in the normal distribution law, corresponding to
given levels of probabilities o, B.
Range of control parameters:
LLi=1n,

X" >0, k=1K, [= (20)

Xvwiezrul0}, i=1n. (21)

Thus, the economic-mathematical model (1)—(7),
(18)—(21) describes the solution of the problem of de-
signing the infrastructure of a logistics operator.

7. SWOT analysis of research results

Strengths. Among the strengths of this research, it should
be noted that in the new classification of warchouses, the
linking of warehousing properties to the years of their
construction is specified. A compulsory requirement for
class A+ warehousing is to provide a high turnover speed,
the flexibility to store any type of cargo, and proximity to
the main transport lines. Therefore, when determining the
location of a warehouse, it is important not only trans-
portation costs, but also investment and operating costs.
This is one of the most important factors that must be
taken into account when designing the infrastructure of a
logistics operator. Therefore, the formation of the logistics
infrastructure is largely determined by the costs of its
creation and operation. The solution of this problem on
the basis of the developed economic-mathematical model
allows the transport and forwarding company to determine
the prospects for its presence in the considered regional
markets as a logistics operator.

Weaknesses. The weaknesses of this research are related
to the fact that not all categories of warehouses are used
as possible options. This is due to the fact that they are
not used by logistic operators, therefore warehouses of
categories C and D are not considered. Also, the statement
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of the problem does not provide for the specification of
indicators and parameters for time intervals.

Opportunities. As a result of the lack of detailing the time
intervals, the considered interval T is divided into stages.
This will allow to determine the step-by-step formation
of the infrastructure taking into account, for example, the
gradual increase in intensity served by material flows, as well
as the opportunities for phased financing of infrastructure
development. In the future, this will allow to enter new
markets and become part of the logistics infrastructure of
the regions. This will entail the development and increase
of competitiveness of the freight forwarding company by
attracting additional volumes of cargo, expanding the re-
gions, increasing the number of vehicles, warehouses, etc.

Threats. Threats to implementation of the research fin-
dings are due to the fact that the complex of traditional
freight forwarding services can be viewed from the perspec-
tive of quality and competitiveness. The necessary range
of services that is provided in modern conditions requires
its development to the required (reference) level. There-
fore, when implementing the planned measures to develop
the infrastructure of a logistics operator, the complexity
manifests itself in two directions:

1) uncertainty of knowledge about the current state
of the market and the company;

2) uncertainty of the future state of the external envi-
ronment can’t be completely and reliably described for the
large volume of affecting factors, and with the practical
impossibility of their reliable prediction.

Thus, the SWOT analysis of research results allows to
determine the measures for the infrastructure development
of the logistics operator that are relevant to the strategic
decisions and are aimed at the future, and to determine
the main directions for the successful achievement of the
research objective.

1. The factors of the internal and external environment
influencing the infrastructure of the logistics operator are
determined. These factors include: the level of demand and
supply, the state of the competitive environment, the cost
of the logistics infrastructure, the state of the transport
infrastructure in the region, the existing logistics infra-
structure of the operator company and its development
strategies. These factors influence the micro level, which
in this case includes the market of logistics services trans-
port infrastructure. This is fundamental in determining,
for example, the location of the warehouse network.

2. The structure of the costs of the logistics operator
is determined, which consists of transport, investment and
operating costs. The study also highlighted that when
designing the infrastructure of a logistics operator in de-
termining the location of warehouses, it is important not
only to account for transportation costs, but also invest-
ment and operating costs. These costs allow to fully take
into account all factors affecting the costs of the logistics
operator.

The economic-mathematical model is considered which
allows freight forwarding company to identify prospects for
its presence in the regional markets as a logistics operator.
Parameters of the model management are the capacity
and level of equipment of warehouses in the regions, the
composition of the fleet (number and type of trucks).

The optimization criterion reflects the minimization of
the costs of operating a logistics infrastructure that meets
the basic logistics requirements. Limitations take into ac-
count the possibilities of financial resources for creating
a logistics infrastructure, the need to ensure a certain level
of economic efficiency of the logistics infrastructure by
region, as well as the demand for logistics services. Given
the uncertainty of demand, restrictions are introduced
in the structure of the model. They take into account
this fact.

