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UDC 004.9: 519.81
V. BESKOROVAINYI

PARAMETRIC SYNTHESIS OF MODELS FOR MULTIC RITERIAL ESTIMATION
OF TECHNOLOGICAL SYS TEMS

The subject matter of the article is the problem of multicriteristimation of the properties of technological systems (TS) in the
process of their structurglarametric optimization. Thgoal of the study is to increase the efficiency of procedures for multicriteria
estimation of TS properties at the stages of theiigdeand reengineering using the technology of comparative parametric
identification of the preferences of a decision maker. difjectivesare: to increase the adequacy of the additinvatiplicative model
of multifactor estimation of variants of buildirgTS based on the Kolmogor@abor polynomial; to develop an efficient method of
parametric synthesis of additiaultiplicative models of multifactor estimating and selecting variants of building a TS based on a
deci sion maker 6s ptheearalysisamlgigesrecommendaticms an yhe mractical use of the suggested method of
parametric synthesis of models of multicriteria TS estimation.mi&odsused are: system analysis, decision theory, identification
theory, multicriteria optimization athods. The followingesults 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 rediady hoear,
convex or concave, but al (Z)like dependencies on their values. To solve the problem of parametric synthesis of models of
multicriteria TS estimati on, the method of compar atsisofthe i den't
procedures for calcating the Chebyshev point and the residual vector. The experimental study of the efficiency of the suggested
variant of the method is carried o@onclusions.The application of the suggested function in additiudtiplicative 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 ds pr etr®elr ence
the residubvector 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 experdyesftahetu
method confirms the increase in the efficiency of the procedures of parametric synthesis of models built on its bassisorcomp
with the method of group accounting of arguments on the basis of genetic algorithms. Practical application of thibtagsedtsno
the support systems for making multicriteria design and management decisions will improve their accuracy and, onitiueehasis,
the functional and cost efficiency of modern TS.

Keywords: technological system, design, reengineering, opétitn, quality criteria, multicriteria estimation model, utility
function, KolmogorovGabor polynomial.

Introduction generalized system efficiency criterion; selecting the best

option for building a system. The methodology for solving
Modern multiproduct manufacturing is characterize(TS optimization problems is based on the tieof
by a wide variety of types of raw materials, methods of itmulticriteria decision making [4]. In addition, a
processing and the assoemt of finished products. The decision maker can select the best decision from the set of
conditions of competition orient it towards all possibleefficient ones only in the simplest situations without using
reducing the terms of mastering new types of products aformal methods [6]. Additional information about the
improving their quality. In the context of modernvalue of individual formalized properties (private criteria)
methodology, the production process is represented a@and their values should be included to automate the
techrological system (TC) or a set of such systems. Ttprocedures for assessing design decisions [7].
efficiency of technological systems is largely determined  The most important task of formalizing the decision
by decisions that are made at the stages of their designmaking process in the context of TS multicriteria
reengineering. The processes of TS design, modernizatioptimization is to determine a metric for ranking
planning the development oeangineering involve the alternatives. The utility theory [8] is traditionally used as a
solution of many interconnected tasks of their structuremethodological basis for developing the metric; according
topological and parametric optimization. The optimizatioito this theory, the value of utility (value$)(4,x)(where

of production technological systems lies in the fact ¢ js the vector of the parameters of the function) can be

selecting the best option from a set of options thatfgatiSyetermined for each alternative variant of TS buildiag
all functional and value constraints according to a varie ) o admissible sex . At the same allx ye X:

of quality indicators (quality, cost of production, systen.
performance, equipment loading, and so orBJ1At the yoPLYoRLR=RL Yo B, X= B Y
same time, one of the priority tasks is the task ¢

developing models for antated multicriteria estimation ~ X> Y<> P, X> R4, y); X2 %> RA, X= R, ¥

of variants of building technological systems. As the requirements to TS features are not fully

The analysis of the problem current state determined as the function of total utilitP(1,x), it is

suggested to use the fuzzy set adjectihe best variant
The modern technology of TC optimization involve<Cf building a technological systemfg]. In this case, the

solving many tasks: selecting system quality indicatolfuzzy set"the best variant of building a tech_nologlcal

(private criteria of optirality); determining the parameters Systerican be presented as a set of ordered pairs:

that determine the efficiency of the system; developing a the pest variant of building a technological system

E V. Beskaovainyi, 2017
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={ <%, P(A, X) >}, x° = arg maxP@ ,x. (4)
xe X

where xe X is a variant obuilding the systemP(1,x)

is the membership degree of the variant X to the
fuzzy set"the best variant obuilding a technological

system: - . . . comparisons [5, 6]. The drawbacks of the mermbn
Determining a metric for ranking the variants of T< : ;
- ; . methods are the complexity and relatively low accuracy of
building xe X is actually solving the task of estimates
identification of a deci st up cenniqie of the comparative identification’is © N @'t
solving the tasks of structural and parametric synthesis

. . used as an alternative to the expert assessment of
the total utility function (TUF)P(4,x). In the general parameters [I112]. For structural and parametric

case, thisnvolves selecting a similarity criterion, a set ofidentification of the models ofhe mixed type (3), the

input signals, structure and parameters of the functicmethod of arguments group accounting (MAGA) on the
P(A4,x), assessing its accuracy or adequacy to a decisibasis of genetic algorithms is suggestedi 8. The
makerdés preferences. Wh epractical application of this method is limited by its highy ¢ t u r
is selected asP(1,x), the task is to determine the bestime complexity and low accuracy of obtained solutions.

] o The reviav of the current state of the problem shows
values of its parameterg = 4" o ~ that the tasks of parametric or structural and parametric
~ Depending on the problem situation criteria Osynthesis have been studied so far in one of the types of
identification (S|m|lar|t¥ of models) are: the minimum of gqgitive, multiplicative or mixed functions of the total
summary (mean, maximum, summaryartgd) absolute, ity p(4,x) (1)i (3) that are built on the basis of ron
relative error of estimation of total utility?(4,x),the . o . . .

i L i universal utility functions of partial criteria& (x),
maximum of preferences force, the midpoint maximur ) ) o
the maximum of the function of use appropriateness or tli =1.m, using the approximate methods of identification
minimum of the error of establishing the order o[6, 7 10, 1214].
alternativesxe X [10].

The vector of weight coefficients is traditionally
determined with the help of the expert method by ranking
methods, attributing points, sequential preferences, paired

The models of multicriteria assessing and selecting The research goal and objectives
are built on the basis of additive, multiplicative or mixed
TUF [7]: The objet of the researchis technological
" production systems.
P(/i,x)=221-§i(x); 1 Th_e subjept of the _resm_aarch; the process of
vy interactive multifactor estimation of the variants of
building technological production systems.
m A The goal of the researdh to increase the efficiency
P(ﬂ,x):q G(x) ; (2)  of the procedures of multicriteria estimation of the
=

features of technological systems at the stages of their
m m m design and reengineering using the method of comparative
P(A,X)=D2 4 -&(XH DD % & (X}E (x* ..(3) parametric identification of
i=1 i=1 = preferences.
. L . —_ The achieve the stated doidis necessary:
whe.re P(A1,x)is the est|m§t|on gf a.n alternative utl|l.1>y, -to increase the adequacy of the additive
m is a number of partial criteria, 4 are weight multiplicative model of multfactor estimation of variants
coefficients of partial criteriak (x) and their products ©f Puilding the TS built on the basis of the Kolmogorov
o ] ~ Gabor polynomial;
420, 4 20; i=1m; §(x)=4[k(x)] is a partial -to develop the efficient method of the parametric
criterion utility function (PCUF)k (), i=1.m. synthess of additive multiplicative models of the multi

g . factor estimation and selection of the variants of TS
The main drawback of the modebf the form (1) is building;

that they do not reflect the objective role of partial criteria  _ ;5 conduct the analysis and give recommendations

and allow practically unlimited compensation of onég g the practical application of the suggested method of

criterion by others. The drawback of models of the forry,e narametric synthesis of theodels of TS multicriteria
(2) is that they can compensate for the insufficient vallggtimation.

of one particular criterion by the excess of another one.
The utility function built on the basis of the Kolmogofrov
Gabor polynomial (3) can overcome the drawbacks of the
models (1) and (2) [7].

If the vector of parameters is determned and the
type of the function of partial criteria utilityZ(x),

The research materials

The task of parametric synthesis of the models of
multicriteria estimation of technological systems will be
- solved using the general utility functioR(4,x) built on
i =1,m is known, the task of selecting the best variant the bais of the KolmogoroxGabor polynomial (3). The

TS building for the models of the form (1)X3) can be general function of partial criteria utility;(x), i =1,m

reduced to the task of optimizan: will be used as a constituent of the general utility function.
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The general function of partial criteria litsi enables inequalities (7), (8) or (9). In addition, the derived system
implementing linear, convex, concav®, and Z-shaped of equations and inequalities can be incompatible or can
dependences on the values of partial critekigx), have innurerable solutions.
The minimum error in ordering the priority of
alternatives and the minimum sum of the squares of
_ o estimating the errors of the alternatives utility are selected
a'(kSX)J.OST((X)S_ka; as t he cr!terla fqr_ _|dent|
preferences when solvingé task of TS optimization. A
(5) number of components of the model (3) is selected on the

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

a

s(x)=

a — | k() ka S basis of the required accuracy of ordering a decision
a+(1-ay - , k< k(xx 1 makeros preferences. the dim
1-ka available computing resources. At the same time, the
k(x)- K _ maximum number of summands is equdl =G, ,— 1

k(x)=———,i=1m, (6) (where mis a number of partial criterian is the
Kkt —k .
polynomial degree).

= = . . The following notation is introduced:
where ka, a are normalized values of coordinates of the

point of function sewing, O<ka<1, O0<# <1; &(X)-E0O)=Em (X)) 1= Ame 1 &(X)-E(X)=Eny o X),
oy o4 are the factors that determine the type of th~

' ; ] ; A2= A 20 é (10)
dependence at the starting and final sections of tl.. '
function; k(x), K, K are the values of a partial Taking into account these notations (10) the function
criterion for the variantx, the best and the worst values(3) can be presented as the additive one (11):
of the criterionk( x). N

This function exceeds the known Gaussian functiot P(1,x)= Zﬂi g (X). (11)

Harrington function, and logistic function with respect tc =
the accuracy of the approxiThe components of the vectoh should bemak er
estimations [14]. estimated basingd eci si on makerds pre

. The essence of t.he techngyo of comparatlvg the alternativesx,ye x¢ (where XCis a subset of the
identification of a dec

i S
T, . ; Pareteefficient alternatives). The pairs of alternatives

optimizing TS lies in the following fact. The types of the

P ial .g i utility functi g. y_p_l— should belong to a subset of the Pafficient ones,

partial criteria utility function are given a§(x), i =1,m which is caised by the fact that considering dominating

(5) and TUF P(4,x) (3), they represent the TS mostalternatives from the subset of the agreement

important features. A decision maker implements the pai XS = X\ X® while developing the binary relations of
of the variants of TS building from the subsets of thgtyict preference Ry(X ) and preferencéndifference

admissible ones which creates in the consciousness or lation % d not contain ful information. that
decision maker some subjective estimasi of the utility elation Ry (X ) does not contain use '

P(x) and P(y), whose values cannot be measureds x>z Vxe X© and vze X®. This is due to the fact

Binary relations are developed on the basis of thethat strict preference and preferetigdifference relation
estimations (the equivalence or preference of variants for dominating alternatives ra performed under any

justified): values of weight coefficients, , i =1,N .
- variant equivalencé (X )= < x,y>:x,)e X, % V; For equivalence relatiorR (X ) according to the
- strict preferenceR; (X )= < x,y>:X,% X, % y;  model (11) the system of equations including nE equation

wh €

- preferencendifference relation is derived from the anditon P(x)=P(y),
Ry(X)= <X, y>:X¥ X,XV. (x,y)e R (X))
Corresponding systems of equations and inequalities N N
are derived: ni(A)= 4 &(X)=2 4 &(y), <x,y>€ R (X),
i=1 i=1
P(4.x)= P(1.,y), x,}¢ R (X, () . —
i=1ng, (12)
P(2,x)> P(1,y), x,¥ B (X, 8 _ .
As well as the equation for normalizing the vector
P(24,x)z P(1,y), x,}¢ R (X, )

N —
Mooa(A)=2 4=1,420,i=1N,

where/ is the target vector of TUF parameters. =

Therefore, the task of parametric identification of
TUF of TS variants is to determine the vecto=[ 4], ~Where ng =Card R (X is the cardinality of the

(where N is a number of model parameters) that meet tfequivalence relatiol® ( X).
requirements of the derived system of equations and
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For strict preferencd;( X ) preferencendifference Ansr—>Min; =n;(A)+Ay,1 20, j=1ng,

relation Ry (X ) the systems of nelinear inequéties

and normalizing conditions are obtained: Mngs1(A) = Z’li =1, 420, i=1,N. (17

i=1

N N
n(A)=2 44> 44 (y), <x,y>e R(X),
i=1 i=1

If the system of inequalities (13) is consistent,

L r=min maxp; (A )< G, and the obtained solutior®
j=1ns, w ) . . .
will be highly sustainable to probable shifts of constraint
N J— planes. If the system (13) is inconsistent; 0, and the
’7ns+l(}“)E _Z/li =1, 420,1=1LN; Chebyshev approximation is obtained, which is the value
=1 of minimal deviation for solving the targeystems. In
N N this case, for the system of preferences, which is described
77;(/1)52/11' §(x)= Z% §(y), <x,y>e Ry (X), by the binary relatiorRs (X ), there is not a single vector
= = of weight coefficients of partial criterial that meet the
j =l,_ﬂN , 14) requirements of (13
Searching the Chebyshev solution (approximation)
N L — of the system of linear inequalities and constraints for
U~ +1(/1)Ei21:1i =1 4=0,1=1N, preferencandifference relationRy (X )is reduced to a
task of linear programming in the same way (14).

where Ns=Card Rg(X) ny=CardR (X} . The drawback of soluihs in the form of the
: Chebyshev point is their orientation only to the extreme
R . X X
cardinalities of refation§s (X Jang Fi (X)), constraints and to the minimization the maximum

_The obtained systems efjuations and inequalities deviation of the obtained point from the planes of
(12)i (14) are homogeneous and specify numerous plargeyiations 7.(1). Generic solutions of the systems
: : i
that cross the zero point of the coordinate system. Tht

second parts as normalizing conditioEﬂi ~1, 4>0 (12)7 (14) are suggested for using as an alternative to the

) . T solutions in the form of the Chebyshev point. that take
determine secant lines. Thus, Haar conditiomet, and into account the removal (or deviation) from the whole set
systems (12) ( 14) are inconsi st eofconstraints [11]. The vector can be used as the solution

O_ne of the methods of so_lving similar_ systems iqf the system (12) fohe relation of equivalenc®, (X )
searching the Chebyshev point [7], which enables

reducing original tasks to the tasks of linear programmir A°=arg min ” MM — b|| (18)
[11, 16]. If the additional variablely,, is added to the Z

system of equations (12), the set of constrainyyhere | AMi-b| is the norm of the residual vector;

| 7;(4) |SAN+1’ J=1ne can be created to get the A=[g;] is the matrix of coefficients for the system (12),

equivalence relatioR. (X ). Itis as follows:

the elements of whbh are

0y (A)+ A 20, 1i(A)+ A1 20, =T, (15) &= &M-&( . J=Lw, i=1m; jis the pai

N number <x,y> in the ratio of Rz(X);
Mesa(A)=2. A4 =1, 420, i=1N. 8 .1;=1,i=1,m:b=[0,0,...,1T .

i=1

Minimizing Ans1—> MIN in the context of The research results

constraints (15) is a task of linear programming and

- . ~  The suggested method haowa its efficiency and
enables obtaining the Chebyshev point of the system (1‘effectiveness in solving test tasks. The results of solving

In this case theChebyshev pointi® has geometrically the tasks from [10, 12, 13] were used for comparison.

least deviation in modulus| r| from the whole set of In [13], a special case of the function (3) was used as

equation planes (12) a model to gstimate the variants according to four
particular citeria

|r| =min max|77j (;t)|:m_a>}77j @° 1 (16) 4
A i i 2
P(2,X)= D4 & (X Js - & (X)+ (19)

The additional variabled,; is introducedto the =

2
constraints (13) for the relatiols (X ), the conditions +e 52 (X)+ A7 65(X)-Sa(X)
nj(j’)Sﬂ'NJrl! J:m should be performed. Then, Wi t h wel g ht =[G®360‘12,I0¢5, @08t s
hina the Chebvshev boint of the svstem 0.1; 0.15; 0.07]. The values of TUP(4,x), obtained on
isnee?qu(ja:iti?as (13) is yreduceg to a task d)llihear the basis of the model (19), determine the following order

programming: at a set of alternativeg € X, | =1,12 (table 1):
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X = X0 = X1 = Yo X Xt X Y- X X X X(20) | =1,12, |= 6; task 2 is to determine the best values of

the parameters of the model (19) that lays down the order
(20); task 3 is to determine the best values of the
E(X)-E1(X)=E5(X)y E(X)-E5(X)=Eg(X), paameters of the model (19) that fulfil the conditions
E3(X)-E4(X)= & (X), P(1,% )= P(1,x ), 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

ma k e r iarg x° ¥ g rthat is the one which fulfils the
condition P(1,% )> P(1,x ), V1=1,12, 1= 6; task 5

To estimate the method efficiency, many tasks dS to determine the type and parameters of the model of
parametric identificat i o theseconddegree (3)thatlays down the order (20); tasg
preferences in the form of (3) were solved for thdS to determine the type and parameters of the model of

conditions of strict preferences and equivalence: task 1the second degree (3) that fulfils the conditions
to determine the best parametefsthne model (19) that P(4,% )= P(1,x ), VI=1,12.

