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V. BESKOROVAINYI

PARAMETRIC SYNTHESIS OF MODELS FOR MULTICRITERIAL ESTIMATION
OF TECHNOLOGICAL SYSTEMS

The subject matter of the article is the problem of multicriteria estimation of the properties of technological systems (TS) in the
process of their structural-parametric optimization. The goal of the study is to increase the efficiency of procedures for multicriteria
estimation of TS properties at the stages of their design and reengineering using the technology of comparative parametric
identification of the preferences of a decision maker. The objectives are: to increase the adequacy of the additive-multiplicative model
of multifactor estimation of variants of building a TS based on the Kolmogorov-Gabor polynomial; to develop an efficient method of
parametric synthesis of additive-multiplicative models of multifactor estimating and selecting variants of building a TS based on a
decision maker’s preferences; to carry out the analysis and give recommendations on the practical use of the suggested method of
parametric synthesis of models of multicriteria TS estimation. The methods used are: system analysis, decision theory, identification
theory, multicriteria optimization methods. The following results are obtained: to increase the adequacy of the models of TS
multifactor estimation, it is suggested to use the utility function of partial criteria that makes it possible to realize not only linear,
convex or concave, but also S (Z)-like dependencies on their values. To solve the problem of parametric synthesis of models of
multicriteria TS estimation, the method of comparative identification of a decision maker’s preferences is improved on the basis of the
procedures for calculating the Chebyshev point and the residual vector. The experimental study of the efficiency of the suggested
variant of the method is carried out. Conclusions. The application of the suggested function in additive-multiplicative models of TS
multi-factor estimation does not change the methods for selecting their parameters. The suggested improvement of the method of
comparative identification of a decision maker’s preferences on the basis of the procedures for calculating the Chebyshev point and
the residual vector for the parametric synthesis of models of TS multicriteria estimation enables covering all practically important
situations of selection described by binary relations of equivalence, strict, and nonstrict preferences. The experimental study of the
method confirms the increase in the efficiency of the procedures of parametric synthesis of models built on its basis in comparison
with the method of group accounting of arguments on the basis of genetic algorithms. Practical application of the results obtained in
the support systems for making multicriteria design and management decisions will improve their accuracy and, on this basis, increase
the functional and cost efficiency of modern TS.

Keywords: technological system, design, reengineering, optimization, quality criteria, multicriteria estimation model, utility
function, Kolmogorov-Gabor polynomial.

Introduction

Modern multiproduct manufacturing is characterized
by a wide variety of types of raw materials, methods of its
processing and the assortment of finished products. The
conditions of competition orient it towards all possible
reducing the terms of mastering new types of products and
improving their quality. In the context of modern
methodology, the production process is represented as a
technological system (TC) or a set of such systems. The
efficiency of technological systems is largely determined
by decisions that are made at the stages of their design or
reengineering. The processes of TS design, modernization,
planning the development or reengineering involve the
solution of many interconnected tasks of their structural,
topological and parametric optimization. The optimization
of production technological systems lies in the fact of
selecting the best option from a set of options that satisfy
all functional and value constraints according to a variety
of quality indicators (quality, cost of production, system
performance, equipment loading, and so on) [1-3]. At the
same time, one of the priority tasks is the task of
developing models for automated multicriteria estimation
of variants of building technological systems.

The analysis of the problem current state

The modern technology of TC optimization involves
solving many tasks: selecting system quality indicators
(private criteria of optimality); determining the parameters
that determine the efficiency of the system; developing a

generalized system efficiency criterion; selecting the best
option for building a system. The methodology for solving
TS optimization problems is based on the theory of
multicriteria decision making [4-6]. In addition, a
decision maker can select the best decision from the set of
efficient ones only in the simplest situations without using
formal methods [6]. Additional information about the
value of individual formalized properties (private criteria)
and their values should be included to automate the
procedures for assessing design decisions [7].

The most important task of formalizing the decision-
making process in the context of TS multicriteria
optimization is to determine a metric for ranking
alternatives. The utility theory [8] is traditionally used as a
methodological basis for developing the metric; according
to this theory, the value of utility (values) P(A,x)(where

A is the vector of the parameters of the function) can be
determined for each alternative variant of TS building x
from an admissible set X . Atthe sameall x,ye X :

X~yP ALy oPALX) =P Yy) < PALX) =P, Y);
X>yY <> POALX)>PAY): X2y PALX) =P, Y).

As the requirements to TS features are not fully
determined as the function of total utility P(A,x), it is
suggested to use the fuzzy set adjective "the best variant
of building a technological systems" [9]. In this case, the
fuzzy set "the best variant of building a technological
system'can be presented as a set of ordered pairs:

"the best variant of building a technological system" =

© V. Beskorovainyi, 2017



ISSN 2522-9818 (print)

Innovative technologies and scientific solutions for industries. 2017. No. 2 (2)

={ <x, P(A, x) >},

where xe X is a variant of building the system; P(A4,x)

is the membership degree of the variant xe X to the
fuzzy set "the best variant of building a technological
system".

Determining a metric for ranking the variants of TS
building xe X is actually solving the task of
identification of a decision maker’s preferences, that is
solving the tasks of structural and parametric synthesis of
the total utility function (TUF) P(A,x). In the general
case, this involves selecting a similarity criterion, a set of
input signals, structure and parameters of the function
P(A,x), assessing its accuracy or adequacy to a decision
maker’s preferences. When the selected model structure
is selected as P(A,x), the task is to determine the best

values of its parameters 1= A1°.

Depending on the problem situation criteria of
identification (similarity of models) are: the minimum of
summary (mean, maximum, summary squared) absolute,
relative error of estimation of total utility P(A4,x),the

maximum of preferences force, the midpoint maximum,
the maximum of the function of use appropriateness or the
minimum of the error of establishing the order of
alternatives xe X [10].

The models of multicriteria assessing and selecting
are built on the basis of additive, multiplicative or mixed
TUF [7]:

P(Ax) = 4 &(x); W
i=1
n 4

P(Ax)=TT &(x) @
i=1

P(i,x):iﬂi ~§i(x)+zm:i/iﬁ E(X)-E(X)+., ()
i-1

i=1 j=i

where P(A,x) is the estimation of an alternative utility x;
m is a number of partial criteria; 4,4; are weight

coefficients of partial criteria k;(x) and their products
720, 4;20; i=1m; &(x)=&[k(x)] is a partial

criterion utility function (PCUF) k;(x), i=1,m.

The main drawback of the models of the form (1) is
that they do not reflect the objective role of partial criteria
and allow practically unlimited compensation of one
criterion by others. The drawback of models of the form
(2) is that they can compensate for the insufficient value
of one particular criterion by the excess of another one.
The utility function built on the basis of the Kolmogorov-
Gabor polynomial (3) can overcome the drawbacks of the
models (1) and (2) [7].

If the vector of parameters A is determined and the
type of the function of partial criteria utility &(x),

i=1,m is known, the task of selecting the best variant of

TS building for the models of the form (1) — (3) can be
reduced to the task of optimization:

x® =argmaxP(4,x). 4)
xeX

The vector of weight coefficients is traditionally
determined with the help of the expert method by ranking
methods, attributing points, sequential preferences, paired
comparisons [5, 6]. The drawbacks of the mentioned
methods are the complexity and relatively low accuracy of
estimates.

The technique of the comparative identification is
used as an alternative to the expert assessment of
parameters [11-12]. For structural and parametric
identification of the models of the mixed type (3), the
method of arguments group accounting (MAGA) on the
basis of genetic algorithms is suggested [12-13]. The
practical application of this method is limited by its high
time complexity and low accuracy of obtained solutions.

The review of the current state of the problem shows
that the tasks of parametric or structural and parametric
synthesis have been studied so far in one of the types of
additive, multiplicative or mixed functions of the total
utility P(A1,x) (1) — (3) that are built on the basis of non-

universal utility functions of partial criteria &(x),

i=1,m, using the approximate methods of identification
[6, 7 10, 12-14].

The research goal and objectives

The object of the research
production systems.

The subject of the research is the process of
interactive multi-factor estimation of the variants of
building technological production systems.

The goal of the research is to increase the efficiency
of the procedures of multicriteria estimation of the
features of technological systems at the stages of their
design and reengineering using the method of comparative
parametric  identification of a decision maker’s
preferences.

The achieve the stated goal, it is necessary:

-to increase the adequacy of the additive
multiplicative model of multi-factor estimation of variants
of building the TS built on the basis of the Kolmogorov-
Gabor polynomial;

- to develop the efficient method of the parametric
synthesis of additive multiplicative models of the multi-
factor estimation and selection of the variants of TS
building;

- to conduct the analysis and give recommendations
as to the practical application of the suggested method of
the parametric synthesis of the models of TS multicriteria
estimation.

is technological

The research materials

The task of parametric synthesis of the models of
multicriteria estimation of technological systems will be
solved using the general utility function P(1,x) built on

the basis of the Kolmogorov-Gabor polynomial (3). The
general function of partial criteria utility &(x), i=1,m
will be used as a constituent of the general utility function.
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The general function of partial criteria utility enables
implementing linear, convex, concave, S- and Z-shaped
dependences on the values of partial criteria k;(x),

i =1,m with the high degree of accuracy[14, 15]:

5.(@} 0K <k

Ka
&(x)= @ (5)
5+(1—5).[MJ . ka<k(x)<1,
1—ka
coos k()KL
k(x)——k+_k7 ,i=1m, (6)

where ka, a are normalized values of coordinates of the
point of function sewing, 0<ka<l, 0<B<Il:
ay; oLy are the factors that determine the type of the
dependence at the starting and final sections of the
function; k(x), k*, k= are the values of a partial
criterion for the variant x, the best and the worst values
of the criterion k(x).

This function exceeds the known Gaussian function,
Harrington function, and logistic function with respect to
the accuracy of the approximation of a decision maker’s
estimations [14].

The essence of the technology of comparative
identification of a decision maker’s preferences when
optimizing TS lies in the following fact. The types of the
partial criteria utility function are given as &(x), i=1,m
(5) and TUF P(A4,x) (3), they represent the TS most
important features. A decision maker implements the pairs
of the variants of TS building from the subsets of the
admissible ones which creates in the consciousness of a
decision maker some subjective estimations of the utility
P(x) and P(y), whose values cannot be measured.
Binary relations are developed on the basis of these
estimations (the equivalence or preference of variants is
justified):

- variant equivalence Rg(X)= <x,y>:x,ye X, X~y ;

- strict preference Rg(X )= <X y>x,yeX, x>y ;

- preference-indifference

Ry(X)= <x,y>x,ye X, Xy .

relation

Corresponding systems of equations and inequalities
are derived:

P(l,X):P(ﬂ,y), leERE(X)I (7)
P(4,x)>P(4,y), x,y €eRs(X), (8)
P(l,X)ZP(ﬂ,y), X!yERN(X)l (9)

where 4 is the target vector of TUF parameters.
Therefore, the task of parametric identification of
TUF of TS variants is to determine the vector 2=[4 1%,

(where N is a number of model parameters) that meet the
requirements of the derived system of equations and

inequalities (7), (8) or (9). In addition, the derived system
of equations and inequalities can be incompatible or can
have innumerable solutions.

The minimum error in ordering the priority of
alternatives and the minimum sum of the squares of
estimating the errors of the alternatives utility are selected
as the criteria for identifying a decision maker’s
preferences when solving the task of TS optimization. A
number of components of the model (3) is selected on the
basis of the required accuracy of ordering a decision
maker’s preferences, the dimension of the task, and the

available computing resources. At the same time, the
maximum number of summands is equal N=Cp,, -1
(where mis a number of partial criteria; n is the
polynomial degree).

The following notation is introduced:

&(x)-&(x) =Ena(X)s A1 = Anirs G(X)-&(X) = Ena(X)s
/11,2 =Anszs -

Taking into account these notations (10) the function
(3) can be presented as the additive one (11):

(10)

N
P(4,x)=Y 4 &(x).

i=1

(1)

The components of the vector A should be
estimated basing a decision maker’s preferences among

the alternatives x,y e x ¢ (where XCis a subset of the

Pareto-efficient alternatives). The pairs of alternatives
should belong to a subset of the Pareto-efficient ones,
which is caused by the fact that considering dominating
alternatives from the subset of the agreement

X5 =X\XE while developing the binary relations of
strict preference Rg(X) and preference-indifference

relation Ry (X) does not contain useful information, that

is x=z Vxe X® and vze X5. This is due to the fact

that strict preference and preference-indifference relation
for dominating alternatives are performed under any

values of weight coefficients 4;, i=1N.
For equivalence relation R;(X ) according to the

model (11) the system of equations including nE equation
is derived from the condition P(x)=P(y),

(x,y)eRg(X):

N N
N ()= HEX)=D K E(Y), <xy>eRp(X),

i=1 i=1
j=1ng, (12)

As well as the equation for normalizing the vector
N o
77nE+1(/‘t)EZAi =1, 420, i=1N,
i=1

where ng =Card R;(X)

equivalence relation R;(X ).

is the cardinality of the
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For strict preference Rg( X ) preference-indifference
relation Ry(X) the systems of non-linear inequalities
and normalizing conditions are obtained:

N N
ni(A)=2 A&(X)> Y A&(Y), <xy>eRs(X),
i=1 i=1

j=1ng, (13)

77n3+1(/1)5§:ﬂ1 =1, %420, i=1N;
i=1

N N
ni(2)=2 4 &(X)2 D 4 &(Y), <xy>eRy(X),
i=1

i=1

i=1ny, 14)
N . —
Mo +(A)=2 4 =1 %20, i=1N,
i=1
where s = Card RS(X), ny =Card Ry (X) are
cardinalities of relations IQS(X)and RN(X),

The obtained systems of equations and inequalities
(12) — (14) are homogeneous and specify numerous planes
that cross the zero point of the coordinate system. Their

second parts as normalizing conditions Zﬂi =1, 4=0

determine secant lines. Thus, Haar condition is met, and
systems (12) — (14) are inconsistent B in general.

One of the methods of solving similar systems is
searching the Chebyshev point [7], which enables
reducing original tasks to the tasks of linear programming
[11, 16]. If the additional variable Ay, is added to the

system of equations (12), the set of constraints
|r7j(/1)|s/1N+1, j=1,ng can be created to get the

equivalence relation Rz ( X ). Itis as follows:

—1j(A)+ A1 20, 7j(A)+ AN 20, j=1ng, (15)

N
77nE+1(ﬂ)EZﬂ1‘:11 420, i=1,N.

i=1
Minimizing Ans+1 — MIN in the context of

constraints (15) is a task of linear programming and
enables obtaining the Chebyshev point of the system (12).

In this case the Chebyshev point A1° has geometrically
least deviation in modulus | r| from the whole set of

equation planes (12)

|r] :min m?x |771(/1)|:m?x‘77](/1°)‘. (16)

The additional variable A, is introduced to the
constraints (13) for the relation Rg(X ), the conditions
ni(A)< Ay, i=1ng should be performed. Then,

searching the Chebyshev point of the system of
inequalities (13) is reduced to a task of linear
programming:

Ansr > Ming —ni(A)+ Ay, 20, j=1ng,

Un5+1(l)5iii:1| 420, i=1N.

i=1

(17)

If the system of inequalities (13) is consistent,
r:m}in max7n;(4)<0, and the obtained solution A°
j

will be highly sustainable to probable shifts of constraint
planes. If the system (13) is inconsistent, r >0, and the
Chebyshev approximation is obtained, which is the value
of minimal deviation for solving the target systems. In
this case, for the system of preferences, which is described
by the binary relation Rg( X ), there is not a single vector

of weight coefficients of partial criteria A that meet the
requirements of (13).

Searching the Chebyshev solution (approximation)
of the system of linear inequalities and constraints for
preference-indifference relation Ry (X )is reduced to a
task of linear programming in the same way (14).

The drawback of solutions in the form of the
Chebyshev point is their orientation only to the extreme
constraints and to the minimization the maximum
deviation of the obtained point from the planes of
deviations 7;(1). Generic solutions of the systems

(12) — (14) are suggested for using as an alternative to the
solutions in the form of the Chebyshev point. that take
into account the removal (or deviation) from the whole set
of constraints [11]. The vector can be used as the solution
of the system (12) for the relation of equivalence Ry ( X)

A° =arg min||A/1—b||, (18)

where | Ai-b| is the norm of the residual vector;
A=[a;] is the matrix of coefficients for the system (12),

the elements of which are
a;=&(-&M, j=Lng, i=Lm; jis the pair
number <Xx,y> in the ratio of Rg(X);

a,..1; =1 1=1m; b=[0,0,..,1]".

The research results

The suggested method has shown its efficiency and
effectiveness in solving test tasks. The results of solving
the tasks from [10, 12, 13] were used for comparison.

In [13], a special case of the function (3) was used as
a model to estimate the variants according to four
particular criteria

4
P(AX) =Y 4 &(X)+ A5 EL(X)+

=l (19)
g -5 (X)+ 27 &5 (%) &4(X)

With weight coefficients a = [0.33; 0.12; 0.15; 0.08;

0.1; 0.15; 0.07]. The values of TUF P(4,x), obtained on

the basis of the model (19), determine the following order

at a set of alternatives x, € X , 1 =1,12 (table 1):
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Xg = Xig 7 Xy = Xg = Xg = Xy = Xg = Xqg = Xpp = Xp = Xg = %3.(20) | =1,12, | %6 ; task 2 is to determine the best values of

After the following notations had been introduced:
&1(x)-&1(X)=&5(X) s &1(X)-&(x)=&6(X),
&3(x)-&(x) =& (x),

the model (19) was presented in the additive form:
7
P(2,x)= D 4 &(x).
i=1

To estimate the method efficiency, many tasks of
parametric  identification of a decision maker’s
preferences in the form of (3) were solved for the
conditions of strict preferences and equivalence: task 1 is
to determine the best parameters of the model (19) that
fulfil the condition P(A,%)>P(4,%),

Table 1. The characteristics of the variants of TS building

the parameters of the model (19) that lays down the order
(20); task 3 is to determine the best values of the
parameters of the model (19) that fulfil the conditions
P(A,% )=P(A,%), V1=1,12; task 4 is to determine
the type and parameters of the model of the second
degree (3) on the basis of the fact of selecting a decision

maker’s variant x° =g, that is the one which fulfils the

condition P(A,%5)>P(A4,%), VI1=1,12, 1 #6; task 5
is to determine the type and parameters of the model of
the second degree (3) that lays down the order (20); task 6
is to determine the type and parameters of the model of
the second degree (3) that fulfils the conditions

P(A,% )=P(A,x), VI=112.

X £(X) £(X) £5(X) £,(X) P(1.X)
X 0,87 0,11 0,55 0,12 0,4745
Xy 0,42 0,37 1,0 0,0 0,3712
X3 0,11 0,66 0,34 0,82 0,3182
Xy 0,74 0,24 0,19 0,52 0,4134
Xg 0,0 1,00 0,64 0,25 0,3972
Xg 1,0 0,0 0,44 0,36 0,5359
X7 0,40 0,80 0,59 0,05 0,4346
Xg 0,49 0,46 0,0 1,0 0,3527
Xg 0,64 0,42 0,32 0,78 0,4569
X10 0,92 0,08 0,38 0,25 0,4825
X11 0,18 0,60 0,64 0,85 0,3907
X0 0,25 0,55 1,00 0,18 0,3771

All the mentioned tasks are incorrect according to Conclusions

Hadamard: tasks 1, 2, 4 and 5 have the infinite set of
solutions; tasks 3 and 6 do not have a single solution.
Regularizing the tasks of searching the solutions of the
system of equations and inequalities (12) — (13) in the
form of (17)—(18) enables obtaining unambiguous
solutions.

The obtained solutions of tasks 1, 2, 4, 5 enable
restoring the complete initial order of a decision maker’s
preferences with the inaccuracy of reference values by
63,2-87,3 % less than while using the method of the
group accounting of arguments.

The residual vector (18) was minimized for tasks 3
and 6, which enables obtaining the parameters of the

models A={4}; i/lizl, 24,20, i=1N that
i=1

equalize the values of all variants P(A4,% )=~ P(4,% ),
V1 =1,12 to the fullest extent. In addition, the maximum

deviation from the equality of the values of variants utility
was 0,2177 for task 3, and 0,1826 for task 6.

The approach of the comparative identification of
the vectors of preferences for models of multivariate
estimating and selecting solutions based on the
Kolmogorov-Gabor polynomial was further developed as
a result of the analysis of the problem of estimating the
properties of technological systems in the process of their
optimization.

In order to increase the adequacy of multi-factor
estimation models, it is suggested to use the utility
function of partial criteria, which enables implementing
not only linear, convex or concave, but also S (Z)-shaped
dependences on their values. Its use makes it possible to
increase the accuracy of expert approximate estimates
significantly compared to the models built on the basis of
Gaussian functions, Harrington and logistic function.
Moreover, the application of the suggested function in
available models of multi-factor estimation does not
change the methods of selecting their parameters.

Improving the method of comparative identification
is suggested on the basis of the procedures for calculating
the Chebyshev point and the residual vector is suggested
for the parametric synthesis of models of multicriteria
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estimation of technological systems. This enables
covering all practically important situations of a decision
maker’s selection that are described by the binary
equivalence relations, strict preferences, preference-
indifference relations, and increasing the efficiency of the
synthesis procedures in comparison with the method of
group accounting of arguments based on genetic

management decisions will increase their accuracy and, on
this basis, increase the functional and cost efficiency of
modern technological systems. Developing efficient
mathematical models, methods, and information
technologies of integrating decision support means into
the technology of design, adaptation and reengineering of
technological systems can be the directions of further

algorithms. research in this area.
The practical application of the results obtained in

the systems that support making multicriteria design and
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MMAPAMETPUYHWI CUHTE3 MOJIEJIENA BATATOKPUTEPIAJIBHOI'O
OIIHIOBAHHSA TEXHOJIOT'TYHUX CUCTEM

IIpeaMeToM AOCTIIKEHHS B CTATTI € Mpo0OiieMa 0araTOKPUTEPiaabHOI OLIHKKM BIACTHBOCTEH TexHojoriunux cucteM (TC) y mpormeci
IXHBOI CTPYKTYPHO-TTapaMeTPUIHOI onTuMizaiii. MeTor TOCTiKEHHS € MiBUIICHHS ¢()eKTHBHOCTI MPOIeayp OaraToKpuTepiaabHOT
OIIIHKK BjacTHBocTed T3 Ha eTamax iX MPOCKTYyBaHHS Ta PEIHKUHIPUHTY 13 BHKOPHUCTAHHSAM TEXHOJIOTII KOMITapaTOPHOI
mapaMeTpu4Hoi imeHtudikanii mepeBar ocobu, mo npuitmMae pimenss (OITP). 3agauwi: migBHIIMTH aneKBaTHICTh aJUTHBHO-
MYJIBTHIUIIKaTUBHOI MoJieli 6araTto(hakTOpHOTO OIiHIOBaHHS BapiaHTiB moOynosu TC, cTBopeHOi Ha ocHOBI moiHOMa Konvoroposa-
l'aGopa; po3poOHTH e(hEeKTHBHUI METO] MapaMeTPUYHOr0 CHHTE3y aJUTHBHO-MYJIBTHIUIIKATUBHHX MOJENEH Oarato(akTOpHOTo
OLIIHIOBaHHS Ta BUOOpPY BapiaHTiB noOynoBu TC Ha ocHOBI nepesar OIIP; mpoBecTn aHami3 i JaTH peKOMEHIALI] MO0 MPAKTHIHOTO
BUKOPHCTAHHS 3alpOIIOHOBAaHOTO METOJy IIapaMeTPUYHOTO CHHTE3y Mopeneil OaraTokpurepianbHoro ominioBanas TC.
BukoprcroByBaHi MeTOAM: CHCTEMHHI aHaNi3, TeOpis HMPUHHATTS pilleHb, Teopis ineHTHdikamii, MeToqu OGaraToKpHTepiaabHOL
ontuMizamii. OTpumaHi Taki pe3ynbraTd. Jlasi TiABHINCHHS aXeKBaTHOCTI Mojenei OararogakropHoro omiHoBaHHS TC
3aMpOIIOHOBAHO BUKOPUCTOBYBATH (DYHKIIIFO KOPHCHOCTI YaCTKOBUX KPUTEPIiB, IO JO3BOJISIE peali3yBaTH HE TUIBKH JiHIHHI, ONYKI
a0o yBiruyti, ane i S (Z)-06pasHi 3a1eKHOCTI Bim iX 3HadeHb. [l po3B’s3aHHs 3a4adi IIapaMETPUYHOTO CHHTE3y MoIeiei
OararokpuTepianpHOro ouiHoBaHHSA TC ymocKkoHaleHHH METoA KoMmaparopHoi ineHtudikaunii mepear OIIP Ha ocHOBI mpomenyp
o0unClIeHHs 4YeOWIIOBCBKOI TOYKHM 1 BEKTOpa HEB’sI3KH. [IpoBEeIEHO eKCIlepHMeHTalbHE JOCITIDKEHHS e(eKTUBHOCTI
3aIpOIIOHOBAHOTO BapiaHTy MeToxy. BucHOBKH. 3acTocyBaHHS 3anporoHOBaHOi (QyHKINT B aAMTHBHO-MYJIBTUILTIKATHBHUX MOJEIISX
OararogakTopHOro OliHIOBaHHS T3 HE BHOCHTB 3MiH JI0 METOJIiB BHOOPY IXHIX MapaMeTpiB. 3alpornOHOBaHE YIOCKOHAJICHHS METOY
KoMmapartopHoi ineHThdikamnii nmepesar OITP Ha oCHOBI mpouexyp OOYMCIICHHS YeOMIIOBCHKOI TOYKH Ta BEKTOPA HEB’SI3KH IS
MapaMeTpUYHOTO0 CHHTE3y MOJeNel OaraToKpUTepiaibHOro OIiHIOBaHHS T3 T03BOJISE OXOMUTH BCI MPAKTHYHO BaXUIMBI CHUTYyAaIlii
BHOOpY, IO TONAIOThCA OIHAPHMMHM BIJHOIICHHSAMHU EKBIBAJICHTHOCTI, CTpOroi Ta HeCTporoi mepesar. EkcrnepuMeHTalbHe
JIOCITI/DKEHHST METOAY HiATBEPKYE MIABUILECHHS ¢PEKTHBHOCTI MOOYIOBAaHUX HAa HOTO OCHOBI MPOLEAYP MapaMeTPHUYHOTO CHHTE3y
MoJieNieil y MOPIBHAHHI 3 METOJOM TPYHOBOTO OOJIIKY apryMEHTIB Ha OCHOBI T€HETHYHHX aidroputMiB. [IpakTwyHe 3acTOCYBaHHS
OTPHMaHHX Pe3yNbTaTiB y CHCTEMax IMiATPUMKU NPUHHATTS 0araTOKpUTEPiaIbHUX IMPOSKTHHUX 1 YIMPaBIiHCHKUX PIIICHb JT03BOJHUTH
MiABUIINATH 1X TOYHICTD 1 Ha LIl OCHOBI MiABUIIMTH (YHKIIIOHAIBLHO-BAPTICHY €(PEKTUBHICTH cydacHuX T3.

KimiouoBi cioBa TexHoNOriuHa CHCTEMa, IIPOEKTYBAaHHS, PEIMKUHIPUHT, ONTHMIi3amis, KpUTepii sKOCTi, MOJENb
0araToKpHUTepiaTbHOTO OLIHIOBaHHS, (YHKIISI KOPHUCHOCTI, ojiiHoM Konvoroposa-I'abopa.

HAPAMETPUYECKHWIN CUHTE3 MOJEJEN MHOTI'OKPUTEPUAJIBHOI'O
OIEHUBAHUSA TEXHOJIOI'MYECKUX

IIpenveToM M3ydeHUs B CTaTbe SBISAETCS MPoOIEeMa MHOTOKPHUTEPHATbHON OIEHKH CBOMCTB TexHonormueckux cucreM (TC) B
Tporecce UX CTPYKTypHO-TTapaMeTpudeckoil ontumusanud. Llebio nccienoBaHns sBIsieTCsS NOBBIIEHNE 3G (PEKTHBHOCTH TPOIETYP
MHOTOKPHTEPHANBHOW omeHKkn cBoHCTB TC Ha 3Tamax WX MPOSKTUPOBAHMS W PEHHKWHHUPHHTA C HCIOJIB30BAHUEM TEXHOJIOTHH
KOMITapaTOPHOH MapaMeTpryecKoll MACHTU(QHUKAIUYN MPEIIOuYTeHHH nnia, npuHuMatomero pemenus (JIIIP). 3agaum: moBeIcHTh
aJIeKBaTHOCTh a/INTUBHO-MYJIbTHIUIMKATHBHONW MOJIENI MHOTO()aKTOPHOTO OLleHNWBaHWs BapuaHTOB rnoctpoeHust TC, mocTpoeHHON
Ha ocHoBe mnosmHOMa Koamoroposa-I'abopa; paszpaboraTh 3((GEKTUBHBI METOJ MapaMeTPUYECKOro CHHTE3a I MTHBHO-
MYJIBTHIUTMUKATHBHBIX MOJENel MHOro(h)aKTOpHOTO OIEHWBAaHMsI M BbIOOpa BapuaHTOB moctpoeHuss TC Ha OCHOBE MPeaIIOuTeHHN
JITIP; mpoBecTu aHanu3 W JaThb PEKOMEHJALMU MO NMPAKTUYECKOMY MCIHOJIb30BAHMUIO MPEAJIOKEHHOIO METoJa MapaMeTpUYecKoro
CHHTE3a MojeNel MHorokpurepuambHOoro onenuBanus TC. Mcmonb3yemble MeTOAbI: CHCTEMHBI aHAlNW3, TEOPHA HPHHATHSI
pelneHuid, TeopHs HIACHTU(HKAIMK, METOAbl MHOTOKPHUTEpHATbHON onTuMmm3anuu. [lomydeHs! criegyiomue pe3yabTaThl. Jlis
TIOBBIIICHNS aEKBaTHOCTH Mojienell MHorogpakTopHoro oreHuBanus TC MpeokeHo HCIoIb30BaTh (QYHKIIHIO MOIE€3HOCTH YaCTHBIX
KPHUTEPHEB, TTO3BOJIIONIYIO PEaTn30BaTh HE TOIBKO JIMHEWHBIE, BRITYKIIbIE M BOTHYTHIE, HO U S (Z)-00pa3Hble 3aBUCHMOCTH OT X
3HaueHWH. [l perreHns 3aqadn nmapaMeTpHIecKoro CHHTe3a MojeNield MHOTOKpUTepraibHoro onenuBanus TC ycoBepuIeHCTBOBAH
METOJl KOMIapaTtopHoi uaeHTH(uKarmu npeanoureHuii JITIP Ha ocHOBE MpOIeaAyp BBIUMCICHUS YeOBIIIEBCKOW TOYKH M BEKTOPA
HeBsi3KU. [IpoBeleHO AKCIepHMEHTalIbHOE HccienaoBaHHe dS(OGEKTUBHOCTH TPEUIOKEHHOTO BapHaHTa MeTola. BBIBOIBI.
[IpuMeHeHne TpeUI0KEeHHONW (QYHKIMN B aJIHTHBHO-MYJIbTHIUTMKATUBHBIX MOJIENsIX MHOTOo(akTopHOTO OorenuBanuss TC He BHOCHUT
U3MEHEHHI B MeTo/bl BbIOOpa WX mapamerpoB. [Ipe/ioikeHHOe yCOBEpPIICHCTBOBAaHHE METOJa KOMIApaTOPHOH HMACHTU(HKAINH
npexnourenui JIIIP Ha ocHOBe mpomemyp BBYHCIEHHS! YEOBIMIEBCKOH TOYKH M BEKTOPA HEBS3KM IS TApaMETPHIECKOTO CHHTE3a
MoJIeneil MHOTOKpuTepuaabHoro oneHnBaHus TC 1o3BoIsieT OXBAaTUTH BCE MPAKTHUSCKN Ba)KHBIE CHTYalllH BBHIOOpPA, OIHCHIBAGMBIC
OMHAPHBIMH OTHOIIEHHSMH 3KBHBAJEHTHOCTH, CTPOTOTO, HECTPOTOTO TPEANOYTCHNH. DKCHepHMEHTAIbHOE MCCIENOBAHIE METOa
TIOATBEP)KAACT MOBBINICHNE Y()(HEKTUBHOCTH MOCTPOCHHBIX HA €r0 OCHOBE IPOIEAYp MapaMeTPHUYECKOTO CHHTEe3a MOJeNel o
CPaBHEHMIO C METOJOM TIpYIIOBOrO ydeTa apryMEHTOB Ha OCHOBE TIE€HETHMUYECKMX alropuTMoB. [IpakTuueckoe NpUMEHEHHE
NOJTYYEHHBIX PE3yJbTaTOB B CHUCTEMaX MHOJJIEPKKH MPHUHATHS MHOTOKPUTEPUAIBHBIX MPOEKTHBIX U YNPABICHYECKUX PELIeHUH
MO3BOJIUT MOBBICUTh UX TOYHOCTh U Ha ATOM OCHOBE MOBBICUTH (hYHKIIHOHAIBHO-CTOMMOCTHYIO 3((heKTHBHOCTH coBpeMeHHBIX TC.

KirodeBble ¢cJ10Ba: TEXHOJOIMYECKas CUCTEMa, IPOSKTUPOBAHNE, PEUHKMHUPUHT, ONITUMHU3ALMS, KpUTEPUN KauecTBa, MOJIEIb
MHOTOKPHTEPHAIBHOTO OIEHUBAHMS, (QYHKIHS IT0JIe3HOCTH, moanHoM Komvoroposa-I'abopa
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INFORMATION TECHNOLOGY OF RATIONAL RESOURCE ALLOCATION IN
THE SYSTEM OF BUSINESS PROCESSES OF THE ORGANIZATION

The problem of rational distribution of investment resources among individual business processes of the organizational and technical
system is considered taking into account the real characteristics of the primary data (in particular, the interval uncertainty of expert
assessment). The subject matter of the study is the models and methods of information technology of rational distribution of
resources in the system of business processes of the organization, the goal is to ensure the quality of organization management by
creating applied information technology of rational resource distribution in the system of business processes taking into account the
interval of expert assessments. The following tasks were solved in the work: the matrix method for assessing the level of efficiency of
the hierarchical system of business processes of the organization was developed; methods and means of infographic analysis of
aggregated indices of multidimensional objects and systems were developed; an optimization model of resource distribution in the
system of business processes of the organization was developed; the applied information technology of rational distribution of
resources in the system of business processes of the organization was created. The following methods were used as the basis of the
research methodology: the matrix analysis was used for developing the matrix method for assessing the level of efficiency of the
hierarchical system of the organization business processes as well as for developing methods and tools for the infographic analysis of
aggregated indices of multidimensional objects and systems; the methods of linear programming and interval analysis were used for
developing an optimization model of resource distribution in the system of business processes of the organization; the principles of
system analysis were used for developing applied information technology, rational allocation of resources in the system of business
processes of the organization. As a result, the methodical support of information technology for the rational distribution of resources
in the system of business processes of the organization was developed. The place of the described models is shown in the process of
supporting decisions on distributing resources in the system of business processes of the organization taking into account the interval

of expert assessments.

Keywords: information technology, business process, interval methods, expert assessment.

Introduction

Analysis of literary sources and problem statement

The present trends in management reflect
mainstreaming information technologies (IT) in the
managerial decision loop. It is connected with the
continuous growth of data amount on production objects
and processes, the expansion of the organization and
technical systems (OTS), and the spread of information
technologies in general.

The desire to use all available information in the
process of making decisions leads, on the one hand, to the
increase in the degree of validity of managerial decisions,
and on the other hand, to the inevitable increase in the role
of man-machine decision support systems (DSS). In this
case, the methodological support of such systems should
reflect the entire range of uncertainties inherent in the
decision-making process [1].

The number and variety of methods used to solve
similar tasks are caused by the multivariate methods of
formalizing individual functions and properties of the
organization [2]. Practical application of such models and
methods, as a rule, is characterized by a limited time for
modelling, the lack of qualifications or information for
efficient modelling, weak reliability in dealing with fuzzy
data, and inter-level inconsistency between decision
makers.

A separate circumstance inherent in the decision-
making process in complex OTS is the use of expert
assessments in a number of practical tasks as initial
management information.

All these objective circumstances stimulate creating
applied specialized IT for solving practical control
problems on the basis of models and methods that take
into account the real characteristics of the primary data
(their volume, accuracy, uncertainty, and so on).

Among the urgent tasks of strategic management of
OTS in the context of this study are the following:

- the task of assessing the efficiency of OTS internal
structure and functional areas;

- the task of rational distribution of resources in the
OTS business process system.

The problem of managing the efficiency of business
processes [3] resulted in the whole scientific area where
researchers consider various aspects. For example, the
works [4, 5] deal with the general issues of business
modelling, the work [6] focuses of the issues of economic
and mathematical modelling, the works [7-10] highlight
the problems of system efficiency assessment, the works
[11, 12] emphasize the issues of the synthesis of OTS
optimal control models, the works [13—15] are devoted to
the development of methodological tools.

Despite the detailed and comprehensive study of the
aspects of the above problem, the following tasks remain
topical:

- the development of applied IT for solving practical
tasks of managing the system of OTS business processes
taking into account industry profile and current quality
standards;

- the development of methodological support for
such IT taking into account the real characteristics of the
primary information (uncertainty, delay, inaccuracy, and
S0 on).

The goal and objectives of the research

The subject of the study is the models and methods
of IT of rational distribution of resources in the system of
OTS business processes, the goal is to ensure the quality
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of the organization management by creating the IT of
rational distribution of resources in the system of business
processes taking into account the interval of expert
assessments.

The tasks to be solved are the following:

1) to develop a matrix method for assessing the level
of efficiency of the hierarchical system of the OTS
business processes;

2)to develop methods and tools for infographic
analysis of aggregated indices of multidimensional objects
and systems;

3) to develop an optimization model for resource
distribution in the system of OTS business processes;

4) to create an applied IT of rational distribution of
the resources in the system of OTS business processes
taking into account the interval of expert assessments.

Matrix method for assessing the efficiency
of the hierarchical system of business

According to [4], the system of OTS business
processes can be represented by functional areas of
activity (for example, the organizational structure of
management, management system, marketing, the system
of production organization, enterprise personnel, supply,
marketing, etc.) [14].

Using the notation and logic adopted in [8], the
methodology for assessing the level of relative efficiency
of the hierarchical system of business processes in an
organization taking into account the interval uncertainty of
data.

The object of management (the base organization) is
characterized by a set of vectors X;, X,, ..., X, that

reflect the level of efficiency n of the organization
business processes where each one consists of the
components of relative indices of the efficiency of the
corresponding business process:

Xy :[Xllv X2 v X1I1:|’

Xz =[X21, X221 v lez]

X, :|:an’ Xn2s o ann]

1)

where 1, |5, ...
X, vectors.

, |, are the dimensions of X,, X,, ...,

The component x;; is the relative efficiency of the

j " component of the i ™ business process and is assessed

by experts by comparing to similar business processes of
business rivals.
Proceeding from the essence of X; indices, the area

of their admissible value is the interval x; € 0,1,

although it can be different depending on the grading scale
chosen by experts. One corresponds to the maximum
efficiency of the j™ component of the i™ business

process in the group of assessed organizations.

A set of vectors (1) can be presented as the
compound matrix X, of the following structure:

(X, 1 0 0 ..
[ X, 1 0 ..0

Xo=| " , @

where X, is the vector of maximum dimension from a set

n
of Xy, Xg,ony X, I :n|1:alx l;

Let each n business process in the organization is
characterized by the column vector of the coefficients of
relative significance of a business process components

A =[0‘i1 Q2 i, ]Tl i=12 ..,n, @)

where ay; is the coefficient of the relative significance of
the j™ component of the i™ business process, and

I
OS(X,IJ Sl, Z(X” :1, izl, 2, ey n.
j=1

A set of vectors (3) can be presented as the
compound matrix A built like X;:

(AT 0o .o
[ AT 0 .0

Al | .
[ A I “
LA T 0.0

where A is the vector of the maximum dimension from
the set (3).

The product of matrices XA is the square matrix
with the dimension of nxn which contains the relative

efficiency n of business processes in the principal
diagonal:
XA XA XiAy
X X X
) Ao|X2h Xoho o Xoh, -
XoA Xnhy XAy

Let B be determined as the matrix with the
dimension of nxn which contains the relative
coefficients of the significance of business processes in
the principal diagonal
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B, 0 0 .. 0 O

0B, 0 .. 0 O
B: ’ (6)

0 0 Bn—l 0

|00 0 .. 0 B,]

where B; is the relative coefficient of the significance of

n
the i" —business process, where 0<p, <1, > B; =1,
i=1
i=12 ..,n.
The matrix X,AB contains weighted relative
efficiencies of all business processes in the principal

diagonal:
lelAi BZXlAQ anlAn

gopp | PR BXeh e BXA

BanAl BZXHAQ BanAn
The complex relative efficiency of OTS business

processes can be found determining the trace of the
matrix X,AB :

E=tr X,AB =03, X A +B,X5A +...+
n (8)
+Bn XAy :ZBiXiA'
i=1

Interval extension. When the expert assessments
are presented as intervals, a set of vectors (3) is written as:

[Ai]:[[o‘il]' [(Xiz]: [Otni HT

where [ocij]z[ocij,oc_ij} is the interval coefficient of the

i=1ln,

(9)

relative significance of the j™ component of the i™

business process, and [aij]c 0,1 . It is obvious that the

li _
character of point estimations Zaij =1, i=Ln for the
=1
interval coefficients is not fulfilled but in the context of
the task being solved is not significant.
The nature of the interval form of the coefficient

[aij] is caused by the procedure of expert assessing.

Along with the agreed point estimation, interval
assessment can be used at various stages of the study. The
idea of using data of this type consists in the natural desire
of a researcher to take into account the uncertainty in
solving the task. For example, if the LPP solution is
unigue in the interval context, the researcher gets, besides
the decision itself, also a guarantee of the fact that it will
remain unchanged under any combination of the interval
coefficients of the model. The width of the intervals is
assumed to be insignificant in comparison with the middle
part of the corresponding intervals since otherwise the

problem will be actually set in the general form and
cannot be solved by definition.
A set of vectors (9) can be presented as a compound

interval matrix A :

A T 0 0. o
[ A T 0 0

o ay oo
I (Al T o . 0

where [A ] is the interval vector of the maximum

dimension from a set (9).
Let us suppose that the elements of the matrix (6)
are also presented in the interval form:

(B, 0 0 .. 0 0 |
0 B, 0 .. 0 0
B = . (1D)
0 0 0 .. [B| O
|0 0 0 .. 0 [B]f

where [B,]z[&ﬁ?} is the interval estimation of the

relative coefficient of the i™ business process, and
[Bi]= 01 .
The matrix X A B  contains the interval

estimations of the weighted relative efficiencies of all
business processes in the organization in the principal
diagonal:

XA B =
B Xe A By Xi A [Ba X [A]
By Xg A By X3 Ay [Bn]Xz[An] .(12)

Bl Xn Ai BZ Xn AZ [Bn]xn[ph]

The interval estimation of the complex relative
efficiency of business processes can be found determining

the trace of the interval matrix X A B :

E =[§,E]=tr XA B =8 X, A+
n (13)
+ B Xp A +...+[Bn]Xn[An]=Z[BJX{A]
i=1

Thus, the matrix method (with interval expansion) of
assessing the level of the relative efficiency of the
hierarchical system of OTS business processes is
suggested; this method formalizes the hierarchical
structure of the efficiency of business processes and, due
to the matrix analytical form, enables assessing the
efficiency of the structure of any order and dimension.
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Methods and means of infographic analysis of
aggregated indices of multidimensional
objects and systems

The device for radial metric diagrams (RMD)
[13]. The RMD sets the n-plane metric space where the

object is assessed, where n is a number of metrics p;,

i =1,n that are reflected in the diagram rays (fig. 1).

When several RMDs that assess the object as a
whole are built, they form a hierarchical structure. As a
result of the convolution of a separate low-level RMD, the
generalized index is developed on the basis of the values
of metrics and the coefficients of their weight
(significance); the value of this index is then placed on the
corresponding ray of the complex upper-level RMD, as
shown in fig. 2. Similarly, for an integrated RMD, an
integral index can be obtained.

(i+1)t Level

ith Level

Fig. 2. The example of the convolution of radial metric diagrams

The device for normalized diagrams (ND) [13].
The ND is a column diagram of metrics p;, i=1n

according to which the object is assessed, and the width of
a separate column is equal to the corresponding weight
coefficient o; of the i -th metric (fig. 3).

Similar to RMDs, NDs can and should describe the
multilevel hierarchical system of indices (metrics) as
shown in fig. 4.

Based on the results of a comparative analysis of
two means of multivariate analysis of aggregated
indicators of organizational and technical systems,
namely, RMD and ND, the following conclusions can be
drawn:

1) radial metric and normalized diagrams are
graphoanalytical models and enables visualizing the
structure and significance of aggregated indicators of the
OoTS;

2) NDs are linear (invariant), while RMDs are
nonlinear (noninvariant) with respect to metrics (to the
order of metrics);

3) when analyzing linearly aggregated indices, the
ND area, in contrast to the RMD area, has the geometric
interpretation;

4) when analyzing multilevel (more than two)
aggregated indices, it is preferable to use ND due to the
strictness of the graphoanalytical apparatus and the
consequences of Section 3.
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The optimization model of resource distribution distribution of investment resources among individual
in the system of OTS business process business processes of the OTS.

The presented problem can be reduced to the
The urgent task in the context of the chosen method ~ classical linear programming problem (LPP) in the
of formalization is selecting the variant of the rational ~ following way [16].

0 0.5 S 1
1 i ]
7 1
&=
| < '
1
-
B Sio 0,5
pu i
D 2,
Pua
=0
al gZ an—l aﬂ
Fig. 3. ND general view
0 0,5 1
L i J
-1
P
P Py
0
(i+1)® Level a a, a
0 ith Level 05 1 0 0.5 1
L i ] J oo 3 || I’
Ex Pis 0.5 Pzz 0,5 l ~0,5
Pn T P
Pi3 P
Py
P T ;E
P
I " ‘l, Put » P:si L,
al 1 a) 2 al a] 4 al b all aZZ az} a?ﬁ a}l an al]

Fig. 4. The example of the convolution of normalized diagrams
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Let a set of the elements of the main diagonal of the

matrix XAB pe presented as a normalized diagram as
shown in fig. 5.

0 0,5 1
L | J
1
R
______ 1
1
- 0,5
XlAl XnAn
XAz E
anlAn—l
Y 1Ly
Bk BZ V. anl Bn

Fig. 5. The normalized diagram of the efficiency of OTS
business processes

The complex relative efficiency of OTS business
processes, according to (8), is numerically equal to the
area of the figure E bounded by columns in the height
that is equal to the level of the relative efficiency of the
business process and in the width that is equal to the
relative coefficients of the significance of the business
process.

The area of the figure R which completes the figure
of efficiency E to the square with the unit side
characterizes the degree of the break, that is the difference
between the ideal (reference) and the real state of the
efficiency of OTS business processes.

The length of the break that is numerically equal to
the area of the figure R in fig. 5, equals

R=1-E :1—iﬁixiA .

i=1

(14)

Both the value of the break R and the value of the
complex relative efficiency of business processes in the
organization E can act as a functional in LPP up to a sign.

Let us formalize LPP in the standard form according
to the set task and the notations introduced above.

Let Q be the vector of resources distributed for

managing the marketability of the organization, whose
components characterize the supplies of specific
resources, for example, material, information,
technological, personnel, and so on.

Q=[th: Gy s Um s (15)

where m is the amount of resource types.
Let c;; be the amount of the resource of the i " type

necessary for increasing the efficiency of the j™ business
process by 1% (table 1).

Table 1. Initial data for LPP in the standard form

A number of resource units for 1%
Resource Resource gI’OWth Of the efﬁCienCy Of a
type supply business process (BP)

BR BP, BR,; BPR,

G Cu1 C2 Cin1 Cin

0> Ca C22 Con-1 Con
m-1 O Cn-11 | Cm-12 Chan-1 | Cm-tn
m Qm le Cm2 Cmn—l Cmn

The function of increasing the complex efficiency of
business processes in the organization is chosen as the
target function:

Z =AE=-AR=0,01) B,X Ay, »>max, (16)
j=1

where y; is the amount of procedures aimed at increasing
the efficiency of the j ™ business process.

Finally, LPP in the standard form will be the
following: to ensure the maximum value of the target
function (16) under limiting conditions

n R
j=1 (17)

The solution of LPP Y~ =[yf, y;, y,ﬂ reflects

the optimum relationship among the amounts of
procedures for increasing the efficiency of individual
business processes in the organization.

Thus, the optimization mechanism for selecting
strategies for increasing the marketability of an
organization that is based on bringing the model of the
strategic management of the business process efficiency to
a linear programming model is suggested; this mechanism
ensures the optimal distribution of resources among the
amounts of procedures for increasing the efficiency of
OTS individual business processes.

Interval extension. Suppose, that there is a set of
strategies that consist of separate procedures aimed at
improving business processes according to the cumulative
principle.

The considered task with such assumptions can be
reduced to LPP in the interval form.

A set of the elements of the main diagonal of the
matrix (12) is presented as a normalized diagram for
interval estimations (fig. 6).

The interval estimation of the complex relative
efficiency of business processes in the organization
according to (13) is limited from left by the area of the
figure E (the sum of areas of shaded rectangles in fig. 6)

and from right by the area of the figure E (the sum of
areas of shaded rectangles in fig. 6). It is this evaluation
that can serve as a functional in LPP, which in this case
can be formalized in a standard form.
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1
1
-1
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By Ba Bna Bn

El @ Bn—l Q
Fig. 6. The normalized diagram of the interval estimation of the
efficiency of OTS business processes

The interval function of increasing the complex
efficiency of the business process in the organization is
used as a target function:

Z = AE :0,0lzn:[Bj]Xj[AJyj —max, (18)
j=1

where y; is the amount of procedures aimed at increasing

the efficiency of the j " husiness process.

Finally, the interval LPP in a standard will be the
following: to ensure maximal value of the interval target
functions (18) under limiting conditions

n _
ZC“yJ Sqi’ i:].,m,
j=1 (19)

yJ 20, j:l,ﬂ.

It is evident, that there is LPP with the linear interval
function.

According to [17], the interval task (18) — (19) can
be reduced to two deterministic problems.

Lower boundary problem:

Z = max,
n . —
DGy <g, i=1m, (20)
j=1

Upper boundary problem:

Z = max,
n . —
Zcijyjsqil I=1m, (21)
j=1
yJ > 0, j=l,_n.

The task (18) — (19) is solved by solving their lower
and upper boundary tasks:

Y'eM, y "M, y,Z max =[ZmaxlzmaXJ ,(22)

where M, y , M, y are sets of points y=y,..., ¥,

u
of solutions of the lower and upper boundary task, Z ..

Zmax are maximum values of the target functions of these
tasks.

Any point from the set intersectionM; y , M, y
is taken as solution point in (22), and the interval from the
maximum of the target function of the lower boundary
task Z .« to the maximum of the target function of the

upper boundary task Z max is taken as the maximum value
of the target function Z e

The advantage of this approach to solving the
interval problem of conditional optimization lies in the
possibility of applying traditional, well-developed
methods for solving deterministic optimization problems
[17].

The solution of LPP Y™ = y,, y,, ...y, reflects

the optimum relationship among the amounts of
procedures for increasing the efficiency of individual
business processes in the organization in the context of
any parameters of the system within the target intervals.

The results of modelling

The structure of the information technology of the
rational distribution of resources in the system of OTS
business processes is shown in fig. 7.

The results of modelling are illustrated with the
example whose initial data are presented in tables 2 — 4.

Table 2. Interval relative coefficients of the significance of OTS
business processes

Business Relative
coefficients of Value
process A
significance
Marketing [B.] [0,34;0,36 ]
The system of
production [B,] [0,64;0,66
organization

Table 3. Initial data for 2D LPP (example)

Specific quantity of the resource
Resource | Resource pecypea for 1%
type reserve of efficiency growth
BR, BP,
0; 20 2 5
4z 40 8 5
L] 30 5 6
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"matrix method of techniques of
performance infographic analysis
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Processes evaluation performance and simulation *yalues of
= of the system estimations of the system gaps
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= .  processes processes
“expert gp.
analysis

Toptimization
model of resource
allocation

Optimization
of resource
allocation
in the system
of business
processes

analyst

tools

Fig. 7. The structure of the information technology of the rational distribution of resources in the system of OTS business processes

Table 4. The structure and features of business processes

é § ) Relative efficiency of the Interval relative coefficient of
g g The components of a business process component X; significance of the component [aij ]
1.1 The system of marketing organization 1 [0,17;0,19]
o | 1.2 The system of marketing research 09 [0,17;0,19]
E 1.3 Assortment policy 038 [0,15,0,17
§ 1.4 Pricing policy 0.8 [0,15;0,17]
™ | 1.5 Communication policy 07 [0,15;0,17 ]
1.6 Distributive policy 08 [0,15,0,17]
- 2.1 Employment volume 0,8 [0,9;0,11]
2 | 2.2 The main technologies used 038 [0,11;0,13]
-é_ < [ 2.3 Innovations in the production process 038 [0,13,0,13]
s g 2.4 The degree of mastering the available technologies 08 [0,12;0,14]
§ § 2.5 Technological base of an enterprise 0,9 [0,14;0,16 |
g °| 2.6 Production planning system 08 [0,13,0,15]
: 2.7 The system of production quality support 0,8 [013;0,15]
2.8 Labour productivity 0,7 [0,9,0,11]

The interval estimation of the complex relative
efficiency of the business process in the organization is
written according to (7):

E =tr X A B = 0,74216;0,89322 .

The normalized diagram of the efficiency is
presented in fig. 8.

The interval target function is written according to
(18):

Z =0,01- 0,34;0,36 - 0,788;0,888 -y, +
+0,01- 0,64;0,66 - 0,741,0,869 -y, — max,

and limitations are written according to (19):

For solving the
simplex method is use
simplex package of
algebra Maple (fig. 9).

2y, +5y, <20,
8y, +5y, <40,
Sy, +6y, <30,
y; 20,
y, >0.

lower (20) and upper (21) tasks the
d, this method is implemented in the
the system of the computerized
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The obtained optimal solution

Yoy =22
pmmm——- T e e ' 172 71137 13

the  proportions for distributing  resources  for
corresponding strategies under any combination of initial
data within the given intervals.

11
*

j, Z = 0,021;0,025 reflects

0,57 .
' Conclusions

|

The problem of rational distribution of investment
resources among the individual business processes of the
organizational and technical system is considered.

The structure of applied information technology for
0J the rational distribution of resources in the system of
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] - the matrix method (with interval extension) for
assessing the level of the relative efficiency of the
hierarchical system of OTS business processes that
formalizes the hierarchical structure of business processes

(y;,y;) and enables assessing the efficiency of the structure of any

Yol DX order and dimension;

! - the methods and means of infographic analysis and

| visualization of aggregated indices of multidimensional

i objects, in particular, normalized efficiency diagrams;

: - the optimization model (with interval extension) of

! resource distribution in the system of OTS business

i processes.
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Fig. 9. The graphic presentation of restricting conditions with the
use of graphical tools
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THO®OPMAIIIMHA TEXHOJIOT'ISI PAIIIOHAJIBHOTI'O PO3IO/ILTY PECYPCIB B
CUCTEMI BI3BHEC-ITPOLIECIB OPT AHI3AIIIT

PosrisiHyTO 33124y paIfioHATBHOTO PO3MOMIIY IHBECTHIIIMHIX PECYPCIB MiXK OKPEMUMH Oi3HEC-TIPOIIECaMH OpraHi3aiiHO-TeXHIYHOT
CHCTEMH 3 YPaxyBaHHIM PEalbHUX XapaKTePUCTHK NEPBUHHUX JAHUX (30KpeMa, IHTepBaIbHOI HEBU3HAUEHOCT] EKCIICPTHUX OL[IHOK).
IIpeqveToM mocmimKeHHS € MOAeN i MeToan iH(pOpMamiifHOi TeXHONoril paioHaIFHOTO PO3MOALTY PecypciB B cucteMi OizHec-
MpOLIECiB OpraHi3aiii, MeTol0 — 3a0e3NeyYeHHsl SIKOCTi YIPAaBIiHHS OPraHi3alielo IUITXOM CTBOPEHHs HpHKIagHoi iH(opMmariiHoT
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TEXHOJIOT1] palioHaJbHOTO PO3MOIITY PECYpCiB B CUCTEMi Oi3HEC-TIPOLIECIB 3 ypaXyBaHHSIM IHTEPBAILHOCTI CKCIIEPTHHUX OIIHOK. B
po6oTi BuUpilIeHI HACTYNHI 3aBAAHHA: PO3POOJICHUH MAaTPUYHHH METOJ OLIHIOBAHHS PIBHSA €(QEKTHBHOCTI i€papXiqHOi CHCTEMH
Oi3Hec-TIpoIieciB opraHizallii; po3poOieHi MeToxu i 3acobm iH(OTpadiyHOTO aHaJi3y arperoBaHUX ITOKa3HUKIB 0araTOBHMIpHHX
o0'ekTiB i cucTeM; po3poOiieHa ONTHMi3aliifHa MOAENs PO3MOALTY PecypciB B cHcTeMi Oi3Hec-TIpOIleciB oprasizalii; cTBopeHa
MpUKIaaHa iH(pOpMaIliiiHa TEXHOJOTiS PaIliOHAIFHOTO PO3MOALIY pPECcypciB B cucTeMi Oi3Hec-TporeciB oprasizaiii. B ocHoBy
METOJIOJIOTI] JOCITIKEHHS ITOKJIaeHO TaKi MeTOAM: MaTPUYHMI aHal3 — MpH po3poOli MATPHIHOTO METOIY OLIHIOBAHHS PIBHS
e(heKTHBHOCTI i€papXiuyHoi cucTeMH Oi3HeC-TPOIECiB OpraHizailii, a TaKoK MK Po3poOIli METOMIB i 3ac00iB iH(porpadhiuHOro aHaIi3zy
arperoBaHuX MOKa3HUKIB 0araTOBUMIpHHUX OO'€KTIB 1 CHCTEM; METOIM JIIHIKHOTO MPOTpaMyBaHHs Ta IHTEPBAIBHOTO aHAI3Y - MPH
PpO3po0IIi ONTUMI3AIIHOT MOIENI PO3IMOALTY PeCypCiB B CHCTEMI Oi3HEC-TIPOIIECIiB OpraHi3allii; MPUHIKUIH CHCTEMHOTO aHaJI3y - IpU
po3po0I MPUKIAAHOT iH(GOPMAIIHHOI TEXHOJIOTII palioHAILHOTO PO3MOJLTY PECypciB B CHCTEeMi Oi3Hec-mpoleciB opraHizaiii. B
pe3yabTaTi po3pobiaeHo MeToanuHe 3a0e3medeH s iHGopMaIifHOT TEXHOJIOTIT paIlioHAIBHOTO PO3IOUTY pecypciB B cucTeMi Oi3Hec-
nporeciB opranizamnii. [TokazaHo Micie OnMCaHUX MOJENeH B Ipoleci MATPUMKH MPUHHATTS PIlIeHb IOA0 PO3MOALTY pecypciB B
cucteMi Gi3HeC-TIPOIIECiB OpraHi3allii 3 ypaxyBaHHIM iHTEPBAJIBHOCTI EKCIIEPTHUX OI[IHOK.
Kumiouosi ciioBa: indopmamiiina TexHouoris, 0i3Hec-Ipolec, iIHTepBaIbHI METO/IH, €KCIIEPTHE OI[IHIOBaHHS

NHOOPMALNMOHHASA TEXHOJIOI'US PAIIUOHAJIBHOI'O PACIHIPEJAEJIEHUSA
PECYPCOB B CUCTEME BU3HEC-ITIPOLNECCOB OPITAHU3ALIUN

PaccMoTpeHa 3ajadya pAlMOHAIBHOTO PACHPEJCICHUS HHBECTULMOHHBIX PECYPCOB MEXKIY OTACIBHBIMU OH3HEC-TIPOLECCaMu
OPraHU3allMOHHO-TEXHUYECKOH CHCTEMBI C Y4ETOM pPEajbHbIX XapaKTEPUCTHUK IEPBHYHBIX JAHHBIX (B YaCTHOCTH, MHTEPBAJbHOH
HEOIIPE/ICIICHHOCTH IKCIICPTHBIX OLECHOK). ITpeaAMeToM HCCiIe0BaHus SBIAIOTCS MOJIEIN U METO/bl HHDOPMALMOHHON TEXHOJIOTUH
PALMOHATIEHOTO PACIPEACIICHHs PECYPCOB B CHCTEME OM3HEC-TIPOLIECCOB OPraHN3alMH, HeJIbI0 — 00eCIICUCHHE Ka4eCTBa YIPABICHUS
OpraHM3alyel MyTeM CO3/JaHUs IPHUKIATHOH MH(MOPMAIMOHHONW TEXHOJOIWHM PAlMOHAIBLHOTO paclpeeleHHs PecypcoB B CHCTEME
OM3HEC-TIPOIIECCOB C YUETOM HHTEPBATEHOCTH SKCIIEPTHEIX OIIEHOK. B paboTe pemreHs! cienyiomue 3aaaun: pa3padboTaH MaTpUIHbBINA
METO/]] OLIEHHWBAHUS YpPOBHs A(P(PEKTHBHOCTH HEpapXHUECKOW CHCTEMbI OHM3HEC-TIPOIECCOB OpPTraHM3AINK; Pa3padOoTaHbl METOIBI U
cpexctBa  nH(QOrpaguYecKoro aHalM3a arperupoBaHHBIX ITOKa3aTeleil MHOTOMEPHBIX OOBEKTOB M CHCTeM; pa3paboraHa
ONTHMHU3ALMOHHAS MOJENb PACIPECICHHS PECYpCOB B CHCTEME OHM3HEC-TIPOLIECCOB OPraHH3alliK; CO3/aHa MPUKIAJHAs
UHGOPMAIMOHHAS TEXHOJOTHs PAlOHAIBHOTO PACIpEACNICHHs PECYPCOB B CHCTEME OM3HEC-TIPOLIECCOB OpraHU3aliH. B OCHOBY
METO/IOJIOTHH MCCIICIOBAHUS IOJIOXKEHBI CJICAYIOIME MeTOAbI: MAaTpUYHBIl aHAIM3 — NPHU pa3paboTKe MaTPUYHOTO METOoJa
OIICHUBAHUS YPOBHSA 3()(PEKTHUBHOCTH HEPAPXUIECKON CHCTEMBI OM3HEC-TIPOIIECCOB OPTaHU3alNH, a TAKKEe MPH pa3padOTKe METOI0B
U cpencTB nHpOrpaguIecKoro aHaaM3a arpernpoBaHHBIX ITOKa3aTelell MHOTOMEPHBIX OOBEKTOB M CHCTEM; METOABI JIMHEWHOTo
IIPOrpaMMHPOBAHYS ¥ HHTEPBAJIBHOTO aHAIN3a — MPU pa3padOTKe ONTUMU3ALMOHHON MOJIENH PACIPEACNICHNSI PECYpPCOB B CHCTEME
OM3HEC-TIPOIIECCOB OPraHMU3aIMK; IIPHHIMIBI CHCTEMHOTO aHAIM3a — IPH pa3padoTKe MPUKIATHOH WH(OPMAIIMOHHON TEXHOJIOTHI
PAILMOHATBLHOTO PACIpEeNeNIeHHs] PECYPCOB B CHCTEME OM3HEC-TIPOIIECCOB OpraHu3aluyi. B pesyiabTaTe pa3zpaboTaHO METOAMYECKOE
obecrieueHre HHGOPMALMOHHOM TEXHOJIIOTUH PALIMOHAIBHOTO PACIIPECNICHHS PECYPCOB B CUCTEME OM3HEC-NIPOLIECCOB OPraHU3alliH.
IToka3aHO MECTO OIMCAHHBIX MOJIEJIEeil B IIpolecce MOICP)KKH IPHHSTHS PELICHNH O paclpe/ieNIeHHIO PECYPCOB B CUCTEME On3HeC-
MPOILIECCOB OPTaHU3AIMH C YYETOM HHTEPBAIBHOCTH SKCHEPTHBIX OLIEHOK.
KiroueBbie cjioBa: HHGOPMAIMOHHAS TEXHOJIOTHS, OU3HEC-TIPOLIECC, MHTEPBAIBHBIC METO/IbI, SKCIIEPTHOE OLICHHBAHHE
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IMPROVING THE EFFICIENCY OF HIGH-SPEED MILLING OF THIN-WALLED
ELEMENTS OF PARTS OF COMPLEX GEOMETRIC SHAPES

Thin-walled elements of complex geometric shapes are widely used in the aerospace and other industries. They are obtained by
various methods of machining using modern numerically controlled machines. The fundamental factors for manufacturing of parts are
the productivity and machining quality. The subject matter of the article is the vibration during high-speed milling of thin-walled
elements of parts of complex geometric shapes. The aim of the article is to determine the possibility of increasing the efficiency of
high-speed milling of thin-walled parts by finding vibration-proof processing conditions. To achieve the goal, the following tasks
have been set and implemented: considering the features of high-speed milling of thin-walled elements of parts with complex
geometric shapes, developing a technique for investigating the milling process, and identifying stable machining conditions for high-
speed milling of thin-walled components. The methods of oscillation fixation during machining and statistical analysis of
experimentally obtained results are used. The following results are obtained: the design of the experimental bench is suggested to
study the process of milling thin-walled elements of parts, the technique of obtaining a quantitative characteristic of the milling
conditions, which is based on determining the position of a part at the moment when a milling tooth is cutting into it is offered, and
the stable machining conditions for high-speed milling of thin-walled elements of parts are determined. Conclusions. The decisive
role of the spindle rotational velocity in achieving a low vibration level has been experimentally proven, under the conditions of high-
speed milling in a vibration-resistant range of spindle velocities both the radial depth and the feed can be increased without losses in

the quality of machining.

Keywords: thin-walled element, elastic system, oscillations, high-speed processing, pierce point.

Introduction

Parts that have thin-walled elements are widely used
in the aerospace industry, for example, blades of axial and
centrifugal disks of a gas turbine engine (GTE).
Vibrations occur while machining such parts due to their
moderate rigidity; they worsen the roughness of a
machined surface and the dimensional accuracy.

Low indices of the surface roughness are very
important for parts that are encircled by liquid or gas
flows. The increase of the roughness leads to the more
rapid transition of the laminar boundary layer to the
turbulent one, which increases the total force of the
friction resistance. Therefore, the improvement of the
quality of a machined surface and blades of GTE disks
boosts the engine efficiency, the endurance strength, and
the resistance to the crack formation of critical parts that
operate under high dynamical loads, and the increase of
the dimensional accuracy of manufactured thin-walled
parts promotes more balanced operation of the engine and
increasing its service life and repair intervals.

Modern trends in the development of industry
require manufacturing more complex geometric shapes of
parts. In addition, the machine-building industry seeks to
minimize a number of assembly units by switching to
monolithic parts, which makes an important contribution
to the complication of their structures and the increase in
the number of thin-walled elements. It is also worth noting
that one of the main directions of mechanical engineering
today is energy efficiency, that is, the reduction of
structures weight. This issue is the most important in the
aviation industry, where the strength and lightness of parts
are especially required.

Monolithic thin-walled parts of a complex shape are
manufactured by removing up to 90% of a part allowance,
which lays down high demands for the performance of
this process. The issues of increasing the efficiency of
machining costs are considered along with the reduction
of the roughness of a machined surface and geometrical

accuracy, where the latest aspects go to the foreground
only during the finishing process.

Analysis of literary sources and problem setting

Fists fundamental steps in estimating the maximum
performance of the process of machining were made in the
mid-1950s. Researching conducted by V. A. Kudinov [1],
J. Tlusty and others [2], S. A. Tobias, W. A. Fishwick [3]
enabled using the physical essence of regenerative self-
oscillations excitation for creating the theory for
determining stable conditions of machining.

Underlying principles of the regenerative theory of
stability were worked out by S. A. Tobias [4] and J. Tlusty
[5], who studied the interaction of the dynamics of the
structure of a machine tool system and the dynamics of
the cutting process. They determined the regeneration and
the coordinate link as a main mechanism of self-
oscillations during machining. H. E. Merritt [6] suggested
using the regeneration and the laws of laying waves that
appear due to self-oscillations on the surface of cutting in
order to determine the stability of orthogonal turning. This
approach was further developed by many researchers and
was used as a source for estimating so-called stability lobe
diagrams which are widely used today to determine the
maximum possible axial depth of cut (the stability
boundary) when the spindle is rotating with the greatest
velocity or velocity.

This approach was initially developed for turning,
although self-oscillations occur in many processes of
metal finishing. When stability lobe diagrams were
developed, they started to be used for other operations as
well, including milling. TlustyJ. [7, 8] conducted a
detailed analysis of milling stability based on the theory of
regeneration self-oscillations. The fact that this type of
machining has an intermittent character of the cutting
force, that is linked with the entry and exit points of
milling cutters, was taken into account in the later
algorithm of estimating the milling stability [9-11].

© A. Germashev, V. Logominov, Y. Kozlova, V. Krishtal, 2017
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Considering high-speed milling of parts of complex
geometric shapes requires clear understanding the
peculiarities of this process which lie in the fact the
process of machining is intermittent when cutting with a
single milling cutter is replaced with free motion of the
instrument and the part. This phenomenon is caused by a
small arc of a milling cutter contact and a part that is
being machined due to low radial and axial depths of cut.
It should be noted that the value of the axial depth is
limited by the complex shape of a part that can be
obtained because of the line small size. The axial depth
can be increased; however, this parameter is artificially
decreased since a part is machined with a small-diameter
instrument or thin-walled elements are machined. The
probability of vibrations is wvery high under such
conditions, and to minimize it radial depths are decreased.

Self-oscillations attenuate at relatively low cutting
velocities under the conditions of the intermittent cutting.
Nevertheless, high-speed machining of thin-walled parts is
one of the most difficult cases in the sphere of metal
finishing. The authors concluded that the vibration
stability of milling thin-walled parts is based on forced
oscillations but not on self-oscillations. Depending on the
combination of dynamic characteristics of a machined part
and excitation frequencies of the system, it is possible to

predict the state of milling, the level of vibrations and the
quality of a machined surface.

The goal of the research

The goal of this work is to determine probabilities of
enhancing the efficiency of machining by increasing the
radial velocity and feed as well as the impact of these
parameters on the vibration stability of milling.

Research materials and methods

To study the process of milling thin-walled parts, the
bench is suggested, which is shown in fig. 1. The detailed
information about this bench is given in works [12, 13].
The gripping device is a heavy base that is placed on the
table of a milling machine through the electric insulation
and is designed to fix a springing element (of a thin-
walled plate) securely. A machined sample is rigidly fixed
on the plate. The sample is moved while milling due to the
thrust force of the milling cutter; the displacement
transducer measures the length of the motion according to
the change of the gap clearance - A.

End mill f)

Measuring contact
system ADC = PC
Q, rpm
sl “ Displacement sensor
Mill [ i
\ =[]
Workpiece
's .
B Thickness
5 et
- Thin pl
Clamping L plate
Y device

Fig. 1. The experimental bench for studying the high-speed milling of thin-walled parts

The system of measuring the contact conditions of
an instrument with a part was added to the bench [14, 15].
When a milling cutter contacts a machined sample, an
electric signal is fed through the mobile current collector
to the ADC (analogue-to-digital converter). The signal
from the current collector and the signal of the sample
motion are recorded simultaneously, which enables their
highly accurate overlapping (fig. 2). The system of
measuring the contact between the milling machine and
the instrument is a key element of the experimental bench
for studying the process of intermittent cutting as it
enables dividing the oscilloscope record of a part
oscillation into the process of cutting and the idling.

Fig. 2 shows the fragment of the process of a part
machining by the measuring equipment of the
experimental bench. The overlap of two signals enables
determining the moment when a tooth of the milling cutter
starts contacting a sample being machined (the pierce

point), the sites of a probable exit of a milling cutter from
the tooth engagement with the allowance within the arc of
their contact, and the end of cutting (the exit point).

Fig. 2 (a) shows the ideal case when a part remains
in one and the same position at the beginning of cutting,
that is when its disalignment from the equilibrium along
the Y axis does not change at the pierce point. In this case,
the elimination of the allowance by each tooth of a milling
cutter occurs under the same conditions.

In fig. 2 (b) the pierce point changes its position
along the axis of the part deviation, while the length of the
allowance also differs each time when the tooth of the
milling cutter is cutting. Multiple repetitions of this
process lead to a significant deterioration in the quality of
machining, which is characterized by the high waviness,
as well as by the increase in the amplitude of oscillation of
a part.
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Fig 2. Fragments of the record of the machining process

To obtain a quantitative description of the conditions
for milling thin-walled parts, the amplitude of the pierce
point, Ry, , Was estimated. This value characterizes the

difference between the maximum and minimum deviation
of a part at the beginning of cutting during the entire
process of machining.

The experimental studies were carried out on a
numerically controlled milling machine DMU 50., A
knee-type clamped plate 6 mm thick (h = 6 mm) and 60
mm wide (b = 60 mm) was used as a springing element,
the overhang of the plate was 80 mm, the material used
was St 65 G. The sample made of the material St 3 was
rigidly fixed at the exposed end of the plate. The
metalworking was carried out with a carbide end
cylindrical 4-tooth milling cutter, with the diameter of 20
mm, the flank angle of the helical cutting rim o was equal
to 330. The frequency of natural oscillations of the
springing system (SS) of a thin-walled part f,, was equal
to 565 Hz, the damping coefficient £ was equal to 0.02,
the stiffness C was equal to1000 N / mm.

In all experiments, the axial depth of cutting a, was

equal to 2 mm, the radial depth varied from a, =0.25 mm

to a a, = 0.5 mm, the feed to the tooth was from

: 7 cuts
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feed direction was trailing. The lubricating-cooling
technological medium was not used. That is, the
experimental studies were carried out under the conditions
that correspond to the modes of machining complex
shaped parts, where the allowance is cut with small radial
and axial depths.

Two series of experiments were conducted to
consider the impact of the radial depth of cutting and
feeding on the machining process. The milling dynamics
was measured in the speed range from n = 500 rpm to
n = 10,000 rpm. The step of changing the rotational speed
of the spindle was 100 rpm. The analyzed parameter was
the amplitude of a part position at the beginning of
cutting.

= 0.05 mm per tooth, the

The results of the research and discussion

Fig. 3 shows the change of the amplitude of the
pierce point R, obtained experimentally depending on

the frequency of a spindle rotation when the radial depth

a, is equal t00,5mm and a, is equal to 0,25 mm.
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Fig. 3. The amplitude of the pierce point over a full range of radial depths

The results of the experimental study show that for
both depths in the considered speed range, vibration-
resistant machining conditions are observed (n = 1900-
2000 rpm, n = 2500-2800 rpm, n = 3300-3900 rpm,
n = 4700-5700 rpm, n = 6300—-8000 rpm), as well as less
vibration-resistant ones. Changing the speed of the spindle
rotation helps change the amplitude of the pierce point by
10 or even more times. It should be noted that the speed
ranges of stable and unstable cutting for both depths are
equal because of the fact that during the high-speed
milling the areas of optimal modes of machining depend
on the characteristics of the system and on the excitation
frequency. The areas of optimal machining occur when
the frequencies of the spindle rotation are equal, taking
into account the fact that the elastic system of a thin-

walled part and an instrument were the same in both
experiments. The values of the pierce point amplitude of
the considered radial depths, when the frequencies of the
spindle rotation are equal, vary insignificantly (no more
than 10 % in 95% of cases). If considering unstable
conditions of machining, the amplitude of the pierce point
for a greater radial depth would have higher values.

Thus, the right choice of the spindle rotation
frequency which corresponds to the vibration-resistant
range of frequencies of a spindle rotation enables
increasing radial depths saving the low level of vibrations.

Fig. 4 shows the change of the pierce point position
depending on the frequency of a spindle rotation when the
feeds to the tooth are equal: Sz = 0,3 mm per tooth and
Sz = 0,5 mm per tooth.
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Fig. 4. The amplitude of the pierce point at various values of feeding to a tooth

Like in fig. 3, the vibration-resistant conditions of
machining for the both considered values of changing the
modes of cutting lie within the same speed ranges. They
correspond to the ranges of the frequencies of the spindle
rotation given for fig. 3 as the dynamic characteristics of a
thin-walled part and the milling cutter remained the same.

In the majority of experiments, the amplitude of the
pierce point for equal frequencies of a spindle rotation
varied within the limits of 10% when the feed and the
radial depth changed. At the same time, a change in the

spindle speed contributed to a significant change in the
amplitude of the pierce point.

Thus, the results of the experimental studies show
that the fundamental factor for achieving optimal
machining conditions is the spindle rotation frequency
(the frequency of forced oscillations). At the same time,
achieving vibration-resistant milling conditions enables
increasing the feed rate, thereby increasing the machining
efficiency.
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Conclusions

The article considered the possibility of increasing
the radial depth of cutting and feeding at high-speed
milling of thin-walled parts. The experimental conditions
corresponded to the modes of machining parts with a
complex geometric shape of surfaces; particularly, small
cutting depths and intermittent cutting were used.

The results of experimental studies show that

speed of the spindle rotation is crucial for achieving a low
level of vibrations and favourable quality of the machined
surface of thin-walled parts.

Both the radial depth and feeding can be increased
without any loss in the quality of machining while milling
in the vibration-resistant range of the frequencies of the
spindle rotation. Thus, the fundamental task is to improve
the efficiency of machining significantly. The
experimental studies have shown the capability of a

twofold increase in the radial depth of cutting and half as
much increase in feeding.

changing the speed of the spindle rotation contributes to
multiple changes in the amplitude of the pierce point. The

References

1. Kudinov, V. A. (1955), The theory of vibration during cutting (friction). Advanced engineering technology: Sat. scientific. tr.
Moscow: AN SSSR. P. 631-643.

2. Tlusty, J. (1963), The Stability of Machine Tools Against Self-Excited Vibrations in Machining. M. Polacek. ASME International

Research in Production Engineering. P. 465-474.

Tobias, S. A. (1958), The Chatter of Lathe Tools Under Orthogonal Cutting Conditions. Trans. of ASME. Vol. 80. P. 1079-1088.

Tobias, S. A. (1965), Machine Tool Vibration. Wiley. N.Y.

Koenigsberger, I., Tlusty, J. (1970), Structures of Machine Tools. Pergamon Press.

Merritt, H. E. (1965), Theory of Self-Excited Machine Tool Chatter. ASME Journal of Engineering for Industry. Vol. 87. P. 447-

454,

Tlusty, J. (1986), Dynamics of high-speed milling. Journal of Engineering for Industry 108. P. 59-67.

8. Tlusty, J. Ismail, F. (1983), Special aspects of chatter in milling. Journal of Vibration, Acoustics, Stress, and Reliability in Design
105. P. 24-32.

9. Shridar, R., Hohn, R. E., Long, G. W. (1968), A general formulation of the milling process equation. Journal of Engineering for
Industry 90. P. 317-324.

10. Altintas, Y., Lee, P. (1996), A general mechanics and dynamics model for helical end mills. Annals of the CIRP 45(1). P. 59-64.

11. Smith, S., Tlusty, J. (1991), An overview of modelling and simulation of the milling process. ASME Journal of Engineering for
Industry 113. P. 169-175.