Thus, an economic-mathematical model is developed
that allows solving the problem of designing the infra-
structure of a logistics operator. The model belongs to the
class of non-linear programming problems can be solved
using standard software.
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OBEO0CHOBAHHME NAPAMETPOB HHPPACTPYKTYPBI
NOrMCTHYECKOr'0 ONMEPATOPA

[IpencraBiena sKOHOMHKO-MaTeMaTHYecKasi MOJIEJIb, KOTOpast
MO3BOJISIET JIJIST TPAHCIIOPTHO-9KCIIEANTOPCKOI KOMITAHUH OTIpe/ie-
JIATH MEePCHeKTHBBI ee TPUCYTCTBUA Ha pacCMaTPUBAEMbBIX PEruo-
HaJIbHBIX PBIHKAX B KayecTBe JIOTMCTUYECKOTO oleparopa. JTa
MO/JIesIb TaKKe MO3BOJISET YCTaHaBJIMBATL B IIPOI[eCCe Pa3BUTHSA
HOBBIE PBIHKU TSI TOTO, YTOOBI BBICTYIATh B KauecTBE COCTaB-
JIAIOMEN JTOTUCTHYEeCKOH MH(PPACTPYKTYPBl PETHOHOB.
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INFLUENCE OF FEATURES OF THE
TRANSPORT NETWORK PATTERN ON
THE HAUL CYCLE LENGTH BETWEEN

ITS NODES ON THE EXAMPLE OF THE
TRANSPORT NETWORK OF UKRAINE

Jocnioxnceno cyuacni nioxoou w000 usHauenns 6NAUBY NAPAMEMPIE MA MATIOHKY OOPOICHLOL MEPeNC
na epexmuenicmv Qynxyionysanns mpancnopmy. Bemanosneno, wo napamempu mixcobracuux nepe-
BE3eHb 3ANENHAMb 6I0 Xapakmepucmux 0yz ma 3azaivioz0 MAaOHKy 00poicHboi mepeici. Busnaueno
NOHAMMS Koepiyienmy npamorinititnocmi 00caioHcenoi 00poAcHbOT Mepelci ma po3paxosano 1ozo 3Hua-

uenns 01 00caioxcenoi mepeici.

Kmeuosi cnosa: dopooicis mepeica, epexmuericms mpancnopmmozo npoyecy, Koegiyienm npsamo-

JIHIUHOCMI Mepedici.

1. Introduction

Ensuring the stable functioning of passenger transport
systems can be considered a priority for organizers of
transport and carriers. In the case that passengers are
provided with the opportunity to realize the need for
moving in the most convenient way, it is the basis for
maximum implementation of potential transport correspon-
dence between the nodes of the transport network. The
main factors that affect the actual indicators of passenger
traffic between the nodes of the transport network include:

— potential correspondence;

— fare;

— haul cycle time;

— time of day of haul cycle;

— haul cycle comfort;

— regularity and frequency of the haul cycle;

— social and economic characteristics of population

development in transport hubs.

It can be noted that the actual indicators of passenger
traffic volumes need to be adjusted to take into account
the characteristic seasonal or daily fluctuations.

In turn, the intercity passenger route transport system
uses its monetary resources to ensure its activities. The
planned arrival of a monetary resource to ensure the stable
functioning and development of intercity passenger route
transport systems is indisputably important. At the same
time, the distribution of money flows between elements
of the transport system in time and quantity is no less
relevant. In conditions of a balanced flow of financial
flows within the system, the quantitative sufficiency of
this resource and its balanced use of the elements of the
system, it is possible to plan and develop the industry
as a whole.

2. The ohject of research
and its technological audit

The object of research is the state transport network on
the example of Ukraine. This research examines the network
of roads, which formed a modern transport network. The
considered road network consists of more than 70 thou-
sand arcs and nodes, which describe the routes of inter-
regional, regional, international and regional significance.
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