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Ідентифіковано фактори невизначеності в діяльності транспортно-експедиторських компаній. 
Встановлено поетапна трансформація невизначеності в процесі реалізації заходів з розвитку. 
Існуючий метод вибору в нечітких умовах адаптований для обґрунтування варіанту розвитку 
транспортно-експедиторської компанії. Встановлено безліч критеріїв вибору варіанта розвитку.  
Представлені експериментальні розрахунки по вибору варіанту розвитку комплексу послуг 
транспортно-експедиторської компанії.
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1.  Introduction

The current work and development of freight for-
warding companies is carried out under uncertainty con-
ditions. 

At the same time, if in the process of providing ser-
vices the freight forwarding company is in conditions of 
probabilistic uncertainty, then in the development processes 
the uncertainty is less predictable. Therefore, in order 
to justify the direction of the development of a freight 
forwarding company, methods are needed that would take 
this situation into account. 

Despite the multiple appeal of scientific research [1–3] 
to the problem of the development of freight forwarding 
services, most of them do not provide methods, models, 
tools, algorithms, etc., which justify the direction of de-
velopment of freight forwarding services. There is also 
no possibility to quantify the parameters of the speci-
fied development process, therefore, the appeal to this 
problem is topical.

2.   the object of research   
and its technological audit

The object of research is the rationale for development 
of a freight forwarding company.

According to [1], the development of a freight for-
warding company can be carried out in the following 
aggregated directions:

– freight forwarding (mono-business);
– diversified business;
– transformation into a logistics operator.
A variety of alternative development options is estab-

lished in three stages.
First step. Aggregated areas of «diversified business» 

and «logistics operator» are divided into sub-directions, 
taking into account the specification. For example, in the 
category of «logistics operator», the services of a road 
carrier, warehouse services, which can also be detailed, 
are allocated.

Second step. For each aggregated direction (sub-direc-
tion) in accordance with the Ansoff matrix [2], functional 
development options are formed:

– new direction – gaining market share;
– existing direction is an increase in the volume of 
services or access to new segments in terms of cargo 
and coverage geography.
Thus, a «template» of development is formed, and 

in the third stage potential variants are formed for this 
template (at the content level). For example, if take an 
entry into a new market in terms of cargo, it depends 
on the type of cargo (cargo A, cargo B, cargo C), etc.

Further, it is necessary to study the remaining options, 
and on the basis of feasibility studies, many quantitative 
and qualitative characteristics of each option are formed.

As a result, let’s obtain a lot of alternative options 
for development of the freight forwarding company and 
their main characteristics.

Further, there arises the need for a multicriteria analysis 
of these development options and the rationale for choosing 
the most expedient from the viewpoint of multiple goals.

Such task should be solved taking into account the 
uncertainty of the conditions of choice and the further 
implementation of the development option. To date, this 
task has not been solved for freight forwarding companies.

3.  the aim and objectives of research

The aim of research is justification of the develop-
ment of a freight forwarding company under uncertainty 
conditions.

To achieve this aim, it is necessary to perform the 
following tasks:

1. To identify the uncertainties in the development 
of a freight forwarding company.

2. To develop a method for selecting the development 
option for a freight forwarding company from a variety 
of alternatives, taking into account uncertainty.

3. To perform an experimental verification of the de-
veloped method.
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4.   research of existing solutions   
of the problem

Development of companies [3–6], including those working 
in the transport sector, has been devoted to a significant 
number of works, for example [7–10].

Contents, functions and main trends in development 
of freight forwarding services are presented in the stu-
dies [11–14].

It should be noted publications [13, 14], which are 
devoted to one of the aspects of the development of freight 
forwarding services, namely, justification of feasibility, as-
sessment of the scope of possible work and risks when 
working in a new market. In these studies, a quantita-
tive assessment of the possible amount of work and their 
deviation as a measure of risk is given.

The main results of development of freight forwarding 
companies in [11] are proposed: competitiveness level of 
the company, competitiveness level of individual services 
of the company, profit level, market share or the number 
of serviced goods.

The set of used indicators is primarily determined by  
the goals and essence of development. If the goal is in-
creasing the competitiveness of the company, the main 
indicators are the level of competitiveness of individual 
services and the company as a whole, and the market 
share and profit level are the complement necessary for 
an adequate evaluation of the results. So, if the increase 
in competitiveness is observed against the background 
of a decline in profit, this situation causes the need for 
certain measures aimed at changing it. Therefore, let’s 
believe that the result of development should be cha-
racterized by a comprehensive assessment, on the basis 
of which a criterion or set of criteria is used, which is 
used to select the development option from a variety of  
alternatives.