After the following notations had been introduced:

the model (19) was presented in the additive form:

7
P(A.X)= Y4 & (x).
i=1

fulfil the condition P(1,% )> P(1.x ),

Table 1.The characteristics of the variants of TS building
x £(X) £,(X) £5(X) £4,(X) P(4.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
X4 0,74 0,24 0,19 0,52 0,4134
X5 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
X9 0,64 0,42 0,32 0,78 0,4569
X0 0,92 0,08 0,38 0,25 0,4825
X1 0,18 0,60 0,64 0,85 0,3907
X2 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. The approach of the comparative identification of
Regularizing the tasks of searching the solutions of tithe vectors of preferences for models of multivariate
system of equationand inequalities (12) (13) in the estimating and selecting solutions based on the
form of (17)i (18) enables obtaining unambiguousKolmogorovGabor polynomial was further developed as
solutions. a result of the analysis of the proimieof estimating the
The obtained solutions of tasks 1, 2, 4, 5 enabproperties of technological systems in the process of their
restoring the compl ete i noptimzaton. order of a decision ma
preferences with the inaccuracy of referenceussl by In order to increase the adequacy of mifatitor
63,287,3% less than while using the method of theestimation models, it is suggested to use the utility
group accounting of arguments. function of partial criteria, which enables implementing
The residual vector (18) was minimized for tasks not only linear, convex or concave, but also S§Axaped
and 6, which enables obtaining the parameters of tidependences on their values. Its use makes it possible to
N L — increase the accuracy of expert approximate estimates
models  4={%}; Zﬂi =1, 420, i=1LN that gjgnificantly compared to the models built on the basis of
= Gaussian functions, Harrirgt and logistic function.
Moreover, the application of the suggested function in
V1 =1,12 to the fullest extent. In addition, the maximumavailable models of mulfactor estimation does not
deviation from the equality of the values of variants utilit,ch@nge the methods of selecting their parameters.

was 0,2177 for task 3, and 0,1826 for task 6. . Improving the mgthod of comparative identificat!on
is suggested on thebis of the procedures for calculating

the Chebyshev point and the residual vector is suggested
for the parametric synthesis of models of multicriteria

equalize the values of all variant®(1,% )~ P(1,%x ),
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estimation of technological systems. This enablemanagement decisions will increase their accuracy and, on
covering all practically important situations of a @&  this basis, increase the functional and cost efficiency of
maker 6s sel ection t hat amodern technological systems. Developing effidienta r y
equivalence relations, strict preferences, preferencmathematical models, methods, and information
indifference relations, and increasing the efficiency of thtechnologies of integrating decision support means into
synthesis procedures in comparison with the method the technology of design, adaptation and reengineering of
group accounting of argumentbased on genetic technological systems can be the directiofisfusther
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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V. VARTANIAN, Y U. ROMANENKOV, Y U. PRONCHAKOV, U. ZIEINIIEV

INFORMATION TECHNOLO GY OF RATIONAL RESOU RCE ALLOCATION IN
THE SYSTEM OF BUSINESS PROCESSES OF THEORGANIZATION

The problem of ratioraistribution 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 intervalyuotextpiart
assessnme). 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 organizatigoaltieto ensure the quality of organization management by
creatingapplied information technology of rational resource distribution in the system of business processes taking into account the
interval of expert assessments. The followiagkswere solved in the work: the matrix method for assessing the level of effjodén
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 disttieution in
system of business processes of the organization was developed; the applied information technology of rational digtribution o
resources in the system of business processes of the organization was created. The folldwidgwere used as the basithe
research methodology: the matrix analysis was used for developing the matrix method for assessing the level of efficeency of
hierarchical system of the organization business processes as well as for developing methods and tools for the arfatysiplof
aggregated indices of multidimensional objects and systems; the methods of linear programming and interval analysisfevere used
developing an optimization model of resource distribution in the system of business processes of the amgamézatinciples of
system analysis were used for developing applied information technology, rational allocation of resources in the sysieesof bu
processes of the organization. Aseault, the methodical support of information technology for #it#onal distribution of resources
in the system of business processes of the organization was developed. The place of the described models is showessdhe proc
supporting decisions on distributing resources in the system of business processesgainilzation 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 Among the urgent tasks of strategic management of
mainstreaming information technologies XITin the OTS in the context of this study are the following:
managerial decision loop. It is connected with the - the task of assessing the efficiency of OTS internal
continuous growth of data amount on production objecstructure and functional areas;
and processes, the expansion of the organization and - the task of rational distribution of resources in the
technical systems (JuS), OTSbusiness processsystera.d o f i nformati on
technologies in general. The problem of managing the efficiency of business

The dese to use all available information in the processes [3] resulted in the whole scientific area where
process of making decisions leads, on the one hand, to researchers consider variouspasts. For example, the
increase in the degree of validity of managerial decisionworks [4, 5] deal with the general issues of business
and on the other hand, to the inevitable increase in the rmodelling, the work [6] focuses of the issues of economic
of manmachine decision supposiystems (DSS). In this and mathematical modelling, the works-ID] highlight
case, the methodological support of such systems shoithe problems of system efficiency assessment, the works
reflect the entire range of uncertainties inherent in th[11, 12] emphasize the issues of the synthesis of OTS
decisionmaking process [1]. optimal control models, the works [285] are devoted to

The number and variety of methods used to sohthe development of methodological tools.
similar tasks are caused by the multiatei methods of Despite the detailed and comprehensive study of the
formalizing individual functions and properties of theaspects of the above problem, the following tasks remain
organization [2]. Practical application of such models artopical:
methods, as a rule, is characterized by a limited time for - the development of applied IT for solving practical
modelling, the lack of qualifications or information fortgsks of managing the system of OTS business processes
efficient modelling, weak reliability in dealing with fuzzy taking into account industry profile and current quality
data, and intelevel inconsistency between decisionstandards;
makers. - the development of methodological support for

A separate circumstance inherent in the decisiolsuch IT taking into accotrihe real characteristics of the
making process in complex OTS is the use of expeprimary information (uncertainty, delay, inaccuracy, and
assessments in a number of practical tasksnd®l so on).
management information.

All these objective circumstances stimulate creating The goal and objectives of the research
applied specialized IT for solving practical control
problems on the basis of models and methods that take The subject of the study is the models and methods
into account the real characteristics of the primary daof |T of rational distribution of resources in the system of
(theirvolume, accuracy, uncertainty, and so on). OTS business processes, the goal is to ensure the quality

E V. Vartanian Yu. RomanenkoyYu. Pronchakovis. Zieiniiev, 2017



HZyOmdzd?2 MsOdz OLS o dzBch BMe § % jsdsd MAB o ks jy ESEAR5229818(Print) -

of the organization management by creating the IT of A set of vectors (1) can be presented as the
rational distribution of resources in the system of businecompound matrixX,, of the following structure:
processes taking into account the interval of expert

assessments. [[X, 1 0 0 .. Q0
The tasks to be soldeare the following: [ X, 1 0 0
1) to develop a matrix method for assessing the lev
of efficiency of the hierarchical system of the OTS Xg=|" )

business processes;
2)to develop methods and tools for infographic
analysis of aggregated indices of multidimensional objec
ard systems; il Xy ] o
3)to develop an optimization model for resource . . . .
distribution in the system of OTS business processes; where X, is the vector of maximum dimension from a set

: . T n
4) to create an applied IT of rational distribution Ofof X, X, &, I, =max

the resources in the system of OTS business processes i=1 l
taking into account the intervaf expert assessments. Let eachn business process in the organization is
characterized by the column vector of the coefficients of
Matrix method for assessing the efficiency relative significance of a business process components

of the hierarchical system of business

T .
=\ q; s i=1 2, ..n,

According to [4], the system of OTS business A [a'l Rk aﬂi] ’ 3
processes can be represented by functional areas gfere (.
activity (for example, the organizational structuoé i 0 _
management, management system, marketing, the systé} ] component of thei ™ business process, and
of production organization, enterprise personnel, supply, I .
marketing, etc.)14]. O<oy <1, Yoy =1,i=1 2 ..,

Using the notation and logic adopted in [8], the i=1
methodology for assessing the level of relative efficiency A set of vectors (3) ca be presented as the
of the higarchical system of business processes in compound matrixA built like Xg:
organization taking into account the interval uncertainty of

is the coefficient of the relative significance of

data. '[ AT 0o '

The object of management (the base organization) N
characterized by a set of vectods, X,,  €éX,, that [ A T 0
reflect the level of efficiencyn of the organization A=l 4)
business processes where each one consists of [ A I '
components of relative indices of the efficiency of the
corresponding business process:

[ A T 0 .. 0

X1:|:X111 X291 weey X11:| ;

where A, is the vector of the maximum dimension from
X, :[le, Xo0r veey XZZ} ,

(1) theset(3).

The product of matriceX,A is the square matrix
Xn:|:)(nl, an, ,)%hJ, A A A N i i
with the dimension ofnx n which contains the relative

: ; . efficiency n of business processes in the principal
wherel;, l,, @&, are the dimensions ok,, X,, &, y P princip

diagonal:
X, vectors. g

XA XA o XA

The componenty; is the relative efficiency of the XoA XoA o X, A
i th component of the ™ pusiness process and is assesse XoA = v | )
by experts by comparing to similar business processes XoA XA o XA
business rivals.

Proceeding from thessence ofg; indices, the area

Let B be determined as the matrix with the
dimension of nxn which contains the relative
although it can be different depending on the grading sczcoefficients of the significance of business processes in
chosen by experts. One corresponds to the maximtthe principal diagonal
efficiency of the j™ component of thei™ business

process in the group of assessed organizations.

of their admissible value is the intervak; € O, 1,
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B, 0 O 0O O problem will be actually set in the general form and
0B, 0 0 0 cannot be solved by definition.
2 A set of vectors (9) can be presented as a compound
B= (6) interval matrix A :
r T
0 0 0 .. By O [ A 1" 0
|10 0 O 0 By [ A T
where B, is the relative coefficient of the significance of A = : [Ak] il (10)
n
the i " ibusiness process, whe@<p <1, > B =1,
i=1
i=1 2 .n. I [A] T 0 .. 0

The matrix X,AB contains weghted relative _ _ .
efficiencies of all business processes in the principd{nere [A] is the interval vector of the maximum

diagonal: dimension from a set (9).
Let us suppose that the elements of the matrix (6)
BXiA BoXiAy o By XiA are also presented in theental form:
X X X - -
XOAB: Bl ZAl BZ 2A2 Bn 2% ) (7) Bl 0 0 .. 0 0
0 B 0. 0 0
lenﬁ BZXHAZ annph 2
The complex relative efficiency of OTS busines: B = ' 11)
processes can be found determining the trace of t
matrix X,AB : 0 0 0 ..[Bpa] O
0 0 0 .. 0 [B]

E=tr XoAB =P, X A +B X oA+

+ﬁanA1 :iﬁixi Al‘

i=1

) Where [B.]Z[B_lﬁ] is the interval estimation of the

relative coefficient of thei™ business process, and

_ jS]c 0,1.
Interval extension. When the expert assessment ] ] )
are presented as intervals, a set of vectors (3) is written as: 1he matrix X A B contains the interval
estimations of the weighted relative efficiencies of all

[A]:[[%], [o2], [aﬂﬂT i=1n, (9) business processes in the organization in the principal
' diagonal:

where [ o; | =[ocij q} is the interval coeffient of the XA B =

relative significance of thej™ component of thei ™ By Xg A B Xy A o [Ba]X{ A]

business process, a[nndij]c 0,1. It is obvious that the B Xo A Ba Xp A [Ba]X] A]]-(12)

l _
character of point estimationi o =1, i=1n for the
j=1

Bl Xn Ai BZ Xn AZ [Bn] XnI: Ah:l
interval coefficients is not fulfilled but in the context of The interval estimation of the complex relative

the task being solved is not significant. efficiency of business presses can be found determining
The nature of the interval form of the coefficientthe trace of the interval matriX A B :

[aij] is caused by the procedure of expert assessing. _
. . o E=[EE|=t XA B =B X A+
Along with the agreed point estimation, interval

assessment can be used at various stages of the study.
idea of using data of this type consists in the natural des
of a researcher to take into account the uncertainty ...
solving the task. For examplef the LPP solution is Thus, the matrix method (with interval expansion) of
unique in the interval context, the researcher gets, besitassessing the level of the relative efficiency of the
the decision itself, also a guarantee of the fact that it whjerarchical system of TS business processes is
remain unchanged under any combination of the intervsuggested; this method formalizes the hierarchical
coefficients of the model. The width of the intesvas  structure of the efficiency of business processes and, due
assumed to be insignificant in comparison with the middito the maitrix analytical form, enables assessing the
part of the corresponding intervals since otherwise ttefficiency of the structure of any order and dimension.

n (13)
+ By Xy Ay +...+[Bn]xn[&]=§[ﬁi]>ﬁ[A]-
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Methods andmeans of infographic analysis of
aggregated indices of multidimensional
objects and systems

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

object is assessed, whereis a number of metricsp, ,

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 ofthe convolution of a separate ldevel 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 upjevel RMD, as
shown in fig. 2. Similarly, for an integrated RMD, an
integral index can be obtained.

Fig. 1.RMD general view

(i+1)t Level

ith Level

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

The device for normalized diagrams (ND)[13]. 1) radial metric and normalized diagrams are

The ND is a colmn diagram of metricsp,, i=1n graphoanalytical models and enables visualizing the
according to which the object is assessed, and the Widthstructure and significance of aggregated indicatérthe

a separate column is equal to the corresponding weigi 2) NDs are linear (invariant), while RMDs are

coefficiento; of the i -th metric (fig. 3). nonlinear (noninvariant) with respect to metrics (to the
Similar to RMDs, NDs can and should describe thgrder of metrics);

multilevel hierarchical system of indices (metrics) as 3) when analyzing linearly aggregated indices, the

shown in fig.4. ND area, in contrast to the RMD area, has the geometric
Based on the results of a comparative analysis interpretation;

two means of multivariate analysis of aggregated 4) when analyzing multilevel (more than two)

indicators of organizational and technical systemsaggregated indices, it is preferable to use ND due to the

namely, RMD and ND, the following conclusions can bistrictness of the graphoanalytical apparatus and the

drawn: 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 buimess process business processes of the OTS.

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

0 0.5 S 1
1 i ]
/ 1
&=
| < .
1
-
[ Sw -0.5
p]t i
D 2,
Pua
=0
a a, @, &,
Fig. 3.ND general view
0 0,5 1
L 1 Lo
‘\ "
P
pl p3
0
(i+1)® Level a a, a
, it Level 05 1 0 0.5 1
1 1 I J ; L | ] ;
[l Pis 0.5 Px 0,5 ‘ 0,5
Py T P
Pi3 P
Py
P T ;E
P
¥ " ‘l, Put » P:si L,
al 1 al 2 al 3 al 4 al h] all aZZ az} a'.’fl a]l a]l aﬁll

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 ttTable 1.Initial data for LPP in the standard form

matrix XAB Dpe presented as a normalized diagram as ATUmber of Tesolrce Units Tor 10
shown in fig. 5. Resource | Resource growth of the efficiency of a
type supply business process (BP)
L o j BR | BR, | & | BR, | BR
B 1 @ |G| % €] G | G
i 2 O Couy | C2 | € Cn1 | Cn
______ I e é é é é é
I m-1 Om-1 Cni1 | Gn12 | € | Gnant | Goean
m Om G G2 é Crn1 Cinn

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

- 0,5
pOLY)

n-1

Z=AE=-AR=0,0D) 8, X Ay—> max (16)
j=1

where y; is the amount of procedures aimed at increasing
Yy L, the efficiency of thej ™ business process.

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

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

The complex relative efficiency of OTS busines: 4 .
processes, according to (8), is numerically equal to tt ZQJ Y =q,i=1m, (17)
area of the figureE bounded by columns in the height 1= _
that is equal to the level of the relative efficiency of th y; 20, j=1n.

business process and in the width that is equal to tne
relative coefficients of the significance of the business  The solution of LPPY" =[}i Yoo o y}} reflects
process. . . .

The area of theidure R which completes the figure the€ optimum relationship amgn the amounts of
of efficiency E to the square with the unit side Procedures for increasing the efficiency of individual
characterizes the degree of the break, that is the differerbUsiness processes in the organization. _
between the ideal (reference) and the real state of the Thus, the optimization mechanism for selecting

efficiency of OTS business processes. strategies for increasing the marketability of an
The length of the break that is numerically equal torganization that is based on bringing the niaufethe
the area of the figur® in fig. 5, equals 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 busings processes.

R:1—E:1—iﬁix,a. (14)

i=1

Both the value of the breaR and the vala of the
complex relative efficiency of business processes in the Interval extension. Suppose, that there is a set of
organizationE can act as a functional in LPP up to a signstrategies that consist of separate procedures aimed at

Let us formalize LPP in the standard form accordinimproving business processes according to the cumulative
to the set task and the notations introduced above. principle.

Let Q be the vector of resources distributed for The considered task with such assumptions can be

managing the marketability of the organization, whosreéduced to LPPiithe interval form. o
components characterize the supplies of specific A set of the elements of the main diagonal of the

resources, for example, material, informationMatrix (12) is presented as a normalized diagram for
technological, personnel, and . interval estimations (fig. 6). .

The interval estimation of the complex relative

Q=[a: %, s G, (15) 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 figurﬁ (the sum of
necessary for increasing the efficiency of th8 business areas of shaded rectangles in ). It is this evaluation

process by 1% (table 1). that can serve as a functional in LPP, which in this case
can be formalized in a standard form.

where m is the amount of resource types.
Let g; be the amount of the resource of iHetype
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YeM yaM v, 2 =[ Z Ze] L (22)

~ A where M, v, M, y are sets of pointyy= y,..., ),
of solutions of the lower and upper boundary tagk,,.
Zmax are maximum values of the target functions of these
tasks.
ahn Any point from the set intersection, y , M, vy

is taken as solution point in (22), and the intefuain the
maximum of the target function of the lower boundary
task Z ., to the maximum of the target function of the

upper boundary task maxis taken as the maximum value
of the target functionZ max

=

N
‘ The advantage of this approach to solving the
B B2 Bn1 Bn interval problem of conditional optimization lies in the
B By Py By possibility of applying traditional, welleveloped
methods for solving deterministic optimization problems

Fig. 6. The normalized diagram of the interval estimation of the
efficiency of OTS business processes [17].
The interval function of iareasing the complex The solution of LPPY =y, ¥, .., ¥ reflects
efficiency of the business process in the organization the optimum

used as a target function:

relationship among the amounts of
procedures for increasing the efficiency of individual
n business processes in the organization in the context of
Z = AE :0,012[[31.] X [AJ y > mav, (18) any parameters of the system within the target intervals.
j=1

The resultsof modelling

where y; is the amount of procedures aimed at increasing

The structure of the information technology of the

the efficiency of thej " business process. ) structu .
Finally, the interval LPP in a standard will be thEratlonal distribution of resources in the system of OTS
! business processes is shown in fig. 7.

following: to ensure maximal value of the interval targec . : .
; S " The results of modelling are illustrated with the
functions (18) under limiting conditions e : "
(18) 9 example whose initial data are presentedlem2i 4.

