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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 ohject 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 ohjectives 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 prohlem

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).
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Fig. 1. Factors of uncertainty in the development of freight forwarding companies
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Fig. 2. Levels of information uncertainty at various

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.

stages of developing solutions for development of a freight forwarding company

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={X1,X2,...,Xk}, corresponding to
the system of criteria.

Let’s denote G={G1,GQ,...,G,,} the set of quantitative
and qualitative criteria by which variants X ={X,, X,,... X, }
are evaluated, the set o={a,a,...,0,} — the weight of
the importance of the criteria for which the condition
must be met:

Zn:oc‘ =1, 1)

where a={o,a,,..,0,} can be based on the opinions of
experts.

For multicriteria analysis it is necessary to order the
elements of the set X={X,,X,,..X,} according to the
criteria from the set G={G1,G2,...,G,,}. As a system of cri-
teria forming the set G, let’s propose the following (based
on the above reasoning):

G, — necessary financial resources;

G, — change in the company’s competitiveness;

G5 — change in the company’s market share;

G, — change in the financial result;

G; — period of the implementation of the direction;

G; — Priority of this direction for the company;

G; — degree of variant elaboration;

Gg — 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 uG;(X;)€[0,1] — the degree of belonging of an ele-
ment X; to a fuzzy set G; and characterize the evaluation
level of the variant X;e€X by the criterion G, eG: the
larger the number X; € X, the higher the variant estimate
by the criterion G, eG, i=1,n; j=1k.

Then the criterion G;€G can be represented as a fuzzy

set G; on the universal set of variants X:

éi:{MGi(XJ UGi(Xs) HGi(Xk)} )

XX T X,

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 G;:

X X, ... X,
X/| 1 d'y ..a'y,
Xy|aty, 1 .. a'y, 3)
G=1 T
X, |a', a'y ... 1

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
ai, =1/ajy, (i=1k j,s=1n), that is. Elements of matrices
are determined on Saaty ten-point scale:

1 — if there is no advantage of the element X; over
the element Xj;

3 — if there is a weak advantage of X; over Xj;

5 — if there is a significant advantage of X; over Xj;

7 — if there is a clear advantage of X; over Xj;

9 — if there is an absolute advantage of X; over X;

2, 4, 6, 8 — intermediate comparative estimates.

The degree of belonging is defined as follows:

(4)

A fuzzy solution D is found by the rules of fuzzy
mathematics as the criteria intersection:

D=G,NG,N..NG, =
min{uG (X))} minfuG,(X,)}  minfuG,(Xp)
- X, X, X,

Taking into account the non-equilibrium criteria:

D=G,NG,N..NG,=

min{(KG,(X)"} min{(HG,(X,)" )
) . o
min{(KG, (X))} |

Xy

The greatest advantage is the development option for

which:
I}:lgl{(uci(XO)}a' ; I}:l%l{(“ci(xz))a’ b

) (7
min {(uG,(X;))" }

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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Table 1
Characteristics of the direction of development of the freight forwarding company, formulated on the basis of the morphological method
Development of cargo | Development of cargo Construction of Construction of
Cipher and essence of direction/Values of criteria traffic A traffic B a warehouse a warehouse
in region B, X in the region C, X in region B, X3 in region C C, X4
Gy — necessary financial resources, thousand USD 5 10 80 100
G, — change in the company's competitiveness 0.1 0.2 0.25 0.3
Gz — change in the company's market share 0.05 0.05 0.1 0.1
G, — 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
Gg — Priority of this direction for the company 0.6 0.9 0.7 08
G7 — degree of variant elaboration 09 0.8 0.8 0.85
Gg — risk degree of the option 0.1 0.2 0.4 0.5
Matrices of pairwise comparisons according to the 6o 0.11 0.23 0.35 0.25
Saaty scale: VXX, X, X, [
11/31/71/9 3 57 . {0.06 0.43 0.1 0.15}
31 1/51/7 1/3 1 2 3 7Y v v 'YL Y,
AG)- VT ae-| , XX XX
7 5 1 1/3 1/51/2 1 2
9 7 3 1 1/71/31/2 1 Taking into account the weights (components (6):
1 1 g 2 1 1 ; ; G (0.05)°2 (0.075)*% (0.23)"2 (0 63)02
A(Gy)= . AG)= : N P S (D R
1/31/3 11 1/71/7 11
1/31/3 11 1/71/7 11 _)0-55 0.6 0.74 091
XX XX |
111/31/3 1 5 3 5
111/31/3 1/511/31 _ 0.15 0.15 0.15 0.15
AG)= L AGY)= , G, 2@ 207 0121 (0.08)
33 1 1 1/33 1 3 2 X XX, X,
33 11 /5 11/31 {0.93 0.79 0.72 0.68}
11/31/31/2 11/31/51/7 XXX X |
3 1 1 1/2 3 1 5 5
MO [T s sl o [0380 380 @25 0250]
Gy = ;
2 2 1/2 1 71/5 3 1 X X, X3 X
B 0.9 0.9 0.81 0.81
By (4), let’s find the degrees of membership and form NX0X X, X, [

sets without taking into account the weights of the criteria:

~ {0.05 0.075 0.23 0.63}
G1:

o {(0.44)0-1 (0.44)°* (0.06)"! (0,06)0_1}_

XX XX [ o XZ o X4
0.92 0.92 0.75 0.75
0.6 0.2 012 0.08 X XXX [
1 2 3 4
XX, "X,

0.38 0.38 0.125 0125}

o {(0 125)°9 (0.125)005 (0 38)003 (o 38)"

2 X, X, 3 ' X/1 X1 ' XZ XI% X4
0.9 0.9 0.95 0.95
){4 B X1 ,XQ ’ X3 ’ X4 ’

5

0.125 0125 038 038
X, Xy Xo

oelx
o5
{044 044 0.06 006}
S
b

o {(0.58)‘“ (0.1)° (0.21)%! (0.1)0-1}_

X X X, X,
0.58 01 021 0.1 B 0.95 0.79 0.85 0.79
X4 XXX X [

.
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é (0 11)013 (0 23)015 (0 35)017 (0 25)015
= X, X, X, X,

072 0.8 0.85 0.81

= 71’72’7)(3 77/1 y

GN {(0 06)015 (0 43)015 (0 1)015 (0 15)013}

X, ' X, X, X,
B 0.65 0.88 0.7 0.75
XX N X

According to formula (6):

D=CNGN.NC = 0.55 0.6 0.7 0.68
=616 G, = TYZYZ,T

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).

0.95
0.9
0.85
0.8
0.75
0.7
0.65
0.6
0.55
0.5

variant 2 variant 3 variant 4

variant 1

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

Graphical interpretation of constructing the membership function of development options

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.

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.

B criterion |
B criterion 2
B criterion 3
B criterion 4
B criterion 5
B criterion 6
[ criterion 7

[ criterion 8
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OBEO0CHOBAHHME BAPHAHTA PASBUTHA TPAHCMOPTHO-
3KCNEAUTOPCKOA KOMNAHKK B YCNOBHAX
HEONPEAENEHHOCTH

Wnentndunnposansl hakTopbl HEOTIPEIETEHHOCTH B 1€STEb-
HOCTH TPaHCHOPTHO-9KCIEUTOPCKUX KOMITAaHUH. YcTaHoBIeHa 1mo-
aTalHasg Tpancgopmalinsl HeollpeleJJeHHOCTH B 11POIlecce peasnsa-
MU MepOTIpUATHii 110 paszsuTnio. CynecTBYOINIT METO BIGOpa
B HEYETKUX YCJOBHUSIX aJalTHPOBAH Uil 000CHOBAaHMs BapuaHTa
Pa3BUTHUSI TPAHCHOPTHO-IKCIIEUTOPCKON KOMIIAHNU. YCTAaHOBJICHO
MHOKECTBO KPHTEPHEB BbIOOpa BapuaHTa passutus. IIpespcrasie-
HBI 9KCIIEPUMEHTAJbHBIC PACYCThI 110 BbI60py BapuaHTa Pa3BUTUA
KOMIIJIEKCa YCJIyT TPaHCIIOPTHO-9KCIIEAUTOPCKOI KOMIaHWUM.

Kmouessie cnosa: TEOpUA HEYETKUX MHOKECTB, (baKTO]:)I)I He-
OTIpe/Ie/IEHHOCTH, Pa3BUTHE KOMILJIEKCa YCIYyT TPaHCIOPTHO-9KC-
HEIUTOPCKOI KOMITAHUM.
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COMPENSATION OF THE SPATIAL
DEVIATIONS OF MEASURING
ELEMENTS IN CAD

Ilokasamno, wo npu GUMIPIOBAHHIX BEIUKOZAOAPUMHUX CKAAOHUX 00 €KMi6 iH00i 00800umbcs posma-
ULOBYBAMU UACTMUNY eJleMeHMmis 3aC00i8 BUMIPIOBaNs scepeduni 06 exkma, a wacmuny — 306Hi. B yvomy
BUNAOKY, 0COONUBO KOIU 308HIUUHI eIeMEHMU PYXOMI, MONCAUBA 0eBialis OCMAHNIX 610 3aNIAH0BAH020
posmawyeanns y npocmopi. 3anpononosani memoou, SKi 30UCHII0Mb NPOEKMYBAHHA 3aC00i6 BUMI-
PI0BAHHS MAKUM YUHOM, W00 B0HU A0ANMUBHO NPOMUOIALU MAKUM AGUULAM, U0 003601SE SHUSUMU
NOXUOKY BUMIDIOBANHS MA NIOBUWUMU 11020 00CMOBIPHICTD.

Kmeouosi cnosa: eiemenmu mempoioziunux 3acobie, npocmoposa 0esiauis, asmomMamusosane npoex-

myeanms, noxudxa ma O0CmoGIPHICMs UMIPIOBAHD.

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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