12. Pat. 94974 Ukraine, IPC (2006) GO1H11 / 00; GO1M7 / 02, Casing for study of oscillations in finite cylindrical milling of thin-
walled elements of parts. Logominov V. O., Germeshev A. I., Dyad S.I., Kozlova O. B.; Applicant and patent holder
Zaporizhzhya National Technical University. u 201405981 application. June 2, 2014; has published Dec 10, 2014, Bul. No. 23

13. Vnukov, Yu. N. (2011), Bench for the study of mechanical oscillations in the milling of ladder parts at the end milling. Cutting
and tools in technological systems: Int. scientific-techn. Sat. Kharkov: NTU "KhPI". Issue. 80. P. 32-37.

14. Germashev, A. |, Dyadya, S. I., Kozlova, Y. B., Vnukov, Yu. N. (2015), Device for studying the conditions of contacting the tool
with a workpiece for cylindrical milling of thin-walled parts. "Surface Engineering and Renovation of Products": abstracts of the
report of the 15th International Scientific and Technical Conference, 01-05 June 2015, Zatoka. K.: ATM of Ukraine. P. 45-47.

15. Vnukov, Yu. N. Germashev, A. I., Dyadya, S. |., Kozlova, Y. B. (2015), Method for determining the conditions for contacting the
tool with a thin-walled part at its end milling. Cutting and tools in technological systems: Intern. scientific-techn. Sat. Kharkov:
NTU "KhPI". Vol. 85. P. 48 - 55.

G C1) e (2

~

Receive 20.09.2017

Bioomocmi npo asmopis / Ceedenust 06 asmopax / About the Authors

I'epmamieB AHTOH IropeBHY — KaHIMIAT TEXHIYHUX HayK, 3allOPi3bKUH HAIllOHAIBHHMN TEXHIYHWH YHIBEPCHTET, CTapILINil
HAYKOBHIA CrIiBpOGITHUK, M. 3anopixoks, Ykpaina, e-mail: germashevanton@mail.ru, ORCID: 0000-0001-7385-1664.

I'epmameB AHTOH HropeBMuY — KaHIUAAT TEXHHUYECKHX HAyK, 3alOPOKCKMH HAIlMOHAIBHBIH TEXHHYECKUH YHHBEPCHUTET,
CTapUIMi HAYYHBIA COTPYIHMK, M. 3amopixoks, Ykpaina, e-mail: germashevanton@mail.ru, ORCID: 0000-0001-7385-1664.

Germashev Anton — PhD (Engineering), Zaporozhye National Technical University, Senior Researcher, Zaporozhye, Ukraine,
e-mail: germashevanton@mail.ru, ORCID: 0000-0001-7385-1664.

JlorominoB Biktop OnexciiioBu4 — KaHIUIaT TEXHIYHUX HAYK, 3aOpi3bKUH HAI[lOHATBHUH TEXHIYHUH YHIBEPCHUTET, TOLEHT
Kadepu TEXHOJIOTII MAITHHOOYIyBaHHs, M. 3amopixoKst, Ykpaina, e-mail: logominov@rambler.ru, ORCID: 0000-0001-8148-266X.

JloromunoB BukTop AJiekceeBHY — KaHIUIAT TEXHUYECKHUX HAyK, 3alOpPOKCKHH HAIMOHANBHBIH TEXHUYECKHUI
YHUBEPCUTET, JOLEHT Ka(eapbl TEXHOJOTM MAlIMHOCTPOeHus, T. 3amopoxbe, Ykpauna, e-mail: logominov@rambler.ru,
ORCID: 0000-0001-8148-266X.

Logominov Victor — PhD (Engineering), Zaporozhye National Technical University, Associate Professor at the Department of
the Technological Engineering, Zaporozhye, Ukraine, e-mail: logominov@rambler.ru, ORCID: 0000-0001-8148-266X.

KoznoBa Osena BopuciBHAa — KaHAWAAT TEXHIYHWX HAyK, 3armopi3bKHil HAI[lOHATGHUN TEXHIYHUH YHIBEPCHTET, NOIEHT
kadepu TEXHOJIOTII MaIHHOOYIyBaHHs, M. 3anmopixokst, Ykpaina, e-mail: kozlova@zntu.edu.ua, ORCID: 0000-0002-3478-5913.

KoznoBa Enena bBopmcoBHa — KaHIUIAT TEXHUYECKHX HAyK, 3allOPOKCKUH  HAIMOHANGHBIA  TEXHHUYECKUH
YHUBEPCHUTET, JOLEHT KadeOpbl TEXHOJOTW MAallMHOCTPOEHHs, T. 3amopoxbe, YkpauHa, e-mail: kozlova@zntu.edu.ua,
ORCID: 0000-0002-3478-5913.

Kozlova Yelena — PhD (Engineering), Zaporozhye National Technical University, Associate Professor at the Department of
the Technological Engineering, Zaporozhye, Ukraine, e-mail: kozlova@zntu.edu.ua, ORCID: 0000-0002-3478-5913.

Kpumrrans Bosogumup OuiekcanapoBuy — JlepkaBHe mianprueMcTBO 3amopi3bke MalInHOOYAiIBHE KOHCTPYKTOPCHKE OIOPO
"IIporpecc” imeHi akanemika O. I'. IBueHka, HauanbHUK Lexy, e-mail: khristalvladimir@gmail.com, ORCID: 0000-0002-5609-8137.



http://orcid.org/0000-0002-3478-5913
http://orcid.org/0000-0002-3478-5913
http://orcid.org/0000-0002-3478-5913
mailto:khristalvladimir@gmail.comб

ISSN 2522-9818 (print) Innovative technologies and scientific solutions for industries. 2017. No. 2 (2)

Kpumrans Baagumup AjexcanapoBud — [ocynapcTBeHHOE MNpeaIpuUsSTHE 3alOpOKCKOE MAIIMHOCTPOUTEIBLHOE
KOHCTpyKTOpckoe Gropo "TIporpecc” mmenu akaigemuka A.T.VBuenko, HauanpHHK uexa, e-mail: khristalvladimir@gmail.com,
ORCID: 0000-0002-5609-8137.

Krishtal Vladimir— State Enterprise Academician A. G. lvchenko Zaporozhye Machine-Building Design Bureau “Progress”,
Head of Workshop, e-mail: khristalvladimir@gmail.com, ORCID: 0000-0002-5609-8137.

HIIBUIIEHHA E@EKTUBHOCTI BUCOKOWBUJKICHOI'O ®PE3EPYBAHHSI
TOHKOCTIHHHUX EJIEMEHTIB JETAJIEU CKJIAJTHOI TEOMETPUYHOI
POPMU

TOHKOCTIHHI €JIeMEHTH CKJIaJHOI TeOMETPHIHOI (JOPMHU IIMPOKO 3aCTOCOBYIOTHCS B aBIaKOCMIYHIHN Ta IHIINX raly3sX IPOMHCIOBOCTI.
OTpuMyIOTh X PI3HUMH METOJAaMH MEXaHIYHOi OOpOOKM Ha CyYacHHX BepCTaTax 3 YHCIOBUM IIPOTPAMHUM YIPABITiHHIM.
OcHOBHEMH (haKTOpaMU TP BUTOTOBIICHHI JieTalell € MPOMYKTUBHICTH 1 sKicTh 00poOku. [lpemMeTomM IaHOTO MOCIHIIKCHHS €
BiOparii mpu BUCOKOIIBHIKICHOMY (hpe3epyBaHHI TOHKOCTIHHUX C€JIEMEHTIB JeTajei CKiaaaHoi reomeTpudHoi popmu. Meta craTTi -
BU3HAYCHHS MOXIIMBOCTI MIABUINCHHS €()EKTUBHOCTI BHMCOKOIIBUIKICHOIO (hpe3epyBaHHS TOHKOCTIHHHX JeTajcd IUIIXOM
3HAXO/UKCHHSI BIOPOCTIMKMX YMOB 00poOku. Iyt MOCSTHEHHS METH TOCTaBJICHI 1 peaii3oBaHi HACTYNHI 3aBAAHHS: PO3IIISL
0COOIMBOCTEHl BHCOKOIIBUAKICHOTO (pe3epyBaHHS TOHKOCTIHHHX €JIEMEHTIB JeTajell 31 CKJIAQAHOI TeOMETPUYHOIO (OPMOI0,
po3poOKa METOIMKH JJOCHIDKEHHS Mpolecy (pe3epyBaHHsS, BHSBICHHS CTaOUILHHUX YMOB OOPOOKH IPH BUCOKOIIBHIKICHOMY
(pe3epyBaHHI TOHKOCTIHHHX €JIEMEHTIB JeTayell. Bukopucrano meroau ¢ikcallii KoJuBaHb B MPoOIeci 0OpOOKH I CTATUCTHYHOTO
aHaJi3y eKCIEepPUMCEHTAIBHO OTPHMAaHHUX pe3ynbTariB. OTpHMaHi HACTYMHI pe3yJbTATH: JUIA BUBUCHHS NpOIeCy (pe3epyBaHHI
TOHKOCTIHHHX CJICMCHTIB JCTaJIcii 3alpONOHOBAHA KOHCTPYKINS CKCIICPUMEHTAIBHOTO CTEHAY, METOJMKAa OTPUMAHHS KiTbKiCHOT
XapaKTEPUCTHKU YMOB (pe3epyBaHHs, KA IPYHTYEThCS Ha BU3HAYCHHI ITOJIOKEHHS IeTajll B MOMEHT Bpi3aHHs 3y0a (hpe3u, BUIBICHI
cTaOuIbHI  YMOBH OOpOOKM TpPH  BHCOKOIIBHIKICHOMY (pe3epyBaHHI TOHKOCTIHHMX €JIEMEHTIB jaeraneidl. BucHOBKM.
ExkcriepuMeHTabHO JOBEACHO BH3HAYaIbHA POJIb YaCTOTH OOCpTaHHS IIMHUHICISA B JOCATHEHHI HU3BKOTO PiBHS BiOpalliii, B yMoBax
BHCOKOIIBUJIKICHOTO (ppe3epyBaHHs B BIOPOCTIMKOTO Jiama3oHi 4acTOT 00EpPTaHHS MIMHMHAETS MOXIUBO SK 30UIBIICHHS pagialbHOL
IMOWHM, TaK 1 301IbIIEHHS Moa4i 0e3 BTpaT B AKOCTI 00pOOKH.
Knrwou4oBi ci10Ba: TOHKOCTIHHHI €IEMEHT, TIPY»KHA CHCTEMa, KOJIMBAaHHS, BUCOKOIIBUKICHA 00pO0Ka, TOYKA Bpi3aHHSI.

IOBBIINEHUE 3®PEKTUBHOCTH BBICOKOCKOPOCTHOI'O ®PE3EPOBAHMSI
TOHKOCTEHHBIX 3JIEMEHTOB AETAJIEU CJIO’KHOU TEOMETPUYECKOHU
D®OPMbI

TOHKOCTEHHBIE DJIEMEHTHI CJIO0XHOW T'€OMETPUYECKOW (OPMBI HIMPOKO NPHUMEHSIOTCS B aBHAKOCMHYECKOH M APYIHX OTPACIIX
MIPOMBIIUIEHHOCTH. [loMydaroT MX pa3nuYHBIME METOJAaMH MEXaHWJIeCKOH 0OpabOTKM Ha COBPEMEHHBIX CTaHKaX C YHCIOBBIM
MIPOrpaMMHBEIM  yripaBiieHneM. OCHOBOMOJAraloIuMy (akTopaMy HPH H3TOTOBJICHUH JeTalel SBISETCS NPOM3BOIUTEILHOCTh U
kauecTBO oOpaborku. I[IpemMeToM IaHHOTO HCCIENOBaHUS SIBISETCS BHOpAlMU IIPH BBICOKOCKOPOCTHOM (pesepoBaHHU
TOHKOCTEHHBIX JJIEMEHTOB JeTaneil ciioxHol reomerpuyeckorl (opmel. Llesqb crathbu — omnpenesieHHe BO3MOXHOCTH ITOBBIIICHHS
3 PEeKTUBHOCTH BBICOKOCKOPOCTHOTO (hpe3epoBaHUs] TOHKOCTEHHBIX JeTalled IyTeM HaXOXICHHS BHOPOYCTOWYMBBIX YCIOBHI
ob6pabotkn. JIns JOCTIDKEHMSI ILENM TIOCTaBI€HBI W PEATHU30BAaHBl CIEAYIONME 3aJa4HM: pPacCMOTpPEHHE OCOOEHHOCTEeH
BBEICOKOCKOPOCTHOTO (hpe3epoBaHUSI TOHKOCTEHHBIX JJIEMEHTOB JETajled CO CIIOKHOH TeoMeTpHdecKkoi (opmoii, paspaboTka
METOJWKN WCCIIEOBAaHMS TIporiecca (hpe3epoBaHUS, BBIIBICHHE CTaOMIBHBIX YCIOBHH 0OpabOTKM MPH BBHICOKOCKOPOCTHOM
(pe3epoBaHMHM TOHKOCTEHHBIX JJIEMEHTOB JeTaned. lcrmoiap30BaHBl MeTOAbI (pHKcalMy KojeOaHui B mpoliecce 0OpabOTKH H
CTaTUCTUYECKOTO aHalM3a SKCIEPHMEHTATIbHO IOJNYYEHHBIX pe3ynpTaToB. [lomydeHbl ciepyromue pe3yJbTaThl: A H3Y4eHHS
npouecca (pe3epoBaHUs] TOHKOCTEHHBIX DJIEMEHTOB AeTajeil MpeaIokeHa KOHCTPYKIHS IKCHEPHUMEHTAJIBHOTO CTEH/A, METOJMKA
MOJTY4EeHUsI KOJIMYECTBEHHOM XapaKTepHCTHKU YCIIOBUI (pe3epoBaHMsi, KOTOpasi OCHOBBIBAETCS HA OIIPE/ICIICHUH TTOJOKESHUS! IeTan
B MOMEHT Bpe3aHus 3y0a (pe3bl, BBISIBICHBI CTAOMIbHBIE YCIOBHS 00pabOTKH NP BEICOKOCKOPOCTHOM (hpe3epOBaHUH TOHKOCTEHHBIX
JJIEMEHTOB JeTanell. BhIBOAbI. DKCIIEpHMEHTATBHO JOKa3aHa OMPEJeNsIomasl Poib YaCTOTHl BPAIIEHUS IIIHUHICIS B JJOCTHKEHUH
HHU3KOTO YpPOBHS BHOpAIlMi, B YCIOBHAX BBICOKOCKOPOCTHOTO (hpe3epoBaHUS B BHOPOYCTOWYMBOM HANa30HE YacTOT BpPAIICHHS
IITTUHAENS BO3MOXKHO, KaK YBEIHIECHHE paJHabHON TTyOHHBI, TaK U YBEIHYEHHE 1ojaqn O3 MoTeph B KadecTBe 00paboTKe.
KiioueBbie c10Ba: TOHKOCTEHHBIH AJIEMEHT, yIPyTasi CHCTeMa, KOJIeOaHHsI, BRICOKOCKOPOCTHast 00pabOoTKa, TOUKA BPE3aHUsL.
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VJIK 005.8

I. M. KAZIMKOBA, b. JI. KAJIIHEHKO, C. O. JIAPIHA, 1. B. YYMAYEHKO

MOJEJIb YIIPABJIIHHA YACOM Y CUCTEMI CTPATET'TYHOTI'O ITPOEKTHOI'O
MEHE/JUOKMEHTY

IIpeameToM MOCTKCHHS B CTaTTi € MPOIECH BUOOPY NUIAXIB IiJBHINCHHS C(HEKTHBHOCTI YIPABIIHHA YacoM SIK OJHOTO 3
B@KJIUBIIINX PECYPCIB MPOEKTIB 3 MO3HUIIIH CTPATETIYHOTO MPOSKTHOIO MEHEKMEHTY. MeTa — moOyaoBa MOJie YIIPaBIiHHS 4acoM B
CHUCTEMI PECypCHOTO 3a0€3IMEUYCHHS CTPATEriuHOro MPOCKTHOTO MEHE/HKMEHTY. 3aBJaHHs: PO3TJISHYTH 1HAMBIIyyMa, IO IpUHMAae
YIPaBIiHCHKI PillICHHS, SIK aHAJIOTa MPOCKTHO-OPIEHTOBAHO1 OpraHi3allii; BUSBUTH NPUYHMHHO-HACIIIKOBI 3B'I3KH, 110 TIPU3BOASATH JI0
HeCTaui 4yacy B CTYACHTIB; BM3HAUUTH OOMEXKEHHsS MpH MOOYJOBI MOJENI YNpPABIiHHSI 4acoM CTYACHTa; MoOyayBaTH MOJEIb
YIPaBITiHHSA YacoM 1 JaTH peKoMeHJamil moao i BUKOpHCTaHHS. BHKOPHCTOBYIOTHCS 3aralbHOHAYKOBI METOM: CUCTEMHHI aHaJi3,
CTPYKTYpHHI aHaji3, aHalli3 HEeBIANOBiAHOCTEH, X HacmiakiB Ta npuanH BUHUKHEHHS FMEA (Failure Mode and Effects Analysis),
METOJM IPOCKTHOro ympaBniHHs. s Bisyamizamii NpUYHHHO-HACHIJIKOBUX 3B’S3KIB JOCHIKYBaHHX (aKTOPIB 3a HABEICHOIO
Kkiacuikaliero BHKOpHCTaHO piarpamy IcikaBu. OTprMaHO Taki pe3yJbTaTH. Y CTaTTi IpecTaBlIeHa po3po0iieHa aBTOPaMy MOJENb
YIPABIiHHSA YacoOM Yy IisTIBHOCTI MPOCKTHO-OPIEHTOBAHOI oprasizamii. JlOCTiDKeHHs NMpOBEACHE Ha marepiajiax, A€ CTpaTeriuHui
MEHEDKMEHT MPOEKTHO-OPI€HTOBAHOI OpraHizailii po3risIIA€ThCsl HA MPHUKIAAl CAMOMEHEKMEHTY CTYICHTA, SIKUH y CBOIO Hepry
BHCTYIIa€ aHAJOTOM IPOEKTHO-OPIEHTOBAHOI opranizamii. Ha oCHOBI pe3ynbTaTiB MPHUYMHHO-HACIIKOBOIO aHaNi3y (akTopiB, IO
MIPHU3BOAATE 0 HECTadi 4acy CTYAEHTIB, MoOyJOBaHAa MOJENb YIPaBIiHHA YacoM. J[o Mozaeni BKIOYEHO KOoe(illieHT eKCTEeHCHBHOCTI
BHUKOPHCTAHHS JKUTTEBOTO Yacy, Koe(illieHT BTpaT yacy Ta MOKa3HHUK (haKTUIHOro pe3epBy dacy. [IpuknanHa yacTuHa peanizoBaHa i3
BUKOPHCTaHHIM MPOrpamMHoOro mpoaykry Business Studio. BucnoBku. IIpu mpoBeneHHi aHamizy Ta moOymaoBi MojeNli HPHYHHHO-
HACJTIKOBUX 3B'SI3KIiB OyB BWSBICHHI psA NPUYMH Hee(EKTHBHOTO YIPABIiHHSI YacOM B CHUCTEMi PECypCcHOTO 3a0e3ledeHHs
CTPATEeriYHOTO MPOSKTHOT'O MEHEKMEHTY Ha MPUKIIA/I HiTbOBOI IPYIH CTYICHTIB, KOXKHOTO 3 SIKUX PO3IIIIHYTO SK aHAJIOT POEKTHO-
opieHTOBaHOI opranizamii. Hamano pexomeHmamii MOA0 YAOCKOHAJIEHHS MPOLECY YIPaBIiHHA YacoM B OCOOHUCTICHOMY
CTpaTeriyHOMY IUIAaHYBaHHI 32 PaXyHOK BHKOPHCTaHHSA moOymoBaHoi mozeni. OTpuMaHi pe3ylbTaTd MOXYTh OyTH BHKOPHCTaHI K
IHCTPYMEHT MPOTHUii Hee(heKTHBHOMY BUKOPHCTAHHIO Yacy B IPOEKTHO-OPIEHTOBAHUX OPTaHi3alisiX.

Kaiouosi cioBa: cTpareriuauii IpOeKTHHH MEHEKMEHT, YIPAaBIiHHSA 4acoM, NMPUYMHHO-HACTIIKOBHH aHANi3, MPIOPUTETHE
YHCIIO PU3HKY.

ITocTaHoBKa MpodeMu

[Momyk cmoco6iB  migBUIIEHHS e(QEeKTHBHOCTI
VOpaBIiHHA  4YacoM Y  CHCTEMi  CTPaTerigHoro
MCHEDKMEHTY € aKTyaJlbLHUM IHTaHHSAM B KOHTEKCTI
00OMEKEHOCTI 4YacoBOrO pecypcy MpoekTiB. [IpoekTHo-
opienToBani oprasizauii (IIOO) MmaroTh ynpaBisTH He
4acoM peaiizaiii OKpEMHX IPOEKTIB, a W 3arajbHUM
JIOCTYITHUM 4YacoM Bci€l opraHizaiii, Npu 4OMYy OCTaHHE
CTOCYETBCSI ChEepH CTPATETIIHOTO MEHEKMEHTY.

CporozHi Ha CBITOBil apeHi TOBOPSTH MPO HOBY epy
YIPaBIiHHS MPOEKTaMH — CTpPATeriYHud IMPOEKTHUM
MEHEKMEHT (Strategic Project Management).
Pesymeratn  pocmimkenHs 750 kowmmaHiii, HaBemeHi B
poboti [1], moka3amm, moO opradizamii 3HAXOHATHECA B
KPH30Biil CUTYyaIlil 010 TOTO, SIK YIPABJISATH IPOEKTAMHU.
Bupimrennss miei npoOieMu AOCHITHUKH 0adaTh B
PO3IIMPEHH] MEePCIEKTHUBU 1 MOIIYKY CIOCO0IB TOTO, SK
OpraHizamisiM 3acTOCYBaTH INPOSKTHUH MEHEPKMEHT Ha
CTpaTEeTiYHOMY PiBHI.

Barato yBarm TeopeTHKM 1 NMPaKTHKH MPHUILIAIOTH
cTBOpeHHIO o(iciB ympasminHS mnpoektamu (PMO),
JUCKYTYIOUH TIPO HEOOXimHUH piBeHb MOBHOBakeHs PMO
1 MokjajgeHnM Ha Hboro ¢yHKuiH. Tak, B poboti [2]
KJIIOYOBUM  apryMEHTOM Ha KOPHCTh  JIOLUIBHOCTI
cTBOpeHHs odicy yNpaBiiHHS TpOEKTaMH oOpraHizamii
(EPMO) BucTynae Te3a, mo NMpOEKTHUIH MEHEIPKMEHT He
TIOBUHEH OyTH CTpaTerielo Mipo3AaisiB, BiH TOBUHEH OyTH
crpareriero opraxizamii. IToBHICTIO TOAUISIIOYM JaHe
TBEp/DKEHHS, MH, THM HE MEHII, BBAXAEMO, MIO
JOTPUMaHHA  OCHOBHUX  MNPUHLUMIB  NPOEKTHOTO
MEHE/DKMEHTY Ha DIiBHI KJIIOYOBUX YYaCHHUKIB TPOEKTY
CIIPUSAITAME TIOJIIMIIIEHHIO K TOKa3HWKIB peaizamii
MPOEKTiB, TaK 1 PO3BUTKY KYJIbTypH, SKa MiATPUMYE

cepey MPOEKTHOTO MEHEKMEHTY. Metbes mpo Te, 1o
OKpPEeMOTo iHIMBiZa MOXXHa YMOBHO pO3IJIANATH SK
MPOEKTHO-OPIEHTOBAaHY OpraHi3alilo, 10 Ma€ CTpPaTerito
PO3BUTKY 1 Oararo BapiaHTiB 11 peamizamii depe3 okpemi

MPOEKTH.
Yumaio BUEHUX 3aiiMarOThCs PO3p0o0KOIO
e(peKTUBHUX  MoJeNed 1 METOAIB  CTparerivHoro

VIpaBITiHHS OPTaHi3alli€l0, MPU MbOMY IUIHH P poOiT
NPUCBSAYCHUI CTpPaTeriyHOMY PO3BUTKY OpraHizalii Ha
OCHOBI IIPOEKTHOrO yrpaBiiHHsA. TOMy MpoBeAEeMO aHaIi3
HAyKOBUX  NyONikamii 3 NHTaHb  CTPATETiYHOTO
MPOSKTHOTO MEHEIDKMEHTY.

AHaJli3 0CTaHHIX J0CTiTKeHb i myOJikauin

HaykoBi OCHOBM  yHpaBIiHHS  TNPOEKTaMH 1
nporpamMaMu  Oyinu  po3poOJieHi TakuMH 3apyOiKHHUMH
BueHUMH, K Paccen . Apumnbanpn, I'. ['ant, A.Daiionsb,
o Ilont, I'. Jlanre, Xipomi Tamaka Ta iH. YKpaiHCBKY
IIKOJIY MPOEKTHOTO MEHEMKMEHTY MPEACTABIISAIOTh TaKi
Bimomi nocmigauku, sk C. 1. bymyes, H. C. bymyesa,
B. II. Toryucekuii, 1. B. Kononmenko, K. B. Komkis,
O. B. Mareesa, 1. B. Uymauenko Ta iH.

CporomHi  aKTHUBHO  PO3BHBA€TBHCA  STIOHCHKA
METOJIOJIOTiS YNPAaBIiHHS IPOEKTAMH Ta MpPOTrpaMaMHu.
KepiBHUITBO 3 yNpaBiiHHS iHHOBALITHUMH MPOEKTaMH i
nporpamamu oprasizamii (P2M) Bigpi3HA€THCS BiJ| iHIIHX
METOOJIOTIH MPOEKTHOTO MEHEKMEHTY B MEPIIy 4epry
aKIEHTOM HA  CTpaTeriyHi  acmekTH  YIpaBIJIiHHS
opramnizaniero. Tak, kimouoBi moHATTS P2M — cTBOpeHHS
IMIHHOCTI JUIA OpraHi3ailii 3 OpieHTaIli€l0 Ha MicCifo i
CHUCTEeMY IIiJIeH, Yepe3 CTpaTeTiio Jo peami3allii mMpoeKTiB i
mporpaM, 1m0 3a0e3meuyroTh yCHiX 11 MPOEKTHOL
nismeHOCTI [3]. 3 mosumii P2M  crparerisi  oprasxizariii

© 1. M. Kagukosa, b. /1. Kaninenko, C. O. Jlapina, I. B. Uymauenko, 2017
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3MIHCHIOETHCS Yepe3 MPOTrpaMH IPOEKTIB, SKi CTBOPIOIOTH,
BJIOCKOHAJIIOIOTh 1 HAKOMWYYIOTh I[iHHOCTI. Hamami i
LIHHOCTI pPa3oM 3 HAaKONMWYEHHUMHU 3HAHHSAMH CTalOTh
pecypcaMu yIpaBlliHHS, SIKI MIATPUMYIOTh 1 peasi3yloTh
HacTynmHy mporpamy mpoekrtiB. [Iporpama BTiirO€
KOHLENTyaJbHI CTparerii opraHizauii 4epe3 3asBIEHY
MICII0 MIpOrpamMM 1 TOJETIIyE YYacTh CTECHKXOJIEPIB B

mporpami UIA  3aXHCTy CBOiX 1HTEpeCiB B paMKax
BUKOHAHHS JIJAHUX CTpaTerii.

SlmoHchbKa ~ METOJOJIOTiSE  OMEpye  MOHATTAMHU
CTPaTerivHOTO MEHEHKMEHTY CTOCOBHO  YIPaBJIiHHSA

NpOEKTaMH Ta mporpamamu. Tak, MarTh Micle HOHATTA
"crTpareriga npoekty"”, "micig nmpoekty", "l i 3aBIaHHA
npoekty", "crpareris nporpamu”, "micis nporpamu” 1 iH.
B TO# JXe Yac BBEAEHO KIIOYOBE IMOHATTS 'LIHHICTH
nporpamu”, sika IOCSTaeThcs yepe3 MpoQiuIroBaHHS Micii

Nporpamu, TPOEKTYBaHHS 1 moOynoBa apxiTeKTypu
porpaMM, BHKOHAaHHS  MporpaMu.  3aCTOCYBaHHS
MIHHICHOTO MIiAXOAy BHWHMIIIO 3a pamku P2M i

3aCTOCOBYETHCS B Pi3HUX cepax yrnpaBiaiHHS [4].

OcTaHHIM 4YacoM He TUIBKW HAyKOBIN, a BXe W
NPakTHKH ~ 4YacTo  TOBOPSATh  NPO  JIOUIIBHICTB
BIIPOBAPKCHHS NPOEKTHOTO IIAXOAY A0 CTPATETridHOrO
MEHE/DKMEHTY Pi3HUX OpraHi3amii Ta mianpueMmctB. Tak,
pobotu [5-6] MpPHUCBAYEHI PO3KPUTTIO MUTAHb TAKOIO
BIPOBA/DKCHHSI Yy MpPaKkTUKy ympasminas BH3, sxwuii
PO3TIISIAETHCS SIK IPOSKTHO-OPIEHTOBAHA OpraHizarlis.

B poGoti [7] aBTrOopM Big3HA4YalOTh, IO MpH
NPUIHATTI  YOpPaBIiHCBKMX  pilEeHb B yMOBax
0araToBapiaHTHOCTI MOXKIMBUX i MEHEIKEp PO3Tisaac
iX B KOHTEKCTI OOMEXEHb (i3U4HOI 3IIHCHEHHOCTI,
€KOHOMIYHO{ IOIUIBHOCTI Ta IOPHIUYHOI JTO3BOJICHOCTI.
Hame nocmipkeHHs 3adimae aBa 3 TPhOX Ha3BaHUX
00OMekeHb, a caMe: mo0yaoBa MOl YIpaBIiHHA 4acoM
JIO3BOJIUTB, TIO-TIEpIIIe, BU3HAYATH Ha TEePEIHBECTUIIHHII
cramii mpoekTy Horo (Qi3uuHy 3AifCHEHHICTH 3
ypaxyBaHHsSIM BXKe ICHYIOUHX B MOPT(eIi MPOeKTiB, a Mo-
Jpyre, JA03BOJHUTH JU(EPEHIIIOBATH BUTPATH Ha OIUIATy
pobo4oro 4acy BHMKOHABI[B IIPOEKTY B 3aJIEKHOCTI Bij
HEOOXI1THOCTI 3aJIy4eHHs JIOJJATKOBHX PECYypCIB.

Barato BYEHHMX OJHI€I0 3 KIHOYOBUX KOMIIETEHIIIN
Cy4acHOTO MeEHe/DKepa Ha3MBalOTh BMIHHS KepyBaTH
4acoM SIK BJIACHUM, TaK 1 iHIIKUX y4acHUKIB npoexty [8-9].
ToMy  mIpONMOHYeEMO  pO3MISHYTH  MOXIIHMBICTH 1
JIOUUIBHICTh  3aCTOCYBAaHHSI TPOEKTHOTO MiAX0Ay IO
CTpaTeriyHoro CaMOMEHEPKMEHTY.

@DopMyJIIOBAHHSI METH CTATTI

Bukian ocHOBHOT0 MaTepiany

Merta pocnipKeHHsI — TTO0YI0Ba MOJIENI YIIPABIIiHHS
4acoM B CHCTEMi  PECypCHOTO 3a0e3meueHHs
CTPATETiYHOTO MPOSKTHOI'O MEHEIKMEHTY.

3aBaaHHsa JOCHTIHKEHHS

- PO3IJIIHYTH iHAMBiTyyMa, 10 npuiiMae
VOpaBIIHCBKI ~ piMIeHHA, K  aHajora  IPOEKTHO-
OpiEHTOBAHOI opraHizarii,

- BUSBUTH  NPUYMHHO-HACHIAKOBI  3B'SI3KH, IO

MIPHU3BOIATH IO HECTadi 4acy B CTY/ICHTIB,

- BU3HAYUTH OOMEXEHHS Tpu TOOYIOBI MoOJei
YIPaBJIiHHS YaCOM CTYJICHTA,

- moOyayBaTH MOJENb YIPABIiHHS YacoM 1 JaTH
peKoMeHallii Mmoo ii BAKOPUCTaHHS.

Ilepmr 3a Bce, MOCHITUMO TIEPETyMOBH pPO3POOKH

MOJENi YNpaBIiHHSA YacoM B CHCTEMi pPECypCHOTO
3a0e3neueHHs CTpaTeriyHoro MPOEKTHOTO
CaMOMEH/IXKMEHTY.

HeBMiHHS mpauiBHUKOM €(EKTHBHO YIPaBISTH
4acoM CTOCYETBCSl HE TIIBKM OKpPEeMHX CyO0'eKTiB
TOCMO/IapIOBaHHsA, a €  HpoOJieMo0  rIoOabHUX

MaciiTabiB, IS BHPIIIEHHS SKAX BUIUISIOTHCS BEIUKI
(iHaHCOBI 1 TpPYIOOBI pecypcH oOprasizamii pi3HUX
IOpUANYHUX (GOpM 1 BHUAIB AiSUTEHOCTI. BBaxkaemo, mio
(yHaaMeHTaTbHA TPUYUHA KOPEHUTHCS B TOMY Yaci, KOJIU
criBpoOITHUK OyB IIe cTyAeHTOM. ToOTO Bke B Tepiof
HaB4yaHHid y BH3 y sromelt mposBisiOThCS MpoOiaeMu 3
JOTpUMaHHAM YacoBux Mex (dead line), BuUHHKAKOTH
CKJIQJIHOCTI BU3HAYEHHsI IPIOPUTETHOCTI, PO3YMIiHHS
TPYIOMICTKOCTI BAKOHAHHS MPOEKTIB 1 IPUHHATTS pillleHb
mpo iX  BKIIOYCHHS/BUKIIOYEHHS 10 ' TOPTQEIto
ocobuctix mpoektiB i mporpam”. IIpomnonyerbcs
OPOEKTHUH  MAXiZ [0  CaMOMEHEMKMEHTY,  SKHM
nependavae po3riisl IHAMBIAYyMa K aHajIora MPOeKTHO-
opieHTOBaHOI opraHizaiii. [Tpy boMy Ma€e Micrie OCHOBHA
xapaktepuctuka [IOO: opranizaiii, Opi€eHTOBaHI Ha
MPOEKT, 3’€IHYIOTh OpraHi3alifHi MiJli i cTpaTeriro 3
MPOEKTaMU, BHKOPUCTOBYIOYM MHOPTHENTb  MPOEKTIB,
o0paHMX 32 JONOMOTOK CHCTEMH TIPIOPHUTETHOCTI
mpoekTis [10].

JocnimkyemMo mpodiieMy pecypcHOro 3abe3rnedyeHHs
CTpaTErivHOro MPOEKTHOTO MEHEDKMEHTY Ha MpHKIai
Hee(h)eKTMBHOIO CaMOMEHEIKMEHTY CTYJEHTIB CTapllInuX
KypCciB d4epe3 BIACYTHICTh Ji€BOT MOJEi yIpaBIliHHS
4acoM B MpOIECi HABYAHHS Yy BHIIOMY HaBYAJIbHOMY
3aKIal.

[IpakTHYHO KOXEH CTYAEHT CTapIiuX KypciB
OCBITHBO-KBaJi(hiKaIiifHOTO piBHA "OakanaBp' CTUKAETHCS
3 TpobJIeMOr0 Hee(EKTHBHOIO CAMOMEHEKMEHTY Ta
BH3HAUYEHHS MPIOPUTETIB y mporieci HaB4aHHI. ChOToJIHI
JUIsl CTYZIEHTIB Jli€ LN psifi porpam, BiIKpUTO Garato
MOXJIMBOCTEH. Y TOH >ke yac 0arato CTyJIEHTIB He

npuiiMaTh  ydacti y  3axojax  (akajemidHoro,

HEOCBITHBOT'O 1 0COOMCTOrO XapakTepy) uepes Opak Jacy.
Ilepecnigyroun  MeTy  TOOyAyBaTH  MOJEINb

VIPaBIiHHSA YacoM CTYIEHTIB, BH3HAaYUMO 4YacoOBi

oOMexxeHHs. 3aranpHuil (HOHI Yacy, IO 3HAXOTUTHCS B
PO3MOPSUKEHHI CTyIeHTa, CTAaHOBUTH @ = 168 rom./Tnx.
HapuanpHuii mpomec SK OCHOBHUH BHI MisUTBHOCTI
cryaenra 3aiimae 1,5 kpeautu ECTS Ha TmkaeHs (mis
OKP "GakamaBp" 24 TOA./THXA. ayIUTOPHUX 3aHATH 1
21 roa./THXKA. CTYJIEHT Ma€ BHTpadaTH Ha CaMOCTIHHY
akageMiuHy poOoty). TobTo, akageMidHi BHUTpATH dYacy
CKJIaZIalOTh A =45 ron./Twxka. Bigmosigzo o
pexomenmanii "BcecBiTHROT opranizamii 340poB’s’ s
3I0pOBOTO CHY HeoOXigHo 8 roxun 100y [11]. TobTo, con
3aiimae C = 56 roa./TK .

TakuM YMHOM JIE OCOOMCTOrO >KUTTS, O3B,
CaMOPO3BHUTKY Ta 1HIITUX MPOIECIB 3aIAIIAETHCS:

O=Dd-A-C=168—-45-56 =67 rox./Tvmxm.

BignosigHo, 9,5 ronuH Ha JeHb IOBUHHO BUCTAa4aTH
Ha Bce. YoMy X CTYyAEHTH IOCTIHHO BimdyBaroTh Opak
yacy? Mo>KIIMBO, Lie TUIBKH 1X cy0'eKTUBHE BiaUyTTA?
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Jlnst moOymoBH MoJieni yIpaBIliHHS 9acoM MOTPiOHO
MaKCHMaJIbHO MOBHO BiOOpa3sUTH 1 pO3MEXKYBaTH B
NeBHy Kiacu(iKalliio MmpouecH i Iii, B SKUX Oepe ydacTb
LUIbOBA ayIUTOPisl JaHOTO JOCHipKeHHs. J{1s BBejeHHS
rpyn B kiacuQikaliro 4acy CTyAEHTa BUIUINMO ILICTh
cdep, B sikuX Oepe yyacTh MOJIO/Ib, BUTPAYalO4H CBiH yac:

- (hopmanbHa ocBiTa (aKageMiYHHUN TIPOIIEC);

- HeopmaslbHa  OCBiTa
KOHKYPCH, y4acTh B Pi3HHAX MIKOJAX 1 T.1.);

- colliajbHa 1 MoTiTHYHA aKTUBHICTG (y4acTh B HI'O,
BOJIOHTEPCHKHU PYX, iHIMIATHBH, KPYTJIi CTOIH, (GOPYMH,
CTYICHTChKE CaMOBPSIYBaHHS TOLIO);

- HayKOBa [isUTbHICT  (KOH(EpEeHIIii,
MIPOEKTH);

- ZI03BLJIJIS Ta 0COOUCTE JKUTTS;

- OioJtoriuHi motpedw.

KOHKYpCH,

[puyunHO-HACHIIKOBUH aHATI3

Toseing 1a
ocofHeTe KHTTA

3anexHICTE BT KOMITIOTEPHHX irop A

3aneAHICTD BT COMATBHAX Mepes

Crinkysamus 13 qpyaiun

Cinefim BIHOCHEE

Kot
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Puc. 1. liarpamMa nprHYMHHO-HACTIIKOBHUX 3B’ SA3KiB ()aKTOPiB, OB’ SI3aHHUX 3 OpPAKOM Yacy B CHCTEMi CTPATETIYHOTO

CaMOMCHECPKMEHTY CTYJ€HTa

Jnst Bi3yamizamii NPUYHHHO-HACTIAKOBUX 3B’SI3KiB
JNOCTIKYBaHUX  (DaKTOPiB 32  MPOBEICHOI  BHIIE
KJIacudikaliero BUKOPHCTaHO jiarpamy IcikaBu, ska
SBIIsIE COOOI0 TpadiuHe BMIOPSIKYBaHHSA (HaKTOPIB, IO
BILUTUBAIOTh Ha O0’€KT aHaji3y 3a MPUHIUIIOM MpHYUHA-
Hachigok. ChOTOAHI B apceHalli JOCHTIIHWKA A Psijg
MOTY)KHUX 1HCTpyMeHTIB aBromarm3amii [12, 13]. V¥
JTAHOMY JIOCIII/PKEHHI BUKOPHCTAHO IIPOIPaMHHIA MPOIYKT
Business Studio, edekTHBHICTH 3aCTOCYBaHHS SIKOTO B
CTpaTeriYyHoMy MEHE/DKMEHTI B yMOBaX €KOHOMIKHM 3HaHb
BiJ[3HAYaIOTh 0arato HaykoBIiB i mpaktuku [14-16]. Le
cucrteMa Oi3HEC-MOJICTIOBAHHS, SIKa JIO3BOJISIE CTBOPUTH
KOMIUIEKCHY HECYIepewInBy MOJeIb Oi3Hec-Tporecy
CTPATeriYHOTO YIMPABITIHHA BiJMOBIAHO 10 METOIOJIOTii
CTPYKTYPHOTO aHamizy i npoektyBanus SADT, orpumaru
pO3MOJIiN BiMOBIAATBLHOCTI 32 OCHOBHI PE3yJbTaTH ITi€l
JiSUTBHOCTI, MiATPUMYE 30aaHCOBaHY CUCTEMY
MMOKa3HHWKIB Ta Bi3yaji3allito JaepeBa IJIeH, a TaKoX
npUYrHHO-HacHiAKoBuX 3B’ s13kiB (Fishbone Diagram) mix
JOCIKYBaHUMH (PaKTOPaAMH.

Business Studio miaTpEMye METOOMKY aHai3y
HEBIAMOBIAHOCTEH, TX HACTIAKIB Ta MPUYUH BUHUKHEHHS.
FMEA (Failure Mode and Effects Analysis) [17, 18]. ¥V
Tabnm. |  HaBemeHI  pe3ynbTaTH  EKCHEPUMEHTY,
MPOBEACHOIO 13 3aCTOCYBAaHHSAM METOAY pPO3PaxyHKY
MPIOPUTETHOTO YHCJIA PU3UKY BHHUKHCHHS II€BHOT
HEBIIMOBIHOCTI:

1) BU3HAUUTH  piBeHb  3HAYYIIOCTI  MOMJIHBHX
HACJILAKIB KOXKHOI 3 HeBiAmoBigHocTell S; 3a 10-0anbHONO
IKAJIOH0;

2) ouinutH 4actory ix BuHukHeHHs O, 3a 10-
0aJBLHOIO IIKAJION0;

3) ouinutn cknmagHicte X BmsBieHHs D; 3a 10-
0aJIbHOIO IIKAJIOK0;

4) naté KiIbKICHY OIHKY KOMILIEKCHOTO PHU3HKY
HEBIJMOBIAHOCTI Yepe3 00YHMCIEHHS MPIOPUTETHOTO YUCTA
pusuxy (IT4P):

IUP, =S,0.0,, 4P = 1+1000 .
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Tabauns 1. Pesyromam excnepumenmy KinoKicHoi oyinKu npiopumemuocmi ceped npudun Opaxy uacy y cmyoenmia

Q = -
- .2 = =]
5 & S 3 5z
gE o T - A . £ =
5 82 E = = §E & o B 5
B = E E 5 E 5 = 2 B E
. N I 9 =
IIpuyuny, i E x Z 5 Z 55 £ 55 E
28 & < & E & g E 5§
g £ E g F - )
2273 S 3 S 2 i
2 2 X 5.1 z g B
A2 ke = Ry
1. ®opmanbHa ocBiTa
1.1. 6 10 3 180
1.2.1. 9 9 9 729
1.2.2. 9 8 7 504
1.2.3. 9 7 8 504
1.3. 5 7 6 210
1.4. 4 5 7 140
2. HedopmanbHha ocBiTa
2.1.1. 7 6 9 378
2.1.2. 8 7 7 392
2.2. 7 6 6 252
2.3. 6 10 5 300
2.4. 7 5 7 245
3. J103BiILIs TA OCOOMCTE KUTTS
3.1. 10 2 8 160
3.2. 9 6 10 540
3.3. 6 5 8 240
3.4. 6 2 6 72
3.5. 5 4 7 140
4. HaykoBa HisITbHICTH
4.1. 9 9 7 567
4.2. 7 3 5 105
4.3. 6 4 5 120
5. ComianbHa Ta MOJITHYHA AKTUBHICTh
5.1. 7 8 5 280
5.2. 8 9 5 360
5.3. 7 7 8 392
5.4. 7 4 6 168
6. biosoriuni motpebu
6.1. 5 9 4 180
6.2. 10 4 160
6.3. 10 3 60
ExcriepuMeHT OCHOBaHMH Ha EKCHepTHid poOoTi - "BUKOpPUCTaHHA Hee()EeKTUBHUX I1HCTPYMEHTIB Y
aBTopiB maHoi crtarTi 31 200 pecrmonmeHtamu 3 uucia  poboti" (ITYP1.2.1 =729) y xareropii "dopmaibHa
CTYICHIB OCBITHRO-KBaNi(ikaImiifHOr0 piBHA ©OakamaBp  oOcBiTa",

CcTapmux KypciB. Bi3yamizaimiss oTpumMaHOTO pe3yinsTaty
HaBeJleHa Ha puc. 2.

OTxe, POBEACHNUN aHAJ3 JO3BOJUB BHIIIUTH TPU
OCHOBHI NpUYMHM Opaky 4acy, Ha sKi Iepil 3a Bce CIij
HaNpaBUTH YNPaBJIHCHKUI BIUIMB 3 METOIO iX yCYHEHHs
a00 oM’ SIKILICHHSI:

- "BelIMKa  TPYIOMICTKICTh aHATITAYHOI ~ Ta
excriepuMmerTanbHoi pobotu” (ITYP4.1 = 567) y xareropii
"HaykoBa missIbHICTE";

- "3aJIe)KHICTD Bix COLlaJIbHUX Mepex"
(ITYP3.2 =540) y xareropii "/lozBimist Ta ocobucre
KUTTA.
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.. 160

Puc. 2. MacmtaOyBaHHs IPUYHH HEBIAMOBIAHOCTI 32 MPIOPUTETHUM YUCIIOM PU3UKY

Ha puc. 3 HaBeneHuil pe3ynbTaT NEpPEHECEHHS HAa  3py4YHY Yy CHPUHHATTI iHpOpMaliiHy tiatdopmy s
niarpamy IcikaBu po3paxoBanux 3HaueHb [TYP mpuumH  ocoOw, 110 NpHiiMae yrpaBiiHCBKI pillIeHHS.
HeBiAMOBIAHOCTI. Takuii mifXig 10 Bi3yamti3ailiss CTBOPIOE

2. Hedopmansua 1. Popuaisna
OCEITA OCEITA

3. Joseinnz Ta
OCODHETE HHTTH

il
32

Bpax wacy
¥ CTYAEHTIE

41 — ] 51 —2180 6.1 —180

3.3 =302 §
43 —12 63.
54, —168
4. Hayxosa 3. Comansta Ta 6. Bromariani
ALANEHICTE IIOIITHYHA AETHEHICTE HOTPQﬁH

Puc. 2. PesynbraT excriepumenTy 11100 BuzHadeHHs [[YP npuunu HecTadi yacy y CTyIeHTIB
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Mopenp ynpaBJiiHHSI YacOM B CHCTEMi CTPaTerivHoro

BKITIOYMMO Y MOZETh YIPABIiHHA 9acoM, depe3 X MpsiMuit

MeHezkMeHTy IIOO ab0o omocepe/IKOBaHUM 3B’S30K 13 OpakoM  dgacy.
Po3mexyemo B meBHy Kkiacudikaliio mpouecw i i, B
V  pesymbTari MOGYZOBHM JiarpaMH NpHUMHHO- IKMX  Oepe  y4acTh  LiNbOBa  ayjAMTOPis  JIAHOTO
HACIIJIKOBUX 3B’SI3KiB 6yB BUABJNEHWH psa dakTopis, ki  MOCTiIKeHH: (Tab. 2).
Tabauns 2. Knacughixayis epyn eniugy
BrnuBatoTh cTyneHTH He BrummBarots cTyaeHTH
A0, BII, H, HO4 CIIA, DO,
HJI, bIl, HO, HOq4 CIIA; D0,
HI, D0, HO, CIIA, CIIA, DOy
bIl, DO, HO, CIIA, CIIA, DO
HO, CIIA,
ne ®O; — i-ti mpuynHHK B chepi popManbHOi OCBIiTH; Pesyneratu PO3paxyHKIB, NPOBEICHUX 3
HO, — i-ri npuumsm B chepi HeopMmansHoi ocpitn; ~ YPAXYBAHHAM DEMTaMEHTOBAHNX Ta HEPETTaMEHTOBAHHX
b ] . nepepB MpH 3MiHi BUAY AiSIIBHOCTI, TaKi:
BII; — I-1i npraun B Gionoriunux notpedax; - koe(illieHT ~ EeKCTEHCHBHOCTI ~ BUKODHMCTAaHHS
CIIA; — i-Ti npuuuHA yJacTi B cepi comianpHoi Ta  JKUTTEBOTO dacy TIoka3aB 89% BHKopHCTaHHA (oHIY

MOJIITUYHOT aKTHBHOCTI;

JAO; - i-ti npuuumHE B cdepi A03BULIL i
0COOMCTOMY KHUTTI;
HJI; — i-Ti nprauHN B cdepi HAYKOBOT TisITBHOCTI;

i = {1+ 7} — npuuuHH, IKi BIAHOCATHCSA IO MEBHUX
ctep (mus. puc. 1).

Beegemo 1o moOymoBaHoi  Mojaenmi  SKICHHIM
Koe(illieHT EKCTEHCHBHOCTI BHUKOPHCTAHHS JKATTEBOTO
yacy (KeBu) i koediuient Brpar uacy (KB):

O-P
Kepy=———
o

ne ® — donx vacy, rom./THKI.;
P — pernaMeHTyBaHHS [ HEPETIIAMEHTOBAHI HIEPEPBU
TP 3MiHI BUIY JisUTBHOCTI, TO./THXK]L.;

KB:% ,
D

ne B3 — BTpatm JKMTTEBOTO dHacy, IO 3aJIeKaTb Bif
CTYJICHTA, TO./THXKI.
DaxTUUHUN PE3EPB Hacy 3 ypaxyBaHHIM BTpAT:

AK = KeBu — KB.

Iarepnperanis 3naueHs AK 3a miamazonamu:
(0,0-0,3) — xopouwmii crasx;

(0,3-0,7) — morauwii cran;

(0,7-1,0) — kpuTHUYHHIT CTaH.

Crnucok JiTepatypu

qacy;

- KoediIieHT BTpaTh okaszas 17%-By BTpary 4acy.

e Bka3ye Ha BeNHKI YacoBi HaBaHTaXKCHHS MpHU
aKTUBHOMY  BHKOPHCTaHHI  dHacy. PoszpaxoBanuit
tdaxktmaHMit  pesepB wacy AK=0,72 cBiguuTth 1po
KPUTHIHHN CTaH YIPaBIiHHS YacOM.

TakuM 9YHMHOM, 3aIPOMIOHOBAHA MOJIENb YIPABITiHHS
9acoM SIK HAMIIHHIIIAM PECYPCOM Y CHUCTEMI PECYypPCHOTO
3a0€3MeUCHHSI CTPATETIYHOTO MPOSKTHOTO MEHEKMEHTY.

BucHoBku

MIPOEKTHUHN MiAXiza o
CaMOMEHE/DKMEHTY,  SIKMi  mepepbadae  po3rimsin
IHAMBIyyMa, SKUH TpuiiMae pilIeHHs, SK aHajora
MIPOCKTHO-OPiEHTOBAHOI OpTaHi3allii.

[Ipu mpoBemeHHi anamily Ta TOOYIOBI Monemi
MPWYHHHO-HACIIIKOBUX 3B’sI3KiB OYB BUWSBICHUH PN
NPUYUH Hee(EKTHBHOTO YNPABIiHHSI YacoM B CHCTEMI
pecypcHOro 3a0e3ledeHHs] CTPaTeriyHoro IPOEKTHOTO
MEHEKMEHTY Ha IPHKIAl LIbOBOI I'pyNH CTYICHTIB,
KOXKHOTO 3 SKHX po3rmaHyTo sk a”aior 1100. Hamano
peKOMeHAaIlii 00 YAOCKOHAJICHHS IPOIECy YIPaBIiHHSA
9acoM B OCOOHCTICHOMY CTpaTerivyHOMy IUTaHYBaHHI 3a
paxyHOK BUKOPHCTaHHS MO0y I0BAHOT MOJEMI.

OtpumaHi pe3yJabTaTH MOXYTh OyTH BHUKOPHCTaHI
SK IHCTPYMEHT NPOTHIil Hee(peKTHBHOMY BHKOPHCTAHHIO
4acy B MPOEKTHO-OPIEHTOBAHMX OpraHizallisx.
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MOJAEJIb YITPABJIEHUS BPEMEHEM B CUCTEME CTPATEI'HYECKOI'O
ITPOEKTHOT'O MEHE/IKMEHTA

IIpeaMeTOM HCCIEJOBaHUS B CTAThe SIBJSIOTCS MPOLECCH BBIOOpa MmyTel MOBbIMIeH!s Y(G(EKTHBHOCTH yIIpaBICHHSI BPEMEHEM Kak
OJIHOTO U3 BXHEUIINX PECYPCOB IPOCKTOB € IO3ULMI CTPATErHYECKOro MPOEKTHOrO MeHepkMenTa. Ileb — nocrpoenne Moaean
YIpaBJIEHHs] BPEMEHEM B CHCTEME PECYpCHOTO OOECIICUeHHMSI CTPATEerHUecKOro NMPOEKTHOTO MEHEKMEHTA. 3aiadM: pacCMOTPETh
MHIUBUYyMa, IPUHUMAET YIIPABICHYCCKUE PEIICHHS, KaK aHaI0ra IIPOCKTHO-OPUEHTUPOBAHHON OpraHU3alluy; BbIIBUTH IPUYUHHO-
CIICACTBEHHBIC CBS3U, IMPUBOJALIUE K HEJOCTATKY BPEMEHHM Yy CTYICHTOB; OLPEICIUTh OIPAHUYCHUS [PU IOCTPOCHUHM MOACIU
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YIpaBI€HHUsT BPEMEHEM CTY/EHTAa; IIOCTPOUTH MOJEIb YIPABICHHS BPEMEHEM M JaTh PEKOMEHJAIHMH II0 €€ HCIIOJIb30BAHUIO.
HVcnonb3yrorest oOImeHay4YHble MeTOAbI: CHCTEMHBIN aHalM3, CTPYKTYPHBIH aHalM3, aHAJIN3 HECOOTBETCTBHM, WX MOCIEICTBUHA U
npuanH Bo3HukHOBeHHs FMEA (Failure Mode and Effects Analysis), MeToxer mpoekTHOro ympasieHms. s BH3yann3anuu
IIPUYUHHO-CIIEACTBEHHBIX CBS3CH HCCIeayeMBIX (DaKTOPOB MO MPHBEACHHOH KiIacCH(UKAIMN MCHOIB30BaHO aAnarpamMmy McukaBebl.
IMosrydeHsl ciepylolue pe3yJbTaThl. B crarbe mpeacTaBieHa paszpabOTaHHas aBTOPAMH MOJEIb YIPAaBICHUS BPEMEHEM B
JESATEIIBHOCTH  NTPOCKTHO-OPHEHTUPOBAHHONW OpraHu3anuu. lccnenoBaHue IPOBEICHO Ha Marepuaiax, /e CTpaTerH4ecKuil
MEHEDKMEHT TIPOCKTHO-OPHEHTHPOBAHHOI OpraHM3allMi PAacCMATPUBACTCS HA NMPHMEPE CaMOMEHEKMEHTA CTYJICHTAa, KOTOPbIH B
CBOIO OYEpe/lb BBICTYIACT aHAJIOTOM IPOCKTHO-OPHEHTHPOBAHHOIT opranu3auy. Ha 0CHOBE pe3yabTaToOB IPUYMHHO-CIICCTBEHHOTO
aHanm3a (GakTopoB, IPUBOIIINX K HEJOCTATKY BPEMEHHU CTYAEHTOB, IOCTPOCHA MOJIEb YIPABICHUS BpeMeHeM. Mo/Ien BKITIOUEHEI
K03((UIHEHT SKCTCHCUBHOCTH HCIIOJIb30BaHUS JKU3HEHHOTO BPEMEHH, KO (GHIHEHT OTeph BPEMEHHU U TT0Ka3aTelb (paKTHIeCKOTro
pe3epBa BpeMmeHH. [IpuKkiagHas gacTh pealn3oBaHa ¢ HCHOIB30BaHHEM NporpaMMHOTo0 mpoxykra Business Studio. BeiBoabl. Ilpu
NIPOBEACHUN aHAIN3a W IOCTPOCHUHM MOJIENIH IPHYMHHO-CICICTBEHHBIX CBs3eil ObUI BBIIBICH psA HPUIMH HEd(PPEKTHBHOTO
YIIpaBJIEHHs] BpeMEHEM B CHCTEME PECYPCHOTO 00ECIIeUeH s CTPATETHIECKOTr0 IIPOSKTHOTO MEHEKMEHTA IIPUMepe [eJIeBOH TPYIIITEI
CTYJCHTOB, K&Kl M3 KOTOPBIX PACCMOTPEHO KaK AHAJIOT IPOEKTHO-OPHEHTHPOBAHHON OpraHu3auuu. J[aHbl peKOMEHAALUH I1I0
COBEPLICHCTBOBAHHUIO MpOLEcca YNPABICHHS BPEMEHEM B JIMYHOCTHOM CTPATEIMYECKOM IUIAHUPOBAHMU 3a CYET HCIIOJIB30BAHMS
MOCTPOEHHO Mozenu. Tlony4eHHble pe3yabTaThl MOTYT OBITh HCIOJIB30BaHbl KAK HHCTPYMEHT NPOTHBOACHCTBUS HEd(DPEKTUBHOMY
UCIOJIb30BAHUIO BPEMEHH B IIPOEKTHO-OPHEHTHPOBAHHBIX OPraHNU3alHsIX.

KiroueBble cloBa: CTpaTernueckKWil MPOSKTHBI MEHE/PKMEHT, YIPaBJICHHE BpPEMEHEM, NPUYNHHO-CIIC/ICTBEHHBIH aHalu3,
IIPUOPUTETHOE YUCIIO PHCKA.

MODEL OF TIME MANAGEMENT IN THE SYSTEM OF STRATEGIC PROJECT
MANAGEMENT

The subject of research of the article is the process of choosing ways to improve time management as one of the major resources of
the projects with strategic project management positions. The goal — to build a model of time management in resource system of
providing strategic project management. Objectives: To examine the individual that takes management decisions as counterpart
project-oriented organization; to identify causal relationships that lead to a lack of time of students; to identify constraints in the
model of time management of a student; to build a model of time management and make recommendations on its use. It is used
general scientific methods, such as: system analysis, structural analysis, inconsistencies, their consequences and causes of FMEA
(Failure Mode and Effects Analysis), project management methods. To visualize the causation factors studied by the classification it
is used Ishikawa diagram. The following results are obtained. In the article, the authors developed a model of time management
activities in project-oriented organizations. Research conducted on materials where strategic management of project-oriented
organization is considered as an example of self-management student, who in turn acts analogous to project-oriented organization. On
the basis of the results of causal analysis of factors leading to a lack of time students, a model of time management is built. The model
included the use of extensiveness factor of life time, factor of loss and the actual rate of reserve of time. Applied part is implemented
using Business Studio software. Conclusions. When analyzing and building models of causality was found several reasons for
ineffective time management system of resource providing of strategic project of management on the example of the target group of
students, each of which is considered as an analogue of project-oriented organizations. The recommendations for improving the
process of time management in personal strategic planning through the use of the constructed model are given. The results can be
used as a tool for combating inefficient use of time in project-oriented organizations.
Keywords: strategic project management, time management, causal analysis, risk priority number
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A. A. KIIOUKO, A. H. IIIEJIKOBOH, B. ®@. ITAITIOBAJIOB, A. B. BEJIOBOJI, O. A. AHILBI®EPOBA

TEXHOJIOT U1 PEMOHTA M BOCCTAHOBJIEHUMSI KPYITHOMO/1YJIbHBIX
3AKAJIEHHBIX 3YBYATHIX KOJIEC METO/J1OM BBICOKOCKOPOCTHOM
JIE3BUMHOM OBPABOTKH

IIpeaveToM wuccienoBaHHs B CTaThe SBISIOTCS AaKTyalbHbIE BONPOCHL, CBA3aHHBIE C pa3pabOTKOH TEXHOIOTMH PEMOHTa WU
BOCCTAQHOBJICHUSI KPYITHOTa0apUTHBIX 3y04aThIX KOJIEC NPHUBOJOB MIAraloINX 3KCKaBaTOPOB, PYIOPa3MOJIBHBIX MEJIBHHMI], MIAPOBBIX
MmenbHUL. Ileabp — pa3paboTka HOBOM TEXHOJOTUH PEMOHTA M BOCCTAHOBIEHHME KPYNHOTaOapUTHBIX 3yO4aTBIX KOJIEC MOIYJIEM
(m=12-65 mm). 3agayeii sBISICTCS MOJMYyYCHHE rApAaHTUPOBAHHOTO KAa4yeCTBA BOCCTAHOBJICHHUSI 3y0UaThIX BEHIIOB MOCIIE PEMOHTA IPH
BBICOKOIIPOHU3BOIUTEIIFHON 00paboTke KpyIMHOTrabapHTHEIX KOJIeC, pabOTAIOIINX B arpecCHBHO abpasuBHOH cpexe. [Ipemioxken MeTo
IIPEPBIBICTOTr0 00KaTa ¢ MCIOIB30BaHUEM JVCKOBBIX HEMOAYIBHBIX (hpe3 (pa3Meps! (hpe3bl He 3aBUCIT OT MOAYJISI 00pabaThIBaeMbIX
3yObeB), OCHANICHHBIX KePAMUYCCKUMH IUIACTUHKAMH W CIEIHANBHBIMU (pe3epHBIMU CYIIIOPTaMH. MeTo MpepBIBHCTOT0 oOKaTa
HCIIOJIB3YETCsl Ha 3yOOCTPOTaIbHBIX U 3yOONUTH(OBATBHBIX CTAHKAX M 00JIaZaeT TeM MPEUMYIIECTBOM, YTO B MOMEHT pabo4yero xoaa
MHCTPYMEHTA 3ar0TOBKA JIN0O HEIOABIIKHA, THOO COBEpIIaeT HE3HAUMTEIILHBIN ITOBOPOT, T.€. 00pab0OTKa MPOTEKAET 10 CPABHEHUIO C
METOJIOM OOKaTKH, B Ooiee JKeCTKHX YCIOBHAX. Pe3ynbTaThl BHeApeHus. s peanu3aniy HOBOH BBICOKOCKOPOCTHOM TEXHOJIOTU
3y0000pab0TKK OBUIM MPHUHATHI IBa HampaBieHus. [lepBoe 3akiaodanoch B pa3paboTKe HECIOKHBIX MO KOHCTPYKIUH CIEHUATbHBIX
(pe3epHBIX CYMIIOPTOB, YCTaHABIMBACMBIX Ha 3yOocTporaibHbIX craHkax ¢upmbl "MAAG" (LlIBeiinapus). Bropoe yunTbiBano
KpaifHe Majioe YHCIIO 3aBOJOB, MMeromux craHku ¢upMmel "MAAG", U motoMy npeaycMaTpuBaio pa3paboTKy, M3TOTOBICHHE U
BHEJIPCHUE HA 3aBOJAX CIICIHAIBHBIX (pPEe3epHBIX CYMIIOPTOB K IMIMPOKO PacHpPOCTPAHEHHBIM BEPTHKAIIBHO-3y00(ppEe3epHbIM CTaHKAM.
BHenpeHne HOBOW TEXHOJIOTMHM PEMOHTa M BOCCTAHOBICHHUS 3yOaTbIX KOJEC IPH YHCTOBOH 00pabOTKe 3aKaleHHBIX KOJeC C
HCTIONB30BAHMEM 3y0OOCTPOTaJbHOTO CTAaHKAa MPOU3BOAMIOCE B  MPOU3BOJCTBEHHBIX YCIOBHSX TIpH 00paboTke Koiec

IICEB/IOIUIAHETAPHOTO PEyKTOpa CO CICAYIOUIMMI XapakTepucTikamu: M =28 mm; ; =1; 7, =24; 73 =32; b=400; B, =0°;

cranb 34XMIOA; HRC 48...54. Ilo cpaBHEHHIO ¢ TpoleccoM 3yO0onumn(oBaHUs, MPU KOTOPOM B TOBEPXHOCTHOM CJOC JIETAJIH
CO3Jal0TCS PACTATHBAIONINE HANPSDKEHMS, JIe3BHitHAsT 00paboTka Hambousiee OnaronpusitHa. CKMMAIOIIUE HANPSDKSHUS MOBBIIIAIOT
N3HOCOCTOHKOCTD AeTajeil, KOHTPAKTHYIO M N3THOHYIO IIPOYHOCTB 3y0uaThiX nepenad. BeiBoabl. [IpombinuieHHOE BHEpEeHNE HOBOH
TEXHOJIOTHH JIE3BUIHO 3y0000pabOTKH PEMOHTHBIX M BOCCTAHOBJICHHBIX KPYITHOTa0ApUTHBIX 3yOUaThIX KOJIEC MO3BOMAET B 3—4 pasza
CHHM3UTH TPYJOEMKOCTh YHCTOBOM OIEpalliy, a TAaKkKe HCKII0YaeT HEOOXOANMOCTh MPHOOPETEHHs [0 UMIIOPTY JOPOTOCTOSIINX U
MaJIOIIPOU3BOANTENIEHBIX 3yOONUIN(OBAIBHEIX CTaHKOB. IIpH 5TOM Ka4yecTBO IIOBEPXHOCTH 3yObeB BBINIE, YeM B Clydae
3ybonumdoBaHus, T.K. NCKIIFOYAIOTCS Takne Ie(eKThl, KaK IPHIKOTH, MUKPOTPEILUHEIL.

KiioueBble €lI0Ba: TEXHOJIOTMM PEMOHTa M BOCCTAHOBICHMS, KPYIHOrabapHTHBIE 3y04aThle Kojieca, METOJ MPEPHIBUCTOTO
o0KaTa, IMCKOBBIC HEMO/YJIbHBIC (DPE3bl, BHICOKOCKOPOCTHAS TEXHOJIOT UL, CHELHaIbHbIe pe3epHbIe CYNIOopTa.

BBenenne HEOOXOMUMOCTH TIOCJIC HAHECEHHUS KaXIOro BallMKa
THIATENLHO BBITMOJHITh 3a4UCTKy BHAQJWHBI 3YObEB OT
PaspaboTka TEXHOJIOTHU PEMOHTA n 1aka [1]. W mpu  COBpeMEHHBIX HMHHOBAIMOHHBIX

TEXHOJIOTHSIX PEMOHTa M BOCCTAHOBJIEHHsI 3yObeB KOJIEC,
HAIUTaBKy BEJET C TIOJIOKKON B 2—4 €J051, B 3aBUCUMOCTH
MaTepuana 3y04aroro Kojeca W TpeOyeMBIX

BOCCTAHOBJICHUSI KPYIHOrabapuUTHBIX 3y04aThIX KoJiec
[IPUBOJOB IIAralOlIMX H5KCKABAaTOPOB, PYIOPa3MOJIbHBIX
MEJbHMUII, NIAPOBBIX MEJIBHULL AJIA IIOMOJIA YT sBiserca  OT

aKTyaJIbHBIM HalpaBJICHUEM H3-32 OTHOCHUTEJIBHO MaJIOro
CpoKa CiIyKObl KoJyiec, paboTalIUX B AarpecCHBHO
abpa3uBHOW  cpele, H, TPH  3TOM,  BBICOKOH
ce0eCTONMOCTBIO M TPYIAOEMKOCTBIO HX H3TOTOBJICHUS.
TeopeTndyecky NpH TaKOM 3HAYMTEIHLHOM YHCIE 3yObeB
(200...400), moxynem ot 12 1o 65 MM M3HOLIEHHBIE 3yObs
KOJIEC MOXHO BOCCTAaHOBHTh C TIOMOIUBIO YIJIOBOW
KOppEKIIMM, HO C H3rOTOBJIEHHEM HOBOM Beayllen
LIECTEPHH MPH TOCTOSIHHOM MEXIEHTPOBOM PACCTOSHUU.

AHanu3 JIUTEPATYPHLIX JAHHBIX U MOCTAHOBKA
npoodIeMbl

IIpu peBepcuBHOII paboTe KpymHOrabapUTHOTO
3y04aTroro Kojeca 3y0 HW3HAIIUBAETCS IO JIEBOMY |
npaBoMy npoduiIo, CMEIIEHHe HHCTPYMEHTa IpH
BOCCTaHOBJICHUM JUIsI MOAYJIsT M =28 MM MOXET
coctaBmsite h =30 MM, YTO HEIOMYyCTHMO YMEHBIIUT
CeUCHHE M IIPOYHOCTH OCHOBAaHUS 3y0a M Hapy>KHbIH
JIuamerp 3yOuyaroro BeHIA. PeMOHT M BOCCTaHOBIICHHE
3yObeB HAIUIABKOHM IO/ CJI0eM (JII0Cca YBEIHMYMBACT BPEMs
HAIJIaBKH M3-32 MAJOH AJIMHBI HAIUIABIAEMBIX BAJIMKOB H

MapaMeTPOB TBEPIOCTH IMOBEPXHOCTHOTO CJIOS 3yOBbeB
KoJIec.

[IpuMeHeHHEe  TEXHOJNOTHH  3JCKTPOILIAKOBOU
HAaIIaBKA 3yOBEB C HCIOJB30BAHHUEM  ILIABSIIETOCS
MYHJIIITYKa U1 KPYHMHOTa0apUTHBIX KOJIEC BEBI3BIBACT
nedopmanuu 3yopeB [1]. Tlpu HarmuiaBke H3HOIIEHHBIX
3yObeB B cpele YIJICKHCIOro Ta3a C MOCIeAyIomen
MEXaHUYECKOI 00paboTkoit BEHLIOBBIX KOJIEC,
M3TOTaBIIMBAEMbBIX U3 JIUTOU CPEIHEYTIEPOIUCTON CTaIU
¢ conmepxanue yriepona (0,4...0,5) % wuz-3a OpicTporo

TEPMUYECKOIO HArpeBa W OXJIAXKIACHUA BO3MOXHO
MOSABJICHUC 3aKaJIOUYHBIX CTPYKTYD C BBICOKOH TBEPAOCTBHIO
n HHU3KOI INIACTUYHOCTBIO. HpI/I HaJIO)KCHUU

MOCJIEYIONINX BaJIMKOB TEMIIepaTypa HarpeBa 3TOiH 30HEBI
HE BBIIIIC KPUTUIECKOM, TOITOMY MEPEKPUCTAILTH3AIMA HE
NPOUCXOUT, a 3(PQEeKT OTHmycKa NposBIseTcs cyabdo.
HccnenoBanne MHKPOCTPYKTYPBI U MHKPOTBEPIOCTH B
mpoIiecce  AKCIEPUMEHTAJIBHOTO  Moabopa  peknma
HAIUIAaBKA ~ TOATBEP)KAA€T  BO3MOJXKHOE  IOSBICHHE
Y9acTKOB TOMIUHOM 10 0,3 X 5 MM ¢ TBEpAOCTHIO CBHIIIIE
HRC 48-63. PexxuM HarulaBKY MEPBOTO BAIMKAa M BPEMS
HATOXKECHUS CJICIYIOIIETO CIOSI TIOJOMPAIOT TakK, YTOOBI
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MOSIBICHHE  3aKaJIOYHBIX  CTPYKTYp  MaKCHUMAaJbHO
UCKIIOUUTh. OOCCIEeUYnTh TaKUE YCIOBUS MOXKHO, CCIU
mepel HaJOXEHHEM BTOPOrO BaJlMKa TeMIepaTrypa
y4acTKa 30Hbl TEPMUYECKOTO BIUSHUSA PSAJAOM C JIMHHEH
CIUIaBJICHUS He OyIeT HWXKe TeMIepaTypbl Havaia
MapTeHCUTHOTO NpeBpalieHus. Harpes mnocienyrommumu
BaJIMKaMU OOCCIICYHT pacraji ayCTeHUTa ¢ 00pa3oBaHUEM
(heppuTO-TICPIUTHOMN CTPYKTYPHI. Hamnnasky
PEKOMEHIyeTCSl TPOU3BOAWTH ToiayaBTOMaToM AS5S37 ¢
ncrouHukoM nuranus BJIY505. HamnaBounas nmpoBoJioka
Cs 08I2C gmamerpom 1,6 MM. Pexum HamiaBku:
HampspkeHne 26 B; cmapounsiii  Tok (250-300) A;
CKOpOCTh HariaBku okojo 230 /4. Iocne HammaBku
3yObsi TPEABAPUTEIBHO 3aYHIANUA JUIsI TOJATOTOBKU K
MPEBAPUTEIFHON M OKOHYATECIbHONH 00paboTke Ha
3y00(pe3epHbIX CTaHKaX IOBBIIICHHOW HAJCKHOCTH C
MPUMEHCHUEM CIICHHAJIbHBIX TEXHOJIOTUM U JE3BUMHOTO
uHctpymeHnTta [1] ¢ dopmupoBaHueM BHaaMHBI 3y0a IO
BEICOTE.

]_Ie.]'lb H 3aJa4Y4 HCCJIC10BaAHUSA

B cBasu c T1em, uyTo TOKeEdble 3yOodpesepHbe
CTaHKM 1O KECTKOCTH W  OBICTPOXOJHOCTH  HE
IpeAHa3sHAa4YeHbl U1 paboTBIl  METOJOM  OOKAaTKH
TBEPOCIIIIABHBIMHU YEPBSUHBIMH (hpe3amMH, a TaKKe M3-3a
CPaBHHUTEIILHO HEBBICOKOW CTOWKOCTH HCIIOJIB3yEMBIX
OTE€YECTBEHHBIX TBEPJABIX CIUIABOB, IPOHU3BOACTBEHHBIN
OIBIT psila 3aBOJOB IOKa3all, YTO TOYHOCTh 00pabOTKU
kojec (m >12 MM) Mo HOpMaM TUTABHOCTH U KOHTAaKTa HE
npeBeimaer  10-12-oif  cremeHedl = TOYHOCTH IO
I'OCT1643-81 [2, 3, 4].

[TosToMy 11 IpeABApUTENHFHOTO U OKOHYATEIFHOTO
poxoa 3y0000paboTKH Kojiec KPYIMHOro MoAysst (m=12-
65 MM) TpeUIOKeH METOJ NpEephIBUCTOrO oOKaTa ¢
UCTIONIb30BAaHMEM  JINCKOBBIX ~ HEMOJYNBHBIX  (pe3
(pa3Mepbl Gpe3sl He 3aBUCAT OT MOy 00padaThIBaeMBIX
3yObeB), OCHAIECHHBIX KEPAMHUUYECKUMH IUIACTHHKAMHU H
crenHatbHBEIMA (pe3epHble cymmopTa [1]

Merto TpephIBUCTOTO 00OKaTa HCHONB3YeTCsl Ha
3y0OCTpOrajbHbIX W 3yOoULTH(OBAIBHBIX CTAHKAX H
obnagaeT TeM NPEUMYIIECTBOM, YTO B MOMEHT pabouero
X0[a MHCTPYMEHTA 3aroTOBKa OO HEMOJABHKHA, JHOO
COBEpIIIAacT HE3HAYUTEIBHBI MOBOPOT, T.c. 00paboTKa
MPOTEKaeT 10 CPaBHEHUIO C METOAOM OOKaTku, B Oojee
KECTKUX YCIOBHSX.

Kpome TOro, mpu 3TOM METO/E YacTOTa BpAlllCHUS
MHCTPYMEHTa HE CBs3aHA KHHEMAaTHYECKH C YacTOTOU
BpAllleHHs] 3arOTOBKH, YTO TMO3BOJISET HCIOIB30BaTh B
Ka4eCTBE  PEXKYIIMX  MATePUAIOB  KEpaMUKy U
CBEpXTBEp/bIC Marepuaibl, T.e. YBEIUYUTh CKOPOCTh
pesanus B 3—4 paza (mo 5-8 M/cek) W oOeCIeunuTh
MOBBIINICHUE  TPOU3BOAUTEILHOCTH  OOpabOTKH  TIpH
BBICOKOM Ka4yecTBE 00paOOTaHHOW MOBEPXHOCTH 3yOBCB.
O6paboTKa MPOXOAUT NPH YBEIHYSCHHOM IO CPABHEHHUIO C
YEPBIYHOMI ¢bpe3oi, KOJINYECTBOM pe3oB,
MPOGUINPYIOMKUX DBOJHBCHTHYIO IMOBEPXHOCTH 3yObEB,
410 (OPMHPYET BBICOKYI0 HMX TOYHOCTH M HHU3KYIO
[IEPOXOBATOCTb.

MaTepnam,l M MeTOAbI HCCJIeT0BAHMIA

Jns  peanmzaniu  HOBOW  BBICOKOCKOPOCTHOM
TEXHOJOTH  3y0000paboTKM  OBUTM  TPHHATHI  JBa
HampaBieHus. IlepBoe 3akmiovasock B pa3paboOTKe

HECJIOKHBIX 10 KOHCTPYKIMH CHELHUaIbHBIX (PEe3epHBIX
CYNIIOPTOB, YCTAaHAaBIMBAEMBIX Ha 3y0OCTpOTANBHBIX
crankax ¢upmer "MAAG" (Ulseitmapus). Btopoe
YUUTBHIBAJIO KpaiiHe Majioe YHCIIO 3aBOJIOB, WMEIOIINX
cranku ¢upmbl "MAAG", 1 motoMy npeaycMaTpuBalio
copmectHo ¢ OAO "K3TC" (r.Komomua) pa3pabotky,
W3rOTOBJICHHE W BHEJpPEHHE Ha 3aBojaxX OTPSICIH
CHelUajbHbIX  (PE3epHBIX  CYNIOPTOB K  LIMPOKO
pacIpocTpaHeHHBIM BEPTHKAIBHO-3y00(]pe3epHbIM
craHkam [2, 5, 6, 8].

Jus obomx HampaBieHHH ObUTa BEIOpaHa HanbOoee
npocTast 10 peaIu3ali CXeMa pe3aHusi, IpeICTaBIeHHas
Ha puc. 1.

Puc. 1. Cxema pe3anus Ajsl ClelUaIbHBIX CYIIIOPTOB.

7
,‘*‘02

1 — HavankHOE MOJIOKEHNE KOJIeca, 2 — KOHEYHOE ITOJIOJKEHHE KoJjIeca Iocye O6pa60TKI/I OJHOT'O Hpoq)HHH

CorjacHO CXeMbl, B Ka4eCTBC CTAHOYHOH JIMHHUU
3aleIUIeHUs] Tapsl WHCTPYMEHT-AETajdb HCIIOJB3YeTCs
HOpMaib K  3BoibBeHTam  PK,  pacnonoxxennas
ropu3oHTaIbHO. [TpodunpHBINA yroi 3yObeB HHCTPYMEHTA

— 71uckoBOH Qpespl, Ommok k o, =0". ®pesa B
MEepPBOHAYAIIBHBI MOMEHT O0OpabOTKM PACIOJIONKEHA CO
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CMCIICHUEM OTHOCHUTCIIBHO OCH KOJIECa Ha pPacCTOAHHUH
|0 , OIPEACTIACMOM I10 3aBUCUMOCTH

rae I, — paauyc OCHOBHOI OKPY>KHOCTH 3yObeB Kouleca;

o, — yroi npoduis SBOJILBEHTH Ha BEPLIMHE 3y0a.