Table 2.Interval relative coefficients of the significance of OTS

n _
DGy <q, i=1m,

=1 (19) Dbusiness processes
y;i 20, j= 1n . Relative
: Bl:(s)?eessss coefficients of Value
It is evident, that there is LPP withe linear interval P significance
function. _ Marketing (8. ] [0,34,0,3§
According to [17], the interval task (18)(19) can
N The system of
be reduced to two deterministic problems. production [8,] [0,64;0,66
Lower boundary problem: orgarization

Z = max,

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

3 <dqg, i=1m, — -
jzz‘iqj =4 (20) Specific quantity of the resource|
— Resource| Resource tGJ_ fr] MmO for
yj 20, j=1n type reserve of efficiency growth
BR BR,
Upper boundary problem
Q. 20 2 5
Z = max,
n o 0 40 8 5
Y < i=1m
jZ:;-Qj Y=g, 1=Lm, (21) % 20 s .
y; 20, j=1n

The task (18) (19) is solved by solving their lower

and upper boundary tasks:
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[
"matrix method of techniques of
performance infographic analysis
evaluation
indices of v . e
s Performance *comprehensive Vlsu_allzatlc_)n
Processes evaluation performance and simulation *yalues of
I E—— )
= of the system estimations of the system gaps
of business of business
= .  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 struatre 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

[77]
§ é . Relative efﬁciency of the Interval relative coefficient of
3 8 The components of a business process componentx; significance of the componeﬁuij ]
)
1.1 The system of marketing organization 1 [0117?045%
2 | 1.2 The system of marketing research 0,9 [0.17:0,19
£ | 1.3 Assortment policy 0,8 [0,15,0,17
3 .
= | 1.4 Pricing policy 0,8 [0,15,0,17
— .
1.5 Communication policy 0,7 [0'15'01-6
1.6 Distributive policy 0,8 [0,15,0,17
S | 2.1 Employment volume 0,8 [0.9:0.11
S | 2.2 The main technologies used 0,8 [0.12,0,13
©°
g 5 2.3 Innovations in the production process 0,8 [0’11;0’@
g S| 2.4 The degree of mastegithe available technologies 0,8 [0.12;,0.14
c
% S| 2.5 Technological base of an enterprise 0,9 [0,14;0,16
> 0 .
§ 2.6 Production planning system 0,8 [O,lS,O,llﬂ
= . . 0,13;0,1
o 2.7 The system of production quality support 038 |: q
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 2y, +3y, < 20,
written according to (7): 8y, +5Y, < 40,
E=tr XA B = 0,74216;0,8932z. Sy, + 6y, < 30,
y; 20,
The normalized digram of the efficiency is S
o y, 2 0.
presented in fig. 8.
The interval target function is written according to
(18): For solving the lower (20) and upper (21) tatiks

Z =0,01 0,34;0,36 0,788,0,888y, +

simplex method is used, this method is implemented in the
simplex package of the system of the computerized

+0,01 0,64;0,66 0,741,0,869, - m: algebra Maple (fig. 9).

and limitations are written according to (19):
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The obtained optimal solution

1-
* * * 30 40
Y = vy, =|—, — |, Z = 0,021;0,025 reflects
X ¥ (13 13) L
the proportions for distributing resources for
corresponding strategies under ampmbination of initial
data within the given intervals.

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 appliechiormation technology for
0 the rational distribution of resources in the system of

0 0!5 1 business processes of the organizational and technical

Fig. 8. The normalized diagram of the efficiency of two businesSYStem is developed taking into account the interval of
processes in the organization (example) expert assessments.
The methodological support of the developed

e information technology comprised:

] - 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 embles 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 optimizatbn model (with interval extension) of

! resource distribution in the system of OTS business

|

|
|
|
|
|
|
|

processes.

0 f — t t > ¥
1 23,1 3 4

Fig. 9. The graphic presentation of restricting conditions with the
use of graphical tools
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A. GERMASHEYV, V. LOGOMINOV, Y. KOZLOVA, V. KRISHTAL

IMPROVING THE EFFICI ENCY OF HIGH -SPEED MILLING OF THI N-WALLED
ELEMENTS OF PARTS OF COMPLEX GEOMETRIC SH APES

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 manufacturirgeof parts
the productivity and machining quality. Thabgect matter of the article is the vibration during higheed milling of thiawalled
elements of parts of complex geometric shapes.alimeof the article is to determine the possibility of increasingetfiieiency of
high-speed milling of thiawalled parts by finding vibratieproof processing conditions. To achieve the goal, the followasgs
have been set and implemented: considering the features obpegld milling of thirwalled elements of partaith complex
geometric shapes, developing a technique for investigating the milling process, and identifying stable machining conditibns f
speed milling of thiawalled components. Thenethods of oscillation fixation during machining and statisticahalysis of
experimentally obtained results are used. The following results are obtained: the design of the experimental benctedstsuggest
study the process of milling thiwalled elements of parts, the technique of obtaining a quantitative chatactefithe milling
conditions, which is based on determining the position of a part at the moment when a milling tooth is cutting interétdisaftl
the stable machining conditions for higheed milling of thirwalled elements of parts are determin€dnclusions.The decisive
role of the spindle rotational velocity in achieving a low vibration level has been experimentally proven, under thesarfdhiih
speed milling in a vibratiomesistant range of spindle velocities both the radial depthhenteed can be increased without losses in
the quality of machining.

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

Introduction accuracy, where the latest aspects go to the foreground

only during the finishing process.

Parts that have thiwalled elements are widely used
in the aerospace distry, for example, blades of axial and  Analysis of literary sources and problem setting
centrifugal disks of a gas turbine engine (GTE).
Vibrations occur while machining such parts due to their  Fists fundamental steps in estimating the maximum
moderate rigidity; they worsen the roughness of performance of the process of machining were made in the
machined surface and the dimensional accuracy. mid-1 950 s . Researching conduct

Low indices of the surface roughness are verJ. Tlusty and others [2§. A. Tobias, W. A. Fishwick [3]
important for parts that are encircled by liquid or gaenabled usg the physical essence of regenerative- self
flows. The increase of the roughness leads to the mcoscillations excitation for creating the theory for
rapid transition of the laminar boundary layer to th«determining stable conditions of machining.
turbulent one, which increases the total force of the  Underlying principles of the regenerative theory of
friction resistance. Therefore, the improvement of thstability were worked out b$. A. Tobias [4] and J. Tlusty
quality of a machined surface and blades of GTE dis|[5], who studied the interaction of the dynamics of the
boosts the engine efficiency, the endurance strength, astructure of a machine tool system and the dynamics of
the resistance to the crack formation of critical parts ththe cutting process. They determined the regeneration and
operate under high dynamicklads, and the increase ofthe coordinate link as a main mechanism of -self
the dimensional accuracy of manufactured -halled oscillations during machining. HE. Merritt [6] suggested
parts promotes more balanced operation of the engine eusing the regeneration and the laws of laying waves that
increasing its service life and repair intervals. appear due to setfscillations on the surface of cutting in

Modern trends in the development of industryorder to determine the stability of orthogonal turning. This
require manufacturinghore complex geometric shapes ofapproach was further developed by many researchers and
parts. In addition, the machimiilding industry seeks to wasused as a source for estimatingcadled stability lobe
minimize a number of assembly units by switching tdiagrams which are widely used today to determine the
monolithic parts, which makes an important contributiomaximum possible axial depth of cut (the stability
to the complication of their structures and the inazeéas boundary) when the spindle is rotating with the greatest
the number of thirwalled elements. It is also worth notingvelocity or velocity.
that one of the main directions of mechanical engineering  This approachwas initially developed for turning,
today is energy efficiency, that is, the reduction oalthough seHoscillations occur in many processes of
structures weight. This issue is the most important in ttmetal finishing. When stability lobe diagrams were
aviation industry, \Wwere the strength and lightness of partdeveloped, they started to be used for other operations as
are especially required. well, including milling. Tlustyd. [7, 8] conducted a

Monolithic thinrwalled parts of a complex shape aredetailed analysis of milling stability based on the theory of
manufactured by removing up to 90% of a part allowancregeneration seldscillations. The fact that this type of
which lays down high demands for the performance machining has an intermittent character of the cutting
this process. The issues ofcirasing the efficiency of force, that is linked with the entry and exit points of
machining costs are considered along with the reductimilling cutters, was take into account in the later
of the roughness of a machined surface and geometrialgorithm of estimating the milling stability {9.1].

E A. Germasheyv, V. Logominov, Yozlova, V.Krishtal, 2017
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Considering higkspeed milling of parts of complex predict the state of milling, the level of vibratis and the
geometric shapes requires clear understanding tquality of a machined surface.
peculiarities of this process which lie in the fact the
process of maching is intermittent when cutting with a The goal of the research
single milling cutter is replaced with free motion of the
instrument and the part. This phenomenon is caused by a The goal of this work is to determine probabilities of
small arc of a milling cutter contact and a part that ienhancing the efficiency of machining by increasing the
being machined due to low radial and axiabtihs of cut. radial velocity and feed as well as the impact of these
It should be noted that the value of the axial depth parameters on thebration stability of milling.
limited by the complex shape of a part that can be

obtained because of the line small size. The axial depth Research materials and methods
can be increased; however, this parameter is artificially
decreased since a pas machined with a smatliameter To study the process of milling thimalled parts, the

instrument or thirwvalled elements are machined. Thepench § suggested, which is shown ig.f1. The detailed
probability of vibrations is very high under suchinformation about this bench is given in works [12, 13].
Selfoscillations attenuate at relatively low cuttingtaple of a milling machine through the electric insulation
velocities under the conditions of the intermittent cuttingang is designed to fix a springing element (of a -thin
Nevertheless, higbpeed machining of thiwalled parts is \yajled plate) securely. A machined sample is rigidly fixed
one of the most difficult cases in the sphere of metgn the plate. The sample is moved while milldhge to the
finishing. The authors concluded that the vibrationn st force of the milling cutter; the displacement

stability of milling thinwalled parts is based on forcedyransducer measures the length of the motion according to
oscillations but not on setiscillations. Depending on the the change of the gap clearanee.

combination of dynamic characteristics of a machined part
and excitation frequencies of the system, it is possible to

Measuring contact Ll ADE Lo PC

system

Workpiece
's .
B Thickness
g et
.J .
Thin plate

Clamping
] device

Fig. 1. The experimental bench for studying the hageed milling of thiawalled parts

The gstem of measuring the contact conditions opoint), the sites of a probable exit of a millingtter from
an instrument with a part was added to the bench [14, 1the tooth engagement with the allowance within the arc of
When a milling cutter contacts a machined sample, eheir contact, and the end of cutting (the exit point).
electric signal is fed through the mobile current collector Fig. 2 (a) shows the ideal case when a part remains
to the ADC (analogu#o-digital converer). The signal in one and the same position at the beginning of cutting,
from the current collector and the signal of the sampthat is when its disgnment from the equilibrium along
motion are recorded simultaneously, which enables the¢he Y axis does not change at the pierce point. In this case,
highly accurate overlapping igf 2). The system of the elimination of the allowance by each tooth of a milling
measuring the contact between the milling machine aicutter occurs under the same conditions.
the instrument is a keelement of the experimental bench In fig. 2 (b the pierce point changes its position
for studying the process of intermittent cutting as ialongthe axis of the part deviation, while the length of the
enables dividing the oscilloscope record of a paallowance also differs each time when the tooth of the
oscillation into the process of cutting and the idling. milling cutter is cutting. Multiple repetitions of this

Fig. 2 shows the fragment of the process of a paprocess lead to a significant deterioration in the quality of
machinng by the measuring equipment of themachining, which is chargerized by the high waviness,
experimental bench. The overlap of two signals enablas well as by the increase in the amplitude of oscillation of
determining the moment when a tooth of the milling cuttea part.
starts contacting a sample being machined (the pierce
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Fig 2. Fragments of the record of the machining process

To obtain a quantitative description of the condition:S, = 0.3 mm per tooth toS, = 0.05 mm per tooth, the
for. milling thin—walled_ parts, e famplitude of the pierce feed direction was trailing. The lubricatitgoling
point, R, was estimated. This value characterizes thtechnological meium was not used. That is, the

difference between the maximum and minimum deviatioexperimental studies were carried out under the conditions
of a part at the beginning of cutting during the entirthat correspond to the modes of machining complex

process of machining. shaped parts, where the allowance is cut with small radial
The experimental stlies were carried out on aand axial depths. .
numerically controlled milling machine DMU 50., A Two series of experiments were conduttto

kneetype clamped plate 6 mm thick € 6 mm) and 60 consider the impact of the radial depth of cutting and
mm wide b = 60 mm) was used as a springing elemenfeeding on the machining process. The milling dynamics
the overhang of the plate was 80 mm, the material uswas measured in the speed range from 500 rpm to
was St 65 G. Theample made of the material St 3 wad = 10,000 rpm. The step of changing the rotational speed
rigidly fixed at the exposed end of the plate. Thof the spindle was 100 rpmhe& analyzed parameter was
metalworking was carried out with a carbide endthe amplitude of a part position at the beginning of
cylindrical 4tooth milling cutter, with the diameter of 20 cutting.
mm, the flank angle of the helical cutting risnwas equal
t0330. The frequency of natural oscillations of the The results of the research and discussion
springing system (SS) of a thimalled part f,,, was equal
to 565 Hz, the damping ¢
the stiffness C was equal to1000 N / mm.

In all experiments, the axial depth of cuttiag was the frequency of a spindle rotation when the radial depth
is equal tdd,5mm and a, is equal to 0,25 mm.

oof Fig. 3 shows the change of the amplitude of [pe 0.
pierce pointR,,, obtained experimentally depending

equal to 2 mm, the radial depth varied freagqn= 0.25 mm %
to a a, = 0.5 mm, the feed to the tooth was from
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Fig. 3. The amplitude of the pierce point over a full range of radial depths

The results othe experimental study show that forwalled part and an instrument were the same in both
both depths in the considered speed range, vibraticexperiments. The values of the pierce point amplitude of
resistant machining conditions are observed=(1900 the considered radial depths, when the frequencies of the
2000 rpm,n = 2500-2800 rpm,n = 3300-3900 rpm, spindle rotation are equal, vary insificéintly (no more
n = 4700-5700 rpm,n = 6300-8000 rpm), as well as lessthan 10 % in 95% of cases). If considering unstable
vibration-resistant ones. Changing the speed of the spincconditions of machining, the amplitude of the pierce point
rotation helps change the amplitude of the pierce point Ifor a greater radial depth would have higher values.

10 or even more times. It should be noted that the speed Thus, the right choice of the spindle rotation
ranges of stable and unstable cutting for both depths dfrequency which correspond® the vibratiorresistant
equal because of the fact thduring the highspeed range of frequencies of a spindle rotation enables
milling the areas of optimal modes of machining depenincreasing radial depths saving the low level of vibrations.
on the characteristics of the system and on the excitation Fig. 4 shows the change of the pierce point position
frequency. The areas of optimal machining occur whedepending on the frequency of a spindle rotation when the
the frequencies of the spindle rotation are equal, takifeeds to the tooth are equal: $0,3mm per tooth and
into acount the fact that the elastic system of a thinSz=0,5mm 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 vibratiorresistant conditions of spindle speed contributed to a sigedfint change in the
machining for the both considered valuwschanging the amplitude of the pierce point.
modes of cutting lie within the same speed ranges. They Thus, the results of the experimental studies show
correspond to the ranges of the frequenciethefspindle that the fundamental factor for achieving optimal
rotation given forify. 3 as the dynamic characteristics of émachining conditions is the spindle rotation frequency
thin-walled part and the milling cutter remained the same(the frequency of forced oscillations). At the satime,

In the majority of experiments, the amplitude of theachieving vibratiorresistant milling conditions enables
pierce point for equal frequencies of a spindle rotatiocincreasing the feed rate, thereby increasing the machining
varied within the limits of 10% when the feed and thefficiency.
radial depth changed. At the same time, a change in the
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Conclusions speed of the spindle rotation is crucial for achieving a low

level of vibrations and favourable quality of the machined

The article considered the possibility of increasingurface othin-walled parts.
the radial depth of cutting and feeding at hagteed Both the radial depth and feeding can be increased
milling of thin-walled parts. The experimental conditionswithout any loss in the quality of machining while milling
corresponded to the modes of machining parts with in the vibrationresistant range of the frequencies of the
complex geometric shape of surfaces; particularly, smespindle rotation. Thus, the fundamental task is to improve
cutting depths and intermittent cutting were used. the effciency of machining significantly. The

The results of experimental studiehow that experimental studies have shown the capability of a
changing the speed of the spindle rotation contributes twofold increase in the radial depth of cutting and half as
multiple changes in the amplitude of the pierce point. Trmuch increase in feeding.
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MODEL OF TIME MANAGE MENT IN THE SYSTEM O F 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 progcts with strategic project management positions. §da — to build a model of time management in resource system of
providing strategic project managemeftjectives To examine the individual that takes management decisions as counterpart
projectoriented 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 usec
general sientific 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 th#aoldtssifica
is used Ishikawa diagram. The followingsults are obtained. In the article, the authors developed a model of time management
activities in projecbriented organizations. Research conducted on materials where strategic management edripragstt
organkation is considered as an example of-sehagement student, who in turn acts analogous to piajecited organization. On
the basis of the results of causal analysis of factors leading to a lack of time students, a model of time managem&heisnodié!
included the use of extensiveness factor of life time, factor of loss and the actual rate of reserve of time. Applietppartested
using Business Studio softwar€onclusions When analyzing and building models of causality was found dexeaaons for
ineffective time management system of resource providing of strategic project of management on the example of thegasfet grou
students, each of which is considered as an analogue of prdaed organizations. The recommendationsirfgsroving the
process of time management in personal strategic planning through the use of the constructed model are given. Thebeesults can
used as a tool for combating inefficient use of time in prejeiented organizations.