Special attention has been given to this issue in the 
special literature, including methods for calculating inte-
gral indicators [15, 16], usually based on the procedures 
for setting and assigning weights for a system of indica-
tors (criteria). But such results are focused on a high 
level of certainty of information. For situations of uncer-
tainty, most publications propose to use a system of criteria 
for making decisions using one of the criteria (Hurwitz,  
Savage, etc.) [15].

5.  methods of research

One of the mathematical apparatus that allows one 
to formalize various descriptions under uncertainty is 
the theory of fuzzy sets [16, 17]. In [18], a method of 
multi-criteria choice based on the theory of fuzzy sets is 
proposed, which can be adapted to select the development 
option for a freight forwarding company. This method is 
a synthesis of descriptions of criteria using fuzzy sets and 
Saaty pairwise comparison method.

6.  research results

6.1.  Identification  and  characterization  of  uncertainties 
in  the  development  of  a  freight  forwarding  company.  Let’s 
determine the uncertainty factors and the result of their 
impact on the development processes of freight forwar-
ding companies.

Let’s believe that the result of the development of  
a freight forwarding company should be described by the 
following indicators:

– competitiveness level of the company;
– competitiveness level of individual services of the 
company;
– profit level (in general for the company and sepa-
rately for each line of business);
– market share (for each line of business) or the num-
ber of serviced cargo.
Regardless of what is chosen as a development crite-

rion, the main characteristic of the development results 
of a freight forwarding company is the volume of cargo 
serviced.

It determines the market share, the profit level, and 
also is formed under the influence of competitiveness and 
simultaneously determines it (the higher the volume of 
cargo serviced – the higher the competitiveness, and vice 
versa). Increased competitiveness, due to various factors, 
positively affects the attraction of customers and, as a con-
sequence, the volume of serviced cargo.

The basis for the various criteria for development of the 
freight forwarding company is the volume of serviced cargo. 
Also, the effectiveness of the implementation of various 
development activities depends on the pricing policy of the 
company and the subjects of the competitive environment, 
which ultimately manifests itself in the effectiveness of 
the activity.

The main factors of uncertainty when deciding on 
the development of a freight forwarding company are 
the potential volumes of cargo for servicing, which are 
formed (Fig. 1) under the influence of a competitive 
environment, volumes of foreign trade cargo and the state 
of the transport system.

Efficiency is the second most important factor of un-
certainty, forming together with the volumes of serviced 
cargo the final results of the work of the freight forwarding 
company.

It should be noted that when implementing planned 
measures to develop the company, uncertainty manifests 
itself in three directions (Fig. 1):

1) uncertainty of information and knowledge about 
the current state of the transport services market and 
the company. Even if the company tracks the activities 
of competitors, cargo owners’ demand, etc., this informa-
tion is not complete and reliable, because it is practically 
impossible to fully and reliably inform about something 
in the transport market;

2) uncertainty of the future state of the external envi-
ronment, which is impossible to describe fully and reliably  
because of the large volume of influencing factors and the 
practical impossibility of their reliable foresight;

3) uncertainty of the conditions for the implementa-
tion of development activities (the reasons are similar to 
paragraphs 1, 2).

According to experts, the longer the planning hori-
zon, the less reliable the information, and conversely, as 
the planning horizon decreases, the degree of uncertainty 
decreases.

Therefore, development of development activities should 
be carried out in stages, each of which corresponds to 
a certain level of decision-making. As the time interval 
between «today» and «planning point» decreases, more 
detailed information is used (Fig. 2).



ІнформацІйно-керуючІ системи:
системи та процеси керування

48 Технологічний аудиТ Та резерви виробницТва — № 1/2(39), 2018

ISSN 2226-3780

At the stage of defining the concept of development, 
the uncertainty degree is the highest, the forecasts, opi-
nions of experts and previous management experience serve 
as the main information base. The result of this stage 
is the choice of a variant of development from a set of 
alternatives based on aggregated information.

The next stage is the detailing of the chosen option –  
formation of a system of parameters characterizing the 
development option taking into account the statistics of 
previous periods, which allows using statistical methods 
at this stage. When the development option begins to be 
implemented, the current information with a high relia-
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bility degree allows to adjust and refine the parameters 
of this development option.

Thus, the structure of information in terms of its un-
certainty degree, changes as the horizon of planning of 
development activities decreases and the moment of their 
realization comes.

6.2.  the  method  of  substantiating  the  development  op-
tion. In accordance with [18], let’s briefly describe the 
procedure for multicriteria selection taking into account 
the proposed system of criteria that take into account the 
specific nature of freight forwarding companies.

It is required to form a set of characteristics of each 
development variant X X X Xk= { }1 2, ,..., , corresponding to 
the system of criteria.