O0paboTka mpaBoii U JIeBOi OOKOBBIX MTOBEPXHOCTEH
3yObEB KoOJieca OCYIICCTBISICTCS pa3ieibHO, 00paboTKa
BeJIEeTCs 3a JIBa MOAX0/1a.

BriOpaHHas cxema T03BOJIIET OCHACTUTH JUCKOBBIC
¢bpe3bl 4-X-TpaHHBIMU KEPAMHUYCCKHMHU ILIACTUHKAMH C
pazmepamu  12,7x12,7 MM uWIuM  dJIEMEHTaMU U3
CBEpPXTBEPAbIX MaTepuanoB. VHCTpyMEHT Ipu 3TOM HE
TpeOyeT 3aTOYKH, yMOOCH B OKCIUTyaTallid M PEMOHTE.
Tak xak 00paboTKa YBOIBBEHTHBIX IMOBEPXHOCTEH 3yOBeB
MIPOU3BOJUTHECS MPAKTUUECKHM OJHUMH M TEME IKe
y4acTKaMH IUIACTUH, TO O5TO IIOBBIIIAET TOYHOCTh
00paboTku npoduiis 3yObeB.

Ha pumc. 2 mokazana pabodass KOHCTPYKIIHS
CHEeMANbHOIO  CYNIOpTa,  yCTaHABIMBAEMOTO  Ha
3ybocTporanbHbeix cTankax [7, 9, 10]. CynmopT cocTout
U3 DJEKTpoJBUTATENsd 1; KIMHOpEMEHHOH mepenadu 2,
mnuHAens 3, AuckoBoi ¢pessl 4, OMOPHOM IUIMTH 5.
®pe3epHbI CYNNOPT yCTaHABIMBAECTCA Ha ION3YHE
CTaHKa B3aMEH CYMIOpPTa, HECYLIEro 3y0OCTPOrajIbHYIO
rpebeHKy. B 3aBHCHMOCTH OT TOTO, KaKyl0 CTOPOHY

3yObeB  HeoOxomumMo  oOpaboTaTh, Ha  CYIIIOPTE
yCTaHaBJIMBAIOT ¢bpesy JIEBOPEKYIIYIO i
MPaBOPEKYIILYIO.

B mpomecce 06paboTkm auickoBas (pesza coBepiiaet
BO3BPATHO-TIOCTYMATEIFHOS  JBIDKCHHE  BBEPX-BHU3,

AHAJOTUYHO JBMKEHUIO 3y0OCTPOralIbHOM IpeOeHKH.

[Tocne o0OpaboTku oxHONH OOKOBOI IOBEPXHOCTH
BCeX 3yObeB Kojieca Ha CYNIIOpTE MEHsIeTCs, Halpumep,
JeBopexymas ¢pe3a Ha IPABOPEKYILYIO, H3MEHAECTCS
HarpaBjeHUe BpAIlEHHUs W XOJ Kojeca Ha OOpaTHble U
HPOU3BOAUTCS 00paboTKa Ipyroil GOKOBOW MOBEPXHOCTH
3yObeB.

Puc. 2 — Pabouast KOHCTPYKIIHS CIIEIICYIIIOPTa K 3y0ocTporanbHoMy cTaHKy Gupmsl "MAAT™:

1 — knMHOpeMeHHHas mepenaya; 2 — IMUHLEb; 3 — IUCKOBas ¢pe3a; 4 — omopHas IUINTa; 5 — Gpe3epHbId cynmnopT
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Pe3yabTaTshl Hccjieq0BaHU

TlepBuuHOe BHEApPEHUE HOBOM TEXHOJIOTHMH PEMOHTA
U BOCCTAaHOBJICHHS 3y0aTbIX KOJEC TIPH YHCTOBOH
00pabOTKEe 3aKaJCHHBIX KOJEC C  HCIIOJh30BaHHEM
3y00CTpPOTaILHOTO CTaHKa MIPOU3BOIUIOCH B
MIPOU3BOJICTBCHHBIX YCIOBUSAX TIPU 00pabOTKe KOJIeC
MICEBJOIIAHETAPHOTO  PEAYKTOpa CO  CIEIYIOIIMMHU
XapakTepucTukamu: M =28 mM; z; =1; 7, =24, 73 =32,

b =400; B, =0"; crams 34XMIOA; HRC 48...54.

3y6000paboTka MPOBOAMWIACHE Ha 3yOOCTPOTaTHbHOM
craake (puc. 2) ¢upmer "MAAT™" (IlIBetinapus) Moaenu
HS-450/500.

CorjgacHO TEXHHYECKHMM TpeOOBaHUSAM, TOYHOCTh
KOJIeC JOJDKHA OBUIa COOTBETCTBOBATH IO HOpMaM
KHHEMAaTHYECKOM TOYHOCTH, IJIABHOCTH M KOHTaKTa — 8-t
cTemeHd. Bmecte ¢ TeM, B CBS3M C BBICOKUMH
TpeOOBAaHUAMHI TIO0 W3THOHOW W KOHTAKTHOW MPOYHOCTH,
nuTAOBKa 3yObEB, C LENBbI0 HCKIIOYEHUS IPIDKOTOB U
MHUKPOTPEIINH, HE TOITYCKAJIACh.

Pexumer  pesanms  mpu
HCTIOJB30BaJIHCh CIICAYIOMIHE.

YeproBoii poxoj: riryouna pesanus — 0,4—0,6 mm;
YHCIO JBOWHBIX XOIOB HMHCTPYMEHTa 3a OIUH IIHKII
00pabotku — 80; CKOPOCTH ABIKCHUS MOI3yHA — 6 M/MHH;

0o0paboTke  KoJec

gacrora BpamieHust ¢pessr — 250 wmwmH-1; CcKOpOCTH
pesanus — 320 M/MuH.

YucroBoit mpuxon: riryomna pesanus — 0,3 mw;
YHCIJIO ABOMHBIX XOJ0B MHCTPYMEHTA 3a LIUKJI 00paboTKu
— 80; ckopoCTh JBM)KEHHMS IOJI3yHAa — 6 M/MHUH; 4acToTa
BpamieHus ¢pe3sl — 250 MuH-1; cKopocTh pe3aHust —
320 M/MuH.

OO6paboTka Benach 0€3 MPUMEHEHHS CMa3bIBaroOIIIee-
OXJTaXIAIOMNX >kuakocTeil. Hanmpasienne ¢pesepoBanHust

BCTpEUHOE.
IIpomecc  00paboTKM TpOTeKand IUIaBHO, 0e3
BUOpaLMii HMHCTPYMEHTa, CYOIOPTa H  3arOTOBKH.

MamuHHOe BpeMsi 00paOOTKM COCTaBMJIO § YacoB.
MakcuManbpHBIi  HM3HOC IUIACTUH  MOCHE  YHCTOBOTO
npoxoja He npesslain 0,2—0,3 mm.

KonTponbs nmapamMeTpoB TOYHOCTH 00pabOTKH KoJiec
NPOM3BOJUIICS  C  HUCIOJb30BAaHMEM  CJIEYIOIINX
npuOOpOB: YHUBEpCAIbHAsi U3MEPHUTENIbHAS MalllMHA MO/,
PSFU-1600 ¢upmbr "Knunrensoepr" (®PI'), naknamHoi
npubop A8 HM3MEpPEeHHsl IIEePOXOBATOCTH IIOBEPXHOCTH
¢upmer "CyprpoHuk" (AHrims). Pe3ympTaThl M3MepeHui
MpeCTaBJICHEI B Tabmme 1.

Ha puc. 3 mokasaHn oOmmii BHI 3aKaJIeHHOTO
3ybuyaToro komeca M =28 MM, Z =24, 06paboTaHHOTO

10 HOBOM TEXHOJIOTHH.

Puc. 3. 3y6uaroe xomeco M = 28 My, Z; = 24, 06paboTaHHOE 10 HOBOII TEXHOIOTUH JIE3BUHHOI 06pabOTKH

OO0cy:knenne pe3ybTaToOB

Jns uccnenoBaHus KauecTBa MOBEPXHOCTHOTO CIIOS
U3 3yObeB 00pabOTaHHBIX KOJEeC OBUIM BBIPE3aHBI
oOpasusl. HerpaBieHble o0pasmbl 3yObeB IOMENIAIH B
MeTaorpapuIecKuid MHKPOCKOIT "Neophot-21"
(AHrnus). B pesynpraTte BH3yaJbHBIX HaOJMIOAEHUH Ha
00pabOTaHBIX  TOBEPXHOCTSX MPIKOTH HE  ObUTH
oOHapyXeHBl. MHUKpPOTPENMHBI W JIpyrue JIedeKTHI
oOHapyxeHbl He ObuTH. TpaBiieHne o0pasioB 3yObeB, a
TaKke 1UIMGOB MpoBoawioch B 4 % pacTBOpe a30THOM
KHCJIOTHI B 3THJIOBOM CITUPTE.

Ha  TtpaBmenneix  oOpasmax  NpwkoOTH |
MUKPOTPEIIUHBI 00HApYKeHBI He ObuH [2, 8, 11].

Mertammorpaduaeckne  HCCIeqOBaHUS — 00pas3IoB
(mmdoB) MO3BONMMIN CHIENATh CIEAYIOIINE BBIBOJBIL:
CTPYKTypa 00pa3iioB GeppuUTHO-TIEPIUTHASL.

[ToBepxHOCTHasT MHKPOTBEPIOCTh H3MEPSUIaCh Ha
npubope "TIMT-3" npu Harpyske 20 rc MHTEPBAJIOM IO
riy6une 0,02mMM.

W3mepeHnss MHUKpPOTBEpAOCTH TNOKa3aJd HaJIM4YHe
HakJienmaHHoro cnost rimyomunort 0,04 (HO,196 = 2260-
2340H/mm2).  PesymbTaThl  3aMepoB  IPUBEICHBI B
Tabnuue 2.
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Tabmauna 2. Muxpomeepoocmsb 0bpasyos 3y06ves

I'mybuna 3amepa, MM 0,02 0,04 0,06 0,08 0,10 0,12 0,14
Muxkporsepaocts, MITa 2260 2340 2040 2040 2040 1950 1950
Hanuune Haknena cBUIETENBCTBYET O IPUCYTCTBUH IIpombllsIEHHOE BHEOPEHHE HOBOW TEXHOJIOIMH
B TIIOBEPXHOCTHOM CJIO€ OCTAaTOYHBIX HANpsDKEHWH  JIe3BUIHONH 0Opa0OTKM  3aKalleHHBIX KOJieC TI0CIe

COKATHS.

ITo cpaBHEHHIO ¢ TTpoIieccoM 3yOonuIr(OBaHUS, TIPH
KOTOPOM B IOBEPXHOCTHOM CJIO€ JAETall CO3/AI0TCs
pacTITHBAOIINE HANIPSDKCHHUS, JIE3BUITHAasE 00paboTKa, Kak
BUNM, Oosee OnaronpusitHa. CKMMAarOIUE HANPSHKCHUS
MOBBILIAIOT M3HOCOCTOMKOCTH JAeTajel, KOHTPAKTHYIO U
M3rUOHYI0 IPOYHOCTH 3y0UaThIX Mepead.

HAIUIAaBKH C MCIIOJIb30BAaHUEM 3yOOCTPOraibHBIX CTaHKOB,
OBIJIO TaKXKe TPOBEACHO JIJIsl BEHIIOB THAMETPOM JIO 8 M.

Ha puc. 4 nmokaszaHa NpUHIMIIHAIGHAS KOHCTPYKIIHS
CIIELMAIIEHOTO cymropTa K BEPTHKAIBHO-
3y00dpe3epHOMY CTaHKY.

Puc. 4. IIpuaiumuansHas KOHCTPYKIHS CIIEIICYIIIIOPTA K BEPTHKATBHO-3y00(pe3epHOMY CTaHKY

Cymmopt (puc. 4) COCTOMT U3 OCHOBaHUA 1,
MIPUCOETUHIEMOr0 K KOJOHE CTaHKa, I[ONepedHOi
TpaBepcHl 2, Ha KOTOPOH pa3MelleHa MHCTPyMEHTaJIbHas
KapeTka 3, ¢ MHAWBUAYAJIBHBIM MPUBOJIOM 4 M TUCKOBOI
¢bpe3soii 5.

TanrennuanpHoe nepememienue V,, TpaBepchl 2
OCYIIECTBJIIETCSI C IIOMOINBIO XOJOBOTO BHWHTa 6, a
BO3BPATHO-TIOCTYMATENbHBIE TEPEMENICHUS BBEPX-BHU3
Vy, KXaperku 3 ¢ MHCTPYMEHTOM OCYILECTBISETCA C
MOMOILBI0  BBICOKOMOMEHTHOTO  JJIEKTPOABHIaTeNs U
mrapukoBoif BuHTOBO#H mapsl (ILIBIT) 8 [2,3].

I[lo TexHmyeckoMy 3amaHWIO OBIT HM3TOTOBJICH

CHeNMaNbHBIM cymmopT (puc. 5) K BEpTHUKAIBHO-
3ybo(dpesepHoMy cTanky mon. SA34211.

TexHuueckass ~ XapakTepUCTHKa  CIIEICYNIOpTa
cnenyromas:

1. lnameTp oOpabaThiBaeMbIX 3y0UaThIX KOJIEC, MM:
- HanOonpumi — 1500;

- Hanmenbwmit — 300.

2.HaubonbIas muprHa o0padaTeiBaeMbIX KOJIEC, M:
- npsimo3y0bix — 500.

Koco3y0bix ¢ yriiom HakinoHa 15°— 400.

3. HauOonpmmii yrom HakiioHa 00pabaThIBacMBIX
3y0ObeB, rpamxyc — 15°.

4. HauGounpiuuii Moaysib 00pabaThiBaeMbIX KOJIEC,
mm — 30.

5. Yacrora Bpamenus ¢pess, o6/mMmun — 1875
(3,1cex™).

6. HauOonpmas BepTUKaNbHas momada (pessl,
mm/mMuH — 15000.

7. HaubonpIee KOJIMYECTBO pe30B Mpu 00paboTke
9BOJIBBEHTHI 3y0a — 60.

8. duamerp dpe3ssr, mm — 450.

Hacroiika w Hamamka craHka Tnpu pabote
CHELCYNNOPTa MNPOM3BOIUTCS TaK e, KaKk M Ipu
Hape3aHuW KOCO3YObIX 3yO4aThlX KOJEC METOJOM
CAUHUYHOTO ACJICHUSA.

O06paboTtka 3yObeB TIPOUCXOJTUT pu
COTJIACOBAHHBIX  JIBW)KEHHMSAX  BpallleHHs CcTolla ¢

3arOTOBKOM U TaHT€HIUAJIBHOIO NMEPEMEIIEHUS] KAPETKH C
HHCTPYMEHTOM.
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Puc. 5. O6pabotka 3akaneHHOro kojeca M = 20 MM, Z = 29 ¢ UCMIOIB30BaHUEM CIICLMAILHOTO CYNIIOPTA JUIsl BEPTHKAJIBHO-
3ybodpesepHoro cranka moj. SA34211

Cynmnopr npeaHasHavajics, B IEPBYIO O4Yepelb, Ul
YUCTOBOH 0OpabOTKM BOCCTAHOBJICHHBIX 3aKaJICHHBIX
KOJIeC ¥ IPUBOJHBIX HIECTEPEH PYAO- U yIIIEPa3MOIbHBIX

MENIBHMI] B3aMeH 3yOonuIM(OBaHMS M C  IEJIbIO
HCKJIIOUEHUS KOOTepaluu MPOM3BOJICTBA i
proOpeTeHus HMIIOPTHOTO JIOPOTOCTOSIIIIETO

3y0onumndoBaTLHOTO0 000PYAOBAHHUS.

CornacHO TPHUHATON cxembl pe3aHus (puc. 1) s
00paboTKH TPaBOW WM JIEBOM OOKOBBIX MOBEPXHOCTEH
3yObeB-yCTAHABIMBAIOT U 3aKPEIUISIOT B CIELUAIbHOM
CYIIIOPTE, COOTBETCTBEHHO, NTPABYIO WIIK JIEBYIO (pesy.

JuckoBble ¢pe3sr OJTHOCTOPOHHET0 "
JIBYXCTOPOHHETO Pe3aHMsl ObLIN OCHAIIEHBI 4-X TPaHHBIMH
MOBOPOTHBIMM IUIACTHMHAMU pasmepoM 12,7x12,7 mm, u3
kepamuku Mmapku BOK-71.

OO0pabaThIBaIHCh 3aKallcHHBIE 3yO4aThle KoJjieca CO

clienylolel XxapakTepucTHkod: m = 20mM; z, =29;
b =420 mm; By =5738'; cramb 45; HRC 50...55.
YucroBoe 3y0OHape3aHue OCYILIECTBIISLIIOCH

BCTPCYHBIM W TMOITYTHBIM (bp€3epOBaHI/I€M Ha Ka)KL[LIﬁ
HBOﬁHOﬁ XO04 UHCTPYMCHTA 0e3 U3MEHEHHS OXJIAXKACHUS.

Pexxnmbl pesanust, clieayronye:

- ryouna pesanus — 0,25-0,35 mMm;

- YHCJIO IBOWHBIX XOJI0B HHCTPYMEHTA 32 OJIUH ITUKJI
ob6pabotku — 80 1B.X.;

- CKOPOCTb ABIDKCHHS MOJ3yHA — 6 M/MUH;

- yactoTa BpamieHus ¢pessl — 250 mun-1,

- CKOPOCTb ~ MepeMelleHHs  HWHCTPYMEHTAJIbHOU
KapeTK 8 M/MHUH.

MammuHHOe BpeMs 00pabOTKM KoJjieca COCTaBHIIO
6uacoB, uTo B 6-7 pa3 MEHbIIIE, YEM B CIIy4ae MPUMEHEHUS
3yoonumndosanus. [lo pazHOCTH COCEITHMX OKPY)XKHBIX

maroB  3yObeB W  Imary  3aleIuieHdus  KOJIECO
COOTBETCTBEHHO T-1 CTETIeHU TOYHOCTH o
I'OCT  1643-81. IllepoxoBatocTh  00pabOTaHHBIX

MOBEPXHOCTEH 3yObeB HaxoJuiach B mpexpenax Ra 2,5—
1,25 MKM. YCTaHOBJICHO, YTO HOBBIH TEXHOJIOTHYECKUN
MPOIIECC YHUCTOBOW 3y0000pabOTKM MO TOYHOCTH H
Ka4ecTBY HE ycTymaeT 3yoounumudoBaHuio, HO B 6—7 pa3
Ooxee MIPOM3BOTUTEIICH u HCKITIOYaeT B
MIPOU3BOJICTBEHHBIX YCIIOBUAX AO "C3TM"
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nprodpeTeHne o HUMIOPTY TSDKEJIBIX
3yOonuTQOBAIBLHBIX CTAHKOB.
Jdnst  cokpalleHHs BCIIOMOTaTENbHOTO BPEMEHH

3y0000pabOTKH 3a CYeT YCTpaHEHUs IepeyCTaHOBOK
JIMCKOBBIX (hpe3 Ha CIEICYIIopTe pa3paboTaHa THUCKOBasI
¢bpe3a IBYXCTOPOHHETo pe3aHus (pUC.6), MO3BOISIOLIAS
BecTH 00paboTKy 00enx OGOKOBBIX MOBEPXHOCTEH 3yObeB
kojeca [4].

OTnHInTENbHON 0COOEHHOCTHIO bpesnr
IBYXCTOPOHHETO pe3aHus SBISETCS HaIUYUe BTOPOTO
psoa peKyIUX IUIACTHH, CMELICHHBIX OTHOCHTEIIBHO

IEepBOro psja Ha IOJOBHHY OKpYXHOro nmrara. B
mporiecce 0OpaOOTKH BHAyale OMHHM PSJIOM ILUIACTHH
00pabaThIBalOT OAHY U3 OOKOBBIX HOBEPXHOCTEH 3yObeB
KoJjieca, HalpuMmep, MNpaBylo, a 3areM, IOCle peBepca
KoJieca ¥ HalpaBJIeHUs] TaHMCHLUAJIbHOTO NepeMEIleHHs
KapeTKH C MHCTPYMEHTOM, 00pabaThIBalOT BTOPYIO —
JIEBYIO OOKOBYIO IIOBEPXHOCTb.

Takass KOHCTPYKIHS ITHCKOBOH (pe3bl IMO3BOJISCT
COKPAaTHTh HOMEHKJIATYpy 3yOOpEe3HOro HHCTPYMEHTa H

9KOHOMHTH BCIOMOTAaTeJIbHOE BpeMs Ha IePEyCTaHOBKY
uHCTpyMeHTa [9, 11].

Puc. 6. [luckoBas ¢pe3a aByxcTropoHHero pe3anus M = 20-36 mm
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TEXHOJIOT'IS1 PEMOHTY I BUIHOBJIEHHS KPYITHOMOJAYJIbHUX
3AFAPTOBAHUX 3YBUYATHX KOJIIC METOJIOM BUCOKOIIBUJIKICHOI
JIE3OBOI OBPOBKH

IIpenmMeToM JNOCTIDKEHHS B CTaTTi € akKTyajbHI IUTaHHsS, TOB'A3aHI 3 pPO3POOKOIO TEXHOJOTII PEMOHTY Ta BiJHOBICHHS
BEJMKOTA0APUTHUX 3YOUaTHX KOJIC MPHUBOJIB KPOKYIOUHMX €KCKaBaTOPiB, PYAOPO3MEIbHHMX MJIHMHIB, KYyJIbOBHX MIMHIB. Mera —
PO3pOOKa HOBOT TEXHOJIOTIT PEMOHTY 1 BiJIHOBJICHHS BEIMKOrabapuTHUX 3y0UacTuX Kojic MozayieMm (m = 12-65 mm). 3aBaHHAM €
OTPMMaHHsS TapaHTOBAaHOI SKOCTI BiJJHOBJICHHsS 3yO4acTMX BIiHIIB IICIs PEMOHTY TP BHCOKOIPOIYKTHBHOI 00poOLi
BEJINKOTa0apUTHHUX KOJIC, SIKi TPAIIOIOTh B arpeCHBHO a0pa3sMBHOMY CEpEeOBHII. 3allpONIOHOBAHO METOJ NIEPEPUBYACTOrO 00KaTy 3
BUKOPUCTAHHAM JAWCKOBHX HEMOIYJIBHUX (pe3 (po3Mmipu ¢pe3n He 3aiexars Big MOIyIs OOpOOIOBaHHX 3y0iB), OCHALICHUX
KepaMiYHUMH TUIACTHHKAMH 1 CHemialbHUMH (pe3epHIMH CymopTaMu. MeTox ImepepuBYacToro OoOKaTy BHKOPHCTOBYETHCS Ha
3y0ocTpyraipHuX i 3yOonnTiyBalbHEX BepcTaTtax i Mae Ty IepeBary, 0 B MOMEHT poO0dYoro XOoAy iHCTPYMEHTY 3aroTiBis abo
HepyxoMa, a0 poOUTh HE3HAYHUI TTOBOPOT, TOOTO 0OpOOKA MPOTIKAE B IOPIBHAHHI 3 METOJIOM OOKAaTKH, B OLIBII dKOPCTKHUX yMOBaX.
PesyabraTn BnpoBakeHHs. [[is peanizanii HOBOT BUCOKOIIBHAKICHOT TEXHOJIOTIT 3y0000paboTKH Oy MPUIHATI 1Ba HANPSIMKH.
IMepmmii momsiraB y po3poOli HECKIaAHUX 32 KOHCTPYKILIEIO CHEIialJbHUX (PEe3epHUX CYNOPTIB, L0 BCTAHOBJIIOIOTHCS Ha
3yboctpyransHux Bepcratax ¢ipmu "MAAG" (IBeiinapis). [pyruii BpaxoByBaB BKpail Majie YHCIIO 3aBOJIB, [0 MAlOTh BEPCTaTH
¢bipmu "MAAG", i Tomy nepenbadaB po3poOKy, BUTOTOBJICHHS 1 BIPOBA/UKEHHS Ha 3aBOJaX CHELIAIBHUX (PE3epHUX CYMOPTIB J0
[IMPOKO MOIIMPEHUX BEPTUKAIBHO-3y00(pe3epHuX BepcTariB. BrpoBamkeHHsS HOBOI TEXHOJOTIi PEMOHTY Ta BiJHOBIICHHS 3y0aTux
KOJIIC TIPH YUCTOBiil 00poOIi 3arapTOBaHUX KOJIC 3 BHKOPHCTAHHSM 3yOOCTPYTalIbHUI BEpCTAaTiB BHPOOISUIOCS B BHPOOHUYHX

yMOBax MpH 00poOui KOJiC INCEeBHOIUIAHETAPHOrO PEAYKTOpa 3 HACTYIIHAMH XapakTepucTukamu: m=28 mm; z; =1; Z, =24;

23 =32; b=400; By =0"; crams 34XMIOA; HRC 48 .. 54. V mnopiBHsiHHI 3 npouecoM 3yGouuriyBaHHs, HpH SIKOMY B

MOBEPXHEBOMY IlIapi J€Talli CTBOPIOIOTHCSA PO3TATYIOUi HAMpyrd, Jie3oBa oOpoOka HaiOimein crpustinBa. CTHCKaO4i Hampyru
HiBUIIYIOTh 3HOCOCTIHKICTh JeTajeil, KOHTpPAaKkTHy 1 3TMHajJbHY MIIHICTh 3yO4acTux mnepenad. BucuHoBkm. Ilpommciiose
BITPOBAKEHHS HOBOT TEXHOJIOTT JIe30BOT 3y0000pOOKH pEMOHTHHUX 1 BiIHOBIICHUX BEIMKOTA0APHTHHUX 3yOUaTHX KOJIC JTO3BOJIIE B 3 -
4 pa3w 3HU3UTH TPYAOMICTKICTH YHCTOBOi OIepamii, a TaKOoXK BHKIOYAE HEOOXIJHICTh NpPUAOAHHS 32 IMIIOPTOM JOPOTHX i
MAaJIOTIPOAYKTHBHUX 3yOonutidhyBaapHUX BepcTaTiB. [Ipy 1iboMy sIKiCTh MTOBEpXHi 3y0iB BUIlE, HIX B pasi 3yOonuriyBaHHS TOMY, IO
BHKITIOYAIOTHCS TaKi JEPEKTH, K MPHKOTH, MIKPOTPIILIMHH.

KiiouoBi ciioBa: TexHosoril peMOHTY 1 BiJHOBJEHHs, BeJIMKorabapuTHi 3yO4aTi Kojeca, METO] IepepuBUACTOro OOKarty,
JIMCKOBI HEMO/IYJIbHI (ppe3r, BUCOKOIIBUIKICHA TEXHOJIOTIs, CHeliaibHi Gpe3epHi CynopTH.

TECHNOLOGY OF REPAIR AND RESTORATION OF LARGE-MODULAR
GOLDEN GEAR WHEELS BY HIGH-SPEED WOOD PROCESSING

The subject of the research in the article are topical issues related to the development of technology for the repair and restoration of
large-sized gears of drives of walking excavators, ore-grinding mills, ball mills. The goal is to develop a new technology for repairing
and repairing large-sized gears with a module (m = 12-65 mm). The task is to obtain a guaranteed quality of restoration of gear rims
after repair with high-performance machining of large wheels operating in an aggressive abrasive environment. The method of
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intermittent rolling with the use of disk non-modular cutters is proposed (the dimensions of the mill do not depend on the module of
the treated teeth), equipped with ceramic plates and special milling calipers. The method of intermittent rolling is used on gear-
grinding and gear grinding machines and has the advantage that at the time of the working stroke of the tool the workpiece is either
stationary or makes a slight turn, i.e. The treatment proceeds in comparison with the running-in method, under more stringent
conditions. Results of implementation. Two new directions were adopted for the implementation of the new high-speed dental
processing technology. The first was the development of simple special milling calipers mounted on the chamfering machines of
MAAG (Switzerland). The second accounted for the extremely small number of factories that had MAAG machines, and therefore
envisaged the development, manufacture and introduction of special milling calipers to widely used vertically hobbing machines. The
introduction of a new technology for repairing and rebuilding toothed wheels during the finishing of hardened wheels with the use of
a gear-cutting machine was carried out in production conditions when machining the wheels of a pseudo-planetary gearbox with the
following characteristics: m=28 mm; z;=1; 7, =24; 23=32; b=400; B, =0"; steel 34XMIOAA; HRC 48 .. 54. In
comparison with the process of gear grinding, in which tensile stresses are created in the surface layer of the part, the blade treatment
is most favorable. Compressive stresses increase wear resistance of parts, contractual and flexural strength of gears. Conclusions. The
industrial introduction of new technology of blade machining of repair and restored large-sized gear wheels makes it possible to
reduce the labor intensity of a finishing operation 3—4 times, and also eliminates the need to purchase expensive and low-performance
gear grinding machines for import. In this case, the surface quality of the teeth is higher than in the case of gear grinding, because
Excludes defects such as burns, microcracks.

Keywords: repair and recovery technologies, large-sized cogwheels, intermittent rolling method, disk non-modular cutters,
high-speed technology, special milling calipers.
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V. KOSENKO, E. PERSIYANOVA, O. BELOTSKYY, O. MALYEYEVA

METHODS OF MANAGING TRAFFIC DISTRIBUTION IN INFORMATION AND
COMMUNICATION NETWORKS OF CRITICAL INFRASTRUCTURE SYSTEMS

The subject matter of the article is information and communication networks (ICN) of critical infrastructure systems (CIS). The goal
of the work is to create methods for managing the data flows and resources of the ICN of CIS to improve the efficiency of information
processing. The following tasks were solved in the article: the data flow model of multi-level ICN structure was developed, the
method of adaptive distribution of data flows was developed, the method of network resource assignment to multi-server nodes was
developed. The following methods used are —methods of mathematical statistics for random processes, the theory of queuing systems,
methods of optimization theory and operations research. The following results were obtained — the principles of managing the
distribution of network traffic in the ICN of CIS were formulated and the practical requirements arising in the efficiency of data
transmission were determined. The possible approaches to the formulation and solution of the listed problems were suggested
according to the developed general approach to network management. The multi-level information structure was investigated. The
mathematical model of data flows of a multilevel information structure of the network was developed; it has a three-level unstratified
structure and consists of a number of subnets and groups of nodes. The method for adaptive management of data flows distribution
was developed; this method includes the stratified two-level management which is based on the development of a multidimensional
space of the network state and management parameters taking into account user activities. The management is carried out at the first
level by setting the basic parameters of the network, at the second — by operational management with constant basic parameters. The
method for distributing the resources of a multi-server information processing node was developed, as server systems are considered
as a set of single-line queuing systems and information about the distribution of the bandwidth of communication channels is used.
Conclusions: using the method of the adaptive management of traffic distribution enables reducing the time for processing system
transactions and total costs for maintenance. The use of the method resource distribution of the server node in the course of re-

engineering CIS processes minimizes the costs of servicing the data flows.
Keywords: information and communication network, critical infrastructure system, traffic distribution, multi-server node, data

flows.

Introduction

At the current stage of the development of critical
infrastructure systems (CIS), changes in management are
due to such factors as updating technical equipment,
expanding the territorial scope, increasing the dynamics of
the implementation of functional tasks, changing their
nature and content, new technological modes of operation.
In order to provide information exchange in the course of
CIS operation, a single information and communication
network is developed and the system of the
communication and automation gradually transform to the
update digital means of transmission and processing of
information, to the automation of management processes
[1].

Nowadays, the systems of critical infrastructure are
characterized by the high intensity of data flows in the
management process and the requirements for the
efficiency of management, timely decision making and
bringing to the executors of solutions and tasks are
constantly rising [2]. In the distributed information and
communication network (DICN), it is difficult to provide
the required response time very difficult because of the
high intensity and variety of data flows as well as due to
the need to search data in large-scale repositories and
databases, the complex interaction of distributed
applications, the low speed of communication lines, the
declaration of non-homogeneous components interaction
among various ICN subnets.

The main advantages of many control systems —
universality and multifunctionality quite often become the
main disadvantages in CIS as the specifics of the work of
the system which requires appropriate network settings
and methods of managing should be taken into
consideration [3].

According to the mentioned above, the development
of the methods of managing the distribution of the
network traffic that are aimed at solving a given set of
applied tasks and at ensuring the CIS required security
within the ICN environment is of primary importance.

The analysis of the problem and available methods

While upgrading the ICN of CIS, particular attention
is paid to increasing the bandwidth of channels and
communication lines and finding new technical solutions
that enable improving the characteristics of management
processes [4].

However, a feature of many multiservice ICNs is the
specific fluctuation profiles of the data flow traffic, so the
ICN potential can be fully implemented only due to the
efficient adaptive management of available network
resources under growing requirements for the speed of
information exchange.

At present, much attention is paid to the study and
development of methods for building information and
telecommunication networks and distributed information
systems [5]. Data flows in present ICNs are characterized
by heterogeneity and significant spread of parameters,
which is caused by their multiservice nature, the various
formats of data obtained from different sources.

Statistical analysis, mathematical modelling, static
and dynamic analysis of sources and data flows are used
for analyzing data flows and determining their parameters

[6].

However, modelling of data flows should be based
on the study of the information structure of the network.
This enables the efficient use of network resources,
ensuring compliance with the requirements for the
reliability and speed of information processing. One of the
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most promising directions for the development of methods
for ICN building is the use of adaptive control methods

[7].

At present, the task of studying, analyzing and
modelling data flows that arise in the process of operation
and interoperability of applications in a network is not
formalized and requires developing the models that reflect
the information and technical structure of the network and
data flows available in ICN.

Traffic distribution management involves using both
standard methods and algorithms of traffic management
and the ones developed by users. These methods are
linked with the optimization of the network performance
which includes technology and scientific principles of
measurement, modelling, describing and managing traffic
to obtain the required performance characteristics [8].
Traffic management focuses on minimizing the loss of
packets and delays, optimizing the bandwidth and
agreement of the best service level.

The central function of traffic management is
efficient management of bandwidth due to the optimal
assignment of traffic to switching nodes. At present,
different methods of traffic management are used in CIS.
Most of them assume the possibility of external
parametrization, that is, the transmission of traffic
parameters directly to used control algorithms. Some

Table 1. Basic methods of redistribution of the network resources

methods, such as, for example, the method of
multiprotocol label switching of packets allow the
modification or replacement of management algorithms
that are a part of the management technology that is being
implemented [9].

In present ICNs, a user can modify the software that
controls the data transmission activity (DTA) at two levels
of data flow management.

The lower level of management involves using
management algorithms where the estimates for the DTA
parameters obtained due to the methods that take into
account the features of the data flows are transmitted. To
obtain the estimates of the DTA parameters at this level,
the following methods can be used [10, 11]:

- the method for estimating the size of the filtering
buffers of the communication equipment;

- the method for synthesizing the stable estimation
of the function of the traffic distribution density;

- the methods for managing the redistribution of
virtual connection bandwidth taking into account priorities
and competition among integral data streams.

The consistent application of the methods mentioned
above as well as similar ones enable obtaining the
estimates of traffic control parameters. The analyzed
methods of the traffic distribution are summarized in
Table 1.

characteristics.

Methods Peculiarities Advantages Disadvantages
Method of statistical | implement the technology and | smooth the profile of | do not take into account the
multiplexing scientific principles of | data flows traffic properties of traffic, as when
The method of smoothing the | measurement, modelling, the peak values of data density
data flow density description and management of occur, their commencement and
traffic to obtain the required short duration cannot be taken

into account

Method of assessing the size of
the filtering buffers of the
communication equipment

selects the optimal size of filter
buffers for integral data flows that
are served by a virtual channel.

enables increasing the | are not used for traffic
bandwidth of virtual | management at the upper level
channels of management (to govern the

The method of synthesis of a
stable estimation of the function
of density of traffic distribution

data

analyzes the integral flow of fractal

enables getting | access when receiving a query
adequate assessment | for data transfer)
of control parameters

Methods for managing the
redistribution of virtual
connection bandwidth

the bandwidth

is used while dynamic reserving

takes into account
priorities and
competition  among

integral data flows

Methods of traffic management should take into
account the features of the management of hierarchical
systems and be based on the following principles of traffic
distribution management [12]:

- the principle of decomposition;

-the principle of coordinating subnetworks
operation;

- the principle of correlation the objectives of subnet
management.

The traffic management includes a set of
interconnected network elements, the system of

monitoring the network state, a set of means for managing
the configuration as a response to the current state of the
network, and enables taking actions that prevent unwanted
future states using the prediction of the state and trends of
traffic development.

The goal of the article is to develop the methods of
managing the flows and resources of CIS ICN to increase

the speed of data processing. The article solves the
following tasks:

- creating the model of data flows of the ICN
multilevel structure,

- developing the method of adaptive distribution of
data flows,

- developing the method for distributing network
resources for a multi-server node.

Solving the task

Information and communicative networks have a
multi-level structure according to CIS [13]. Let us
consider the network aggregated at three levels (fig. 1):

- nodes assigned to the system users;

- groups of nodes that correspond to functional
tasks;
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- subnetworks that correspond to the system

subsystems.

(2 level) subnetworks

(0 level) network nodes

Fig. 1. Generalized diagram of the stratified ICN information
structure

The main characteristics of this structure are the
total density of data flows at each level and the
absorbance between the levels (table 2).

Table 2. The parameters of data flows of a three-level stratified
structure of ICN

Parameters The structure level Designation
total density of | first (groups of Ay
data flows nodes)
second *
(subnetworks) Ao A G
total density of | first 4 A C
data flows in the
middle of | second 4 A, C,
subnetwork
absorbance first 6, G
second ¢, C,

To determine these characteristics, the model of the
data flows of a multi-level information structure of the
network is suggested.

Let us suppose that all network nodes are divided

into k1 groups (group number n =1k, ). Each group
number n is given by the column vector

T
Gn = Gnures Cniren Gt
1, if the node i is part of the group n

where D= ,
i {O, if the node i is not part of the group n

t K
chni 21, chni =1.
i=1 n=1

The matrix that groups the network nodes C;=||cy, |
from the column vectors ¢;,,. The total densities of data
flows that are transmitted among the network nodes while
solving all the tasks are determined by the matrix
A= "ocij || where oy is the total density of data flows

from the node i to the node j:
The densities of data flows among the groups can be
calculated:

4 G =|ayl=ca ¢ ",

where ay; is the total density of data flows between the

i-th group of nodes and the j-th group of nodes of the
network information structure:

t t
Aij = chjk chirark .
k=1 r=1

The density of data flows of one task among the
groups can be calculated. Thus, for the kth task

4 G :”a’lkij”:ClAk G "

where a; is the total density of data flows of the kth

task between the rth group of nodes and the j-th group of
nodes of the network information structure

t t
Aij = chjmzclirakrm
m=1 r=1

The obtained results enable assessing the data flows,
respectively, loading the ICN structure-forming
equipment at the first level in general and the flows of
each task.

For the second level of the structure, the matrix that
divides the first level groups into groups of the second
level can be defined in the same way as well as the density
of data flows among the groups of the second level and
the density of the data flows of one task among the groups
of the second level.

The total density of data flows in the network of the
first level nodes:

t t

AIO = Z Zau .

i=1 j=1

The total density of the data flows in the middle of
the first level groups

Ky
4 A G =) ay,
i1

where A; C, is the total density of data flows that are

transmitted only in the middle of the first level groups.
The total density of data flows at the second level:

ko kg

* kl
Ay AL € = Z zalij - Zalii )
i=1

i=1 j=1

the density of data flows in the middle of the second level
groups:

kg
4, A, G, :ZaZii'
i=1

As a measure of the structure efficiency, the
absorbance of the data flows densities at each level is
used. The absorbance for the first level:
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AI Al Cl

(] =
AlO Al Cl

C ,0< o< 1.

The absorbance for the second level:
A; A2 C2

6, C, =—— > 2
? ? A20 A2 C2

, 0< o, <1.

The obtained result enables calculating the density
of the data flows among the nodes within the group as
well as the exchange of data among subnets to determine
the load of communication channels and network
equipment.

After the synthesis of the network structure, the task
of managing traffic should be solved. The following
factors that affect data flows in information and
communication networks for loading communication
channels and network equipment are as follows [14]:

- assigning system applications to the network
nodes;

- assigning users to the network nodes;

-the density of queries flows
applications (tasks);

for running

- the structure of the network which specifies
communication channels within the network equipment
and the assignment of workstations and servers to the
network equipment;
the values of bandwidths of communication
channels that are used in the network;

- the bandwidth of network equipment;

- the distribution of bandwidth of communication
channels among individual tasks (task groups);

- routing data flows on the network.

However, the density of the queries flows, the
composition of the users and the composition of the tasks
can change over time, in addition, with the development
of the network, the composition of the equipment and its
parameters changes, that is, the basic parameters of the
network change. All this causes the need for correction or
change of control parameters of the network to achieve the
necessary efficiency of its operation. The required values
of performance indicators of the network related to the
solution of applications should be provided [15]. To solve
the given task, the method of adaptive management of
data flows distribution is suggested; this method includes
the following stages (fig. 2):

Network input parameters of

network nodes assignment the rate
structure . .
equipment to nodes of queries flows
Parameters changeable in time
the rate
lows composition comPOS"'O" of queries flows
and parameters of of users composition
equipment

of tasks

sizes of
bandwidths

Method input data

vectors of
data flows
characteristics

a number
of data flows

types

\j \

The stages of the method of adaptive management of data flows distribution

Determlnln Assessmg etermlnlng the Solvmg

the channels costs related probabilities of the tasks of
with to the flow minimizing total

insufficient bandwidth availability / costs for

bandwidth deviation unavailability servicing

M v

Fig. 2. The diagram of the method of adaptive management of data flows distribution

Determining the channels with insufficient
bandwidth.
The bandwidth if not sufficient to meet the

requirements of all types of flows, if

X
S o <05,
k=1

where o, is the bandwidth of the kth type; oy is the

general bandwidth of the communication channel; x is a
number of flows types.

2. Assessing the costs related to the deviation of the
bandwidth of the flow of k-th-type p, from the required
Gy -

The value of the costs related to the deviation of the
distributed one is determined as:

dy (a

= -b) o —y +by

where a, >0 is the amount of the penalty for the

downward deviation per a nominal unit;
b, > 0 is the amount of the extra pay for a nominal unit

Sk Ok M Kk~ Mg
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of a greater bandwidth;

1if (o, — 1) 20

8, o, —1, =
kO He {O,if(ck—uk)<0'

Then, the total amount of costs for servicing the
flows is:

S abGHpg =
%
=Z Pk o — Mk O (a —Dby) o —w +b +aebepy
k=1

where @a= a, ib= b are the vectors of costs

factors;
G = oy isthe vector of set values of bandwidths;
n= p, the vector of values of actual bandwidths;
P = p¢ Iisthe vector of the probability of the fact

the given flow is transmitted via the channel,;
g = q, is the vector of the probability of the fact

the given flow is not transmitted via the channel.

And the density of the flow of the kth type v, = o, .

3. Calculating the probability of flow availability
/unavailability.

Let the interval duration when the flow enters the
channel (¢, ) and the duration of the interval when the
flow does not enter the channel (v, ) be random values

with the distribution functions Fo, ® i Fo (t) . Then the

probabilities of the fact that the flows of the kth type is
available or is not available in the channel are determined
as:

Vl(pk Vl\llk

by = and g = ——%—.
Vl(pk + Vl\yk Vl(pk + Vl\uk
4. Calculating the task of minimizing total costs for
servicing.
The value p *should be found, when

S a,b,5,0*,p.g =minS a,b,5,mp.q

=i

and the constraints are met:

X X
lek SGz, ZGk >02'
k=1 k=1

The developed method enables taking into
consideration the probable change of requirements of
applied tasks or users’ activity for various types of
communication channels so that total costs for data
transmission can be changed. When the CIS processes are
re-engineered, a number of users can be increased as well
as the densities of the flows of queries for completing
tasks [16]. Taking into consideration that the centralized
methods of data processing and storing are used
in CIS, the method of distributing network resources
in a multi-server mode is developed (fig. 3).

System épplications

1. Determining

server 1

characteristics for

tasks servicing

Y

2. Calculating
generalized,

average node
characteristics

4

3. Calculating costs related to idle
queueing and costs related to servers idle
waiting @(N, P, 4)

4. Solving the tasks of
optimal managing the
distribution of the node
resources: to derive the
probability matrix of requests
for running the application j
on servers so that
@(N, P, A)—min

Limitation: probable
values of flows rates

in — the rate of queries
flows

2 -l
Servers ’/’7\n, Bn, tn, pn - node\\‘
A characteristics ~ /

Input data:
- a number of tasks,
- a number of applications,
- a number of servers,
- a set of applications and tasks,
- matrices of data flows rates,
- a set of costs weight factors

Fig. 3. The sequence of stages of the method of distributing resources of a multi-server data processing node
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The method comprises the following stages:
1. Determining the server characteristics.
The densities of queries flows for completing the ith

application, the vector A = %; , i= 1,d is created. The
matrix of the probability of the query for running the
application i on the server n are determined as P = | p,,|

The value of the operational duration of i application on
the nth server dn is a random value with the distribution
function Fni(t). A bunch of single-line queueing systems
of M/g/1/ type can be considered as a model of the
system of servers. The density of queries flows for
running the ith application that is fed to the input of the
nth queueing system is determined as:

i:m,n:ﬁ.

2. Calculating total and average characteristics.

Such characteristics are calculated as:

- the density of the total flow of queries to the nth
Server:

7\'in = i Pin>»

d d —
ka Z}‘q Pin» In.

i=1 i=1

- the probability of the fact that the query from the
queue to the n-th server will the query of the ith
application:

Go =22, n-Tn.

- the function of distributing the duration of
processing the random query on the nth server:

d
= Zqinﬁni (s), n=

Bn(s) In,
i=1
Bni (S) = Ie_SIani (t)
where
- is the average time for waiting for a query in the
queue:

AnVZn

T i — :ﬁl
"21-A,vy,

vy, = jtan(t) <D vy, = [tPdR, (1) < o
0 0
— is the probability of the server idle waiting:

Pon =1-Apvyp, N=1m

3. Calculating the costs related to the queries idle
queueing:

n
F NPA =3 oty +ByPon
n=1
where o, i B, are penalties for query queueing and nth

server idle waiting.
4. Solving the optimization task with the target
function:

1
F N,PSA =min) a,t, P,A +B,pg, P.A
n=1

under the constraints:

n

> P =Lield;
n=1
Zpin =1,n€ﬁ;
i=1

Anvln <ln=l—ﬂn
Pin = Pipi =1d,n=1mn,

where p;, is the elements of the Boolean matrix that
determine queries for servicing by particular servers.

Conclusions

The principles of managing the distribution of
network traffic in CIS ICN are formulated and the
practical requirements for the speed of data transmission
are defined. The probabilities of applying the general
principles of managing a complex system are determined

The goals and objectives of traffic management with
the account of the specificity of applied CIS tasks
operation and the requirements for the characteristics of
their operation are considered. Possible approaches to the
formulation and solution of the listed tasks in accordance
with the developed general approach to the network
management are emphasized.

The multi-level information structure was studied.
The research enabled setting the rule of storing flows
when transmitting data within each level of the structure.
This rule allows the nodes to be grouped while
synthesizing the structure of the network taking into
account the capabilities of the network equipment. The
mathematical model of data flows of a multi-level
information network structure which has a three-level
stratified structure and consists of a number of subnets and
groups of nodes is developed. The densities of data flows
among the nodes within a group can be calculated on the
basis of this model and the data exchange among the
subnets can be analyzed in order to determine the loading
of communication channels and the network equipment of
the CIS ICN.

The method of adaptive management of the
distribution of data flows is developed, this method
involves stratified two-level management which is based
on the development of a multidimensional space of the
network state and control parameters taking into account
the activities of users. The use of this method enables
reducing the time for processing system transactions and
the total costs for servicing. The management is carried
out at the first level by debugging the basic parameters of
the network and on the second level — by the operational
control when the basic parameters are constant. Reducing
The time of transaction processing is reduced because of
the decomposition of the network structure in the course
of operational management of traffic distribution.
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The method for distributing resources of a multi- bandwidth of communication channels is used. The
server data processing node is developed due to the fact application of the method minimizes the costs for
that server systems are considered as a set of one-line  servicing data flows while reengineering CIS processes.
queueing systems and information about distributing the
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METO/IA YIIPABJITHHSI PO3HOJALIOM TPA®IKY B ITHOOKOMYHIKAIIMHAX
MEPEXAX CUCTEM KPUTUYHOI IHOPACTPYKTYPHU

IIpeqveToM moCTiKeHHS B CTATTI € iHQOKOMYHIKaWiitHI MepexXi CHCTeM KpUTHYHOI iHppacTpykTypu. MeTa poGOTH — CTBOpPEHHS
METOJIIB YIPAaBIiHHA MOTOKamu AaHux Ta pecypcamu IKM CKI ans migBumieHHS omepaTWBHOCTI 0OpoOku iH(opmarii. B craTti
BUPIIIYIOTECS. HACTYIHI 3aBAaHHS: (OpMyBaHHS MOJeNi IOTOKIB maHMX OararopiBHeBoi cTpykTypu IKM, po3pobka meromy
aJanTHBHOIO PO3MOALIY iH(GOPMALIHHUX MMOTOKIB, pO3pO0OKa METOAY PO3MOLiNY pecypciB Mepexi A 0araTocepBEPHOrO By3Jja.
BHUKOPHCTOBYIOTBCS Taki MeTOAM: METOIH MAaTeMaTHYHOI CTaTUCTHKH JUI BHIIQJIKOBHX IIPOILIECIB, TEOPis CHCTEM MAacoBOTO
00CIyroByBaHHs, METOIW TeOpil ONTUMI3alii Ta AOCHipKeHHS omepamid. OTpHMaHO HACTYHHI pe3yJbTaTH: CHOpMYJIbOBaHI
MIPUHIMIIK YOPaBIiHHSA po3nofiioM MmepexkeBoro Tpadika B IKM CKI Ta BH3HaYeHO NPaKTUYHI BUMOTH, IO BHHUKAIOTH [0
OTIEPAaTUBHOCTI Tiepenadi AaHuX. [loka3zaHi MOMKIIUBI MiJXOIU IO MOCTAHOBKH 1 BUPILICHHS MEpPEepPaxOBaHUX 3aBlaHb BIIMOBIIHO 0
PO3pOOIIEHOT0 3aralbHOTO IMIAXOAY O YIpaBliHHsA Mepexero. JlocmimkeHna GararopiBHeBa iHpopMaliiiHa cTpykrypa. Po3pobieHo
MaTeMaTH4YHy MOJeNb HMOTOKIB JaHWX OaraTopiBHeBOi iH(pOpMaLiiiHOI CTPYKTYpH Mepexi, ska Ma€ TPHPIBHEBY CTpaTH(iKOBaHY
CTPYKTYpY 1 CKIagaeTbcsi 3 psiiy MiOIMEpex Ta Tpym BysiiB. Po3po0ieHO MeTox aJanTHBHOTO YIPABIIHHS PO3IOILIOM
iHpopMaLIHHUX TMOTOKIB JaHWX, SKUH mepembadae crpaTH(ikoBaHE IBOPIBHEBE YIPABIIHHA, KOTpe 0a3yeTbcs Ha (HOpMyBaHHI
0araToBMMIpHOTO MPOCTOPY CTaHIB MEpEeXi Ta MapaMeTpiB YIPaBIiHHSA 3 BpaxyBaHHSIM aKTHBHOCTI KOPHUCTYBadiB. YTPaBIiHHSI
3/IIMCHIOETHCS HA MEPIIOMY PiBHI HUISXOM HaJIaro/PKEHHS 0a30BHX IMapaMeTpiB Mepeki, Ha APYroMy — ONEPATUBHUM YIPABIIHHIM
MpH TOCTiMHMX 0a30BUX mapamerpax. Po3pobieHo MeTox posmofiny pecypciB OaratocepBepHOro By3na 0O0poOku iH(opmarii,
LUIIXOM TOTO, IO CHCTEMH CEpBEpiB PO3IIANAIOTHCS SIK CYKYIHICTh OIHOJMIHIHMX CHCTEM MacoBOTO OOCIIyrOBYBaHHS Ta
BUKOPHUCTOBYETHCS iH(OpMAIlsl OO0 PO3MOIUTY CMYrHM IPONMYCKaHHS KaHAIB 3B’s3Ky. BHCHOBKH: 3acTOCYBaHHS MeETOXIy
aJaNTUBHOTO YIPABIIHHS PO3NOAITOM Tpadiky I03BOJsIE 3MEHIINTH Yac OOpOOKHM CHCTEMHHX TpPAH3aKIii Ta CyMapHy BapTiCTh
BUTPAT Ha 0OCIYrOBYBaHHS. 3aCTOCYBaHHS METOJY PO3IMOJILTY PECYpCiB OaraTo CEpBEPHOIO By3Jia Iijl Yac pEiHKUHIPUHTY MPOIIECIB
CKI MiHIMI3y€e BUTpATH Ha 0OCIYroBYBaHHS iH(GOPMAIIHHIX ITOTOKIB.

Kniouosi cioBa: iHQokOoMyHiKaliiiHa Mepeka, CHCTEMH KPUTHYHOI iHQPACTPYKTypH, po3momiil Tpadiky, OaratocepBepHHUI
BY30J1, TOTOKH JIaHUX.

METO/ibl YIIPABJIEHUA PACIIPENEJTEHUEM TPA®UKA B
NHOOKOMMYHUKALIMOHHBIX CETAX CUCTEM KPUTHNYECKOU
NHOPACTPYKTYPbI

IIpeameToM wccienoBaHus B CTAaThe SBISICTCS MH(MOKOMMYHHKAIIMOHHBIC CETH CHUCTEM KpPUTHYECKOH HHOpacTpykTypbl. Llean
paboTHI - CO3AaHNE METOJIOB YIPAaBJICHHUS MOTOKaMH AaHHBIX u pecypcamu KM CKU mist moBbImeHHsT ONepaTHBHOCTH 00paboTKH
nHpOpMaH. B crartbe pemaroTcs cremyronipe 3agad: (GOpMHpPOBaHHE MOIETH MOTOKOB JAHHBIX MHOTOYPOBHEBOH CTPYKTYpPBI
HKM, pa3paboTka MeTo[a alalTUBHOTO pacipeae’eHusi HHGOPMaIMOHHBIX TTOTOKOB, pa3padoTKa METOJa pacIIpeIeNICHHsT PECYPCOB
CeTH I MHOTOCEPBEPHBIX y3ia. VICTONB3yloTes CIeyrolnue MeTOAbI: METOIbl MaTeMaTHYECKOH CTATUCTUKU U CIyYalfHBIX
MPOIIECCOB, TECOPHsI CHCTEM MACCOBOTO OOCTY)KHBAHHs, METOJbl TCOPUHM ONTHMHU3AIMHM U HCCIIeAOoBaHUs omnepanuii. [TomydeHs
CIeAyIOne Pe3yJabTaThl: CHOPMYIMPOBAHBI TPUHIHUIBI YIPaBICHUS pacmpenesneHueM cereBoro tpaduka B MKM CKU wu
OTIpEIeNICHbI MPAKTHUECKHE TPeOOBAHUS, BO3HHUKAIOIINE B ONMEPATHBHOCTH Mepeiaun JaHHbIX. [1oka3aHbl BO3MOXHBIC TOAXOBI K
IOCTAHOBKE M PELICHUIO IEPEUMCICHHBIX 3a/ad B COOTBETCTBHM C pa3pabOTaHHBIM OOLIEro IMOAX0Ja K YNPABICHUIO CETHIO.
UccnenoBana MHOroypoBHeBas HH(GOpPMAIMOHHAs CTPyKTypa. Pa3paboTaHa wmaTemaruueckas MOJEiIb IOTOKOB JaHHBIX
MHOTOYPOBHEBOI MH(OPMAIIMOHHON CTPYKTYPBI CETH, UMEET TPEXYPOBHEBYIO HECTPATH(QHIMPOBAHHYIO CTPYKTYPY H COCTOHUT U3
psina mojacerei u rpymm y3ioB. PazpaboTaH MeTO ] afanTHBHOTO YIIPABJICHUS paclpeelicHneM HH()OPMAIIMOHHBIX TOTOKOB JTAaHHBIX,
MIPEIyCMATPUBAIOIINI CTPaTU(PHUIINPOBAHO JBYXYPOBHEBOE YIIpaBICHUE, KOTOpoe Oazupyercss Ha (OPMHUPOBAHUU MHOTOMEPHOTO
MIPOCTPAHCTBA COCTOSHHUI CETH U MapaMeTPOB YIPABICHUS C yIETOM aKTHBHOCTH MOJb30BaTeel. YpaBlIeHHE OCYIIECTBISETCS Ha
NEPBOM YPOBHE NYTEM HaJIaXXKUBaHUA 6a3031>1x mapaMeTpoB CE€TH, Ha BTOPOM - OIICPATHBHBIM YIPABJICHUEM IPHU MOCTOAHHBIX
0a30BBIX Mapamerpax. PazpaboTaH MeTo pacmpeae/icHus PeCypcoB MHOTOCEPBEPHOTO y3ia 00paboTKu MH(POPMAIIHH, IYTEM TOTO,
YTO CHUCTEMBI CEPBEPOB pacCMATPUBAKOTCA KaK COBOKYIHOCTHb OHHOHMHeﬁHbIX CUCTEM MACCOBOTO O6CJ'Iy)KI/lBaHI/I$[ N HUCIIOJIB3YCTCs
uH(OpMaIMsA O paclpeeleHuH MOJO0CHl NMPOMYCKaHUs KaHAJIOB CBA3U. BBIBOABI: MpUMEHEHHE METoJa aJalTUBHOIO YIpPaBJICHHS
pacrpeneneHueM Tpaduka MO3BOJIIET YMEHBIIUTH BpeMsi 0OpaOOTKM CHCTEMHBIX TPAaH3aKIUH M CyMMapHYIO CTOMMOCTH 3aTpar Ha
obciyxuBanue. [IpuMeHeHHe MeTo/la paclpeleNieHns PEeCypCcoB CEpBEPHOrO y3lia B Xoje peumkuHupuHTa mpornecco CKU
MUHHMH3UPYET 3aTpaThl Ha 00CITy)KHBaHIE HH(OOPMAIIHOHHBIX TOTOKOB.

KnioueBbie cioBa: WHQOKOMMYHUKAIIMOHHBIE CETh, CHCTEMBI KPHUTHUECKON HH(PACTPYKTYpHI, paclpeieicHue Tpaduka,
MHOT'OCEPBEPHBIX y3€J, TOTOKU JaHHbIX.
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BUILDING AND DEVELOPING A PROJECT TEAM ON THE BASIS OF A
MULTICRITERIA MODEL

The subject matter of the article is mathematical models for solving particular problems of selecting candidates for building a project
team. The goal is to develop formalized models and methods for assessing the level of the generalized social and professional
competence of each employee engaged at a specific type of work of an investment project while building and developing a project
team. The objectives are: to formalize decision-making methods; to select the best option on the basis of multicriteria assessment and
optimization methods; to analyze the peculiarities of multicriteria assessment tasks in the problems of human resource management;
to apply mathematical models of decision making when selecting the most suitable candidates for the project on the basis of the
general utility theory. The methods used are: multicriteria assessment and optimization methods, utility function. The following
results are obtained. The general task of managing human resources and building a team for a new project was analyzed. The main
criterion for involving candidates in the project team appeared to be the qualifications and experience of performing similar work
accepted by the organization, but the impact of individual factors of a candidate should be also taken into account. Some methods for
solving the task of multicriteria selection with the use of non-formalized experience applied to the tasks of managing the project
labour resources are suggested. The suggested method of building a project team is based on the models of multicriteria optimization
which, unlike available methods, enable taking into account not only professional competences of employees but also personal and
psychological characteristics of candidates in various combinations, which contributes to qualitative performing project tasks
depending on specifics requirements of the project. Conclusions. The task of selecting the most suitable candidates for the project on
the basis of the general utility theory is considered. The competence approach to managing human resources is justified. The
suggested model enables formalizing the preferences of decision-makers and obtaining objective numerical assessments of the
competence of candidates. Thus, the task of building a project team is multicriteria and can be solved on the basis of multicriteria
assessment and optimization methods. The questions of practical application of the proposed mathematical models and methods are
considered. It is suggested to select candidates for a project team on the basis of their experience in solving similar tasks in previous
projects.
Keywords: building a project team, project team, utility theory, multicriteria model, competence approach.

Introduction

Today almost every company constantly needs to
build a high-quality professional and competent structure.
Even if the company’s activity is the efficient and stable
process, it is necessary to pay attention to the tasks of the
scientific normative justification of the methods of making
personnel decisions.

Building a project team is one of the top priorities in
the management of a modern project. At the stage of
building a work collective project managers have to solve
a number of specific tasks related to planning,
implementing, control, responsibility, communication, the
motivation of work, conflicts, power, leadership and so
on.

Building and developing an efficient production
team interacting as an integrated project team is a complex
task that arises at three main levels: at the level of team
management, at the level of social and psychological
compatibility of the project team members and the
manager, at the level of the performance of the specially
built team that works as the team of like-minded
colleagues.

Analysis of recent research and publications

Personnel selection is the process of selecting
suitable candidates for involving in the project team
according to the list of specialities, positions and trades
that are planned according to the enterprise development
plans and their predictable implementation in time.

The issues of building a work collective have been
widely considered both in study materials and reference
books. The variety of terms caused the necessity to
structure the basic concepts associated with the process of
hiring employees for an organization. The main terms and
definitions of the analyzed sources are presented in
table 1.

Defining the theoretical and practical value of
available research, it can be noted that a certain range of
issues on the target problem needs further development.
This concerns the solution of the tasks of human resources
management, including the assessment of applicants for
vacancies.

The main results of the research

According to the project management methodology
(PMM) [1], the term “project management team” is
defined as part of a project team that is responsible for
project management such as initiating, planning,
executing, monitoring, and completing various project
phases.

The concept of “team” is one of the key ones in
project management as well as the terms “project team”,
“human resources management of the project” which
include the processes of planning, team building,
developing, transforming or disbanding [5].

The practice of personnel recruitment and
disposition, professional advancement and development
should be based on the objective, scientifically based
appraisal of employees. The task of the employee’s
appraisal is to identify their labour potential, the degree of
using this potential, to check if employees fit the positions
they hold and whether they are prepared to hold another
specific position [6].

© N. Kosenko, A. Kolomiiets, 2017
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Table 1. Terminology associated with human resources management

Source

Term

Definition

Project management
dictionary
(encyclopedia) [2]

Personnel selection

In the staff management, this term most often refers to the part of the hiring
process associated with selecting one or more candidates to a vacant position
among the total number of people applying for it. Generally, personnel
selection should be regarded as a process of selecting a person from the total
number of employees who meet the parameters according to the established
criteria

Talent acquisition

The set of organizational measures including all stages of staff involvement,
as well as the selection of personnel and employment. Some specialists in the
field of personnel management bring this process up to the end of the
instatement stage, that is, they ensure that new employees are organically
integrated into the specific work collective and in the organization as a whole

Personnel recruitment

Recruiting a great number of people to any organization

Project Management
Body of Knowledge
PMBOK]1]

Project team

recruitment

The process of confirming the availability of human resources and engaging
the team necessary to carry out the operations of the project

A.Ya. Kibanov,
1.B. Durakova [3]

Personnel recruitment

Engaging a great number of people to any organization

Employment

A number of actions aimed at engaging candidates who have necessary
qualities for achieving the goals set by the organization. This is a set of
organizational activities, which includes all stages of employment, as well as
assessing, selecting and recruiting personnel.

Personnel selection

The process associated with selecting one or more candidates for a vacant
position among the total number of people applying for it. This is the process
of selecting a person from the total number of employees who meet
established criteria using certain evaluation methods

N.A. Salomatin [4]

Employment

A number of actions aimed at engaging candidates who have necessary
qualities for achieving the goals set by the organization

S.K. Mordovin [4]

Talent acquisition

The process of creating the database of employees of the required
qualification to meet the organization personnel requirements

I.A. Nikitina [4]

Personnel recruitment

The system of measures taken by an organization to engage employees with
necessary abilities, knowledge, skills and motivation the organization needs
to achieve its goals and objectives

Personnel selection

The process of selecting one (or more) candidate from a number of applicants
who is the most advantageous according to the qualification criteria

Any organization is a functional organization [7].
According to the classical definition, an abstract structure

is defined as an ordered set

S = MxR,

providing the staff to the processes of developing the
enterprise and building the team of investment projects
executors.

The method of selecting and assessing the personnel
for the projects that are planned is based on the procedure

where M is a set of elements included in the system;

R is relations that are implemented at the elements
of the sign X that is the Cartesian product that establishes
the ordering relation.

Depending on the level of consideration, an element
can be understood as an individual worker or as a team, a
functional unit, organizational elements, and so on. The
relations under consideration can be creative,
organizational, informational, interpersonal, and so on.

When building production teams, the need arises to
select specialists for performing certain types of work
from the available list of candidates for a project
according to their personal and psychological
characteristics and features of the future work activity.
Considering this circumstance, it is reasonable to assess
candidates’ personal and psychological characteristics
separately followed by selecting them for work in the field
that is the most suitable for them.

A number of works [8, 9, 10, 11] deal with the
issues of formalizing decision-making methods on the
basis of similarities in solving the tasks of management of

for selecting candidates for a new project team from a
number of people who performed similar works in
successful projects of previous years [12]. The staff
selected in this way is the basis for further differentiated
assessment of each candidate to understand if they
correspond to the content and features of a future work
and have appropriate psychological (individual) personal
characteristics.

The labour resources necessary to perform the
planned work are determined according to the competence
profile of employees. The quantity, qualifications and
required level of training depend on the industry, the
technology used, and the size of an enterprise. The
competence approach while selecting personnel and
assessing their professional qualities is based on the
corresponding set of value criteria that enable the multi-
criteria assessment of the professional level of candidates
according to the selected list of criteria depending on the
specificity of the project.

The method for assessing candidates for a project
according to the professional, personal and psychological
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set of relevant characteristics is built on the basis of the
competence approach data, and a holistic (generalized)
index of social professional competence is determined.

The membership of candidates for a project to be
evaluated is formed at the pre-selection stage in terms of
the proximity of the professional activity and the nature of
the planned types of work. The selection and assessment
of candidates are based on the general utility theory.

When determining the general social and
professional competence [13] of an individual candidate,
each block is considered separately by relevant experts
who determine the list of characteristics and the methods
of their usage for each competence block.

The structure of each competence (Kj,K,, Kz, Kj)
is determined by a set of n; of particular competences that
have inherent value W, :

_ n
0<W,; <1,i=1Ln; > W,;=1,
i=1

where i is the index of an employee, t is the index of a
competence.
The competence characteristics in each block are the

levels of each candidate’s competences b that are

determined by corresponding specialists while testing

0<b, <1,i=1n.

The overall competence of a specialist according to
a particular block will be determined by the following
equation:

The candidate’s competence is determined on the
basis of the assessment of the utility function for each
candidate and subsequent ranking a series of preferences
[12].

The numerical values of assessing each candidate
are determined by the value of the utility function, they
are calculated according to the score of each characteristic
from the set determined by experts.

m —
S” K =) b;Vi , where j=1m,
i

where m is a number of test characteristics;
Yf,j is the j-th standardized characteristic that is

equal to
P P
P yJ _ij
Yo = —p
Yis — Yjw

m
0<Yj <1>b, =1.
i=1

The ordered series is S{ k >S5 k ..

With regard to the procedure for assessing
candidates for a project team, this can be interpreted as an
individual assessment of each candidate according to
professional, personal and psychological characteristics.

The generalized assessment of candidates according
to professional, personal and psychological characteristics
is determined by the value of the utility function [12]:

Fk =CP k +C,8” ki +C;8™ ki, (1)

where C;,C,,C; are the coefficients of the significance of
professional P k; , personal sP ki . and psychological

SP k; characteristics of candidates. The values of the
coefficients of significance C;,C,,C; are formed by
experts and decision makers 0<C; <1, 0<C, <1,
0<C;<1; C+C, +C5 =1.

After selecting candidates on the basis of proximity
(3) and searching for similar works (2), the ranking list of

candidates for a project according to the professional
feature will be formed.

2

n
di = J WP X — X @
o1

1

smYW - =
Y
1+dpq

pq

®)

Thus, the scope of people who will be involved in
the project team is determined after assessing their
personal and psychological characteristics.

Candidates were selected and assessed on the basis
of the general utility theory ty [12, 14]. Heterogeneous
partial criteria are normalized according to the following
formula:

W o
k7 Z(M] . (4)
kB X —k" X

The calculation of the generalized assessment of
candidates according to the developed models and
methods of building a project team, taking into account
professional and personal psychological characteristics is
presented in table 2.

The “worst” and “best” value of the ith partial
criterion should meet the following requirements:

K® =maxK; x ,if K, x —max;
xe X

K2 =minK; x ,if K, x —»>min.

K}"’zmi)?Ki X ,if K X —max;
Xe

KY =maxK; x ,if K, x —min.
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Table 2. Calculation of the generalized assessment of candidates

Criteria for assessment

The list of Professional* Personal* Psychological*
experts _
il o .
= = 4+
5 S 8 s £ £ 5
3 2 £ S g 5 g
kS) 8 5 8 ] S = g
5 5 gr< o 8 o 2 &
= = o -g laly] b= = 2 c o &
L ES X @ > = s O 2 S
= = =] = S = =
S 5 & > < _LC) P4 2 = =2 s S c 2
c .= cm S = A o 1S 5+ @
S - 8L ° < k=3 c = o
o .8 88 TS S < k7] 'S = o e e >
Es g2 e 2 3 5 G = 2 =
— T = = — 2 - =
S X S OD > - S & 2
) o) 200y ] ~ ® 2
o < < @ 2 ~ 3]
- S 3} 8 3 S >
2 = 2 = S &
= E w ©
T
Expert 1 2 1 2 1 1 2 0 1 0
Expert 2 1 1 1 2 2 1 1 0 0
Expert 3 2 2 1 0 1 1 1 1 0
Expert 4 1 1 1 1 1 1 1 1 1
Expert 5 1 1 1 1 1 1 1 1 0
Total 7 6 6 5 6 6 4 4 1
Specified
weight 0,16 0,13 0,13 0,11 0,13 0,13 0,09 0,09 0,02
(Ijossible 0,15-0,127 | 0,12-0,14 | 0,12-0,24 | 0,10-0,12 | 0,12-0,14 | 0,12-0,14 0,08-0,10 | 0,08-0,10 | 0,01-0,03
eviation

*~P k; are professional, sP k; are personal, sPs k; are psychological characteristics of candidates.

The decision support system for human resource
management offers the three most suitable candidates who
scored the most points. Each factor listed in Table 3

corresponds to a 5-point scoring scale (weak level, needs
improvement, sufficient level, good level, excellent level).

The integral assessment is calculated according to

the formula (1).

Table 3. Multicriteria assessment of candidates according to the generalized criterion

Criteria for assessment
Professional Personal Psychological
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The architecture of the decision support system for
human resources management enables increasing the
reliability of the decisions made by increasing and
detailing the initial information [13].

In addition, automation of the solved procedures
enables increasing the efficiency of managing the
procedure of making decisions in the tasks of multifactor
assessment and optimization.

Conclusion

theory is considered. The applicability of the competence
approach in managing human resources is justified. The
suggested model enables formalizing the decision-makers’
preferences and  obtaining  objective  numerical
assessments of the competence of candidates. Thus, the
task of building a project team is multicriteria and can be
solved on the basis of the multicriteria assessment and
optimization methods. The questions of practical
application of the suggested mathematical models and
methods are considered. The preliminary set of candidates

for a project team is suggested to be developed on the
basis of the experience in solving similar problems in
previous projects.

The problem of selecting the most suitable
candidates for a project on the basis of the general utility
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®OPMYBAHHS 1 PO3BUTOK MPOEKTHOI KOMAH/IU HA OCHOBI
BAT'ATOKPUTEPIAJIBHOI MOJIEJII

IIpeamMeToM BUBYCHHS B CTATTi € MAaTeMAaTHYHI MOJENI JUIS BUPILICHHS NMPUBATHUX 3aBlaHb MiI00pPYy KaHIWIATIB Tpu (HOpMYyBaHHI
KOMaHI¥ TpoekTy. MeTa — po3poOka QopmanizoBaHHX MOJeNeH 1 METOIIB OIIHKH PIBHS y3arajJbHEHOI coIiadbHO-TIpodeciitHol
KOMIIETEHTHOCTI KOKHOTO BHKOHABIIS B KOHKPETHOMY BHIi POOIT 1HBECTULIIMHOTO MPOEKTY MPH (POPMYBaHHI 1 PO3BUTKY MPOCKTHOI
KoMaHau. 3aBaaHHsi: Qopmaiizallis METOAIB NPHUHATTSA pillleHb; BHOIp HAMKpamoro BapiaHTy, Ha OCHOBI METOJIB
0araToKpUTepiaIbHOTO OILIHIOBAaHHS 1 ONTHMI3allii; aHami3 0cOONMMBOCTEH 3aBIaHb OaraTOKPUTEPialbHOTO OLIHIOBAHHS B 3aJaydax
YIPaBIIIHHS JIFOJCEKHUMH PECYpCcaMy; 3aCTOCYBAaHHS MAaTEMAaTUIHUX MOJICICH MPUHHATTS PIillIeHb P BUOOPI HAHOLIBI i IXOIAIIHX
KaHJMJaTiB B IIPOEKT Ha OCHOBI 3arajbHOi Teopii KOPHCHOCTI. BHKOPHCTOBYBaHMMH MeTOJAMM € METOIM 0araTOKpHTEpiabHOTO
OLIIHIOBaHHS 1 onTHMi3anii, GyHKIis KopucHocTi. OTpHMaHi HaCTyNHI pe3yabTaTH. [IpoBeneHo aHali3 CHIJIBHOI CIIPaBU yHPaBIiHHS
TPYIOBUMHU pecypcamMu i (OpMyBaHHS KOMaHIW HOBOTO MPOEKTY. BCTaHOBIEHO, IO OCHOBHHMM KpHUTEpIEM ISl BKIIOYEHHS
KaHJIUIATIB y MIPOCKTHY KOMaH/y € IpUHHATA B OpraHizallii KBaidikallis i JOCBiJ BAKOHAHHS TOIIOHUX pOOIT, ajie TAKOXK HEOOXI1THO
BpaxoOBYBaTH HAsBHICTh 1 BIUIMB IHAUBIAyaIbHUX (AKTOpiB KaHIWAaTa. 3ampoNOHOBAHO METOAM PO3B'I3aHHS 3a1adi
0araTOKpUTEPiaIbHOTO BUOOPY 3 BHKOPHUCTAHHSAM HE()OPMATi30BaHOTO AOCBIAY B JOJATKY 1O 3aBIaHb YIPABIIHHS TPYIOBHUMH
pecypcaMu IpoeKTy. 3alpONOHOBaHUN MeToA (OpMyBaHHS KOMaHAW MPOEKTY 0a3yeThCsl HA OCHOBI Mojeneil OaraToxpuTepiaabHOT
onTHMi3aii, SKuil Ha BIIMIHY BiJl iCHyIOUHX METO/IB JI03BOJISIE BpaXOBYBATH HE TINBKH MpodeciiiHi KOMIeTeH T CIiBpOOITHUKIB, ate
1 0OCOOMCTICHO-TICHXOJIOTIUHI XapaKTEPUCTHKH KaHIUIATIB B Pi3HMX KOMOIHAIISAX 1X MOEIHAHB, IO CIIPHSE SIKICHOMY BHKOHAHHIO
KOMaHJIOK MPOCKTHHUX 3aBJaHb B 3aJIGKHOCTI BiJl CHENU(IKA BUMOT MPOCKTy. BucHoBKH. B po6OTi posrisHyTo 3amady BHOOpY
MPUAHSITTS PillieHb HAHOUTBII TAXOSIMX KAHAUIATIB B IPOCKT Ha OCHOBI 3araibHOI Teopii KopucHOCTI. OOIPYHTOBAHO JOIIIBHICT
3aCTOCYBaHHS KOMIIETEHTHICHOTO MiAXO0y B YIPaBIiHHI TPYAOBUMH pecypcaMu. 3anpornoHOBaHa MOAEIb JO3BOJIUThH (hOpMati3yBaTu
nepeBaru OIIP, i orpumaty 00'€KTHBHI YHCENbHI OLIIHKK PiBHS KOMIETEHTHOCTI KaHIUAATiB. TakuM YMHOM, 3aBIaHHs (OPMYBaHHS
KOMaHJM MPOEKTy € OaraToKpUTepiaibHOI 1 MOXKE BHUPIIIYBATHCSA HA OCHOBI METOIB 0araTOKpUTEpiadbHOTO OIIHIOBAHHS 1
onrtuMizaiii. PO3MIIHYTO MUTaHHS MPAKTUYHOTO 3aCTOCYBAHHS 3alPOIOHOBAHMX MAaTEeMATHYHHX Mojenell i meroaiB. PopMyBaHHsI
MIONIepEeIHFOr0 Oe3JIiui KaHIUIaTiB B KOMaHAY IPOEKTY IMPOIOHYETHCS 3IIHCHIOBATH Ha OCHOBI JIOCBify BHPIMIEHHS HOAIOHUX
3aBJIaHb B [TONIEPEIHIX POCKTAX.

KmrouoBi cioBa: (opmyBaHHS KOMaHAM INPOEKTY, MPOEKTHA KOMaHIA, TEOpis KOPHUCHOCTI, OaraToKpHuTepiabHa MOJEINb,
KOMITETEHTHICHHAM TiaxXiz.