Keywords: strategic projet management, time management, causal analysis, risk priority number
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TECHNOLOGY OF REPAIR AND RESTORATION OF L ARGE-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
largesized gears of drives of walking excavators;grieding mills, ball mills. Thegoal is to develop a new technology for repairing

and repairing largsized gears with a module (m =-B5 mm). Thetask is to obtain a guaranteed quality of restoration of gear rims

after repair with higkperformance machining of large wheels operating in an agjgeesbrasive environment. The method of
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intermittent rolling with the use of disk nanodular 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 calipersethed 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 weittpgece is
stationary or makes a slight turn, i.e. The treatment proceeds in compwiitbothe runningn method, under more stringent
conditions. Results of implementation. Two new directions were adopted for the implementation of the newpleigth dental
processing technology. The first was the development of simple special millipgrsaiounted 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 calipedetp wgied vertically hobbing machines. The
introduction of a new technology for repairing and rebuilding toothed wheels during the finishing of hardened wheelsigétiofthe
a gearcutting machine was carried out in production conditions when machimngheels of a pseuguanetary gearbox with the
following characteristicsm=28 mm z =1; z,=24; z;=32; b=400; $,=0"; steel 34mf S0¢; HRC ¢
comparison with the process of gear grinding, in which tensile stresses are created in the surface layer of the pgartreh&risat
is most favorable. Compressive stresses increase wear resistance of partsyabatradtexural strength of geafdonclusions.The
industrial introduction of new technology of blade machining of repair and restoreesiaegegear wheels makes it possible to
reduce the labor intensity of a finishing operatied 8mes, and also iehinates the need to purchase expensive anepkrfiormance
gear grinding machines for import. In this case, the surface quality of the teeth is higher than in the case of geabgoadaey
Excludes defects such as burns, microcracks.

Keywords: repair and recovery technologies, largeged cogwheels, intermittent rolling method, disk #noodular cutters,
high-speed technology, special milling calipers.
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V. KOSENKQ, E. PERSIYANOVA, [ .BELOTSKYY, O. MALYEYEVA

METHODS OF MANAGING TRAFFIC DI STRIBUTION IN INFORM ATION AND
COMMUNICATION NETWOR KS OF CRITICAL INFRA STRUCTURE SYSTEMS

The subject matter of the article is information and communication networks (ICN) of critical infrastructure systems (Cl§)allhe
of the work is to create methods fmanaging the data flows and resources of the ICN of CIS to improve the efficiency of information
processing. The followingasks were solved in the article: the data flow model of rrlgliel ICN structure was developed, the
method of adaptive distribuim of data flows was developed, the method of network resource assignment {semeltinodes was
developed. The followinghethodsused aré methods of mathematical statistics for random processes, the theory of queuing systems,
methods of optimizationheory and operations research. The followiegults 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 efficieiaty of
transmission were detern@d. The possible approaches to the formulation and solution of the listed problems were suggested
according to the developed general approach to network management. Thievaultiformation structure was investigated. The
mathematical model of data fie of a multilevel information structure of the network was developed; it has ddhetainstratified
structure and consists of a number of subnets and groups of nodes. The method for adaptive management of data flmms distribut
was developed; this rfeod includes the stratified twlevel 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 caeificsbut at th
level by settinghe basic parameters of the network, at the setdndoperational management with constant basic parameters. The
method for distributing the resources of a maéirver information processing node was developed, as server systems are considered
as a sebf singleline 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
transctions and total costs for maintenance. The use of the method resource distribution of the server node in the eourse of re
engineering CIS processes minimizes the costs of servicing the data flows.

Keywords: information and communication network, criti¢gafrastructure system, traffic distribution, med@rver node, data
flows.

Introduction According to the metioned above, the development
of the methods of managing the distribution of the
At the current stage of the development of criticanetwork traffic that are aimed at solving a given set of
infrastructure systems (CIS), changes in management @pplied tasks and at ensuring the CIS required security
due to such factors as updating technical equipmewithin the ICN environment is of primary importance.
expanding the territorial scope, increasing the dynamics of
the implementation of functional tasks, changing their The amalysis of the problem and available methods
nature and content, new technological modes of operation.
In order to provide information exchange in the course of  While upgrading the ICN of CIS, particular attention
CIS operation, a single inforation and communication is paid to increasing the bandwidth of channels and
network is developed and the system of thcommunication lines and finding new technical solutions
communication and automation gradually transform to ttthat enable improving the characteristics of nggmaent
update digital means of transmission and processing processes [4].
information, to the automation of management processes However, a feature of many multiservice ICNs is the
[1]. specific fluctuation profiles of the data flow traffic, so the
Nowadays, the syams of critical infrastructure are ICN potential can be fully implemented only due to the
characterized by the high intensity of data flows in thefficient adaptive management of available network
management process and the requirements for tresources uret growing requirements for the speed of
efficiency of management, timely decision making aninformation exchange.
bringing to the executors of solutions and tasks are At present, much attention is paid to the study and
constany rising [2]. In the distributed information and development of methods for building information and
communication network (DICN), it is difficult to provide telecommunication networks and distributed information
the required response time very difficult because of ttsystems [5]. Data flows in presdf@Ns are characterized
high intensity and variety of data flows as well as due by heterogeneity and significant spread of parameters,
the need to search data in laigpale repositories and which is caused by their multiservice nature, the various
databases, the complex interaction of distributeformats of data obtained from different sources.
applications, the low speed of communication lines, the  Statistical analysis, mathematical modelling, static
declaration of no#momogeneous components interactioland dynamic anagis of sources and data flows are used
among various ICN subnets. for analyzing data flows and determining their parameters
The main advantages of many control systéms [6].
universality and multifunctionality quite often become the However, modelling of data flows should be based
main disadvantages in CIS as the specifics of the work on the study of the information structure of the network.
the system which requires appropriate network settiniThis enables the efficient use of network reses,
and methods of managing should be taken intensuring compliance with the requirements for the
consideration [3]. reliability and speed of information processing. One of the

E V. Kosenko, EPersiyanova[ .Belotskyy, O. Malyeyeva 201"
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most promising directions for the development of methocmethods, such as, for example, the method of
for ICN building is the use of adaptive control methodmultiprotocol label switching of packets allow the
[7]. modificetion or replacement of management algorithms
At present, the taslof studying, analyzing and that are a part of the management technology that is being
modelling data flows that arise in the process of operatiimplemented [9].
and interoperability of applications in a network is not In present ICNs, a user can modify the software that
formalized and requires developing the models that reflecontrols the data transmission activity (DTA) at two levels
the information and technical structure of the neknammd of data flow managenme.
data flows available in ICN. The lower level of management involves using
Traffic distribution management involves using bottmanagement algorithms where the estimates for the DTA
standard methods and algorithms of traffic managemeparameters obtained due to the methods that take into
and the ones developed by users. These methods account the features of the data flows are transmitted. To
linked with the optimization of the network performanceobtain the estimates of the DTA paramstat this level,
which includes technology and scientific principles ofthe following methods can be used [10, 11]:
measurement, modelling, describing and managing traffic - the method for estimating the size of the filtering
to obtain the required performance characteristics [Ebuffers of the communication equipment;

Traffic management focuses on minimizing the loss of - the method for synthesizing the stable estimation
packets and delays, optimizing the bandidand of the function of the traffic distribution dehs
agreement of the best service level. - the methods for managing the redistribution of

The central function of traffic management isvirtual connection bandwidth taking into account priorities
efficient management of bandwidth due to the optimeéand competition among integral data streams.
assignment of traffic to switching nodes. At present, The consistent application of the methods mentioned
different methods of traffic management are used in Clabove as well as similar ones enable obtginthe
Most of them assume the possibility of externaestimates of traffic control parameters. The analyzed
parametrization, that is, the transmission of traffimethods of the traffic distribution are summarized in
parameters directly to used control algorithms. SonTable 1.

Table 1.Basic methods of redistribution of the network resources

Methods Peculiarities Advantages Disadvantages
Method of statistial | implement the technology an smooth the profile of do not take into account th
multiplexing scientific principles of| data flows traffic properties 6 traffic, as when
The method of smoothing thl measurement, modelling the peak values of data dens
data flow density description and management occur, their commencement alr
traffic to obtain the requireq short duration cannot be takg
characteristics. into account

Method of assessing the size | selects the optimal size of filt§ enables increasing th are not used for traffig
the filtering buffers of thg buffers for integral data flows thg bandwidth of virtual| management at the upper ley

communication egpment are served by a virtual channel. | channels of management (to govern th
The method of synthesis of | analyzes the integral flow of fracti enables gettind accesswhen receiving a quer
stable estimation of the functig data adequate assessmg for data transfer)

of density of traffic distribution of control parameters

Methods for managing the is used while dynamic reservin takes into accoun

redistribution of virtual| the bandwidth priorities and

connection bandwidth competition  among

integral data flows

Methods of traffic management should take intthe speed of data processing. Thdicle solves the
account the features ohé management of hierarchicalfollowing tasks:

systems and be based on the following principles of traffic - creating the model of data flows of the ICN
distribution management [12]: multilevel structure,
- the principle of decomposition; - developing the method of adaptive distribution of
-the principle of coordinating subnetworksdata flows,
operation; - developing the method for distributing network
- the principle of correlation the objectiveEsubnet resources for a mutgerver node.
management.
The traffic management includes a set of Sdving the task

interconnected network elements, the system of

monitoring the network state, a set of means for managing Information and communicative networks have a

the configuration as a response to the current state of imulti-level structure according to CIS [13]. Let us

network, and enables takimgtions that prevent unwantedconsider the network aggregated at tHesels (ig. 1):

future states using the prediction of the state and trends of - nodes assigned to the system users;

traffic development. - groups of nodes that correspond to functiona
The goal of the articleis to develop the methods of tasks;

managing the flows and resources of CIS ICN to increase
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where @; is the total density of data flows between the

(2 level) subnetworks

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

t t
Q; = Z EKZ wCrk -
k=1 r=1

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

¢y H H:]kﬂ* T be*

where Qy; is the total density of da flows of the kth

task between the rth group of nodes andjtie group of
nodes of the network information structure

(O level) network nodes

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

t t
Qi = z ﬁmz Ckrmé
m=1 r=1 .

The main characteristics of this structure are the
total density of data flows at eachvé and the
absorbance between the leve&hie 2). The obtained results enable assessing the data flows,

respectively, loading the ICN structdi@ming

Table 2.The parameters of data flows of a thegel stratified equpment at the flrst Ievel |n general and the ﬂOWS Of
structure of ICN

each task.

Parameters | The structure level Designation For the second level of the structure, the matrix that
total density of| first ~ (groups  of| ¢ divides the first level groups into groups of the second
data flows nodes) level can be defined in the same way as well as the density

second by O, & of data flows amonghe groups of the second level and

_ (subnetworks) the density of the data flows of one task among the groups
data flows in the d ; The total density of data flows in the network of the
middle of | secon b2 ¢ 4 i :
first level nodes:
subnetwork
absorbance first o, o, . tot
d b = Z Z g
secon Gy " i=1 j=1

To determine these characteristics, the model of tr{ﬁ f.T?? totlal density of the data flows the middle of
data flows of a multlevel information structure of the '€ fIFStIEVEl groups

network is suggested. . Ky
Let us suppose that all network nodes are divided ¢ o, w = Z G
into k1 groups (group numben =1k ). Each group =1
number n is given by the column vector where ¢, 4 is the total density of data flows that are
g transmitted only in the middle of the first level groups.
" = Foo wbo m G The total density of data flows at the second level:
1, if the node is part of the groop . o & Ky
where P = , 4, = - a,
Gani {0, if the node is not part of the gron G20 01ty ; ]Z:“l % 21 2
t k
chni >1, i%i =1. the density of data flows in the middle of the second level
i=1 n=1 groups:
The matrix that groups the network nodes| ij ) K
from the column vedrsfy,. The total densities of data G o W, =D 3
i=1

flows that are transmitted among the network nodes while
solving all the tasks are determined by the matrix = As a measure of the structure efficiency, the
absorbance of the data flows densities at each level is

A=|o; ||, where a; is the total density of datows
"a” " i y used. The absorbance for thetfiesvel:

from the node i to the noge
The densities of data flows among the groups can be
calculated:
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# 2 yofmdad 2

o 0

Oy :—j L ,0<o,<1.
bo 01 &

The absorbance for the second level:

0 0, b

02 HZ = *2 2 2 ;O<(52<1.
by O, Hy

- 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 commuaiion
channels that are used in the network;

- the bandwidth of network equipment;

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

The obtained result enables calculating the density
of the data flows among theodes within the group as

- routing data flows on the network.

However,

the density of the queries flgwthe

well as the exchange of data among subnets to determcomposition of the users and the composition of the tasks

the
equipment.

load of communication channels and networcan change over time, in addition, with the development
of the network, the composition of the equipment and its

After the synthesis of the network structure, the tasparameters changes, that is, the basic parameters of the
of managing traffic should be solved. The followingnetwork change. Allltis causes the need for correction or

factors hat affect data flows in

information and change of control parameters of the network to achieve the

communication networks for loading communicatiornecessary efficiency of its operation. The required values

channels and network equipment are as follows [14]:

of performance indicators of the network related to the

- assigning system applications to the networsolution of applications should be providdd]. To solve

nodes;
- assigning users to the network nodes;

the given task, the method of adaptive management of
data flows distribution is suggested; this method includes

-the density of

guies

flows

for running the following stagegfig. 2):

applications (tasks);

Network input parameters of

structure

network
equipment

nodes assignment
to nodes

therate
of queries flows

lows composm ol
and parameters of
equi pment

Parameters changeablein time

frpmpost tion
of users

of tasks

therate
of queriesflows
frpmposition

é

Method input data

anumber
of dataflows

types

vectors of
data flows
characteristics

Determ| ning
the channels
with
insufficient
bandwidth

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

v

minimizing total

SoIV| ng
the tasks of

costs for
servicing

A ng etermlmng the
costs related probabilities of
tothe flow
bandwidth availability /
deviation unavailability

Fig. 2. The diagram of the method of adaptive management of a@ata fistribution

Determining the channels with
bandwidth.
The bandwidth

requirements of all types of flows, if

insufficient

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

if not sufficient to meet the

k .
The valie of the costs related to the deviation of the
distributed one is determined as:

X
ZGK <Oy,
k=1 S OpMk = Ok —Hy d(ax—b) oy—py + by,
where o, is the bandwidth ef the kih typeyy is the where >0 |s the amount of the penalty for the
gener al bandwi dth of t he ah(] 0 1: f';t ne’l ; G
downw deV|at|on per a nomlna uni

number of flows types.

b, > 0 is theamount of the extra pay for a nominal unit
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of a greater bandwidth;

1if (o, -1 )20

8, o -1, =
T {O,if G~ 1)< 0

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

as:

Then, the total amount of costs for servicing the

flows is:
SN

%
=Z P Ok — Mk 8(ax—bY o—py + b + by,

k=1

VLW

mG
Pk =————andg =

Vigk T Vayk Vigk T Vayk

4. Calculating the task of miniming total costs for
servicing.

The valuep * should be found, when

Sabop,PpU= mnSalu pc

=i

where a= a ' b= h are the vectors of costs and the constraints are met:

factors;

o = o, Iis the vector of set values of bandwidths;
n= p, the vector of values of actual bandwidths;
P= p is the vector of the probability of the fact

the given flow is transmitted via the channel

consideratin the probable change of requirements of
applied tasks or user so

M=
M=

Mg <Oy,
1 k

Gk>02'

=
1]

1

The developed method enables

taking

into

acti

g = g is the vector of the probability of the fact 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 increaseelas

the given flow is not transmitted via the channel.
And the density of the flow of the kth typg, = .

/unavailability.

lculati h i £l abili as the densities of the flows of queries for completing
3. Calculating the probability of flow availability {5515 [16]. Taking into consideration that the centralized
methods of data processing and storing are used

Let the interval duration when the flow enters thg, |5 the method of distributing network resources

channel @, ) and the duration of the interval when the;,

flow does not enter the channe) () be random values
with the distribution functionsF(pk ® Foe (t) . Then the

1. Determining
server
characteristicsfor
tasks servicing

Y

2. Calculating
generalized
average node
characteristics

4

waitingt (N, P, s)

3. Calculating costs related to idle
gueueing and costs related to servers{

4. Solving the tasks of
optimal managing the
distribution of the node

resources to derive the

probability matrix of request
for running the application j
on servers so that

a (N, P, s)Y min

D

a multiserver mode is devgbed

System‘ applications

n__---~

Servers ’/’5_, n, bn, Gh, pn1 node™«

Limitation: probable
values offlows rates

- a set of applications and tasks
- matricesof data flows rates
- a set of costs weight factors

\

. e \
characteristics ~_/

Input data

- a number of tasks

- a number of applications
- a number of servers

Fig. 3. The sequence of stages of the method of distributing resources of @endti data processing node

(ig. 3).

\
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The method comprises the following stages: oa
1. Determining the server characteristics. F N,PA = ”;lnz oty RA +B,Rn PA
The densities foqueries flows for completing the ith n=1
application, the vectoi\ = %; , i =1d is created. The under the constraints:
matrix of the probability of the query for running the n o
application i on the server n are determinedPas | p,| > py =1lield;
n=1

The value of the opational duration of i application on

the nth server dn is a random value with the distribution d _
function Fni(t). A bunch of singkine queueing systems Z Pn =lneln;
of [/ g/BlL type can be considered as't . ...... of t he

system of servers. The density of queries flows for Ave <1n=1n
running the ith application that is fed to the input of the nVin < L0 =400

nth queueing system is determined as: P = B i= 1d,n=1n,

A =AiD., i=1d,n=1n. . _
in =% Pn "l where p, is the elements of the Boolean matrix that
2. Calculating total and arege characteristics. determine queries for servicing by particular servers.
Such characteristics are calculated as:
- the density of the total flow of queries to the nth Conclusions

server:

d d - The principles of managing the distributiorf o
Ay =D i =D AP, N=1n. network traffic in CIS ICN are formulated and the
i=1 i-1 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 trafficanagement with

- the probability of the fact that the query from the
gueue to then-th server will the query of the hit

application: the account of the specificity of applied CIS tasks
Min — operation and the requirements for the characteristics of
Gn = N n=1n. their operation are considered. Possible approaches to the

formulation and solution of the listed tasks in accordance
- the function of distributing the duration of with the deeloped general approach to the network

processing the random query on the nth server: management are emphasized.
§ The multilevel information structure was studied.
B (9) = anﬁm(s), n=1,_n, The research enabled setting the rule of storing flows

when transmitting data within each level of the structure.
This rule allows the nass to be grouped while
T e synthesizing the structure of the network taking into
Bri(s) = je di5 () account the capabilities of the network equipment. The
0

i=1

where . mathematical model of data flows of a midvel
- is the average time for waiting for a query in theinformation network structure which has a thteeel
queue: stratified structur@nd consists of a number of subnets and
groups of nodes is developed. The densities of data flows
N = ¢, n= 1_T1 , among the nodes within a group can be calculated on the
2 1- Apvip basis of this model and the data exchange among the

subnets can be analyzed in order to determinéotiging

“ _ -, of communication channels and the network equipment of
vin = JtdR,(1) <05 vy, = [t2dF,() < o0 the CIS ICN.