Let’s denote G G G Gn= { }1 2, ,...,  the set of quantitative 
and qualitative criteria by which variants X X X Xk= { }1 2, ,...,  
are evaluated, the set α α α α= { }1 2, ,..., n  – the weight of 
the importance of the criteria for which the condition 
must be met:

α
i

i

n

=
∑ =

1

1,  (1)

where α α α α= { }1 2, ,..., n  can be based on the opinions of 
experts.

For multicriteria analysis it is necessary to order the 
elements of the set X X X Xk= { }1 2, ,...,  according to the 
criteria from the set G G G Gn= { }1 2, ,..., . As a system of cri-
teria forming the set G, let’s propose the following (based 
on the above reasoning):

G1  – necessary financial resources;
G2  – change in the company’s competitiveness;
G3  – change in the company’s market share;
G4  – change in the financial result;
G5  – period of the implementation of the direction;
G6  – Priority of this direction for the company;
G7  – degree of variant elaboration;
G8  – risk degree of the option.
The advantage of the theory of fuzzy sets is that it 

allows to operate simultaneously both qualitative and quan-
titative criteria, taking into account their disequilibrium 
with the help of weights.

The task of multicriteria analysis consists in orde-
ring the elements of the set X by the criteria from the  
set G.

Let µG Xi j( ) ,∈[ ]0 1  – the degree of belonging of an ele-
ment X j  to a fuzzy set Gi  and characterize the evaluation 
level of the variant X Xj ∈  by the criterion G Gi ∈ : the 
larger the number X Xj ∈ , the higher the variant estimate 
by the criterion G Gi ∈ , i n j k= =1 1, ; , .  

Then the criterion G Gi ∈  can be represented as a fuzzy 
set Gi  on the universal set of variants X:
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Finding the degree of belonging of the fuzzy set (2) 
is proposed on the basis of paired comparisons according 
to the Saaty scale.

When using this method, it is necessary to form matri-
ces of pairwise comparison of variants for each criterion, 
for example, for the criterion G1 :
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The total number of such matrices coincides with 
the number of criteria. Matrices of the form (3) are dia-
gonal (on the diagonal – 1) and inversely symmetric 
a a i k j s njs

i
sj
i= = =1 1 1, ( , , , , ), that is. Elements of matrices 

are determined on Saaty ten-point scale:
1 – if there is no advantage of the element Xi over 

the element Xl;
3 – if there is a weak advantage of Xi over Xl ;
5 – if there is a significant advantage of Xi over Xl;
7 – if there is a clear advantage of Xi over Xl ;
9 – if there is an absolute advantage of Xi over Xl ;
2, 4, 6, 8 – intermediate comparative estimates.
The degree of belonging is defined as follows:
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a
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 (4)

A fuzzy solution D  is found by the rules of fuzzy 
mathematics as the criteria intersection:
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Taking into account the non-equilibrium criteria:
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The greatest advantage is the development option for 
which:

max
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The presented method makes it possible to carry out 
a multicriteria choice of the direction of development 
based on the theory of fuzzy sets with the formation of 
membership functions by the method of paired compari-
sons (Saaty).

6.3.  results  of  experimental  calculations. The experi-
mental calculations will be carried out for the following 
set of development options, formed on the basis of the 
method outlined in Table 1.

Weights of the criteria: 

0 2 0 15 0 1 0 1 0 05 0 1 0 15 0 15. ; . ; . ; . ; . ; . ; . ; .       }{ .
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Matrices of pairwise comparisons according to the 
Saaty scale:
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By (4), let’s find the degrees of membership and form 
sets without taking into account the weights of the criteria:
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Taking into account the weights (components (6):
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table 1
Characteristics of the direction of development of the freight forwarding company, formulated on the basis of the morphological method

Cipher and essence of direction/Values of criteria
Development of cargo 

traffic A  
in region B, X1

Development of cargo 
traffic B  

in the region C, Х2

Construction of 
a warehouse  

in region B, Х3

Construction of 
a warehouse  

in region C С, Х4

G1 – necessary financial resources, thousand USD 5 10 80 100

G2 – change in the company’s competitiveness 0.1 0.2 0.25 0.3

G3 – change in the company’s market share 0.05 0.05 0.1 0.1

G4 – change in the financial result, thousand USD 20 20 80 80

G5 – period of the implementation of the direction, years 0.5 0.5 1 1

G6 – Priority of this direction for the company 0.6 0.9 0.7 0.9

G7 – degree of variant elaboration 0.9 0.8 0.8 0.85

G8 – risk degree of the option 0.1 0.2 0.4 0.5
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According to formula (6):
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This allows to conclude that the third and fourth va-
riants of development are superior over the first and the 
second, with the difference between the third and the 
fourth being insignificant (Fig. 3).