®OPMUPOBAHUE U PA3BBUTHUE MPOEKTHOM KOMAH/IbI HA OCHOBE
MHOT OKPUTEPUAJIBHON MOJEJINA

IIpeqveToM u3ydeHHS B CTaThe SIBIAIOTCS MaTeMaTHUIECKHE MOJENH U PENIeHUs YacTHBIX 3amad IMoadopa KaHIWIATOB IIPU
(dopmupoBannn KoMmaHABI Tpoekrta. Lleab — pa3zpaboTka (opMann30BaHHBIX MOJAENEH W METOJOB OLEHKH YPOBHS OOOOIIECHHOW
COIHANTBHO-TIPO(EeCCHOHATEHOM KOMIIETEHTHOCTH KayKI0TO MUCHOIHHUTEIS B KOHKPETHOM BHIE€ PAOOT MHBECTUIIMOHHOTO MPOEKTA MPH
(OpMHpOBaHUH W Pa3BUTHH NPOEKTHOW KOMaHABL. 3agaum: (opManu3anys METOOB HPHHATHS PEHICHHI; BHIOOpP HAMITydIIero
BapuaHTa, Ha OCHOBE METOJOB MHOTOKPHTEPHAILHOTO OIICHMBAHHMS W ONTHMM3AIMHM, aHaJIM3 OCOOSHHOCTEH 3amay
MHOTOKPUTEPUAIbHOTO OLICHUBAHUS B 3a/lauyax YNpPaBJCHUS UYEJIOBEUCCKUMH pecypcaMy; IPUMEHEHHE MaTeMaTH4ecKUX MoJeiel
NPUHATHS pelIeHuid npu BbIOOpe Hambojiee MOAXOAAIIMX KAaHAWAATOB B IPOCKT Ha OCHOBE OOLIEH TEOPUM IIOJE3HOCTH.
Vcronb3yeMbIMH MeTOIaMH  SIBIISIIOTCS. METOJbI MHOTOKPHTEPHAIBHOTO OIEHHBAHMS M ONTHMH3ALMH, (DYHKIHS II0JIE3HOCTH.
[Monyuensl crnenyromue pe3yiabTarhl. [IpoBeneH aHanm3 oOmiei 3aga4yu yrnpasieHHs TPYJIOBBIMH pecypcaMd U (OPMHUPOBAHHUS
KOMAaH/Ibl HOBOI'O IIPOEKTA. Y CTAHOBJIICHO, YTO OCHOBHBIM KPUTEPUEM [l BKIIOUCHUS KAHAUIATOB B IPOCKTHYIO KOMAHy SBIIETCA
MIPUHATas B OpPTraHM3alUy KBaTH(UKAIUS U ONBIT BBIMONHEHUS MOMOOHBIX PaboT, HO Takke HEOOXOIMMO YYHTHIBATh HAIMYHE U
BIMSIHAE WHAUBHIYaJIbHBIX (DaKTOPOB KaHAWAATA. [IpeayokeHO MeTOABI pEIICHUs 3aJadl MHOTOKPHTEPHAIBHOTO BBIOOpa ¢
HCTIONB30BaHIEM HEe()OPMAIM30BAaHHOTO OIBITA B TIPWIOKEHHM K 33/ad4aM YIPABJIECHHS TPYJOBBIMH peCypcaMH IPOEKTa.
[IpemnoskeHHbIA METOT (OPMUPOBAHUS KOMAH/bI MPOEKTa 0a3MpyeTcs Ha OCHOBE MOjEel MHOTOKPUTEPHATbHOW ONTHMHU3AIINY,
KOTOPBIN B OTJIIMYME OT CYIIECTBYIOIIMX METOIOB MMO3BOJISIET YUUTHIBATh HE TOIBKO NPo(ecCHOoHaIbHbIE KOMIETEHIIMN COTPYIHHKOB,
HO ¥ JIMYHOCTHO-TICHXOJIOTHYECKHE XapaKTEPUCTHUKH KaHIUIATOB B PA3JIHMYHBIX KOMOMHALMSIX MX COYETAHHH, YTO CHOCOOCTBYET
Ka4eCTBEHHOMY BBIITOJHEHUIO KOMAH/ION TPOCKTHBIX 3a71a4y B 3aBUCUMOCTH OT crieiuduku TpedoBanuii mpoekta. BeiBoabl. B padote
paccMoTpeHa 3ajgada BHIOOpA NMPUHATHS pelIeHHH Hanboyiee MOAXOMAIINX KAHAWIATOB B MPOEKT HAa OCHOBE OOMIeH TeopuH
nore3HocTu. OOOCHOBaHA IeJIeCOO0OPA3HOCTh MPHMEHEHUS! KOMITETEHTHOCTHOTO IIOJXOJa B YIIPABICHUH TPYJOBBIMH PECYpCaMH.
[pemnoxkenHass Momens MO3BONMT (opmann3oBaTh npeanodrenust JIIIP, u momydnTs OOBEKTHBHBIC YHCICHHBIE OIEHKH YpPOBHS
KOMIIETeHTHOCTH KaHANAATOB. TakuMm 0Opa3oM, 3amada ()OPMUPOBAHUSI KOMAHIBI TPOEKTA SIBISIETCS MHOTOKPHUTEPHATBEHON W MOXKET
pelaTbcss Ha OCHOBE METOJOB MHOTOKPUTEPHAIBHOTO OLIEHMBAHMS U ONTHMHU3AlMU. PacCMOTpEHbI BOMPOCH! MPAKTHYECKOTO
NPUMEHEHHS MPEeATIOKEHHBIX MaTeMaTHUYeCKUX Mojeneld 1 MeTonoB. PopMupoBaHue NMpeaBapUTENbHOTO0 MHOXKECTBA KaHIUAATOB B
KOMaH/ly IIPOEKTa MpeJylaraeTcs OCyLIeCTBIATh Ha OCHOBE OIBITA PEIIEHHs OJOOHBIX 3a1a4 B IPEIbIAYIINX IPOEKTAX.

KiioueBble cioBa: (opmMHpoBaHHE KOMaHIBI MPOEKTA, MPOCKTHAsh KOMAaHMa, TEOPHs MOJIC3HOCTH, MHOTOKPUTEpHATIbHAs
MO/I€JIb, KOMIIETCHTHOCTHBIN IIOAXOM.
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N. KUCHUK, R. ARTIUKH, A. NECHAUSOV

METHOD OF BUILDING THE SEMANTIC NETWORK OF DISTRIBUTED SEARCH
IN E-LEARNING

The subject matter of the article is semantic networks of distributed search in e-learning. The goal is to synthesize a decision tree and
a stratified semantic network that allows network intelligent agents in the e-learning to construct inference mechanisms according to
the required attributes and specified relationships. The following results are obtained. The model of the base decision tree in e-
learning is suggested. To simulate the decision tree in e-learning, the logic of predicates of the first order was used, which enabled
making calculations both at the nodes of the tree and at its edges, and making decisions based on the results of calculations; applying
partitioning operations to select individual fragments; specifying the solutions with further expanding the inference upper vertices;
expanding the multi-level model vertically and horizontally. At the first stage of the model formalization, the graph of the base
decision tree was constructed, whose nodes represent a substructure capable of performing an autonomous search subtask. The second
stage is filling the base tree with semantic information and organizing its interaction with network intelligent agents. To provide the
tree branches of decisions in e-learning with information, the process of stratified expansion of the base decision tree was suggested
where the components of the decision node were detailed and the links among the received sub-units were established both on the
horizontal and on the vertical levels. It is shown that in order to establish a set of goals and search problems on the studied structure, it
suffices to determine: the graphs of goals and search problems for each node type; a set of edges that determine the dependence of the
execution of search targets for the nodes that are not of the same type; a set of pointers that establish probable relationships for
redistributing resources in accordance with the requirements of intelligent agents; communication mapping. The developed
mathematical model of the base decision tree enabled a stratified expansion. Determining intensions and extensions allowed stratified
semantic networks to be used for searching. Conclusions. The method of synthesizing a decision tree and a stratified semantic
network is suggested; this method enables considering them as closely interrelated ones in the context of distributed search in e-
learning. As a result, the process of searching and designing inference mechanisms can be formalized by the network intelligent
agents according to the required attributes and given relationships.

Keywords: stratified semantic network, intension, extension, decision tree, e-learning, intelligent agent.

Introduction

Problem setting. The globalization of the
information support of society and the active process of
scientific and technological development in the field of
information communications contribute to developing a
single global information and communication space. One
of the basic trends of developing present information and
communication networks (ICN) is increasing the
availability of information and computational resources of
networks for individual abonents. In this context,
individual abonents of information and telecommunication
networks are becoming increasingly active consumers of
their computing resources and participants in the creation
of information materials who directly possess the
technique of access to ICN information resources. On the
other hand, the increased activity of individual abonents of
information and communication networks is caused by the
distribution of modern ICN information and computing
resources. Therefore, the role of communications both at
the level of applied tasks and at the level of technical
systems increases dramatically in distributed systems.

The rapid development of technical means of
information and communication networks and increased
activity of access to information and computer resources
of individual abonents increased the interest in the
problem of efficient access to information resources of the
network [1]. The problem of a goal-oriented information
retrieval (IR) is of primary importance. IR is complex
activity aimed at collecting, organizing, searching,
retrieving and spreading information with the help of
computer technologies [2]. IR belongs to a class of ill-
formalized problems where analytic dependencies or
chains of actions that lead to the desired result are not
known. The purpose of IR is to meet the information

needs of the WEB application in a form that is available
for machine processing, for example, in the form of a
query written in a natural language (NL). A query can be
interpreted in various ways in e-learning space. It can be
incomplete or redundant, contain polysemantic words,
strongly depend on the context, poorly reflect the
information needs, and so on. At the same time, the
information demand at every moment of time remains
constant, that is it does not admit ambiguous or mutually
exclusive interpretations. Although the query rarely
matches to information needs, this is the only way of
interaction between the user of e-learning and the search
engine where the query is used as input data so that the
documents relevant to the query can be found. However,
the user evaluates the search result in accordance with
their information needs but not according to the query
entered. In the course of the assessment, they decide if the
search result is relevant to their information needs. The
relevance calculated by the search engine based on its
internal logic cannot correspond to the true relevancy. For
example, the documents selected by the search engine can
accurately correspond to the topic of the query, but at the
same time, it can be completely useless for a specific
activity within which the need arose.

In present search engines, the important step of
indexing documents precedes the search phase. It consists
in the creation of index tables which greatly speeds up the
processing of queries. The peculiarity of IR indexing lies
in the fact that the index necessary for a full- text search in
electronic collections should be the most complete and
contain all terms that appear in documents (an inverted
file which includes morphological tokens is created). The
following characteristics are calculated for each token on
a set of documents: a number of documents a specific
token appears in; the token rate. Besides, the information

© N. Kuchuk, R. Artiukh, A. Nechausov, 2017
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for a “token-document” pair is stored in the inverted
dictionary, this information includes:

- the token rate in the document;

- the token displacement for the beginning of the
document.

The inverted file or similar data structure is
sufficient for many approaches to the organization of full-
text search. But when the documents that are relevant to
this request are retrieved, the way of processing a query
and calculating the relevance value for each query-
document pair should be determined. However, there are a
number of obvious drawbacks that make the search for
relevant texts difficult, for example:

- redundancy: synonyms or notions that define the
same things or ideas are used in the index;

- the words of the text are considered as independent
from one another, which does not correspond to the
features of a discourse;

- polysemy of words: since polysemantic words can
be regarded as the disjunction of two or more concepts
expressing different meanings of a polysemantic word, all
elements of this disjunction can hardly attract the user’s
interest.

The so-called concept indexing does not have such
drawbacks because the text is indexed according to
notions that are discussed in this text but not to words. In
the context of this technology, all synonyms are reduced
to the same concept; polysemantic words are assigned to
different concepts; the relationships between the concepts
and corresponding words are described and can be used
while analyzing the text.

Literary sources analysis

(Web Ontology Language) was given the status of
recommendation [8]. It has three dialects (3 sets of
organization units) that are used depending on the
required expressive power. OWL is actually an add-in on
RDF. Many formalisms of knowledge description can be
reflected in the OWL formalism. The work on the format
of rules exchange — Rule Interchange Format (RIF)
started. Its purpose is to combine several formalisms for
describing rules in one standard (a nontrivial logical
conclusion can be made according to these formalisms).
These formalisms are the logic of Horn clauses, the logic
of high order, production models, and so on [9]

However, in all of the above-mentioned standards
and approaches to the SN construction, there is no clear
formalization for identifying functional and logical
dependencies at the stage of making the intermediate
sequences of conclusion in accordance with the required
attributes and set relations that are developed during the
process of expanded processing in the conceptual search
[10]. This problem is especially acute in e-learning when
organizing the distributed search. One possible approach
to implementing such formalism in the distributed search
involves the combination of a device for constructing
decision trees and semantic networks expanded by a
stratified structure (stratified semantic networks).

The goal of the article is the synthesis of the
decisions tree and stratified semantic network for
constructing inference mechanisms according to the
required attributes and set relationship by the intelligent
agents in e-learning.

Modelling the basic decision tree in E-learning

In order to try to implement the pattern of automatic
conceptual indexing and conceptual search, it is necessary
to have a resource describing the system of concepts of
this domain area. The semantic network (SN) contains
such resource. The SN essence lies in automating
“intellectual” tasks of processing the meaning (in terms of
semantics) of a particular resource that is available in the
network [3]. Intelligent agents (1A) that are placed in the
network should process and exchange information. A
number of standards and recommendations have been
developed and many projects have been implemented so
far. But, despite some successes, the idea of SN has not
been materialized in action yet [4].

To describe semantics in the network, the Resource
Description Framework (RDF) [5] was determined. RDF
is a simple but powerful resource-specification language
that is triple-based on “Subject-Predicate-Object” and URI
specifications. Conceptually, RDF provides the minimum
level for presenting knowledge in the net and is based on
early Web standards. The languages for describing
structured dictionaries for RDF — RDF Schema (RDFS)
and GRDDL (Gleaning Resource Descriptions from
Dialects of Languages) [6]. Their purpose is to provide
means for retrieving RDF-triplets from XML and
XHTML data. In the area of creating class libraries and
reasoning on RDF-rgraphs, Jena Framework is developed.
In the area of creating expansion modules for browsers,
Simile for Firefox is developed [7]. The language OWL

Decision trees enable determining logical laws
among information segments and represent a convenient
device that can become a basis for constructing a stratified
semantic network (SSN) that allow inference obtained
while using decision trees to be stored and processed.

Let the logic of the first-order predicates be used for
modelling a decision tree in e-learning, this logic enables
[11]:

- making calculations both at the tree nodes and at
its edges and making decisions on the basis of these
calculations;

- applying portioning operations to select individual
fragments;

- specifying the solutions with further expanding the
inference upper vertices;

- expanding the multi-level model vertically and
horizontally.

As the graph of the modelled decision tree, the tree
GX will be considered, its root being

GX= X,R, (1)

where X = XX ,..X" ' is the tuple comprising

many nodes of various ranks; X° is the tree root;

X' =(X1,Xi2,.-.,Xi(i),0£ismfl is a set of nodes of

the ith rank; R=rj, ; 0<i< m-21<j< I;
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1<v< |41 is aset of graph arcs that are directed links
among the nodes; i indicates the rank of j vertex from
which the connection gets out of; v is the number of the
vertex of the (i + 1)th rank which includes the connection.
At the first stage of formalization, the graph of the
basic decision tree G§<5) is built; its nodes represent the
SSN substructure that is capable of performing the

autonomous search subtask (partial decision of partial
inference). To do this, the area of inference

D ={d, |k:],_m}is determined, where d, is the k-th
variable of the inference with D, domain and the area of
decisions X ={x: |£=1n}, where x: is the &th
variable of the decision with X domain.

While constructing the decision tree, the variables of
two types — “decision” (fig. 1, a) and “inference” (fig. 1,
b) are considered.

P, (Xg) o,(P(dy)

0x(P(dy)
L

Fig. 1. Nodes “decision” (a) and “inference” (b)

P(dy)

p r(xi

Fig. I, a shows P, x. , {=1r}, that is the j-th
relationship determined on the domain of the variable x..

And getting to this vertex along the tree means completing
the chain
Pg Xs € Péu

={P (), Py (xg)}- )

Fig. 1, b shows P d, , that is the relationship
determined on the domain of the variable d,, and
o, P d,
set of values that satisfy the relationship P. The incidence
is determined as zero only for the inference nodes, that is
the operation of expanding the vertex 3 can be introduced
only on this set:

- the parent node is “decision”,
“inference” (fig. 2, a):

, (=1 is the relationship determined on a

the child node is

I %X > P dg ; (3)

- the parent node is “decision”, the child node is
“decision” (fig. 2, b):

- the parent node is “inference”, the child node is
“inference” (fig. 2, C):

—> o, P dg (5)

- the parent node is “inference”, the child node is
“decision” (fig. 2, d):

SPdi ox > (6)

3
—»{ P(dyp)
- —
PQ(XQ) Pri(xg)
3
P(dy) »lo(P(dy)
c
3
P(d) ——»
Pe(xe)
d

Fig. 2. Operation 3 — expanding the vertex

The operation of expanding vertices on sets of
variables of inference and decision results in creating the
basic decision tree & = (3(D), J(X)) with the graph G
on which the following branches can be distinguished:

- the fact Xp (the way from the root node to the final
vertex, fig. 3);

- the elementary fact vP — Np (a specific element of
the decision way Xp with the operation 3);

- the partial fact Nr (the way for the tree node to the
output node that is not the end one).

OO -
O~ @ﬁ’é

Fig. 3. The formalism of partial decision

The following stage is filling the basic tree with
semantic information and organizing its interaction with
network intelligent agents.

2. Stratified expansion of the basic decision tree in
E-learning

For the information support of the branches of the
decision tree in e-learning, the process of the stratified
expansion of the basic decision tree & with the graph

G{) should be considered; within the process the

decision nodes will be detailed and the links among the
obtained subnodes will be established both at the
horizontal and vertical levels [12].

Let the isomorphism between the subgraph of the

graph G&E) that includes all decision nodes and the graph
Gy (1), after that, Gy  will be stratified according to the
relations determined on the basic decision tree (fig. 4).
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/111 1

Fig. 4. The graph GX of the stratified tree

Let us assign the graph Gy to the isomorphic graph
Gc (C,H) that has a set of vertices C which are search
goals that determine the corresponding elements of facts

and a set of arcs H = h}v that determine the relations of

the conditions of achieving goals of the search for upper
level or “AND” conditions. While achieving the basic
goal C,, a set of specifying objectives and tasks arises in

the nodes of the (m—1)-th rank
X'm1 1<y, 4 </, which often lead to the failure

to achieve the corresponding goals C'm™ . A set of goals

and tasks that are assigned to the nodes X'm1 can be

presented as a set of graphs of objectives and tasks
Gt = Gt (fig. B):

Gt = G )

where Co"' = Cyn 0, Cy" M., CM s the tuple

that comprises a set of goals of different ranks; C,"*° is
the basic goal of the vth node of the (m—1)-th rank;

cym! =(cgm*1v” LG ); 0<f<n-1;fisthe

rank identifier in the graph G m1: I; is a number of goals

of the f-th rank (wherever the unlqueness of understanding

is not interrupted, let us imply that n'™t and f'mt);

f
h= hj ,
of graph arcs that are the relations of the conditions of
achieving the goals of the upper level or “AND”
conditions.

0<f<n-2;1<j<I;; 1<g<I;+lisaset

Any vertex in the graph Ggg‘*l can be connected by

fYm-17%m-1
h:

the edges , where 0 < f < n¥ — 1;

0<Z< n® —1;1<j<1;;1<®< I, with one or

several vertices in the graph Ggg"*l ; OFV i 0<a, v,

fYm-17%m-1
hie

Let us assign each link to a set of tasks

in the node of the largest rank of the structure Gy with

the subordinate nodes X't and X“m-t. These are the

tasks of the coordination of the nodes X'm1and X“m-1
when they are solving the subtasks of search.

Thus, the graph of the search coordination can be
created

Gex = (Ck,Sk) ®)

where Ck = (Ck,Ck,...Ck ) is the tuple that comprises
a set of coordinating goals of the nodes of different ranks;
—0

Ck =(Ck1.Crzr-
the

Cﬁ(o) is a set of coordinating goals of

root node X° in the graph Gy ;

K_(CKl, K2 Ce ) 1)<l 0sm-271<t<,

isaset I, fcoordinating goals of the nodes X} (wherever

the uniqueness of understanding is not interrupted, t is
understood as t");

Sk =Sk USKY; SE NS =T, 9)
wheres Skmv 1<t o<1;0<l;t<m-2;
1<j<l;;1<y<I;1<v<I,-1lisasetofnon-directed

relations between the tth and @-th coordinating goals of
the j-th node of the ith rank and the y-th control element of
the t-th rank when the vth control element of the

(m-1)-th rank is solving the search task;
SPA= S0 is a set of directed (transitive-
antisymmetric) relations among the corresponding

coordinating goals (fig. 5).

Fig. 5. The graph of the implementation of the coordinating
goals and tasks
The coordinating goal Cll relevant to the link

hi" 2™ s created in the graph G by the following

way: the node with the least value of the i-th rank is
determined in the graph Gy ; the nodes o and v of the
(m —1)-th rank are transitively connected to this node by

the relations R = rji,,

In the course of the query processing, network
resources among the intelligent agents (1A) that participate
in the query processing should be redistributed. Let IA To
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achieve the goals of operational control 65“ of the v-th
node of the (m — 1)-th rank, 1A requires that the node X‘j
which is transitively connected to the node v by the
relations R = rjiv solve the task Crof redistributing

resources among the nodes with indices v and
o (1<v,a<l,4,v+a) of the (m— 1)-th rank. Let us

create the graph of the goals and tasks of operational
redistribution of resources (fig. 6):

Ger = (Cr.Sg). (10)

where Cg :(6%,6%{,...,6?‘2) is the tuple that comprises

a set of goals for redistributing resources;
—0 _ . .
Cr = (CR1: Crorn CRLZ), L < U< | is a set of goals in

redistributing resources that the control element X° has.

Fig. 6. The graph of resources redistribution

Thereafter, for the nodes X‘J— :

Cr = (CRy, CRzr -+ Cy,) (11)
SR=SRUSH SEASP=@, sh= s
1<to<l;0<i,t<m-2;1<j<|;; 1<y<|,;

1 <v < |1,-1 are non-directed relations among the

tth and o-th goals in redistributing resources of the j-th
node of the ith rank and the y-th node of the t-th rank to

ensure solving the tasks v, —1; SP* = S' s a set of
g

transitive-antisymmetric relations among corresponding
goals in redistributing resources

Let us consider the nodes with indices v and
o (1<vyq,a<(l,4) of the (m — 1)-th rank that have
isomorphic graphs Ggg“ and Ggom'l of the goals and tasks

as the similar ones.
< m-1 .
The set X U,,U,,..,U,  can be partitioned
y

according to the types (y :LTy is a set of the types of

nodes of the (m — 1)-th rank) in the set of nodes

X" X 1<yl .

Thus, to set a set of goals and tasks of the search in
the structure Gy , it suffices to determine:

- the graphs of goals and tasks of the search for each
type of nodes of the (m — 1)-th rank;
- a set of edges

fYm-17%m-1
h= hjo ,

that determine the dependence of the achievement of

search goals for the nodes X “m-Land X"m-1which are not

similar;

-aset of indicators d = d{™*“"  that set probable
relations in redistributing resources in accordance with the
requirements of intelligent agents for the nodes «,_;, for
the node v,,_; so that it achieves the search goal of the

j-thrank — fin Gcom*1 ;
- mapping:

Fr:d >Cr; R :h—>Ck. (12)

Let us consider that the stratified structure W of
goals and tasks of search is set in the graph Gy of the
decision tree N =(3J(D), 3I(X)), if the tuple of six
elements is determined

M =(Gy,GL ™, Gex Ger: e Fc ) - (13)

It is the integration of substructures W, that are set
in the graph Gy when the search task is solved by each

node of the (m — 1)-th rank with operational assignment of
network resources to the called intelligent agent, that is

(ma
w=w,.
v=l

3. Creating stratified semantic network in E-learning

To deal with the branches of the decision tree
N = (3(D), 3(X)) expanded by the stratified structure W,
the following operations are determined:

- partitioning the tree R(XN); the operation lies in
separating the partial tree N-p in the strata levels of W
structure (the diagram of the operation is presented in fig.
7) or according to “vertical” identifiers;

- integrating partial trees A (A >1) with the

complement o N, ,..,N
Fig.1, a);
- specifying integration ¢ N, , when the final

p, (the diagram extension,

vertex of the inference of the partial tree is compared to
another partial tree whose root vertex is the selected
vertex of inference (fig. 8).
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o1(P(dy)) " \CodP(dy)
52(P(dy))

Fig. 8. Integration with specifications

Let us determine a set of attributes of the considered
fact obtained on the basis of the structure W as
A=(A, ..., A,) and a set of relations connected with

this fact as R=(R;, ..., R,); the intension of the

relationship Rv (v € 1,y ) is determined as follows:

Int R, = A" = A:dom AV | (14)

where A > AM is a subset of attributes of the considered
relationship; dom A" are domains corresponding to
these attributes whose integration is a basic set for

transmitting information to corresponding intelligent
agents.

The extension of the relationship R, (v e L) is
determined as

ExX R, =F, R, , (15)

where Fg(v) R, is the expended 6-th elementary fact of

the considered relationship that is set by a bunch of
attribute pairs according to the structure W, that is the
specification of this relationship.

Conclusions

Thus, the method for synthesizing the decision tree
and the stratified semantic network is suggested; this
method enables considering them in close relationship in
the context of the distributed search in e-learning, which
results in the fact that the search process and the
construction of inference mechanisms can be formalized
by network intelligent agents according to the required
attributes and specified relationships.

Fig. 7. The operation of partitioning according to strata
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METO/I HOBYJIOBU CEMAHTUYHOI MEPEXKI PO3IIOALITY MOIIYKY B
E-LEARNING

IMpeameToM BHBYEHHS B CTaTTi € CeMaHTHYHI Mepexi posmoaineHoro mnomyky B E-learning. Mera — cuHTe3 jepeBa pilieHs i
cTpaTi}iKOBaHOT CEMaHTHYHOI MEPeXi Uil KOHCTPYIOBaHHS MEPEKEBHUMHU IHTENEKTyalbHUMH areHTamu B E-learning Mexani3miB
BUBEJICHHS BIAMOBITHO 10 HEOOXIAHUX aTpHOyTaMH i 3aJaHMMHU BigHocuHamu. OTpUMaHI HACTYMHI Pe3yJbTATH. 3aPONOHOBAHO
Mozens 6a3oBoro jaepesa pimens B E-learning. J{ns MoznemoBanHs nepeBa pimens B E-learning BukopucTaHa jorika IpeanKatiB
HEpILIOro MOPSIKY, LIO JTO3BOJIHIA: POOMTH OOYMCIICHHs sSK B By3JaX JepeBa, Tak i Ha iforo peOpax, a Ha OCHOBI pe3yJbTaTiB
0o04YHCIIeHh TPUIMAaTH PIlIEHHsI; 3aCTOCOBYBATH OIepaii po30UTTs Uil BUOOPY OKpeMHUX (pparMeHTiB; YTOYHIOBATH PIICHHS MPH
MOJTANTBIIIOMY PO3KPHTTI BEPXHIX BEpIINH BUCHOBKIB; PO3IIMPHUTH MO BEPTHUKANI 1 TOPU30HTAIII OaraTopiBHEBY Mojenb. Ha mepmomy
erami ¢opmaiizamnii Mogeni OyB moOymoBaHU rpad 6a30BOro JepeBa pillieHb, BY3IIH SIKOTO MPENCTABISIOTH TOACTPYKTYPY, 34aTHY
BHKOHATH aBTOHOMHY IMij[3a/1ady TOIIyKy. Jpyruii eran - HanmoBHEHHS 0a30BOTO JepeBa CEMaHTHYHOI iHPOPMAII€I0 1 opraHi3alis
fioro B3aeMoJii 3 MEpe)KEBUMH iHTEICKTYalbHUMH areHtamu. Jliist iHpopmariiiHoro 3abe3nedeHHs TiIOK gepesa pinrens B E-learning
3alpONOHOBAHUN MpoLEeCc CTPaTU(IKOBAHOTO PO3LIMPEHHs 0a30BOTO JepeBa pillleHb, NPU SIKOMY JAETali3yBaluCs BY3JIH THUILY
"pimieHHs" 1 BCTAHOBIIOBAJIMCS 3B'SI3KM MDK OTpUMaHMMH [liZBY3/H SIK Ha TOPH3OHTAJBHOMY, TaK i Ha BEPTHKAIbHOMY DiBHi.
[Moka3aHo, mo [uist 3aBAaHHs Oe3unidi wijeil i 3aBIaHp MOLIYKY HA MOCIHIUKYBaHIH CTPYKTYpi JOCHTh BH3HAYMTH: rpadu Iinei i
3aBJaHb MOMIYKY KOKHOTO 3 THITIB BY3IiB; 0e31i4 pebep, 0 BU3HAYAIOTh 3aJIeKHICTh BHKOHAHHS IIIICH MOIITYKY JUIS BY3IiB, SIKi HE €
OHOTUITHUMH; 0374 MOKaKYHKIB, IO BCTAHOBIIOIOTH MOXKJIHBI BITHOCHHH 3 TEPEPO3MOALTY PECYpCiB BiANOBIAHO IO BHMOT
IHTEJIeKTyaJbHUX areHTiB; BimoOpakeHHS 3B’s3Ky. Po3poOnena MmaremMarndyHa Mojenb 0a30BOrO JepeBa pIllICHb JTO3BOJMIA
no0OyayBaTu CcTpaTH(GUIMPOBAHHOE PO3IINPEHHS. BH3HAYEHHS IHTCHCIOHAIOM i €KCTEHCIOHAIM Ha JaHOMY PO3LIMPEHHI J03BOJUIIO
BHKOPHUCTOBYBAaTH Ul MOIIYKY anapar crpaTh(ikoBaHa CEMAHTHYHUX MepeX. BHCHOBKH. 3amponoHOBaHO METOJ CHHTE3y AepeBa
piteHsb i cTpaTH(iKOBaHOT CEMaHTHYHOI MEPEXi, 110 J03BOJISIE IPH PO3MOALICHOMY TomnykKy B E-learning po3risaatu ix y TicHOMY
B32€MO3B'SI3Ky, B DPe3yJbTaTi 4YOro 3“IBISIETHCS MOXIHMBICTH (opMaitizamii NMpoIecy MOUIYKY i KOHCTPYIOBAHHS MEpeKeBHMH
IHTEICKTyaJIbHUMH areHTaMH MEXaHi3MiB BUBEICHHS BiIMOBIIHO 10 HCOOXiMHMX aTpUOyTaMH i 3aaHUMHU BiTHOCHHAMH.

KuwuoBi cioBa: crparndpikoBaHa CeMaHTHYHAa MeEpeka, IHTEHCIOHaAN, eKCTeHCioHan, JepeBo piumieHb, E-learning,
IHTEeNeKTyaIbHHUH areHT.
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METO/JI HIOCTPOEHUSI CEMAHTUYECKOM CETHU PACHPEJIEJEHHOI' O
IIOUCKA B E-LEARNING

IMpeameTomM H3yYeHHUs] B CTaThe SIBISAIOTCS CEMAHTHYECKHE CETH pachpejencHHoro moucka B E-learning. Ileas — cuHTe3 aepesa
peuieHnii U CcTpaTUGUIMPOBAHHONW CEMAaHTHYECKOH CEeTH sl KOHCTPYMPOBAHHS CETEBBHIMH HHTEIUICKTYaJbHBIMH areHTaMH B
E-learning MexaHW3MOB BBIBOJIa B COOTBETCTBUU C TPeOYEMbIMH aTPUOyTAMH ¥ 33aHHBIMH OTHOUICHUSIMH. [10ydeHBI ClieTyronIie
pesyabTaThl. IIpeioxkena mMoenb 6a30Boro gepesa pemenuii B E-learning. [t monenupoBanust nepeBa pemienuii B E-learning
WCTIOJIb30BaHA JIOTHKA MPEIUKATOB IEPBOTO MOPSIKA, TIO3BOJHMBINAS: MPOU3BOIUTH BBIYHCICHHS KaK B y3JaxX JepeBa, TaK U Ha €ro
pedpax, a Ha OCHOBE pPe3yJbTATOB BBHIYUCICHHU NMPHHUMATH PEIICHHUS; MPUMCHSITH ONEepalii pa3OueHus Uil BHIOOPA OTAEIBHBIX
(bparMeHTOB; YTOYHSTH pPELICHHs MPU JaJlbHEHIIEeM PAcKPbITUM BEPXHUX BEPUIMH BBIBOJOB; DPACIIMPUTH 10 BEPTHKAIH U
TOPU30HTAIM MHOTOYPOBHEBYIO MoJelb. Ha mepBoM stane ¢hopManuzanun MoAeau ObL1 mocTpoeH rpad 0a30BOro aepeBa peuieHHH,
y3JIbI KOTOPOTO TIPEJCTABISAIOT MOJCTPYKTYPY, CIIOCOOHYIO BBIIIONHUTH aBTOHOMHYIO T10/133/1a4y MOKMCKa. BTopoii atam — HamonHeHne
6a30BOro JepeBa CeMaHTHYECKON MH(OpMAIeil 1 opraHu3alys ero B3auMOJICHCTBUS C CETeBbIMH HHTEIUICKTYalbHBIMUA areHTaMH.
Jns wabopManmoHHOTO oOcclieueHrss BETBeW JepeBa pemicHHd B E-learning mpemiokeH mporece CTpaTH(GUIMPOBAHHOTO
pacmpenns: 6a30BOro JiepeBa PEUICHUM, IPH KOTOPOM JCTATU3UPOBAIKCH Y3IIbI THIA "peIlcHHE” M YCTAHABINBAIUCH CBSI3U MEKIY
MTOJYYCHHBIMH TTOTy3JIaMH KaK Ha TOPU30HTAILHOM, TaK U Ha BEPTHKAILHOM ypoBHE. [loka3aHo, 4TO JUIs 3aJJaHUs] MHOKECTBA LIeNei
7 3aJ1a4 TIOMCKA Ha UCCIEIYyEeMOW CTPYKTYypEe IOCTAaTOYHO OIpPEICIHTh: rpadbl eleld M 3ajad MOMCKa KaXKJIOTO U3 THIIOB Y3JIOB;
MHOXKECTBO pebep, ONMPEAeISIONMX 3aBHCHMOCTh BBIMTOJHEHUS Leliell TMOKMCKa ISl Y3JI0B, KOTOPBIC HE SIBISIIOTCS OJHOTHITHBIMH,
MHOXKECTBO yKa3aTesell, yCTaHaBIMBAIOIIMX BO3MOJKHBIC OTHOIICHHS [0 IEpepaclpe/iefieHHI0 PEeCypcoB B COOTBETCTBHH C
TpeOOBaHMSAME HHTEIUICKTYalbHBIX areHTOB; OTOOpaXKeHHs CBs3u. PaspaboTaHHas MaTeMaTHdyeckash MOJenb 0a30BOro JepeBa
pelieHuii TO3BOINIIA TOCTPOUTE CTpaTU(UIPOBaHHOE paciuupenne. OnpeeeHne HHTEHCHOHAIOB M YKCTEHCHOHAIOB Ha JaHHOM
paCIIMPEHUH TTO3BOJIIIIO MCIOJIb30BATh ISl TIOMCKA amlapar CTPaTU(UIMPOBAHHBIX CEMAHTHUCCKHX ceTeil. BuiBoabl. [IpemnoxeH
METOJI CHIHTE3a JIepeBa PEUICHUI U CTPaTH(UIIUPOBAHHONW CEMAaHTUYCCKOW CETH, MO3BOJISIOIINI MPU paclpeaeicHHOM moucke B E-
learning paccMaTpuBaTh X B TECHOM B3aUMOCBSI3H, B PE3YJIBTATE YETO TOSBIIICTCS BO3MOKHOCTh ()OpPMANTU3AIMHU PoLecca TOUCKa U
KOHCTPYHPOBAHHS CECTCBBIMH HHTEIUICKTYATbHBIMI arcHTaMH MEXaHHU3MOB BBIBOJA B COOTBETCTBUHU C TPEOYEMBIMH aTpUOyTaMH U
3aaHHBIMH OTHOIICHUSIMU.

KiroueBblie ¢j0Ba: CTpaTU(QUIMPOBAHHAS CEMAHTHYECKAs CETh, MHTCHCHOHAN, SKCTEHCHOHAN, JiepeBo pemenuii, E-learning,
HHTEIUICKTYa bHBII areHT.
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V. SIDOROV, V. BABENKO, M. BONDARENKO

RESEARCHING FACTORS OF INNOVATIVE ACTIVITIES OF AGRARIAN
BUSINESS OF UKRAINE UNDER GLOBALIZATION OF THE WORLD ECONOMY

Modern processes of reforming the agroindustrial complex of Ukraine, a large part of which belongs to the agrarian sector, under the
globalization of world economic processes in the agricultural market require that domestic agroindustrial enterprises improve and
rationally manage innovative activities (IA). The effective solution of problems that arise in this context in the rapidly changing
economic and social and political environment requires that analytical methods in the management of the enterprises of the
agroindustrial complex (AIC) be used on the basis of the tools of economic and mathematical modelling, taking into account
characteristics of agrarian production. The main approaches to modelling systems related to IA management are either descriptive or
insufficiently formalized, and suggest virtual experimenting with 1A management, avoiding the possibility of assessing the impact and
consequences of different management options in the long view, minimizing 1A risks when making managerial decisions. The subject
matter of the article is the tools of economic and mathematical simulation of the development of innovative activities of the domestic
agroindustrial complex. The goal is to develop tools for modelling innovative activities of enterprises of the agroindustrial complex of
Ukraine in the form of analytical dependencies of impact factors. The objective is to research the dynamics of innovative activities of
enterprises of the agroindustrial complex of Ukraine in terms of its components under the globalization of world economic processes
in the market of agricultural products. General scientific methods are used, such as system analysis — to determine the peculiarities of
development of IA of agroindustrial production in Ukraine, factor analysis — to formalize the cause-and-effect relationships of the
investigated factors of AIC enterprises impact on IA. The following results were obtained: on the basis of the analysis of the
dynamics of changes in the major indices of domestic agricultural production, the problem aspects were identified and the
components of IA of agricultural production were determined, latent factors with prolonged impact on the level of innovative
activities of agricultural enterprises of Ukraine were calculated. Conclusions: the calculated latent factors of the impact of AIC
enterprises on IA can be efficiently used in foreign economic activities as recommendations for determining the IA strategy of

Ukraine in the world agricultural market.

Keywords: innovative activities, world economy, agroindustrial production, agricultural products, development factors, latent

factors.

Problem setting

The future of Ukraine, which is one of the most
resource-rich countries in the world, largely depends on
the effective development of agricultural management.
The global food crisis is growing every vyear, the
economic and financial crisis in Ukraine and abroad is
spreading, world natural resources are depleting, the
ecological situation is degrading as evidenced by climate
changes and the decline of health and living standards of
the world population. These and other factors testify the
need of IA intensification as one of the most efficient
ways to increase the competitiveness of the country under
the globalization of world economic processes in the
agricultural market.

Domestic agroindustry has a significant innovative
potential, which is capable to ensure a high level of
scientific and technological development of Ukraine in the
international business environment. At the same time, the
reserves of production capacities and favorable foreign
economic environment still remain the prevailing sources
of growth in the sphere of agroindustry for the export of
agricultural raw materials to international markets of
agricultural products. Maintaining current tendencies in
the agroindustrial sector of the country which are based on
low-tech production as well as the ongoing decline of
production in the field of agroindustrial complex proves
the necessity of applying scientific approaches to 1A
introduction and management at AIC enterprises [1].
Today one of the priorities of the state policy should be
the modernization of both the national industry in general
and the agroindustrial complex in particular, on the basis
of IC intensification, and the efficient use of its powerful
scientific and technological potential. At the present stage

it is necessary to implement complex measures to support
innovative activities of domestic enterprises, including
agricultural enterprises, at all stages of 1A, to stimulate the
demand for research results and innovative developments,
for qualified personnel, as well as for favorable conditions
for producing innovative products with a high degree of
added value.

The analysis of literary sources and recent researches

The analysis of innovative activities is characterized
by creating, developing and spreading innovations. So far,
the concept of “innovation” has aroused much interest
among scientists around the world. The research on this
issue was initiated mainly by European and American
scholars such as I. Perlaki [2], E. Rogers [3], B. Santo [4],
B. Twice [5], J. Schumpeter [6] and others. Although the
concept of “innovation” emerged abroad at the beginning
of the XX century, domestic scientists analyzed and
further developed it in the 1930s, but more attention to
this problem began to be paid in the 1960s when the issue
of the essence of innovation was more widely studied.

The concept of “IA management”, a set of measures
supporting innovations, tools for strategic planning of
enterprise 1A, the most important managerial problems
related to the management of innovation were studied in
foreign sources of information to determine the state of 1A
management outside Ukraine. According to numerous
scientific literary sources, the interest to the development
and management of innovation in the world has grown
enormously over the last few years, which attracts the
scientific attention of managers and scientists. [7, 8]. New
approaches to the introduction of innovation by using
achievements in the field of information and

© V. Sidorov, V. Babenko, M. Bondarenko, 2017
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communication technologies have become a catalyst for
spreading innovative technologies, innovative products
and other elements of IA. Such scientists as S. Zott, R.
Amit and L. Massa [9] have developed and distributed the
concept of business-modelling innovations (BMI) with the
help of Internet resources. D.J. Teece states that BMI is an
integral part of the economic behavior of the management
entity [10].

The analysis showed that innovative technologies
come with new ways of doing business [11, 12]. There are
two major approaches: 1) the use of post-industrial
technologies; and 2) corporate sector efforts to enter new
markets and attract new customers. Scientific and
technological advances in so-called post-industrial
technologies (for example, software or biotechnology)
come with the development of organizational methods and
management structures that fundamentally differ from
traditional manufacturing organization and come with new
ways of doing business. [13].

The second approach in the form of
institutionalization of open innovation as a way of
arranging |A outside the enterprise is typical for many
branches of industry [14]. In addition, it should be stated
that while “correct” product design is a prerequisite for
entering new markets, IA management is crucial for
allocating resources and adjusting sales channels that are
necessary for the success of business operations. Thus,
special attention is paid to organizational and managerial
forms of 1A development in the context of modern foreign
enterprises operation.

But, despite a significant number of publications, the
role and strategic position of Ukraine in the sphere of
innovative activities in the world agricultural market is
still an issue of present interest that requires further
researching.

The goals of the article are to research the
development of innovative activities of AIC enterprises of
Ukraine and their main components in the global

2014
2012

agricultural market on the basis of determining factors that
have impact on the level of innovative activities of
agroindustrial enterprises and to model latent factors that
affect the indices of the dynamics of innovativeness of
domestic agricultural enterprises.

Presentation of the material

Achieving the competitiveness of the Ukrainian
economy, where the competitiveness of domestic products
and services in domestic and foreign markets plays a
special part, is one of the main tasks of economic science.
An important element of competitiveness is innovations
that have recently become crucial for developing agrarian
production, which is based on the gained knowledge and
information resources. The increasing degree of openness
of the Ukrainian economy and strengthening integration
processes in the world economy in order to overcome food
security require adequate responses from Ukrainian agro-
processing enterprises.

Solving the task of the food security problem in
Ukraine is a national task that is directly related to 1A
development in the agroindustrial complex. Ukraine has
declared the selection of an innovative way of its
development. To implement this program, a large number
of legislative and regulatory documents have been
adopted, specialists actively work on the issue of
reorganization in government bodies, hold conferences,
forums, and public discussions, and consider innovations
in numerous publications. But the main task is launching
real mechanisms of innovative development that will work
in every area of the national economy, taking into account
national priorities and trends of world development of
scientific and technological progress.

Let us analyze the dynamics of introducing
innovations by enterprises of the agroindustrial complex
of Ukraine on the basis of statistical information (Fig. 1)
[15].
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Fig. 1. Dynamics of introducing innovations by enterprises of the agroindustrial complex of Ukraine (2000-2015)
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According to the results of the analysis, it can be
concluded that, unfortunately, the number of innovations
introduced by domestic enterprises of the agroindustrial
complex, with the general tendency to increase, has
decreased over the last years.

The dynamics of the costs for introducing
innovations by enterprises of the agroindustrial complex
of Ukraine is presented in fig. 2.
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© 2008 —
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Thousand UAH

B Total cost, incl. purchase of machinery and equipment related to the introduction of

innovations

Total cost, incl. preparation of production for introduction of innovations

M Total cost, incl. acquisition of new technologies

B Total cost, incl. research and development, including external GDR

Total cost, incl. research and development, including internal GDR

Fig. 2. The dynamics of costs for introducing innovations by enterprises of the agroindustrial complex of Ukraine (2000-2015)

The dynamics of attracted investments by
enterprises of the agroindustrial complex of Ukraine over
the last fifteen years according to the sources of financing
is presented in Fig. 3.

The method of multidimensional statistical analysis
(factor analysis) is used to study the factors of impact on
the A level of enterprises of the agroindustrial complex in
terms of its components. This analysis is intended to
identify and quantify generalizing characteristics that
adequately describe the whole set of output and result
indices, thereby reflecting the laws of the development of
the enterprise research activities and the mechanism of
their internal interconnections. The calculations were

performed taking enterprises of the agroindustrial
complex of Ukraine as an example with the help of
Statgraphics Centurion statistical package.

To develop the system of models of latent factors
that affect the IA components of the enterprises of
Ukraine, the integral indices that characterize the 1A
components of AIC enterprises should be calculated,
namely: 1) the dynamics of the innovative activity of
enterprises, 2) the dynamics of IA costs and sources of
financing, 3) the dynamics of implementing the IA of
enterprises. Each component is characterized by a system
of individual indices [16].
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Fig. 3. Dynamics of attracted investments by enterprises of the agroindustrial complex of Ukraine according to the sources of

financing (2000-2015)

Thus, the dynamics of innovative activities of
enterprises is described by the following indices: x, is
enterprises engaged in innovations; x, is the total
expenses of the enterprises engaged in innovations; X, is
the research and development costs; x, is the expenses on
internal research activities; xg is the expenses on external
research activities; xg is the cost of acquiring new
technologies; x; is the cost of preparing an enterprise for
the introduction of innovations; X; is the cost of

purchasing machinery and equipment related to the
introduction of innovations; Xy is other costs related to
the introduction of innovations.

The second component, that is the dynamics of costs
and sources of financing of enterprise IA, depends on the
following indices: x, is the total expenses; x, is the

amount at the enterprise own expense; X;, is the amount
at the expense of domestic investors; x5 is the amount at
the expense of foreign investors; x, is the amount at the

expense of other sources.

Assessing the dynamics of the implementation of
enterprise IA, which is the third component, is
characterized by the following indices: x5 is the share of

enterprises that introduced innovations; Xz is a number

of new technological processes introduced; X;; is a

number of new low-waste, resource-saving processes
implemented; x18 is a number of innovated types of
products; x19 is a number of innovated types of
equipment; x20 is the share of innovated production
realized by an enterprise on an industrial scale.

The first component of the level of IA of Ukrainian
enterprises, that is the dynamics of innovative activities of
enterprises, is affected by several factors. Let us consider
these factors in groups of three. They account for 73.67%
of the variability of indices that determine this component.
Latent factors affecting the indices of the dynamics of
innovative activities of domestic enterprises are described
by the following equations:

F; =0,705x; +0,217x;, —0,023%,3 +0,094x,, +0,152%5 +
+0,771x%5 +0,377%; —0,747%g +0,857%4 —0,931x,,,

F, =0,549%, —0,634x%, —0,195%5 —0,201x,, +0, 766X +
+0,366x,5 —0,213x,7 +0,282%4 +0,927 X, +0,075Xy,

Fi3 =0,077%, +0,029%,, +0,918x,5 +0,909x,, —0,026X,5 —
—0,300x% —0,428%7 —0,292x%5 —0,090%4 +0,085Xy,.

Thus, in the whole set of enterprises the first, and
consequently, the most significant factor is the
generalizing one (the first factor), created by indices,
formed in the direction of reducing factor loads:

Xog: X191 %61 X18s X1, the rest of the indices can be
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neglected because their factor loads are less than 0.5. The
second factor is indices X, Xi5, X;2, X1 - The third factor

of the state of the innovative activities of enterprises of
Kharkiv region is characterized by the following sequence
of indices: X3, x,. Thus, as a result of the conducted

analysis, the first three latent factors that influence the

dynamics of innovative activities of enterprises were
obtained; they are — X,q, X9, Xi3-

The second component of the enterprise IA, that is
the dynamics of IA costs and sources of financing, are
affected by several factors as well. So, the latent factors
will also be considered in groups of three; their equations
are as follows:

F,; =0,902x% +0,203x, +0,925%,5 + 0,382x%5 —0,112%,; +0,536x;5 + 0, 787Xy,
Fy, =-0,311x, +0,864x, +0,125%5 +0,611%5 —0,018%; —0,778x,5 +0,308x,
F,3 =-0,151x —0,024x, +0,135x,5 +0,558x;5 +0,959%,; — 0,060 —0,049x.

The ranking of indices according to these factors is:
X5, %5,%7 . The second group of three factors accounts
for 85.489% of the variability of the indices that
determine this component.

The third component of the level of the IA of
agricultural enterprises of Ukraine, that is the dynamics of
implementing IA is also affected by three factors, which
accounts for 81,84% of the variability of indices that
determine this component. The equations of this group of
latent factors are:

Fy; =0,944x, +0,042x, +0,109x; + 0,887 %5 +
+0, 261x5 —0,112x%; +0,668x,5 +0,719%,q,

Fy, =-0,179% +0,796X, +0,781x; + 0,309 +
+0,689x5 +0,042x,;, —0,690x,4 +0,484x%,q,

Fy3 =-0,138x%, —0,128x%, +0,234X; +0,113x%;5 +
+0,485X%;5 +0,955%;7 +0,002X;5 — 0,077 %q.

Therefore, there are the 7th, 8th and 9th latent
factors that affect the dynamics of the implementation of
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The factors that affect the level of IA of agricultural
enterprises in terms of their components were investigated
in order to show the laws and patterns of developing the
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JOCJIIIKEHHSA ®AKTOPIB PO3BUTKY IHI:IOBAHIFIHOT ABLIBHOCTI
AT'POITPOMUCJIOBOI'O BUPOBHUILTBA YKPAIHU B YMOBAX I'JIOBAJII3ALIII
CBITOBOI'O I'OCIIOAAPCTBA

CyuacHi npouiecu pedopmyBanHs ramy3i AIIK Ykpainu, 3HauHa 9acTKa sSKOi HAaJEKHUTH arpapHOMY CEKTOPY, B YMOBax riobamizarii
CBITOTOCIIOIaPCHKUX TIPOLECIB HAa PHHKY CUIBCBKOTOCIOAAPCHKOI MPOAYKIii BHMarae Bil BITYM3HSHHUX arpoONpPOMHCIOBUX
MiANPUEMCTB BJOCKOHAJIEHHS Ta PalliOHAJILHOTO YIPaBIiHHA iHHOBauiliHOIO HisbHicTIO (I/1). EexkTiBHEe BUpIlIEHHS BUHUKAIOYMX
NIPY IIbOMY 3aBJIaHb B IIBHAKO 3MiHIOBAHMX YMOBaX €KOHOMIYHOTO Ta COLiaJbHO-MONITHYHOIO CEPEIOBHILA OTPEOY€E 3aCTOCYBaHHS
aHATITHYHUX MeToAiB B ynpasininHi [/l mignpuemcte AIIK Ha OCHOBI IHCTpYMEHTapil0 €KOHOMIKO-MaTeMaTHYHOTO MOJICIIOBAHHS 3
ypaxyBaHHSIM 0COOJMBOCTEH arpapHOro BHpoOHMITBAa. OCHOBHI MiAXOAW LIOJ0 MOZENIOBAHHS CHCTEM, IOB’S3aHUX 3 YIPaBIiHHIM
I, 3nificHeHO omHMcOBHMH 3aco0aMu a00 TPEACTABICHO 3 HEJOCTaTHBOIO (opMamizaliero, 1 MPOMOHYIOTH TPAKTUYIHO
eKCIIEPMMEHTYBATH 3 YIpaBIiHHAM []I, yHHKaI0un MOXKIJIMBICTh OIIIHUTH PE3YJIbTATUBHICTh Ta HACIIKH PI3HUX BapiaHTIB yIpaBITiHHS
11 B MaifOyTHI¥ nepcreKTUBI 3 MiHIMi3alielo pu3ukiB [/1 py npuiHATTI ynpaBaiHChKUX pilieHb. [IpeaMeToM T0CHiHKEHHS B CTaTTI
€ IHCTpYMEHTapiii eKOHOMIKO-MAaTEMAaTHYHOTO MOZETIOBaHHS PO3BUTKY 1] BITYM3HAHOTO arporpoMHCIOBOTO BUpoOHHUITBA. MeTa —
MOJISITAE Y PO3poOIli IHCTPYMEHTIB MojientoBanHs po3BUTKy 1] mianpuemcts AITK Ykpainu y BUTIISAI aHATITHYHUAX 3aJICKHOCTEH
(axTopiB BIUTMBY. 3aBAaHHS: JOCII/UKEHHs TUHAMiKK po3BuTKY IJ] mimnpuemcts AIIK Vkpainu B po3pisi 11 CKIaoBHX B yMOBax
riobanizanii CBITOroCHoOAapChKUX MHPOLECIB HAa PUHKY CLUIBCBKOTOCHOAAPCHKOT MPOAyKHii. BHKOPHCTOBYIOThCS 3arajbHOHAYKOBI
MEeTOIU: CHCTEeMHUI aHaji3 — JJIs BU3HAUYEHHA 0COONMBOCTEH po3BHTKY 1J] arpompomMucioBoro BUpoOHHITBA YKpaiHH, GpakTopHHI
aHami3 g Gopmaiizamii TPUYHHHO-HACTIIKOBIUX B3a€MO3B'SI3KIB MOCTIHKYBaHUX (akTopiB BrutuBy Ha IJI miampuemcts AIIK.
OTpHrMaHO Taki pe3yJIbTaTH: Ha OCHOBI MPOBEACHOI0 aHaNi3y AWHAMIKH 3MiH OCHOBHHX TOKa3HHUKIB BITYU3HSIHOTO arpOBHPOOHHIITBA
BUSIBJICHO IIPOOJIEMHI acIeKTH Ta BH3HAYEHO CKIamoBi I/l arpompomMucioBoro BUPOOHHUITBA, a TAKOXK OOYHCICHO JTaTeHTHI (haKTOPH,
10 MAIOTh IPOJIOHTOBaHMH BIUTHB Ha piBeHb /] mimnpuemcts AIIK Vkpainn. BucHoBkH: oG4UucIeH] TaTeHTHI (aKTOpH BILIMBY HA
I migmpuemctB AIIK momiabHO BHKOPHUCTOBYBAaTH Y 30BHIIIHBOEKOHOMIUHIHM IISUTFHOCTI Y SIKOCTI peKOMEHMAIH Uil BU3HAYCHHS
crpaterii [/l YkpaiHi Ha CBITOBOMY PHHKY CLTbCBKOTOCHOAAPCHKOT MPOAYKIIIT.

KnrouoBi cjioBa: iHHOBaIlifiHa MisSUTBHICTH, CBITOBE TOCIOIAPCTBO, arpONPOMHUCIOBE BHPOOHHIITBO, CITbCHKOTOCHIOAAPCHKA
HpOAyKILisi, GaKTOPH PO3BUTKY, JTaTCHTHI (GakTopH.

HCCJEIOBAHUE ®AKTOPOB PA3BUTHUSI THHOBAIIMOHHOM
JAEATEJIBHOCTHU AT'POITPOMBIIIJIEHHOI'O ITPON3BOJACTBA YKPAUHDBI B
YCJOBHUAX I''TOBAJIU3AIIMANA MAPOBOT'O XO3SMCTBA

CoBpemeHHBIe TIporiecchl pedopmupoBanust otpaciu AIIK YkpawHbl, 3Ha4HTeNbHAs 4YacTh KOTOPOW NPUHAIICKUT arpapHOMY
CEKTOpPY, B YCIOBHSX TJIOOATH3AIMHd MHPOXO3SHCTBEHHBIX IPOILIECCOB Ha PBIHKE CEIILCKOXO3IWCTBEHHON MPOIYKIMH TpeOyeT OT
OTCUECTBEHHBIX arpONPOMBIIIJICHHBIX MPEANPUATHNH COBEPIICHCTBOBAHUS M  PAIMOHAIBHOTO YIPABJICHUS WHHOBAIMOHHOM
nesitenbHOCThIO (M]]). DddexTuBHOE peieHrne BOSHUKAIOMUX MTPU 3TOM 3a/1a4 B OBICTPO MEHSIOIIMXCS YCIOBUSX SKOHOMUYECKOTO U
COIMATILHO-TIOJIMTUYECKOTO CPeJibl TpeOYeT NPUMEHEHHS aHATTMTUYECKUX MeTo10B B yripasienun U] npeanpusituii AIIK Ha ocHOBE
MHCTPYMEHTApHs 3KOHOMHKO-MATEMaTH4YeCKOI0 MOAEIMPOBAHUSA C YYETOM OCOOCHHOCTEH arpapHOro mpou3BoiacTBa. OCHOBHBIE
MOJXONbI K MOJICJIUPOBAHUIO CHUCTEM, CBS3aHHBIX C yrpaBieHueM WJ[, OCyIIecTBICHO ONHCATEIbHBIMU CPEACTBAMU WU
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MIPE/ICTABIICHEI C HEJOCTATOYHOH (hopMani3aliell, 1 npe/uarafoT MPaKTHYECKH YKCIICPUMEHTHPOBATE ¢ ynpasienueMm VI, n3beras
BO3MOJKHOCTh OILICHUTH PE3YJIbTaTHBHOCTh M ITOCIEACTBUS PA3IMYHBIX BapHaHTOB ympasieHus M/l B Oymymeill mepcrexTuBe c
MuHuMU3anueil puckoB WJI nmpu mnpuHATHH ynpaBieHueckux pemieHuil. IIpeagmerom uccienoBaHMs B CTaThe  SIBISETCS
HHCTPYMEHTApUil  9KOHOMHMKO-MaTEeMaTHYECKOIO  MOAEIMpOBaHMA  pa3Burus MJI  OTEYeCTBEHHOrO  arpoInpOMBIIUICHHOTO
mpou3sBojcTBa. Llenpb 3akiouaercs B pa3paboTKe HHCTPYMEHTOB MozeanpoBanus pa3sutus W/ npeanpustuit AIIK Ykpauns! B Bue
AHAIMTUYECKUX 3aBUCUMOCTEH (pakTopoB BiusHus. 3aaava: MccnenoBanue quaamuku passutust M/ npeanpustuit AIIK YkpauHs! B
pas3pe3e €€ COCTAaBIAIOIIMX B YCIOBUSX TINIOOANM3alUM MHPOXO3IHCTBEHHBIX IIPOLIECCOB HA PBIHKE CENbCKOXO3SIHCTBEHHON
npoaykuuu. Mcmonp3yloTcest OOLIeHaydHble MeTOAbI: CHUCTEMHBI aHanmu3 — I ompefeleHus ocoOeHHocTeidl pasButus NI
arpoIpOMBIIIICHHOTO NPOU3BOACTBA Y KPAaWHEL, (haKTOPHBIN aHAMM3 U1 (OpPMaTH3aIMU IPUYNHHO-CIICICTBEHHBIX B3aHMOCBSI3eH
nccienyemsix (axropoB BmmstHuS Ha W] npemnpustuii AIIK. Ilomydens! criepyromye pe3yJbTaThl: Ha OCHOBE MPOBEAEHHOTO
aHanM3a JUHAMHKA M3MEHEHHs OCHOBHBIX ITOKa3aTelell OTeYeCTBEHHOT'O arpoNpOM3BOJCTBA BEIABICHBI NMPOOIEMHBIC acCHEKTHl U
ompefeNeHsl  cocramBisifomue M/l arponpoMBIIIIEHHOTO  HPOW3BOACTBA, BBIUHCICHBI JIATCHTHBIC (DAKTOpBL, HMeoIne
MIPOJIOHTMPOBaHHOE BIMsHKE Ha ypoBeHb V]I npexnpustuii AIIK Ykpannsl. BBIBOABI: BEIUNCICHHBIC JaTCHTHBIC ()aKTOPHI BIMSHHS
Ha U] mpennpustuit AIIK nenecoo6pa3Ho HCHONIb30BaTh BO BHEIIHEAKOHOMHYECKOH AEATENPHOCTH B KAUECTBE PEKOMEHIAIMHN IS
onpenenenus crpareruu M1 YkparHbl HA MUPOBOM PBIHKE CEIIbCKOX03HCTBEHHON MPOLYKIMH.

KiroueBble cjl0Ba: WHHOBAllMOHHAs  AEATENbHOCTh, MHPOBOE  XO3SHCTBO, arpoNpOMBIIUIEHHOE  IPOH3BOACTBO,
CeIbCKOXO03sHCTBEHHAS IPOLYKIHSL, (PAKTOPBI PAa3BUTHSI, IATCHTHbIE (DAKTOPBL




ISSN 2522-9818 (print)

Cyuacnuti cmamn HayKo8ux 00CAIONCeHb ma mexnoao2it 6 npomuciosocmi. 2017. Ne 2 (2)

UDC 621.882.5

A. SKORKIN, O. KONDRATYUK

THE BASIC PRINCIPLES OF THE INTEGRATED MANAGEMENT OF THE
PROCESS OF ASSEMBLY AND THREADING

The subject matter of this article is the issues related to the integrated management of assembling operations of fastening and
threading elements at all stages of their implementation. The goal is to develop the generalized structure of the data management
system of the process of assembly and threading. The objectives are: to justify the principles of managing the assembly and threading
process at each stage of the assembly to improve the efficiency of these operations, to study the power, accuracy and performance
characteristics of the connections and to draw the conclusion that suggested the theory of assembly management is efficient. The
following results are obtained. The article presents the analytical dependencies of the force indexes of threading in the course of the
package and sheet assembly, including the tightening force while joining; the assembly of a multilayered package of dissimilar sheet
materials was analyzed. On the basis of the theoretical analysis, the dependences of the power indices of threading during the package
and sheet assembly were determined. The assembly of the package of sheet materials was investigated, including a multilayered
package of dissimilar materials of a “metal-plastic” type. Conclusions. The process of assembling threaded joints with the use of
management principles was used; these principles enable increasing the efficiency of the assembly process, reducing the complexity
of the basic operations, and improving the quality of the joints obtained. The use adaptive control of the screwing speed on the main
threading transitions is suggested for reducing the torque. The technology of making threaded joints with given properties is
developed, the main ways of increasing the efficiency of assembly and threading processes are determined on the basis of the

integrated control system for the assembly process.

Keywords: assembly, fastening elements, threading process, torque.

Introduction

In the process of assembling threaded joints, modern
high-performance equipment, automation and
intensification means, systems of monitoring the
parameters of assembly operations and the resulting
connections are widely used.

However, despite the advance in the development of
thread-assembling technologies, the labour intensity of the
basic operations of assembling threaded parts still remains
within  35-40%. The efficiency of technologies is
determined by the total technical effect obtained from
their implementation. With regard to the assembly of
threaded connections, the efficiency is determined by the
indices:

- productivity and cost-efficient performance of
coupling operations;

- labour intensity;

- the quality of the joints obtained,;

One direction for improving these indices is
introducing the assembly and threading processes based
on the use of thread fasteners in the product designs.

The analysis of literary sources and problem setting

A thorough study of fasteners with thread and
profile sections is based on the positive indicators of their
installation and the qualitative characteristics of the joints
obtained. The variety of fastening and threading parts is
constantly being improved and enhanced. Combining the
processes of threading, coupling and tightening the joints
in one transition, such details make it possible to provide
high strength, stopping and maintainability rates in
threaded pairs [1, 4.].

Threading studs, screws and bolts, bushings, pins
and other elements are manufactured in according to the
state and industry standards, technical conditions, and also
in accordance with the catalogues of leading firms and
corporations [2, 8]. The control over the issues of their

production, assembly technologies, resource tests of
joints, their quality characteristics and the development of
promising designs of parts is carried out by leading
research and production organizations.

The utilization of fasteners according to the branches
of industry is as follows:

- vehicle manufacturing industry — 42%,

- aerospace industry — 14.3%,

- others — 43.7%.

The assortment of fasteners is as follows:

- male thread— 40%,

- fasteners for aerospace industry — 21%,

- plain — 13%,

- female thread— 11%,

- other shaped — 9%,

- non-standard — 6%.

The assortment of threading fasteners is being
constantly enlarged.

The most widely used fasteners are self-tapping and
self-rolling screws, studs, threaded bushings. These
fastening elements are widely used in machine building,
vehicle manufacturing industry, aircraft building,
electrical engineering, instrument making, building and
other industries.

The analysis of situations shows that not only the
process should be managed, but the entire complex
including the stages of production preparation, preparatory
stages: feeding, orientating and engaging.

The development of the technology of the assembly
process includes the preparatory, synthetic, analytical and
final stages [10]. With regard to the assembly and
threading processes, this procedure can be represented as
the following structure:

- the preparatory technological stage (data support,
analysis and decision making, analytics, final stages);

- the preparatory design stage (design drafting for
tooling auxiliary equipment, production of tooling,
installation, settings and adjustments, test operations,
troubleshooting);

© A. Skorkin, O. Kondratyuk, 2017
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- the stage of assembly (parts loading and installing,
coupling transitions, removing parts and units);

- post-assembly stage (connection supervision,
testing pilot batch, the analysis of rejected parts, the
adjustment of tooling and control systems, the efficiency
analysis and technical and economic assessment).

The goal and objectives of the study

The goal of this study is to develop the generalized
structure of the assembly and threading process by the
data management system. Proceeding from the goal of the
study, the following tasks should be solved:

1. the principles of managing the assembly and
threading process at each stage of the assembly should be
justified to improve the efficiency of these operations.

2. the power, accuracy and performance
characteristics of joints should be studied and the
conclusion about the efficiency of the suggested theory of
assembly management should be made.

The main material of the study

The process of forming joints with thread parts
involves a finite set of parameters whose properties must
be taken into account when carrying out experimental
studies.

The main indices of the process of assembly and the
joints obtained are formed at the following stages:

1. Informational and analytical.

2. Designed (synthetic).

3. Preparatory.

4. Assembly.

Table 1. The stages of control parameters development

The correct choice of the joint type, fastening
element, tightening method, assembly modes, and other
parameters detected at the first stage enable establishing
the specific pack of designed parameters included in the
initial data map of the "Tools-Screw" system that is used
in the second stage of the technological preparation of
production.

At the preparatory stage, the design elements of the
technological system of the screwing machine are
developed, which is:

- technological tools (cartridges, devices, loading
and feeding devices);

- the conditions for the implementation of the main
stages of the assembly (orientation conditions, engaging
efforts, the radial rigidity of the tools, the assembly speed
control law and so on);

and the choice of assembly equipment is justified.

At the last stage, the following indices should be
ensured [9]:

- the reliability of parts coupling;

- the energy efficiency of the process;

- the high productivity of tools;

- qualitative parameters of the obtained joints.

Taking into account the heterogeneity and different
physical nature of these indices, a complex quality
indicator is suggested that is developed as the function:

S=1f My;N;Vin — min (D)

where N is the energy intensity of the process of assembly,
Wt/s; V is the speed of crewing, m/s, m/c; n is the
coefficient of the thread completeness [105].

The optimal area of function (1) can be ensured by
developing certain levels of control parameters that are
presented in table 1.

Assembly stages
No. Control parameters Designation
1 2 3 4
1 Allowance S ¥ T
2 Screwing speed vV n T "
3 Coupling length zP +
4 Bevel lead angle ¢ + ¥
5 Thread pitch and diameter P, d + +
6 Core hardness HB, ¥ "
7 Greasing - ¥ n ;
8 Tightening moment M, n + "
9 Orientation inaccuracies [el, [v] + +
10 Workpiece location pattern - + +
11 Chuck hardness i ¥ ;
12 Fastener type _ T "
13 Torque M, + T
14 Case hardness HBy, + +
15 Profile filling coefficient n ¥ T
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Table 1 shows that three parameters V, M,, M

operate at the stage of coupling. Along with the other
parameters that are set at the design stage of assembly,
these parameters are the main ones that affect the function
level at the fourth stage.

In this case, the different possibilities of impact on
these parameters should be taken into consideration. For
example, if the speed and torque can be controlled by the
drive system of the screwing machine, the screwing torque
is the magnitude of the derivative that is determined by

the speed and other factors developed in the 2-nd and 3-rd
stages [1, 4, 9].

If the controlled process is presented systematically,
all the parameters of Table 1 can be divided into 3 groups:

- setting (initial);

- disturbing (that have a random character);

- outputs that determine the level of the target
function S.

The diagram of such system is shown in fig. 1.

() -

S e W

ST

Ro

Fig. 1. The structure of the assembly control

In the second and third stages, the parameters X and
F which are specified in technical conditions or
substantiated analytically are developed. The latter ones
have only a calculated nature at these stages, and in the
process of assembly (the 4-th stage), they appear as
random quantities. The set of calculated values of these
factors forms a pseudo-block of the master device (MD).
The output values Y (2, 8, 13) form the level of the target
function S and are controlled by the feedback system of
the screwing machine. When passing the regulator RO,
they can form both their own level and other output
values. Factors X and F also affect the output values (they
are not shown in the communication circuit).

Since the torque is a complex index that determines
the assembly level and the quality of the formed joints to a
large extent [8, 4, 9], the validity of theoretical guidelines
of the 3-rd section should be confirmed and the
possibilities of the target function minimization should be
determined in the process of parts joining.

This task was solved experimentally. Theoretical
values of torque for various materials and fastening
elements were previously calculated. The calculation was
made for the following materials:

- sheet steel up to 1.5 mm thick;

- aluminium alloy Al4;

- textolite;

- organic glass;

- polystyrene for general use.

These data were used to compare theoretical and
experimental studies.

A number of determining factors is given with
account of table 1 on the basis of the analysis of their
impact on the torque:

The allowance & is determined according to the
recommendations of the works [1, 9] at the level

5= 05-0,58 P (2)
The parameters of threading and the lead-in
geometry are given by the requirements of a technical
drawing or are determined by the type of the fastener
used. This does not relate to the parameters 6, 12, 14.

The greasing type (7) and the parameter of the
technical machine system (9, 10, 11) relate to technical
recommendations or are determined by calculation (jn) or
are of random nature and cannot be determined as
determining factors.

On the basis of stated above, four factors d, P, 1/d
or z, V are selected for the torque experimental model.
Their impact is much greater in the models of the previous
researching where they were used and [1, 9, 10,]. table 2
shows the levels of determining factors and their
variability intervals.
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Table 2. Determining factors

Factors
The levels of factors d P ld v
MM MM - M/c
Upper + 6 15 15 0,073
Major 0 4,5 1,0 1,0 0,047
Lower - 3 0,5 0,5 0,021
Vari ability interval AX 15 0,5 0,5 0,026

The character of the impact of determining factors of
the torque is determined in the course of previous
experiments.

The thread pitch, the length of thread engagement,
and the speed have the greatest effect. Therefore, the use
of the dependence of the second order is used as a model:

Mt:a0+ z aiXXi+ z ainXiXXj+
1<i<k I<i<j<k

+ z a.ii X Xiz
I<i<k

©)

where @ is a free term; &, &;;, &; are true values of the

model coefficients; k is a number of factors.

The order of conducting experiments and the
processing of the results correspond to the methods of
planning the experiments of the second order. However,
the question of selecting the most optimal form of the plan
was previously decided. One criterion of optimality can be
considered a number of experiments in them. The
symmetrical composite orthogonal plans were rejected
because of the complexity of organizing experiments
according to the levels of determining factors assigned to
star points, and the most economical and close to D-
optimal Hartley plans were adopted for the
implementation. One requirement for a kernel plan is
realized in them: it should be a replica which enables
assessing the coefficients for pair interactions
independently of one another. Replicas with one-, two-

and four-letter interactions meet such requirement. So, in
the tasks where k = 4 the replicas 24—1 ¢ 1=2XX,X,,

1=14XX3Xs, 1=2EX,X3Xy , 1=EXXo X3 are realized.

The Hartley plan on the cube with k = 4 and a
number of experiments in the kernel N; =8, with a
number of star points 2k = 8 and one experiment in the
centre 7, =1, was selected as the basis. The total number

of experiments N = 17.

The device for processing data in the Excel
environment was used for automating the regression
analysis to process the results of the plan. This tool
enables obtaining regression coefficients of a full-sized
model along with simultaneous obtaining a set of
estimation  statistics (the variance of regression

coefficients S2 :[ai] , the general correlation deviation

A
g, the coefficient of multiple correlations R, and so

on).

The further sequence of processing the experimental
data was carried out according to the standard method
described in a number of papers [3, 5, 6,]:

1. The significance of the coefficients of the model
according to the t-criterion was checked.

2. The adequacy of the final version of the model
according to the F-criterion was checked.

The obtained coefficients of the regression equations
are given in table 3.

Table 3. The coefficients of the regression equations for determining the torque values (package assembly)

Material EN) & 8 83 8y 85 3 a7 3
Al 4 -689935 79183,2 490057 -678978 119414 8,64 17,05 135791 56,1
electrotechni- -1E+06 167304,4 982374 -2E+06 269239 6,75 16,11 356189 103,7
cal laminated cloth
organic glass -1E+06 144728,4 838935 -2E+06 235852 3,71 10,24 321675 85,9
polystyrene -512827 60647,7 349318 -687172 99320 1,16 3,63 137434 351
Material EN & a1 ) &3 A4 &5 &5
Al 4 -1250,7 476,5 -2E+06 4186780 -63087 -12,79 | 7899487 -1E+08
textolite -1278,4 485,1 -4E+06 9374551 -132438 | -21,25 | 2,1E+07 -2E+08
organic glass -824,48 321,7 -4E+06 8214449 -114285 | -17,69 | 1,9E+07 -2E+08
polystyrene -285,91 116,6 -2E+06 3462976 -47809 -7,40 | 8230443 -9E+07
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The generalized form of the experimental model is
as follows:

Mt =ag+agxdy+ayxP+agx lld +a4><P2+
+agx 1/d 2+a6><P>< I/d +a7xdx I/d +
+agxVx 1/d +agxPx I/d ><V2+a10>< P xV 2+' )
+aq xd xV +ag5x dxV 2+a13xde2+

agg xPxdxVx 1/d +aggxV +aggxV2

Fig. 2 shows the oscilloscope patterns of the torque
for the case made of the Al4 alloy (a) and the sheet
assembly (b) 1 mm thick made of the same material. The
latter oscilloscope pattern (c) shows the change of the
torque for contact pins with the large angle of thread (the
material of the sheet is textolite). DSO 2100 oscilloscope
was used.

Fig. 3 shows the oscilloscope pattern of the torque
while screwing the standard M3 screw in a clearance hole
for a case made of the Al4 alloy. The K12-22 oscilloscope
was used.

Fig. 2. Torque oscilloscope patterns

7
U
Mt
L X X X L N } X
f r r r r i r r

Fig. 3. The oscilloscope pattern of the torque, current, and voltage of the driving electric motor

If the screwing process is considered up to
tightening transition, the level of the target function at this
stage will be developed only by the values of the torque
and speed, and the speed is a determining factor of the
moment function. So, the following sequence of
determining the target function is evident:

X,F -V >M; >SS, (5)

And, as the parameters X, F are determined up to the
4-th order, the optimal value of the speed will develop the
level of productivity, energy intensity, and the quality of
joints that correspond to the function optimum S.

The calculation of torque according to the regression
equations showed the following nature of their change: the
torque values decreased to a certain limit with increasing
speed and then increased again. The latter phenomenon
can be explained by the dynamic processes that arise in
the threaded contact at high speeds of screwing. To a
greater extent, this is noticeable for screws with a large
thread pitch.

It should be noted that threading is a complex
process, that is affected not only by the speed of screwing,
but also by the structural parameters of the fastening
element, the physical properties of the case or sheet
workpieces, and so on. On the other hand, as the speed of
screwing increases, the productivity increases, which is
important in mass production.

Calculating all combinations of the parameters of
threaded joints is a complex and extensive task. A number
of all combinations reaches several thousand. Therefore,
in the context of this work, the task optimal management
for the following joints was solved: screws with diameters
of 3 to 6 mm, thread pitches from 0.5 to 1.5 mm, and for
four materials (aluminium, textolite, organic glass, and
polystyrene). The diameter of the screw within the
specified limits does not significantly affect the torque,
therefore, this factor was neglected when developing the
experimental model of the target function (1).

So, the reliability of the process should be ensured
by the following system of conditions:
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5min <o< 5max;

8 —>n(8)=0,7-0,85;
y<[rlie<[e];

AM — 0;

M¢ <[M];

(6)

O'Pt >k3 XO'Tk,

VeV tsty

where  Sins  Omax are limit calculated values of

allowances for threading; n(d) is the coefficients of thread
completeness of thread in the allowance function; [y], [€]
are the limiting values of the angular and radial error with
respect to orientation; AM is the oscillations of torque
during assembly; [A] is the limit value of the moment of
cutting the fastener rod; P, , B, are the axial force and

the force of engagement at the starting moment of
assembly; op, is the yield point of the material of the

fastener rod ; Kk, is the strength factor; oy is the yield

point of the case material; Vg

engagement .

The target function was calculated for every thread
pitch, screwing speed, and for various screwing lengths
1/d.

Then the matrix of the values of the target function
was compiled and the minimum in each column was
found. Subsequently, some screwing speeds were sampled
at these minimum values. The results were processed in
the Excel environment to obtain regression coefficients.

The speed of screwing was calculated according to
the following formula:

is the end speed of

Vopr =g b x1/d +byx 1/d 2 +byxP+by x P2

where by ..., are the regression coefficients (table 4);

I/d is the length of screwingmiuua cBuHuMBaHUS; P iS
the thread pitch, N, .

Let the control law be deduced taking the calculation
of the assembly joint as the example. The joint
characteristics are the following —M5 standard screw with
the thread pitch P=1mm that is crewed in the case made of
the Al4 alloy. The screwing length 1/d=1,5.

Table 4. The coefficient of equations of the regression levels for calculating the speed of screwing the case-type workpieces

Material Thread pitch P, mm by b, b, b, b,
0,5 12,733 0,0129 0,0005 -25,623 0,441
aluminium 1,0 24,435 0,0188 -0,0008 -2,616 -21,780
15 1723,387 0,0263 0,0015 -971,649 -118,169
0,5 -13,908 0,0785 -0,0324 28,185 -0,766
textolite 1,0 -6,021 0,0940 -0,0388 0,445 5,570
15 321,160 0,0703 -0,0291 -181,022 -22,053
0,5 4,188 0,0254 -0,0071 -8,445 0,201
organic glass 10 -3,919 0,0710 -0,0285 0,280 3,639
1,5 533,203 0,0738 -0,0276 -300,601 -36,579
0,5 5,747 0,0115 -0,0009 -11,601 0,290
polystyrene 10 7,226 0,0426 -0,0139 -0,915 -6,303
1,5 420,339 0,0515 -0,0183 -236,954 -28,845

The torques at the speed of screwing from 0,0209 to
0.0731 m / s (from 80 to 280 rpm, respectively) and for
various ratios | / d — from 0.5 to 1.5 are calculated
according to the formula (4). The first value I / d = 0.5

Table 5. Torques for M5screw, thread pitch P=1 mm, case Al4

corresponds to two turns of the screwed thread. From this
moment the process of engagement is completed and the
stable screwing of the fastener starts. Table 5 shows the
results of the calculation of torques.

I/d 0,5 0,66 0,83 1 1,16 1,3 15

0,0209 12,22 13,21 14,76 16,81 19,18 21,63 25,71

0,0296 11,49 12,39 13,83 15,77 18,05 20,41 24,37

0,0383 11,09 11,86 13,16 14,96 17,11 19,36 23,16

M, . Nm r?]ll,s 0,047 11,00 11,61 12,74 14,37 16,37 18,48 22,07
0,0557 11,22 11,64 12,57 14,01 15,81 17,75 21,11

0,0644 11,76 11,96 12,66 13,86 15,44 17,19 20,28

0,0731 12,62 12,61 13,01 13,93 15,31 16,80 19,57
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The target function is used to find optimum
parameters of assembly and minimum values S are
sampled. Table 6 shows the calculated values of the target
function for thread pitches P=1 mm and P=1,5 mm.
The second part of the table is designed for optimizing as
these data will be used to build the optimization fields.

The optimization matrices are built on the basis if
table 6. The first matrix comprises the values from the
first columns for the thread pitch P=1 and P =1,5 mm,
the second matrix comprises the values from the second
columns, and so on. The matrices were processed with the
help of MathCad 8.0. Fig. 4 shows the fields and surfaces

A

40/,

301

Mt H

20

107

002 004 006 008V m/s

of the optimization, where S, ... S, are the values of the

target function at I/d = 0,5 ... I/d = 1,5 respectively.