0 0 The method of adaptive management of the
— is the probability of the server idle waiting: distribution of data flows is developed, this method

involves stratified twdevel management which is based

on the development of a muimensional 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
n the total costs for servicing. The management is carried
FN,PA =3 oty +BnRon out at the first level by debugging the basic parameters of

n=1 the network and on the second leveby the operational

where a,,* B, are penalties for query queueing and mcontrgl when the bas_ic parameters are constant. Reducing
server idle waiting. The time of transaction processing is redgced because of

the decomposition of the netwk structure in the course

4. Solving the optimization task with the target X T
function: ¢ P g of operational management of traffic distribution.

Pon =1-A,vi, N=1n.

3. Calculating the costs related to the queries id
gueueing:
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The method for distributing resources of a multibandwidth of communication channels is used. The
server data processing node is developed due to the fapplication of the method minimizes the costs for
that server systems are considered as a set ofirene servicing data flows while reengineering CIS processes.
gueueing systas and information about distributing the
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N. KOSENKQ, A. KOLOMIIETS

BUILDING AND DEVELOP ING A PROJECT TEAM O N THE BASIS OF A
MULTICRITERIA MODEL

Thesubject matter of the article is mathematical models for solvingtigatar problems of selecting candidates for building a project
team. Thegoal 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 warkio¥estment project while building and developing a project
team. Theobjectivesare: to formalize decisiemaking methods; to select the best option on the basis of multicriteria assessment and
optimization methods; to analyze the peculiarities of ruiféria 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 théebasis of t
general utility theory. Thenethods used are: multicritéa 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 teappeared 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 accounth&srfermet
solving the task of multicriteria selectionttvithe use of nofiormalized 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 multiczié¢ioa optim
which, unlike available methods, enatibking into account not only professional competences of employees but also personal and
psychological characteristics of candidates in various combinations, which contributes to qualitative performing preject task
depending on specifics requirementshad projectConclusions.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 formalgithe preferences of decisiomakers 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 basigesfamultic
assessment and optimization methoThe 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 simitaevéesks
projects.

Keywords: building a project team, project team, utility theory, multicriteria model, competence approach.

Introduction Personnel selection is the process of selecting
suitable candidates for involving ithe project team
Today almost every company constantly needs according to the list of specialities, positions and trades
build a highquality professional and competent structurethat are planned according to the enterprise development
Even if t he ¢ o mp aicieptéusd stabtet plans and their predictable implementation in time.
process, it is necessary to pay attention to the tasks of the The issues of building a work collective have been
scientific normative justification of the methods of makincwidely consideredoth in study materials and reference
personnel decisions. books. The variety of terms caused the necessity to
Building a project team is one of the top priorities irstructure the basic concepts associated with the process of
the management of a modern project. the stage of hiring employees for an organization. The main terms and
building a work collective project managers have to sohdefinitions of the analyzed sources are preserited
a number of specific tasks related to planninctable 1.
implementing, control, responsibility, communication, the ~ Defining the theoretical and practical value of
motivation of work, conflicts, power, leadership and s@vailable research, it can be noted that a certain range of
on. issues on the target problem needs further development.
Building and develping an efficient production This concerns the solution of the tasks of human resources
team interacting as an integrated project team is a compmanagement, includg the assessment of applicants for
task that arises at three main levels: at the level of teevacancies.
management, at the level of social and psychological

compatibility of the project team members and the The main results of the research
manaer, at the level of the performance of the specially
built team that works as the team of likended The concept of Aiteamd i s or
colleagues. project management as wel |l as
ihuman resources management o]
Analysis of recent research and publications include the process of planning, team building,

developing, transforming or disbanding [5].
According to the project management methodology ~ The practice of personnel recruitment and
( PMM) [ 1], t he t er m f psr cdisposition, professional advancement and development
defined as part of a project team that is responsible fshould be based on the objective, scientifically based
project management such as initiating, plannin@ppraisal of employees. Thestk of the empl o
executing, monitoring, and completing various proje(appl’aisa| is to identify their labour potential, the degree of
phases. using this potential, to check if employees fit the positions
they hold and whether they are prepared to hold another
specific position [6].

E N. Kosenko, AKolomiiets 2017
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Table 1. Terminology associatewith human resources management

Source

Term

Definition

Project management

Personnel selection

In the staff management, this term most often refers to the part of the
process associated with selecting one or mordidates to a vacant positig
among the total number of people applying for it. Generally, persa
selection should be regarded as a process of selecting a person from tl
number of employees who meet the parameters according to the estal
criteria

dictionary
(encyclopedia) [2]

Talent acquisition

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

Personnel recruitment

Recruiting a great number of people to any organization

Project Management
Body of Knowledge

Project team

recruitment

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

I.B. Durakova [3]

PMBOK]1]
Personnel recruitment Engaging a geat number of people to any organization
A number of actions aimed at engaging candidates who have nec
Emplovment qualities for achieving the goals set by the organization. This is a g
o. Ya. Kil ploy organizational activities, which includes all stagesrop®yment, as well a

assessing, selecting and recruiting personnel.

Personnel selection

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

A number of actions aimed at engaging candidates who have nec

N. ¢. Sal o) Employment qualities for achieving the goals set by thgamization
S.s. Mo r d| Talent acquisition The_ process of creating th_e (_Jlatabase of emp_loyees of the re
qualification to meet the organization personnel requirements
The system of measures taken by ageaization to engage employees w
Personnel recruitment | necessary abilities, knowledge, skills and motivation the organization
. 6. Ni ki to achieve its goals and objectives

Personnel selection

The process of selecting one (or more) candidate from a number of app

who isthe most advantageous according to the qualification criteria

Any organization is a functional organization [7].providing the staff to the processes of developing the
According to the classical definition, an abstract structuienterprise and building the team of investment projects
is defined as an ordered set

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

S= MxR

executors.

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

for selecting candidates for a new project team from a

R is relations that are implemented at the elemennumber of people who performed similar works in
of the signX that is the Cartesian product that establishesuccessful projects of previous years [12]. The staff

the ordering relation.

sdected in this way is the basis for further differenti

ated

Depending on théevel of consideration, an elementassessment of each candidate to understand if they
can be understood as an individual worker or as a teamcorrespond to the content and features of a future work

functional unit, organizational elements, and so on. Ttand have appropriate psychological (individual) personal

relations under

consideration
organizational, informational, interpersonal, and so on.

can

be

creativecharacteristics.
The labour resages necessary to perform

the

When building production teams, the need arises Planned work are determined according to the competence

select specialists for performing certain types of worprofile of employees. The quantity, qualifications and
from the available list of candidates for a projecrequired level of training depend on the industry, the

according to their

characteristics and features of the future workvagti

personal and

competene approach while selecting personnel

psychologicatechnology used, and the size of an enterprise. The

and

Considering this circumstance, it is reasonable to asse@ssessing their professional qualities is based on the
a n d corresponding set of value criteria that enable the multi 5 t j

separately followed by selecting them for work in the fielcriteria assessment of the professional level of candidates
according to the selected list of crigerilepending on the

candi dates

0] personal

that is the most suitable for them.

A number of works [8, 9, 10, 11] deal Witthe
issues of formalizing decisieamaking methods on the

specificity of the project.
The method for assessing candidates for a p

roject

basis of similarities in solving the tasks of management @ccording to the professional, personal and psychological
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set of relevant characteristics is built on the basis of the  The ordered series 8" k>9 k..
competence approach data, and a holi@gieneralized) With regard to the procedure for assessing

index of social professional competence is determined. : . . .
The membership of candidates for a project to I:_Candldates for a project team, this can be interpreted as an

evaluated is formed at the pselection stage in terms of'ndiVidu.al assessment of each candidate accorldi'ng to
the proximity of the professional activity and the nature Grl)rofessmnal, perspnal and psychological characterlstlcs.'
the planned typesf work. The selection and assessmer+ The generalized assessment of candidates according

of candidates are based on the general utility theory. to profesional, personal and psychological characteristics

When determining the general social an(j.s determined by the value of the utility function [12]:

professional competence [13] of an individual candidat Fk =GP k +G € k4 G & i, 1)
each block is considered separately by relevant expe: . ' '

who detemine the list of characteristics and the methodyhere C,.C,,C, are the coefficients of the significance of
of their usage for each competence block.

The structure of each competen(:lel,Kz,K3,K4> professional P k , personalS™ k , and psychological

PS . . .
is determined by a set of of particular competences that S™ k characteristics of candidates. The values of the

have inherent valuay : coefficients of significanceC;,C,,C; are formed by
experts and decision maker®<C, <1, 0<C,<1,
. n
og\Migl,i:l,n;ZWﬂ:L 0<C;<1, G+GC+ G =1.
i=1

After selecting candidates on the basis of proximity
wherei is the index of an employeg,is the index of a (3) and searching for similar works (2), the ranking list of
candidates for a project according to the professiona

competence. .
The competence characteristics in each block are t€atureé will be formed.

levels of each candidato s c o mphe that nacee . 2
; ; iali ; ; 2
determined by corresponding specialists while testing dfjvg) = \/ZWI X = i (2)
—_— 1=
0<h, <1,i=1n.
- . w 1

The overall competence of a specialist according 1 SMyq = o (3)
a particular block will be determined ke following 1+dp
equation:

Thus, the scope of people who will be involved in
_ n the project team is determined after assessing their
fi b = ZW’[ R . personal and psychological characteristics.
=1 Candidates were smited and assessed on the basis
The candidateods compet ¢fthe general utility theory ty [12, 14]. Heterogenegus
basis of the assessment of the utility function for eacpartial criteria are normalized according to the following
candidate and subsequent ranking a series of preferenformula:
[12]. .
The numerical values of assessiegch candidate Ko k m- K X @)
are determined by the value of the utility function, the' o kiB X — KW X |
are calculated according to the score of each characteris..
from the set determined by experts. The calculation of the generalized assessment of
m candidates accoiy to the developed models and
gP K :Z quﬁ_ , where | -1m, methods of building a project team, taking into account
j=1 : professional and personal psychological characteristics is
presented in table 2.
where m is a number of test characteristics; The Aworsto and Abesto val i

v f,j is the j-th standardized characteristic that iscriterion should meet the following reimements:

equal to KB =maxK; x ,if K; x —max;
Xe
P P
P y] _ij B . . .
NWi= —p Ki" =minK; x ,if K; X - min.
Yis — Yjw
o om Ki"VzmiQKi x ,if Kj X —max;
— Xe
0<Y'<1) b 5

KW =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 g g > =
3 IS g S = £ =
£ 2 £ < 3 5 =
5] a = = o ©
c 8 [} 8 o S = =
(0] 2} - _ 0 © = x
- S ST = 9] o S (3]
© < S AN~ = = o)) &
2 = 2Q® £ = S c = 2
c £ g o< x o - s 85 ] =
T = n o cOZ o 2 =) — = c
s S c® Sty c = o S p 2]
g8 LG 8¢ 5 5 S 28 = S
= > =) o - 7 ° o = "‘E b =
c®© Q= 528 c ] o) 2 £ £ =
2 o ® = g2 = B 2% 2 2
< o £ = c = Q Q o
3] x o OD > 4 I g S
S o N 8 X ] <
ko] X o )
) 5 < Q 5 x >
— (@] o Qo n
(<] ; o = o S o
5 E B @
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
Z’OSSiUe 0,150,17 | 0,120,124 | 0,120,14 | 0,100,12 | 0,120,14 | 0,120,214 | 0,080,10 | 0,080,10 | 0,01-0,03
eviation

*IP k are professionalS” k are personalS™ k are psychological characterisdiof candidates.

The decision support system for human resourccorresponds to a-point scoring scale (weak level, needs
management offers the three most suitable candidates wimprovement, suffi@nt level, good level, excellent level).
scored the most points. Each factor listed in Table 3 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
= -
0] c > = —
c = © — (O] I
2 S 8 s S £ o
= = > c =
=2 ‘@ _ £ c <} 5 o -
@ 8 o8 S £ 2 g c
@ Q ) ,0_9 . ) . < S > Q
[ T R o Q () GC) [} g
. . S-~ | Ex SIx | £ s | 85 z =
The list of applicants £ 5 n o cOZ= o 2 > - = c K9] ©
0= =) S, c = SIS po o =
g T 580 s a2 = c £ o o £
- = O C(e c = c Ro] 'S % g O = 2 8
c® < o o -2 ‘D o) = = > = =
—_ O — = O ®© [J) v < = @ o
S0 T e S o = £ 2 ke S u— > Q -
= o ®© < 2 c S o) B IS
o aQ Sy = Q o Q )
=] x o OD > — I © <
S [} N ~ o X ] K=
] [a) c S (o]
= < 3] 5 x S
3] ) o 3] = ) 7
S = <} = 4 2 a
= 5 w
T <
Applicant 1 3 2 3,8
Applicant 2 4 3 4 3,6
Applicant 3 3 4 4 3 4 3 3,2
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The architecture of the decision support system fctheory is considered. The applicability of the competence
human resources management enables increasing approach in managing human resources is justified. The
reliability of the decisions made by increasing anisuggested model enables formalizing the decisiank e r s 6
detailing the initial information [13]. preferences and obtaining objective  numerical

In addition, automation of & solved procedures assessments of the mpetence of candidates. Thus, the
enables increasing the efficiency of managing thtask of building a project team is multicriteria and can be
procedure of making decisions in the tasks of multifactcsolved on the basis of the multicriteria assessment and

assessment and optimization. optimization methods. The questions of practical
application of the suggested mathematical models and
Conclusion metlods are considered. The preliminary set of candidates

for a project team is suggested to be developed on the
The problem of selecting the most suitabldbasis of the experience in solving similar problems in
candidates for a project on the basish#f general utility Previous projects.

References

1. A guide to the PMBOK project management knowl¢Bgéovodstvo k svodu znaniy po upravleniyu proyektami PMBOK]. PMI.
5th edition. 2013. 58.

2. Dictionary of terms of personnel management, training and staff developmen. Available at:
http://www.trainings.ru/library/dictionary/

3. PetrovK. E., KryuchkovskiyV. V. (2009), Comparative structuraparametric identification of models of scalar multivariate
estimation: monograpliKomparatornaya strukturaparametricheskaya identifikatsiya modeley skalyarnogo mnogofaktornogo
otsenivaniya: monografiya]. Kherson: Glalyus. 29p.

4. Valiullina, N. R. (2010), Recruitment: a scientific and practical guide [Naym personala: napidkiicheskoye posobiye].
Moscow: Liberia- Bibinform. 128p.

5. Mikheev,V. Modern team of the project manager. Director of®w.logolex.com.ua

6. Kibanov,A. Ya. (2005),Personnel management of the organizafidpravieniye personalom organizatsii]. 3rd edition, ext. and
pererab. Moscow: INFRM. 638p.

7. Ovezgel'dyyevA. O., PetrovE. G., PetrovK. E. (2002),Synthesis and identification of models of multifactor estimation and
optimization[Sintez i identifikatsiya modeley mnogofaktornogo otsenivaniya i optimizatsii]. Kyiv: Naukova dumka. 161

8 1 BYJ Elits,, sfmlj.dz¢6,2012) , ltetsj SIsdtetse Odzd 4 mdmlsg d3r fsHHjteyCd
StezHse " d3d tj MzteMOdd Htesj SO dz20 @b Bty disdztre s 12O - SOE
ZOZzS. JtOy! A j dicBdz dzazis st dZ0zRisd szlskz. dZO0o2 ¢ ©O42A95130.s ¢ dc.0 o wlz' dzdzw

9. DotsenkoN. V., KosenkoN. V. (2012), "Formalization of the assessment of the level of professional competence in the
decisionmaking process in the formation of the project tefirotmalizatsiya otsenki urovnya professional'noy kompetentnosti v
protsesse prinyatiya resheniy pri formirovanii komandy proyektdprmation Processing Systemlsan Kozhedub Kharkiv
National Air Force University. No4 (33). P.235-240.

10. Sabadosh... Yu., KosenkoN. V., GakhovaM. A. (2012), "Decision Support System for Forming the Project Team" [Sistema
podderzhki prinyatiya resheniy po formirovaniyu proyektnoy koman8glentific bulletins of the Belgorod State University
No.19(138). Issue 24. P.185189.

11. Strel'chuk,Ye. A., Lysenko,D. E., Shostakl. V., Kirilenko, Ye.G. (2010), "The precedent approach in the formation of a
competence reserve" [Pretsedentnyy podkhod v formirovanii kompetentnostnogo rdézaduatiechnical and computeystems
No. 2 (43). P.139-143.

12. KosenkoN. V., Artyukh, R. V. (2016), "Automation of methods for evaluation, selection and formation of a project team based
on a plurality of characteristics" [Avtomatyzatsiya metodiv otsinky, vidboru ta formuvakowyendy proektu na pidstavi
mnozhyny kharakterystyk]Control, Navigation and Communication SysterRsltava National Technical Yuri Kondratyuk
University. No.2 (38). P.104-107.

13. KosenkoN. V. (2016), "Formation of a project team taking into acccweterogeneous competencies” [Formuvannya komandy
proektu z urakhuvannyam riznoridnykh kompetentdiyfernational scientific and practical conference "Mathematical modeling
of processes in economics and project and program management-2dMFy. Koblevo, September 136, 2016. Proceedings.
Kharkiv: KNURE. P .87.