Therefore, the final decision remains with the decision-
maker, taking into account additional information that 
was not taken into account by the criteria system, but 
allows for a final choice.

7.  sWot analysis of research results

Strengths. Among the strengths of this research, it should 
be noted that the method of substantiating the variant of 
the development of freight forwarding services for freight 
traffic has been further developed in terms of the scope 
of application. This method in the form of a combination 
of operations on fuzzy sets and Saaty pairwise comparison 
method is adapted to choose the direction of develop-
ment of transport forwarding services by using a set of 
relevant criteria that extends the boundaries of the use 
of the known method.

Weaknesses. The weaknesses of this research are re-
lated to the unstable situation in the transport services 
market, and a great competition in the market of freight 
forwarding services. Political and economic factors play 

an important role in Ukraine, as a result, there is a de-
cline in the volume of transport by various modes of  
transport.

Opportunities. The considered method takes into account 
the logic of practical implementation of the development 
processes of freight forwarding companies, which makes 
it possible to obtain a reliable result based on a set of 
criteria.

Threats. Threats in implementing the research findings 
are due to the fact that the complex of traditional freight 
forwarding services can be viewed from the perspective 
of quality and competitiveness. The necessary range of 
services, which is provided in modern conditions, requires 
its development to the required (reference) level. Therefore, 
when implementing the planned activities, 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 because 
of the large volume of influencing factors, and with the 
practical impossibility of their reliable prediction.

8.  Conclusions

1. The main factors of uncertainty in 
the activity of freight forwarding compa-
nies are determined: the potential volumes 
of cargo for service, which are formed under 
the influence of a competitive environment, 
the volumes of foreign trade cargo and 
the state of the transport system.

2. A method for justifying the deve-
lopment of freight forwarding services for 
freight traffic under conditions of uncer-
tainty has been developed. This method in 
the form of a combination of operations on 
fuzzy sets and Saaty pairwise comparison 
method is adapted to choose the direction 
of development of transport forwarding 
services by using a set of relevant criteria 
that extends the boundaries of the use of 
the known method.

3. Experimental calculations have been carried out, 
which confirm the reliability of the proposed method. The 
results of calculations from four variants of development 
have shown that the third and fourth development options 
have the greatest advantage, which obtained a maximum 
value of 0.70 and 0.68 with an insignificant difference. 
They received priority over the first and second deve-
lopment options, which make it possible the final choice 
when making a decision.
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оБоснование варианта раЗвития транспортно-
экспеДиторской компании в условиях 
неопреДеленности

Идентифицированы факторы неопределенности в деятель-
ности транспортно-экспедиторских компаний. Установлена по-
этапная трансформация неопределенности в процессе реализа-
ции мероприятий по развитию. Существующий метод выбора 
в нечетких условиях адаптирован для обоснования варианта 
развития транспортно-экспедиторской компании. Установлено 
множество критериев выбора варианта развития. Представле-
ны экспериментальные расчеты по выбору варианта развития 
комплекса услуг транспортно-экспедиторской компании.
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Gladkovska Valentyna, Postgraduate Student, Assistant, Depart-
ment of Navigation and Maritime Safety, Odessa National Marine 
University, Ukraine, ORCID: http://orcid.org/0000-0003-4077-6711

1.  Introduction

The automated design of measuring instruments has  
certain features, which consist in the need to create ad-
ditional favorable conditions for the operation of their 
sensitive organs. The fact is that the accuracy of the 
measuring instruments (MI) depends essentially on the 
stability of the geometric arrangement of their ele-
ments (EMI). And, although in EMI, as a rule, there are 

no significant mechanical strains, even minor deviations 
can lead to significant losses in positioning accuracy, 
and hence the accuracy and reliability of the results of 
such measurement.

Under the EMI deviation, static deformations or dis-
placements, as well as dynamic oscillations or any com-
bination of them, which are not envisaged in the passport 
geometric or kinematic scheme of the corresponding means, 
are understood in the work.
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CompensatIon of the spatIal 
deVIatIons of measUrIng 
elements In Cad

Показано, що при вимірюваннях великогабаритних складних об’єктів іноді доводиться розта-
шовувати частину елементів засобів вимірювання всередині об’єкта, а частину – зовні. В цьому 
випадку, особливо коли зовнішні елементи рухомі, можлива девіація останніх від запланованого 
розташування у просторі. Запропоновані методи, які здійснюють проектування засобів вимі-
рювання таким чином, щоб вони адаптивно протидіяли таким явищам, що дозволяє знизити 
похибку вимірювання та підвищити його достовірність.

ключові слова: елементи метрологічних засобів, просторова девіація, автоматизоване проек-
тування, похибка та достовірність вимірювань.
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