The graphs clearly show the dependence of the
target function on the speed of screwing and thread
pitches. As a number of turns of the screwed thread
increases, the minimum (painted in blue) shifts toward the
maximum values of the screwing speed. The minimum is
slightly shifted in the opposite direction for the last turns.

The speed values at the minima of the target
function are optimal but have the random distribution law;
so, such control is difficult for implementation on a
screwing machine. To obtain an acceptable curve, the
calculation should be made according to the formula (7).

002 004

Fig. 4. Fields and optimization surfaces of the target function
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Table 6. The values of the target functions for screws d=35, material Al4
P, mm 1,0
I/d, mm 0,5 0,66 0,83 1,0 1,16 1,3 15
V1 2,53 2,48 2,67 2,92 3,20 3,49 3,98
V2 2,28 2,17 2,35 2,59 2,87 3,16 3,65
V3 1,91 2,00 2,17 2,40 2,68 2,96 3,45
S V4 1,85 1,93 2,08 2,29 2,55 2,83 3,30
V5 1,86 1,91 2,04 2,23 2,48 2,74 3,20
V6 1,93 1,96 2,05 2,22 2,44 2,69 3,11
V7 2,06 2,06 2,12 2,25 2,45 2,66 3,06
P, mm 15
V1 2,74 3,01 3,35 3,76 4,18 4,60 5,27
V2 2,45 2,70 3,02 341 3,83 4,25 4,91
V3 2,31 2,54 2,84 3,21 3,62 4,02 4,67
S V4 2,27 2,47 2,74 3,09 3,47 3,85 4,47
V5 2,31 2,47 2,71 3,01 3,36 3,71 4,30
V6 2,42 2,53 2,72 2,98 3,28 3,60 4,14
V7 2,66 2,72 2,87 3,07 3,32 3,58 4,71

Control actions are realized with the help of the  managing the assembly and ensuring the parameters of the

diagram (fig. 1) which supplies the voltage which obtained joints were analyzed. In the course of the
corresponds to the optimum screwing speed to the motor  experimental studies, it was found that the following
of the screwing head. factors have the greatest impact on the torque — the speed

of screwing, the thread pitch, the hardness of the housing
Conclusions material, the diameter of the threaded rod. The empirical

formulas of torques are determined depending on the
On the basis of the conducted researches, the stages ~ determining factors.

of the control action development in the process of
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OCHOBHI IPHHIOHUITN KOMIIVIEKCHOI'O YIIPABJIIHHA CKJIAJJAJIBHO-
PI3bBOYTBOPIOIOYUM ITPOLHECOM

IIpeameTom MOCTIKCHHS B JaHIA CTaTTI € MUTAHHS, MOB’S3aHI 3 KOMIUIGKCHHM YIIPAaBIIHHAM ONeEpalisiMud 300pKH KpiMHUIbHO-
Pi3E00YTBOPIOIOYMX CJIEMEHTIB Ha BCIX eTamax ixX 3iiliicHeHHs. MeTa — po3po0Ka y3arajJbHEHOI CTPYKTYpPH iH(MOPMAIiTHO-Kepy0YoT
CHUCTEMH  CKJIQJIaJbHO-Pi3b0OYTBOPIOIOYMM  MPOICCOM. 3aBAaHHsi: OOIPYHTYBaHHS NPUHIMUINB YIOPaBIiHHSA CKJIaJalbHO-
Pi300yTBOPIOIOYI IIPOIIECOM Ha KOJKHOMY 3 €TalliB peatizalii 30ipKu JIs MiJBHIIEHHS e()eKTUBHOCTI JaHUX OIlepalii, JOCTiPKyBaTh
CHJIOBI1, TOYHOCTI 1 €KCIUTyaTaI[lifHO-TEXHIYHI XapaKTEPUCTHKH 3’ €THAHB 1 3pOOUTH BUCHOBOK TPO €(hEKTUBHICTh POIIOHOBAHOT TEOPIl
yIpaBiiHHA ckiagaHHsaM. OTpuMaHi HACTYIHI pe3yJbTaTH. Y CTaTTi MPEICTAaBIICHI aHATITHYHI 3aJIeKHOCTI CHJIOBHX ITOKa3HHKIB
Ppi3b0OYTBOpPEHHS TpU CKIaJaHHI B KOPHYC 1 JIMCT, B TOMY YHCII 1 3yCHJUIA 3aTsHKKWA 3 €IHAHHS, NpoaHali30BaHO 30ipka
0araTomapoBOro makeTa pi3HOPIAHMX JHCTOBUX MartepiaiiB. Ha OCHOBI TEOPETHYHOIO aHai3y OTPUMAHO 3AJICKHOCTI CHIIOBHUX
MOKa3HUKIB Pi3500YTBOPEHHS MPH CKJIaJlaHHI B KOPITYCHUH 1 JIMCTOBHMH Matepian. JlocimkeHo 30ipky makeTa JUCTOBUX Marepialis,
BKJTFOYAIOYX 0araTomiapoBUil MakeT 3 PI3HOPIMHUX MaTepiaiiB Tuiy "MeTtan-mactMaca’. BucHoBkH. JlOCTiIKEHO MPOIEC CKITaAaHHs
Pi3b00BUX 3’€HAHb 3 BUKOPUCTAHHS MPHUHIUITIB YIPABITIHHS, SKi JO3BOJIAIOTH MiJABUINUTH ¢(PEKTUBHICTH CKIAIaTbHOTO MPOIIECY,
3HHU3UTH TPYAOMICTKICTh OCHOBHHX OIEpaIliif, MOMIMIIUTH SKICTh OJCPKYBAHUX CHONYK. JIJis 3HWKEHHS KPYTSITh MOMEHTIB
3alpONIOHOBAHO BUKOPHCTOBYBATH aJalTHBHE YNPABIIHHS IIBUAKICTIO 3arBMHYYBAHHS HAa OCHOBHHUX MEpPEX0lax Pi3bO00YTBOPEHHS.
Po3po6ieHo TeXHOJOTiI0 OTpUMaHHS Pi3bOOBHX 3’€IHAHB 13 3aJaHUMH BIACTHBOCTSIMH, BH3HAYECHI OCHOBHI HUISXU IiJIBUIICHHS
e(eKTHBHOCTI CKIIaIaIbHO-Pi3600yTBOPIOIOYHX MPOIIECIB HA OCHOBI KOMIUIEKCHOT CHCTEMH YIIPABIIHHS CKJIAJaTbHUM MIPOIIECOM.
KniouoBi ciioBa: ckinamaHHs, KpiNWIbHI €IEMEHTH, Pi3b00YTBOPIOIOUHIA TIPOIIEC, KPYTHHI MOMEHT.

OCHOBHBIE TPUHIOUITBI KOMIIVIEKCHOTI'O YITPABJIEHUA CBOPOYHO-
PE3bBOOBPA3YIOIIUM ITPOLHECCOM

IIpeqveToM ncciaenoBaHUsS B JAHHOW CTAaThe SBISIOTCS BOIPOCHI, CBSI3aHHBIE ¢ KOMIUIEKCHBIM YIMPABICHHEM OIEPalsIMU COOPKH
KpEeTeKHO-pe3p0000pa3yIoNix 3JIEMEHTOB Ha BCeX JTamax X ocymectsieHus. Lleab — paszpaboTka 0OOONIEHHOH CTPYKTYpHI
NH(OPMAIIMOHHO-YIIPABIIIONIEH CUCTEMBI  COOPOYHO-PEe3b0000pasyomUM  TIporieccoM.  3agaum: 0OOCHOBaHWE IPHHIMIIOB
yIpaBieHns1 cOOPOYHO-Pe3p0000Pa3YIONIMM IIPOIIECCOM Ha KaXKIOM U3 3TAaloB Peai3aluu COOPKHU JUTs MOBBIMIEHUS dQdeKkTHBHOCTH
JIAHHBIX OIepalyii, NCCIEA0BATh CHIOBBIC, TOYHOCTHBIC W IKCIUTYaTAlMOHHO-TEXHUUECKUE XapaKTePUCTUKH COSIMHEHUI U C/ieslaTh
BBIBOZ 00 A(QeKTHBHOCTH MpeaiaraeMoii Teopuu ympasieHus cOopkoil. [lodydeHsl ciexyrone pe3yabTaTbl. B crarthe
TIPE/ICTaBICHBl aHATUTHIECKHE 3aBUCUMOCTH CHJIOBBIX TTOKa3aTelel pe3p0000pa3oBaHus py cOOpKE B KOPITYC H JIUCT, B TOM YUCIIE U
ycuime 3aTsDKKU COeIMHEHNS, TPOaHaM3upoBaHa cOOpKa MHOTOCIIOIHOTO MaKeTa pa3HOPOAHBIX JUCTOBBIX MaTepruanoB. Ha ocHoBe
TEOPETHIECKOTO aHaIM3a TTOTyIeHbI 3aBUCHMOCTH CHIJIOBBIX ITOKa3aTelel pe3sr00o0pa3oBanust pr cOOpKe B KOPITYCHBIH U JINCTOBON
Marepuai. MccrenoBana cOopka makeTa JUCTOBBIX MaTEPHAIOB, BKIIOYAsk MHOTOCIOWHBIN MaKeT U3 Pa3HOPOIHBIX MAaTEPHalIOB THIIA
"mMeramn-miactmacca”. BoiBoabl. MccnenoBan mporece cOOpKH pe3b00BBIX COSAMHEHHUH C MCIIOJIb30BAaHUE MTPUHIIMIIOB YIIPABJICHUS,
KOTOpBIE TO3BOJIIIOT MOBBICUTH 3()(HEKTHBHOCTH COOPOYHOrO MpOLEcca, CHU3UTh TPYJOSMKOCTh OCHOBHBIX ONEpAldi, YIy4IIHTh
Ka4eCTBO ITOJIY4a€MbIX COB}IHHCHHI\;I. ﬂﬂfl CHWKXCHUS KPYTALUX MOMEHTOB MNPEMJIONKEHO MCIIOJIb30BATh aJallTUBHOE YIIPABJICHUC
CKOPOCTBIO 3aBHHYMBAHUS HAa OCHOBHBIX Iepexoiax pe3n0ooOpa3oBanus. PaspaboraHa TEXHOJOTHSI MOJTYy4YEeHHs pPe3b0OBBIX
COEIMHEHMH ¢ 33/IaHHBIMH CBOMCTBAMHU, OIPE/ICNICHBI OCHOBHBIE IYTH MOBBIMIECHUS 3(P(PEKTHBHOCTH COOPOIHO-PE360000pa3yomux
MIPOIIECCOB HAa OCHOBE KOMIUICKCHOW CHCTEMBI YIPaBICHHUSI COOPOYHBIM ITPOIIECCOM.
KuaroueBsbie c10Ba: cOOpKa, KPEMeKHBIE IEMEHTHI, pe360000pa3yronIyii mponecce, KPyTAIINil MOMEHT.
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S. SOTNIK, V. NEVLIUDOVA, |. MALAYA

DEVELOPING THE INFORMATION SEARCH SYSTEM FOR SELECTING THE
MOULDS FORMING ELEMENTS

Today the information environment is highly developed, it enables collecting, processing, storing, distributing, searching and
transferring of information. The need for automation of information activities and information resources management at all levels
stipulates the demand for the development of information search systems. The subject matter of this research is the information
search system for selecting the moulds forming elements. The aim of this work is to reduce the time for searching and determining the
main parameters of the matrices, punches and characters by means of creating the information search system for selecting the moulds
forming elements. To achieve this goal the following tasks should be solved: to review the main moulds forming elements and their
technical parameters; to develop a search algorithm; to develop the database structure for selecting the moulds forming elements; to
design the interface of the information search system. While solving the set tasks, the methodology of the systems analysis and
modelling was used. The review the main objectives and characteristics of information search systems resulted in the development of
the database logical structure which consists of 6 tables. The interface of the information search system was developed. It provides the
“easy” and self-explanatory selection of moulds forming elements. Thus, the developed system includes information about the unique
number of the forming elements; their type, name and properties; material and features of the quality of a workpiece surface; a
workpiece kind and form to determine the nominal dimensions of forming elements. The use of the system enables reducing the time
of searching and identifying forming the key technical parameters of forming elements as well as storing and manipulating the data
about these elements.
Keywords: selection, interface, information, search, system.

Introduction Solving the problems associated with the

The amount of information is dramatically growing
year to year, but its use seems problematic without a
suitable tool. So, the information search systems (ISS) are
created for fast storage, filtration, sorting and searching
the large amounts of structured information.

The ISS consists of the database (DB) and the
database management system (DMS). The relational
databases (RDB) are the most widespread and represent a
large number of the interdependent tables, each one
containing information on particular objects.

Placing necessary information, the 1SS minimizes a
user’s “efforts”, which is the ISS main task. An “effort” is
referred to as the time the user spends on all steps that
lead to finding all necessary information (in particular,
generation queries, executing queries, scanning the results
of queries so that to select and give necessary “elements”).

The success of the developed ISS is subjective as the
information is not always pertinent, that is, the relevance
of the received data to the user’s information demands is
significant.

Achieving the high degree of pertinence is the main
field of the competitive activity of modern IPS.

In some cases, the necessary information can be
determined as all information that the system relating to
the user’s demands contains.

In other cases, it can be defined as a sufficient
amount of information in the system for performing tasks,
searching for missing data.

The ISS that provides the search for information
according to metadata requires less cost than the one that
performs a complete search. In many cases, the
completeness of the search is a negative feature, because a
user is given more information than necessary as it
contains the information which is not necessary although
it is relevant in the context of the term “relevance” as it is
defined within the terminology of the information search
system, where this term is to denote an

information search in the field of moulding plastic parts
by die-casting is of great practical importance. The rates
of information growth are much faster than advances in
the field of improving information search, therefore, the
task of developing an information search system for
selecting the moulds forming elements (MFE) is topical.

The analysis of literature sources and problem
statement

At present, many works deal with information
systems, among which there are fundamental publications
that are worth mentioning, for example, the works by
Baeza-Yates R., Ribeiro-Neto B., Adarsh Garg, Christofer
D. Manning, and others.

The works of Baeza-Yates R., Ribeiro-Neto B.
describe all stages of the development of information
search systems starting from system models for indexing
text to the development of ISS with the use of visual tools;
the features of the interface are considered. In [4], the
information coverage and saturation are provided in such
spheres as:

- the assessment of the search, languages and basic
query operations;

- indexing and searching;

- parallel and distributed ISS;

- user interfaces, their visualization, and so on.

Adarsh Garg contributed greatly to the development
of the ISS as software.

The engineering approach focuses on creating a
model for assessing the development of small and
medium-sized enterprises (SMEs) and developing ISS for
them are considered in [5]. Information search systems
must be efficient and flexible (adaptive), that is, can be
modified in the process of changing the “global business
scenarios” [5].

The web search and text classification and clustering
are considered along with the classic search in [6]. The

© S. Sotnik, V. Nevliudova, I. Malaya, 2017
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work presents all the stages of designing and
implementing systems for collecting, indexing and
searching documents, methods for assessing such systems,
as well as the introduction to machine learning methods
on the basis of text collections.

The application of the statistical language of the
model to obtain information emphasizing the basic
principles of searching is analyzed in [7]. Efficient
language models developed for non-traditional search
problems are considered as well.

The issues concerning the principles, methods and
concepts of the creation of the ISS are considered in [8].
The foundations of the operation of automated
information search systems are given. The composition
and structure of automated information search systems are
analyzed. The structure and properties of information
retrieval languages are examined in full.

The main attention is paid to the introduction into
the theory and practice of information search in [9]. The
basic concepts of information search are considered. The
information search on the Internet was investigated. The
languages of ISS queries are described.

The goal and objectives of the research

The conducted research showed that the developed
information search system for selecting moulding forming
elements suggests arranging the search, storage and
processing information on forming elements in the
common information space that enables making
coordinated decisions in real time.

The goal of the work is to shorten the time for
searching and determining the main technical parameters
of matrices and punches due to the creation of an ISS for
selecting forming elements.

To achieve this goal it is necessary:

- to review the main MFEs and to review their
technical parameters;

- to develop an algorithm for MFE searching;

- to develop a database structure (DB) for selecting
forming elements;

- to develop an interface for the information search
system.

Development of the information search system for
selecting moulds forming elements

In order to obtain information stored in the memory
of the given ISS, a query should be raised according to the
rules the given ISS “understands”. In turn, when

Table 1. Entities and their attributes

answering the request, the ISS should provide information
corresponding to the semantic content of the request.

The ISS should be oriented towards a certain
criterion of the semantic correspondence so that the issued
documents correspond to the requests.

The process of ISS operation includes releasing
information according to queries and updating the main
arrays of work and service information.

Information arrays should be updated if and when
new data on MFE or any information that is to be recorded
by this IPS are received.

1. Database structure development

The structure of the database includes a logical and
physical model.

A logical model can be represented in several ways.
A tabular method (data structuring) is considered in this
work. This method consists of presenting information
about a domain in the form of one or several tables. Also,
the links that show how the tables are interconnected (ER-
models) are considered.

While creating ER-models, the database structure is
presented as a diagram called an entity-relationship
diagram (or ER-diagram).

The construction of the ER-diagram starts with the
definition of the entity as the object “that can be clearly
identified”.

Any ER-diagram has an equivalent relational table,
and any relational table has an equivalent ER-diagram.

ER-diagram is an invaluable tool for engineers for
designing, optimizing and debugging database programs.

The entities are logically equivalent to grammatical
nouns, such as matrix forming elements, a punch.

A subject can be determined by its properties called
attributes.

The relationships are equivalent to verbs or
associations such as buying, repairing.

Relationships can be determined according to a
number of entities associated with them and known as a
type or a degree. There are 3 types of such varieties:

- one-to-one (1: 1);

- one-to-many (1: M or 1: o);

- many-to-many (M: M).

Fig. 1 presents the generalized ER-model of the
developed ISS.

The generalized ER model consists of six entities
(tables). Each entity (table) has attributes (columns). The
attributes present particular characteristics of the elements.

Having analyzed subject domain and having
considered main functions of the developed software
product, the following entities presented in table 1 can be
distinguished.

The entity name

Description

SDET ID_DET, ID_MAT DET, NAME_DET, TYPE_DET, VIEW DET, SV_DET, KPOV_DET
SDOPUSK_DET ID_DOP_DET, ID_DET, GRUPA_TOCHN, NOM_RAZMER, KAT_TOCHN

SMAT ID_MAT DET, ID_DET, NAME_MAT _DET, MARKA_MAT DET

SLF ID_LIT_ FORM,  ID_MAT DET, ID_MAT LIT_FORM, NAME_LIT _FORM,

TYPE_DET_LIT FORM, VIEW_DET_LIT FORM

SMAT_LIT_FORM
TVERD LIT FORM

ID_MAT _LIT_FORM, ID_LIT_FORM, NAME_MAT _LIT_FORM, MARKA_MAT DET,

SDOPUSK_DET_LIT_FORM

ID_DOP_DET_LIT, ID_LIT_FORM, KVALITET_DET, TYPE_DET
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SDET SLF

—G={ | § ID_DET SMAT —G= | ¢ ID_LT_FORM
ID_MAT_DET w=——=0q | § ID_MAT DET I 0 ID_MAT_DET
NAME_DET ID_DET -G ID_MAT_LIT_FORM
TYPE_DET NAME_MAT_DET NAME_LTT_FORM
VIEW_DET MARKA_MAT_DET TYPE_DET_LIT_FORM
SV_DET VIEW_DET_LIT_FOM
KPOV_DET

SDOPUSK_DET SDOPUSK_DET_LIT_FORM s;n gﬁ:ﬁ:ﬁ:::«
# ID_DOP_DET ¥ ID_DOPDET.LIT ID_LIT_FORM
— ID_DET 1_LIT_FORM = MNAME_MAT_LIT_FORM
GRUPA_TOCHN KVALITET_DET MARKA_MAT_DET
NOM_RAZMER TYPEDET TVERD_LIT_FORM
KAT_TOCHN

Fig. 1. Generalized ER model of the developed ISS

The description of links among the subject domain

Table 2. Links among the subject domain entities

entities is presented in table 2.

Entity 1 Attribute 1 Relations Entity 2 Attribute 2

SDET ID_DET 1:00 SDOPUSK _ ID_DET
DET

SDET ID DET 1:00 SMAT ID_DET

SMAT ID MAT DET l:o0 SLF ID_ MAT DET

SLF ID_MAT_LIT_FORM | 1: SMAT _LIT_ ID_MAT_LIT_FORM
FORM

SLF ID_LIT_FORM l:o0 SDOPUSK_ ID_LIT_FORM
DET_LIT FORM

Physical DB model development. SV_DET is an attribute which describes the

The tables in the physical data model contain certain
columns, as well as the necessary keys and indexes. The
physical data model also contains table mappings to
physical storage units (table spaces) in the database.

For example, the name of the SDET table indicates
the properties of the parts. ID_DET is a unique part
number. It is assigned automatically in increments of 1
(that is, incremental).

ID DET is of int type (abbreviated “integer”), that is
it is an integer data type. Also, ID_DET is the primary key
(or PK) of the SDET entity.

ID_MAT_DET is the unique number of the part
material. It has an integer data type and is auto-increment.

NAME_DET is the name of an element, for
example, the forming element. It is of the nvarchar (50)
type so that a user is able to use Cyrillic for filling. The
field size is equal to 50, that is, the length of the part name
may contain up to 50 symbols including gaps.

TYPE_DET is a type of the forming element (a
matrix or a punch). It is also of the nvarchar (50) type.

VIEW_DET is of a binary data type. It enables
keeping the pictures of the parts in the database and to
review them when necessary.

properties of a part, for example, the composite matrix or
a punch of a single profile.

KPOV_DET is the hardness of an element, this
attribute is of an integer type. The matrixes of a single
profile and moulds punches for plastics are made of U8
and UBA steels and hardened up to 50-54 HRC.

Complex matrices are made of steels XBI', 9XBI,
X12®, 5XHB. These materials are slightly deformed
when heated, they are hardened to 48-52 HRQ. If the
mould matrices moulds for plastics work under very
difficult conditions, they are made of high alloyed steels
38XBDIOA or 35XIOA. The parts made of these
materials are nitrated. The SV_DET attribute is of a
nvarchar (50) type.

KPOV_DET is the surface quality, in this case, it is
the hardness of the element. This attribute is of an integer
type.

The table name SDOPUSK _DET means the
properties of the parts tolerance. ID_DOP_DET is a
unique number of the parts tolerance. It is assigned
automatically in increments of 1 (incremental).

The table name SMAT means the material
properties. ID_MAT_DET is a unique number of the part
material. It is assigned automatically in increments of 1
(incremental).
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The table name SLF means the mould properties.
ID_LIT_FORM is a number of the part moulds. It is
assigned automatically in increments of 1 (incremental)
and is a primary key for this table.

The table name SMAT_LIT_FORM means the
properties of the mould material.

ID_MAT_LIT_FORM is a unique number of the
mould material. It is assigned automatically in increments
of 1(incremental) and is a primary key for this table. This
attribute is of an integer data type.

The table SDOPUSK_DET_LIT_FORM means the
properties of the mould parts tolerance.

ID_DOP_DET_LIT is a primary key of an integer
data type. This attribute means a unique number of the
tolerance of the mould part.

More detailed description of a logical and physical
DB model is given in [11].

In this work, the SQL Server Management Studio
environment is selected as DMS, as it has a high degree of
efficiency, fault tolerance, and processing speed even in
the context of maximum load in B multi-user mode of
operation.

The Transact-SQL
manipulation.

2. The ISS interface development.

The powerful C # framework library is useful for
creating different types of applications.

language is used for data

aad | b bl X W
Properties of elements :

e 101

Unique number |D- gAY

~- Al V.Tvpe' M Forming detail

Name: - Jls)

2eosios SOl Punch-holder installed in the plate

Hardness : &4

Press to learn
the DB current
sizes:

Learnin MB

iz
@ b

Learn in KB

Fig. 2. Main window of the ISS
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»
102 il
103 72
104 73
105 4
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Fig. 3. The possibility of the MFE selection from the database

Calculate the nominal size of the forming element - _

Web services and other kinds of components can be
easily developed [12, 13]. Saving and retrieving
information from the database and other data stores is
sufficient. The implementation that combines the
construction of reliable and efficient code is a very
important factor in the success of C #. Therefore, C # is
chosen to implement the IPS interface.

To start the program, the left mouse button should
be clicked twice on the shortcut labelled Program.exe.
After that, the main program window opens. The main
window of the program is shown in fig. 3.

In this window, a user has the opportunity to view
the main characteristics of the mould forming elements,
that is, the matrix and punch (Fig. 2). You can also see a
picture with the image of the selected item. Each forming
element has the following characteristics:

- MFE unique number;

- MFE ID;

- MFE type and name;

- MFE properties;

- MFE hardness.

The user is able to select any record from the base.
The possibility of the data selection from the DB is
presented in fig. 3.

| ID_DET ID_MAT_DET NAME_DET TYPE_DET VIEV #
_ 70 Forming ... Punch :
102 7 Forming ... Matrix :H:t £
103 72 Forming ... Punch

104 73 Forming ... Matrix ﬁ__
105 74 Forming ... Punch -~

{1 »

N . \

Enter a unique detail number for search : ™.

)

88 Calculate

MAME_DET TYPE_DET VIEV =
Forming ... Punch :
Forming ... Matrix :H:': =
Forming ... Punch

Forming ... Matrix ﬁ_
Forming ... Punch -
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The user can add entries to the database. It is only
necessary to fill obligatory fields, such as a unique
number and ID, and leave the others empty. The program
enables adding a unique picture to each record. It is only
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necessary to press the left mouse button once on the
“Browse” button and select the necessary picture. The
picture selection is represented in fig. 4.
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Fig. 4. Choice of the FOE image

The discussion of results

To test the obtained results and the adequacy of the
suggested ISS, the software reliability is calculated.

The probability of trouble-free operation P (t) is the
probability that the system failure cannot arise within the
given operating time [12].

Pt)=1-Q/N, (1)

where Q is a number of the registered failures;

N is a number of experiments.

The probability of failure is a probability that the
system failure can arise within the given operating time.
This index is reverse to the previous one.

QM =1-P(),

where t is the operating time;

Q(t) is a probability of failure.

The system failure rate is a conditional density of
failure at a given time provided that untill this time the
failure has not arisen [12].

@)

Table 3. Calculations of reliability indexes
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where f(t) isthe failure frequency;
P(t) is the probability of trouble-free operation.

The average time between failures is the expectation
of operating time till the next failure [12].

Ti= O}t. f (t)dt. (4)
0

Using the known relationship among f(t), Q(t)
and P(t), the following equation is received:

Ti = ?t -Q(t)dt . )
0

The key indicators of the software reliability are
presented in table 3.

A number of experiments 50

The time for completing one experiment 300 sec.

A number of failures 1

The probability of trouble-free operation P(t) 98 10-1

The probability of failure Q(t) 2 10-2
System failure rate A(t) 64 10-3
Average time between failures Ti 126 103 sec.
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The advantage of the developed system lies in the Conclusion

fact that one of the most important functions of the

program is the function of calculating the nominal size of The information search system is suggested whose

the forming element. To do this, a user must select any  main purpose is selecting and calculating moulds forming
entry in the database, and then click on the “Calculate”  elements. The developed software reduces the efforts for
button. After that, the nominal size of the selected item  searching and determining the significant parameters of

appears in the text field. the forming elements.

Unlike the available systems, the developed system The logical and physical structure of the database is
takes into account the quality of the MFE surface, as the  developed. The paper presents the generalized ER-model
MFE can be visualized. of the IPS that contains 6 tables.

The developed information search system for The suggested development enables storing,

selecting the mould forming elements can be used for  processing, adding and removing matrices, punches,
producing mould elements to manufacture thermoplastic  forming signs.

parts of radio electronic equipment. _ _ The developed interface of the information search
In the future, the suggested system will be improved  system provides the “easy” and intuitive selecting the

by calculating the shrinkage. elements of the process of part forming.
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PO3POBKA IHOOPMAIIIMHO- MO YKOBOI CUCTEMHU BUEOPY
OOPMYIOYUX EJJEMEHTIB BUWINBHUX ®OPM

Ha cporopnimmHiii neHp HaOyB IIMPOKOTO PO3BHUTKY iH(OpMAIIHHMN MPOCTIp, 3aBISIKH SKOMY MOKHa peanizyBaTtu 30ip, 0OpoOKy,
30epiraHHs, NOMIMPEHHS, TOIYK i Tepenady iHpopmarii. HeoOxinHicTh B aBTOMaTH3aIi1 iH(OPMAIIHHOT TiSUTEHOCTI Ta YIIPaBIiHHS
iHGOPMaIITHUME pecypcaMd Ha BCIX PIBHIX OOYMOBIIOE MOTpeOy B po3polui iHopMariiHo-momykoBux cucteM. Ilpenmerom
JTAaHOTO JIOCHIIKEHHS € iH(OpManifHO-IOIIyKOBa CHCTeMa BUOOPY (OPMYIOUHX €IeMEHTIB BIIIMBHUX (opM. MeTolo naHoi poboTH €
CKOpPOYCHHS Yacy IMOIIYKY Ta BU3HAYCHHS OCHOBHHX MAaTPHIIb, IYaHCOHIB 1 3HAKIB 32 paxyHOK CTBOPEHHS 1H(OPMAIIHHO-TIOITYKOBOT
cHUCTEeMH UI1 BHOODPY (GOopMyroumnx eileMeHTiB. i1 DOCATHEHHS TOCTaBICHOI METH HEOOXiJHE BHUPIIICHHS HACTYIIHUX 3aBJAaHb:
MPOBECTH OTJISII OCHOBHHMX (DOPMYIOUMX €IEMCHTIB BHIMBHHX (OPM i iX TEXHIUYHHX MapaMeTpiB; pO3POOHTH aIrOPHUTM IIOIIYKY;
PO3pOOHTH CTPYKTYPY 0a3u JaHUX I BUOOPY (GOPMYIOUHX €JIeMEHTIB; po3pobuTh iHTepdeiic iHGopMamiiHO-MONTYKOBOT CHCTEMH.
IIpn BupimeHHI MOCTaBICHHWX 3aBJaHb Oyla BHKOPHCTAHa METOMOJIOTIS CHCTEMHOTO aHANI3y Ta MOJENIOBaHHA. B pesyabTaTi
MIPOBEACHOTO OTJISIIYy OCHOBHHX 3aBJaHb 1 XapaKTepHCTUK iH(POPMalifHO-MONIYKOBHX CHCTEM po3poOlIieHa JIoTiYHa CTPYKTypa 6a3zn
JTaHUX, IO CKJIANAeThesl 3 6 Tabmuipb. Po3pobieno iHTepdeiic iHpopManiiiHO-MONIyKoBOI cHcTeMH, sSIKHH 3abe3medye "merkumit’ i
IHTYITHBHO 3p0O3yMiNHMii BHOIp eJIeMeHTIB mpouecy GopMoyTBopeHHs nerani. TakuMm 4MHOM, po3poOieHa cHcTeMa BKIIOYae B cebe
iHdopMmariiro npo yHikansHHH HOMep (OPMYIOUHX €IEMEHTIB; iX THII i Ha3BYy, BIACTHBOCTI; MaTepiall i 0COOIMBOCTI SKOCTI IIOBEPXHI
JeTaji; BUA getami i GOpMH A1 BU3HAYCHHS HOMIHAJIBHHX PO3MIpiB (GOPMYIOUYHMX €IeMEHTIB. BHKOPHUCTaHHS CHCTEMH I03BOJISE
CKOPOTUTH Yac IOLIYKY i BH3HAYCHHS OCHOBHHMX TEXHIYHHX MapaMeTpiB (OPMYIOUHX EIIEMEHTIB; 30epiraHHs, MaHIITyJIIOBaHHS
JTAHMMH TIPO CJIEMEHTH.
Kurouosi ciioBa: BuGip, inTepdeiic, inpopmais, momyk, cucrema

PA3PABOTKA HH®OPMAIIMOHHO-IIOUCKOBOM CUCTEMBI BLIBOPA
OOPMYIOIIUX SJIEMEHTOB JIUTBEBBIX ®OPM

Ha ceropnsmHumii JeHb MOTYYHIIO IIHPOKOE Pa3BUTHE HHPOPMALMOHHOE IPOCTPAHCTBO, MOCPEICTBOM KOTOPOTO MOXKHO Peali30BaTh
cbop, 00pabOTKy, XpaHEHHWe, paclHpOCTpaHeHWe, IIOMCK M Tepepady uHpopManmy. HeoOXoauMocTh B aBTOMAaTH3alUU
NH(OPMAIIMOHHON NIeITeIbHOCTH U YIpaBiIeHHs WH(GOPMAIMOHHBIMU PecypcaMH Ha BCEX YPOBHSX OOYyCIIaBIMBAeT MOTPEOHOCTH B
pa3paboTke HH(MOPMALMOHHO-MOMCKOBEIX cucTeM. IIpeaMeToM ITaHHOTO WCCIEJOBaHUS SIBISETCS HWH(OPMAIIMOHHO-TIOMCKOBAs
cucTeMa BbIOOpa (HOPMYIOIINX SJIEMEHTOB JIUTHEBBIX (opM. Ilesblo naHHO#H PabOTHI SABISETCS COKPAICHHE BPEMEHM IOUCKA M
OIIpeJIeICHUsI OCHOBHBIX MapaMETPOB MATpPHII, IIyaHCOHOB M 3HAKOB 3a CUET CO3/1aHHUA MH(DOPMAIMOHHO-NIOMCKOBOH CHCTEMBI UL
BBIOOpPA (hOpMYIOIIMX AJIeMEHTOB. JIJ1s1 JOCTHIKEHUS TTOCTABICHHOM 1IeJM HEOOXO0IMMO pEIICHUE CIICIYIONINE 3a1a4: IPOBECTH 0030p
OCHOBHBIX (DOPMYIOIIUX 3JICMEHTOB JIUTHEBBIX (POPM M MX TEXHHYECKUX MMApaMeTpoB; pa3paboTaTh alrOPUTM ITOMCKA; pa3paboTaTh
CTPYKTYpY 0a3bl JaHHBIX JUIs BEIOOPA (hOPMYIOLIMX SJIEMEHTOB; pa3paborats nHTEphelc nHGOPMAIMOHHO -TIONCKOBOW cucTeMsl. [Ipn
pelIeHNH TIOCTaBJICHHBIX 3agad ObLIa HCHONB30BaHA METOJOJIOTHS CHCTEMHOrO aHalW3a M MOJAENUpOBaHus. B pesyabrarte
MIPOBEICHHOT0 0030pa OCHOBHBIX 3324 M XapaKTePUCTUK MH(OPMAIIMOHHO-TTONCKOBBIX CHCTEM pa3paboTaHa JIorHyecKasi CTpYKTypa
0a3bl JaHHBIX, cocrosmas U3 6 Tabmui. Pazpaboran mHTepdeiic MHHOPMAIMOHHO-TIONCKOBOI CHCTEMBI, KOTOPBI obecrednBaeT
"Nerkuii’ W MHTYWTHBHO TOHSATHBIA BBIOOpP 2JEMEHTOB Mporecca (opmMooOpazoBaHus netand. TakuM oOpasoMm, paspaboTaHHas
cucTeMa BKJIIOYaeT B ceOst nHpOpMaInio 00 YHUKaIEHOM HOMepe (DOPMYIOIINX JIEMEHTOB; MX TUII U Ha3BaHUE, CBONCTBA; MaTepHall
U 0COOCHHOCTH Ka4yecTBa MOBEPXHOCTH ACTANM; BHJ JeTadd ¥ (HOPMBI IS ONpE/IeICHUs] HOMUHAIBHBIX Pa3MepOB 0(GOPMIISIONINX
9neMeHTOB. MCrob30BaHHE CHCTEMBI MO3BOJISIET COKPATHTh BPEMs MOKMCKA M ONPEACICHHS OCHOBHBIX TEXHHYECKHMX MapamMeTpoB
(OPMYIOIIHX JIEMEHTOB; XpaHEHHE, MAHUITYJIMPOBAHHIE JTAHHBIMH 00 JJIEMEHTaX.
KuroueBsbie ci1oBa: BeIOOp, HHTEpdEIiC, MHPOPMALHS, TOUCK, CUCTEMA
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MATHEMATICAL SUPPORT OF THE INTELLIGENT INFORMATION SYSTEM OF
ASSESSING THE OBJECT STATE

At present, information technologies (IT) are intensively used all over the world in various sectors, and today medical institutions
cannot do without them when organizing the process of medical diagnostic. The IT efficiency is determined by the degree of their
intellectualization that is by including knowledge bases as their component and by the transition from data processing to the
processing of knowledge. The efficiency of making decisions in various areas of activity is determined by the quality and quick
delivery of information. Medicine constitutes no exception in this sense. The advanced level of computer technology, applied tools,
diagnostics on the basis of automated systems of decision support made it possible to solve the tasks of assessing the state of the
object at a qualitatively new level. The subject matter of this study is to ensure the mathematical support of the intelligent information
system (IS) of assessing the state of the object. The object is understood as a patient who came through a myocardial infarction (Ml).
The goal of the study is to develop mathematical support of the intelligent IS of assessing and predicting a patient’s condition. To
achieve the stated goal, the following tasks were solved: statistically valid and uncorrelated signs were specified; these signs enable
distinguishing the group of patients who survived from those who died, “decisive rules” were formulated for predicting the MI
clinical outcome. In the process of the study, the mathematical IT of assessing the state of the object was developed. The following
result was obtained: the suggested mathematical models for predicting the outcome of myocardial infarction that were developed with
the use of the method of discriminant function and took into account human blood values can prevent sudden coronary death and
improve the diagnostic efficiency. Conclusions. Mathematical models were developed to predict the state of the object in the event of
uncertainty. The use of the developed mathematical models enables improving the accuracy of predicting the state of the object in a
real-time environment and in the early stages of the disease development by 4.2% and 10%, and applying adequate preventive and
therapeutic and rehabilitation measures in time as well as preventing sudden coronary death. The developed mathematical models

were tested.

Keywords: mathematical support, information system, myocardial infarction, prediction model.

Introduction

At present, IT is intensively used around the world
in various sectors, and today medical institutions cannot
do without them when organizing the process of
diagnostic and treatment. The IT efficiency is determined
by the degree of their intellectualization, that is by
including knowledge bases as their component and by the
transition from data processing to the processing of
knowledge.

The effectiveness of decision-making in various
areas of activity is determined by the quality and speed of
the information received. Medicine in this sense is no
exception. The increased level of computer technology,
the tools used, the construction of diagnostic systems on
the basis of automated decision support systems made it
possible to solve problems of determining the state of the
object at a qualitatively new level.

The efficiency of making decisions in various areas
of activity is determined by the quality and quick delivery
of information. Medicine constitutes no exception in this
sense. The advanced level of computer technology,
applied tools, diagnostics on the basis of automated
systems of decision support made it possible to solve the
tasks of assessing the state of the object at a qualitatively
new level.

Since the decisions making process is weakly
formalized, the development of intelligent information
systems is of vital importance and the experience of
specialists on the basis of expert assessment should be
used which will enable building a distributed information
system (IS) that allow a great number of people who often
do not have enough experience to perform diagnosis.

The need to solve the problem in real time and the
limitations associated with a rapid change in a patient’s
condition, insufficient medical qualification and lack of

reliable information regarding the values of the monitored

state parameters characterize the process under
investigation.
Thus, the task of developing an information

intellectual system for diagnosing a patient’s condition
with myocardial infarction (MI) functioning in real time is
very important.

Analysis of literary sources and problem setting

At present, in connection with the society
information support, the problem of developing object-
oriented 1S becomes particularly urgent [1-4]. Modern IS
have such properties as adaptability, complexity,
divisibility, integrability, and the degree of structure. Any
IT is designed to collecting, storing, and processing
information, and the use of data bases, knowledge bases,
data base management systems (DBMS) and knowledge
base management systems, mathematical models and the
methods of prediction and so on should be used for its
operation [5-7].

Medicine and medical diagnostics are the subject
areas of IT application [8—14].

Among the developments in this field, the IS of
dynamic monitoring for diagnosing cardiovascular
diseases called “CardioVita” is known [15], this system
allows a physician to choose different types of analysis
(statistical, correlation, dispersion, regression)
independently, depending on their purposes and tasks.
Also, the system for diagnosing the cardiovascular system
of a patient was developed using the Ml as the example,
this system is based on the mathematical apparatus of
fuzzy logic [16]. The diagnosis is made with the help of
the production model of knowledge representation, which
enables reducing the time to find a disease. The
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disadvantage of these systems is the inability to determine
the development of post-infarction syndrome in patients
with MI.

According to the main classification of methods for
forecasting systems and processes, suggested by T.A.
Dubrovaya, three main classes are distinguished: expert,
deterministic and stochastic methods [17]. The expert
methods involve the multistage survey of experts
according to special questionnaires and the processing of
the results obtained. The disadvantages of these methods
are the complexity of the organization of the expert
evaluation, the impact of official relationships; besides,
there may be the ambiguity and insufficient validity of
individual decisions. Deterministic methods presuppose
the existence of functional or rigidly deterministic
connections when a completely certain non-random value
of the effective attribute corresponds to each value of the
factor attribute. These methods involve establishing a
strictly defined functional relationship among the indices.

Since medical problems are usually related to
semistructured or unstructured tasks, labour-intensive
probabilistic-statistical methods or heuristic procedures,
that is fuzzy sets, neural networks, expert methods, and so
on prevail among the methods used in solving medical
problems.

At present, probabilistic methods based on the
Bayesian approach are widely used for solving diagnostic
and prognostic problems in medicine. These methods are
also successfully used to identify a number of cardiac
diseases. However, this group of methods is sensitive to
the form of the presentation of diagnostic information, and
the use of the strategy of diagnosing on the basis of this
approach does not enable preventing a sudden coronary
death and determining the critical period after the old
myocardial infarction, which reduces the quality of further
therapeutic and preventive activities. The sequential Wald
analysis is hyposensitive to the form of representation of
signs. It is close to probabilistic methods on a
mathematical basis and represents a consistent procedure
of examination, where the chosen level of probability of a
diagnosis or a prediction is achieved according to the
results of the evaluation of qualitative and quantitative
indicators. The disadvantage of this type of analysis is the
inability to determine the further development of the
disease.

The logical-and-probabilistic algorithm is also
widely used in MI prediction systems which uses the
value of the conditional probability of the manifestation of
signs (clinical instrumental or clinical laboratory) that are
typical for a disease and its a priori probability, which
ensures the recognition of diseases according to matrix
tables that contain a set of diagnoses or clinical outcomes.
The disadvantage of this algorithm lies in the fact that
only stochastic information is taken into consideration and
that there is no possibility to determine the outcome of the
disease by the available actual quantitative and qualitative
indicators, which reduces the accuracy of predicting the
outcome of the myocardial infarction.

There are the methods for predicting MI that take
into account the process position and the degree of the
lesion on the basis of the operation of multilayer fully
connected neural network with the forward signal

propagation and nonlinear activation functions. The
instability during the operation with data obtained from
different regions and the sensibility to the form of their
representation can be considered as their disadvantages.

A number of ideas show the practicability of using
probabilistic statistical methods in medical research: in
most cases medical data are not accurate, therefore they
can be considered as random variables that are subject to
certain distribution laws; the patient’s condition is affected
by a large number of factors that have a random character;
the prognosis of the patient’s condition can only be
probabilistic.

The human body is an open system affected by
various external factors and the processes that occur in the
body are partly probabilistic in nature and the change in
the body’s homeostasis is also of a probabilistic nature.
The adequate description of such processes is achieved
through the use of statistical methods that are based on
accumulated information on the investigated indicators
and give a probabilistic estimate of the prediction of their
change.

There are many situations in which it would be
highly desirable to determine the probability of a result
depending on the set of variables being measured, in
particular, in predicting the fatal outcome of the
myocardial infarction.

Two common features are typical for similar cases:
first, for many subjects, there is information about their
belonging to a particular group; secondly, each subject
may have additional information to create a model for
predicting the subject’s belonging to a particular group.

The indicators obtained as a result of expensive and
long-term immunological studies are used as the factors
determining the possibility of predicting the outcome, as
well as functional studies such as coronary angiography.
However, these methods do not enable predicting the
outcome in the shortest possible time and making a timely
decision on the course of treatment [19]. Therefore, one of
the statistical methods for determining the belonging of
the investigated object to two or more disjoint groups has
recently become the discriminant analysis, on the basis of
which the clinical outcome of a process can be predicted.

The discriminant analysis is similar to the cluster
analysis. However, in the cluster analysis objects are
classified on the basis of their differences without any
preliminary estimation of the number and composition of
classes, which further reduces the accuracy of predicting
the belonging of an object to a particular group [18].

Like most statistical methods, the discriminant
analysis is based on the formulation of a regression
equation that is derived on the basis of the objects whose
group membership is known, which enables selecting the
coefficients of regressors in the most accurate way. After
the regression equation has been derived, it can be used to
predict the behaviour of objects.

The goal and objectives of the research

The goal of the study is to develop the mathematical
support of the IS of the assessment of the object’s state,
which enables predicting the threat of fatal outcome by
blood tests as soon as possible, which is especially
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important in the acute and the acutest periods of the
disease.

To achieve this goal, the following tasks should be
solved:

- to identify statistically significant and uncorrelated
characteristics that distinguish the patients who survived
from those who died;

- to formulate “decisive rules” for predicting the MI
outcome.

The development of mathematical support of
predicting a patient’s status

To develop the mathematical support of the IS of
predicting the object’ state, the following task was
considered.

Let the attribute space X = x; is set, its elements

are the vectors of the states of individual patients with the
anterior or posterior MI, where i is the patient’s serial
number i=1.n. The vector X = X; that describes the

state of each patient consist of n elements that contain the
values of clinical anamnestic and laboratory signs of this

patient, where j is the serial number of the sign, j=1..m.
Each patient belongs to one of two subsets of the set
Y= vy,.,Y, . The subset y, comprises the patients who

came through the MI. The subset y, comprises the

patients who died of the MI. Then, to determine the
probability of the affiliation of the ith patient to one subset
of the set k Y the pattern of the function should be
determined: y; = f(x;); X ey, if By >F;, xey, if
F5i > Fy.

To develop the mathematical support of the IS, a set
of formal decisive rules should be determined, which
enables predicting the clinical outcome for a patient with
the anterior or posterior MI who has random values x
from X.

The data of 649 patients were analyzed to build
mathematical models for predicting the clinical outcome
of the patients with the anterior or posterior MI.

Determining the indicators predicted as
significant. As a result of calculations using the
discriminant function method, 23 informative signs

characterizing the patient’s condition were identified from
34 investigated indicators. The objects can be divided into
the selected groups according to the values of the
discriminant function with the appropriate accuracy. For
this, the canonical coefficients b, and b, of

discriminant functions are determined according to the

formulas
by =Vik/N—9 @

by = —Z By X; (3)

where n is the general number of observations in all groups
(the patients with the fatal outcome and the patients who
came through the anterior or posterior Ml);

g is a number of groups (2 groups of patients with
the posterior Ml /2 groups of patients with the anterior
MI);

X; is the mean variable value i in all classes
(general mean);

v; is the latent vector of the discriminant function.

Usually, in similar cases, the linear regression
models are used as computationally simplest ones. To
assess the model coefficients, the least square method
(LSM) was used, and the computational procedure is as
follows:

A=(XTX)xTy (4

However, according to the specificity of the
controlled process, LSM prerequisites are often violated,
which leads to the multicollinearity. In this case, the task
has the degenerate solution. To cope with this factor, the
regularized procedure was used:

A=(XTX —al)*XTy, (5)

where | is the unit matrix,

o is the parameter of regularization (predetermined
number).

Using the above model enabled obtaining the
following relationships that determine the outcome of the
disease in patients with the posterior myocardial
infarction:

F1=-158.421-3.399* X1+10.549* X2 +2.17* X3+4.145* X4 -0.991* X5+1.383* X6 +
+1.742* X7 +1.261* X8+1.474* X9+0.688* X10 +1.053* X11+0.264* X12+0352* X13+ (6)
+0.967* X14 +0.04126* X15+0.02703* X16

F2=-151.647-3.143* X1+13.656* X2 +5.822* X3+5.372* X4 -0.387* X5+1.163* X6 +
+2.015* X7+0.97* X8+1.47* X9+0.726* X10+0.802* X11+0.183* X12+0.666* X13+  (7)
+0.852* X14-0.0839* X15+0.01247* X16

where X; — X, are informative coefficients that affect the prediction.

Consequently, determining the clinical outcome in
the patients with the anterior MI is described with the
following discriminant functions:

+3,532% X, +0.04% X +4,998% X, + ®)
40,554+« X, —23,144
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F, = 4,891 X, +1,36% X, +0,013% X; +
+3,843% X, —0,0327 % X5 +0, 747 * X¢ + 9
+1,282* X, — 27,860

where X, — X, are informative variables that affect the

prediction.

To confirm the statistical value of the obtained
discriminant functions of assessing the state of a patient
with the anterior or posterior MI, Wilkes A- statistic is
used, which is calculated according to the following
formula:

9 1
A =1 ; (10)
I icks1 1t A

where k is a number of calculated functions.

Wilkes A-statistic is the measure of differences
among the classes according to several variables
(discriminant variables). The nearer A is to 0, the better is
the difference among the classes, and the nearer A is to 1,
the worse is the difference (the classes coincide). For the
patients with the posterior myocardial infarction 2=0,021,
for the patients with the anterior myocardial infarction
2=0,406.

To determine the separative power and significance
of the discriminant function, the coefficients of canonical
correlation are determined according to the formula:

Ao
= ,
1+

where i is the number of the corresponding discriminant
function; 4; is the latent root.

The procedure for assessing the state of the object
involves predicting: the obtained values of the variables
F1 and F2 are compared and if F1> F2 with the accuracy
of 91.5% it can be interpreted that the patient with the
posterior IM will come through the disease, and if F2> F1
— the patient will die. If F3> F4 with the accuracy of
92.3%, it can be interpreted that a patient with the anterior
IM will come through the disease, and is F4> F3 — the
patient will die.

(11)

Discussing the results of the mathematical
support of the information system of assessing the
object’s state

The estimation of the quality of the developed
regression models (6-9) for the information system of
assessing the object’s state is presented in table 1.

Table 1. Assessing the results of modelling (the adequacy and the quality of the models for predicting the clinical outcome of the

patients with posterior and anterior MI)

o The coefficient of the . 2 o
MI localization canonical correlation, T Wilkes A x Significance, p
Anterior myocardial infraction (N = 229) 0,871 0,406 105,405 0,0013
Posterior myocardial infraction (N = 193) 0,990 0,021 13,762 0,0001

The more the value r;, the better separating power
of the discriminant function. For the patients with the
posterior M1 r, =0,990 ; for the patients with the anterior
MI r, =0,871.

The results of checking the models for predicting the
clinical outcome of anterior and posterior myocardial

infractions are given in Tables 2, 3 (nl is a number of
patients in groups MamMEeHTOB B TpymHmax ‘‘prototype
model”, “training set” u “test set” that are classified as
true; n2 — is a number of patients that are classified as
false (according to the group).

Table 2. Assessing the accuracy of determining the clinical outcome of patients with the anterior Ml

A number of patients with the anterior M1 (N=382)
Study group The developed model (N=382)
The prototype model (N=382) Training set (N=229) Test set (N=153)
Group 1 (fatal case) nl n2 nl n2 nl n2
179 25 115 9 81 6
Group 2 (non-fatal case) 24 153 13 92 7 59
The model accuracy 0,872 0,903 0,915

Table 3. Assessing the accuracy of determining the clinical outcome of patients with the posterior Ml

A number of patients with the posterior M1 (N=258)

Study group _ The developed model (N=258)
The prototype model (N=258) Training set (N=193) Test set (N=65)
Group 1 (fatal case) nl n2 nl n2 nl n2
160 29 107 10 39 3
Group 2 (non-fatal case) 17 52 7 69 2 21
The model accuracy 0,822 0,912 0,923
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To check the validity of the developed mathematical
models 382 patients with the anterior M1 were examined
and 258 people who came through the posterior M.

Practical realization of the development results

Example 1.

F1=-158.421-3.399*0.5+10.549*5.08+ 2.17*0.38+ 4.145*2-0.991*11.2+1.383*18+ 1.742* 4.5+
+1.261*2+1.474*78+ 0.688*5+ 1.053*6.84+ 0.264*135+0.352*6+ 0.967* 73+ 0.04126*150+

+0.02703*11.11=132

F2=-151.647-3.143*0.5+13.656*5.08 +5.822*0.38 +5.372*2-0.387*11.2 +1.163*18 + 2.015* 4.5 +
+0.97*2+1.47*78+0.726*5+0.802*6.84 +0.183*1.35 + 0.666 *6 + 0.852* 73 - 0.0839*150 +

+0.01247*11.11=134
The analysis of the results showed the increase F2
over F1, which enabled predicting the given patient’s fatal
outcome. The obtained result is verified practically.

Example 2.

F1=-158.421-3.399*0.13+10.549*4.06 +2.17*0.38 +4.145*3-0.991*8.4 +1.383*16 +
+1.742*6.8+1.261*2+1.474*82+0.688*5+1.053*3.42 +0.264*1.15+0.352*4 +
+0.967*78+0.04126*123 +0.02703*6.84 = 136;

F2=-151.647-3.143*0.13+13.656*4.06 +5.822*0.38 +5.372*3-0.387*8.4 +
+1.163*16 +2.015*6.8+0.97*2+1.47*82+0.726*5+0.802*3.42+0.183*1.15+
+0.666*4 +0.852*78—-0.0839*123+0.01247*6.84 =138.

The analysis of the results showed the increase F2
over F1, which enabled predicting the given patient’s fatal
outcome.

Example 3.

F3=-158.421-3.399*0.25+10.549*4.84 +2.17*0.38 +4.145*1-0.991*6 +
+1.383*18+1.742*3.9+1.261*4 +1.474*85+0.688*20 +1.053*6.84 + ;
+0.264*1.35+0.352*4 +0.967*73+0.04126*148 + 0.02703*8.55 =152

F4=-151.647-3.143*0.25+13.656*4.84 +5.822*0.38 +5.372*1-0.387*6 +
+1.163*18+2.015*3.9+0.97*4 +1.47*85+0.726*20 +0.802*6.84 +
+0.183*1.35+0.666*4 +0.852* 73 -0.0839*148 +0.01247 *8.55 =149

The analysis of the results showed the increase F1
over F2, which enabled predicting the given patient’s
favourable outcome.

During the research, the authors proposed The
mathematical support for the information system of
making decisions regarding the patient’s state was
suggested in the context of the research. Mathematical

models are developed taking into account the prediction of
the object’s state under the conditions of uncertainty.

The use of the developed mathematical models
enables increasing the accuracy of predicting the patient’s
state in real time and at the early stages of the disease
development by 4.2% for patients with anterior M1 and by
10% for patients with posterior M1 and applying adequate

preventive and therapeutic-rehabilitation measures timely.
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MATEMATHUYHE 3ABE3NEYEHHA IHTEJEKTYAJBHOI IHOOPMAIIHOT
CUCTEMMU OLHIHIOBAHHA CTAHY OB'€EKTA

B manwit gac indopmaniiini texaosnorii (IT) iHTeHCHBHO 3aCTOCOBYIOTH Y BCHOMY CBIiTI B Pi3HHX Taly3sX, 1 BK€ CHOTO/IHI B MEJHIHNX
yCTaHOBaX IPAKTHYHO HEMOXJIHMBO OOIWTHCS 0e3 IX BHKOPHCTAHHS IIPU OpTraHizamii JiKyBaJIbHO-JIarHOCTHYHOTO IIPOIECY.
Edexrusuicts IT BH3HAa4YaeThCsl CTyNmeHEM IX IHTENEKTYyali3amii, TOOTO BKIIOYEHHSM OO iX ckiamy 0a3 3HaHb, MEPEXOJOM Bif
00poOKH maHuX 10 00poOkM 3HaHb. EQEKTHBHICTH NMPUHHATTS pilleHb B PI3HUX 0ONACTSAX ISUIBHOCTI BH3HAYAETHCS SIKICTIO 1
ONEPATUBHICTIO OJIEPXKYBaHOI iHpopMariii. MeauIrHa B IIbOMY CEHCI HE € BUHATKOM. 30UIbIICHUI PiBEHb 00YHMCIIIOBAIBHOT TEXHIKH,
[0 3aCTOCOBYETHCS IHCTPYMEHTApil0, JIarHOCTHKM Ha 0a3l aBTOMATH30BAaHUX CHUCTEM IIATPMMKH HPHHHATTS PillicHb JT03BOJIUB
BHUPIIIYBaTH 3aBJaHHS BU3HAUCHHs CTaHy 00'€eKTa Ha SKICHO HOBoMy piBHI. IlpeameTroM 1aHOrO AOCTIIKCHHS € MaTeMaTHUYHE
3a0e3nevyeHHs iHTeNnekTyanpHol iHpopmaniinoi cuctemu (IC) oniHtoBaHHs cTany o0'exTa. [1in 06'ekToM OyeMo po3yMiTH Talli€HTa,
SIKHA Tiepenic iHpapkT miokapaa (IM). MeTorw nOCHiKEHHS € po3poOka MaTeMaTHYHOTO 3a0e3ledeHHs iHTeNnekTyarbHoi [C
OLIIHIOBAHHSI Ta IPOTHO3YBAHHS CTaHY ManieHTa. /{11 TOCSATHEHHS MOCTaBICHOI MeTH OyiM BUPIIICHI HACTYIHI 3aBJaHHS: BUSIBICHO
CTaTHCTHYHO JOCTOBIPHI O3HAKH, II0 HE KOPETIOIOTh MK cO0O0I0, SIKi JO3BOJISIOTH BIPI3HUTH IPYIy THX, IO BIDKHIIN HAI[IEHTIB Bif
moMepiux, MmoOynoBaHi "BUpimainbHi mpaBwia" JUIs NPOTHO3YBaHHsA pe3ynbrary IM.Y mporeci IOCHiKEHHS po3poOJIeHO
marematnuHe IC omiHroBaHHs craHy o0'ekra. Pesyawrtar. IlponoHoBaHi MareMaTW4HI MOJET HMPOTHO3YBaHHS pe3ynbTary IM,
pO3po0IIEH] 3 BAUKOPUCTAHHSAM METOY AMCKPUMIHAHTHUX (BYHKIIH Ta 00JIKOM MOKAa3HHUKIB KPOBI JFOJAMHH, H03BOJISIIOTH IONEPEIUTH
panToBy KOPOHApHY CMEpTh 1 MiJABHIIMTH €(EKTUBHICTh JiarHOCTUKK. BucHOBKH. Po3poOieHo MaTemaTWyHi MoOZeml s
MPOTHO3YBaHHsI cTaHy 00'€KTa MPHU HASIBHOCTI HEBU3HAYCHOCTI. BUKOpHCTAHHS pO3pOOJCHUX MaTeMaTHUYHUX MOJIENIEH JT03BOJIMIIO B
peanbHOMY 4Yaci MiJBHIIUTH TOYHICTH MPOTHO3YBAHHS CTaHy 00'€KTa Ha paHHIX CTAamisIX PO3BUTKY 3axXBOpioBaHHS Ha 4,2% 1 10%, a
TaKOX, CBOEYACHO 3aCTOCYBATH aJIeKBaTHI NPO(QUIAKTHYHI Ta JiKyBaJbHO-pealbuIiTaIiiHI 3aX0/1, MONEPEIUTH PANTOBY KOPOHAPHY
cmepTh. byna npoBezena anpoobartis po3po0IeHHX MaTeMaTHIHUX MOZEIICH.
KonrouoBi ci1oBa: MaTeMaTnuHe 3a0e3medeHHs, iHpopMalliitHa cucTeMa, iHpapKT Miokap/a, MOJENb IPOTHO3YBAaHHS.

MATEMATHUYECKOE OBECHHEYEHHE UHTEJUIEKTYAJBHOM
NHO®OPMAIIMOHHOU CUCTEMbI OLIEHKHU COCTOAHUSA OFBEKTA

B Hacrosiee Bpemst uabopmarmonusie Texnogorun (MT) HHTEHCHMBHO TPHMEHSIOT BO BCEM MHPE B Pa3IMYHBIX OTPACIAX, U YiKe
CEerOHSI B MEIUIUHCKUX YUPSKJCHUSIX MPAKTUYECKH HEBO3MOXKHO OOOWTHCH 0e3 MX HCIOJB30BAHUS MPU OPraHU3aliu Je4eOHO-
JMarHOCTUYEeCcKOTro mporecca. DhdexruBHOCTs UT onpeesnsiercs CTeNeHbI0 UX WHTEIUICKTYalH3al[iH, T.¢. BKIIOYEHHEM B UX COCTaB
0a3 3HaHWIA, TepexX0a0M OT 00pabOTKH HaHHBIX K 00paboTke 3HaHWUH. DPPEKTUBHOCTD MPUHSITHS PEIICHUH B PA3MHYHBIX 00IACTAX
JeATETBHOCTU OIIPEACISSTCS] Ka4eCTBOM M OIEPAaTHBHOCTBIO MONTydaeMoi MH(popManuyu. MequIiHa B 5TOM CMBICJIE HE SBISETCS
HCKIIOYeHHEeM. Bospocmmii ypoBeHb BBIMHCIUTENBPHOH TEXHHKH, HPUMEHSIEMOTO WHCTPYMEHTapHs, JMAarHOCTHKH Ha 0ase
aBTOMATH3UPOBAHHBIX CHUCTEM IOJICPKKM MPUHATHS PELUICeHHH MO3BOJIMII PElIaTh 3aJadd OIpeNesieHHs COCTOSHHs O00BeKTa Ha
KaueCTBEHHO HOBOM YypoBHe. IIpeamMeToM JaHHOrO MCCIEHOBAHUS SIBISIETCS MaTeMaTHYecKoe OOECIeUeHHe HHTEIUICKTYalbHON
uHpopmarmontoit cucrembl (MC) oreHunBanus coctosiusi oobekta. [log 00bekTOM OyJaeM MOHMMAThH IMAlMEHTa, TEePEHECIIero
uHpapkT muokapaa (MM). Lleablo uccrienoBanust sBsSeTcs pa3paboTKa MaTeMaTHUeCKOTo oOecreueHusi MHTeUIeKTyanbHon WC
OIIEHUBAHUSI U POTHO3MPOBAHUS COCTOSHHUS MaruenTa. JJisi JOCTIKSHUsI TIOCTABICHHOM 1[en OBUTH PEIICHBI CIEAYIONIHe 3a1au:
BBISIBJICHBI CTATHCTUYECKH JIOCTOBEPHBIE M HEKOPPEIUPYIONIHEe MEeXKIy CO00il MpPU3HAKH, MO3BOJIAIONINEG OTIHYUTH TPYIITY
BBDKHBIIUX IAI[MEHTOB OT YMEpIINX, IMOCTPOeHbl "pemaromue mnpaBuia" Juisl nporHosumpoBanmst ucxoma MM. B mporecce
uccienoBanus paspaborano maremarmuyeckoe MC onenuBanust coctosiHusi oObekTa. Pesyabrat. [pemnaraeMble mMatemMaTH4ecKHe
MOJIeM MPOTHO3MpoBaHus ucxoga MM, paspaboTaHHbIE ¢ HCIIOJIB30BAaHMEM MeETOJA JAMCKPHUMHHAHTHBIX (QYHKIMH U yd4eToM
roKasaresiell KpPOBH UeNIOBEKa, IO3BOJLSIIOT MPEAYNPEeIUTh BHE3AMHYI0 KOPOHApHYIO CMEpPTh M MOBBICHTH 3()(EKTUBHOCTH
JMAarHOCTUKH. BBIBOABI. Pa3zpaboTaHsl MaTeMaTHYeCKHe MOJEIH JUIS IPOTHO3HPOBAHUS COCTOSIHUSL OOBEKTa IPU HATHIUH
HEOTIpeeIeHHOCTH. VICIoNb30BaHne pa3padOTaHHBIX MaTeMATHYECKHX MOJENeHl MO3BOJMIO B PEATLHOM BPEMEHH MOBBICHTH
TOYHOCTH ITPOTHO3MPOBAHHS COCTOSTHHS 00BEKTa HA PAHHUX CTaJUAX pa3BuUTHs 3a0omeBanus Ha 4,2% n 10%, a Taxke, CBOEBPEMEHHO
MIPUMEHHTH aJIeKBaTHBIC TPOPHIAKTHISCKUE U JIeIeOHO-PeabrINTAMOHHBIC MEPOTIPUSATHS, TIPEAYIPEAUTD BHE3AMHYIO KOPOHAPHYIO
cMepTh. bbina mpoBeeHa arnpobarus pa3paboTaHHBIX MATEMATHYECKAX MOJIEIICH.

KnroueBble cj0oBa: MaremMaTHueckoe obecrieucHue, HWHPOPMAIMOHHAS CHUCTeMa, HWH(PAPKT MHOKapaa, MOJCb
TMPOrHO3UpPOBaHUS.




ISSN 2522-9818 (print)
V]IK 33:338

Innovative technologies and scientific solutions for industries. 2017. No. 2 (2)

H. E. ABAHECOBA

AHAJITUYHHAH NOIJISA] HA TEOPII 3ABE3INEYEHHSI EKOHOMIYHOI
BE3IEKHA

IpeameToM aOCTiDKEHHS € TpoOJeMaTHKa 3a0e3leveHHs eKOHOMiuHoi Oe3mekn. MeTa JOCTIDKEHHS IONISATaE y BUBYCHHI
€BOJIIOLIMHOIO IIUIAXYy TCOPETUYHOrO OOIPYHTYBAHHS MPOOJECMAaTHKKH 3a0e3MeUeHHsS CKOHOMIYHOI O€3Mekr 3 IMO3HUIIiN
Oe3reKo3HaBCcTBa. Y cTaTTi OyJI0 BUKOPUCTAHO TaKi METOAM TEOPSTUYHOTO Ta eMIIPHYHOTO JOCITIKCHHS: JIOTIYHOTO y3arajJbHEHHS —
JUIs1 OOTPYHTYBaHHS aKTyaJbHOCTI TEMH, METH 1 3aBAaHb JOCIIKEHHS, A1 BU3HAYCHHS CYTHICHMX O3HAK; aHAJi3y Ta CHHTE3y — JJIs
XapaKTEepPUCTHKH Teopiii exkoHoMiyHOI Oe3meku. Ha cydacHOMy erami pO3BUTKY €KOHOMIYHOI HayKH B yMOBaxX HapOCTalOUUX
TEHJICHIII{ TII00aJTi3aIlii CBITOBOTO rOCMOAapCTBa MpodiieMaTHKa 3a0e3IICUCHHST eKOHOMIYHOT Oe3nekn HaOyBae Bce OLTBIT BaKIIHBOTO
3HAYCHHSI, a/DKe B YKpaiHi MOKH IIe He CTBOPEHO MPOAyMaHy, HAYKOBO OOTPYHTOBaHY Ta €EKTUBHY CHCTEMY CKOHOMIYHOT O€3MeKH,
sIKa, 3 OHOTO OOKy, BioOpakana O HaIllOHAIBHI IHTEpPeCH B eKOHOMIUHIH cdepi, a 3 Ipyroro — peajbHO 3axXUIlaia iX BiJ] MOXKIUBAX
3arpo3. YTIM IIle HE O3Haya€, O0 B HAYKOBO-TCOPCTHYHOMY IUIAHI BIJNCYTHI HANpAIfOBAHHS MOXIIUBHX MOJENCH CHUCTEMH
eKOHOMIYHO1 Oe3mneku. [IpokuBaroyu ChOTOAHIIIHI Hallll Taki 0araTorIaHOBI JHI MU MOCTIHHO MIEPETHHAEMOCS 3 OE3MEKOI0 B TOMY YH
IHIIIOMY KOHTEKCTi. BpaxoBylo4Yr HHHIIIHIO CUTYallil0 B KpaiHi MU 3MYILIEHI 3BepTaTH CBOIO yBary Ha Oe3IeKy, BPaXOBYIOYH BCi 1l
MPOSIBH: BiJ KpaiHM 10 Oe3neku JToauHu. Ha OCHOBI cHCTeMaTh3alii TEOpEeTHKO-METOJOJOTIYHUX YSIBJICHb Npo (eHOMEH 1
mpobJeMaTuky Oe3leKd Ta CydacHHX AOCIIKEHb 3 Teopii Oe3meku Oesneka CyCHIIBCTBAa PO3TIAAETHCA AK Tpiaga MONMITHIHOL
CTa0IIBHOCTI, eKOHOMIYHOTO IPOLBITAaHHSA Ta 0OOPOHO3ATHOCTI KpaiHW, IO SIKOi IparHe OCOOHCTICTh 1 coliajibHA CHCTEMa 3aiist
camo30epekeHHsA. Y cdepi Oe3MeKO3HABCTBA BHOKPEMIIFOIOTHCS TaKi TEOpil €KOHOMIUHOI Oe3MeKH, sK: Oe3MEKOJIOTis, Teopil
EKOCECEeTEHTY 1 EKOCECeHTY, CHHEpTi3My Ta KiiacTepiB. Teopii 3a0e3rneueHHs eKOHOMIYHOT O€3MeKH MPOMIIUTH JOBIUH CBOFOIIHHIHA
[UIAX, IO 3HAYHOKO MipOI0 IMO3HAYMJIOCS Ha 1X CYTHOCTI: BiJl TPOTHAII HAANPHUPOJAHHUM CHJIAM Ta TPUPOJHHM 3arpo3am Jo
KOMIUICKCHUX KOHIETIiH rapMoOHi3alii Ta KOHCOMiJalii 3yCHJIb JAEpXKaBH H IHAMBIOYaJIbHHX AarcHTIB y 3a0€3Me4YeHHi CTiHKOTro
€KOHOMIYHOTO PO3BUTKY CY0’€KTIB TOCIIOAAPCHKOIL JiSTILHOCTI.

KniouoBi cioBa: exoHomiuHa Oesmeka, 3a0e3leUeHHS EKOHOMIYHOI Oe3meku, Teopii eKOHOMIWHOi Oe3mekH, cyO’ €KT
TOCIOAAPCHKOI MiSUTBHOCTI, COLIaIbHO-EKOHOMIYHA CHCTEMA.

Beryn HaykoBi mormsau B. A. Pau [17], O. B. Lmmsimienko [5],
€. 1. OBuapenko [14], I'. A. AramanoBa [2] Ta iH. Y iX
ExoHoMiuHa Ge3meka — Ii¢ OCHOBa J00po6yTy  AOCITIIDKEHHSX PO3KPHBAETHCSA CYTHICTH €KOHOMIYHOT

KpaiHM Ta MJOCATHEHHS IIOCTaBJIEHHUX Iiieil cy0’eKTiB
rocrnosiapchkoi AisuibHOCTI. Ha piBHI jepxaBu 11 MOKHa

BU3HAYUTH  SK CTaH  3aXMIIEHOCTI  HaI[ioHAJILHOI
E€KOHOMIKH, 3a SIKOrO CYKYIHI Jep)KaBHO-CYCHIIbHI
rapaHrii COPHUSIOTH CTAJIOMY PO3BHTKY EKOHOMIKH,

3aXHUCTYy IHTEPECIB HaceJieHHs KpaiHu, Kepen Horo
MaTepialbHO-IyXOBHOTO PO3BUTKY Bil BHYTPIMIHIX 1
30BHIIIHIX 3arpo3 1 Hebesmek. OcoOmuBoOi yBaru
3a0e3neueHHsT CKOHOMIYHOI OE3MeKH Jep:kKaBU TOTpedye
caMe CBOTONHI 3 OINAy Ha HApOCTalYi TEHACHIT
rmobaiizamii CBITOBOTO TOCIIOAapCcTBA. 3 TOYKH 30pYy

OKPEMOTo cy0’eKkTa roCroAapChKoi JUSTBHOCTI
eKOHOMiYHa  Oe3meka  XapakTepu3dye CTaH  HOro
3aXMIIEHOCTI BiJi HEraTMBHOI'O BIUIMBY 30BHIIIHIX

¢akTopiB, sKui 3abe3nedye crabiipHEe (YHKIIOHYBaHHS
cy0’ekTa TOCMONAPCHKOT AISUTBHOCTI Ta JAOCATHEHHS HOTO
KOMEpIiMHUX TIIiieli y JOBTOCTPOKOBIM IEPCIIEKTHBI.
AxTyanpHICTh  3a0€3NeUeHHs] EKOHOMIYHOi  Oe3nexu
Ccy0’€KTIB  rOCIONapChKOl  IisUTBHOCTI  00yMOBJICHA
HEOOXI1THICTIO MiIBUIIEHHS 1X KOHKYPEHTOCIIPOMOXHOCTI,
3aXHCTY BiJl peHIepChKHUX aTak i HeJIPY>KHUX IMOTJIMHAHb,
pecTpykTypu3amii Oi3HeCy Ha OCHOBI IPOBAJKCHHS
HOBITHIX 1H(OPMaIIfHUX TEXHOJIOTIH TOIIO.

AHaJIi3 JiTepaTypHHX JaHHUX i HOCTAHOBKA 3aBJaHHS

Oesnexy, (GakTopy BIUIMBY Ha Hei, a TaKoX PU3UKH Ta
3arpo3u, METOJH, MEXaHI3MU Ta ILUISXH 3a0e3MeYCHHS
€KOHOMIYHOI O€3IEKH.

He pmuBistumce Ha 3HAYHY KUIBKICTH TMpamb Ta
3HAaYHUH HAYKOBHX JOPOOOK 3 MOCHIIDKEHHS IMPOOIeM
3a0e3neUeHAs EKOHOMIYHOI Oe3leKH OKpeMOi yBaru
noTpeOyIOTh THTAaHHS MIOAO BHBYCHHS EBOIIOLIHHOTO
CTaHOBJICHHS Teopii EKOHOMIYHOI Oe3leKH 3 TO3HUIIii
0€e3IIEK03HABCTBA.

MeTo10 DOCTIIKEHHSI € BHBUYCHHS €BOJIIOLIIHOIO
NUIIXY TEOPETHYHOrO OOIPYHTYBAaHHS MPOOIEMATHKU

IIpobnemaruka 3a0e3nedeHHs] eKOHOMIYHO1 Oe3MmeKu
€ TpeaIMEeTOM HayKOBHX pOOIT 0ararbox BUYCHUX.
Haii6inbpm akTyallbHAMU € TOCITIPKEHHS BUSHUX HAYKOBOT
MIKOJIA CXiTHOYKpaTHCHKOTO HAaIllOHAJIBLHOTO
yHiBepcutery iM. B. Jlans wHa dYom 3 mpodecopom
I'. B. Kozauenko [6, 19, 20], meBHy yBary mpuBEpTalOTh

3a0e3MeueHds  €KOHOMIYHOI  Oe3meku 3 IO3HINH
0e31eK03HaBCTBA.
Marepiaau Ta MeTOAU A0CTiAKEHHS
Y crarti Oyno BHKOPHCTAaHO Taki METOAH

TEOPETHYHOTO Ta EMITIPUYHOTO JOCITI/PKEHHS: JIOTTYHOTO
y3arajgbHeHHs — JUIsi OOIPYHTYBaHHS aKTyaJbHOCTI TEMH,
METH 1 3aBaHb JOCIIPKEHHS, ISl BU3SHAYEHHS CyTHICHUX
O3HaK; aHaJli3y Ta CHHTE3y — JUI XapaKTePUCTHKH TEOopii
exoHoMiuHOi Oesneku. IHpopmaniiiHo-thakTOIOTIUHOIO
0a30r0 JOCTIKEHHST CTamu MoHorpadii Ta myOmikarii
BITYM3HAHMX 1 3apyODKHHMX aBTODPIB, IHTEPHET-PECYPCH,
pe3yJbTaTH BIACHHUX JIOCHI/PKEHb aBTOpa.

Pe3yabTaTn 10c/igKeHHs

Ha cydacHoMy eTami po3BUTKY €KOHOMIYHOI HayKH
B YMOBaxX HApOCTAIOUWX TEHACHIIH  TiroOamizamii
CBITOBOTO TOCITOJIapCTBa TMpoOJieMaTHka 3a0e3MeYeHHS
€KOHOMIUHOT Oe3nekn HabyBae BCe OUIBII BaXKIIMBOTO

© H. E. ABanecosa, 2017
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3HaueHHs. [Ipy  1BOMY  JOCHI/DKEHHS  CYTHOCTI
C€KOHOMIYHOI Oe3MeKH MPOBOMAATHCS y BIAMOBIAHOCTI IO
HAYKOBOT KapTUHH CBITY, IiJl SIKOIO PO3YMI€ThCS 0COOIIMBA
(dhopMa TECOPETUUHOTO 3HAHHSA, IO PEMPE3CHTYE MPEIMET
JIOCIIJDKCHHST HAYKHA BHU3HAYEHOrO eTamy ii iCTOPUIHOTO
PO3BHUTKY, 3a JIOLIOMOTOK SKOi IHTETPYIOThCS Ta
CHUCTEMATH3YIOThCS  KOHKPETHI  3HaHHA, sKi Oyau
OTpUMaHi i pi3HHUX 00TaCTAX HayKOBOTO TomIyKy [13].

OOroBopeHHsI pe3yJIbTaTIB

Haii6inpm yXWUBaHOIO 3 TiaTPOMIYHHX HAYKOBUX
KapTUH CBITY CBOTOJICHHS Vy Taly3i 3a0e3NedcHHS
€KOHOMIUHOI ©Oe3meku € Teopis Oe3lMeKO3HaBCTBA.
VY3aranbHeHO O€3MEeKO3HABCTBO SBJISIE COOOI0 CHCTEMY
3HaHb, SKA XapakTepPH3yE PO3YMIHHS Ta MOSCHEHHS
Oe3reKy 3a 00 €KT-BUIOBOIO O3HAKOIO B ii €BOJIOLIHHOMY
KOHTEKCTI 3 000B’I3KOBUM OITHUCOM MalOYTHBHOTO CTaHYy.

Sk 3a3HaYCHO y npari B. A. Jlinkas,
0E3MEeKO3HABCTBO € CBOEPIAHOIO MATPHULECI HayK i
HAYKOBHX  HAmpsMiB 1po  Oe3MeKy, CYCHiIbHO

MDKIVCIMILTIHAPHOIO HAYKOIO, B SIKIH JIOCIHIKYIOTBCS
3arajbHi Ta crenudivyHi 3aKOHOMIPHOCTI oprasizalii Ta
(YHKITIOHYBaHHS CHCTEM O€3IeKH pi3HOro Kiacy i
PO3pOOIIOThCS Ha MiACTaBi iXHHOTO Mi3HAHHS 3arajibHi
TEOPETHYHI MOJOXKEHHS, IO CIPSMOBAHI HA IMiJBHUIICHHS
edexTuBHOCTI X QyHKIioHyBaHH: [10]

CyuacHiii exkoHoMmimi BiactuBi KaracTpopu Ta
PH3HKH, TPUPOJA SKUX 3/1€OIIBIIOr0 Ma€e IHCTHUTYIIHHUI
XapakTep, MacmTa0u SKUX 3pOCTal0Th  YHACHIIOK
30inbIIIeHHST TPAHCAKIIIif HA CBITOBMX (hiHAHCOBHX PUHKAX
Ta KOTPI MEPETBOPIOIOTHCS HA 3arpo3d IS PeasibHOI
€KOHOMIKM B MaciuTabax Iimux KpaiH, 0 3acBiguye
nocBin Mekcuku, bpasunii, Aprentunn, a B XXI ct. —
Snowii Ta CIIA.