14. KosenkoN., Kadykova|., Artiukh, R. (2017), Formalizing the problem of a project team bulding based on the utility theory.
Innovative technologies and scientific solutions for industkésrkiv. No.1 (1). P.53-57.

Received.4.092017
]l " Hsd@sMis® ftts Os8 Iststc’ sAbduttheuthassj dzdw ©B OolststeOn /

seMmjdeits 1 OOdz’ W CORARB®Iso A n dz' ydad = zok ¢, MmOt afp! Cd2 dzOy
CsMf sHOmMisfo.®j C B O] . HsYyj dzls COW jHtcd EZftcOQodzbtzdzd $ ] © dZGdgtf o 2, 3L
v € tc O érdafd kosnataljg@gmail.cont ORCID: 0000:000259423150.
stsmjdelts 1 OOdzr W SCORREEBBSo &Y mded Yy MEdr deOES, MmOt! CtsoaMmMEd?2 dzOy
sLw2Mmisch Op .49 fdsso O, Hsyjdals COWjHter EZftcOodzjdedvw ftetsj ClsOBId o CE5t
¢ tc O ¢l ;kosnatalj@gmail.cont ORCID: 0000-:000259423150.
Kosenko Nataliiai PhD (Engineering Sciees), O.M. Beketov Kharkiv National University of Urban Economy, Associate
Professor at the Department of Project Management in Urban Economy and Construction, Kharkiv, Ukraine;
e-mail: kosnatalja@gmail.comORCID: 0000:000259423150.
stsdzsd3’ * y! ¢ dz¢ BrADtc CWicotdfd ' CodddO® dzO Y " B dzOdz! dzd?2 kdz' o § tefifdisj & Isifs o@,C 56
Ofmd mis j dzls COWJiHted ZftcOo dz' dzdav ftosj ClsOdBd 74 B M ¢ ik ctsfyf tsH
e-mail: akolomiec85@gmail.com; ORCIDMO00000032120-7644.

11

c



http://www.logolex.com.ua/
mailto:kosnatalja@gmail.com
mailto:kosnatalja@gmail.com
mailto:kosnatalja@gmail.com

HZyOmdzd?2 MsOdz OLS o dzBch BMe § % jsdsd MAB o ks jy ESEAR5229818(Print) -

stdzsd3dd 4 y ¢ dzj ddan Oneed Stsp @2 dz2OydtdzOdz! dz@ 2 Ekdzdo j emqlajjls jdstste ®©n fr
Oofmmdmilsj dals COWJHTtr Zf tcOo dzj dzd v ftetsd ClsO3d ) CtstotsH MC edpaill - 5L W2
akolomie&5@gmail.com ORCID: 0000000321207644.

Kolomiiets Alona i O. M. Beketov Kharkiv National University of Urban Economy, Teaching assistant at the Department of
Project Management in Urban Economy and Construction, Kharkiv, Ukrainenaileakolomiec85@gmail.com;
ORCID: 0000:00032120-7644.

AfJTfTuvlorrc w sfVhRusvr{wy sihHoypril w
lor o st rRUrTWHIRPTI W
@pmm@chWv o MOkl * ®@BOLj B3OIsdyde BsHjd Hd&Y odt' M j deda

J H
GOdH ] [BEPEEELEEECO WELEOd L iso Oddh @BH) d) d &Y b PEOLy) i) datts
Bf jlsjdsdasmls’ Cuydscts odStsdO@oyv o CodStjlbdsdz sdH' tes' ks
BO
O

dgH@o H Od¥dte BOdz' L Oy W BjlstsH " 9o fted2dzwslsw o' hjiiziso ' 9 dag) IS HC
ssCtedlsjte’ Odz' desets sy’ dz¥ o Odedzy sflsddi' L Oy OdzOdz' L tsftsB (
ZftcOo dz' dedz" dz¢ W) CHdRd t6j MEteMOBBd; L OfistsMize Odzedz? @O BOI I Yydzd = 3
COHdBOteas jCls dzO@ Ghmdss® L OcOd dts’  Isdjsidets H ‘O dfdy tisdsimodts fElsO 6. O Istsk Ctetsftds
sy’ dz¥ 0 Odedzy * wSylddi3 LOy" °, WEkdfjy' 2vdz! Clsbdemitfrpdjtsmilsdzts  Q disQeid dg© di) f * del® frplst
stcHise dd3d toj Mitc MO B 5RO dHEte dtlewaOmtaits ftetsj Clskz. l MlsOdzts o dzj dzts, h 5
COdZHJHOIs' & k ftesjClsdzz S sBOdHE * Htod2dWlsO o BKdOd LOYy' ° Co0dk
otcOnRtsozo Olsd dzOw 9 dz' fls ' ot dzd of H OlsdgH. d 9 7 Ol ®dzY dzdfiZls 0 CVAESC Is &3t Is &5 H S
BOGCOItsCtedlsjtc' Odz' deséts odBttcl L odStstedMmMisOdede" 5 dzj W sted3BOdz' L ts9 Odz
ted MzteMOdBd s Slsk. 1 Oftesf sdetso Oded 2 B IssH W 5tc d3lz o O@s2Y € 1€ IsIsBOtelzZH @ dz
sflsddi' Loy, wWCd2 dgO o' Hd dzz o " v ' fdzkzt ydr ®BjlssH' 8 HEBL oAV
smMtse-ff M- gdetsc ' ydz' ~nOtcOCIsjtedMmMlsdSd COdBHdHOI' 9 9o ' Ldzd®* CBdiB"

CEBOdH s ftoisjSldzdn L OoaHOdz o L Odzjlfdgstp® Slds teme @l 'j ygkl € dzv deleflsEs
ftod2dWislsw te'h jdz &O2B' & h ' HRBHWhdR COdHdHOL' @ o ftesjCls dzO
LOMissmMize Odiglevdz slastejsls jf ' HAotSHEZ o EZftwOodz dzdz btkHtseaddizd tj MizehmOdd
fijtejoOed [1t, ' 6btedkOlsd tB'  Sldods ydfjd d& y' &d t° oadv ¢
CoBOdHd ftotsj Sk B @ Pls =S 19 jlAm' Clsdef! fihats ™ dz@  tfjdetse ©  BjlssH' &9 B O
sflsdB LOYy ' . (sLedvdklsts §dsOdd' §wO0Clsdydscts L OMissmize Odzdz? L C
fsfjtejHdy Ses BjLd YW SCOdHJHOI & o I€dcdGE shfzes] C sikshy tcm i s delf't
LOoHOdZ 9o ffjtcjHds » ftesj CIlsOR.

szt Yytse ' WipsisgkOe Odzdz  CtsROdzHd ftsj Sk, ftsjSlsdd CtsROEHO, Isj
CEdf jIsjdalsdg Mded2 ' HAE' H.

AJtIREULTITOLVRL ROROVUIR[ [ su1 [ FIUPr i L]
frf1dstrRUrt ROV LEERILT

H&3jdsisB j dzd v o MlsOIls: j weodzvesmw KO BOBdUI MEd) dBsHJ dzd Hdzv
Bdtetseo Odzd d € tsBPdAHE O LIROBJELEACD W steBOdzdL s Odedz’ = BSHJ dzj 2 o3 |
d Offias EAE(jiED dz! dzts?2 C B jIsj dzZlsdesmisd C O3 HBEeB dMf sdzdzed Isj dzv o € t5dzC
Bdtetso Odedd d ®wWOLoadlsdPHPhRG ROt OGEdi3Odgy ssHtse ftoddwisdw tojh
d Odzls O, dzO sMmdztso § BJ st H sho O dzdats ¢ 5 te dds ] Isaiddéride! Alzffeds O @idzd L
EsCtedlsj tedOdz! desets tsyj dzdo Odzed™w o L OHOYOr EfteOodzj dedvw yJ dztso -
dzvIsdw  tejh jdzd?2 fted or BfSte] dzOd B tsdzj J fsHARtHWh R CBfiigsdHOIst
sdz' L kzdpjdis SO0 dzdzw & dgjffsits H T BesetsCtodlsj tedOdz detsets tsyj dzgdo Odedw d ¢
Zyd der fizj ez Pl jHidz OZOzdL BN j2 L OHOUYd EfteOodzj dzdv Iste
OdzH' dzso et  tots sC Is@).dzse fids @dzts dcdfjsgete,d j Wls Hdzv o C dzs yj dzdvw € OdzH dH
dqdzv sOw o teeOdedL Oydd SCoO0dzd¥deOydw d sfrls of f sdzdej dzgd¥ f SH TS
dw dzd J dqdzH o dHEZOdz! dzr = W OCIkstese ¢ OdzHu @ P O Bz dsty ¢ tdafly jj tdafs O dai3 jdis
fodz LsoOdzd j 3 dzj W sted3OdzdL 59 Odzdetse s SfrlsO o ftoddztsy j ded d € L
JHABY jdedz" 2 3 stsH Wisttdidetseo OdzdwY SCtsdOdzi' ftetsj SISO BOLdwlzj Ismw
ststes lQdzdudd s Mkh jMlseks hdn &ilsHtse ftLeotdvwjls Eydlsr o Ols: daj
d dditEhtsdase dyi mMSdj rRrOtOCIsjtedMmMisdéd COdHdHOIse o ©OL dzd ydz
JMise j dedzts d3lz o " {f ts dzdalpdA ¥ L QHs@RP dar 512 O off defip) BsMIs d  tsis | MY s o MedXBds Islg te §
Mdi3tslstej dzO L OHOYO or BBt ftoddwisdwy tjhjded?2 dzOdetdZj)j GHBHAT
JLdsMIsd. [BoMdetso OdzO vy j dzj MssBtoOL detsfyls! 1 8@ Rizgzizdzd v Is Gk dgis H b i
Hd&ty j dddvw otsH j d fosLotsdzdls W sttddOdzdL so Ols! ftejHtfsylsj dzdvw [ 1
filbj dzZbdetsmisd COdBHdHOIB. UvOSdd3 BBOLtsd, LOHOYO ¥Wsttdidtetso Odz
Ols' v dzO@ hdss | d&jlssHises ddtsetsCtedlsjted Odz detsets tsyd dzd o Oded W
R dzj dzgd W ftoj Hdztsy J dgdz” 7 BOIj BOIdYUi MSdr dBsHjdj?2 d &BjibtHtss. A
Oz ftotsj ClsO { telzivHsdzO gl lsfiplztsto iz Msiffhldse® tojh j dedw fsHBB A 7 L OHO
dze yj or j VWidkslgd@etse Odzdj St dBBOdzH T ftesi SO, ftetsj SlsdzOv € tsd3OdzH G
Coddf jIsj delsdesisdz” 2 fSHRASH.

SGE=ofs e F

DEFOCRFE NGO "0 0R N~ RQ 0 s ss
WE’Q—WSWOOU’”WE’S&SWWEE{&OWW[EE{

_m&gj&“RE#

&
7]
T
&y




ISSN2522-9818 print) Innovaive technologies and scientific solutions for industries. 2072 (2)
UDC 004.74

N. KUCHUK, R. ARTIUKH, A. NECHAUSOV

METH OD OF BUILDING THE S EMANTIC NETWORK OF D ISTRIBUTED SEARCH
IN E-LEARNING

The subject matter of the article is semantic networks of distributed searcteiareing. Thegoalis to synthesize a decision tree and
a stratified semantic network that allows nethkvintelligent agents in thelearning to construct inference mechanisms according to
the required attributes and specified relationships. The followasglts are obtained. The model of the base decision tree in e
learning is suggested. To simulate thexision tree in 4earning, 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, egdplylimtipns
partitioning operationso select individual fragments; specifying the solutions with further expanding the inference upper vertices;
expanding the muHievel model vertically and horizontally. At the first stage of the model formalization, the graph of the base
decision tree &s 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 ageragidécte
treebranches of decisions inlearning 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 receaiviis sudre established both dmet
horizontal and on the vertical levels. It is shown that in order to establish a set of goals and search problems ed gteustude, it
suffices to determine: the graphs of goals and search problems for each node type; a set of edges thathi=tgpendence of the
execution of search targets for the nodes that are not of the same type; a set of pointers that establish probabipsréationsh
redistributing resources in accordance with the requirements of intelligent agents; communicgijpingmThe developed
mathematical model of the base decision tree enabled a stratified expansion. Determining intensions and extensiorratiikaved st
semantic networks to be used for searchibgnclusions. The method of synthesizing a decision teeel a stratified semantic
network is suggested; this method enables considering them as closely interrelated ones in the context of distributed-search
learning. As a result, the process of searching and designing inference mechanisms can be foymiddeetwork intelligent
agents according to the required attributes and given relationships.

Keywords: stratified semantic network, intension, extension, decision tdeareing, intelligent agent.

Introduction needs of the WEB applicatidn a form that is available
for machine processing, for example, in the form of a
Problem setting. The globalization of the query written in a natural language (NL). A query can be
information support of society and the active process interpreted in various ways inlearning space. It can be
scientific and technological development in the field oincomplete or redundant, contain polysemantic words,
information communications contribute to developing strongly depend on the context, poorly reflect the
single global information and communication space. Orinformation needs, and so on. At the same time, the
of the basic trends of dewgling present information and information demand at every moment of time remains
communication networks (ICN) is increasing theconstant, that is it does not admit ambiguous or mutually
availability of information and computational resources cexclusive interpretations. Although the queryretg
networks for individual abonents. In this contextmatches to information needs, this is the only way of
individual abonents of information and telecommunicatiointeraction between the user ofearning and the search
networks a@ becoming increasingly active consumers cengine where the query is used as input data so that the
their computing resources and participants in the creatidocuments relevant to the query can be found. However,
of information materials who directly possess thithe user evaluates the selarresult in accordance with
technique of access to ICN information resources. On titheir information needs but not according to the query
other hand, the increased activity of individlabonents of entered. In the course of the assessment, they decide if the
information and communication networks is caused by trsearch result is relevant to their information needs. The
distribution of modern ICN information and computingrelevance calculated by the search engine basedson it
resources. Therefore, the role of communications both internal logic cannot correspond to the true relevancy. For
the level of applied tasks and at the level of technicexample, the documents selected by the search engine can
systems increasesamatically in distributed systems. accurately correspond to the topic of the query, but at the
The rapid development of technical means csame time, it can be completely useless for a specific
information and communication networks and increaseactivity within whichthe need arose.
activity of access to information and computer resources In present search engines, the important step of
of individual abonents increased the interest in thindexing documents precedes the search phase. It consists
problem ofefficient access to information resources of thin the creation of index tables which greatly speeds up the
network [1]. The problem of a gealiented information processing of queries. The peculiarity of IR indexing lies
retrieval (IR) is of primary importance. IR is complexin the fact bat the index necessary for a fulixt search in
activity aimed at collecting, organizing, searchingelectronic collections should be the most complete and
retrieving and spreading information witet help of contain all terms that appear in documents (an inverted
computer technologies [2]. IR belongs to a class ef ilfile which includes morphological tokens is created). The
formalized problems where analytic dependencies following characteristics are calatéd for each token on
chains of actions that lead to the desired result are ra set of documents: a number of documents a specific
known. The purpose of IR is to meet the informatioitoken appears in; the token rate. Besides, the information
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for a-dotcokmemt 6 pair i s {(Web Ontology Language) was given the status of

dictionary, this information includes: recommendation [8]. It has three dialects (3 sets of
- the token rate in the doment; organization units) that are used depending on the
- the token displacement for the beginning of threquired expressive poweDWL is actually an adéh on

document. RDF. Many formalisms of knowledge description can be

The inverted file or similar data structure isreflected in the OWL formalism. The work on the format
sufficient for many approaches to the organization of fullof rules exchangei Rule Interchange Format (RIF)
text search. But when the documents that are relevantstarted. Its purpose is to combine several formalisms for
this request are retriedgthe way of processing a querydescribirg rules in one standard (a nontrivial logical
and calculating the relevance value for each querconclusion can be made according to these formalisms).
document pair should be determined. However, there arThese formalisms are the logic of Horn clauses, the logic
number of obvious drawbacks that make the search fof high order, production models, and so on [9]

relevant texts difficult, for example: However, in all of the abovmentioned standards
- redundancy: synonymar notions that define the and approaches to the SN construction, there is no clear
same things or ideas are used in the index; formalization for identifying functional and logical

- the words of the text are considered as independedependencies at the stage of making the intermediate
from one another, which does not correspond to ttsequences of conclusion in accordance with the required
features of a discourse; attributes and set relations that aleveloped during the

- polysemy of words: since polysemantic words caprocess of expanded processing in the conceptual search
be regarded as the disjunction of two or more concep[10]. This problem is especially acute idearning when
expressing different meanings of a polysemantic word, organizing the distributed search. One possible approach
el ements of this di sj unc ttoimplementing such formalism in the distributed search e 1
interest. involves the combination of a device for constructing

The sacalled concept indexing does not have sucdecision trees and semantic networks expanded by a
drawbacks because the teid indexed according to stratified structure (stratified semantic networks).
notions that are discussed in this text but not to words. In  The goal of the article is the synthesis of the
the context of this technology, all synonyms are reducedecisions tree and stratified semantic network for
to the same concept; polysemantic words are assignedconstucting inference mechanisms according to the
different concepts; the relationships between the concefrequired attributes and set relationship by the intelligent
and corresponding words are described and can be uagents in dearning.
while analyzing the text.