HajanHs €KOHOMIYHOTO MPOCTOPY MPOMHUCIOBOMY
OiAMPUEMHUIITBY HE O3HAa4Yae, 10 Jep)KaBa Ma€
JIMCTAHI[IFOBATUCS BiJ] BHKOHAHHS TOKJIAJCHUX Ha Hel
MOJITHYHUX, €KOHOMIYHMX, COLIaNbHUX (YHKIIH, a
MOBUHHA CHPSIMOBYBATH PETYJIIOBAHHS €KOHOMIUHHMX
TpOIeCiB HA BiATBOPEHHS ONTHMAIBHUX MPOMOPIiH Mix
BUPOOHHIITBOM, OOMIHOM, PO3IOIIIOM | CIIOKHBAHHIM B
PO3pi3i HAI[IOHATLHOT OC3MEKH.

[Migrpyurs 3abe3nedeHHs EKOHOMIYHOI Ge3meKu
FOCIOAAPIOIOYNX  CYO’€KTIB ~ PHHKOBOI  CHCTEMH
TOCIOAAPIOBAHHS  CKJIANAlTh igei CTpyKTypHOi i

(byHKLIOHATBHOT BapiaTHBHOCTI K CIOcO0y 3abe3neyeHHs
KOHKYPEHTOCIPOMOXKHOCTI 32 (DiHAHCOBOTO, TPYAOBOTO,
TOBAPHOTO Ta IHIIUX PI3HOBHIIB PHHKOBOTO XaocCy;
YHMajoi BaroMocTi HaOyBae BHOKpEMJICHHS 00’€KTiB Ta
cy6’ekTiB ekoHOMIUHOT Ge3meku [16].

CyyacHa €KOHOMIYHAa HayKa pO3IJsgae Kijibka
mapagurM  3a0e3rnedyeHHss €KOHOMIYHOI —Oe3leKd  sK
HaIlOHATBHUX, TaK i pETiOHATBHUX ~ CHCTEM
rocrojaproBantsa. OHi€l0 3 HaHOUIBII MOMIMPEHUX Ha
CLOTOAHI € KOHIEMIT €KOHOMIYHOI Oe3leKku, 1o
IPYHTYETBCS Ha iesx | TIOJIOXKEHHSIX CTPYKTYPHOI
JKOPCTKOCTI €KOHOMIYHOI cHCTeMH, 11 KEepOBaHOCTI,
BHCOKOTO PIBHsI 3aXUINEHOCTI Bl 30BHIMIHIX BUKIHKIB Ta
3arpos [23].

Y MIHUPOKOMY YAaCOBOMY KOHTEKCTI €KOHOMIiuHa
Oe3reKa OpraHiuyHo MOEAHYETHCS 3 TUHAMIKOIO PO3BHUTKY,

3 iHHOBAIlIMHUMK ~ [Ipollecamu, 3
JOIyCTUMOTO pu3uKy [23].

TakuM YUHOM, €KOHOMIUHA Oe3reKa aHai3yeThCs
SK pamioHaJbHO OOTPYHTOBAHE MIaJEKTUYHE MOETHAHHS
iHHOBAIIMHUX, PU3UKOBAHUX E€KOHOMIUHMX il B OIHUX
CErMEHTaxX PUHKOBUX BIJHOCHH Ta METOJIB CTabiIbHOTO,
TEXHOJIOTI30BAHOI0, MPUOYTKOBOTO TOCIOAAPIOBAHHSL.

3anponoHoBaHi miaxonu bi o) 3a0e3MeyeHHs
€KOHOMIYHOT O€3[eKH peali3yloThes 34e0iIbpIIoro B
CHCTEMax TOCIIOJAPIOBAHHS, [0 MAalOTh HaJIMIIKOBI 260
HEIOCTAaTHI pPeCypcH UId KOMIUIEKCHOI camopeaizarfii
CBOiX  morpe0, IHTepeciB, JKHUTTEBUX  HACTAHOB.
['0IOBHUMH yMOBAaMH €KOHOMIUHOI O€3MeKd BBaKaTh
pecypcH, MOTYKHOCTI, cTabinbHICTh, KepoBaHicTh [24].

Ha migcraBi mogiOHMX KOHIENTYaJbHHUX MOJIOKEHb
BUOYZOBYyBaJach  iepapxidHa cucTeMa CSKOHOMIYHOI
6esnekn CPCP, iHmmx KpaiH comiamicTHYHOTO Tabopy
[1].

Bapto akieHTyBaTH Ha TOMY, IO ONHCAHI MPOIECH
peani3yloTbcss # ChOrOJHI B EKOHOMIYHHX CHCTEMax
HU3KU KpaiH, 30kpeMa KHP. Moga iime npo mepeBaxHy
KIIBKICTH KPYIMHUX SK IPHBATHUX, TaK | JIEPKaBHHX
€KOHOMIYHUX KOpIIOpalliii, raay3eBMX | perioHaabHHX
eKOHOMIUHuX cucTeM [24]. Bimpmiicts mociimgHUKIB,
OJIHAK,  CTaBIATh  MiJ  CYMHIB  KOHIENTYaIbHY
peanicTHYHICTh MOAIOHUX IOMOKEHb, AKIICHTYOUH Ha
YTOMIYHOCTI OMHMCAHOT KOHIEMMIT B KOHTEKCTI BiIKpUTOT
PHMHKOBOI KOHKYPEHIIIT Ta pecypciB eKOHOMIYHOTO PH3HKY
[3].

JoTpuMaHHs 3raJlaHux METOI0JIOTIYHHUX,
CBITOTVISITHAX HACTAHOB YaCTO CIIPUYHHSE N0 TUIYTaHHS, a
MOJICKYIM ¥ 110 BIABEPTOi MMiAMIHM MOHATTS €KOHOMIYHA
Oesrneka MOHATTSAM €KOHOMIYHA CTA0ITbHICTD.

ExoHoMiuHa cTabinbHICTh, 6€3yMOBHO, € 0a30BOIO
O3HaKOK EKOHOMIYHOI Oe€3leKH, TIpoTe HEWw He
BHUEPITYETHCSI MIEPETTIK apaMeTpiB OCTAHHBOTO TTOHSITTSL.

Haouno nissibHicTs B yMOBax aedilUTy OCHOBHHX
pecypciB, 31 cBoro 0OKy, IEMOHCTPYIOTh MOJEI
HApOUIYBaHHS  MOTEHI[ialy  €KOHOMIYHOT  Oe3IeKH,
3acrocoBani Himeuunnoro ta fmoHi€0 B mMiCIsIBOEHHUI
nepion Ha mouaTtky 50-x pokie XX cr [24].

CIICMCHTAMU

EBourontis Teopii €KOHOMIYHOT 0e3neKku
pO3pOOIIEThCS TA peai3yeThCs B MeXaxX eKOHOMIYHOT
NOJNITHKA,  OCHOBHUMH  TIpIOpUTETaMH  SKOi €
3a0e3eUeHHs  COLialbHO-€KOHOMIYHOI Ta BiliCBKOBO-
HNONITHYHOI ~ cTabinpHOCTI  JepkaBH,  30epeKeHHS
KOHCTHUTYIIfHUX mpaB | cBoOox, 1m0 mepeabayae

BU3HAYCHHS €KOHOMIYHOI TOJITHKH

Y nmocrmimxenasx B. A.Pau 3anpomnonHoBaHO TIij
0E3MEeKO3HAaBCTBOM PO3YMITH CHCTEMY TOTJISAIB TPO
LUTICHICTh 0e31eK1/HEBIIEBHEHOCTI/HEOE3MEKH, sKa
BHBYA€ CYTHICTb IIi€] MITTICHOCTI SIK (heHOyMEeHY (HOyMeHY
Ta (eHOMEHY OaHO4acHO), (opmu ii HposBYy Ta poib B
JKUTTI JIIOJJMHU B Pi3HOMY MaciiTabi METPHKH, HTICHOCTI
— ocobucricth, poauHa  (KOMaHAa,  CIUIBHOTA),
nianpueMcTBo ((pipma, KOHILEPH), PETioH, JepkaBa, CO03,
KOHTHHEHT, LuBUI3amis Ta iH. [17]. ABTOp y CBOEMY
JIOCJIIJDKEHH] CIIMPAEThCs Ha JTYMKY BYEHHUX HayKOBOI
ITKOJTH CXiTHOYKpaiHCHKOTO HaI[iOHAJILHOTO
yHiBepcutery iM. B. Jlangs wHa dom 3 mpodecopom
I'. B. Kosauerko [6, 19, 20].
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Ax 3asznauae ['.B Kozauenko [7], Oe3mekosorist
BUCTYIa€ (JOPMOIO0 CHHTETUYHOTO 3HAHHS, y MEXax SKOI
OKpeMi TOHSATTS, TiNOTe3U 1 3aKOHUM Oe3MeKO3HAaBCTBA
BTPAYalOTh  KOJIMIIHIO  aBTOHOMHICTHP 1  CTalOTh
€JIEMCHTAMU IIUJTICHOT CHCTEMH.

Astop JI. O. KopueBcbka y cBOIX HOCIIIKEHHSX,
MOCUJIAIOYUCHh Ha HAYKOBI POOOTH POCIHCHKOTO BYCHOTO
10.B. YalikOoBCBKOTO, BHOKPEMIIIOE IT’SITh HAYKOBUX
KapTUH CBITy, B MeXaxX SKHX pPO3BHBAINCA HAYKOBI
MoTIsiAM  Ha TpobieMy 3a0e3ledeHHS EKOHOMIYHOT
Oe3leKH: CXOJAaCTHYHa, MEXaHICTMYHA, CTaTHCTHYHA,
chcreMHa, Aiarpomivna (puc. 1) [9].

HakomuyeHHss 3HaHB Yy KOXXHOMY OKPEMOMY
HaTpsAMKY 3a0e3nedye Horo nmepeTBOpeHHs B HayKy. Came
TaK CHCTEMa 3HaHb 3 OC3MEKO3HABCTBA IEPETBOpUIAC Y
0€e3IeKOIIOriIo, KA SBJISIE COO0I0 KOMILIEKC IOIJISIIB,
ySIBJICHB, 171CH, CIPSIMOBAHHUX HA TIIYMAauCHHS i MOSICHEHHS
SIBHII] Oe3meKxH, TBOpYE MePEOCMHUCIICHHS
KOHIICTITyaJbHAX 1 TEOPETHYHHX OCHOB YIIPaBIIiHHA,
IpaBa, COIOJIOrii, aHTPOIOJOTii Ta iH., BHSBIICHHSA Ta
JOCIIJDKCHHS 3arajJbHUX 1 CrIenupidHuX 00 €KTHBHUX
3aKOHOMIPHOCTEH  opramizamii Ta  (YHKIIOHYBaHHS
cUCTeM O€3MleKH PI3HOro Kiacy, IO HaJae ITiCcCHe
VSBJICHHS TPO 3aKOHOMIPHOCTI Ta HasBHI 3B’S3KH Y
3abesneueHHi Ge3mexu [7].

Amnanoriqsoi [yMKu JoTpumyeTthes B.A. Pau. ABTop
MOBOJMTh, IO 3@ PO3YMIHHS HAayKd SK IUIICHOT
CYKYITHOCTI MOTJIAIB 3 YpaxyBaHHSIM HPAKTHYHOI TOYKU
30py Ha CIPHHHATTS COIAIbHO-CKOHOMIYHOI pealbHOCTI
30BHIIIHBOTO TIPOSIBY IUIICHOCTI OyAb-1KOI CHUCTEMHU
OUTBII JOIUTPHUM € BXXHMBAaHHS TEPMiHY OE3MEKOJIOTis, a
He Oesmeko3HaBcTBO. [lpm 1bOMY BiH BH3HAYa€e
0e3IeKoNIOTiI0 K HayKy Ipo Oe3leKy, sKa BHBYAE i
CYTHICTb, IPUYUHH, (POPMH TPOSBY 1 POIIb B KUTTI JFOIEH
[17].

VY nucepramiiinomy mociimkenni O.B. DstmieHko
3a3HAYCHO, 11 () (yHmamMeHTanbpHO0 KaTeropiero
OesnekoJsiorii € ekoHomiuHa Oesmeka [5, c. 29]. Ilpu
IOMY aBTOpP JOTPUMYETHCS MOJIOXKEHb TOCTIHKEeHb [.A.
Atamanosa [2] i €.1. OBuapenko [14] mpo Te, 110 MOHATTS
Oe3rmeka He MOXE BXKHBATHCS SK CAMOCTiHA KaTeropis,
Tak K 0e3 BKa3iBKH Ha OO0’€KT CEHC IIbOTO IOHATTS
BTpadaeThCs. Ha OCHOBI 3alpoOmOHOBAaHOI apXiTEKTypH
00’€KTHO-BHJIOBMX  BHU3HAYe€Hb IIOHATTS ' Oe3meka"
JIOCJIIZTHUK BU3HAa4Ya€ €KOHOMIUHY Oe3leKy IMiANpHeEMCTBA
KIiHI[EBMM 00’€KTOM BHBYECHHS OC3IIEKOJIOri], 3a3HAYAI0UH:
"... eKOHOMi4Ha Oe3leKa MiAIMPUEMCTBA € CHUCTEMHUM
SIBHIIIEM, TOJIOBHOIO YMOBOIO iCHYBaHHS, MiSUTLHOCTI Ta
po3ButKy mianpuemctsa” [5, c. 26].

Y momanmpmnX IOCHIMHKEHHSIX YKpPaiHCHKOI HAayKH
o0 mpoOJeMaTUKH EeKOHOMIYHOI  Oe3meku  Oymo
BHOKpEMJIEHO Teopil ekocecereiity (economic security of
society) i exoceceHTy (economic security of enterprise).
ExocecereliT — TepMiH, sIKMi OyJo BBEIEHO y HAayKOBHH
o6ir I''A. Angpomyxk i ILII. Kpaiinesum [1, c. 3]. V
3aralbHOMYy PO3YMiHHI €KOCECETEHT BUCTYMA€ SIK Tally3b
3HaHb  IOJO  JOCH/DKCHHS  YMOB  OE3IEYHOro
(YHKIIOHYBaHHS COIIIaIbHO-CKOHOMIYHUX CHCTEM Ta
cnoco0iB iX 3a0e3neUeHHS.

V cBoix gochimkennsax JI.€. IllynpxeHko 3a3Havae,
O  eKOCeCeTeWT  SK  Traly3b  Oe3MeKO3HaBCTBA
chopmyBaBcsi Ha CTHKY TEOpi CEK’IOpPHTOJIOTiI it

€KOHOMIYHOT ~Teopii 3a iepapXiYHUM  MPUHITUTIOM
BEPTUKAIBHOI CIPIMOBAHOCTI "' iepkaBa — perioH (raiy3b)
— cy0’eKT Tocmonapchkoi mispHOCTI". Came 1ie, Ha TyMKY
aBTOpa, 3yMOBHJIO BUHHKHEHHS TaKUX 00JIacTel 3HAHB K
eKOHOMiuyHa Oe3leka JepXaBu, EKOHOMiuHa Oe3meka
perioHy, eKOHOMi4YHa Oe3meka Trany3i, eKOHOMiYHa
Oesneka cy0’eKTiB roCmoaapChKoi AisIbHOCTI [22].
IIpomoBXKEHHIAM Teopii eKoceceTeHTy € PO3BUTOK
CYKYITHOCTI 3HaHb TPO EKOHOMIUHY OE3MeKy OKpEeMHUX

Cy0’€KTiB TOCIOMApIOBaHHSA, fKa OTpUMaja Ha3BYy
ekoceceHT. ABTopu pmaHoi Teopii . Anzgpomyk i
I1. KpaiiHEB TIOHATTS €KOCECEHTY TpPaKTyBajlu SK

E€KOHOMIYHUX CTaH MiINPUEMCTBA, CTIHKICTH (Y Mexax
KPUTHYHHX OOMEXEHb) IPOTH 30BHIIIHIX 1 BHYTPIIIHIX
3MiH (DIHAHCOBO-TOCIIOJAPCHKOTO OTOYEHHS, IO He
HaJexath 10 GopM-MaxopHuX obcraBuH [1, c. 3].

VY Ham yac ¢axiBii 3 NpoOJIeMaTHKH €KOHOMIYHOT
Oe3reKy MiANPUEMCTBA BH3HAYAIOTh EKOCECEHT SIK
CYKYIHICTh 17, TMOTJAAIB Ta YSABICHb, (POPMYBaHHS
miaXomiB (po3poOICHHS MOJIENICH, METOIIB Ta aITOPUTMIB
aHaNi3y AAaHUX ATl OTPHUMAHHA 3HAHb TAa HABYaHHS) 1O
3a0e3MmeycHHS €KOHOMIYHOT Oe3mexn Ccy0’€KTIB
roCIoAapChKOi  MisNIBHOCTI, 3arajlbHi Ta cHenudidHi
3aKOHOMIPHOCTI oprasizamii i (yHKIIOHYBaHHSI WOTO
CHUCTEMH E€KOHOMIYHOI Oe3leKy Ha IMijcTaBi il Mmi3HAHHS,
3arajbHi  TOJIOKEHHS, CIPSAMOBAaHI Ha  IIiJBHUIICHHS
edekTHBHOCTI QYHKI[IOHYBaHHS 1aHOi cuctemH [8].

Y yac HecTaOUIBHOCTI 30BHIIIHBOI'O OTOYEHHS
(yHKIIOHYBaHHSI Cy0’ €KTIB rOCHOAAPCHKOI IisUTBHOCTI 3
METOI0 OTPUMaHHS HOBHX MOXJIMBOCTEH HAyKOBILI
TEOPETHYHO  OOTPYHTOBYIOTH BHUKOPHCTaHHS — TEOpii
CHHEpPTi3My 1 KiacTepiB y cdepi 3abe3nedeHHS
ekoHoMiuHOi Oesmekn miampueMcTB. Ha mymky B.IL
Pemertnno, Teopis cHHEpri3My B €KOHOMIIII BHBYaE
CTAHOBJIEHHsSI HOBHX CTPYKTYp Y Hpolieci KOOIlepaTHBHOI
KOTEPEeHTHOI ~ B3a€EMOJIii  MaKPOCKOMIYHHUX  €JIEMEHTIB
COLIaJIbHO-eKOHOMIYHOI CHCTEMH Ta JIOCHIIKYE HPOLECH
camoopraHizaiii B  HeNiHIHHOMY  HEpiBHOMIpHOMY
CoLiaIbHO-€eKOHOMIYHOMY CepeIOBHIIII. ABTOp
OOIpyHTOBYE, 10 €KOHOMIYHAa CHHEpreTvka BOavae
JUKepesia eKOHOMIYHOTO PO3BHUTKY B IpOLiEcax aKTHBHOI
B3aeMOJIiT BUPOOHIYOTO, (hiHAHCOBOTO, IHHOBALIWHOTO I
IHCTyTHLIHHOTO TOTeHmiamB cucremu [17, c. 13].
CuHepri3M SIK KOHIEIII0 OTPUMaHHA JOAATKOBUX
MOXIIMBOCTEl Ha OCHOBI MaKCHMaJbHOTO BHKOPHUCTAHHS
pecypciB Ta TOTEHIiaJiB B yMOBax TpaHchopmamiiHux
npoteciB B ekoHoMmii po3risaae 1.IT. Moiiceenko [12].

vy IOCITIIHKEHHAX 0O.B. I"o1110BCHKOT,
A.M. Jlimancekoro, K.B. IlommaBchkoi 3a3HaueHo, IO
Teopisi cHHepri3My y 3a0e3nedeHHi eKOHOMIYHO1 Oe3nekn

3abe3neuye BUKOPHCTAHHS CHCTEMHOTO onucy
E€KOHOMIYHHUX MPOIIECiB ISITBHOCTI 3 MMO3ULI A
eKOoHOMiuyHOi  Oe3nekH, BOYZOBaHMX y  MEXaHi3M

caMoOpraHizamii Ta aganrtamii 10 3MiH 30BHIIIHBOTO
cepenosuiia [4].

Ha nymky I I1. Moiiceeenka, BUKOpUCTaHHS TeOpii
CHHEpri3My B YNpaBJiHHI E€KOHOMIYHOIO OE3IeKOI0
MiANPHEMCTBE  MOXIIMBO 32 JOTPUMAHHS [PHUHIIHIIIB
caMOoOpTraHi3arii Ta KOTHITHBHOT'O MOJISTIOBAaHHS CHUTYaIlii
nepenbadae TIOJJOJIAHHS TEOPETHKO-TIPUKIIATHIX
mpoOyieM, TIO TOB’s3aHi 3 iAeHTH(DIKAIIEI0 CHCTEMH
€KOHOMIYHOT O€3MeKH, BCTAaHOBJICHHS IiX CTPYKTypH Ta
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Oe3neKy, a Tako BU3HAYCHHS CUCTEMHHUX MPHHIUIIB Y
MeXaHi3MaX YIpaBIiHHI eKOHOMIYHOO Oe3mexoro [11].

BH3HAUEHHS 3B’SI3Ky MK HHMH, BHMIPIOBAaHHS CTaHy

€KOHOMIYHOT
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[Tpu oMy aBTOp 3a3HAYa€, TEOPis CHHEPTI3MY B CHCTEMI
E€KOHOMIYHOi Oe3NeKd MiANPHEMCTBA CHpPSMOBaHa Ha
MOJICIIIOBaHHSI ~ O€3MEeKM HAa  OCHOBI  MPHHIUIIB
camoopraHizanii, aHaji3 WMOBIPDHUX CIIEHapiiB PO3BHUTKY
MOJIH Ta TEHJCHUIH, BUKOPHUCTAHHS MOXIIMBOCTEH JUIs
KOOpJMHAMLI] CHPUSTIMBUX TCHACHLIH 3 BUKOPHUCTAHHIM
cyvacuux IT-Trexunomnoriii [18, ¢. 106-107].

Teopis kmacTepiB B E€KOHOMIIli PO3BHBAETHCA Y
HampsIMKy 3a0e3rneueHHs KOHKYPEHTOCITPOMOXKHOCTI M
eKOHOMIi4HOTO PO3BHTKY pETioHiB. 1i  (hopMyBaHHS
BimOyBa€ThCA MM  BIUIMBOM  TEOpili  perioHaTbHOT
opramizaiii Ta IPOCTOPOBOI OpraHi3amii eKOHOMIKH,
Teopii iHHOBAIIfHOTO PO3BHUTKY, IHCTHUTYLIHHOI Teopii,
€KOHOMIYHOI COLIOJIOTii Ta CTPATEeriYyHOr0 MEHEPKMEHTY
[21]. Tlpu upoMy 3acTocyBaHHS KIACTEPHOTO MigXOAY
nepeabavae reorpadiyHy IHTETPALi0 B3aEMOIIOB’I3aHUX
BUPOOHHUUTB, (HOPMYBaHHS BHPOOHMYMX 3B’SI3KIB MiX
MoCcTayaibHUKaMH, BUPOOHUKAMH, OCBITHIMHU
YCTaHOBAaMH, HAYKOBO-JOCITi THIMH IHCTHTyTaMH,
(hiHAHCOBIUMH YCTaHOBaMH, KOHCAJIITHHTOBHMH LIEHTPaMHU
toro [16].

Ha namy nymky, HailOUIBIT TOBHO CYTHICTH Ta POJIb
KJIacTepy y 3a0e3NeueHHI EeKOHOMIYHOTO PO3BUTKY
PO3KpUBAaIOTh y CBOIX mocmimkeHHsx B.M. Teenp Ta
B.I1. CemuHoxeHKO. ABTOpPH 3a3Ha4yalOTh, IO KIJIACTEP
SBJsIE COOOI0 CYKYNHICTh pI3HUX IOPHOMYHUX 0Ci0,
MOB’SI3aHUX TAPTHEPCHKMMHU BIJHOCHMHAMU 110 BCHOMY
TEXHOJIOTIYHOMY JIAHIIIOXKKY — BiJl BUIOOYTKY CHPOBHHHU
JIO CIIOKHBAHHS MPOAyKIii Ta mocayr [3, ¢. 158].

Exonomiuna Oe3meka Cy0’€KTiB TOCIONAPChKOT
IUSUTBHOCTI rapaHrye MaKCUMAaJIbHO e(peKTHBHE
BUKOPUCTaHHS  HasBHUX 1 Oes3medHe  3alydyeHHS

JOJATKOBHX pecypciB. BHHUKHEHHS 3arpo3 eKOHOMivHii
Oe3rerni miAnmprHeMCTBa OOYMOBIIIOE MOITYK ONTHMAaTbHHUX
panioHanbHUX (HOPM TOCIOAAPIOBAHHS. 5K CIPABEIIHBO
saypaxye C.I'.OxceHiok, Ha PpiBHI JepxaBu JUIs
MOJIOJIAaHHSL  3arpo3 eKOHOMIiuHili Oe3neni cy0’ekTiB
rOCIOIapChKOl MisTIBHOCTI O0COONMBOT yBard 3acilyrOBYeE
KJIacTepHa MOJIeNIb PO3BUTKY ekoHomiku [14]. ABrop
3a3Hauae, [0 BUBAXEHA JIep)KaBHA KJIACTEpPHA IMOJIITHKA €
3aMOPYKOI0 CKOHOMIYHOI O€3IMeKH, OCKUIbKK KJIACTepPHIi
YTBOPEHHS € JIOCTaTHBO CTIHKHMHU (popMarissMu BiTHOCHO
pU3UKIB 1 3arpo3 TioOami3arii, CIPHUSIOTH PO3BHTKY
KOHKYPEHTOCHPOMOXXHOCTI, CTUMYJIIOBaHHIO iHHOBAIIH,
3aJTy4eHHIO IHBECTHIIiH, CTBOPEHHIO HOBHX TEXHOJIOTIH.

ExoHoMmiuHa Oe3rnieka sk (pyHaaMeHTalbHa KaTeropis
Oe3rnekoorii €  BAXIMBOKW  KaTeropierw s
GYHKIIOHYBaHHS Ta PO3BUTKY YKpAaiHH SIK CyBEpEHHOI
JIepIKaBHU. AKTyanpHICTh OKpecieHoi  mpobiemu
CHpUYUHEHA HU3KOIO CcoIiabHO-eKOHOMIYHUX
MepeyMOB, METOMOJOTIYHIX | CHCTEMHO-CTPYKTYPHHX
dakropis.

VHachigoK pO3LIMPEHHS CIeKTpa BapiaHTiB |
aNbTepHATHB Micil, a TaKoX CIOCOOIB JOCSTHEHHS
HaMiueHHUX Winell kaTeropis Ge3nexy HabyBae BUHATKOBOI
BOXJMBOCTI. 3aramoMm yci cdepu KUTTENISIIBHOCTI
JFOJJMHU MAKOTh MEBHI IHIUKATOPH, IO CUTHANI3YIOTh PO
MOKJIMBI HeOe3leKH, Ha sKi MOoTpiOHO 3BaskaTH IIiJ Yac
BU3HAYEHHS Ta peajisaimii CTPaTerivHOro pPO3BHTKY
CyCHiIBCTBA, EKOHOMIYHOIO areHra 4m 0cobu. MaeThbcs
Ha yBasi Te, 10 HE MO)KHA HAJaBaTH IEPEBary IIEBHUM
BapiaHTaM OIIHIOBAHHS Ta MNPOTHO3yBaHHS COILAILHO-

€KOHOMIYHHUX pedopM (PO3BUTKY €KOHOMIKH, IHBECTHIIIH,
(dopmyBaHHsI Or0/KeTy) 6e3 ypaxyBaHHS TXHIX COIlianbHO-
CKOHOMIYHHX HaciigkiB, KpuTepiiB Ta iHAUKaTOpIB
Oesnekn  [13]. YV rnobanizoBaHOMYy KOHKYPEHTHOMY
cepeoBHIlll HaBITh PO3BHHEHA EKOHOMIKA 3 MOTYKHUM
CHJIOBUM OJIOKOM | BHCOKOTEXHOJIOTIUHUM J[KEPETIOM
inhopmariii, iHaHCOBO-0aHKIBCHKOIO Ta  BaTIOTHOIO
miJcucTeEMaMH HE Ma€ HaAIHHMX IHCTHTYTIB O€3IEeKH Ta
3aXMCTy TPOMAASH BiJ  CTOXaCTHYHHX  UYHHHHKIB
HEBHM3HAYEHOCTI i €HTPOMIMHOCTI PO3BUTKY.

I3 MeTor0 3’sicyBaHHS TJIMOWHU 1 TTOBHOTH MAaCHBY
BU3HAYEHb TEPMIHY €KOHOMIYHA Oe3IeKa, IOLIILHO
CKOPHCTATUCS 3arajJbHOHAYKOBUMHU METOJaMU
PO3pO0JEHHsT i YTOUHEHHS MOHATh. Y IIbOMY KOHTEKCTI
JOPEYHO  3aIyYUTH [EPIIOJDKEpesTa Ta  KOHIEMIiT
NpPOBITHUX HAYKOBHIB | ¢axiBIiB, 110 HAMAOTH K
3arajbHE YSABJICHHS MPO aHAli30BaHE SBUINE, TaK | OLIBII
JeTanbHy iHGOpMAaLif0 Ipo HOro NPUPOAY Ta CKIaJHUKH.

Tepminonoriuyauii npuHIUN nependavyae BUBUCHHS
icropii mosiBM U ycTaleHHS BU3HAYCHb, 3’SICYBaHHS Ta
JeTajizamiro 3MicTy ¥ 00cAry TepMiHIB, BHABJICHHS
B3a€MO3B’SI3KIB | cyOopauHamii MOHATH, IXHE Micle B
MOHSITTEBOMY amapari Teopii Oe3mekosorii, Ha sKii
IPYHTYETBCS TOCII HKESHHS.

ExoHoMiuHa Oe3neka, sK KOMIIOHEHT Cy4acHOI
eKOHOMIYHOI Teopii Bu3Hae CBiil mpeamer i crenudivni
Meromd fociimkenns [6]. 3B’s3aHicTh 3a0e3nedeHHs
coriagbHOT # €KOHOMIYHOT GE3MEeKH CBIIUUTH MPO Te, IO
"Oesneka CyCHiIbCTBA" € OCHTH-TaKd HNOTPiIOHUM
coliabHO-eKOHOMIYHUM ~ (pakTOM | TOMY BHCTyIae
npesMeToM eKoHoMIiuHOI Teopii [5]. Besmneka — e moBoui
CKJIajJiHe Ta 0araToacneKTHE MOHATTS, M0 TMepeadayae
pi3ui Tiymauenns [5].

Vxknagaui "EHuukionenii €eKoOHOMiyHOT 0Oe3mneku’
BU3HAYAIOTh OE3IEKy 5K BIACTUBICTH OY/Ib-SKOi CHCTEMH,
10 BHPAKAEThCA B 3JATHOCTI TpeaMera, SBHIIA YH
nporecy 30epirati CBOi OCHOBHI  XapaKTEPUCTHKH,
CyTHICHI TapameTpu B pa3i NaTONOTIYHHX, PYHHIBHHX
BuuBiB [3, ¢. 79].

Y cycninmpHMX HayKax TOHATTS Oe3neka — 1€
3aJI0BOJIEHHS] TAaKWX MOTPeO, SIK ICHYBaHHS, MiiCHICTS,
He3aJekKHICTh, COKi# | po3BuTok [1, . 145].

31e0inbIIoro, oaHaK, Oe3MeKy OTOTOXHIOITH i3
saxuieHictio. Tak, €. Kpuxtina TpakTye Oe3neky sk

"CTaH 3axMIIECHOCTI HaWOIJbII BAXKIMBUX iHTepeciB
0cOOHCTOCTI, CyCHiIbCTBa Ta JAepXkaBd Bix 3arpos”
[1, c. 124].

3rimHo i3 BU3HAUCHHSM, MOJAHUM Y CIIOBHHKY
B. Jlans, Gesneka — "BifgcyTHiCTh HeOe3MEKH, 30€pEKEHHS,
HaniinicTs" [3, c. 108].

VY crnoBauky C. OxeroBa Oe3mexa (HOpMYITIOETBCS
takuM yrHOM: "CTaH, 3a SKOTO HE 3arpokye HebOesmeka,
ToOTO HasiBHMHA 3axucT Big HebGesnmeku" [23, c. 47].
€. OneiinukoB  ta O. OMensHOBUMY  mig  Oe3mneKoro
pO3YMIOTh CTaH | TEHICHLIT PO3BUTKY 3aXUILECHOCTI
JKHUTTEBO BAXIMBHX IHTEpeciB coliyMy Ta HOro CTpyKTyp
Bl BHYTpIIIHIX i 30BHIMIHIX 3arpo3 [24, c. 10].

[Ipobnema  BH3HAYCHHSA CYTHOCTI  TEpMiHYy
"exoHOMIYHA Oe3meka" iCHyBajla 3aBKAd, INPOTE HAa
Cy4acHOMY eTalli po3BHTKY Ha0yj1a 0COOIMBOI TOCTPOTH Y
3B’3Ky 3 HEraTUBHMMHU HacligkamMu pehopMyBaHHS
€KOHOMIKH, i3 Je30pIEHTYBAHHAM IPOCTOPOBO-TAIY3€BOT
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CTPYKTYPH  DPEAJbHOI0  CEKTOpa  EKOHOMIKH, i3
pyitHyBaHHIM rOCHONAPCHKHUX 3B’SI3KiB MidK
BUIOOYBHUMHU Ta MEPEPOOHHMH Taly3siMH BUPOOHHUIITBA,
a TakoX pI3HAM pIBHEM TOTOBHOCTI perioHIB 10
(GYHKIIOHYBaHHS B YMOBaxX PHHKOBOI €KOHOMIKH # y
nporeci CTPYKTYpHO-IHCTUTYLIHHUX AedopMariii.
[utaHHsT €KOHOMIYHOT OE3MEeKH CTald MPEIMETOM
JOCIIIKEHb 0aratboX 3apyOiKHHX Y4YEHHUX-€KOHOMICTIB.
3aragbHOTEOPETHYHNM HUTAHHAM BUBYCHHS €KOHOMIYHOI
Oe3lleKH, BUABICHHIO, aHAli3y W  XapaKTepHCTHII
YMHHHKIB JecTaliizamnii Ta 3arpo3 eKOHOMIYHOI Oe3NeKH,
OLIIHIOBAHHIO €KOHOMIYHOI O€3MeKH MPUCBAYEHI pOOOTH
JI. AbGankina, A. Apxurnosa, €. byxBanbna,
A. T'opoaenpkoro, B. Mengenena, B. Cenuarona,
K. CamconoBa, O. Tartapkina ta inmmx. Okpemi acrekTH
perioHanBHOrO PiBHSA €KOHOMIYHOI Ge3MMEKH BHCBITICHO B

npasgx  JI. AGankina, bB.I'y6ina, IO. Jlrobumuesa,
O. PomanoBoi, O. Tarapkina, B. fIkoBneBa Ta iHmIHX
Gaxisis.

ITin Ge3mekor0 po3yMitOTh TAKOK CTaH BiACYyTHOCTI
3arposu, CTaH CMOKOI0, YIIEBHEHOCTI a0 "CTaH MCUXIUHUM
Y{ TPaBOBHM, 3a SKOro ocoba BiIUyBae BIIEBHEHICTB,
miaTpuMKy 3 OOKy iHIIOT 0cob6i uM y BimperynboBaHiit
FOPUINYHO CHCTEMI; TPOTHICKHICTH 3arposu’” [24, c.
147].

I3 HasBHOTO MacWBy BHW3HAYCHb JOCIIIKCHHS
OCHOBHHMX XapaKTEpUCTHUK KaTeropii Oesmeka CBiguaTh
npo motpedy 3’ACYBaHHSA CYTHOCTI KaTeropii eKoHOMiuHa
Oe3reKa, 3BaKalul Ha IIUPOKHN CHIEKTp 1i CKIAJHUKIB.
Bapro 3a3HaumTH, M0 AKTyasi3allisi BUBYEHHS €BOJIOLII
(deHOMeHY Oesmekn HaOyBae eckanarii. XpOHOJOTiUHA
TEHJICHIIisl PO3BUTKY 300pakeHa Ha PUCYHKY 2.
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Puc. 2. EBomonist peHOMEHY TpakTyBaHHs Oe3neku [25]
I3 ormsimy Ha BHUIIECKa3aHe, KOMIUIEKCHUH miaxix 1o BucHoBkH

(eHOMeHa eKOHOMIUHOT Ge3MeKH mependadae moCTaHOBKY
W BUpIIIEHHS [OBOJI IMHPOKOTO CIEKTpa 3aBJIaHb:
CTBOPEHHSI MaTepiaJbHUX, EKOHOMIUHHAX Ta IHIIHUX YMOB,
MOXJIMBOCTEH IS BIDKUBAHHS JIOJUHH K MIKPOKOCMY,
"eniueHTpy" coliyMy, pPO3KPUTTS il CYTHICHHX CHJL,
cTifiKoro COLiaTbHO-EKOHOMIYHOTO PO3BUTKY
cycninserBa [7]. Jlocmi/pKyBaHHS OHTaHb EKOHOMIYHOT
Oe3neKu Ja€ 3MOTry Ti3HAaTH OCOOJIUBOCTI COIiaibHO-
eKOHOMIYHOTO PO3BHTKY KpaiHH B Mepiof CHCTEMHOI
TpaHcdopmaiiii i po3ropranus riobanizaiifHux mporecis
y CBiTi, B yMoOBax mMocjaabJieHHs MO3WIii YKpaiHu B
MOJITHYHIM, exkoHOMIYHIW | BilicekoBil cdepax Ta
MparHeHHsT TPOMHUCIOBO PO3BHHEHHX KpaiH Ta KPYIMHHX
MIKHAPOJHUX KOPIOpAIiif CKOPHCTATHCS CHTYaIlio, sKa
CKJajacs, y CBOIX €KOHOMIYHHX Ta IOJITHYHHX
iHTepecax.

Takum unmHOM, Teopii 3abe3meueHHsT €KOHOMIYHO1
Oe3nexkn MPOWINUIM JOBTUH EBONIOMIMHUN IIIAX, IO
3HAYHOI0 MIpOI0 TMO3HAYMIIOCS Ha IX CYTHOCTI: Bif
MPOTUAIT HANPUPOJHUM CHJIAM Ta TMPUPOJTHUM 3arpo3am
o KOMIIIEKCHUX KOHIIEIIII rapMoHi3artii Ta
KOHCOJIiatlii 3yCHuiib Jep KaBu W iHAWBIAyalbHUX areHTIiB
y 3a0e3NedeHHi CTIHKOro €KOHOMIYHOTO PO3BHTKY
Ccy0’€eKTIB ToOCTONapchKoi AisbHOCTI. Ha cydacHomy
eTami pPO3BUTKY EKOHOMIYHA Oe3leKa PO3IIIATAEThCS SIK
000B’sI3KOBa XapaKTEPHUCTHKA Cy0’€KTa roCIoJapOBaHHS,
a ii 3a0e3ledeHHS Ha HANC)KHOMY pIBHI € 3allOPYKOIO
TPUBAJIOTrO i e(heKTHBHOTO (hyHKIIOHYBaHHS
MiATPHEMCTBA K Ha BHYTPIIHBOMY, Tak 1 Ha
30BHIIIHEOMY PUHKAX.

BapTo 3a3HaunTH, 00 Y IEAKHX CYyJYaCHUX HaAYKOBHX
IOCHIKEHHAX  KOHIEMIA  HAlOHaJIBHOT  Oe3meKu
BH3HAYAETHCS Yepe3 CYCIiabHI BimHocHHU. 30kpema, O.B.
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VYkpaiHuyk CTBEpIKye, IO HalliOHaIbHa Oe3neka €
cnenuiyHUM ~ BHIOM  CYCIUTbHHX  BIiJHOCHH,  SKi
CKJIQIal0ThCsl MIXK JIFOJIbMH Ta IX KOJIEKTHBAaMH y MpoIeci
LIECTIPSIMOBAHOI  JISJIBHOCTI IOJO JOCATHEHHS CTaHy
ONTUMAJIBHOTO (bYHKIIOHYBaHHS i PO3BUTKY
IPOMaJITHCEKOTO CYCIUIBCTBA, MPAaBOBOI JEPKaBH, IXHIX
CTPYKTYPHUX KOMIIOHCHTIB.

HamionaneHa Oesreka VYipaiHu 3a0e3medyeThCs
LUSIXOM [POBEACHHS BHBaXKEHOI JEP)KABHOI IMOJIITHKH
BIZIMOBIMHO 710 MPUHHATHX B YCTAHOBJICHOMY MOPSIKY
JIOKTPHH, KOHIICTIIIH, CTpATeriil i MporpaM y MOJITHYHIH,
€KOHOMIYHIH,  COLiajdbHIM, BOEHHIM, E€KOJIOTIYHIMH,
HAYKOBO-TEXHOJIOTIUHIlM, 1H(opMmauiiiHii Ta  iHIIKX
chepax.

[Ipu upoMy, Ha TEOpPETHYHOMY DiBHI 3a0e3neueHHs
HaliOHAIBHOI O€3MeKH IOIIUIBHO PO3MIAATH SK IPOLEC
LTIECTIPSIMOBAHUX i JepKaBHUX Ta TPOMAJICHKOT
IHCTUTYLIH, a TakoK OKPEMHX TIPOMAIIH, MO0
COPSIMOBAHOTO 3aXHCTy OCHOB Ta JXHUTTEBE HEOOXIIHUX
YMOB JJIsl CAMOPO3BUTKY OCOOHM, CYCIHIJIbCTBA 1 JIepIKaBH,
IO TIOJISITA€ Yy BHSIBICHHI, MOMEPEKEHHI Ta yCyHEHHI
HassBHUX Ta MOTEHI[IMHUX 3arp03, 3JaTHUX 3aBJaTH [IKOAU
0c001, CyCHIIBCTBY i AepKaBi.

Bubip cmoco6iB Ta HampsMiB  3a0e3MeUYCHHS
HalioOHAIbHOT  Oe3meku  YKpaiHM  0OYMOBIIOETHCS
3aKOHOMIPHICTIO BYaCHOTO BJKHTTS 3aXOJiB, aJ€KBATHUX
xapakrepy i Maciurabam 3arpo3 HalliOHAJILHUM iHTepecam

3aranmoM CyTHICTh EKOHOMIYHOT 0Oe3meku He
O0OMEXXYIOTBCS MPOOIeMaMi €KOHOMIYHOTO 3POCTaHHs Ha
miacTaBi  KOHKYPEHINii, PpO3BUTKY CIOXHBYOrO Ta
IHBECTULIHOTO IOIKUTY, a TAKOXK MEPEN0aYaroTh 3-IIOMIXK
IHIIOTO PO3B’sA3aHHs IPOOJEM CTBOPEHHS PHHKY IIIHHHX
marnepiB, BUpILIEHHsS 3aBJaHb i3 ONTHMI3alii BiIHOCHH
BIACHOCTI ¥  MEHEDKMEHTY, a TaKOX THYYKOTO
JIEPIKABHOTO pETYJIIOBaHHS PHHKOBOI eKoHOMiku. Ha
3ano0iriuBe PO3yMiHHS CYTHICHMX XapaKTEPUCTUK Ta
iHIMKaTOPIB EKOHOMIUHOI O€3MeKH BKa3ylOTh MPOILECH B
CHCTEMI TOCIOIapIOBaHHSI.

3MiHM y BiJHOCHHAX BJIACHOCTI 3HAYHOI MIPOIO
BU3HAYAIOTH CYTHICHI IeTepMiHaHTH | SKiCHI BIaCTUBOCTI
XapaKTEePUCTHKK €KOHOMIUHOT GE3MeKH.

TakuM 4YHHOM, 3POCTaHHS TJOOAITBHUX BUKIHKIB
CYYaCHOCTI aKTyalli3ye yBary A0 JOCTiKEHHS OC3IEKU K
CKJIQJIHOTO  COI[aJbHOrO  fBHINA Ta  PE3YNbTATY
HiJIeCTIPAMOBAaHUX 3YCHIIb, IO 3a0e3MeYyIOTh HaTiHHICTh
CepeOBHUINa, MiSTPHOCTI, IIPOLECIB, iIHCTUTYTIB TOIIO.
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AHAJIMTUYECKHWMH B3IJIs1] HA TEOPUH OBECHEYEHUA YKOHOMUYECKOM
BE3OITACHOCTH

Ipeamerom wcciieoBaHus SIBIsETCS mpoOieMaThka oOecreueHuss JKOHOMHUYeckol OezomacHocTu. Ileab wuccnenoBaHus
3aKJTI0YAeTCs] B M3YYCHHU HBOJIOLMOHHOTO IIyTH TEOPETHYECKOro OOOCHOBaHMsS MPOOJIIEMATHKH OOECIEUeHHsT IKOHOMUYECKO
Oe3omacHOCTH ¢ mo3uimii  "Oe3neko3HaBcTBa'. B craThe OBUIM HMCIOJIB30BAHBI CICAYIONIME METOABI TECOPETHUECKOTO |
IMITUPHIECKOTO MCCIEIOBAHUS: JTOTHUECKOTO 0000IIEHNS - 1715t 000CHOBAHHS aKTyalbHOCTH TEMBI, EJIN U 3a/1a9 UCCIICIOBAHMS, IS
OTIpE/eNeHNs] CYIIHOCTHBIX MPU3HAKOB; aHAIM3a M CHHTE3a - sl XapaKTEPUCTHKHA TEOpUil IKOHOMHUYECKO# Oe3omacHoctH. Ha
COBPEMEHHOM JTale Pa3BUTHS YKOHOMHUYECKOH HAayKH B YCJIOBHSIX HAapacTAIOIIMX TEHJCHIMH IJI00ann3alid MHPOBOTO XO3SHCTBA
npobyieMaTnka obecnedeH s SKOHOMUUECKOH 0e30IacHOCTH MpHoOpeTaeT Bce Oojiee Ba)KHOE 3HAUCHHUE, BEJb B YKpaWHe MOKa eIe
HE CO3JaHO IPOJYMaHHYIO, HAyYHO OOOCHOBaHHYIO M 3()()EKTHBHYIO CHCTEMY SKOHOMHYECKOH 0e30IacHOCTH, KOTOpas, C OIHON
CTOpPOHBI, OTpaXkasia Obl HAI[HOHAIBHBIE HHTEPECHl B YKOHOMHYECKOH cdepe, a ¢ Apyroil — peajbHO 3alluiiaia UX OT BO3MOXKHBIX
yrpo3. Brpouem, 3T0 He 03HawaeT, 4TO B HAYYHO-TEOPETHYECKOM IUIAHE OTCYTCTBYIOT HapaOOTKM BO3MOJKHBIX MOJENEH CHCTEMEI
9KOHOMHYECKO# Oe3omacHocTH. [IpoKHMBasi CEroJHSIIHME HAIIM TAKWe MHOTOIUTAHOBBIC THU, MbI MOCTOSHHO IepeceKaeMcsi C
6€30MaCHOCTHIO B TOM WIIH HHOM KOHTEKCTE. YUHUTHIBAsI HBIHEIIHIO CHTYAIIUIO B CTPAHE MbI BBIHY)KICHBI 00paIiaTh CBOC BHUMaHHE
Ha 0e30MaCHOCTb, YUUTHIBAS BCE €€ MPOSIBICHUS: OT CTPAHbI K 0€30M1aCHOCTH YelioBeka. B chepe Hayku 0 6€30MacHOCTH BBIIEISIFOTCSI
TaKkue TEOPUU HKOHOMHUYECKON Oe30MacCHOCTH, Kak: "0e3MeKoNoTus ", TEOPHH IKOCECETEHTY U IKOCECEHTY, CHHEPTH3Ma M KIacTEePOB.
Teopun obecriedeHust FIKOHOMUIECKOH 6e30MACHOCTH TPOIILTH JOJTHI YBOIOIMOHHBIN 1Ty Th, YTO B 3HAYUTEIHHON Mepe CKa3aloch Ha
X CYIIHOCTH: OT HPOTHBOJCHUCTBUS CBEPXBECTECTBEHHBIM CHJIAM W HPHPOAHBIM Yrpo3aM B KOMIUIEKCHBIX KOHIGIIIIHIX
TapMOHU3ALMK M KOHCOJIMJANK YCUIIMH TOCYapcTBa U MHIMBHAYAJIbHBIX areHTOB B 0OECIICUYSHUH YCTOHYMBOIO 3KOHOMHUYECKOTO
pa3BHUTHS CyOBEKTOB XO3SHCTBEHHOH JiesITeNIbHOCTH. Ha OCHOBE crcTeMaTH3aluK TEOPETUKO-METOI0JIOTHUECKNX MPEICTaBICHUH O
(eHOMEeHe W MpoOIeMaTHKy OE30MacHOCTH M COBPEMEHHBIX HCCIEJOBAaHUI IO TEOpuH 0e30MacHOCTH 0e30IacHOCTh OOIIecTBa
paccMaTpUBaeTCsl Kak TPHaAa TMOJUTHYECKOH CTaOMIBHOCTH, YKOHOMHYECKOTO IMPOLBETAHMS M O0OPOHOCIIOCOOHOCTH CTpaHbI, K
KOTOPO#l CTPEMUTCSI JINYHOCTD M COIUATbHASI CHCTEMA JIJIsl CAMOCOXPAHEHHSI.

KuiroueBbie ciioBa: 5KOHOMHYECKass 0E30MacHOCTh, OOecredeHHe dKOHOMHUYECKOW Oe30IaCHOCTH, TEOPUH YKOHOMHYECKOM
6€30MacHOCTH, CyOBEKT XO3IHCTBEHHOH JeATeTbHOCTH, COLHAILHO-IKOHOMIYECKAst CHCTEMA.

ANALYTICAL VIEW ON THE THEORY OF ECONOMIC SECURITY

The subject of the study is the issue of ensuring economic security. The purpose of the study is to study the evolutionary path of
theoretical substantiation of the problem of ensuring economic security from the standpoint of security science. The article used the
following methods of theoretical and empirical research: logical generalization - to substantiate the relevance of the topic, the goals
and objectives of the study, to determine the essential features; analysis and synthesis - to describe the theories of economic security.
At the present stage of the development of economic science, in the context of the growing tendencies of globalization of the world
economy, the issue of ensuring economic security is becoming increasingly important, since Ukraine has not yet created a well
thought-out, scientifically substantiated and effective system of economic security, which, on the one hand, would reflect national
interests. in the economic sphere, and on the other - actually protected them from possible threats. However, this does not mean that
there are no scientific and theoretical plans for the development of possible models of the economic security system. As we live today,
our so many days are constantly crossed with security in one context or another. Given the current situation in the country, we are
forced to turn our attention to security, taking into account all its manifestations: from the country to human security. In the field of
security science, the following theories of economic security, such as: security science, the theory of ecosystems and ecosets,
synergies and clusters are singled out. Theories of economic security have undergone a long evolutionary path that greatly affected
their essence: from counteraction to supernatural forces and natural threats to integrated concepts of harmonization and consolidation
of the efforts of the state and individual agents in ensuring sustainable economic development of economic entities. On the basis of
systematization of theoretical and methodological ideas about the phenomenon and security issues and modern research on the theory
of security, society's security is seen as a triad of political stability, economic prosperity and defense capability of a country to which a
person and a social system aspire to self-preservation.

Keywords: economic security, economic security providing, theory of economic security, subject of economic activity, socio-
economic system.
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STRATEGY OF HR DEVELOPMENT AT HIGH-TECH ENTERPRISES

The subject matter of the study is the mechanism of functioning and development of HR high-tech enterprise. In Ukraine, the most
high-tech sector of the economy is represented by the information technology sector, namely the sub-sector of the development and
implementation of information products and services. The relevance of researching HR processes in high-tech enterprises is due not
only to the rapid growth of the IT sector of the Ukrainian market, but also to the need to study the work of the HR system taking into
account the stages of the life cycle of such an enterprise. The development of a high-tech sector requires the continuous development
of HR methods and tools. The goal of the work is to study the current state and directions of HR development in IT enterprises in
accordance with the stages of the life cycle of such enterprises. The objectives of the work are to summarize the existing practical
trends in HR and to study their structural characteristics; to improve the criterial approach to determining the relationship between the
stage of the life cycle of a high-tech enterprise and the stage of development of the HR service. The general scientific and applied
methods of theoretical and empirical research were used in the work: observation, comparison and analysis of empirical data,
generalization, synthesis - for posing a problem, studying the laws of the development of the object of research; statistical - to assess
the current state of the industry; graphic — to illustrate the results of the activities of enterprises and the formulation of findings of the
studies. The result of the research is the formation of the fundamentals of a criterial approach to determining the relationship between
the stage of the life cycle of a high-tech enterprise and the stage of development of the HR based on the ordering of existing trends in
the field of HR. It is determined that strategic direction for modern enterprises is creation of HR-business partner, which will allow to
solve complex problems of modern adaptive HR management tasks. The proposed indicators of HR performance evaluation
depending on the stage of HR development.
Keywords: HR high-tech enterprises, evaluation of activity HR, stages of HR development, strategy of development HR.

Introduction

In Ukraine, the IT sector is growing by almost 25%
each year, and it has grown cumulatively by 10 times in
the last ten years [1]. Such rate of growth determines the
high level of competitiveness of high-tech enterprises.
Along with the accumulation of financial resources, the
feature of the manufacturing process at such enterprises is
producing information and intellectual product, which sets
the priority of human resources at IT-enterprises. Together
with the growth of the market, an increase in the number
of trained specialists, qualified professionals are
increasingly required in the IT sphere. That is why
competent human resources policy is a guarantee of the
successful operation and high level of competitiveness of
a high-tech IT enterprise.

The staff policy, in this case, is considered as the
systematic managing the personnel of an enterprise by
determining goals and methods for achieving them [2].
The urgency of the theoretical generalization and research

of HR-processes at high-tech enterprises is caused by the
rapid growth of the IT sector of the Ukrainian market, the
need to study the HR system in terms of the life cycle
stages of such an enterprise. The development of the high-
tech sector requires adapting HR methods and tools. The
automation of HR processes is becoming more and more
widespread [3], and at this stage of development, HR
acquires the features of both management and service.

The analysis of literary sources and problem statement

HR is a structural subdivision of an enterprise
business line which systematically executes the function
of personnel management of the enterprise. HR activities
are diverse and multifunctional and are involved in all
areas of the activities of the enterprise. Constant

exaggerated development of the high technology field
specifies the permanent adaptation of HR service. The
main trends of HR operation at a high-tech enterprise are
given in fig. 1:

Fig. 1. The main trends of HR operation (author’s development based on) [2]

© V. Kyriy, O. Liubicheva, K. Moskavtsova, 2017
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Each HR trend presented in Fig. 1 includes a number of tasks related to managing human resources. The urgent
task of an HR-specialist is not only to hire an employee, thus filling the vacancy, but also to ensure its integration into
the team, help realize professional skills and personal qualities, give an opportunity to improve qualifications and,
finally, create a team of creators. Let us consider the tasks within the HR system for each trend (table 1).

Tablel. The characteristics of HR trends

Trend

Tasks within the trend

Staff strategy
enterprise;

determining the objectives of the staff policy in accordance with the strategic objectives of an

human resources management within the framework of the objectives of staff policy

Staff planning

determining future quantity and quality of employees

Staff evaluation,
training, development

conducting preliminary training;
staff training;

recruitment

additional advanced training for prospective employees;

Recruiting recruitment

Motivating, stimulating | selecting the methods of motivation;

conducting incentive measures

Corporate culture

supporting corporate culture;
holding events within the enterprise;

familiarizing new employees with corporate culture;
integrating new employees into the company system;

assigning company goals to the goals of employees within the corporate management

Staff records
management and staff
accounting

timekeeping;
distribution of employment;

developing the mechanism of monetary reward for the work done

Modern trends of HR development within each trend
enable distinguishing several essential features. Due to the
high growth rates of demand for IT professionals, time for
executing HR tasks is reduced and therefore they require
automation. There is a large increase in a number of
software developed for HR automation which gradually
transforms all processes of interaction with employees
into a completely new approach [4]. This trend affects the
principles of recruitment as at present efficient
employment is similar to the talent management.

The next major trend is the transformation of
organizational culture. These are qualitative changes that
lead to cross-functional interaction at enterprises of any
size. HR becomes a separate brand which is targeted by
specialists and this brand in view of dominating the
service model of the IT business in Ukraine is a
competitive advantage of the company [3].

The goal and objectives of the study are to study
the current state and trends of HR development at high-
tech enterprises according to the stages of the life cycle of
such enterprises. The object of the research is the process
of HR operation at a high-tech enterprise. The subject of
the research is the principles and mechanism of the
operation and development of HR high-tech enterprise.

Materials and methods of the study

The works of Ukrainian and foreign scholars have
become the informational and theoretical basis of the
study.

The results of the study

In the course of researching general scientific and
applied methods of economic analysis were used —
observation, the comparison and analysis of empirical data
- for problem statement, studying the laws of development
of the object of research; statistical — for assessing the
current state of the industry; graphical — for illustrating the
results of enterprise activities and drawing conclusions of
the research.

Any development is characterized by a number of
factors which, in turn, determine the development of both
the whole system and its separate subsystems, structural
and functional connections. Therefore, determining the
structure of connections, the signs and factors that
characterize the relationship between HR development
and the life cycle stages of high-tech IT enterprise are of
great interest.

Let us determine the level of HR development as the
stage of management of the staff subsystem at an
enterprise which corresponds to certain areas of work and
life cycle of the enterprise itself. Basing on the operation
of the subsystem of personnel management during the
transition from the operational function to the
implementation of strategic business tasks, the following
levels of HR development at the enterprise should be
highlighted:

- workforce management: at this level of
development, at the enterprise, there is an office manager
or recruiter whose responsibilities include recruitment,
personnel management;

- staff management: there is an HR department
which becomes responsible for optimizing a number of
employees, maintains statistical records and basic HR
communications with other enterprise systems;

- human resource management: at this level HR
becomes a business partner, therefore, the employment
and development of human resources of the enterprise is
characteristic for this level [5].
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The reasons for this division result from the goal of
the study, that is to analyze and determine the relationship
between the stages of HR development and the stages of
the life cycle of the enterprise. In general, it should be
noted that some researchers determine different stages in
the development of the human resources management
system, others assign them to the stages of the life cycle of
the organization or company [6], still others characterize
them separately [7]. Investigating factors that determine
the level of HR development also points to their wide
variety. I. Voronkov points to factors that characterize the
level of development of the company — a number of
employees, access to capital and determining objectives
[6]; others point to the following factors — the level of

perception of HR functions by top management,
teamwork skills, professionalism. K. Osadchuk, who is the
well-known professional in this area, points to the factors
that determine HR as the stage of business development,
the maturity of management and the maturity of HR itself

[8].

Summarizing the work of researchers, it can be
pointed out that the above factors do not fully reflect the
relationship between the level of HR development and its
determinants for IT enterprises being considered. The
correspondence of the suggested HR development levels
at the enterprise and a set of determinants is presented in
table 2.

Table 2. The ratio of the level of HR development and its determinants

HR development level

Factor

Workforce management

Staff management

HR management

Company goals and
tasks

Extensive development

Extensive development
Intensive development
Maintaining the achieved position

Intensive development
Maintaining the achieved position
Reducing the size of an enterprise

Reducing enterprise size

Enterprise size small

medium, large medium, large

The stage of company

development Development based on

creativity

Development based on guidance
Development based on delegation

Development based on
coordination
Development based on cooperation

Organizational

hierarchical
structure

functional functional

The level of HR-

tasks complexity monofunctional

multifunctional multifunctional

The main factors are the business model, the size of
the enterprise and the stage of its development as, due to
their objectivity and validity, they are not affected by
various external and internal factors in the short run. All
other factors are subjective and can change at any stage of
the life cycle of the enterprise in a rather short time.

Let us consider the strategy of development and
trends of HR activities in interaction with the stages of
development of hi-tech enterprises that are based on the
Greiner model [9] which describes the stages of
development of the IT enterprise in a sufficient way. This
model consists of five stages of development and the
transitions among them or crises. They can become both

an impact for further development and a reason for the
business cessation [10].

The connection among the enterprise life cycle
(ELS), HR development stage and its main trends are
shown in table 3.

The distribution of HR
authorities is presented in fig 2.

Top management of modern high-tech enterprises
indicates that the HR-business partner helps provide
leaving the regression stage since it enables distributing
risks among all participants within the production process
of the company. Therefore, any company should pursue
catching up with this level of HR development. Let us
detail the task of HR-business partner:

responsibilities and

Table 3. The stages of the enterprise life cycles, HR development stage, and HR main trends

Development Development Development Development based Development based on
ELS stage based on based on based on o -
- : - on coordination cooperation
creativity guidance delegation
HR Workforce
development Staff management HR management (the level of a business partner)
management
stage
Main trends of Recruiting Recruiting Staff records Staff accounting
operation Staff records Staff records management management Corporate culture
management Staff accounting Staff accounting support Staff strategy
Staff Staff strategy Corporate culture implementation
accounting Corporate culture development support
Staff planning Staff strategy
Staff motivating and stimulating implementation
Staff evaluation,
training, development
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Fig. 2. Distribution of HR responsibilities and authorities

1. Creating a team of professionals.

This is the primary link of the HR of a new
generation where some HR workers acquire some
elements of a business partner while they are basically
performing the target task. At high-tech enterprises with a
large number of creative workers, this aspect of HR work
is very important as, in many cases, teamwork on long-
term projects is required. The business partner provides
integration of old and new employees, helps in solving
probable conflicts among them.

2. Developing employees and ensuring their
professional and career growth.
HR-business partner permanently guides the

increase of professional skills of the personnel. The
creativity of the workers in the area is mostly supported
and guided by their aspirations for development but the
shortage of own resources (financial, temporal) reduces
the activity of this direction. The task of HR is to identify
prospective employees, provide them with the opportunity
to study and develop, and monitor this process. The
logical completion and further continuation of training is
the career advancement of successful employees, the
preparation of own personnel.

3. Ensuring the integrity of the organizational
structure by filling vacancies.

At any stage of the company life cycle, it is critical
that the organizational structure of the enterprise matches
its goals. The task of HR is to participate in the approval
of the final version of the organizational structure of a
high-tech enterprise and to redistribute human resources in
the most optimal way.

4.Using the techniques of  performance
management, compensation & benefits.
Performance management is, first of all, a

mechanism of the remuneration for the work done as well
as for the management of all resources of the enterprise
including human resources that are aimed at effective
interaction, the main principle of which is achieving the
necessary result by developing the skills of employees, in
particular, the ability to work in a team and by offering the
corresponding remuneration.

Compensation & benefits are the HR technique
which comprises both tangible (financial) and nontangible
methods of remuneration (professional recognition and
development) [11]. The efficiency of these techniques
entirely depends on the processes of analysis, planning
and predicting that are carried out by HR-business-
partner. The conditions inside the company and in

companies-competitors as well as in the labour market in
the corresponding segment should be analyzed.

5. Managing by processes.

The process approach should become the basis and
ground for determining the tasks of each structural unit of
the company in a transparent way, which allows HR to
monitor their tasks and processes, to know the processes
of each employee and observe them.

HR-business-partner should be supported by
techniques. Most high-tech enterprises use automated
solutions for staff records management and calculation of
salary and the automation of other HR-processes
(recruitment, adaptation in the workplace, assessment,
development, training, retention) is gathering speed. The
automation of HR helps bring it to a new level of
development in the context of the company growth as well
as facilitate the execution of routine tasks. Recruiters
actively begin to use HR-bots, i.e. a special kind of
chatbots that perform a number of specific functions to
automate the HR service partially [3]. The functions of
HR-bots include:

- the interaction with applicants (quick response to
applications, information about the company and
requirements, feedback after testing);

- processing test results of applicants (analysis of
test results);

- providing informing about vacancies or
opportunities for career advancement (information
distribution among applicants who have left their
coordinates for employees).

Due to the fact that these bots are used to automate
HR tasks, they have some advantages:

- the high speed of selecting candidates (several tens
of times higher than when interviews or tests are
conducted by a regular specialist);

- minimal costs (costs are much lower than the costs
for a number of specialists who would perform the same
amount of work within the same time).

Such bots also have disadvantages:

- the lack of personal evaluation;

- the impossibility to apply the knowledge and
experience of a recruiter.

Despite the fact that the automation of HR tasks
gives many advantages, chatbots are not able to replace
the experts completely. In HR, a human factor has a large
share and this allows HR-bots to replace specialists only
in some tasks and, as a rule, only at the initial stages.
Also, at this stage of development, a significant place is
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occupied by talent management systems in the automation
of HR. Such programmes help automate the management
of employee training, monitoring learning outcomes,
bonus calculation, and so on.

It is important not only to identify the stage of the
HR development but also to monitor its activities.
Economic science has developed a large number of
criteria that determine the quality of HR work. It is
convenient to evaluate HR using not individual criteria but
their groups. These groups of criteria reflect the use of
employees’ skills, abilities and personal qualities for
performing official duties and solving professional tasks.
The criteria are divided into three groups:

1. Corporate criteria that are basic competence not
only for HR but also for any employee whose competence
is related to the key characteristics of the company and its
values. They include focusing on the outcome, high
professionalism, initiative, teamwork, business
aggressiveness, loyalty and motivation to train and learn.

2. Professional criteria for HR that include gathering
information on the state of the market, its analysis,
predicting; planning the solution of tasks within different
HR trends; making professional decisions.

3. Real results. This group of criteria covers a wide
range of different indicators of HR efficiency depending
on the activity.

The evaluation of HR activities for an IT enterprise
has a number of features related to the specificity of the
industry that also dictates the need for careful selection of
the indicators of HR efficiency. This process takes place
at several stages:

1. Determining the goal of the evaluation of HR
activities.

There are many goals for evaluating HR. They
include:

- selecting the tactics of HR development (in the
context of temporary changes in the staff policy or when
the changes in HR policy is necessary in the short run);

- selecting the strategy for HR development
(changes in the long run, if necessary);

- general monitoring (evaluation of HR at the current
moment);

- analyzing the activities of all departments of the
enterprise;

- anti-crisis analysis;

- analysis during the reorganization / restructuring of
the enterprise.

There are several approaches to determining the
stage of an enterprise development. The main one is the
quantitative and qualitative approach. The quantitative
approach lies in the dynamic evaluation of the enterprise

performance. This dynamics is associated with the stage
of development of a high-tech enterprise. When applying
the qualitative approach, the current state of the enterprise
is compared to different stages of the enterprise
development on the qualitative level and the appropriate
one is selected. However, using the mixed approach is the
most reliable. Quantitative indicators can grow due to
external changes, for example, the expansion of the
market at the expense of new consumers. Qualitative
changes in this aspect are more reliable, but they do not
have the quantitative reinforcement unless a mixed
approach is used. This approach can reliably determine the
stage of development of a high-tech enterprise. The
following stages are distinguished (according to the
Greiner model):

- development based on creativity;

- development based on guidance;

- development based on delegation;

- development based on coordination;

- development based on cooperation.

3. Selecting corresponding indicators for evaluating
HR operation.

When selecting the indicators for evaluating HR
operation, it is appropriate to use three groups of criteria.
When evaluating the indicators of all three groups of
criteria, the analysis is the most effective.

4. Calculating the selected indicators.

The indicators can be calculated both at a certain
moment of time and for any period. It is recommended to
calculate the indicators over time periods as during the
analysis the obtained results can be compared with the
results obtained within past periods and consider the
factors that affected these results.

5. Analyzing the results obtained.

The obtained results can be analyzed both by top
managers and HR-managers. The responsibilities of HR-
business partner include evaluating the HR activities and
analyzing the results.

6. Applying the analysis of the research.

This stage is final; it is the most important one in the
process of evaluating HR activities. According to the
obtained results and their analysis, the management makes
decisions in accordance with the purpose of evaluating
HR activities, which initially had to be supported by the
results of this evaluation.

In its general view, the process of evaluation of the
HR activities at an IT-enterprise is shown in fig. 3.

The evaluation of HR activities at an IT enterprise
has a number of features related to the specifics of the
industry and also the stage of development of the
enterprise.

. The stage of .
Evaluation & The stage of HR Evaluation
X > enterprise C
alm development indicators
development
Indicators Results
; o . . Use
calculation > analysis >

Fig. 3. The process of evaluating the HR activities at a high-tech enterprise
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The indicators of HR efficiency in the IT sphere should be comprehensive taking into account the high level of
technology of the industry. The processes and trends of HR-services operation change at different stages of the life cycle
of the enterprise. Therefore, it is inefficient to evaluate HR activity using the same indicators constantly. They can be
tracked for each individual employee, for each trend of operational and throughout the whole department or direction.

Innovative technologies and scientific solutions for industries. 2017. No. 2 (2)

Primary indicators are presented in table 4.

Table 4. The indicators of the efficiency evaluation of the HR-system activities at a high-tech enterprise

The stage of high-tech enterprise development

Indicators of the efficiency evaluation of the HR-system activities

Development based on creativity

The rate of vacancies filling
Executing the recruitment plan

Development based on guidance

The percentage of employees who underwent a probation period
Executing the recruitment plan
The total idle time of vacancies

Development based on delegation

The average length of employment
The percentage of applicants from companies-competitors

Development based on coordination

Subjective evaluation of top and middle-management

Development based on cooperation

A number of recruitment methods

Conclusions

The staff policy of a high-tech enterprise determines
the trend of its development and the level of
competitiveness. The work deals with the current state and
HR trends in high-tech enterprises, the ratio of the level of
HR development and the life cycle stage of such an
enterprise, the process of evaluation of HR-service
activity. As a result, the available practical HR trends
were summarized.

There is a close connection between the stage of the
life cycle of a high-tech enterprise and the level of HR
development at this enterprise. The criterial approach to
determining the connection between the stage of the life
cycle of a high-tech enterprise and the stage of HR service
development is improved. The level of development is
determined by a set of factors; the main ones are the

business model, the size of the enterprise and the stage of
its development. The most important factor for the
enterprise is the level of HR-business-partner.

This level should be supported up by techniques.
The automation of HR helps bring it to a new level of
development with the corresponding growth of the
company as well as facilitate the execution of routine
tasks.

Evaluating the HR activities at a high-tech enterprise
is an integral part of its business processes. Depending on
the stage of development of the enterprise and the level of
HR development, different indicators for the evaluation
can be selected. The analysis of the results and their
application enables making the strategy of HR
development at a high-tech enterprise flexible, which
allows the company to adapt to internal and external
changes fast.
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CTPATEI'TA PO3BUTKY HR HA BUCOKOTEXHOJIOT'TYHUX HNIANTPUEMCTBAM

IIpenveToM mocmipkeHHS € MeXaHi3M (yHKIIOHyBaHHs Ta po3BHTOK HR BucokoTexHonoriuHoro mimnmpuemcrBa. B VYkpaini B
HaWOLIBIIIH Mipi BHUCOKOTEXHOJIOTIYHMH CEKTOpP CKOHOMIKM IIPEICTaBICHUH CEKTOpOM iHQOpMaIiiHUX TEXHOJOTiH, a came
MiArany33i0 po3poOKH Ta BIPOBAIKCHHS iH(GOpPMAIMHUX HPOIYKTIB Ta cepBicy. AKTyanbHicTh mociimkeHHs HR-mpomeciB Ha
BHCOKOTEXHOJIOTIYHHX ITiIIPUEMCTBAX 3yMOBJICHA HE JIMIIE IIBUIKIMH TeMIaMH 3pocTanHs IT-cekTopy yKpaiHCBKOTO pHHKY, aje i
TaKOK HEOOXIAHICTIO JoCHimKeHHs pobotn cuctemd HR 3 ormsamy Ha eramu >KUTTEBOrO LMKIY TAKOTO IMiAMPHEMCTBA. 3POCTAHHS
BHCOKOTEXHOJIOTTYHOTO CEKTOpPY MOTpeOdy€e HEBIMMHHOTO PO3BUTKY METOMIB Ta 3aco0iB poootn HR. MeToro poOOTH € JoCiimKeHHS
Cy4acHOro craHy Ta HampsMmiB po3Butky HR wa IT migmpueMcTBax y CHIBBIAHOLIECHHI [O €TaIliB JXHUTTEBOTO LMKIY TaKHUX
mianpueMcTB. 3aBAaHHA poOOTH — y3aralbHEHHS ICHYIOUHX MPAaKTUYHUX TpeHHAiB y cdepi HR Ta mocmimkeHHS iX CTPYyKTYpHHUX
XapaKTepUCTUK; BIOCKOHAICHHS KPHUTEPIaIbHOTO IIIXOAY JO BH3HAYCHHS 3BSI3KY MDK €TalloM JKUTTEBOTO LIUKITY
BHCOKOTEXHOJIOTIYHOTO MiAPUEMCTBA Ta cTaiero po3BUTKY HR-cimyx6n. ¥ po6oti Oyinn BUKOpHCTaHI 3arabHOHAYKOBI i MPUKIIaaHI
METOJH TEOPETHYHOTO Ta EMITIPHYHOTO JOCII/UKEHHS: CIIOCTEPE)KEHHsI, MTOPIBHAHHS Ta aHaNli3y eMIIPUYHUX JTAHUX, y3arajlbHEeHHS,
CHHTE3y — JUIsl TTIOCTAHOBKHM MPOOJIEMH, BUBYCHHS 3aKOHOMIPHOCTEH PO3BHUTKY 00'€KTa NOCIIJDKEHHS; CTATUCTHYHI — JUISl OLIHKH
Cy4acHOTO CTaHy Tajy3i; TpadidHi — A8 UTIOCTpallii pe3yabTarTiB AiSUIBHOCTI MiAMPHEMCTB 1 0()OPMIICHHS BHCHOBKIB TPOBEICHUX
ocipkeHb. Pe3yabTaTomM nocmikeHHS € (HOpMyBaHHS OCHOB KPHUTEPIaJbHOTO MiNXOAY JO BHU3HAUEHHS 3B 53Ky MK €TaroM
KUTTEBOTO LUKy BUCOKOTEXHOJIOTIYHOTO IiANPHEMCTBA Ta CTadielo po3BUTKY HR Ha 0CHOBI BIOPSAKYBaHHS iCHYIOUHX TPEHIB y
ctepi HR. BusHadeHo, 1o cTpaTerivHUM HampsIMOM IS Cy9acHUX IMiANPHEMCTB € cTBopeHHs HR-6i3Hec-mapTHEpa, II0 T03BOIUTH
KOMIUICKCHO BHpIIIyBaTH Cy4acHi 3aja4i ajganTuBHoro ynpaeiinHd HR. 3ampornoHoBaHi NMOKa3HMKM OLHKHM e(EeKTHBHOCTI
nismeHOCTI HR B 3anexHocTi Bix craii po3sutky HR.

Kumrouosi cioBa: HR BHCOKOTEXHOJOTIUHEX MiANPUEMCTB, oniHka aisuibHOocTi HR, eramu possutky HR, crpateris po3BuTKy
HR.

CTPATEI'USA PAZBUTUSA HR HA BBICOKOTEXHOJIOI'MYECKHUX
HNPEAIIPUATUAX

IIpeqveToM mnccremoBaHus SBISIOTCS MeXaHM3M (yHKIOHMpoBaHMS M pa3BuTHe HR BBICOKOTEXHOIOTMYHOTO mpeAnmpuaTus. B
VYkpanHe B HanOONbIIEH CTENEHH BBICOKOTEXHOJOTHUHBIH CEKTOp HSKOHOMHKH MPEJCTaBICH CEKTOPOM HH()OPMAIMOHHBIX
TEXHOJIOTHH, a HMMEHHO IIOJOTPACIbI0 pPa3pabOoTKM W BHEAPEHUS HH(GOPMAIMOHHBIX MPOAYKTOB M CEpBHCA. AKTYalIbHOCTD
nccienosanuss HR-mpomeccoB Ha BBICOKOTEXHOJIOTHUHBIX HPEIIPHATHAX 00yCIIOBIEHa HE TOJNBKO OBICTPHIMH Temmamu pocta IT-
CEKTOpa yKPamHCKOTO PhIHKA, HO TaKXke HEOOXOANMOCTBIO HCCIEeA0BaHUs paOboThl cucTeMbl HR yduTBIBast STAmbl )KH3HEHHOTO IUKIIA
TaKOro NPEANpUATHS. POCT BBICOKOTEXHOJOTHYHOTO CEKTOpa TpeOYEeT HENMPEPBIBHOTO Pa3BHTHsS METOMOB U cpeactB paborsi HR.
Ileqbl0 paGoOTHI SIBISIETCST MCCIIEIOBAaHHE COBPEMEHHOTO COCTOSHMSI W HampasieHuit pazsutusi HR na UT mnpeanpusitusix B
COOTBETCTBUU C HTAIlaMH XM3HEHHOTO IMKJIA TAaKUX NpeAnpusaTril. 3aaaum paboTsl — 0000mIeHNEe CYIECTBYIONINX MPAKTHIECKIX
TpeHnoB B chepe HR u wuccrenoBaHnme MX CTPYKTYpHBIX XapaKTEPUCTHK; YCOBEPIICHCTBOBAHHWE KPUTEPUATIBHOIO MOAXOAA K
OTPEICNICHUIO CBA3M MEX/Y TAIlOM JKHU3HEHHOT'O IIMKJIAa BBICOKOTEXHOJIOTHYHOTO MpeanpusTus U craaueil pazsutus HR-ciryxOb1. B
paboTe ObIIM MCHONB30BAaHbI O0IICHAYYHBIC U IIPUKIIATHBIC METO bl TEOPETHUECKOTO H AIMIMPUIECKOTO HCCIIEA0BAHNs: HAOIIOJeHHE,
CpaBHCHHME W aHAJIM3 SMIIMPHUYCCKHUX ITaHHBIX, O606LL1€HI/IB, CHHTE3 — JI1 IMOCTAaHOBKH l'lpO6J'leMl>I, U3YUYCHU SaKOHOMepHOCTCﬁ
pa3BuTHS OOBEKTAa MWCCICAOBAHUS; CTATHCTUYECKWE — JUIsi OLGHKH COBPEMEHHOIO COCTOSHHMSI OTpaciu; rpaduueckue — s
WIUTIOCTPAIN PE3YNIBTATOB JICSITEILHOCTH TPEINPHATHH M O(OPMICHHS BBIBOJOB IPOBEICHHBIX HcclenoBaHMi. Pe3yabTaTom
HCCIIEIOBAHMS SBISICTCSl (OPMHUPOBAHUE OCHOB KPUTEPHAIBLHOTO MOAXO0/1A K OMPEISNICHUIO CBA3M MEXK/IY 3TalloM )KU3HEHHOTO IIHKIIa
BBICOKOTEXHOJIOTHYHOTO TPENPUATHS U cTagueil pa3sutus HR Ha ocHOBe ymopsiiodeHHs CyIecTBYIONMX TpeHnoB B chepe HR.
OmnpeneneHo, YTo CTpaTerHUeCKUM HalpaBJICHHEM JJIsI COBPEMEHHBIX NPENpUATHH siBseTcs co3manne HR-Omsnec-mapTHepa, uto
NO3BOJIMT KOMIUIEKCHO peIlaTh COBPEMEHHbIE 3ajayd ajantuBHoro ympasiaeHus HR. IIpemioskeHsl mokasarenu OLEHKH
addextuBHOCTH AesTenbHocTH HR B 3aBucHMocTH ot craguu pa3sutus HR.

KnroueBbie ciioBa: HR BBICOKOTEXHONOTMYHBIX HpPEANpUATHH, oneHKa nesrenbHocTH HR, stamel pazButus HR, crparerus
pazsutus HR
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I. KUZNETSOVA

FORMALIZING THE TECHNOLOGY OF MANAGEMENT AS A CONSTITUENT OF
THE ORGANIZATION CORE CAPABILITIES

The article considers technology as a component of organization core capabilities. The technology is broadly described as a set of
formalized knowledge. The main task of any technology is framed; this task involves determining the structure of a process and the
methods by which its individual operations are carried out. The term “management technology” is defined. As opposed to the
available definitions, the new one emphasizes a set of formalized knowledge about the implementation of the process of management
in regard to the composition and sequence of its stages and operation, the list of input and output information on operations, the
description of methods for obtaining and transforming input information and professional qualification requirements to managerial
staff. It is proved that management technology allows managers to execute clearly coordinated actions without additional instructions
via formalizing. It is justified that the knowledge of management technology should be formalized according to the logical patterns of
the management process and its stages, reflecting the structure of the process and the relationship among its components. Using a
special form of an information model — the informogram of the management process is suggested as a way of formalizing; it contains
information on the composition and methods of executing each stage and operation. The stage of the management process, that is
monitoring, is formalized. The composition of strategic monitoring operations is determined; these operations are scanning the
external environment of the direct action, interpreting information on the external environment of the direct action, scanning the
external environment of the indirect influence, identifying significant weak signals, scripting, composing industrial success factors.
The logical pattern of the implementation of strategic monitoring and its informogram are suggested. They make up the monitoring
technology as the stages of the management process and appear as the formalized knowledge of its implementation. Thus, the
organizational routine describing the sequence of standard operations which provide an opportunity to coordinate the activities of
management personnel is obtained.
Keywords: management technology, stage and operation of the management process, competitive advantage, monitoring.

Introduction [2, p. 155-181; 3, p.20-30] are based on the concept of

the value chain introduced by M. Porter, which represents
the activity of an enterprise as a number of typical activity
that creates value [5, c. 38]. Five primary activities that
directly relate to manufacturing the product and four

The present time is characterized by the process of
globalization, which gradually erases regional and
national boundaries. Powerful global companies that had

entered the domestic market radically changed the
conditions and ways of doing business and raised the
problem of creating sustainable competitive advantages of
domestic enterprises. The basis of their adaptive diffusion
in the competitive environment under the conditions of
rapid changes in the environment is the competition not
only of goods and services but also innovative
management methods.

Analysis of scientific sources and problem statement

In the last ten years, the resource approach has
become the dominant paradigm of the strategic
management in creating competitive advantages. Due to
this, the concept of “core capability of the organization”
as a set of business processes has been introduced into
scientific discourse [1, ¢.519; 2, ¢.156-181; 3, ¢.20-30].

Some theoreticians in the area of the resource
approach regard sustainable competitive advantages as a
skillful use of resources, but the article considers the
“capability of an organization” not as a combination of
business processes that create the opportunity to succeed,
but as the capability to perform any kind of activity
(business process) efficiently, that is, the capability does
not lie in the composition of business processes, but in
their  implementation. Two components of the
organization capabilities were previously studied:
technology and personal competence of the personnel
[4, c. 55].

Modern  methodological approaches to the
identification of the key capabilities of the organization

secondary or supporting activities that ensure the factors
of production are identified in the suggested model.

This model has become the basis for many modern
concepts: competitive advantages, reengineering, value
chain, organization capability. However, it has a
significant disadvantage: there is no management process
among the value chain processes.

Management is the most important process in
creating the value of an organization. All tangible and
intangible assets of the firm are activated by managers
who perform managerial functions. As a result, managers
integrate all kinds of resources (natural, capital, raw
material, human, financial, informational, intellectual),
which enables performing operational processes, that is
designing new products, exploring the market, providing
with supplies, manufacturing products, selling and
ensuring after-sales service.

Thus, it can be concluded that the management is an
activity that drives the mechanism of obtaining the value
of products in the chain of its creation and enables doing it
better than competitors, that is, increasing the
competitiveness of an organization.

Therefore, the management is considered as the key
capability of an organization will enable obtaining the
source for creating a unique competitive advantage, which
requires, first and foremost, defining its component — the
technology of management.

The goal and objectives are to determine the
content of the technology of management and frame the
means of its formalizing.

© I. Kuznetsova, 2017
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Basic material

Solving the problem of designing the technology of
management technology requires determining the content
of this definition. Nowadays, the common point of view is
making the connection of management technology with
the process of making managerial decisions [6, p. 237]. It
is inappropriate and is caused by:

- the confusion of the notions of “process” and
“process technology”;

- the lack of a clear definition of the mentioned
notions and boundaries of the management process.

Technology can be broadly defined as a set of
formalized knowledge about the process execution. J.
Henry divides the technology into three main components
[7,c.139]:

- the material and energy component that is technical
and energy supplies. It is considered as a complex of
technical means, tools, equipment, devices, power
equipment that have certain parameters and characteristics
which meet the standard requirements of this technology;

- the informational component that represents a set
of knowledge about the means of technological, energy
and information support, and about the materials being
processed. This knowledge is embodied in the form of
descriptions, drawings, requirements, standards, norms,
instructions for the use of the listed assets and their repair,
software, know-how, etc., which is assigned to this
technology in the form of knowledge and is finally
embodied in the general notion of the use this technology;

- the human component that is a set of requirements
for users of this technology according to the level of
general and professional education, qualifications,
professional skills, the readiness of users, and so on.

It should be noted that the article deals with the
technology of operational processes that cover the stages
of processing raw materials into products that can have a
nature of physical transformation as a result of production,
a change of location as a result of transportation and
warehousing as a result of storing services.

The basic components of the technology of
operational processes are the formal requirements for the
equipment used in the process; raw materials, semi-
finished products and means of their processing during
each technological operation and the qualification of the
personnel performing technological operations.

Since the process is considered as a sequence of
executing a set of operations for converting inputs into
desired outputs, the main task of any technology is to
determine the structure of the process and the methods
that are used to perform its individual operations, which
finally will increase the efficiency of the process.

The process of management is significantly different
from the operating processes, so its important
characteristic is the composition and methods of
information transformation.

Taking into consideration all the stated above, the
technology of management can be defined as a set of
formalized knowledge about the execution of the process
of management that includes the composition and
sequence of elements execution (stages and operations), a
list of input and output information according to

operations, the description of the methods for obtaining
and transforming input information, determining technical
means as well as professional and qualification
requirements for managing personnel.

Thus, management technology allows managers to
execute clearly coordinated actions without additional
instructions and recommendations because of their
formalization. If mastering managerial skills is developed
on the basis of the principle of “learning during work”, the
knowledge that lies at the bottom of their execution
remains implicit, so they are difficult to reproduce.

The knowledge should be systematized, that is
typical procedures should be formalized for its efficiency.
The technology of management solves this task and
becomes the holder of so-called organizational routines or
“a certain sequence of coordinated actions of people”
[2, p. 157].

The achievement of the best results of production
and economic activity of the enterprise is known to be
linked with making efficient managerial decisions which
are the result of using the rational management
technology.

According to the theoretical foundations of the
industrial engineering, the technology can be considered
as rational if it meets the following requirements:

- the objective composition of stages and operations
of the process, which provides the shortest way of
transforming input information;

-the  specialization, that is  consolidating
homogeneous procedures or processing homogeneous
information at certain stages and operations of the
management process;

-the minimum of
components;

-the establishment of rational methods for
implementing the stages and operations of the
management process.

Basing on the definition of management technology
and the requirements for its rationality, the formalization
of knowledge of management technology should be
carried out according to logical patterns of the
management process and its stages. Such patterns should
reflect the structure of the management process and the
interconnection among its components.

The technology fulfils its main purpose — the
establishment of rational methods of performing
operations — not only by establishing certain methods but
also by establishing method targeting, that is detecting
particular methods suitable for certain operations. To do
this, a special form of the information model is suggested.
This is the informogram of the management process that
contains information on the content and the composition
of the methods of implementation for each stage and
operation. At the same time, the targeted list of methods in
informograms enables determining the qualification and
professional requirements for personnel, which is one of
the formalized basic components of the management
technology.

The typical stages of the management process were
identified in previous studies [8]; the significance of the
stage of monitoring increases due to increasing the

links among the process
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importance of making preventive managerial decisions at
some stages.

The development of monitoring technology requires
solving the problem of the composition of the information
that is necessary for its implementation. It is caused by the
question — what type of information should be collected if
the nature of the decisions on changes in the activity of the
enterprise is not known in the context of the factors of the
environmental impact. This problem illustrates a
distinctive feature of monitoring. Information support for
any decision requires a clear definition of the nature and
amount of information that enables outlining the
boundaries of its search. That is, the decision of the
problem of information support of monitoring requires
developing basic criteria for selecting the necessary
information.

Its simplest solution is to obtain any information
about the state of the environment. However, the simple
solution in this case is not efficient as it can lead to the
situation when the company may “drown” in the
information noise, because, on the one hand, a certain
amount of information can be excessive for the
enterprise’s response to environmental impacts, and, on
the other hand, some useful data may get lost in a load of
unnecessary information. Consequently, the following
conclusion can be made — monitoring should start from
framing the boundaries of information collecting.

Solving such task according to the methodology of
the system analysis should be based on the process of
monitoring, which, in turn, corresponds to its type —
strategic or current.

Basing on the conceptual model for developing key
competitive advantages [4], it can be stated that the
purpose of strategic monitoring is to determine the
industry success factor (ISF) and the drivers that influence
their change. Therefore, that the structure of force fields
should be considered as an object of the strategic
monitoring.

After the characteristics of the strength fields are
determined, the intensity of their influence can be
determined and, on this basis, ISF can be created as a
counteraction to the cross-power field. Since the
functional purpose of monitoring lies in the ability to
predict changes in ISF, the external environment of
indirect action should be the object of monitoring in
addition to the sectoral force fields.

It should be noted that considering the environment
of indirect action, scientists disagree on the list of its
segments but hold a view that its each segment should be
carefully studied, the main trends and mutual influence
should be identified, and the trends of their development
should be studied [9, p. 320; 10, p. 293]. But it is difficult
to apply this approach practically due to the significant
amount of information.

At the stage of strategic monitoring, not whole
segments of the environment of indirect influence should
be observed but only the driving forces that are developed
within the environment. The driving forces are identified
by weak signals that represent changes in the social
demographic, economic, state, political, and scientific and
technical spheres that can significantly affect the intensity

of industry force fields and through them the composition
of industrial success factors.

Due to the fact that the impact of the indirect
environment is homogeneous for enterprises of one
industry, it seems appropriate to track weak signals based
on industry characteristics after the characteristics of the
industry force fields are studied and the intensity of their
impact is assessed.

Summarizing the above, the tasks of strategic
monitoring can be defined as follows:

- identifying weak signals;

- assessing the impact of weak signals on the
intensity of individual industry force fields;

- identifying probable changes in the intensity of
industry force fields.

All of the above can reasonably suggest the
composition of strategic monitoring operations and the
logic of their implementation.

1. Scanning the external environment of the direct
action.

The operation is aimed at accumulating and
systematizing information about the environment of direct
influence.

Information from primary and secondary sources is
collected with the help of known methods — special and
documentary observations, surveys, questionnaires,
content analysis. The accumulated data should be
systemized according to the suggested map of the industry
force fields and their characteristics.

2. Interpreting information on the
environment of the direct action.

The intensity of the impact of each industry force
field should be assessed during the operation.

Suggested characteristics of industry force fields
enable describing them, which is the basis for assessing.
Further actions should be aimed at direct measurement of
force fields. At this step, there is a problem related to the
lack of a scale for measuring fields of similar nature. The
intensity of their action can only be determined as strong,
weak, medium, difficult to identify.

In this connection, the theory of fuzzy sets and fuzzy
logic is suggested for measuring the industry force fields.
Below, the method for measuring power fields is
suggested; this method is developed with the use of fuzzy
logic and enables performing the measuring operation to
the fullest extent.

3. Scanning the external environment of the indirect
action.

Since the environment of indirect action is very wide
and affects the enterprise indirectly through industry force
fields, only weak signals should be identified in the
process of its scanning in contrast to the similar operation
in the environment of direct action where information on
the characteristics of each field is collected. They are
identified as changes in the corresponding segments of the
environment which can shift the intensity of the action of
industry force fields.

The operation is executed using the methods that are
used while scanning the external environment of direct
action.

external
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4. Identifying significant weak signals.

Not all detected weak signals can be significant for
the studied industry. Consequently, the following problem
should be solved — whether detected signals can act as a
driving force in relation to the system of industry force
fields.

This problem can be solved by iterative launching
the procedure for assessing the intensity of industry force
fields using the suggested method. The procedure involves
reviewing the characteristics of force fields that can be
changed under the influence of a single weak signal and a
re-assessing the intensity of the action of the industry
force fields. The resulting assessment of industry fields
based on the effect of a weak signal should be compared
with the results of the operation “interpreting information
on the external environment of the direct action”. If the
results do not differ, the detected signal is not significant
for the industry. Conversely, while detecting shifts in
force fields, a weak signal should be considered as
significant.

The procedure is repeated for all weak signals that
have been detected.

5. Scripting.

Weak signals are only indicators of potential
changes in the environment of indirect action which can
grow in several possible ways. Therefore, they should be
predicted. In this case, the efficient method is scripting —
“describing future situations and ways that lead to them”
[11,¢.28].

While scripting, experts determine the factors that
can intensify or weaken the detected signal and create
further options on this basis. Finally, the content of the
script is always created on the answers to the question
"what will happen, if". The assumptions that describe the
conditions of future events are made in this way.

It is fair to assume that the developed scripts can be
used for the next multivariate planning. However, the
practice of planning proves that this way is quite labour-
intensive and costly and contradicts the principle of cost-
effective planning. Therefore, scripts should be assessed
and the most probable one should be used in the future.
Such script is called basic.

Other scripts are alternative. They describe the
probable development of the external environment under
the conditions of significant deviations of some influential
factors from the baseline script.

The following methods are used for scripting: cause-
and-effect diagrams, morphological analysis, situation
modelling as well as special methods — the cross-impact of
events, calibration and sorting, references, the logic of
probable development (Saati), Bayesian method.

6. Composing industrial success factors.

The operation should result in the list of industry
success factors which is one of the components of
developing key competitive advantages and, finally, the
competitive strategy of the enterprise.

Basing on the map of industry force fields [4], ISF
should be created as a counteraction to the action of
industry force fields.

The input information for this operation is the
characteristics of the force fields obtained on the basis of
weak signals and put in the baseline script.

The ISF composition can be determined in the
process of brainstorming using the methods of
formalization of its results:

- affinity diagrams (“KJ” method) that enable
systematizing a great amount of associated information
(the ideas which were suggested by group members);

- communication diagrams that enable identifying
links between the main idea and various data and
systematizing a great amount of logically connected
information;

- matrix diagram that enables identifying the
importance of various interconnections.

The general scientific methods are also used, these
are the methods of analysis, synthesis, induction, the logic
method.

The developed, selected as the most probable and
consistent with the strategic objectives baseline script and
composed industry success factors are the initial
information of the monitoring stage; this information is
transmitted to the input of stage of planning the enterprise
activity. After that, the first cycle of monitoring is
completed; it precedes the stage of strategic planning and
is consequently carried out at the beginning of the cycle of
strategic management.

However, monitoring should be carried out
continuously for collecting and processing information on
the probabilities and threats of the environment.
Therefore, repeated monitoring cycles should be carried
out with the given periodicity which corresponds to the
degree of mobility of the external environment; these
cycles of monitoring include two objects of observation:

- the environment of indirect action to identify new
weak signals;

- the development of assumptions that have been
laid down in the baseline script and can intensify increase
or weaken the detected weak signal.

To understand the trends of weak signal
development, the events should be systematized
chronologically.

If the events in the external environment
significantly differ from those in the baseline script during
the operations of “scanning” and “interpreting
information”, the alternative script should be selected and
the plan of activities should be corrected.

All the listed above make it possible to suggest the
logic diagram of strategic monitoring (fig. 1) and its
informogram (table 1). The suggested technology of
monitoring as a stage of the management process is a
formalized knowledge about how to perform this process
or an organizational routine that describes the sequence of
standard operations that enable coordinating the activities
of managerial personnel without additional guidance and
instructions.

Its application along with the developed model of
competencies enable improving the process of managing
enterprises and creating a key management capability that
determines the capabilities of making efficient strategic
decisions and finally enables developing and maintaining
stable competitive advantages. And vice versa — an
enterprise that does not have a key management capability
loses competitive advantages, even if it had earlier.
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The suggested technology of monitoring and

implement this process or an organizational routine.

management is a formalized knowledge about how to
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Table 1. Informogram of the strategic monitoring as a stage of the management process

Operations

Input information

Transformation

Output information

Methods of
transformation

1. Scanning the
external
environment of
direct action

Sources
data:
professional meetings;
exhibitions; sales staff;
personnel of marketing
departments, supplies.

of primary

Secondary data
sources:

state statistics, industry
research, analytical
and consulting firms,
the reports of
Ukrainian Corn
Association,
professional journals,
business press,

company websites

Accumulating and
systematizing information
on the characteristics of
industry force fields

The map of industry
force  fields  (the
characteristic of
fields: industry
competitors,
suppliers,
substitutes,
complements)

buyers,

Special and documentary

observations,
questionnaires,
analysis.

surveys,

content

2. Interpreting The map of industry | Measuring the intensity of | Assessing the | Recommendations  on
information on force fields the action of each industry | intensity of  their | assessing the intensity of
the external force field action as strong, | force fields action with
environment of weak, medium or | the use of fuzzy logic

the direct action weak

3. Scanning the Sources of primary | Accumulating and | Listing weak signals | Special and documentary
external data: systematizing information | and their | observations,  surveys,
environment of professional meetings; | on weak signals according | characteristics questionnaires, content

indirect action

exhibitions; sales staff;
personnel of marketing
departments, supplies.

Secondary data
sources:

state statistics, industry
research, analytical

and consulting firms,
professional journals,
business press,
ministry websites

to the segments — state
policy, scientific and
technical progress, social
and demographic factors,
the state of economy

analysis.

4. ldentifying Listing weak signals | Iterative check of the | Listing significant | Recommendations  on
significant weak | and their | change in the intensity of | weak signals assessing the intensity of
signals characteristics; the action of industry force fields action with
assessing the intensity | force fields for each weak the use of fuzzy logic
of their action as | signal and comparing
strong, weak, medium | with  the  preliminary
or weak assessment
5. Scripting Listing significant | Scripting and assessing | Baseline and | Cause-and-effect
weak signals and their | scripts probability alternative scripts of | diagrams, morphological
characteristics developing weak | analysis, situation
signals modelling as well as
special methods — the
cross-impact of events,
calibration and sorting,
references, the logic of
probable  development
(Saati), Bayesian
method.
6. Composing The map of industry | Composing industry | Composition of | Brainstorming with the
ISF force fields; assessing | success factors industry success | use of the methods of
the intensity of each factors formalization  of its

force field action

results: affinity diagrams

(“KJ” method);
communication
diagrams; matrix

diagram
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Basing on the fact that the effective work
performance is “the achievement of special results” [12,
p.15] (outputs that correspond to official duties) by using
certain procedures and specific behavioural actions, it can
be reasonably stated that the efficiency of a manager is
achieved by following the rational technology of
management due to mastering managerial abilities.

Conclusions

1. Management technology formalizes typical
operations and thus becomes the bearer of so-called
organizational routines, which allows managers to
perform clearly coordinated actions without additional
guidance and instructions.

2. Basing on the requirements for the rational
technology, the knowledge of managerial technology
should be formalized in logical models of the structure of

the management process and information models of its
stages.

3. The rationality of technology is achieved both by
determining the rational methods which help carry out the
operations and process stages and by establishing their
targeting, that is, by identifying methods to be applied for
particular operations. To meet these requirements, a
special form of the information model — informogram of
the management process should be introduced.

4. Objects of strategic monitoring should be industry
force fields which result in creating competitive relations
in the industry.

5. The suggested technology of monitoring is a
formalized knowledge of its implementation or an
organizational routine that describes the sequence of
standard operations that provide the opportunity to
coordinate the activities of management personnel without
additional guidance and instructions. Its use enables

improving the process of managing enterprises and
creating a key competitive advantage.
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olepamisiMH, ONHMCY METOAIB OTPHMAHHS W NepeTBOpeHHs BXimHOI iH(opmamii, Ta mpodeciiiHo-kBamidikamifHUX BUMOT IOJ0
YIPaBIiHCHKOTO IepcoHaly. JloBeneHo, Mo ympaBlIiHChKa TEXHOJOTIS 3aBAsSKH (opMaiisamii JO3BOJISIE MEHEKepaM BHKOHYBaTH
YiTKO CKOOPAMHOBaHI Iii 6e3 TOZaTKOBUX po3nopspkeHb. OOIpyHTOBaHO, O (opMali3alis 3HaHb yIPaBIiHCHKOI TEXHOJOTII Mae
3IIMCHIOBATHCS Y JIOTIYHUX CXeMax MpOIeCcy YIPaBIiHHSI Ta HOTo CTajii, 0 BIAOMBAIOTE CTPYKTYpPY IPOIIECY Ta B3a€EMO3B’ 30K MiXk
HOTO CKIIaJOBHMH. 3alpOIIOHOBAaHO SK CcHoci0 Qopmamizamnii BHKOpHCTaHHA ocoOumuBol Qopmu iHpopMmaniiiHoi Moxem —
iHopMorpamy nporecy ynpaBIiHHS, sIKa 32 KOXKHOIO CTaJII€l0 Ta OIepalieio BMIllye iHPOpMaIliio 010 IXHEOTO 3MICTy Ta CKIIamy
METOJIIB iX BHKOHaHHSI. POpMai30BaHO CTail0 MPOILECY YIPaBIiHHSA MOHITOPHHI. BH3HaueHO CKiaja omepalliii cTpaTreriayHoro
MOHITOPHHTY: CKaHyBaHHS 30BHIIIHBOTO CEPEIOBUIIA MPSMOro BIUIMBY, IHTEepHpeTalis iH¢opmaiii CTOCOBHO 30BHIIIHBOTO
CepeloBHIa MPSIMOTO BIUIMBY, CKaHYBaHHS 30BHIIIHBOTO CEPEIOBHINA HEMPSMOTO BIUIMBY, iMeHTH(MIKAIis 3HAYYIIMX CIaOKUX
CUTHaJIIB, po3poOka cueHapiiB, GpopMyBaHHS CKIaly raidy3eBuUX (DaKTOpiB ycmixy. 3ampoIlOHOBAHO JIOTIYHY CXeMy BHKOHAHHS
CTPaTeTivHOr0 MOHITOPHHTY Ta Horo iHdopMorpamy, siki yOCOOTIOIOTh TEXHOJIOTII0 MOHITOPHHTY SIK CTaJil IPOIECy yIpPaBIIiHHSI, 10
IO CyTi € hopMaIli3oBaHUM 3HAHHAM HOTO 37iHCHeHHs. Y Takuil CHocid OTpUMaHO OpraHi3aliiiHy pyTHHY, sSKa OIHCY€E HOCIiIOBHICTh
CTaHJAPTHUX OTIEPaIliif, KOTPi HAJAFOTh MOXKIIMBICTh KOOPJAWHYBATH JisTbHICTh YIIPABIIHCHKOTO EPCOHATTY.
KuiouoBi ciioBa: TeXHOJIOTISI yIpaBIIiHHS, CTAis TA OIEpAllis IIPOIIECy YIPaBIiHHs, KOHKYPEHTHA IepeBara, MOHITOPHUHT.

OOMAJIM3AIUA TEXHOJIOI'NN YIIPABJIEHUA KAK COCTABJIAIOIIASA
KJIIOYEBOM CIIOCOBHOCTH MPEANPUSTUAA

B craTbe paccMOTpeHa TEeXHOJOTHS KaK COCTaBILIIOLIAsl KIFOUEBBIX CIIOCOOHOCTEl opranm3anuu. OxapakTepH30BaHa TEXHOIOTHS B
IIUPOKOM CMBICIIE KaK COBOKYIHOCTh (popmanu3oBaHHbIX 3HaHMHA. CdopMupoBaHa OCHOBHAs 3aaadya JOOOW TEXHOJIOTHH,
3aKITI0YAIOIIASICS B ONPEIeIeHHN CTPYKTYPBI MPOIIECCca U MPUEMOB, C MOMOIIBIO0 KOTOPBIX BBIMONHSIOTCS €r0 OTEIbHBIC OMEePAIHH.
[Ipennoxeno onpexaeneHne NeGUHUNNN "TEXHOJOTHS YIpPaBICHHUS , KOTOPYIO OTIMYAET OT CYHIECTBYIOIIMX aKLUCHTUPOBAHHE HA
COBOKYITHOCTH (hOpMaIM30BaHHBIX 3HAHMIT O BBITOJHEHHUH TIPOIIECCca YIPABICHUS OTHOCHTEIILHO COCTaBa M MOCIEI0BATEIIEHOCTH €ro
CTaguMii W omepanuii, IepedHs BXOMIIIeH M HCXOMiled HHGOpPMAlUM IO ONepalusM, OIHUCAHHS METOJOB MOJYYeHUS H
npeoOpa3oBaHys BXOAHOH HMHGpOpMAIMK U TMPOQPEeCCHOHATLHO-KBAUTN(GHUKAINOHHEIX TPeOOBaHUH K YIIPaBIEHYECKOMY IEPCOHAIY.
Jloka3aHo, 4dTO yIpaBieHYecKas TeXHouorus Omaromaps Qopmanu3anuu TO3BOJISIET MEHEKEpaM  BBIIOJIHATH YETKO
CKOOPANHUPOBaHHBIE AeCTBHs Ge3 JOMOIHUTENBHBIX pacrmopsukeHui. O60CHOBaHO, 4TO (opManu3anust 3HAHUN YIPaBICHIECKON
TEXHOJIOTHH JOJDKHO OCYIIECTBISITECS B JIOTHYECKHX CXEMax IpOIlecca YNpPaBICHUs M €ro CTaguii, OTPaKAIOMIUX CTPYKTYPY
Mpolrecca ¥ B3aMMOCBSI3b MEKIY €ro COCTaBIAIomUMH. [IpemiokeHo kak crnoco0 GopMalin3aluy HCIOIb30BaHHEe 0c000# (HopMbl
uHpopMaMoHHON Monenn - HHGOPMOrpaMMbI MpoIlecca YIpPaBICHUs, COAepXkaiieil MHPOPMAIMIO MO COCTaBy U METOAaM
BBIMOJTHEHUST KaXJI0H cramuu u omnepanuu. Dopmann3oBaHO CTaguio Ipouecca ymnpasieHHs MoHHTOpHHI. OrmpeneneH cocTaB
oIepanuii CTpaTernyeckoro MOHUTOPHMHIA: CKaHUPOBAHHE BHEIIHEH CpeIbl MPSMOTO BO3JIEHCTBHUS, HHTepIpeTanus nHdopmamum o
BHEIIIHEH cpelie MPsSMOTo BO3JCHCTBUS, CKaHMPOBAHHS BHEIIHEHW Cpelbl KOCBEHHOI'O BO3ACHCTBHS, WACHTHU(HKAIWS 3HAYUMBIX
cnalbbIX CHTHAIOB, pa3paboTka clieHapHeB, GopMHPOBaHME COCTaBa OTPACIEBHIX (aKkTOpoB ycrnexa. [IpeanokeHo JOrnueckyo cxemy
BBIMIOJTHEHUSI CTPATETMYECKOr0 MOHHTOPHHTA ¥ ero HHGOPMOTpaMMy, KOTOPBIE COCTABISIFOT TEXHOJIOTHIO MOHHTOPHHTA KaK CTaJuu
mporecca yIpaBIeHUs] W MO CYTH SIBISIOTCS (OPMATM30BAHHBIM 3HAHWEM €ro OCYIIECTBICHHs. TakuM 00pa3oM, MOIy4eHO
OpraHMU3aIMOHHYI0 PYTHHY, OMUCHIBAIOIIYIO ITOCIEA0BATEIBHOCTD CTAHAPTHBIX OTEpAIrii, KOTOPbIE MPEAOCTABISAIOT BO3MOKHOCTh
KOODPJIMHHUPOBATH JEATEIBHOCTD YIIPABIEHYECKOTO IEPCOHAA.

KiioueBbie cli0Ba: TEXHOJOTHS YIPABICHUS, CTaqus W OIEpAIMs MPOIecca YMpPaBICHHUS, KOHKYPSHTHOE MPEUMYIIECTBO,
MOHHUTOPHHT.

123




124

ISSN 2522-9818 (print)
UDC 657

Innovative technologies and scientific solutions for industries. 2017. No. 2 (2)

T. MomoT, |. KOLIADA

COMPLIANCE CONTROL FOR ENSURING THE FINANCIAL SECURITY OF
BANKING INSTITUTIONS: STATE, PROBLEMS, PROSPECTS

The subject matter of the article is conceptual and applied aspects of the implementation of the compliance control for ensuring the
financial security to banking institutions. The aim of the study is the complex comprehension of conceptual and methodical
approaches to the implementation of the compliance control for ensuring the financial security to banking institutions and the
development of practical recommendations for its optimization. The tasks are: to systematize approaches to the definition of the
compliance control concept for ensuring the financial security to banking institutions; to define the problems of development and
legitimation of the compliance control for banking institutions; to study the content, functions and principles of the compliance
control for banking institutions; to generalize the features of managing the compliance risk in the banks of Ukraine; to develop the
ways for establishing the efficient system of the compliance control for banking institutions and to determine the strategic priorities
for ensuring the financial security of banking institutions. The general scientific methods were used, in particular, logical
generalization, grouping, analysis and synthesis, system analysis, the graphical and analytical method to visualize the results of our
research. The following theoretical and practical results are received: the problems of development and legitimation of the
compliance control for banking institutions were determined; the lack of a unified approach to understanding the social and
managerial nature of compliance was proved. The phenomenon of compliance is usually analyzed in social, political, legal and
economic dimensions. Consequently, scholars did not succeed in suggesting the universal interpretation of the content of the
polysemantic category “compliance”. An attempt to Systematize approaches for determining the compliance control concept to
support the financial security of banking institutions was made. The author’s definition of the compliance control concept was
suggested and the necessity of its implementation was determined with the obligatory consideration of the specifics of the conditions
and the place of its implementation. The content of compliance control was studied and the importance of its introduction was
emphasized in the context of the system of detection, identification and neutralization of risks, maintaining positive business
reputation, minimizing costs and saving bank assets. The features of managing the compliance risk on the basis of the positive
experience of providing compliance control to the reliable bank institutions of Ukraine were highlighted. The lack of clear instructions
regarding the efficient system of the compliance control in the banking laws of Ukraine was testified. Therefore, to study the
appropriate international theory and practice was suggested. The issues of the organization of the management of banks compliance
risks, the operational risk management, the reputation risk management, and so on should be emphasized first of all. Conclusions: At
present, the development and implementation of the National strategy for ensuring the financial security of banking institutions is of
primary importance as well as drafting the Standard Statute on the structural unit for organizing and implementing compliance,
introducing the positions of compliance officers and developing job instruction for them, formulating functionally reasoned
deontological standards of their professional activity. The nationwide standard of compliance control should be developed under the
patronage of the National Bank of Ukraine and the Association of Ukrainian banks.

Keywords: economic security, financial security, the system of the financial security support, compliance control, compliance
risks, the National strategy for ensuring the financial security of banking institutions, compliance officer.

Introduction

The foreign capital in domestic banking institutions
has led to new approaches to banking business in Ukraine.
Leading global banking institutions are expanding
opportunities for the domestic banking sector through the
introduction of new banking products and services, which
contributes to increasing the volume of the client base of
banks and increasing their share in the financial market.
At the same time, the modernization of the banking sector
of the economy causes new difficulties. Thus, the
introduction of new banking products and services result
in new types of risks. Therefore, the issue of finding
innovative approaches to risk management in banking
institutions is of great importance. Risk at the level of
banking institutions that are considered as credit,
operational or legal are inherently the manifestations of
the risks of higher levels (macroeconomic and political).

Traditional internal control systems have failed to
respond adequately to a wide range of risks. As a result,
the current system of risk management requires significant
modernization, which includes introducing the effective
compliance control as an important component of the
financial security system of banking institutions.

The analysis of literary sources and problem setting

Recently, the security systems for financial
institutions have been the subject of research by
economists and lawyers. The authors mainly focused on
the general theoretical issues of organization and
implementation of internal control. Some aspects of this
problem were considered by D. Malykhin [8],
E. Pustovalova E. [9], M. Seleznyev [7], |. Astrakhantsev
[10], A.Terekhov [12], V. Senchagov [18], D. Bobylyov
[11] and others. At the same time, the analysis of their
works shows that there is no tradition of studying the
phenomenon of compliance control in the system of
supporting the financial security of banking institutions.

The goal and objective of the research

The goal of the study is to understand conceptual
and methodological approaches and to develop practical
recommendations for the implementation of the
compliance control for ensuring the financial security of
banking institutions. The objectives of the study are: to
systematize approaches to the definition of the compliance
control concept for ensuring the financial security to
banking institutions; to define the problems of
development and legitimation of the compliance control
for banking institutions; to study the content, functions

© T. Momot, 1. Koliada, 2017
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and principles of the compliance control for banking
institutions; to determine the features of managing the
compliance risk in the banks of Ukraine; to develop the
ways for establishing the efficient system of the
compliance control for banking institutions and to
determine the strategic priorities for ensuring the financial
security of banking institutions.

The research material

The Oxford English Dictionary interprets
compliance as an action in accordance with a request or
command, obedience [1].

Compliance as a professional activity was initially
introduced in western countries and later appeared in
Ukraine. This concept was first consolidated in the
“Methodological Recommendations on  Improving
Corporate Management in Ukrainian Banks” approved by
the Resolution of the Board of the National Bank of
Ukraine dated 28.03.2007 No. 98. This document states
that compliance is considered as the activity linked with
the requirements of legislation and internal procedures.
Compliance was considered through the prism of the need
for knowledge, understanding and meeting all the
requirements of the current legislation, norms, rules and
regulations, internal policies, standards and codes
regarding bank activities [4].

The compliance control system is an integrated
system for managing compliance risk, which enables
identifying the type of risk and monitoring it
systematically while ensuring the continuous operation of
the bank and minimizing the level of threats that have
non-financial nature of bank losses. This system includes
the following components: the objects and principles of
compliance control; a list of internal banking regulations
that ensure the implementation of compliance control; a
set of internal bodies of the bank which carry out
compliance control [1].

The objects of compliance control are the following:

- managing the conflicts of interest that can arise
between the bank and clients, on the one hand, and
between the bank and its employees, on the other hand;

- activities related to preventing the bank’s activities
that contradict the requirements of the current legislation;

- data handling and protection;

- moral and ethical standards.

The main principles of compliance control are the
following:

- the principle of investment attractiveness of
business for shareholders (a business that does not bear
legal risks and risks of the loss of business reputation and
image but is economically efficient and competitive);

- the principle of responsibility of the body the
performs the functions of compliance control;

- the principle of coverage of all points of sale of
financial services (extension of the compliance control
documents to all structural units of the bank which sale
banking products and provide services);

- the principle of implementation consistency
(compliance control as a continuous activity covering all
stages of the implementation and realization of business
processes);

- the principle of legality (compliance of the bank
with the norms of the current legislation that regulates the
banking sphere);

- the principle of responsibility (compliance with
professional and ethical standards);

-the principle of security (gaining positive
experience and the practical use of the best practices in the
regulation of processes and procedures) [2].

Internal normative bank documents regulating the
implementation of compliance control include the Policy
of reporting the bank’s problems; The policy of accepting
and giving gifts; the Policy defining the procedure for
fighting bribery and corruption in the bank; The Policy
aimed at counteracting the legalization (laundering) of
profits obtained by crime and terrorist financing; The
Privacy Policy; The Policy of conflict of interests; The
Code of Corporate Conduct and Ethics; The Regulations
on managing compliance risk, and so on [1].

The major subjects that carry out compliance control
in banking institutions include the bank supervisory board;
bank directors; the service of compliance control; other
structural units of the bank that are involved in these
activities (internal audit of the bank, profile structural
units) [3].

The attempts to combine approaches to compliance
control are widespread in the scientific literature. These
attempts are carried out in sociological, political, legal and
economic dimensions.

Considering the category of “compliances”,
scientists have not been able to offer a unified
interpretation of its essence yet. For example,
M.Selezneva believes that compliance can be regarded as
the principle of doing business by a financial institution in
accordance with the laws, rules, codes and standards
established by the competent bodies of public authorities,
professional associations and administration of a financial
institution [7]. D. Malichin considers compliance as a
capability to act in accordance with instructions, rules,
special requirements. He notes that the compliance is
carried out at two levels in the field of financial services.
On the one hand, compliance is carried out according to
external rules which should be performed by the
organization as a whole, but on the other hand,
compliance should correspond to the requirements of the
system of internal control that are established to ensure the
implementation of external requirements [8]. E.
Pustovalova interprets the compliance control as a
counteraction to money laundering and terrorist financing,
a prevention of market manipulation and dissemination of
insider information as well as the fight against corruption
[9]. In turn, individual analysts offer a universal definition
of compliance as a function of bank management bodies
in independent and permanent ensuring the regulatory and
legal acts, standards, internal organization documents are
followed, in preventing the involvement of the
organization in illegal and abusive activities as well as in
providing the supervisors and control bodies with timely
information [10]. It is difficult to agree with D. Bobylyov
who understands compliance as an area of professional
activity in the financial and banking sphere which
involves the performance of official duties, including
making decisions at all levels in accordance with the
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standards of legality and integrity established by the
institution [11].

Compliance builds the foundation for the control of
any organization that always operates according to one
rule or another. In this context, the compliance is
considered as an integral part of a management system
which includes the system of internal control [12].

In the recommendations of the Basel Committee on
Banking Supervision under the Bank for International
Settlements, the term “compliance control” is considered
as an independent activity carried out in commercial
banks for identifying, assessing, advising, tracking and
reporting the bank compliance risks. It is remarkable that
compliance risk is considered as the risk of legal liability,
financial losses, and reputational losses of a commercial
bank as a result of violating the legislation, executive
orders, business practices that relate to the commercial
activities of the bank [6].

In our opinion, compliance control is a kind of
internal control, that is a peculiar process, a set of
measures and means aimed at identifying problem
situations and monitoring the activities of the banking
institution.

It should be noted that the content of compliance
control lies in its main functions. Thus, the analytical
function involves conducting analytical system procedures
for identifying potential compliant risks. The information
function involves collecting and processing economic and
financial information that characterizes the status of assets
and liabilities of the banking institution within the
specified period of time. The warning function involves
taking measures to prevent unlawful actions from both the
bank’s staff and clients. And the function of ensuring the
efficient risk management manifests itself in identifying,
assessing risks, identifying an acceptable level of risk and
neutralizing risks.

Compliance-control functions are implemented in
the following areas:

- institutional compliance control which includes
activities related to compliance in accordance with the
established rules of internal interaction, procedures and
decision-making process;

- operational compliance control which includes
managing the operations carried out by the bank to
identify and assess compliance risks, such as those related
to the legalization of profits obtained by crime, terrorist
financing, identification of unreliable partners, risks
connected with fraud and corruption;

- compliance control of following professional
conduct rules including identifying, assessing, and
monitoring of compliance risks related to professional
business conduct and corporate ethics.

Considering the content of compliance control, its
basic principles should be analyzed. Significant attention
is paid to the fundamental principles of the
implementation of the bank’s compliance function in the
recommendations of the Basel Committee on Banking
Supervision [6]. This document sets forth the following
principles: the responsibility of the bank’s supervisory
body; the responsibility of the bank executive body;
independence; the availability of resources for the
effective implementation of the compliant function;

assistance to the bank executive bodies in the sphere of
compliance risks; the interaction with internal audit;
international cooperation; outsourcing. The organization
of the internal control system should correspond to the
following principles: the efficiency and effectiveness;
assignment of responsibilities; comprehensiveness;
timeliness; independence; confidentiality [5].

In our opinion, a list of the main principles of
compliance control should be added by the principles of
completeness, consistency, and systematicity.

Recently, the system of compliance control has been
widely introduced into domestic banks. It is interesting to
consider the experience of the compliance risk
management carried out by PAT “OKSI BANK?”, which
correspond to the highest standards of corporate
management. The Bank has established the compliance
risk management system and performed the procedures for
controlling risks, costs (losses) that happened because the
requirements of the legislation were not met, the
regulations of the National Bank of Ukraine, internal rules
and procedures as well as moral and ethical rules of doing
business. In accordance with the approved Regulations on
the organization of compliance system in PAT “OKSI
BANK” a compliance officer as a responsible person is
independent when performing their duties and reports to
the bank supervisory board only [13].

When introducing the system of the compliance risk
management in PAT “INDEKS BANK” the bank
directors applied the following principles:

- the compliance risk management is a key aspect of
the activities of Crédit Agricole Group the bank belongs
to;

- the rules for implementing the compliance control
process are not subject to discussion;

- the team that carries out compliance control is the
operating unit that makes decisions on the banking
business, attracting new customers, selling banking
products, clearing the conflict of interests and issues
related to the confidentiality of banking information;

- the system of compliance control does not hinder
the development of business, but only ensures its security;

- compliance risk is an integral part of the risk
management system in the bank;

- compliance risk management involves systematic
control over risky operations, risky amounts of the bank
internal activities, customer activities and employee work;

- compliance control rules are simple, but their
implementation requires time, and, in some cases, changes
in the bank internal culture.

The organizational structural unit that carries out
compliance control in PAT “INDEKS BANK” consists of
the head of the unit, the department of financial
monitoring, the department of deontology and financial
monitoring departments at the branches of the bank.

The main tasks of the Department of financial
monitoring in PAT “INDEKS BANK?” are:

- financial monitoring in accordance with Ukrainian
legislation and corporate requirements;

- reporting to public authorities;

- counteracting to legalization and laundering of
profits obtained by crime and terrorist financing;
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- monitoring the risk of business reputation and the
bank image;

- developing and implementing the policy “Know
Your Customer”;

- monitoring the
identification coverage;

- assessing new products and procedures for their
sale.

The competence of the Department of Deontology
includes the following issues: the development and
implementation of ethical rules; the analysis of
malpractice; work with the bank staff; conducting
seminars and trainings on risk management compliance;
ensuring the rules of conduct with confidential
information [14].

PAT “KREDOBANK” has also introduced the
system of compliance control. The bank determines the
risk as sanctions, financial losses or the loss of reputation
or trust in the bank or entities acting on its behalf in
accordance with the current legislation, internal normative
documents, accepted conduct standards and ethical
principles [15].

AT “UkrSibBank” successfully applies the system
of compliance control. In its activities, the bank follows

completeness of customer

the norms of Ukrainian legislation and international norms
and existing international financial sanctions (embargo)
and the policy of vigilance. AT “UkrSibBank™ established
the rules of conduct that should be followed by all
employees (act honestly, fairly, professionally and serve
the interests of customers). The Procedure of malpractice
reporting  “Whistle-Blowing” is  established and
successfully operates in the bank; using this procedure,
each employee can inform about any problem or ask
Compliance for necessary aid maintaining confidentiality
[16].

Summarizing, it should be noted that a number of
banks have dramatically decreased in recent years. 180
banks operated in Ukraine as of January 1, 2014,
according to the National Bank of Ukraine. But, their
number was reduced to 93 banking institutions as of
January 1, 2017. The rating of the most reliable domestic
banks in 2017 that was presented by the Ministry of
Finance of Ukraine [17] gives grounds to state that the
majority of them successfully use the system of
compliance control.

The financial indicators of banks that occupy leading
positions in the rating (according to the National Bank of
Ukraine) are given in Table 1.

Tablel. The indicators of banks that occupy leading positions in the bank financial strength rating (according to the National Bank of

Ukraine)
Bank name Stress resistance Depositor loyalty
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It is evident that the following factors affect the
increase of the rating: profitability; liquidity; capital

adequacy; the share of banks in the retail deposit market;
absolute growth of the retail portfolio of deposits; relative
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retail deposit portfolio. In our opinion, an important
additional factor of the efficiency of banking activity is
the balanced local system of compliance control.

Clear instructions for the compliant risk
management in the banking legislation of Ukraine has not
been developed so far. Therefore, banks implement risk
management systems without direction.

The development of the efficient system of
compliance control in the bank corporate management is
based on the identification of compliance risks. The
definition of the entire range of risks, both internal and
external, that form key indicators to the map of
compliance risks occupies the leading place in this
process.

The organization of the efficient system of
compliance control should be correlated with the practice
of foreign banks. A key aspect of the new system of
compliance control is the complexity which involves the
combination of the bank compliance risk management
with the operational risk management and the reputational
risk management.

The discussion the research results

composition and specificity of t threats, the strategy
should be designed taking into account internal and
external threats and should include preventive and
restrictive measures. The strategy of bank financial
security is developed in accordance with the economic
standards of the National Bank and should be agreed upon
by the general economic strategy and built on the basis of
the current regulatory and legislative basis [20].

Conclusions

It should be noted that the first priority is the
development of the legislative basis for the
implementation of compliant control systems. Particular
attention in the new system of compliance control along
with compliant risk management should be paid to the
minimization and management of operational risk.
Constant monitoring the activities of the bank staff
regarding the compliance with the requirements of the
legislation and internal regulations will help minimize the
risk of using the bank for money laundering and ensure
the stability of the reputation of the bank in the market
[17].

According to the results of the conducted researches,
it has been established that the security of banking
systems is crucial for ensuring the normal operation of
financial institutions.

A prerequisite for maintaining a long-term
competitive advantage is the development of the efficient
financial and economic strategy as the main component of
the security of banking institutions. V. Senchagov
considers the strategy as understanding a set of the most
significant decisions and measures aimed at ensuring the
adequate level of security of bank operation [18]. A.
Alverdov considers the strategy as a set of long-term goals
and managerial approaches whose implementation
protects the banking institution against potential threats of
the violation of commercial and banking privacy as well
as hurting the banking property and recourses of a non-
monetary nature [19].

Taking into account the specifics of the present
development of the banking sector, the factors that affect
the implementation of the financial security strategy of
banking institutions should be determined, namely: the
high level of criminal offences; insufficient qualification
of security personnel; insufficient financial support. The
objects to be protected are: information that contains
banking and commercial secrets; property (mainly
monetary funds); bank personnel. Depending on the

Thus, it should be noted that the necessity of
developing the nationwide Strategy for ensuring the
financial security of banking institutions at a centralized
level has risen in Ukraine; the implementation of the
world and European standards for the implementation of
compliance control is particularly emphasized. This
approach objectively encourages the implementation of a
civilized model of work with customers and staff. In order
to reduce the negative impact of threats on the state of
banks, the National Strategy should provide a number of
such priority measures as:

- conducting a well-considered policy in the field of
economic and financial security of banks;

- increasing the efficiency and reducing the cost of
banking services;

- strict compliance with banking legislation;

- paying great attention to increasing confidence in
the bank, in its advertising, strengthening the transparency
of the financial condition of banks;

- conducting a well-considered personnel policy, in
particular in the areas of recruitment, training,
remuneration and social protection;

- improving the quality of IT support;

- implementing compliance control.

The systematic use of these measures allows banks
to remain marketable and solvent and to withstand various
threats and to eliminate their consequences autonomously.

The conceptual diagram of developing the strategy
for ensuring the financial security of banking institutions
with the use of compliance control is presented in Fig. 1.

Also, in our opinion, there is the necessity to
develop the Standard Statute on the structural unit
(section, department, service) for organizing and
implementing compliance in a banking institution.

It seems reasonable to introduce institutions the
position of a compliance officer into banking institutions
and to include it in the State Classifier of professions DK
003: 2010 specifying qualification characteristics,
knowledge, skills and qualification requirements for the
position mentioned above. Also, job descriptions should
be developed; they should contain the qualification
requirements for this category of staff (authority),
competence and deontological standards of conduct and
professional activity.

Also, it is necessary to introduce normative
discipline or special training course “Fundamentals of
Compliance control” into the specialized higher
educational institutions, which enables developing a
holistic and objective view of the role and place of
compliance in the activities of banking institutions and
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increasing the professional and cultural level of future

specialists.

PROPERTY

EXTERNAL
THREATS

INTERNAL
THREATS

INFORMATION

* Wise policy in field of economical and financial security of bank
* improving efficiency and cost reduction of banking services;
* Strict observance of legal requirements in field of banking activity;
* Focusing attention on the improvement of trust in a bank,
its advertisement and improvement of transparency of banking financial condition;
* Wise staff policy, in particular field of staff’'s selection, staff’s training,
laborious payment and social security;
+ quality improvement of IT support;
* Introduction of compliance-control;

Fig. 1. The conceptual diagram of developing the strategy of ensuring the financial security of banking institutions with the use of
compliance control

Taking into account the necessity to increase the
social responsibility of banking institutions and the quality
of customer service, the skills of specialists (compliance
officers) that are authorized to carry out compliance
control should be continuously improved. Therefore,
interactive classes (trainings, colloquiums, round tables,
and so on) should be included in the system of
postgraduate training.

In our opinion, a series of national and regional
round tables for discussing the topical issues of
organization and implementation of compliance control in
banking institutions should be initiated; this will
contribute to the development of unified algorithms for
responding to typical and unusual situations.

Such activities should be carried out under the
patronage of the National Bank of Ukraine and the

Association of Ukrainian Banks.
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KOMILJIAEHC-KOHTPOJIb Y CUCTEMI 3ABE3NIEYEHHS ®THAHCOBO{
BE3IIEKHN BAHKIBCBbKHUX YCTAHOB: CTAH, TIPOBJEMMU, IEPCIIEKTUBH

IIpeqMeToM IOCII/DKEHHS € KOHLENTYAJIbHI | IPHUKJIAJHI acleKTH BIIPOBAIKCHHS KOMIUIA€HC-KOHTPOIIO B CHCTeMi 3a0e3reueHHs
¢inancoBoi Oe3nekn OaHKIBCBKHMX YCTaHOB. MeTa JOCTIDKEHHS MHOJNSAra€ B KOMIUIEKCHOMY OCMHCIEHHI — KOHIENTYaJbHO-
METOJUYHUX IiXOIIB IO BIPOBA/DKEHHS KOMILIAEHC-KOHTPOJIIO B CHCTeMi 3abe3nedeHHs GiHaHCOBOi Oe3nekn OaHKiBCHKMX YCTaHOB
Ta po3podIi MPaKTUIHUX PEKOMEHIAIIH oMo Horo onTHMizamii. 3aBIaHHA: CHCTEMATU3yBATH MiIXOAW IO BU3HAYEHHS TOHATTS
KOMILJTA€HC-KOHTPOJIIO B CHCTEeMi 3abe3mnedeHHs (iHaHCOBOI Oe3MeKd OaHKIBCHKUX YCTAHOB; BU3HAYUTH MPOOJIEMH apTUKYIAIIl Ta
JIEraJIbHOTO 3aKPIIUICHHS KOMIUIA€HC-KOHTPOJIIO OaHKIBCBKMX YCTAaHOB; NOCTIAWTH CYTHICTh, (DyHKIIi Ta HMPHHIMIN KOMIUIA€HC-
KOHTPOJIFO B GaHKIBCHKHX YCTaHOBaX; y3arajJbHHTH OCOOJIMBOCTI YIPAaBIiHHS KOMILUIA€HC-PH3UKOM B OaHKIBCBKHMX YCTaHOBaX
Ykpainu; po3poOMTH HUIAXH OpraHizaiii ¢(peKTUBHOI CHCTEMH KOMIUIAEHC-KOHTPOJII B OAaHKIBCBKHX YCTAHOBAaX Ta BHU3HAUUTH
cTpareriuHi npioputeTn 3abe3neueHHs GiHaHCOBOI Oe3nekn 0aHKIBCBKHX YCTaHOB. BHKOPHCTOBYIOTHCS 3arajbHOHAYKOBI METOMM:
a0CTPaKTHO-JIOTTYHOrO y3arajJbHEHHs, TPYIyBaHHs, aHaji3y Ta CHHTE3y, CHCTEMHOTrO aHajli3y, rpadiko-aHaTITHYHUHN IS Bi3yaurizamii
pe3ynbTaTiB pociimkeHHs. OTpUMaHO TakKi TEOPSTUYHI | MPaKTHYHI Pe3yJbTaTH: BU3HAYCHO MPOOIEMH apTHKYJILIT Ta JIeralbHOro
3aKpIIUICHHS! KOMIUIA€HC-KOHTPOJIIO OaHKIBCBKMX YCTAaHOB. 3’SCOBAHO, IO B HAYKOBill JiTepaTypi BiACYTHIH €IWHWI maxix no
PO3YMIHHS COLiaJIbHO-YIPABIIHCHKOI TPHPOAN KOMIUIA€HCY. 3a3BH4Yail (p)eHOMEH KOMIUIAEHCY aHAJI3YEThCS y COILIOJIOTIYHOMY,
MOJIITOJIOTIYHOMY, FOPUINYHOMY Ta E€KOHOMIYHOMY BUMipaX. SIK HacIiOK, HayKOBII JOHWHI HE CHPOMIINIHCS 3alpONOHYBaTH
YHiBepcaJbHEe TIIyMaueHHS CYTHOCTI IOJIICEMAaHTHYHOI Kareropii "komimraenc". 3xificHeHa cmpoba CHCTeMaTH3yBaTH IIXOAW IO
BU3HAYEHHS ITOHATTS KOMIUIA€HC-KOHTPOJNb B CHCTeMi 3abe3nedeHHs (iHaHCOBOI Oe3nekn OaHKIBCHKMX YCTaHOB. 3alpOIIOHOBAHO
aBTOPCHKE BU3HAUCHHSI MOHATTS KOMILUIA€HC-KOHTPOJIb Ta BU3HAHA HEOOXITHICTh HOTO 3ampoBaXKeHHs 3 000B’I3KOBUM ypaxyBaHHIM
crerudikd YMOB Ta MicIsl HOro mpoBeaeHHs. J[OCHiIKEHO CYTHICTh KOMIUIAE€HC-KOHTPOJIIO i HaroJjiolIeHO Ha BaXJIMBOCTI HOTO
BIIPOBA/DKEHHS] Y KOHTEKCTI CTBEp/XKCHHSI CHCTEMH BHUSBIICHH, ineHTHGIKaLil Ta HeWTpai3auii pu3uKiB, 30epeKeHHs] NO3UTHBHOT
ninoBoi peryraiii, MiHIMi3alil BUTpaT Ta 30epe)KeHHs akTHBIB 6aHKy. BHOKpeMIIeHO 0COOIMBOCTI YNpaBliHHS KOMILIAEHC-PU3HKOM
Ha OCHOBI O3HAHOMIJICHHS 3 HMO3UTHUBHUM JOCBIZIOM BIIPOBA/DKEHHS KOMIUIACHC-KOHTPOJIIO B HANIMHHUX BITUM3HSHHX OaHKIBCHKHX
ycraHoBax. 3’sCOBaHO, IO B OaHKIBCBKOMY 3aKOHOJABCTBI YKpaiHM BiJCYTHI WiTKi IHCTPYKTHBHI IIOJIOXEHHS IOAO OpraHi3amii
e(EeKTHUBHOI CHCTEMH KOMIDUIA€HC-KOHTPOIIO. TOMy 3ampOoIOHOBaHO CHCTEMHO MIOCTIJUTH BiJIOBIIHY 3apyOiXHY Teopilo Ta
MIPaKTHKY, NEpPIIOYEepProBO 30CEPEeIUBIIN yBary Ha IpoOJeMax OpraHi3amii yHmpaBIiHHS KOMIUIA€HC-PU3HKIB OaHKY, yIpaBIiHHI
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olepalifHIM PU3UKOM, YIPaBIIHHI PU3UKOM pemyTalii Tomo. BucHoBku: CtaHOM Ha TenepilHii yac 00’€KTUBHO HEOOXiTHUM €
PO3po0IeHHs 1 MpUIHATTS 3aragbHOHaIioHaTbHOT Crparerii 3a0e3nedeHHs (iHaHCOBOI Oe3NeKn OAHKIBCHKUX YCTAHOB, IiJITOTOBKU
THUIOBOTO MONIOXKEHHS PO CTPYKTYPHHUH MiIPO3LT 3 KOMIDIAEHCY, 3allpOBaPKeHH 1T0cal KOMILTacHC-0direpiB, po3poOKu s i€l
KaTeropii IepcoHaly ImocafoBoi IHCTPYKHil Ta (opMymoBaHHS (YHKIIOHATEHO OOIPYHTOBAaHMX JIEOHTOJIOTIYHUX CTaHAAPTIB
npodeciiiHoi  misibHOCTI. DOpMyBaHHS 3arajlbHOHAILIOHATBHOTO CTAHAAPTY KOMILUIAEHC-KOHTPONIO Ma€ 3OifCHIOBATHCS Mix
narponaTom HarioHaneHOro 6aHky Ykpainu ta Acomiaiii ykpaiHChbKuX OaHKiB.

KarwuoBi ciaoBa: exoHomiuHa Oesmeka, (iHaHcoBa Oesmeka, cucrema 3abesrneucHHsS (iHAHCOBOI Oe3MeKH, KOMILIA€HC-
KOHTpOJIb, KOMIUIA€HC-PU3HMKH, 3araibHOHAI[lOHANbHA cTparteris 3a0e3nedeHHs (iHaHCOBOI Oe3nmekn OaHKIBCHKUX YCTaHOB,
KOMILIaeHC-0ditep.

KOMIITIAEHC-KOHTPOJIb B CUCTEME OBECIIEYEHUA ®IHAHCOBOU
BE3OITACHOCTH BAHKOBCKHUX YYPEKJAEHUU: COCTOSHUE, ITPOBJIEMBbI,
HEPCIIEKTHUBbBI

IIpeameToM ¥CCIEIOBAHUS SBISIOTCS KOHLENTYAlbHbIC M HPHKIAIHBIC aCIEKThl BHEAPCHUS KOMILUIACHC-KOHTPOJS B CHCTEME
obOecrieueHus1 (PUHAHCOBOM 0OE€30MaCHOCTH OAHKOBCKMX yupexaeHuil. Lleab ucciaenoBaHuss COCTOUT B KOMITJICKCHOM OCMBICICHUH
KOHIIENTYaJIbHO-METOIMYECKHX MOX0/I0B K BHEIPEHHIO KOMILIACHC-KOHTPOIISL B CUCTEMY obecredeHus (MHAHCOBOIl O€30MacHOCTH
GAaHKOBCKHX yUYPEXKICHUI U pa3paboTKe MPAKTHYECKUX PEKOMEH/IALNH 110 €ro ONTHMH3AINK. 3aAa4M: CHCTEMAaTH3UPOBATH MOIXO/IbI
K OINpPEETICHUIO MOHITHS KOMIIACHC-KOHTPOJISI B CHCTEMe oOecreueHus] ()MHAHCOBOW 0€301acHOCTH OAaHKOBCKHX YUPEXKICHHMH;
OIPEAENUTh MPOOJIEMBbl APTHKYJSIIMK M JIETAIFHOTO 3aKPEIUICHUS! KOMIUIACHC-KOHTPOJIST OAHKOBCKHX YUPEKACHHI; HCCIeI0BaTh
CyTh, QYHKIIMM M NPUHIUITEI KOMILIACHC-KOHTPOJIST B OAHKOBCKUX YUPEKACHHIX; 0000IIUTh 0COOCHHOCTH YHPaBICHHUS KOMILIACHC-
pUCKOM B OAQHKOBCKUX YUPEKACHHSIX YKPaWHBI; pa3paboTaTh MyTH OpraHu3aiyu d(QQeKTHBHOI CHCTEMBI KOMIUIACHC-KOHTPOJIS B
0aHKOBCKUX YUPCKICHHUSIX M OIPEACIUTh CTPATEIMUECKHE IIPUOPUTETHI oOecreucHus: (UHAHCOBOM 0E30HacHOCTH OaHKOBCKUX
yupexaeHui. Mcmonb3yores o0leHayYHbIe MeTOAbI: a0CTPaKTHO-JIOTHYECKOTO O000OIICHHMS, TPYNIIMPOBKH, aHAIU3a U CHHTE3a,
CHCTEMHOTO aHaJn3a, IpahuuecKO-aHATMTHYCCKUM JUTS BU3yallM3alliy PE3yJIbTaTOB HCCIeA0BaHuUs. [10IydeHbl TAKHe TEOPETHICCKUE
U TIPAKTUYECKHE Pe3yJIbTAThI: ONPE/ICICHbI MPOOIEMbI APTUKYIISALMH 1 JICTATBHOTO 3aKPEIUICHHUST KOMILIACHC-KOHTPOJIS OQaHKOBCKHX
ydpexieHnil. BeisicHeHO, YTO B HaydyHOH JIUTEpaType OTCYTCTBYET €IMHBIH MOXOJ K HMOHMMAHHWIO COLMAIBHO-YIIPaBICHYECKON
npupo/p! KomutaeHca. OOBIYHO ()eHOMEH KOMIUIACHCA aHAIM3HPYETCSl B COLMOJIIOTMYECKOM, MOJIUTOJIOTHIECKOM, IOPUANYECKOM U
9KOHOMHMYECKOM u3MepeHHsX. Kak cieacTBue, ydeHble HE CMODIM IPEIJIOKUTH YHHBEPCAJIbHOE TOJKOBAaHUE CYIIHOCTH
TIOJIMCEMAaHTHIECKOM Kareropuu "komiuiaeHc". OcylIecTBIeHa IONBITKA CHCTEMAaTU3UPOBATh IOAXOJBI K OIPEICICHUIO TTOHSITHS
KOMIUTACHC-KOHTPOJISI B CHUCTeMe oOecriedeHus: (pUHAHCOBOM 0€30MacHOCTH OaHKOBCKHMX yupekaeHHH. [IpenokeHo aBTOpcKoe
OIIpeJIeICHUE MOHATHS KOMIUIACHC-KOHTPOJIS M OIIpe/ielieHa HeOOXOMIMMOCTh €r0 BHEJPEHHs C 00sA3aTeIbHBIM Y4ETOM CICHU(DUKH
YCIIOBHH M MecTa ero nposeieHus. VccliejoBaHa CyIHOCTh KOMILUIAGHC-KOHTPOJISL M aKIEHTHPOBAaHO BHHMAaHHME HA Ba)KHOCTH €ro
BHE/IPCHNUS] B KOHTEKCTE YTBEP)KJCHUS CHCTEMbI BBISBICHUS, HICHTU(DUKALMN U HEHTpaIM3alii PUCKOB, COXPAHCHUs MO3HTHBHOM
JIeJIOBOIl peIyTaluy, MHHUMHU3AaLIUH PACcX0/J0B M COXPAHEHHH aKTUBOB OaHKa. BBIIBICHBI OCOOEGHHOCTH YIpPaBICHHs KOMILIACHC-
pPUCKOM Ha OCHOBE O3HAKOMJICHHSI C IOJIOKUTEIBHBIM OIIBITOM BHEIPEHMS KOMIUIAGHC-KOHTPOJSI B HAJEXKHBIX OTEUECTBEHHBIX
OaHKOBCKHMX YUPEXKICHHSX. BBIICHEHO, 4TO B OAHKOBCKOM 3aKOHOJATENILCTBE OTCYTCTBYIOT YETKHE MHCTPYKTHBHBIE IOJOKCHUS
OTHOCHTENIHO OpraHu3aiuu 3(p(eKTHBHON CHCTEMBI KOMILIaeHC-KOHTPOIs. [l09TOMy MpEeayiokeHO CHCTEMHO HCCIe0BaTh
COOTBETCTBYIOIYIO 3apyOeKHYIO TEOPUIO M MPAKTHKY, COCPEIOTOYUB BHHMAHHE B IMEPBYIO O4Yepe/b Ha MpoOiIeMax OpraHM3aluu
YIpaBIeHHUs] KOMIUIACHC-PUCKOM OaHKa, YIPABICHUH ONEPAlHOHHBIM PHCKOM, YIIPABICHHH PHCKOM peryTaluu U jap. BeiBoabl: B
HacTosiee BpeMs OOBEKTHBHO CYIIECTBYET OCTpas HEOOXOIMMOCTh pa3paboTku u mpuHsATHA OOmeHannoHanbsHOW CTpaTerun
obecrieueHust (UHAHCOBOM 0€30MacHOCTH OAHKOBCKHX YUYPEXKICHHH, ITOATOTOBKA THIIOBOTO TIONOXKEHHS O CTPYKTYPHOM
MOJIpa3JiefIeHNy 10 KOMIUIACHCY, BBEACHHE JOJDKHOCTEH KOMIUIaeHC-o(UIepoB, pa3pabOTKH Ul 3TOH KaTeropuy IepcoHaia
JIOJDKHOCTHOW MHCTPYKLIUH U (GOpMyJIHpOBKa (PYHKIMOHAIEHO 0OOCHOBAHHBIX JICOHTOJOINYECKUX CTaHIapTOB MPOdeccHnoHaIbHON
nesitenbHOCTH. DopMupoBaHKe OOIIEHAIMOHATIBHOTO CTaHIApTa KOMIUIAGHC-KOHTPOJISI JOJDKHO OCYIIECTBISITHCS MO IMaTPOHATOM
HanmonansHoro 6anka YKpanHbl U ACCOLMAIMN YKPAHHCKUX OaHKOB.

KnioueBble ciioBa: SkoHOMHYECKas 0€30MacHOCTh, ()MHAHCOBas O€30MaCHOCTh, CHCTeMa oOecredeHuss (PHHAHCOBOM
0e30MMacHOCTH, KOMIUIACHC-KOHTPOIb, KOMIUTaeHC-pHCKH, OOUIeHAIIMOHATbHAS CTpaTeruss (UHAHCOBOW 0€30macHOCTH OAaHKOBCKUX
YUpeKICHHH, KOMILTaeHC-0hHIEp.
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THE ANALYSIS OF STRUCTURAL CONFIGURATIONS FOR IMPLEMENTING
COMPETITIVE STRATEGIES

Among the directions of increasing the competitiveness of enterprises, the development of an adequate organizational structure is of
primary importance. This structure will ensure the efficient and coordinated interaction of all business units of the enterprise for
implementing competitive strategies. The article analyzes the choice of the organizational configuration of the enterprise structure for
the three M. Porter’s competitive strategies, they are cost leadership strategy on the basis of the reduction in costs (prices); the
differentiation and focus strategies. To analyze the organizational and structural component of the implementation of competitive
strategies, the situational approach is suggested. The first stage of this approach is the empirical analysis of the parameters of impact
on the choice of the organizational structure. At the second stage, the analysis is formalized in the form of the table of rules table,
which enables further developing the knowledge base of the expert system. At the third stage, experts, management consultants,
provide each rule with a certain weight that reflects the expert’s opinion about the impact of each particular factor of the internal and
external environment on the parameters of the management structure. The strategic set should involve the structural strategy that
should include an analysis of the existing structure, the possibility of its adjustment and changes in accordance with the company's
competitive strategy, the analysis of external and internal factors that can affect the organizational structure. The results of the study
are the expert tables of values of organizational and structural parameters obtained experimentally that are used for developing and
introducing the organizational structure of the enterprise in the process of implementing the chosen competitive strategy. The software
implementation of the expert system by using modern information technologies will provide an opportunity to use the developed

system for creating the project of a management structure for a particular enterprise that supports its competitive strategies.
Keywords: enterprise competitiveness, organizational structure, competition strategy, organizational configuration, situational

approach.

Introduction

The methods of the study

Among the areas of increasing the competitiveness
of enterprises, special attention is paid to the development
of an adequate organizational structure, which will ensure
efficient and coordinated interaction of all business units
of an enterprise for implementing competitive strategies.
From all mechanisms of strategy implementation, the
structure is the most inert and can contribute to strategic
development or slow down it, therefore, the development
and reform of the structure should be based on the
scientific and practical principles of the economy and
based on the fundamental principles of the theory of
management.

The analysis of literary sources

The dependencies among the individual factors of
the external and internal environment of the enterprise and
the type of its organizational structure were investigated in
the works of O.E. Kuzmin, O.G. Melnik [2], Yu.B. lvanov
[1], A.S. Afonin, V.P. Nesterchuk [3], M.M. Martynenko
[4], R. Duff [5], G. Mintzberg [6], G. Nazarova, O.
Ivanisov, O. Dorovsky, and others. However, the problem
of the structural configuration which contributes to the
adopted competitive strategy in the best way has not been
solved and substantiated yet and still requires an
individual scientific and practical study.

The goal and objectives of the study

To analyze the organizational and structural
component of the implementation of competitive
strategies, the use of the situational approach is suggested
applying expert methods and taking into account such
parameters as management style, enterprise size,
technology, the state of the environment, the level of
centralization, formalization, complexity, information
needs. The first stage of this approach is the empirical
analysis of the parameters of impact on the organizational
structure choice. At the second stage, the analysis is
formalized in the form of the table of rules, which enables
further developing the knowledge base of the expert
system. At the third stage, experts, management
consultants, provide each rule with a certain weight
reflecting the expert’s opinion about the impact of each
particular factor of the internal and external environment
on the parameters of the management structure. The
software implementation of the expert system by means of
present information technologies will enable using the
developed system to create the project management
structure of a particular enterprise that supports its
competitive strategies.

The results of the study

The goal of the study is to analyze the choice of the
organizational structure of the enterprise for the three
basic M. Porter’s competitive strategies: cost leadership
strategy on the basis of cost reduction (prices);
differentiation and focus strategies.

Let us consider the results of the analysis of the
choice of organizational configuration for the three basic
M. Porter’s competitive strategies: cost leadership strategy
based on cost reduction (prices); differentiation and focus
strategies. In order to implement competitive strategies,
the main types of structures that are most widespread or
promising for industrial enterprises in the present
economic conditions of Ukraine should be chosen from
linear functional, divisional, matrix, project, program-
oriented and networked ones.

© G. Nazarova, N. Nazarov, 2017
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The strategy of cost leadership on the basis of cost
(prices) reduction is implemented in the best way by
hierarchical organizational structures in which the
minimization of costs is achieved due to central planning
and resource use, economies of scale, accumulation of
experience [7].

Organizational structures of the hierarchical
configuration have many levels of management and
significant horizontal specialization. Such organizational
structures have a certain functional specialization and are
divided into departments, which helps medium and large
enterprises work successfully [2]. The use of such
organizational structures is reasonable under the external

environment with a low level of inconsistency. At a high
level of inconsistency, such structures can be used only in
the case of low uncertainty and complexity of the external
environment. Competitive advantages are achieved due to
the standardized technology with well-defined tasks and a
small amount of information necessary for management.
The cost leadership strategy that is implemented by linear
functional structures involves manufacturing large
amounts of inexpensive standardized products for already
available identified markets. The meanings of
organizational and structural parameters for implementing
the strategy of cost leadership are given in table 1.

Table. 1. Organizational and structural parameters of implementing the strategy of cost leadership

Parameters

The range of meaning

External environment state

1. Low degree of complexity, inconsistency, uncertainty

2. High degree of complexity, low degree of uncertainty and inconsistency
3. High degree of complexity and uncertainty, low degree of inconsistency
4. High degree of controversy, low degree of complexity, uncertainty

Technologies

Standardized, more routine

Size Medium and big

Structure Linear functional

The main strategy of differentiation is a variety of
products, choice of models, batches of goods, services,
and so on. The aim to meet the needs of consumers in a
certain aspect of market activity leads to high costs, which
creates a risk of loss of competitiveness. The difference
between leadership in prices and differentiation lies in the
fact that the first can be achieved only in one way, that is
by establishing the effective cost structure, while
differentiation can be achieved in different ways [8]. One
of them is the creation of divisional structures that are
differentiated by product or region. Their application is
objectively caused by the attempts of large diversified
corporations to improve adaptation to changes in the
external environment by dividing it into production units
(divisions) which will later be given a particular level of

independence  for implementing operational and
production management and will become responsible for
the profit.

The transformation of available linear functional
structures into the division ones solved the problem of

implementing the strategy of diversification only partially
because the “crisis of bureaucracy” caused by the over-
organization of structure and opposition of the
administrative apparatus to the new forms and methods of
management did not enable quick solving new strategic
problems under the conditions of market changes. The
creation of matrix structures was an attempt to overcome
this crisis. When the main functional units are preserved,
the matrix structures create two control loops — vertical
and horizontal which operate simultaneously. The specific
areas of the organization such as production, marketing,
financing, legal support, research, development are
managed vertically. Individual projects, regional and
product ones are managed horizontally. The matrix
configuration can be used in the environment with a high
degree of inconsistency and uncertainty. The meanings of
organizational and structural parameters for implementing
the strategy of differentiation are presented in table 2.

Table 2. Organizational and structural parameters of implementing the strategy of differentiation

Parameters

The range of meaning

1. High degree of complexity, low degree of uncertainty and controversy

External environment state

2. Low degree of complexity, controversy and high degree of uncertainty,

3. High degree of complexity and uncertainty

Technologies

Different for various departments (products)

Size Medium and big

Structure

Divisional (product, regional)
Matrix (program target, project target)

The content of the focus strategy is to achieve
competitive advantages in a rather narrow segment of the
market with its specific requirements. Focusing on a
deeper differentiation of needs force the enterprise to an
almost individual approach for manufacturing products

and applying new production and service technologies.
Such strategy is better implemented by organic structures
such as program target and design target, team, and
business ones. They are characterized by hierarchy
smearing, indefinite levels of management, weak
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formalization of rules and procedures, high level of
horizontal  integration, developed links  between
cooperation and coordination, by  specialization,
temporary assignment of functions to groups, by
decentralization of management decisions. The size of the
organization does not have a decisive impact on the choice

of this configuration, however, the most favourable
conditions using this structure are enterprises of a medium
and small size. The meanings of organizational and
structural parameters of implementing the strategy of
differentiation are presented in table 3.

Table 3. Organizational and structural parameters of implementing the strategy of differentiation

Parameters

The range of meaning

1. High degree of complexity, low degree of uncertainty and controversy.

External environment state

2. Low degree of complexity and uncertainty, high degree of controversy.

Technologies

More individual, low degree of standardization

Size Medium, small

Structure Matrix (project)

Entrepreneurial, team

The choice of organizational configuration is only a
general description and the first step in designing the
organizational structure. For a more detailed description
of the organizational structure, such parameter as the
complexity of the organization is used. The complexity of
the organization is the degree of horizontal (a humber of
divisions and specialized units), vertical (a number of
levels of management), spatial (a number of branches and
the distance among them) differentiations.

Horizontal differentiation increases with an increase
in the degree of specialization in the organization, that is,
with the increase in a number of departments and
employees performing unique tasks that are different from
the tasks of other employees and departments. The level
of vertical differentiation is assessed by a number of levels
of management in the organization. To measure spatial
differentiation, such indicators as a number of
subdivisions and subsidiaries in the organization, the
average distance among them and the proportion of staff
working in the units separated from the head office are
used.

Directly proportional dependencies exist between
the size of the organization and the level of organizational
complexity: when the size of the organization increases,
the number of levels of management and the number of
units are also increased [9]. There are certain patterns in
the impact of the environment on the level of

Table 4. Recommendations on the level of organizational complexity

organizational complexity. First, the greater the degree of
the environment inconsistency, the less the degree of
organizational complexity. Secondly, the higher the
environment uncertainty, the higher the level of
organizational complexity. This is due to the fact that in
the case of high uncertainty of the external environment,
the organization needs a large number of specialists for
the adequate response to changes in the external
environment, that is, the level of specialization increases.
However, if the external environment becomes hostile,
threatening to the enterprise survivability, the complexity
of the organization should be low to ensure a quick
response to change.

The technology used in the enterprise also has an
impact on the level of organizational complexity: the
higher the degree of technology routinization, the greater
the degree of specialization; the lower the degree of
technology routinization, the greater the level of vertical
differentiation (a number of levels of management).

A high and medium degree of organizational
complexity is recommended for large enterprises with the
strategy of cost leadership based on cost reduction or
differentiation. A low degree of organizational complexity
is recommended for companies with the focus strategy
that works in the market differentiating the groups of
customers with specific needs. The following conclusions
are grouped in table 4.

Factors Factor meaning
1 2
High level of complexity

Size Big

External environment state

Low degree of complexity and inconsistency, high degree of uncertainty.
Low degree of controversy, high degree of complexity and uncertainty.

Technologies Standardized

Strategy Cost leadership on the basis of cost reduction
Medium level of complexity
Size | Big, medium
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The end of the Table 4

2

External environment state uncertainty.

Low degree of complexity, controversy and uncertainty.
Low degree of controversy, high degree of complexity and low degree of

High degree of controversy, low degree of complexity and uncertainty.
High degree of controversy and complexity, low degree of uncertainty

Technologies

Medium degree of standardization

Strategy Differentiation
Low level of complexity
Size Medium, low

External environment state

High degree of controversy, low degree of complexity and uncertainty.
High degree of complexity, low degree of controversy and uncertainty.

Technologies

Innovative, weakly standardized

Strategy Focus

The level of formalization of the organization
reflects the degree of using the pre-set rules and
procedures [4]. Establishing detailed rules and procedures
that specify the most effective methods of making
managerial  decisions is advantageous for any
organization.

The high level of formalization is typical of large
organizations that use the strategy of cost leadership in a
well-defined and stable environment as well as the

strategy of diversification in a controversial and complex
environment. The low level of formalization is reasonable
for using by enterprises that implement the focus strategy
and non-routine technologies under the conditions of a
complex  but  well-defined  environment.  The
recommendations on the level of the formalization of
managerial decisions making in the organization are
presented in table 5.

Table 5. Recommendations on the level of formalization of making managerial decisions

Factors |

Factor meaning

High level of formalization

External environment state
uncertainty

Low degree of complexity, controversy and uncertainty.
Low degree of controversy, high degree of complexity and low degree of

Technologies

High degree of technology routinization
High degree of application of information technologies.

Size Big

Strategy

Cost leadership on the basis of cost reduction

Medium level of formalization

External environment state

High degree of complexity and controversy, low degree of uncertainty.
Low degree of controversy, high degree of complexity and uncertainty.
High degree of controversy, low degree of complexity and uncertainty.
High degree of controversy and complexity, low degree of uncertainty.

Size Medium

Strategy

Differentiation

Low level of formalization

External environment state

High degree of controversy, low degree of complexity and uncertainty
High degree of controversy, complexity and uncertainty

Technologies

Low degree of routinization

Size

Medium. small

Strategy Focus

The level of the centralization of making managerial
decisions is the degree of the concentration of making
decisions by a person, which is related to the formal rights
a specific person has in the organization. The level of
centralization is determined by the degree of the
participation of the authorities in obtaining and processing
information necessary for making managerial decisions,
and by the amount of control in the context of the
implementation of these decisions.

The high level of centralization is typical for
enterprises that use the strategy of cost leadership on the
basis of costs (prices) reduction and routine technologies
under the conditions of external environment with a small
number of factors important for survival. The low level of
centralization (decentralization) is typical for enterprises
that use the strategy of diversification and non-routine
technologies under the conditions of the indefinite and
controversial environment with a large number of factors
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important for survival. The recommendations on the level in table 6.

of centralization of making managerial decisions are given

Table 6. Recommendations on the level of centralization of making managerial decisions

Factors | Factor meaning

High level of centralization

External environment state

Low degree of complexity, controversy and uncertainty.
High degree of controversy, low degree of complexity and high degree of uncertainty.
High degree of controversy, low degree of complexity and uncertainty.

Technologies

High degree of technology routinization

Size

Big, medium

Strategy

Cost leadership on the basis of cost (prices) reduction

Medium level of centralization

External environment state

Low degree of controversy, high degree of complexity and low degree of uncertainty
Low degree of complexity and inconsistency, high degree of uncertainty

Technologies

High degree of technology routinization

Size

Big, medium

Strategy

Differentiation

Low level of centralization

External environment state

Low degree of controversy and uncertainty, high degree of complexity.