Modelling the basic decision tree in Hearning

Literary sources analysis

Decision trees enable determining logical laws
In order to try to implement the pattern of automatiamong information segments anebresent a convenient
conceptual indexing and conceptual search, it is necessdevice that can become a basis for constructing a stratified
to have a resource describing tgstem of concepts of semantic network (SSN) that allow inference obtained
this domain area. The semantic network (SN) contaiwhile using decision trees to be stored and processed.
such resource. The SN essence lies in automating Let the logic of the firsbrder predicates be used for

Aintellectual 6 tasks of pmodellnga decision tree inlearning, this logic enablea t e 1
semantics) of a particular resource that is available in t[11]:
network [3] Intelligent agents (IA) that are placed in the - making calculations both at the tree nodes and at

network should process and exchange information. its edges and making decisions on the basis of these
number of standards and recommendations have becalculations;

developed and many projects have been implemented so - applying portioning operations to select individual
far. But, despite some successes, the idea of Shdtas fragments;

been materialized in action yet [4]. - specifyingthe solutions with further expanding the
To describe semantics in the network, the Resourinference upper vertices;
Description Framework (RDF) [5] was determined. RDF - expanding the muHlievel model vertically and

is a simple but powerful resourspecification language horizontally.

thatistripleb a s e d o nPrediGtedl jeeca tUJRI a n dAs the graph of the modelled decision tree, the tree
specifications. Conceptually, RDF provides the minimurGX will be considered, its root being

level for presenting knowledge in the net and is based r» —

early Web standards. The languages for describir GX= X,R, (1)
structured dictionaries for RDF RDF Schema (RDFS)

and GRDDL (Gleaning Resource Destiops from where X = X° X' xX™*
Dialects of Languages) [6]. Their purpose is to provid B
means for retrieving RDHiplets from XML and many nodes of various ranksx® is the tree root;
XHTML data. In the area of creating class libraries an _; Ui . _ o

In the area of creating expaosi modules for browsers, )

Simile for Firefox is developed [7]. The language Owlthe ith rank; R= 1, ; 0<i< mi 2;1<j< I

is the tuple comprising




ISSN2522-9818 print) Innovaive technologies and scientific solutions for industries. 2072 (2)
1<v< |j+1 is a set of graph arcs that are directed links 3

among the nodes; indicates the rank of vertex from —¥| P(dy

which the connection gets out of;is the number of the

vertex of thei(+ 1)th rank which includes the connection.

At the first stage of formalization, the graph of the
basic decision treeﬁg(J )is built; its nodes represent the EE—
SSN substructure that is capable of performing the PQ(XQ) Pe(xe)

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

D ={d,| k=1, n}is determined, whered, is the k-th P(dy)
variable of the inference witlD, domain and the area of

(]

oAP(dy)

Y

decisions X ={x:|£=1,1}, where X is the &th

variable of the decision with(g domain. 3
While constructing the decision tree, the valestof P(dy p
i A i s | ‘ i iil,nfer g%

two typesi Aideci silonoO®)( fdmd d
b) are consided.

P, (Xg)

o,(P(dy) Fig. 2. Operation3 i expanding the vertex

The operation of expanding vertices on sets of

b 62(P(dy)) variables of inference and decision results in creating the
@) basic decision tre& = (3(D), 3(X)) with the graphG{’
\ on which the following branches can be distinguished:
Pi(xe o(P(dy))

-the factkte ( t h e waopt ndde to thme finah e

FigoglNodes fAdecisiond (0O) and Verex,fd.3)ncea (b
-the elementary factf cNte (a speci fic el

Fig.1, O Bhxow&=1r}, that is thej-th  the decision wayts  wthet operatiord);
relationship determined on the domain of the variable - thedpar;ial factsr r(]the V\(/jay for the tree node to the
And getting to this vertex ahg the tree means completingOUtpUt node that is not the end one).

the chain
P x € [2:{ (TG SO (99 > @@
Fig.1, b shows P d, , that is the relationship Simys
determined on the domain of the variabld , and 4—0 1—@

o, P d. , (=1r is the relationship determined on a

) ) ) o Fig. 3. The formalism of partial decision
set of values that satisfy the relationshipThe incidence

is determined as zero only for the inference nodes, that is The following stage is filling the basic tree with

the operation of expanding the vert@can be introduced semantic information and organizing its intdrac with
only on this set: network intelligent agents.

-the parent n otheechild gsodefiigl e ~ 2 Stratified expanS|on of the basic decision tree in

fii nf eriegn.c e20, (G@) : [-learning .
For the information support of the branches of the
I x >Pd ; (3) decision tree in 4earning, the process of the stratified

- ~expansion of the basic decision tr&e with the graph
-the parent notieechild sodefisl () should be considered; within the process the

ideci spizom:o (f decision nodes will be detailed and the links among the
ISx > P X =% ; (4) obtained subnodes will be established both at the

horizontal and vertical levels [12].
~the parent n o the child swoddiis n f oL€t the isomorphism betweenettsubgraph of the

Aiinferighceo (f graph G§<‘) 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 {iig. 4).

-the parent n o the child oddiis nf er ence
Adeci sgi2odo (f

IPd —>o Pd (5)

SPd —->x—.. (6)
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the subordinate nodeX"™t and X%t . These are the

X tasks of the coordination of the node€™t and X“m1
———————————————————— when they are solving the subtasks of search.
< Thus, the graph of the search coordination can be
created
TR T ““u;_n__ GCKZ(EK,S(). (8)
é é @ where Ck = (Cx, Ck,...,Gk ) is the tuple that comprises

(m—1) )] ( 1) . . .
XX xe a set of coordinating goals of the nodes of different ranks;

. —0
Fig. 4. The graph GX of the stratified tree Ck = (Cgl, C}gz,___,cg(o ) is a set of coordinating goals of
Let us assign the grapBy to the isomorphic graph the oot node X°
G (C, H) that ha_s a set of vertic_eG which are search —ilj( =(C:i1,CjK2.---.d<( yl<j<l;0<mi2;1<t<l,
goals that determine the casponding elements of facts t _
. . I i
and a set of arc#l = hj, that determine the relations of ' & setl, fcoordinating goals of the nodes; (wherever
the unigqueness of understanding is not infged, t is

in  the graph Gy;

the conditions of achieving goals of the search for upp:

l evel or FAANDO conditi on understoodas’); achieving the basic
oal C,, a set ofspecifying objectives and tasks arises ir

g 0 pecifying obj ) S = i $A S‘(I’A 9)

the nodes of the n§i 1)-th rank
X'm1 1<y, 4 <( .4, Which often lead to the failure where Sl = [I‘)'V 1<t o< 1; 0<l;t<mi 2;

to achieve the corresponding goaB'™? . Asetofgoals 1<j<lj;1<y<l ;1<v<I,-1isa setof noulirected
relations between the tth andth coordinating goals of
and tasks that are assigned to the nod¢§™* can be thej-th node of the ith rank and theth control element of

g the t-th rank when thevth control element of hie
presented as a set of graphs of objectives and tai(m.l. 1vth rank is solving the search task:

m—1= Vi1 fi . )
G (fig-5): SA= g is a set of directed (transitive
G(v:gu - w™ h @) antisymmetric) relations among the w@sponding

coordinating goals i@. 5).

where wo™' = GOyttt L™ s the tuple Q

that comprises a set of goals of different rang§™*° is G TTN T ,
the basic goal of theth node of the rai 1)-th rank;

CI\
g =( G, g‘f”“” ); 0<f<ni 1;fis the

rank identifier in the grapIGéomfl; I; is a number of goals

of thef-th rank (wherever the uniqueness of understanding
is not interrupted, let us imply than'™! and f'mt);

h=hl ,0<f<ni2;1<j<|; 1<g<| +1isa set

ig
. o Fig. 5. The graph of the implementation of the coordinating
of graph arcs that are the relations of the conditions goak and tasks

achieving t he goal s of 1 ne upper l evel or i ANDO
conditions. The coordinating goalC}, relevant to the link

i Vm-1 Vm-174m-1 v .
Any vertex in the grathCO can be connected by h_f@ 17 is created in the grapﬁ n1 by the following

h-fvmflzam, where 0< f < n¥ i 1 way: the node with the least value of théh rank is

determined in the grapksy ; the nodesx and v of the
(m7 1)-th rank are transitively connected to this node by
several vertices in the grarﬁbé’g’*l; AFV:0<a,v</l;. the relationsR = rj.‘v

the edges

0<Z< ni1;,1<j<1;;1<0< I, with one or

Let us assign each Iinhjfe;mflz“rrFl to a set of tasks In the course (_)f th_e query processing, _network
resources among the intelligent agents (I1A) thatigipete

in the node of the largest rank of the struct@@ with  jn the query processing should be redistributed. Let IA To
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. . —Vng Thus, to set a set of goals and tasks of the search in
achieve the goals of operational conteod ~ of the v-th the structureG, , it suffices to determine:

. . i
node of theii 1)-th rank, 1A requires that the nod; - the graphs of goals and tasks of the search for each
which is transitively conneetd to the nodev by the type ofnodes of therii 1)-th rank;

relations R= 1, solve the taskarof redistributing -aset of edges

fVm-17am-1

resources among the nodes with indices and h=hp ,
o(1lsv,a<l,,,v+a)ofthe mi 1)-th rank. Let us

create the graph of the geabhnd tasks of operatidna that determine the dependence of the achievement of
redistribution of resourcesigt 6): search goals for the nodeé”*™1and X"m-1which are not

Gen :(ER, Sy, (10) similar;

- a set of indicatorsl = d;™*“™* that set probable

—= —0 —1 —m-2_ . .
where Cr = (Cr, Cr,...,Cr ) is the tuple that comprisesre|ations in redistributing resources in accordance with the
a set of goals for redistributing resourcesequirements of intelligent agents for the nodes, , for

6% = (b, thovy & 2), 1<t< | is a set of goals in the nodev,,; so that it achieves the searchapof the
t
redistributing resources that the control elemifithas. ~ J-th rank—fin G
- mapping:
Fr:d —>Cr; Fc :h— Ck. (12)

Let us consider that the stratified structure W of
goals and tasks of search is set in the grégh of the

decision tree X =(3(D), 3(X)), if the tuple of six
elements is determined

M = <GX7G&T11 Geks Gers Fre FK>' 13)

8 =Cp; +8py €y —8p3 €3 =0 It is the integration of substructuréd, that are set
in the graphGy when the search task solved by each
node of therhi 1)-th rank with operational assignment of

Fig. 6. The graph of resources redistribution

Thereafter, for the nodexij : network resources to the called intelligent agent, that is
o Cm-1
—ij . . B
Cr=(bpy, tos B ); (12) w={Jw.
v=1
K=%VU K KNK=9, K= STRE .o 3. Creatingstratified semantic network n-legrning

174

' ) o . . . To deal with the branches of the dearsitree
Isto<l;0<it=mi2;1<j<|; 1<y<l; «=(3(D), 3(X) expanded by the stratified structuné
1<v < |l,-1 are nondirected relations among the the following operations are determined:

tth and o-th goals in redistributing resources of thth - partitioning the treeR(X); the operation lies in
node of the ith rank and theth node of ther-th rank to  Separating the partial tre®-p in the strata levels ofW
) A TA i structure (the diagram dfie operatio is presented ing.
ensure solving the tasks, -1; S;™ = %w,yv is a set of 7) or according to fivertical o
transitiveantisymmetric relations among corresponding - integrating partial treesh (A>1) with the
goals in redistributing resources complement o X, ,...N, (the diagram extension,

Let us consider the nodes with indices and Ei 1 0) :
o (1<v,,,a0<(,,) of the fn T 1)-th rank that have g- 4 '

. ] y » - specifying integrationg X, , when the final
isomorphic graph@cg’1 and G."* of the goals and tasks ) i _
° vertex of the inference of the partial tree is compared to

as the similar ones. another partial tree whose root vertex is thmected
—m-1 . i {
The setX Ul,Uz,...,UCy can be partitioned vertex of inference (@. 8).

according to the typesy(:l,Ty is a set of the types of

nodes of the i i 1)-th rank) in theset of nodes

X" XV 1<yl .
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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 structvé as
0 =(A, éA,) and a set of relations connected with

this fact as R (R, éR,); the intension of the

relationship R (v € 1, ) is determined as follosv

Int R, = AV = A dom K | (14)

where A 5AM 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 inbrmation to corresponding intelligent
agents.

The extension of the relationshiR, (v € 1y ) is
determined as

EXxR = F R, (15)

where Fg(v) R, is the expende@-th elementaryfact of

the considered relationship that is set by a bunch of
attribute pairs according to the structuié that is the
specification of this relationship.

Conclusions

Thus, the method for synthesizing the decision tree
and the stratified semantic mairk is suggested; this
method enables considering them in close relationship in
the context of the distributed search #tearning, which
results in the fact that the search process and the
construction of inference mechanisms can be formalized
by netwok intelligent agents according to the required
attributes and specified relationships.

Fig. 7. The operation of partitioning according to strata
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V. SDOROV, V. BABENKO, M. BONDARENKO

RESEARCHING FACTORS OF INNOVATIVE ACTIVITIES O F 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 agrariandeedto, un
globalization of world economiprocesses in the agricultural market require that domestic agroindustrial enterprise® iemmo
rationally manage innovative activities (I ¢). The aifgihgcti ve
economic and social and political environment requires that analytical methods in the management of the enfetipeises o
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 appveoraches t
insufficiently formalized, and suggest virtual experimenting with IA management, avoiding the possibility of assessipgdaharich
consequences of different management options in the long view, minimizing IA risks when making managerial déesiabgect
matter of the article is the tools of economic and mathematical simulation of the development of innovative activitesnoéstie
agroindustrial complex. Thgoalis to develop tools for modelling innovative activities of enterprisesenatiioindustrial complex of
Ukraine in the form of analytical dependencies of impact factors. Bjeetove is to research the dynamics of innovative activities of
enterprises of the agroindustrial complex of Ukraine in terms of its components undabtilealtion of world economic processes
in the market of agricultural products. General scientifethodsare used, such as system analy4is determine the peculiarities of
devel opment of Il ¢ of agr oi ndu s tirto farimalize the dausendeffechrelatianshipskof thei n e , f
investigated factors of AIC enterprises impact on 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 |A of agricultural production were determirlatent factors with prolonged impact on the level of innovative
activities of agricultural enterprises of Ukraine were calcula@amhclusions: the @lculated latent factors of the impact of AIC
enterprises on | ¢ can be efficiently wused in foreignfeconomi
Ukraine in the world agricultural market.

Keywords:* nnovati ve aotomy agtoindusrial praduationdagrieuttural products, development factors, latent
factors.

Problem setting it is necessary to implement complex measures to support
innovative activities of domestic enterprises, including
The future of Ukraine, which is one of the mos@agricultural enterprises, at all stages of IA, to stimulage th
resourcerich countries in the world, largely depends ordemand for research results and innovative developments,
the effective development of agriculairmanagement. for qualified personnel, as well as for favorable conditions
The global food crisis is growing every year, thefor producing innovative products with a high degree of
economic and financial crisis in Ukraine and abroad added value.
spreading, world natural resources are depleting, the
ecological situation is degrading as evidenced by climatThe analysis of literary sources and recent researches
changes and the decliné health and living standards of
the world population. These and other factors testify the  The analys of innovative activities is characterized
need of IA intensification as one of the most efficienby creating, developing and spreading innovations. So far,
ways to increase the competitiveness of the countryuntt he concept of Ai nnovationodo h
the globalization of world economic processes fie t among scientists around the world. The research on this
agricultural market. issue was initiated mainly by European aAtherican
Domestic agroindustry has a significant innovativischolars such as I. Perlaki [2], E. Rogers [3], B. Santo [4],
potential, which is capable to ensure a high level B. Twice [5], J. Schumpeter [6] and others. Although the
scientific and technological development of Ukraineinthc oncept of HAinnovationd emerge
international business environment. At the same time, tlof the XX century, domestic scientists analyzed and
reserves D production capacities and favorable foreigrfurther developedtiin the 1930s, but more attention to
economic environment still remain the prevailing sourcethis problem began to be paid in the 1960s when the issue
of growth in the sphere of agroindustry for the export cof the essence of innovation was more widely studied.
agricultural raw materials to international markets of The concept of @Al A managemer
agricultural products. Maintaining cunietendencies in supporting innovations, tools for strategic planniniy o
the agroindustrial sector of the country which are based enterprise IA, the most important managerial problems
low-tech production as well as the ongoing decline crelated to the management of innovation were studied in
production in the field of agroindustrial complex provedforeign sources of information to determine the state of IA
the necessity of applying scientific approaches to l)management outside Ukraine. According to numerous
introduction ad management at AIC enterprises [1]scientific literary sources, thaterest to the development
Today one of the priorities of the state policy should band management of innovation in the world has grown
the modernization of both the national industry in generenormously over the last few years, which attracts the
and the agroindustrial complex in particular, on the basscientific attention of managers and scientists. [7, 8]. New
of IC intensification, and the efficientsa of its powerful approaches to the introduction of innovation by using
scientific and technological potential. At the present statachievenents in the field of information and
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communication technologies have become a catalyst fagricultural market on the basis of determining factors that
spreading innovative technologies, innovative produchave impat on the level of innovative activities of
and other elements of IA. Such scientists as S. Zott, agroindustrial enterprises and to model latent factors that
Amit and L. Massa [9] have developed and distributed affect the indices of the dynamics of innovativeness of
concept of businessiodelling innovations (BMI) with the domestic agricultural enterprises.
help of Internet resources. DTkece states that BMI is an
integral part of the economic behavior of the management Presentation of the material
entity [10].