Size

Medium, small

Strategy Focus

The implementation of the adopted competitive
strategy is supported by a complex strategic set, that is the
system of strategies of different types within a certain
period of time that reflects the specifics of the enterprise
operation and development as well as its position in the
external environment [10]. Any strategy is implemented
within the organizational structure which, in turn, is a tool
for implementing the strategy. Therefore, strategic
planning should be also involved in the structural strategy
which should include the analysis of the available
structure, the possibility of its adjustment and changes in
accordance with the competitive strategy of the company,
the analysis of the factors of the external and internal
environment that can affect the organizational structure.

Conclusions

The choice of an adequate organizational structure is
the basis for managerial, informational, and
communicative processes that take place at the enterprise
and ensure the implementation of the chosen strategy and
a quick response to changes in the market environment.
The conducted study enabled generalizing the experience
in assessing the impact of factors of the internal and
external environment on the choice and operation of
management organizational structures on the basis of the
situational approach. The further areas of study are the
implementation of the technique for applying update
software and information technologies, which enables

using the technique at the enterprise in an automated
mode.
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AHAJII3 CTPYKTYPHUX KOH®IT'YPALIH AJI51 PEAJIIBALIIN KOHKYPEHTHHX
CTPATEI'IA

Cepen HampsMiB, MiIBUIICHHS KOHKYPEHTOCIIPOMOXHOCTI IMIANPHUEMCTB OCOOJNMBE Miclle 3aiiMae po3poOKa aaeKBaTHOL
OpTraHi3aliifHOI CTPYKTYpH, SKa TO3BOJIUTH 3a0€3NEYUTH e(EKTHBHY Ta CKOOPAMHOBAHY B3a€MOJII0 YCIX CTPYKTYpPHHUX MiJPO3.UTIB
MAPUEMCTBA 110 peaizalii KOHKYPEeHTHHX CTpaTeriid. ¥ CTaTTi MpoBeAeHO aHalli3 BUOOPY opraHizamiitHoOl KoHdirypauii cTpykTypu
MiANpUEMCTBA Ul TPHOX 0a30BMX KOHKYpeHTHHX crparterii M. Iloprepa: mimMpyBaHHS Ha OCHOBI 3HIKEHHs BUTpar (LiH);
mudepennianii; ¢okycyBaHHs. g aHamizy opraHizalifHO-CTPYKTYpHOI CKJIaJOBOi peami3amii  KOHKYPEHTHHX CTparerii
MPOTIOHYETHCS BUKOPUCTAHHS CHUTYAIIHHOTO Miaxoay. [lepiiuM eTanoM Takoro miaxoAy € eMITIpUYHUN aHalli3 mapaMeTpiB BIUIMBY Ha
BHOIp oprasizamiiHoi cTpykTypu. Ha nmpyromy erami npoBeAeHU aHami3 GopMali3yeTbes y BUTJISIAL TAOJHUIN MTPABHJI, IO J03BOJISIE
Hagani chopMyBaTh 0a3y 3HaHb CKCIIEPTHOI cucTeMHu. Ha TpeThoMy eTami eKCIepTH, KOHCYJIbTaHTH IO YIPABIIHHIO, HAIal0Th
KOXXHOMY HpaBUIIy BU3HAUCHY Bary, L0 BiIOMBAE TyMKY €KCIIEPTa IIPO CHIIY BIUIUBY KOXKHOTO KOHKPETHOT'O (hakTopy BHYTPILLIHBOTO
1 30BHIIIIHBOTO CEPEIOBHINA Ha MapaMeTpH CTPYKTYPHU YIPaBIiHHA. Y CTpaTeridyHOMy Habopi HEOOXiqHO HependaduTH CTPYKTYpHY
CTparerilo, sika IIOBUHHA BKIJIIOYATH aHAJI3 iCHYI0YOT CTPYKTYPH, MOXIIMBICTD i KOPEryBaHHs i 3MiHHM 3TiJJHO KOHKYPEHTHOI CTpareril
MiIPUEMCTBA, aHali3 (JaKTOPiB 30BHIIIHBOTO 1 BHYTPIIIHBOIO CEPEIOBHINA, 110 MOXKYTh BIUIMHYTH Ha OpraHi3aliiiHy CTPYKTYpY.
Pe3ynbTaTaMy JOCIIDKEHHST € OTPUMAHHS EKCIIEPTHUM IUIIXOM TaONUIb 3HA4eHb OpraHi3alifHO-CTPYKTYPHHX IapaMeTpiB Uit
(opMyBaHHS Ta BIPOBADKEHHS OpraHi3alliifHOl CTPYKTYpH MiANPHEMCTBA B IMpPOIEci peamizaiii 00paHoi KOHKypEHTHOI CTparTerii.
[IporpaMHa peamizaiisi eKCIIEPTHOI CHUCTEMH 3aco0aMi CydacHHX iH()OpMamifHUX TEXHOJOTiH IacTh MOXKJIHBICTH BHKOPHCTAaHHS
po3po0ieHOi CHCTeMH Uil CTBOPEHHS  MPOEKTY CTPYKTYPH VIIPABIiHHA KOHKPETHOTO IMiINPHUEMCTBA, IO MiATpUMYeE ioro
KOHKYPEHTHI CTparerii.

KurouoBi c;10Ba: KOHKYpEHTOCIPOMOXKHICTh MiANIPUEMCTBA, OpraHizaliiHa CTPyKTypa, KOHKypEeHTHa CTpaTeris, opraizariiHa
KOoHGIryparist, CHTyauiitHu#i mixiz.

AHAJIN3 CTPYKTYPHBIX KOHO®UTYPAITAM JIJISI PEAJIU3ALTAN
KOHKYPEHTHBIX CTPATEIUiA

Cpenu HampaBieHHI TOBBINIEHHS KOHKYPEHTOCIIOCOOHOCTH MPEANpPUSITHIl, 0COOCHHOE MECTO 3aHMMaeT pa3padoTKa ajaeKBaTHOW
OpPraHM3allMOHHOM CTPYKTYpPBI, KOTOpas MO3BOJUT obecnednTb 3(QQGEKTUBHOE M CKOOPAMHHPOBAHHOE B3aMMOJEHCTBHE BCEX
CTPYKTYpPHBIX HOApa3AeieHU NpeANpUATHs IO pealu3allid KOHKYPEHTHBIX cTpareruil. B crathe mpoBeneH aHanmu3 BbeIOOpa
OpPTaHM3AIMOHHOM KOH(HUTYypaluM CTPYKTYpPHl TPEANPUSTHS I Tpex 0a30BBIX KOHKYpeHTHHIX crparermii M. Iloprepa:
JTUIUPOBaHNE HAa OCHOBE CHIDKCHHUS pacxonoB (ueH); muddepenmumanmy; ¢oxycupoBanus. Jus aHanm3a OpraHU3alHOHHO-
CTPYKTYpHOI COCTaBJIAIOLICH pealu3allid KOHKYPEHTHBIX CTpaTerHii IMpPEeAIaraeTcs MCIONb30BaHHE CHUTYalMOHHOIO IIOAXOZA.
[epBBIM TATOM TAKOTO IOAXO/A SBISICTCS SMITUPHUESCKUI aHAIN3 TTapaMeTPOB BIMSIHUS Ha BBIOOP OPraHU3aIIOHHON CTPYKTYPHI.
Ha BropoMm 3Tare npoBeaeHHbIH aHamu3 (GOpMaTM3yeTcst B BUAE TaOIMIBI IPABHJI, YTO MMO3BOJLIET B AanbHeIeM chopMUpoBaTh 0asy
3HAHUU SKCIEepPTHON cuctembl. Ha TpeTbem 3Tane 3KCHepThbl, KOHCYJIbTAHThI 10 YHPABICHUIO, NPEJOCTABIAIOT KaXA0MY IPaBUITY
OIIPE/ICIICHHBII BeC, KOTOPBIH OTpa)kaeT MHEHHE SKCIIePTa O CHJIE BIMSHHS KaXJOro KOHKPETHOTO (akTopa BHYTPEHHEH U BHEIIHEH
Cpesibl Ha MapaMeTphbl CTPYKTYpHI ynpasieHus. B crpaternyeckom Habope HEOOXOIMMO MPEIyCMOTPETh CTPYKTYPHYIO CTPATETHIO,
KOTOpas [OJ/UKHA BKJIIOYATh AaHAIU3 CYLIECTBYIOHICH CTPYKTYpbl, BO3MOXKHOCTb €€ KOPPEKTUPOBKHM U H3MEHEHHs COIJIACHO
KOHKYPEHTHOH CTpaTeTMH NPEIIPHATHS, aHadu3 (AaKTOPOB BHEIIHEH M BHYTPEHHEH CpeIpl, KOTOpPHIE MOTYT IIOBIHATH HA
OPTaHM3AIMOHHYI0 CTPYKTYpy. Pe3yJbTaTaMm HCCIEIOBaHUS SBIACTCS IIOJMydeHHE SKCIEPTHBIM MyTeM TaOiHI] 3HAuYeHHI
OPTaHM3AINOHHO-CTPYKTYPHBIX IapaMeTpoB IIsi (OPMHPOBAHMS W BHEIPEHHS OPTAaHW3AIMOHHOM CTPYKTYpHI HPEINPHATHI B
npolecce peanu3annd M30paHHOW KOHKYpeHTHOW cTpareruu. IIporpaMMmHasi peanm3aiysi SKCIEPTHOH CHCTEMBI CPEIACTBAMH
COBPEMEHHBIX MH()OPMALMOHHBIX TEXHOJOTHI MPEIOCTABUT BO3MOXKHOCTH HCIIOJIBb30BAHUS Pa3padOTaHHOW CHCTEMBI JUIsl CO3/IaHMs
MIPOEKTAa CTPYKTYPHhI YIPABIEHUsI KOHKPETHOTO MPEANIPHUITHS, KOTOPOE MOJIEPKUBAET €r0 KOHKYPEHTHBIE CTPATETUH.

KiroueBble c10Ba: KOHKYPEHTOCIIOCOOHOCTh MPEINPHATHS, OPraHM3allMOHHAS CTPYKTYpa, KOHKYpPEHTHas CTpaTterus,
OpraHM3alMOHHAs KOH(UTypamus, CUTyallnOHHBIH ITOIXO/.
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M. TURKINA, O. SKACHKOV

ECONOMIC EFFICIENCY OF MODERNIZING THE EQUIPMENT FOR THERMAL
POWER PLANTS

The subject matter of the study is the economic efficiency of modernizing equipment for thermal power plants (TPP). The goal of the
study is to identify the economic efficiency of modernizing the equipment of the TPP basing on new technology and taking into
account cost minimization and environmental requirements. The subject of the study is the theoretical and practical aspects of the
economic efficiency of equipment modernization. To find a solution of this problem, the feasibility analysis was used to determine the
current state of TPP equipment and the indicators of the parameters of old and new equipment as well as to introduce new equipment,
which enables burning low-grade and waste coal in a circulating fluidized bed (CFB). The issues of energy as the industry that covers
energy resources, extraction, transformation, transfer and use of various types of energy are considered. The features of an electric
power station, as a set of installations, equipment and tools which are used directly for producing electric energy are highlighted as
well as the necessary facilities that are located on a designated area. The features of the structure of the technology of thermal power
plants are illustrated. The place of thermal power plants in the structure of power engineering is considered. The available problems of
thermal power plants are revealed. The solution of problems of low efficiency, the deterioration and ageing of thermal power plants
equipment is suggested. The indicators of the equipment of thermal power plants are given. The advantages and disadvantages of the
old technologies used in thermal power plants of Ukraine are studied. The disadvantages of outdated equipment such as damage and
constant need for reconstruction are regarded. The mechanism of introducing the new technology of the circulating fluidized bed
(CFB) in comparison with the traditional flaring at domestic and foreign thermal power plants is analyzed. The advantages and
disadvantages of the CFB technology in comparison with traditional flaring are considered. The results of the feasibility study are
presented; these results provide the basis for determining the most promising objects for the implementation of this technology while
retooling power plants. The effect of modernizing the equipment of thermal power plants is proved. Solutions for improving the cost-

effectiveness of thermal power plants are suggested. The results of the obtained decision within this study are illustrated.
Keywords: power engineering, thermal power plant, modernization of equipment, technology of circulating fluidized bed,

introduction, traditional flaring, fuel, retooling.

Introduction

Heat power engineering is a branch of heat
engineering that is engaged in converting heat into other
types of energy, mainly into mechanical and electrical
ones. Thermal power plants are used to generate
mechanical energy at the cost of heat; the mechanical
energy obtained in these installations is used to drive
working machines or electromechanical generators which
help produce electricity. Installations that do not use
electromechanical generators to convert heat into
electricity are called electrical conversion units. These
include magneto-hydro-dynamic generators,
thermoelectric generators, thermal emission energy
converters.

The basis of modern heat and power engineering is
heat-power facilities of steam turbine power stations
consisting that comprise a boiler and a turbine. Thermal
power plants (TPP) are often built in large cities and
condensing power plants (CPP) in the areas with cheap
fuel.

The analysis of literary source and problem statement

The issues of retooling thermal power plants are
considered in the works of many scientists, among them
are M. Borisov [1], O. Maystrenko [2], S. Dubovsky [3]
and O. Matiiko, N. Rodzevich, G. Gnatyuk,
A. Matvienko, A. Gorshkov, Yu. Klushin, M. Kulik,
Z. Geletii, A.Roskolupa, J. Misak, T. Kravets and many
others.

However, it should be noted that although there is
already a significant number of scientific works related to
the problem of outdated equipment of thermal power
plants, there still remain tasks that need to be covered and

issues to be discussed.

Solid-fuel thermal power plants are an integral part
of Ukrainian electric-power industry. The prospects of
coal and other sectors of the national economy of Ukraine
depend on the state of thermal energy.

Such problems as low efficiency, equipment
deterioration and ageing, the increase of imported natural
gas price under the shortage of coal-mining capacities are
among the topical problems of thermal energy. The
operation of thermal power plants without their
modernization and introduction of new technologies leads
to an increase in the share of equipment that worked out
the resource and results in technological failures, an
increase in the electricity cost, specific fuel consumption.
Also, a significant issue in heat engineering is that thermal
power plants (TPPs) have a negative impact on the
environment.

The problem of the reasonable and balanced use of
the enriched coal as a fuel for existing boiler units with
flaring technology is of great importance today as well as
the use of low-grade ordinary coal and waste coals as a
fuel for new advanced technologies of “pure” burning and,
in particular, in the boilers of a circulating fluidized bed
(CFB).

One of the methods of solving these problems is the
use of a new ecologically pure technology for solid fuel
burning in CFB under atmospheric pressure. Now, this
technology is used in new equipment — CFB boiler units
with the capacity of 200-460 MW and they can be used
with supercritical parameters.

The goal and objectives of the study are to identify
the economic efficiency of modernizing TPP equipment
on the basis of new technology and taking into account
cost minimization and environmental requirements. The

© M. Turkina, O. Skachkov, 2017
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objectives of the research are to study the information
base of the research, to analyze the technical and
economic conditions of outdated and modern equipment
of thermal power plants, to make an economic analysis of
the introduction of new equipment.

Materials and methods of the study

The discussion of the results

To solve this problem, the feasible analysis was used
to determine the current state of TPP equipment, the
indicators of parameters of outdated and new equipment
and capabilities of introducing new equipment and
burning low-grade coal and waste in a circulating
fluidized bed (CFB). The information base of the research
is the materials of technical and economic indicators and
characteristics of the equipment of thermal power plants,
in particular, the Vuglegirska thermal power plant, works
of domestic and foreign authors as well as scientific
information posted on the Internet.

The results of the study

The introduction of a new power unit with the
technology of a circulating fluidized bed will increase the
productivity and power capacity of the Vuglegirska
thermal power plant in the electricity market. It will also
result in the growth of the company profits by increasing
the efficiency of work and increasing electrical output as
well as will enable retooling available main energy
equipment.

The installed capacity of the power plant will be
3720 MW. The use of new power units will increase the
demand for low-quality coal. Economic efficiency will be
positive. Building a new power unit will enable creating
new jobs for the period of building only.

The issues of modernization are topical and should
be solved at the Vuglegirska thermal power plant of PAT
Centrenergo. Thermal power plants are the basis of the
electric power industry. Fuel that is used at TPP is coal,
natural gas, residual fuel oil, shales, firewood. TPP
comprise a thermal power plant fuel system and
pulverized fuel system; boiler equipment — a set of a
boiler and auxiliary equipment; water treatment facilities
and condensate systems; service water system; the system
of ash handling and slag disposal; electrical and technical
facilities; electric equipment control system.

The design capacity of the Vuglegirska TPP is 3600
MW, particularly — the first line units are four 300 MW
coal-based generating units adapted for running on natural
gas, the second line units are three 800MW oil/gas units.
The construction of the power plant started in 1968. The
first unit of 300 MW capacity was put into operation in
December 1972, the construction of the first stage finished
in 1973, the second one was completed in 1977. The TPP
is located in the Donetsk region, on the left bank of the
reservoir impounded on the river Lugan.

The TPP main facilities are the main building of |
and Il lines; a joint auxiliary building; fuel facilities; oil /
residual fuel facilities; drinking and service water objects
and systems of ash handling and slag disposal; electrical
and technical facilities; sewage disposal plants. The
thermal circuit of the TPP arrangement provides the block
principle of operating without cross connections among
power units along the main lines. In the main building,
there is a plant central control board, two unit
switchboards for 300 MW 4 units and three unit
switchboards for 800 MW 3 units (table 1).

Operating capacitance in 2016 is 2432,2 MW with
planned 2385,9 MW.

Table 1. Short characteristic of the equipment of 300 and 800 MW units

300 MW power unit 800 MW power unit

type TII-312A TIMII-204
Taganrog Taganrog
single-body  boiler factory boiler factory boiler factory
unit with fuel I'CUI coal, gas gas, residual fuel oil
industrial steam o 255 kp/cm2 /545 °C 255 kp/em2 /545 °C
superheater exhaust conditions / 545 °C /545 °C
steam flow rate 950 t-hr 2650 t-hr
number of burners 8 36
turbine drive OP-12PM OK-18PU
8 feed pump:
g power unit - primary TIIH -1150-340 TTH -1500-350- 2 pcs.
- startup and standby [13-600-300-2 -
booster pumps 12I10-8 - 3 pcs.
regenerative air 0a . aa .
heater type PBII-98 - 2 pcs. PBII-98 - 4 pcs.
smoke exhauster J0J-31,5- 2 pcs. -
{ﬁ;tc:I(ljagE)arft forced draft blower BJIH-32B- 2 pcs BIIH-32x2 with a turbo drive
) OP-12mB - 2 pcs.
pulverized fuel . . I0-50A - 2 pcs. for 75 t of
system ball-mill pulverizer coal each i
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The end of the Table 1

1 2 3 4 5
electrical
precipitation  filters | type OI'A-2-58-12-6-3 - 2 pcs. -
for waste gases
primary turbine type K-300-240-2 K-800-240-3
factory Turboatom, Kharkiv LMF, St.Peterburg
throttle conditions /2225< E’gmz /340°C /2‘5‘25( Egmz /340°C
condenser K-15240 Air-15240 m2 ﬁ]ozo KIC-3 Air-41200
" condensing unit circulating pumps OIT 2 -110ke - 2 pcs. OIT10 —185eg- 2 pcs.
= ciectors OI1-3-25/75- 2 pcs. 5B7-1000- 2 pcs.
S ! 5BB-801531- 1 ps. 5B7-1700 -1 pes.
= I1B-900-380-18 I1B-1600-380-17
high pressure heaters | TIB-1200-380-42 [1B-2000-380-40
11B-900-380-66 I1B-1600-380-66
regeneration system deaerator JCII-500 - 2 pcs. JICII-1300 - 2 pcs.
ITH-400-26-7- | ss IT1H-1700-32-6-1 ss
ITH-400-26-7- 11 ss TTH-2000-32-6-11 ss
low pressure heaters |y 400.267- 1V ss TTH-1500-32-6-111 s5
ITH-400-26-7- V ss TTH-1500-32-6-1V ss
line heaters type IICB-125-7-15 — 2 pcs. TICB-200-7-15 — 2 pcs.
heat ar;d overall power 15,8 Geal-hr 25 Geal-hr
power plant FTRT R
line pump type 3-B-200x2 — 5 pcs. for | line ﬁalir?go 100-3 pes. for
—_ > TI'B-800-2EVY3
8 E’ generator type TI'B-300 water cooled water o air cooled
E fg tvpe T/L{-400000/100 - at unit No. 1,2 | THII-1000000,
© £ yp TJI11-400000/300 - at unit No. 3,4 | TLI-1000000

Table 2. Operating capacitance of the Vuglegirska TPP in 2016, MW

Power station Average mstalled Repairs Limitations Operating capacitance
capacity
Plan | Actual L Plan | Actual L Plan | Actual L Plan Actual L
Vuglegirska TPP | 3600 3600 0 2779 | 239,1 |-388 | 136,2 | 128,7 | -7,5 | 23859 2432,2 | 46,3

The increase in operational power compared to the
plan caused by reducing the idle hours of the units during
maintenance and repair from 277.9 MW according to the
plan to 239.1 MW actually and by reducing the power
limitations from planned 136.2 MW to actual 128.7 MW.

In general, all damage to the Vuglegirska TPP is
caused by the outdated equipment. The equipment was
disabled because the sides of the pipe excessively thinned,
the metal pipe corroded, the pipe was manufactured with

technological defects, the pipe metal was ashed metal
damage as well as due to corrosion damage and the
micropores of welded joints, corrosion damage and so on.
The lifetime of the damaged equipment is long and the
equipment requires timely repair or replacement.

That is why modernizing the main mechanical and
mechanical equipment of the Vuglegirska TPP is an
urgent task.

Table 3. Technical and economic indicators of the Vuglegirska TPP in 2015-2016

Specific consumption of
fuel equivalent for

Specific consumption of
fuel equivalent for

Power consumption
for generating electricity,

Power consumption for
for generating heat,

electricity supply, g/KW-h heat supply, kg/Gcal % KW-h/Gcal

actual | actual | stand. | actual | actual | stand. | actual | actual | stand. | actual | actual stand.
EIC;V:?I’ 378,5 383,7 383,7 1239 126,0 126,0 7,26 7,25 7,35 36,66 36,34 36,34
300 MW 2785 | 3837 | 3837 | 1239 | 1260 | 1260 | 7.26 | 725 | 735 | 3666 | 3634 | 3634
power unit
800 MW ) ) ) ) ) ) ) ) ) ) ) )
power unit




CyuacHuti cmamn HayKo8ux 00CIIONCeHb ma mexnoao2it 6 npomuciosocmi. 2017. Ne 2 (2)

141

ISSN 2522-9818 (print)

In 2016 the specific consumption of equivalent fuel
for the electricity produced by the TPP in general and by |
line (300 MW units) was 383.7 g/KW-h (Table 3)
compared to 378.5 g / kWh in 2015, while the standard
rate in 2016 was 383.7 g¢/KW=h and the rate planned by
the National Joint Company “Energy Company of
Ukraine” was 383.7 g/KW-h.

The increase in the specific consumption of
equivalent fuel for the electricity produced by the TPP in
general and by I line (300 MW units) compared to the
consumption in 2015 was 5.2 g / kwWh.

The most important reason for increasing the
specific fuel consumption for the electricity produced by |
line (300 MW units) in 2016 versus 2015 was the increase
of heat input to support the viability of 800 MW units
when they stopped because of technological needs and
weather conditions.

800 MW units did not operate in 2016 porii.

In 2016 the specific consumption of equivalent fuel
for producing heat in 2016 was 126,0 kg/Gcal versus
123,9 kg/Gcal in 2015 while the standard rate in 2016 was
126,0 kg/Gcal.

The comparative analysis of specific consumption
rate for producing electricity and heat in 2016 and 2015 is
given in Table 3.

Actual losses of electricity for own needs at the TPP
in 2016 were 7,25 % versus 7,26 % in 2015, while the
standard rate in 2016 was 7,35 %.

The reduction of actual electricity consumption for
own needs is caused by increasing the number of working
units from 2,27 in 2015 to 2,37 in 2016 and by increasing
the average load from 231 MW in 2015 to 234 MW in
2016.

The comparative analysis of losses for own need in
2016 and 2015 is given in Table 3.

The economy of actual expenses of electric power
for own needs versus standard losses in 2016 is 4712 ths.
kwi/h.

Let us consider the efficiency of the replacement of
the outdated TPP boiler 312A with a new one, i.e. IIKIII
in economic terms (Table 4).

Table 4. Characteristics of the boiler equipment of Ukraine and
China

Power -
Boilers St;gg—:;p capacity, Efflcol/z:ncy, Country
MW
TIIIT .
3124 1973 300 88,5 Ukraine
AKII 2017 330 92,5 China

The total cost of new equipment is 4 000 000 000
UAH. The annual profit of the new power unit is
1 000 000 000 UAH. The efficiency of a modern boiler is
92,5%, instead of 88,5% of the outdated one. After four
300 MW units were replaced with four 330 MW units,
operating capacity of the power plant will be 3720 MW
instead of 3600 MW.

The cost of fuel is considerably low due to its low
grade. Thus, a tonne of anthracite coal will cost 1,200

UAH / ton, when earlier the price of 1 tonne was 1743.7
UAH / tonne.

Cost, =1743,7x 2000000 = 3487400000 UAH/year.
Cost,, =1200x 2000000 = 2400000000 UAH/year.

Economies in fuel is: 3487400000 — 2400000000 =
1087400000 UAH/year

The cost of new equipment is 1 000 000 000 UAH.
Four new boilers are needed.

Thus, the following result is obtained:

- the expenses for mounting the equipment are 4 000
000 000 UAH.

- the profit from saving in fuel is 1 087 400 000
UAH / year.

To determine economic efficiency, the formula for
calculating the classic indicator of Net Present Value
(NPV) should be used.

In this paper the total value of CFi (NPV) will be
designated as the sum of profits and amortization:

CF =P+4 1)

where P is the company profit;
A is the amortization.
Ckr = 1000000000 +

1 160 000 000 UAH/year
First, net present values are calculated according to
the formula [16] (Table 5):

> CF,
@+r) @

160000000 =

where CF, is monetary flows arranged by the years;

r is the discounting rate (15%);
t is the year in succession;
Then, for the first year, the net present value is

> CF, 160000000
@+r)t  (1+0,15)

The net present value is calculated according to the
formula:

= 966666667 UAH.

CF
NPV = (%r N | ®3)

where | is the amount to be invested;

> CF,

a )t is the amount of net cash flows;
+r

CF,
2.CF = 4 389 999 925 (Table 5);
@+r)

NPV= 4 389 999 925- 4 000 000 000 = 389 999 925 rpH.
In this case, NPV is positive.
The excess present value

according to the formula:

PI :ZCE /1.
@+r)

index is calculated

(4)

Then the excess present value index will be equal to
4 389 999 925/ 4 000 000 000=1,09.
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If the excess present value index is greater than 1,

Table 5. NPV calculation

changing the equipment is an efficient solution.

Ar_nount to be Monetary flows, Net present value,
Years invested, UAH (CF) Net cash flows, UAH UAH (NPV)
UAH
2017 4000 000 000 1160 000 000 1008 695 652 -2 991 304 348
2018 1 160 000 000 877 126 654 -2 114 177 694
2019 1160 000 000 762 718 830 -1 351 458 864
2020 1160 000 000 663 233 765 -688 225 099,3
2021 1160 000 000 576 725013 -111 500 086,3
2022 1160 000 000 501 500 011 +389 999 925
Besoro 4000 000 000 6 960 000 000 4 389 999 925 +389 999 925

Payback period (discounted) will last longer than 5
but less than 6 years. The exact value can be calculated by
the formula:

Payback period (discounted) = 5 + (remaining
investor debt by the end of the 5th year) / net cash flow for
the 6th year.

Payback period =5 + 111 500 086.3 / 501 500 011 =
5.22 years.

Therefore, in less than 6 years the company will
fully cover the cost of equipment only at the expense of
buying low-grade fuel.

The fuel component of the cost of electricity in 2016
was 69.9 kopecks / kW. After the implementation, this
indicator will be far less.

Despite the higher cost of mounting such boiler
equipment, CFB boilers have a number of advantages.
First of all, they are environmentally friendly due to
efficient multi-polar electrical precipitation filters used for
separating flue gases from solid particles, the efficiency of
such filters is practically equal to 100%.

In addition, the boiler with CFB is economical as it
has a higher efficiency when operating on low-grade
energy fuels due to the fact that unburned fuel particles
are returned to the combustion chamber mixing with a
new fuel delivery. It is important that the CFB technology
enables using low quality fuel with high ash content.

Thus, putting into operation new electric units with
the capacity of 330 MW can improve the characteristics of
the Vuglegirska TPP.

Retooling the blocks according to the new
technology of burning low-grade coal or mud coal in CFB
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EKOHOMIYHA E®EKTUBHICTb MOJEPHI3AIIIL OBJIAJTHAHHSA 1JI51
TEILIOBUX EJEKTPOCTAHIIIN

Temor0 mOCHTIKEHHsSI € eKOHOMiuHAa e(eKTHBHICTh MOJEpHi3alil obOnaaHaHHS AJsS TEIUIOBHMX eNeKTpocTaHIii. MeTolo pobotu €
BUSIBJIEHHS €KOHOMIUHOI e(peKTHBHOCTI 3 MozepHizawii ooOnagHands TEC Ha OCHOBI BHKOPHUCTaHHS HOBOI TEXHOJOrIl Ta 3
ypaxyBaHHSM MiHiMi3alil BUTpaT Ta BUKOHAHHS eKOJIOriuHUX BUMOT. IIpeameTom mociimKeHHs € TEOPETHYHI Ta NPAKTUYHI aCleKTH
€KOHOMIYHO1 €()eKTUBHOCTI MOJIepHi3alii oOnaxHanHs. [ 3HaX0KEHHs pillIeHHs JTAaHOTO MUTAHHSI HeOOXiTHUM OyII0O BUKOPUCTATH
TEXHIKO-€KOHOMIYHMII aHaIl3, KUl BHKOPHCTOBYBAaBCS [UIsi BH3HA4YCHHS CydacHOro crany oOmamHanHs TEC, s MOKa3HHUKiB
mapamMeTpiB CTaporo Ta HOBOTO OOJaJHAHHS, a TOJOBHE IUIS BIPOBA/PKEHHS HOBOTO OOJIaHAHHS Ta MOJMIMBOCTI CIIAIFOBaHHS
HU3BKOCOPTHOTO BYTULIA 1 BIIXOAIB Byrie30baradueHHs B LUpKymorodomy kumuisaomy mapi (KIL). Posrmsayro mpoGmemu
€HEpreTHKH, SIK rajly3i rocroJapcTBa, KOTpa OXOIUTIOE eHEpreTHdHi pecypcH, 100yBaHHs, IEPETBOPEHHS, epeaady i BUKOPUCTAHHS
Pi3HOMaHITHHX BHAIB eHepril. BUCBITIEHO 0COOIMBOCTI eNEKTPUYHOT CTaHILIT, IK CYKYITHOCTI YCTaHOBOK, O0JIaIHAHHS Ta amnapaTypH,
SIKi BUKOPUCTOBYIOTbCS OE3110CEPEIHBO JUIsl BUPOOHUIITBA EJIEKTPUYHOI €HEprii, a TAK0XK HEOOXIAHUX Ul LIbOTO CIIOpY. Ta OyaiBens,
pO3TalIOBaHUX Ha MEBHIiN TepuTopii. BUCBITICHO 0COOIMBOCTI CTPYKTYpH TEXHOJIOTIT TEMJIOBUX eNeKTpOoCcTaHLii. Po3rmsiHyTo Micue
TEIUIOBUX EJICKTPOCTAHIIH B CTPYKTypi eHepreTHKH. BusBieHO cydacHi mpoOJeMH TEIUIOBUX EJIEeKTPOCTaHMiH. 3alporoHOBaHO
pimeHHs mpoOseM HU3bKOI e(eKTHBHOCTI, 3HOUIEHHS Ta CTapiHHS OONaJHaHHS TEIUIOBUX eleKTpocTraHmii. HaBeneHo matepiamn
MOKA3HHKIB 00JIaJHAHHS TEIUIOBUX €JIeKTPOCTaHIiH. JIOCIikeHO ImepeBary Ta HeJJoJIIKU CTapUX TEXHOJIOTIH, 10 BUKOPHCTOBYIOTHCS
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Ha TEIUIOBUX €JIEKTPOCTAHIIAX YKpainu. BUcBiTIeHO HemoiKH cTaporo o0IagHaHHs y BUJISI TOMIKO/HKEHb Ta IIOCTIHHOT ToTpedn y
pexoncTpykii. [IpoananizoBaHo MeXaHi3M BIIPOBaPKCHHS HOBOT TEXHOJIOTIT IUpKyJIorodoro kumustaoro mapy (LIKII) B mopiBHSHHI
3 TpaAuLiifHUM (haKeNpHUM CHATIOBaHHSAM aUBa HA BITYN3HIHHX Ta 3apyOiKHHX TCIUIOBHX €ICKTPOCTAHIIsAX. PO3MIIsSHYTO nepeBaru
i Hemoniku TexrHoiorii IIKII B mopiBHAHHI 3 TpagWIIHHIM (aKeI-HUM CIATIOBAaHHAM NaiuBa. HaBeneHo pe3yJbTaTH TEXHIKO-
€KOHOMIYHOTO aHajli3y, Ha OCHOBI SIKHX BH3HAYEHO HAMOINBII MEpPCIEKTHBHI 00'€KTH UIS BIPOBAKECHHS i€l TEXHOJOTIl HpH
TEXHIYHOMY TIepPe030POEHHI eIeKTPOCTaHIIii. 3HaiimeHo eeKT Bia MoAepHi3alii 00TaqHaHHS TEIUIOBUX €JICKTPOCTaHIlH. BuHaineni
pillieHHsI [JIsi TOKpAICHHsT eKOHOMiYHO! eeKTHBHOCTI TEIUIOBHX ENeKTPOCTaHIiil. BUCBITICHI pe3yabTaTd OTPUMAHOTO PillICHHS
JTAHOTO JIOCII [PKEHHSI.

KmiouoBi ciioBa: eHeprernka, TeIUIoBa eJIEKTPOCTAHIlS, MOJEpHI3alis 00JaJHaHHS, TEXHOJIOTIS IHUPKYIIOIOYOT0 KHILUITIOTO
11apy, BIPOBA/DKCHHS, TpaauiliiiHe akenbHe CHaTOBaHHS, ATHBO, PEKOHCTPYKIIis.

IKOHOMMYECKAS SPPEKTUBHOCTb MOJAEPHU3AIIMA OBOPY1IOBAHUS
JJIA TEIVIOBBIX 9JIEKTPOCTAHIIUU

Temoii yccieoBaHus SIBISETCS 3KOHOMHUECKas d((GEKTHBHOCTE MOJEPHHU3AINN 00OPYIOBaHMUS UISl TEIIOBBIX SJIEKTPOCTAHIIUH.
Lenbio paGoOTHI SBISIETCS BBHIIBICHHE AKOHOMUYECKOH 3(¢eKTHBHOCTH N0 MozaepHHM3amuu obopynoBanus TOC Ha ocHOBe
HCTIOB30BaHMs HOBOM TEXHOJOTMH M C YY4E€TOM MHWHHMH3AIMH 3aTPaT WM BBIIOJHEHHS dKOJOTrHuecknx TpeOoBanuid. Ilpeamerom
HCCIIEI0OBAHUS SABIIAIOTCS TEOPETHUECKUE U MPAKTUIECKHE ACTICKThI SKOHOMHUYECKOH 3(h(HeKTUBHOCTH MOJEPHHU3AINN 000PYAOBAHHS.
JIns HaXOXJEGHUsS pEIIeHHS JaHHOTO BOMpOca HEOOXOAMMO OBUIO HCHONB30BaTh TEXHHUKO-DKOHOMHUYECKHH aHAIN3, KOTOPBIH
HCTIONB30BAJICS JUISl OTPEeTIeHNs COBPEMEHHOTO cOoCTOstHUsS obopynoBanus TOC, mis mokaszaTteneil mapaMeTpoB CTaporo U HOBOTO
000pyI0BaHUS, a TJIABHOE Ul BHEIPEHHS HOBOTO OOOPYIOBaHMS M BO3MOXKHOCTH CXKHTAHUS HU3KOCOPTHOTO YITSL U OTXOJOB
yrieoboramienys B nupKympyoneM kursiaieM cioe (LIKC). PaccMoTpeHs! mpo6i1eMbl SHEPTeTHKH, KaK OTPACiIH X03HCTBa, KOTOpast
OXBATHIBACT YHEPIeTHUECKHE PECYpCHI, M3BICUYCHUS, NpeoOpa3oBaHMs, Nepeadd M HCIIOIb30BaHUS PA3INYHBIX BUJIOB DHEPIUH.
OcBelIeHbl 0COOCHHOCTH JJIEKTPHYECKON CTAaHINH, KaK COBOKYIHOCTH YCTQHOBOK, 0OOPYIOBAaHUS U aIlmaparypbl, UCIIOIb3YEMBIX
HETIOCPE/ICTBEHHO JUISl TIPOM3BOJCTBA DJIEKTPUUCCKOW AHEPIUH, a TaKkke HEOOXOIUMBIX ISl JTOTO COOPYKCHHH M 3JaHHH,
PACHONIOKEHHBIX Ha OMpeAeTeHHOH TeppuTopun. OCBEIIEHB! OCOOCHHOCTH CTPYKTYPBI TEXHOJOTHMH TEIUIOBBIX 3JIEKTPOCTAHIIUH.
PaccMOTpeHBI MECTO TEIUIOBBIX 3NEKTPOCTAHIHUHM B CTPYKTYpE SHEPreTHKH. BEIABIECHBI COBpEMEHHBIC MPOOIEMBI TEIIOBBIX
anekTpoctaniyid. Ilpemioxkeno pereHne npodieM HHU3KOW A((EKTHBHOCTH, HM3HOCA M CTapeHUs: OO0OPYIOBAHHUS TETUIOBBIX
anekTpocTaHuuii. [IpuBeneHpl MaTepHaibl MOKazaTeNleil 000pyZOBaHUS TEIUIOBBIX JIEKTPOCTAHIMHK. VccnenoBaHo penMyIiecTBa U
HEOCTaTKM CTapblX TEXHOJOTUH, HCHOIb3YeMbIX Ha TEIUIOBBIX IEKTPOCTAHUUAX YKpauHbl. OCBELICHbl HEJOCTATKU CTaporo
000py10BaHUS B BHJIE TIOBPEIKACHUI U TOCTOSIHHOMN MOTPEOHOCTH B peKOHCTPYKIMHU. [IpoaHamn3npoBaH MeXaHU3M BHEAPEHHS HOBOIT
TEXHOJIOTHU IupKymupytomero kumsmero ciost (IIKC) mo cpaBHeHHIO ¢ TpaaMIIMOHHBIM (haKeIbHBIM C)KMT'aHHEM TOIUIMBA Ha
OTEUECTBEHHBIX M 3apyOe)KHBIX TEIUIOBBIX DJIEKTPOCTAHIMSAX. PaccMoTpeHbI mpemmymnectBa u Hexoctatku TexHonornu I[[KC mo
CPaBHEHHMIO C TPAJHUIIOHHBIM (DAaKeNbHBIM CKHTAHUEM TOIUTHBA. [IpHBENeHBI pe3yJIbTaThl TEXHHKO-3KOHOMHYECKOTO aHalM3a, Ha
OCHOBE KOTOPBIX OTNpeJeTeHbl Hanboiee TMepCHeKTHBHBIE OOBEKTHI [UISI BHEAPEHHS JSTOH TEXHONOTHH MPH TEXHHYECKOM
MIEPEBOOPYKEHUH dIIeKTpocTaHnuil. HaiineHo ¢ dexT or MoaepHU3ammuun 000pYyIOBaHMS TEIUIOBBIX AJIEKTpOCTaHIMi. 300peTeHs
peureHus A8 yAydIIeHHs SKOHOMHUYECKOH 3()D(EKTHBHOCTH TEIUIOBBIX NEKTPOCTAaHIMH. OCBEIEHBI Pe3yNbTaThl MOIYYCHHOTO
peLIeHUs JaHHOTO UCCIICI0BAHYSL.

KiioueBbie ci1oBa: sHepreTHka, TEIJIOBas JIEKTPOCTAHIMS, MOAEPHU3ALMS 000PYIOBAHUS, TEXHOJOTHS LHUPKYIHPYIOLIETO
KHUIISIIETo CII0sl, BHEJIPEHUE, TPaJUIIHOHHOE (DaKeTbHOE CKUTAHNE, TOTIMBO, PEKOHCTPYKIIHSI.
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DEVELOPING TECHNOLOGIES ON THE BASIS OF KNOWLEDGE
TRANSFORMATION CHAINS

The subject matter of the article is the theoretical and applied aspects of technology development on the basis of knowledge
transformation chains. The current scientific and technological progress of the leading countries of the world is marked by an increase
in the level of intellectualization and a reduction in the life cycle of technologies. This encourages the study of the features of the
generation and dissemination of knowledge as a driving force for the development of technology. Understanding the nature of the
transformation of knowledge is the basis for managing the development of technology efficiently. Therefore, the goal of the article is
to study the development of technologies on the basis of knowledge transformation chains. To achieve the stated goal, a number of
tasks have been solved: the evolutionary development of approaches to understanding the concept of technology was studied as well
as the concept of technology as a commodity; the nature of technology that determines the features of its current development in the
chains of knowledge transformation was considered; the determinants of the concept of technology dictated by the chains of
knowledge transformation were identified. In the course of the scientific work, the following methods were applied: grouping
method, the method of structural and logical analysis, the methods of analysis and synthesis, graphical method. The conceptual
approach to understanding the development of technologies on the basis of knowledge transformation chains was designed as the
result of the study. Knowledge, as an intangible component of technology together with materialized technology, is transferred thus
determining the formation of new knowledge. Consequently, the intangible component of technology enhances its material
component and determines the creation of additional value. In this process, technology can be subject to market effects or generate
such effects itself. On the basis of the suggested conceptual approach, significant determinants are identified, they reflect the concept
of technology taking into account its development on the basis of knowledge transformation chains. Conclusions: the suggested
conceptual approach to understanding the development of technologies on the basis of knowledge transformation chains enables
increasing the level of justification of the technology management processes in the context of the modern paradigm of their transfer,
take into account the technology-driven market phenomena (in particular: synergy, convergence, diffusion of technologies,
multiplicative effect, spillover effect, “crowd” effect , and so on, and, consequently, to assess the business opportunities stimulated by
these phenomena.
Keywords: technology, scientific and technical development, knowledge, knowledge transformation, innovation.

Introduction

Raising the level of the technology
intellectualization and reducing its life cycle are the
decisive factors of the current technologic advance of the
leading countries of the world. The beginning of the IV
Industrial Revolution (Davos, 2016) gave rise to the
world-wide revision of available approaches to generating
and spreading technology. Global transformational
processes in the technological sphere are characterized by
the synergistic interaction of digital, physical and
biological technologies that lead to the changes in both the
character of technological progress and the approaches to
human development in general. This is evident from the
fact of the popularization of the concepts of creative
economy, Society 5.0, and other current economic
theories. Increasing the share of intellectual property as a
part of technology, developing artificial intelligence,
raising the importance of intangible assets, peculiarities of
the development of the consumer value of technologies as
well as other events and phenomena actualize technology
in a new perspective. Knowledge and intelligence are if
primary importance in the context of the conceptual
framework of technology.

A new value is created on the basis of the transfer of
knowledge embedded in the technology. The Global
Information Technology Report 2016 of the World
Economic Forum [1] emphasized the exponential growth
of the role of knowledge, materialized in high
technologies, the leverage of their boosting, and so on.
The technological progress is determined by the nature
and speed of the transformation of knowledge embedded
in them. That is why the task of the present scientific and

practical interest of the modern economy is studying the
latest qualities and peculiarities of technology
development on the basis of the evolution of knowledge.

Analysis of literary sources and problem statement

The works [2 — 12] of foreign and Ukrainian
scholars study the issues of technology in the context of
technological development and economic growth of
mankind. The concepts of “technology” and
“technological development” and the approaches to
technology management are described in the works [13-
18]. Some aspects of predicting the technological progress
are highlighted in the works [19-23]. Technologies as
system knowledge are studied in the scientific works [24-
26, 30], and so on.

Despite a significant number of scientific and
practical studies, due attention was not paid to the
development of technologies in the context of current
features of the world technological progress caused by the
intellectualization of technologies and the growth of the
role of knowledge. Scientists and practitioners widely
declare the approach according to which the
transformation of knowledge that generates the chain of
knowledge advance is the driving force of the
technological progress. At the same time, the main task,
that is to study the nature of such transformation and to
determine the tools of its management, is not practically
solved.

The factors mentioned above determined the subject
of this work, which is to describe the theoretical and
applied principles of technology development on the basis
of knowledge transformation chains. The object of the

© N. Chukhrai, O. Mrykhina, 2017
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research is the technologies in knowledge transformation
chains.

The goal and objectives of the research

The goal of this scientific work is to study the
development of technologies on the basis of knowledge
transformation chains. To achieve this goal, a number of
tasks have been set and solved, particularly: 1) to study
the evolutionary development of approaches to
understanding the concept of technology; 2) to study the
concept of technology as a commaodity; 3) to consider the
nature of technology which determines the peculiarities of
its present progress in the chains of knowledge
transformation; 4) to establish the determinants of the
concept of technology dictated by the chains of
knowledge transformation.

The materials and methods of the research

Achieving the goal of the work determined the use
of the method of grouping, the method of structural and
logical analysis, the methods of analysis and synthesis,
graphic method.

The results of the research

The concept of technology is a form of thinking that
reflects the essential features of the technology. The term
“technology” (from Greek zeyvoloyia derived from Greek
teyvoloyog: teyvy — art, skill; Aoyog — (here) to transfer) is
first mentioned in the English Logical Encyclopedia in
1670, where it is interpreted as “scientific knowledge
concerning skill”. At present, the concept of technology is
characterized by a wide range of application: technology
describes the manufacture of products, processes,
organizations, and so on; technologies are used to perform
various tasks of a human life. Technologies are used in all
spheres of economic activity.

Despite the fact that in his work “Capital” K. Marx
revealed the principles of the development of scientific
and technological progress and its interconnection with
the economy (in particular, the industrial revolution of the
late XVII and early XIX centuries was analyzed), the
classical economic analysis was based on the theory of
factors of production. The progress of science and
technology was mainly explained by the function of
capital. Little attention was paid to the study of the nature

of technology in the context of scientific and
technological development.

The fruitful relationship between scientific and
technological progress and the increase of the social and
economic level of the mankind was proved by many
neoclassical scholars. In particular, J. Condorcet [27]
noted that the progress of the sciences ensures the
progress of industry, which subsequently accelerates
scientific advances, and this mutual influence, whose
action is restored, must be recognized as the most
powerful factor in the perfection of the human race. R.
Solow [2] proved that the decisive factor of the economic
growth is not capital, as it was thought, but technological
progress.

At this time, scientists testified that the development
of technology and humanity takes place in exponential
interconnection.  Many  scientists  associate  the
technological development of the mankind with the
growth of population according to hyperbolic dependence,
the essence of which lies in the general intellectual
progress of people.

In his work “Population Growth and Technological
Change: One Million B.C. to 1990” M. Kremer [3]
combines two concepts that explain technological
progress, and shows the significantly deeper content of the
process of technology development, in contrast to
available approaches. The first concept lies in the fact that
more people contribute to generating more ideas that
ensure technological progress. According to the second
concept in the terms of Malthusianism, the population is
limited by incomes, and the income is a function of
technology. Any increase in the income obtained thanks to
the technological progress provokes an increase of
population, which results in an increase in the level of
technological development proportional to the increase in
population.

Proceeding from the mentioned above, J. Collins and
his co-authors [5] represented M. Kremer approach to
understanding the nature of technology development as
the feedback loop. The scientists developed a model of the
relationship between the growth of population and
technological progress, where an additional element — the
“innovation potential” — is added, that is, the characteristic
that leads to generating ideas that dissolve the existing
boundaries of technology. J. Collins and other scientists in
[5] indicate that innovation potential can include 1Q, the
willingness to invest in innovative technologies, the
participation in events where innovative technologies can
be introduced, risk and time advantages, and so on (fig. 1).

Increasing a number of technologies contributes to the
growth of population

Population

Innovative
polential

Technological
progress

Increasing a number of
people means increasing a
number of mutations

Increasing a number of
innovative people means
increasing a number of ideas

An increase in a number of people contributes to an
increase in a number of ideas

Fig. 1. The model of interconnection of technological progress with the increase in population (J. Collins, B Baer, E. J Weber) [5]
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Taking into consideration the acceleration of human
adaptive evolution, as well as the fact that more people
will mean more mutations, natural selection has more
material that can be affected on. The increase in the
number of people (and mutations) indicates that mutations
that increase the innovative potential of the population
will happen more often and with a greater number. As the
population grows, the speed of the innovative potential
evolution increases. J. Collins and his co-authors give
notice that with the development of the population, the
relative contribution of the constant growth of the
innovative potential to the acceleration of the population
growth will decrease. The constant increase of population
becomes the main driver of technological progress and its
further enhancement. However, this does not mean that
the innovative potential is not important, as the level of
the innovation potential continues exerting a significant
impact. The population with a higher index of the
innovative potential is characterized by a much faster
demographic development.

The model, presented by scientists, explains the
nature and spread of technology, but also raises new
questions. In particular, what impact is required for
developing technologies and what are the areas this
impact can be made in order to manage technological
development under the present conditions of
globalization? The answers to these questions can differ
for various branches of technology, but it is obvious that
researching in this sphere can suggest entirely new tools to
affect the processes of inventing innovative technologies.

Understanding the nature of technology requires
attention to their evolutionary progress during the second
part of the XVIII — the first part of the XXI centuries,
which was marked by changes in technological systems
and industrial revolutions. At the early stages of human
development, technology was not directly related to
science: on the one hand, the technology used scientific
achievements (knowledge, methods, etc.), on the other
hand, most technologies did not require a scientific basis
for their application. The increase in the importance of the
interaction between technology and science dates back to
the XVII century when science acquired considerable
development, which encouraged translating its results into
action in the field of technology where these results made
a great progress.

The consolidation of the position of science, which
establishes its primary role in the interaction between
“science” and “technology”, takes place in the XVIII
century when the first Industrial Revolution is gaining
momentum. By the end of XX century. economists came
to the conclusion that the level and dynamics of scientific
and technological progress are the main determinants of
the boundaries between highly developed countries of the
world and developing countries. Technology as the basis
of scientific and technological progress become the basis
for the sustainable economic growth of countries. The
transition from the industrial age to the present
information age enhances the value of technology that
stimulates its development at the same time.

According to the Law of Ukraine “On State
Regulation of Activities in the Sphere of Technology
Transfer”, technology is the result of intellectual activity,

a set of ordered scientific knowledge, technical,
organizational and other decisions on the list, the term, the
order and sequence of operations, production process, and
/ or marketing and storing products, providing services
[28]. However, these features are not sufficient to
understand technology as a lever of the present
technological development.

Taking into consideration the fact that technology is
a driving force for capital formation, it involves creating a
new value that leads to various results. In particular,
reducing production costs in labour-intensive branches
and/or saving capital in capital-intensive industries can
cause a neutral effect during the simultaneous increase of
both mentioned factors of production. In the context of
scientific and technological progress, technology is
considered both as an independent factor of production
and as a booster of production factors.

According to the UN methodology, technologies
exist in “pure form”, which are expressed in the methods
and techniques of production of goods and services
(dissembled technology) or as embodied technologies that
are embodied in machines, equipment, structures, products
with high technical and economic parameters, and so on
(embodied technology).

In the regulations of the World Intellectual Property
Organization (WIPO), technology is understood as “the
ordered knowledge about the way of manufacturing
products or providing services not only in industry but
also in agriculture or trade, regardless the form this
knowledge is fixed in. This can be an invention, a utility
model, an industrial design, species of plant or technical
information in the form of a certain set of documents, or
some experience and skills of specialists” [29]. The
interpretation given by WIPO suggests a clear outline of
the forms that technology can acquire.

The analysis the concept of technology shows that
this term is often identified with the concept of
innovation. At first glance, an innovation can be likened to
a technology since the term “innovations” is defined as
newly created / applied and / or improved competitive
technologies, products or services, as well as
organizational, technical, industrial, commercial, or other
significant improvements in the structure and quality of
production and ( or) social sphere [30]. But, the study of
the concept of "innovation™ suggests that it is based on the
concept of changes, which is a key function of any
innovation activity. In turn, technology is the body of
knowledge about the sequence of individual production
operations. Technology is an applied science of the
methods of transforming raw materials or semi-finished
products into a finished product [31]. Consequently, the
concept of changes also lies at the bottom of the
technology. However, the technology is based on
innovation and is already a ready-made “data set” for its
implementation. An innovation is often just an idea or
project that should be shaped up so that it can become a
technology and is ready for further transfer.

Present approaches to the definitions of
“technology” and “innovation” differ from one another,
which often causes scientific discussion. In a broad sense,
the transfer of innovation means the transfer of innovative
ideas. In particular, the authors of the work [32] consider
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the transfer of innovations as the transfer of formal
knowledge in a concrete form that is ready for use or as a
continuous flow of all types of innovations that involves
all participants in the innovative process and penetrates
the entire system of relations between them. This is the
process through which communication channels and tools
spread innovations to the social system members. Its
objects are new or improved products and services aimed
at solving social, economic and other problems.

The study of the content of “technology” makes it
possible to state that despite a sufficiently wide range of
interpretations, “technology” is mostly understood as the
ordered knowledge (technical and managerial) about how
to get the added value (upgraded or innovative products,
services, etc.) to meet human needs using a particular
method (a set and sequence of operations, their modes) or
certain resources. The concept of technology is inherent in
the human activity. At the same time, technology is
considered a branch of knowledge devoted to the
development and implementation of technology in the life
of the society on the basis of applied and fundamental
science.

From the point of view of the system methodology,
technology includes invention, development and
management. Technology is not a science (knowledge),
but it is closely interconnected with science. One of the
founders of the history of science, J. Bernal notes that it is
practically impossible to formulate the definition of the
concept of “science” and outlines some directions that to
some extent can bring the essence of science nearer to
understanding.

According to J. Bernal, science appears as 1) the
institute; 2) the method; 3) the accumulation of traditions,
knowledge; 4) the factor of development of production; 5)
the most efficient factor in developing beliefs and
attitudes of a human being to the world. [33, p. 18].

Speaking of knowledge, the category of
“information” should be mentioned. Knowledge and
information are the concepts that are in the relationship of
the unity and struggle of opposites. The basis of such
opposition is the scientific knowledge, which a person
implements in science producing technology.

A technological function resides in science because
of human cognitive processes. Scientists use information
gathered with the help of technology to explain one or
another phenomenon, this contributes to generating
scientific knowledge which subsequently becomes the
basis for a particular technology. Consequently, any
technology is based on the scientific foundation. From this
position, science is a factor in regulating scientific and
technological progress, as well as managing it.

Science is the knowledge of the natural world, and
technology is the knowledge of the world of production.
Both concepts are implemented in their close relationship,
however, they are fundamentally different. Scientists
cannot succeed in scientific work without relying on the
gains of other scholars, on the collective memory of the
mankind. Consequently, science is an intersubjective
category which requires the cooperation of many people.
Proceeding from the above, the relationship of science and
technology can be represented in the following way

(fig.2):

7 >

Knowledge

Information Technologies

= 2

Fig. 2. The interrelation of science and technology and the place of knowledge and information in them

On the basis of scientific research, the knowledge is
obtained that becomes the basis for the development of
technology. The developed technologies, in their turn,
stimulate generating new knowledge or methods for its
acquiring, which determines a new scientific research,

and, consequently, can become the basis for developing
future technologies (this cycle is outlined in fig. 2).

NESTA suggested reflecting the process of
acquiring knowledge as the circulation of two routes —
networks and markets (fig. 3).

/[ KHOWICdbc networks J‘\
r'y
Proposition of Knowledze ah Demand for
knowledge owledge absorption knowledge

Y

Knowledge markets

Fig. 3. Knowledge acquisition via networks and markets [34]
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The factor of transforming information into
knowledge is a person. Some people are constantly
generating needs for new technologies, others are solving
this by creating new knowledge. The complexity of the
circulation presented in fig. 5 lies in the fact of the
continuous asymmetry of information, which becomes the
basis of knowledge.

Both science (knowledge) and technology are multi-
aspect social phenomena. According to its essence, the
technology is an operation on the knowledge acquired on
the basis of the implementation of other technologies,
which also arose as a result of the development of
knowledge. Consequently, technologies have an extractive
nature, that is, collecting material (knowledge) is
mandatory for implementing new knowledge.

The results of the study indicate a wide range of
features, properties and functions of the technology. The
scope of this study is narrowed down by the context of
technology transfer, in particular from universities in the
business environment. When studying the concept of

Level 1
Core product,
main benefit or
service

Quality Properties

Packaging
Name Level 11
Actual product

Brand Image

Information
support

Taste,

smell Exterior

design

Level 111
Augmented product

Fig. 4. The concept of goods according to the marketing theory [36]

Considering technology as a commodity, it can be
noted that each of the three levels of presenting a product
exactly corresponds to the available presentation of
technology. The product-technology often combines all
three levels of the product, for example, know-how,
tangible object (actually, technology as a set of
documentation for its development), pre-sale or after-sales
services, and so on.

Relying on the notion of technology as a product, it
can be presented in a three-level form. The first level of
technology is its design, an idea that a developer has
created, and designed. The second level occurs when the
idea that arose at the first level was realized in the course
of R & D activities, which resulted in the acquisition of
intellectual property rights (IPRs). According to the Civil
Code of Ukraine (Art. 420), they can be the objects of
copyright and neighbouring rights, the objects of

technology from the position of its further transfer, it is
important to consider technology as a commaodity.

Technology is a product of labour or value capable
of meeting certain human needs and intended for
exchange (purchase, sale). This is confirmed by the Law
of Ukraine “On scientific and scientific and technical
activity”, where the scientific (scientific and technical)
products are specified as scientific and (or) scientific and
applied results, intended for implementation [35, Section
I, Art. 1]. Consequently, according to the ideological
essence of the law, the scientific and technological
products (technology) obtained at the university and
resulting from research and/or design and development
activities (R & D) must be suitable for implementing and
generating commercial (social, ecological, etc.) effect.
That is, technology is a product that is implemented in
accordance with the laws of marketing.

From the point of view of classical marketing, the
product is characterized by three levels: core product,
actual product (tangible product), augmented product
(intangible product) (fig. 4).

Product
concept / idea

D - Tangible
product

- Intangible
product

AFV arranties, service, installation,\

delivery terms, discounts,
bonuses, gifts, supplies,
lending, leasing, after-sales
service, repairability,
atmosphere of cooperation, etc.

N

/

industrial property rights, means of identification. The
second level of technology gives opportunities for the
third level considering not only services (as for the
product) but also converges into other areas. For example,
the advancement in the information and technology field,
embodied in innovative types of software products (the
second level of technology presentation), led to the
development of flexible methodology of project
management, which is necessary for the implementation
of the products indicated at the second level (the third
level of technology presentation). The example above
deals with teaching people, which is another kind of
economic activity. However, the product cannot be further
promoted and this technological trend cannot be
developed in general without study.
The described approach is detailed in fig. 5.
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Literary and artistic

works, computer
programs, data
compilations
(databases),
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Commercial
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.
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N

workers etc.

technical cooperation;
application of new technical resources;

services according to the technology;

technical and economic justification or servicing;

- personnel training;

development of competences of scientific and technical

Fig. 5. The concept of technology as a commodity

Fig. 5 shows all three levels of technology
presentation as circles where the area of every next circle
is greater than the area of a previous one: 4 > B > C. This
indicates the effect of synergy due to the addition of value
at the transitions between the levels of technology, which
takes place on the basis of the interaction of the
technological process members, the interaction of
knowledge, and so on.

Technology at all levels of its presentation should be
protected (not a form of the presentation of technology as
a result of intellectual activity (a chip, a piece of work,
species of plant, etc.), but its essence (the content, the
basic idea, etc.).

Knowledge as an immaterial component of
technology that is transmitted along with the tangible
product-technology from the second level to the third
stimulates the new knowledge. Thus, the intangible

component of technology enhances its tangible
component.
The suggested approach to the concept of

technology as a commodity is an important basis for the
implementation of technology transfer. For example,
when developing the strategies of technology transfer
developed at universities, such approach enables taking
into account market phenomena that previously were
considered indirect to the transfer of technology: synergy,
convergence, multiplicity, spillover effect, crowd effect,
etc. According to this approach, more attention should be
paid to interdisciplinary communication and the role of
knowledge that enhances the material component of
technology during their transfer.

When the knowledge (K) is used to create the
technology (T), then the implementation of T will lead to a
new development stage K', which will be different from K

embedded in the beginning. Knowledge embodied in the
technology and transferred from a developer to a
consumer who, after introducing it into production
(materializing), adds value to it when implementing the
technology into practical activities. As a result, new
knowledge K' is obtained, that is, the added value of
which is the practical realization of K. This can be a way
for introducing technology, the organization of
production, organizational and managerial solutions for
implementing this technology, options for its spreading,
and so on. Technologies (T) generate K', which in future
becomes the basis of new technologies (T"). In turn, T'

generates K" and so on (K, ...Ki,:T,, ... Ti,), which a

technological advance. In this process, knowledge, with
its aggregation and nucleation of a new technology, has
convergent and multiplicative effects. The mutual
penetration of knowledge is no longer an ordinary sum of
the terms that are the components of knowledge but has a
new added value. The interaction of knowledge and
technology is explicit due to the actualization of their
paradigmatic links.

The diagram of the suggested approach to the
transformation of knowledge is given in fig. 6.

The object of creative activity, which was recorded
in T when K was affected on and, as a result, K' and IPR
objects were obtained which is the basis of K, are
independent legal categories. The transfer of each these
right is an independent legal fact that generates, changes,
terminates the legal relationship. This confirms the
correctness of the hypothesis about the conceptual
difference between K and K', as well as the way of their
development.
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Note: the dotted line conventionally indicates the areas of convergence of knowledge and the multiplicative effect from their

aggregation.

Fig. 6. A fragment of the diagram of transforming knowledge into technology and generating a new knowledge

At each point where the technology is produced,
there is a creation the added value is created, which has a
multiplicative effect on other business spheres.

Discussing the results

Summarizing the mentioned above, the conceptual
approach to understanding the growth of technologies on
the basis of knowledge transformation chains is
developed. Knowledge, as an intangible component of

Table 1. Essential determinants of the concept of technology

technology, which together with a tangible product
technology is transferred, stimulates a new knowledge. In
this way, the intangible component of the technology
enhances its tangible component and causes the added
value. In this process, technology can be subject to market
effects or generate such effects itself.

The conducted study enabled distinguishing
essential determinants that reflect the concept of
technology taking into account its development on the
basis of knowledge transformation chains (table 1).

Determinants

The content of determinants

1

2

The essence of the
technology

Creating a new value is incident to human activity (technology is considered both as an independent
factor of production and as a means of increasing the factors of production in the context of
scientific and technological progress)

The principle of
technology understanding

Technology is the ordered knowledge

Avreas of technologies
application

Take place all kinds of human life. The technology is also considered as a branch of knowledge
devoted to developing and implementing technology in the life of the society on the basis of science

Forms of technologies

Invention, utility model, industrial design, plant species or technical information as a certain set of
documents, experience or skills of specialists, and so on

The nature of technology
development

Dynamic, extractive. Technology is an operation on knowledge acquired on the basis of the
implementation of other technologies, which also arose as a result of the development of knowledge.
Collecting material (knowledge) for the realization of new knowledge on the basis of the
technologies is mandatory

Interconnection of
knowledge and
technology

Both concepts, being fundamentally different, are implemented in a close relationship. The
interaction of knowledge and technology is explicit due to the actualization of their paradigmatic
links.
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The end of the Table 1

1

2

Features of technology

development in time to the information one

The role and significance of technologies is intensified during the transition from the industrial age

Technology Properties

Convergence, spillover effect, diffusion, synergy, “crowd” effect, multiplicative effect, and so on

Technology Concepts

The subject of labour, the means of labour, the carrier of technological functions, the level of
technological development of the society

The criterion of
technology truth

Technology practical application

Types of technologies

Tangible intangible. High, intermediate, low.

Communication
structuring

Accumulation of the knowledge of the society. Added value to the existing physical environment.

The efficient technological progress of the countries
of the world is possible under the condition of innovative
development of all factors of production. In its turn, it
requires producing and applying the latest scientific
knowledge, the constant growth of the professional level
of developers, scientists, as well as people who are

involved in promoting innovative technologies,
consumers, and so on, as well as their effective
interaction.

Conclusions

The tendencies of the world and domestic economy
emphasize the need for changes in approaches to
understanding the concept of technology and
technological development. The study of the concept of
technology that is based on the accumulation of
knowledge determines the institutional grounds for the
types of activities related to technology. However, the

importance of studying the concept of technology does not
lie only in the understanding of the levers of technological
development, but also in the fact that it is eventually used
as a way for understanding the world around.

The suggested conceptual approach to understanding
the development of technologies on the basis of the
principles of knowledge transformation enables increasing
the level of substantiating the processes of technology
management in the context of the present paradigm of
their transfer, taking into account market phenomena, in
particular:  synergy, convergence, diffusion  of
technologies, multiplicative effect, spillover effect,
“crowd” effect, and so on, and, consequently, to assess the
business opportunities stimulated by these phenomena.

The problem of technical development is not simple,
both from a theoretical point of view and in a practical
sense. The search for ways to manage the development of
technology on the basis of the chains of knowledge
transformation is the subject of further scientific work.
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PO3BUTOK TEXHOJIOI'TI HA 3ACAJIAX JIAHIIIOT'IB IEPETBOPEHHS 3HAHB

IIpeqvMeToM [OCHIIKEHHS € TEOPETHYHI 1 MPHUKIAAHI aClEeKTH PO3BUTKY TEXHOJIOTIH Ha 3acajax JIAHLIOTIB MEPETBOPEHHS 3HAHb.
CydvacHHl HAyKOBO-TEXHIYHHUH MTPOrpec NPOBITHUX KpalH CBITY HMO3HAUYCHHUH 3pOCTaHHSAM DIBHS iHTENIEKTyasi3allii Ta CKOPOYCHHIM
JKUTTEBOTO LMKy TeXHOJOTIH. Lle CrioHyKae 10 BHBYEHHS OCOOJIMBOCTEH I'CHEPYBaHHS i MOIMIMPECHHS 3HAHb, SIK PYILIIHOI CHIIH
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MOCTYIy TEXHOJOTid. PO3yMiHHS XapakTepy NEpeTBOPCHHS 3HAHb € WIAIPYHTSAM sl €(EKTHBHOTO YIPABIIHHA PO3BHTKOM
TEXHOJIOTIH. 3 OISy Ha 3a3Ha4eHE, MeTOK POOOTH € JOCIIKCHHS PO3BHTKY TEXHOJIOTIH Ha 3acajax JIAHIIOTIB MEPETBOPEHHS
3HaHb. [IJI1 [bOTO PO3B’SI3aHO HHU3KY 3aBAaHb: JOCIIKCHO CBOIOLINHHUN PO3BUTOK IMIAXOJIB JIO PO3YMIHHS MOHSATTS TEXHOJIOTIT,
BUBUCHO KOHIIETIIIIO TEXHOJIOTII SK TOBapy; pO3IIIHYTO NMPUPOY TEXHOJIOTII, 0 0OYMOBIIIOE OCOOIMBOCTI i CyJacHOTO MOCTYITy Y
JIAHIFOTax MepPEeTBOPEHHS 3HaHb; BCTAHOBJICHO IETEPMIHAHTH IOHSATTS TEXHOJIOTII, MPOIUKTOBAHI JIAHI[FOTAaMHU [IEPETBOPEHHS 3HAHb.
Ilix yac mpoBeaeHOT HAyKOBO1 POOOTH 3aCTOCOBAHO TaKi METOU: METO I'PYIYBaHHS, METO/ CTPYKTYPHO-JIOTIYHOI'O aHai3y, METOIN
aHaJi3y Ta CHHTE3y, rpadidnuii MeToa. Pe3yabTaToM JOCTiKEHHS € PO3pOOIeHHH KOHIENTYaIbHIHN MiAXia 10 PO3YMIHHS PO3BUTKY
TEXHOJIOT1H Ha 3acajax JIaHIIOTiB NIEPEeTBOPEHHS 3HaHb. 3HAHHS, SIK HeMaTepiajbHa CKIaJ0Ba TEXHOJIOTI], [0 Pa3oM i3 ypeueBICHUM
TOBapOM-TEXHOJIOTI€I0 MiIaeThess TpaHchepy, BU3HAYAE BUHUKHEHHS HOBOTO 3HaHHA. Y TakHid CIoci0 HeMarepiaibHa CKIaIoBa
TEXHOJIOT11 OCHITIOE T MaTepiajbHy CKIIQJIOBY Ta 00YMOBIIOE CTBOPEHHS JIOJATKOBOI IIIHHOCTI. Y IIEOMY HPOIIECI TEXHOJIOTIS MOXKE
MiAnagaTy Mg A0 pUHKOBHX e(eKTiB abo cama reHepyBaTH Taki eextu. Ha migcTaBi 3aporoHOBaHOTO KOHIENITYaJIBHOTO X0y
BUJIUICHO ICTOTHI JETEPMIHAHTH, NIO BiJOOPaXAIOTh MOHITTSA TEXHOJOTii, BPaxOBYIOUH il PO3BHTOK Ha 3acajax JaHIOTIB
MIEPETBOPCHHs 3HAHb. BUCHOBKH: 3alpOIIOHOBAHWI KOHICNTYAIRHHHA MiAXiM O PO3yMIHHS PO3BHTKY TEXHOJOTIH Ha 3acamax
JIAHITIOTIB TIEPETBOPCHHS 3HAHb Ja€ 3MOTY IJIBHIIUTH PiBeHb OOIPYHTYBAaHHS MPOLECIB YIPaBIiHHSA TEXHOJIOTIIMU B paMKax
CyJacHOI mapagurmu ix Tpancdepy, BpaxoByBaTH BUHHKHEHHS CTHMYJIbOBaHHX TEXHOJIOTISIMH PHHKOBHUX SIBHII (30KpEMa: CHHEpTilo,
KOHBEpreHuio, Audy3il0 TEXHOJOTIH, MyJIbTHIUTIKATUBHUN e(eKT, criuioBep-epekT, epekr "HaroBmy" TOIIO), Ta, BiAMOBiTHO,
OIIHIOBATH 013HEC-MOXKIIUBOCTI, 00YMOBJICH] IaHUMH SIBUILIAMH.
Knrwouogi ciioBa: TeXHOJIOTiS, HAYKOBO-TCXHIYHUN PO3BUTOK, 3HAHHS, JIAHIIOTH NICPETBOPCHHS 3HAHb, iIHHOBAILiS.

PA3BUTHUE TEXHOJIOT'MIA HA OCHOBE IENEW IIPEOEPA3OBAHUSA 3HAHUI

IIpeameToM HCCICIOBAHUS SIBIAIOTCS TEOPETHYECKUE W IPUKIIAHBIC ACICKThl DA3BUTUS TEXHOJOTHH HA OCHOBE Lenel
npeobpazoBannst 3HaHUH. COBPEMEHHBI HAyYHO-TEXHMYECKHII IIpOrpecc BEAYLIIMX CTPAaH MHpPa OTMEYEH POCTOM YPOBHS
MHTEJUICKTYAIN3alMH U COKPAIICHHEM JKU3HCHHOTO IMKJIA TEXHOJIOTHIl. DTO MOOYKAAeT K M3Yy4YCHUIO OCOOCHHOCTEH TeHepaluy u
pacnpoCTpaHeHUs 3HAHUI, KaK JBIKYIIEH CHIIBI pa3BHTHS TeXHOJOrwid. [loHMMaHne xapakTepa IpeoOpa3oBaHMs 3HAHWH SIBISIETCS
OCHOBOH U1 3(PpEeKTHBHOTO yNpaBICHUS PAa3BUTHEM TEXHOJOTHH. YUHTHIBas yKa3zaHHOE, HeJbI0 pabOoTHI SBISIETCS HCCIIEI0BAHHE
Pa3BUTHs TEXHOJOTHH Ha OCHOBE leneill mpeoOpa3oBaHus 3HaHWHU. JIJIsI 3TOro pemIeHo psA 3agad: MCCIEIOBAHO JBOJIIOLHOHHOE
pa3BHUTHE TOJAXOJOB K NMOHMMAHUIO NOHSATHS TEXHOJOTHH; M3y4eHa KOHIICTIIHMS TEXHOJOTHH KaK TOBapa; pacCMOTpEHa HpHpoAaa
TEXHOJIOTHH, KOTOpasi 00yCIIOBIMBAECT OCOOCHHOCTH €€ COBPEMEHHOI'O Pa3sBHUTHS B LEISIX NPEe0Opa3OBaHMs 3HAHUN; YCTAHOBJICHBI
JICTEPMHUHAHTBI TIOHATUSL TEXHOJIOTUH, NTPOJUKTOBAHHBIC LIEMsIMH NpeoOpa3oBaHus 3HaHUH. B Xozxe mpoBeleHHONH HayqyHOW paboThI
HPUMEHEHBI CIICYIONIME METOJbl: METOJ TPYIIUPOBKH, METOJ CTPYKTYPHO-JIOTHYECKOTO aHAIM3a, METOIbl aHAM3a M CHHTE3a,
rpadudeckuii MeTon. Pe3yabTaToM HCCICIOBAHUS SBISETCS Pa3pabOTAHHBIA KOHLENTYaIbHBIH MOAXOJ K IIOHUMAaHHIO Pa3BUTHS
TEXHOJIOTMH Ha OCHOBE Iieneil npeoOpa3oBaHusl 3HaHMIL. 3HaHME, KaK HEMAaTepUabHAs COCTAaBIAONIAs TEXHOJOTMH, BMECTE C
OBEIIIECTBICHHBIM TOBAPOM-TEXHOJIOTHEH MojBepraercsi TpaHcepy, Py STOM OIpe/eisieT BOZHUKHOBEHHE HOBOTO 3HaHMs. Takum
o0pa3oM, HeMaTepHallbHasl COCTABIISIONIAS TEXHOJIOTMH YCHIIMBAET €€ MaTepPHaNIbHYIO COCTABILIOILYI0 M OOYCIOBIMBAET CO3JaHHE
JIOTIOJTHUTENIBHON [IEHHOCTH. B 9TOM mpoliecce TEXHONOTHsS MOXET IMOJNAAaTh IMMOJ JeHCTBHE PBIHOYHBIX S(P(EKTOB MiIn cama
reHepupoBath Takue Sddexrsl. Ha OCHOBaHMM TPEAIOKEHHOTO KOHLENTYaIbHOTO MOJAXOAA BBIICICHBI CYIICCTBCHHbIC
JIETEPMHUHAHTBI, OTPAKAIOIINE MOHATHE TEXHOJIOTUH, YYUTHIBAs €€ Pa3BUTHE Ha OCHOBE Lienel mpeoOpa3oBaHus 3HAHUH. BbIBOABI:
MIPEIOKECHHBI KOHIETITYaIbHBI TOAXO0A K TMOHMMAHUIO Pa3BUTHSA TEXHOJOTHII Ha OCHOBE Memnel mpeoOpa3oBaHUS 3HAHUH
MO3BOJISIET TIOBBICHTh YPOBEHb OOOCHOBAHHs IPOLECCOB YIPABICHUS TEXHOJIOTHSAMH B PaMKaX COBPEMEHHOW MapajirMbl HX
TpaHc(epa, yYUTHIBATH BO3HHUKHOBEHHE CTHMYJIMPOBAHHBIX TEXHOJOTHSIMH PBIHOYHBIX SIBICHUH (B YaCTHOCTH: CHHEPIHIO,
KOHBepreHuuo, IudQy3nuro TEXHOJOTUH, MYJIBTHIUIMKATUBHBIA 3ddekT, cnumioBep-agdekt, sdpdexr "tomms” u T. 1.), H,
COOTBETCTBEHHO, OLICHMBATh OM3HEC-BO3MOYKHOCTH, 00YCIIOBICHHbIE JAHHBIMHU SIBJICHHUSMH.
KuioueBbie ci10Ba: TEXHOJIOTHS, HAYYHO-TEXHHYECKOE Pa3BUTHE, 3HAHUE, 1SN [IPe0Opa3oBaHus 3HAHUH, HHHOBALHSI.
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INoBuneH BiirouaTy He MeHi 10 mxepen, ski BumaHi 3a octanHi 10 pokis. [Ipu npomy He MenIn 50% mkepent
ITOBHHHO BiTHOCUTHCS J0 1HO3EMHOI IepioAUKh. SIKI0 OCHOBHOIO MOBOIO CTaTi € YKpaiHChka ab0 pocilichKa, TO
O(pOPMITIOETBCS JIBA CIIMCKU JITEPaTypH: IMEpIIHii (CHHCOK JITepaTypd Ha MOBI OpHTIHAIYy JDKepena) —
BignosigHo 10 JICTVY 8302:2015 «bibmiorpadivyHe mocuIaHHs: 3arajbHi IOJO0XKESHHS Ta MPaBUiIa CKIATAHHN);
Jpyruii — Ha aHTJiChKINA MOBI Ta naTuHUI (TpaHcnitepanii) — «Referencesy.

[Ipu moaHi cTaTTi aBTOP MOBHHEH rapaHTYBaTH JIHCHICTh HABEACHUX JDKEPET Ta Y pa3i HeOOXiTHOCTI HaAaTH
iX y penmakuiitHy koserito. Skmo mkepeno iHdpopmarii Mae ineHTH]iKaTop mHdpoBoro 00’ekty DOI, 1o BiH

Q6OB’HBKOBO HABOJUTHCS HAMTPUKIHIN omucy, Hanpukian, doi: 10.20998/2522-9052.2017.1.09. /

(formula) Word 2007-2016.

pucynky — JPG).

Bumozu 0o enemenmie cmammi

\0603’5{3}(0131/1171 (Ta6muusn 1. Hazea mabauy;).

Habip ¢opmyn 3pilicHioethess B penmakropax ¢opmyn Microsoft Equation 3, a6o MathType.
3a00pOHSETECST BUKOPUCTOBYBATH Uil Habopy ¢opmyn rpadiuni o0'extn, Tabmumi ta pexakrop dopmyna

Ilocunanus Ha dopmymy B TekcTi MaroTh BUIILIX (1), (2—4). @opmynn MOBHMHHI OyTH IPOHYMEpOBaHi.
®dopMya € YaCTHHOIO TEKCTY, TOMY Ticis (OPMYJIH MOBUHEH CTOSTH CMHCIIOBHH 3HAK: SIKIO JAaii iie HOBe
pEUeHHs, TO TOUYKa; AKIIO JlaJli fe po3'siCHeHHs, TO KOMa.

Ilepen pucynxom B TEKCTi OOOB'I3KOBO WJe IOCHIAHHA HAa PUCYHOK BHUAY puc. 1, puc. 2-4, puc. 5, a.

PucyHnku 000B’SI3K0BO CyNpOBODKYIOTECS mifpucyHkoBuMmH mianucamu (Pue. 1. Hassa pucynky). dopmar

Ilepen mabnuyero B Texcti 060B'I3KOBO e MOCWIIAHHS Ha TAOMUITO BULY Ta0J. 1. TaGIuIHMI 3aT0JIOBOK —
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