The analysis showed that innovative technologies  Achieving the competitivenessf the Ukrainian
come with newvays of doing business [11, 12]. There areeconomy, where the competitiveness of domestic products
two major approaches: 1) the use of pgosustrial and services in domestic and foreign markets plays a
technologies; and 2) corporate sector efforts to enter nespecial part, is one of the main tasks of economic science.
markets and attract new customers. Scientific arAn important element of competitiveness is innovations
technological advances in salled posindustrial that have recaty become crucial for developing agrarian
technologies (for example, software or biotechnologyproduction, which is based on the gained knowledge and
come with the development of organizational methods aiinformation resources. The increasing degree of openness
management structures that fundamentally differ frorof the Ukrainian economy and strengthening integration
traditional manufacturing organization and come with neprocesses in the world economy in order torowme food
ways of doing business. [13]. security require adequate responses from Ukrainian agro

The fcond approach in the form of processing enterprises_
institutionalization of open innovation as a way of Solving the task of the food security problem in
arranging IA outside the enterprise is typical for manUkraine is a national task that is directly related to 1A
branches of industry [14]. In addition, it should be statedevelopment in the agroindustrial complex. Ukraine has
that while ficorrecto pr oddedared the selecton of an innovative way ofiitss i t
entering new markets, |IA management is crucial fcdevelopment. To implement this program, a large number
allocating resources and adjusting sales channels that of |egislative and regulatory documents have been
necessary for the success of business operations. Tradopted, specialists actively work on the issue of
special attention is paid to organizational and managerreorganization in government bodies, hold confersnce
forms of IA development in theontext of modern foreign forums, and public discussions, and consider innovations
enterprises operation. in numerous publications. But the main task is launching

But, despite a significant number of publications, threal mechanisms of innovative development that will work
role and strategic position of Ukraine in the sphere Gn every area of the national economy, taking into account
innovative activities in the world agricultural market isnational priorities andrends of world development of
still an issue of present interestathrequires further scientific and technological progress.
researching. Let us analyze the dynamics of introducing

innovations by enterprises of the agroindustrial complex

The goals of the article are to research the of Ukraine on the basis of statistical information (Fig. 1)
development of innovative activities of AIC enterprises q[15].
Ukraine and their main components in the global
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Fig. 1. Dynamicsof introducing innovations by enterprise$ the agroindustrial complex of Ukraine (202015)
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According to the results of the analysis, it can be  The dynamics of the costs for introducing
concluded that, unfortunately, the number of innovatiorinnovations by enterprises of the agroindustrial clemp
introduced by domestic enterprises of the agrasiihl of Ukraine is presented ifgf 2.
complex, with the general tendency to increase, has
decreased over the last years.
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Total cost, incl. preparation of production for introduction of innovatio

| Total cost, incl. acquisition of new technologi
m Total cost, incl. research and development, including external ¢

Total cost, incl. research and development, including internal (

Fig. 2. The dynamics of cosfsr introducing innovations by enterprisefthe agroindustrial complex of Ukraine (26@015)

The dynamics of attracted investments byperformed taking enterprises of the agroindustrial
enterprises of the agroindustrial complex of Ukraine ovecomplex of Ukraine as an example with the help of
the last fifteen years according to the sources of financiiStatgraphics Centurion statistical package.
is presented in Fig. To develop the system of models of latent factors

The method of multidimensional statistical analysithat affect the IA components of the emgrises of
(factor analysis) is used to study the factors of impact (Ukraine, the integral indices that characterize the IA
the IA level of enterprises of the agroindustrial complex icomponents of AIC enterprises should be calculated,
terms of its components. This analysis is intended namely: 1) the dynamics of the innovative activity of
idertify and quantify generalizing characteristics thaenterprises, 2) the dynamics of IA costs and sources of
adequately describe the whole set of output and resfinancing, 3) the dynamicef implementing the IA of
indices, thereby reflecting the laws of the development enterprises. Each component is characterized by a system
the enterprise research activities and the mechanism of individual indices [16].
their internal interconnections. h& calculations were
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Fig. 3. Dynamics of attracted investments by enterprises of the agroindustrial complex of Ukraine according to the sources of
financing (20062015)

Thus, the dynamics of innovative activities ofnumber of new lowvaste, resouresaving processes
enterprises is described by the following indices:is  implemented; x18 is a number of innovated types of
enterprises engaged in innovations, is the total products; 19 IS a number —of |_nnovated types (.Jf

) s ) equipment; x20 is the share of innovated production
expenses of the enterprises engaged in iMf@& X; IS  rgglized by an enterprise on an industrial scale.
the research and development cosisjs the expenses on The first component of the level of IA of Ukrainian
internal research activitiesxs is the expenses on external€Nterprises, that is the dynamics of innovative activities of
L . . enterprises, is affected by several factors. Let us consider
research activities;x; is the cost of acquiring new these factors in groups of three. They account for 73.67%
technologies;x, is the cost of preparing an enterprise foof the variability of indices that determine this component.
the introduction of innovations;x; is the cost of Latent factors affecting the indices of the dynamics of
innovative activitienf domestic enterprises are described

hasi hi i | t
purchasing machinery and equipment related to tbythe following equations:

introduction of innowtions; xy is other costs related to
the introduction of innovations. Fi1=0,705,+ 0,21%;,— 0,028+ 0,094+ 0,152
The second component, that is the dynamics of cos 10,773+ 0,37%,— 0,74%,4+ 0,85¢,— 0,98,

and sources of financing of enterprise IA, depends on tl ’ A ’
F, =0,54%,,— 0,634;,— 0,19%,,— 0,204, 0,766

following indices: x, is the total expenses;x; is the
+0,366¢¢— 0,21%,+ 0,282+ 0,924+ 0,0%5,

amount at the enterprise own expensgg,; is the amount
at the expense of domestic investoxg; is the amount at Fi5=0,077%;+0,02%, + 0,918&)5+ 0,908,,~ 0,026

the expense of foreign investors;, is the amount at the -0,300¢6 - 0,428~ 0,29%5- 0,099+ 0,083

expense of other sources.

Assessing the dynamics of the implementation of 15 in the whole set of enterprises the first, and

enterprise 1A, which is the third component, is.onsequently, the most significant factor is the
characterized by the following indices;s is the share of generalizing one (the first factor), created by indices,

enterpriseghat introduced innovationsyg is a number formed in the direction of reducing factor loads:
of new technological processes introducexl; is a *20 X0 %e %18 X1 the rest of the indices can be
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neglected because their factor loads are less than 0.5. ‘dynamics of innovative divities of enterprises were
second factor is indiceX g, X5, X1 X15. The third factor obtained; they are Xg, X, X;z-

of the state of thennovative activities of enterprises of The second component of the enterprise A, that is
Kharkiv region is characterized by the following sequencthe dynamics of IA costs and sources of financing, are
of indices: x5, A4 Thus, as a result of the conductecaffected by several factors as well. So, the latent factors

analysis, the first three latent factors that influence tr'ill also be considered in groups of three; their equations
are as follows:

Fp1=0,902¢ + 0,20%,+ 0,926+ 0,382 0,1%2+ 0,586+ 0,387
Fp =—0,31k + 0,864,+ 0,128+ 0,6K 0,0%3~ 0,748  0,3Q§
F,3=-0,15X — 0,024,+ 0,138+ 0,558,+ 0,959~ 0,06Q- 0,04

The ranking of indices according to these factors ienterprise IA, whose ratings of indickave the following
ms ;v 17- The second group of three factors accounsequencer, » 17

for 85.489% of the variability of theindices that
determine this component. Conclusions
The third component of the level of the IA of
agricultural enterprises of Ukraine, that is the dynamics of  The factors that affect the level of IA of agricultural
implementing 1A is also affected by three factors, whiclenterprises in terms of their components were investigated
accounts for 81,84% of the variability of indices tthajn order to show the laws and patterns of developing the
determine this component. The equations of this group |A of the agoindustrial complex of Ukraine and the
latent factors are: mechanisms of their internal and external interrelations;
the factor analysis was performed as well. With the help
of the analysis results, the system of models of latent
Fa1=0,944+ 0,04%,+ 0,108,+ 0,88¢5+ factors that affect the 1A components wawealeped on
40,262 — 0,11%,+ 0,6684+ 0,714 the basis of computed integral indices that characterize the
Fsp =—0,17% + 0,796+ 0,7845+ 0,30Qs+ _compotr_lents (t)_f _:_heir IfA, i[l pa_rticuletrﬁ thde dyngmicsf ICX
innovative activities of enterprises, the dynamics o
+0,689 + 0,042, 0,698+ 0,484, costs and sources of financing, the dynamics of
F33=-0,138; - 0,128, + 0,23#4;+ 0,118+ implementing the enterijge IA. The latent factors that
+0,485¢ + 0,%5%, + 0,00%5— 0,07%q have been _determined acc_ording to the thr_ee compon(_ants
of 1A of agricultural enterprises can be efficiently used in
foreign economic activities as recommendations for
Therefore, there are the 7th, 8th and 9th latedetermining the IA strategy of Ukraine in the world
factors that affect the dynamics of the implementation @griaultural market.
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¢ .SKORKIN, O. KONDRATYUK

THE BASIC PRINCIPLES OF THE INTEGRATED MA NAGEMENT OF THE
PROCESS OF ASSEMBLYAND 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 stagestloéir implementation. Thegoal is to develop the generalized structure of the data management
system of the process of assembly and threadingofijeetivesare: to justify the principles of managing the assembly and threading
process at each stage oétassembly 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 Thefficient.
following results are oltained. 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 ofatissimila
materials vas analyzed. On the basis of the theoretical analysis, the dependences of the power indices of threading during the packag
and sheet assembly were determined. The assembly of the package of sheet materials was investigated, including a multilayere:
packag of di ssi mi |l ar-pmas & CoadusionspThe peocess mfeassarhbling threaded joints with the use of
management principles was used; these principles enable increasing the efficiency of the assembly process, reducimgitiie compl
of the basic operations, and improving the quality of the joints obtained. The use adaptive control of the screwing lspaadion t
threading transitions is suggested for reducing the torque. The technology of making threaded joints with given jgoperties
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.

Introdu ction production, assembly technologies, resource tests of

joints, theirquality characteristics and the development of

In the process of assembling threaded joints, modepromising designs of parts is carried out by leading
high-performance  equipment,  automation  andesearch and production organizations.
intensification means, systems of monitoring the  The utilization of fasteners according to the branches
parameters of assembly operations and the resultiof industry is as follows:
connections are widely used. - vehicle manufacturing industiy42%,

However, despite the mdnce in the development of - aerospace industity14.3%,
threadassembling technologies, the labour intensity of the - othersi 43.7%.
basic operations of assembling threaded parts still remains The assortment of fasteners is as follows:

within 35-40%. The efficiency of technologies is - male threat 40%, o
determined by the total technical effect obtained from - fasteners for aerospace indusitrg1%,
their implementation. With regard to the assembly of - plaini 13%,
threaded connections, the efficiency is determined by the - female threaid 11%,
indices: - other shapei 9%,
- productivity and cosefficient performance of - non-standard 6%. . . .
coupling operations; The assortment ofthreading fasteners is being
- labour intensity; constantly enlarged.
- the quality of the joints obtained:; The most widely used fasteners are-taiping and

One directin for improving these indices is Selfrolling screws, studs, threaded bushings. These

introducing the assembly and threading processes bafastening elements are widely used in machine building,

on the use of thread fasteners in the product designs. ~ Vvehicle manufacturing industry, aircraft ilding,
electrical engineering, instrument making, building and

The analysis of literary sources and problem setting ~ Other industries.

The analysis of situations shows that not only the
A thorough study of fasteners with thread an®Process should be managed, but the entire complex

profile setions is based on the positive indicators of theil"cluding the stages of production preparation, preparatory

installation and the qualitative characteristics of the joinSt2ges: feedig, orientating and engaging.

obtained. The variety of fastening and threading parts i< 1he development of the technology of the assembly

constantly being improved and enhanced. Combining tIP"OC€SS includes the preparatory, synthetic, analytical and

processes of threading, cougiand tightening the joints final stages [10]. With regard to the assembly and
in one transition, such details make it possible to provicthreading processes, this procedure can be represented as

high strength, stopping and maintainability rates ithe folowing structure:

threaded pairs [1, 4.]. - the preparatory technological stage (data support,
Threading studs, screws and bolts, bushings, pi@nalysis and decision making, analytics, final stages);
and other elements are manufactured dooading to the - the preparatory design stage (design drafting for

state and industry standards, technical conditions, and al0°ling auxiliary equipment, production of tooling,
in accordance with the catalogues of leading firms arinstallation, settings ah adjustments, test operations,
corporations [2, 8]. The control over the issues of thetroubleshooting);

E ¢ .Skorkin, O.Kondratyuk 2017
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- the stage of assembly (parts loading and installing, The correct choice of the joint type, fastening
coupling transitions, removing parts and units); element, tightening method, assembly modes, and other

- postassembly stage (connection supervisiorparameters detected at the first stage enable establishing
testing pilot batch, the analysis of rejected partg tithe specific pack of esigned parameters included in the
adjustment of tooling and control systems, the efficiencinitial data map of the "ToolScrew" system that is used

analysis and technical and economic assessment). in the second stage of the technological preparation of
production.
The goal and objectives of the study At the preparatory stage, the design elements of the

technological system of the screwing maehi are

The goal of this study is to develop the generalizedeveloped, which is:
structure of the assembly and threading process by the - technological tools (cartridges, devices, loading
data management system. Proceeding from the goal of ‘and feeding devices);
study, the following tasks should be solved: - the conditions for the implementation of the main

1. the principles of managing the assembly anstages of the assembly (orientation conditions, engaging
threading process at each stage of the assembly shoulcefforts, the radial rigidity of the tools, ghassembly speed
justified to improve the efficiency of these opésas. control law and so on);

2. the power, accuracy and performance and the choice of assembly equipment is justified.
characteristics of joints should be studied and the At the last stage, the following indices should be
conclusion about the efficiency of the suggested theory ensured [9]:

assembly management should be made. - the reliability of parts coupling;
- the energy efficiency of the process;
The main material of the study - the high productivityof tools;
- qualitative parameters of the obtained joints.
The process of forming jointsvith thread parts Taking into account the heterogeneity and different

involves a finite set of parameters whose properties miPhysical nature of these indices, a complex quality
be taken into account when carrying out experimentindicator is suggested that is developed as the function:
studies. B N .

The main indices of the process of assembly and tl S= 1 M NVip —min @)
joints obtained are formed at th_e following stages: whereN is the energy intensity of the process of assembly,

1. Informatioral and analytical. Wts: Vi s t he speed of crewing

g. Be5|gned (synthetic). coefficient of the thread completeness [105].

4' Areparz}ory. The optimal area of function (1) can be ensured by

- ASSEMDIY. developing certain levels of control parametdrat are
presented in table 1.

Table 1. The stages of control parameters development

Assembly stages

No. Control parameters Designation

1 2 3 4
1 Allowance S n ¥
2 Screwing speed vV + T T
3 Coupling length R ¥
4 Bevel lead angle G + ¥
5 Thread pitch and diameter P,d + +
6 Core hardness HB, ¥ i
7 Greasing i T + "
8 Tightening moment M, ¥ n ¥
9 Orientation inaccuracies lel, [v] + T
10 Workpiece location pattern T + +
11 Chuck hardness i n n
12 Fastener type i T T
13 Torque M, + 7
14 Case hardness 1 s + +
15 Profile filling coefficient d + T
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Table 1 shows that three paramet®tsM,, M, the speed and other factors developed in the 2nd 3rd
operate at the stage of coupling. Along with the otheStages [1, 4, 9]. _ _
parameters that are set at the design stage of assemhlv If the controlled process is presented systematically,
these parameters are the main ones that affect the funct@!l the parameters of Table 1 can be divided into 3 groups:
level at the fourth stage. - setting (initial);
In this case, the different possibilities of impact on - disturbing(that have a random character);
these parameters should be taken into consideration. Far - Outputs that determine the level of the target
example, if the speed and torque can be controlled by tflunctionS. _ o
drive system of the screwing machine, the screwing torque 1 N€ diagram of such system is shown in fig. 1.
is the magnitude of the deative that is determined by

() -

S e W

ST

Ro
Fig. 1. The structure of the assembly control
In the second and third stages, the parametensd - polystyrene for generake.
F which are pecified in technical conditions or These data were used to compare theoretical and

substantiated analytically are developed. The latter onexperimental studies.

have only a calculated nature at these stages, and in the A number of determining factors is given with
process of assembly (thetld stage), they appear asaccount of table 1 on the basis of the analysis of their
random quantities. The set of calculated valueshe$e impact on the torque:

factors forms a pseuddock of the master device (MD). The allowanced is determined according to the
The output value¥ (2, 8, 13) form the level of the targetrecommedations of the works [1, 9] at the level

function S and are controlled by the feedback system of

the screwing machine. When passing the regulator R 6= 0,5-0,58P 2
they can form both theiown level and other output

values. FactorX andF also affect the output values (they , . .
geometry are given by the requirements of a technical

are not shown in the communication circuit). : .
) drawing or are determined by the type of the fastener

Since the torque is a complex index that determine :
h v level h litv of the f . uused. This does_not relatettee parameters 6, 12, 14.
the assembly level and the quality of the formed joints to The greasing type (7) and the parameter of the

I 4 h lidity of th ical guideli . : :
arge exten(s, 4, 9, the validity of theoretica guldemestechnlcal machine system (9, 10, 11) relate to technical

of the 3rd section should be confirmed and the dat det ived b lculati .
possibilities of the target function minimization should pd Ecommendations or aré detérmined by caiculation (n) or
are of random nature and cannot be determined as

determined in the process of parts joining. determining fact
This task was solved experimentally. Theoreticsd €€'MINING factors. d
vaues of torque for various materials and fasteninn ~ On the basis of stated above, four factors Rl

elements were previously calculated. The calculation wor Z V are selected for the torque experimental model.
made for the following materials: Their impact is much greater in the models of the previous

- sheet steel up to 1.5 mm thick; researching where they were used and [1,09]. table 2
- aluminium alloy Al4; shows the levels of determining factors and their
- textolite; variability intervals.

- organic glass;

The parameters of threading and the lead
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Table 2. Determining factors

Factors
The levels of factors d P Id v
Bd3 Bd3 i &/ M
Upper + 6 1,5 15 0,073
Major 0 45 1,0 1,0 0,047
Lower T 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 cand fourletter interactions meet such requirement. So, in
the torque is determined in the course of previotthe tasks wherd = 4 thereplicas 241 g 3% Xy,
experiments. 1=+ 1=1+x 1=+x %, %; are realized

The thread pitch, the length of thread engagemer.., _Xlr:%X“’ | - 2|X3X4’ h—X1 2;(3 it = 2 .d
and the speed have the greatest effect. Therefore, the 11ce The Hartley plan on the cube with= 4 and a

of the dependence of the second order is used as a modnUmber of experiments in the kernél, =8, with a
number ofstar points R = 8 and one experiment in the
My =8y + z gx X+ z g X Xx X+ centrer, =1, was selected as the basis. The total number
Lei<k K<<k (3) Of experiments\ = 17.
+ z aj x );2 ' The device for processing data in the Excel
1<k environment was used for automating the regression
_ analysis to pwcess the results of the plan. This tool
where g is a free termg; , &;, &; are true values of the enaples obtaining regression coefficients of a-dided
model coefficientsk is a number of factors. model along with simultaneous obtaining a set of
The order of conducting experiments and thestimation statistics (the variance of regression
processing of the results correspond to the methods coefficients S? :[q], the general cortation deviation
planning he experiments of the second order. Howeve
the question of Selecting the most optimal form of the p|<’: n . the coefficient of multiple Corre|ation§§j , and so
was previously decided. One criterion of optimality can b
considered a number of experiments in them. Thcln)'

symmetrical composite orthogonal plans wegsgected - .
; o : data was carried out according to the standard method
because of the complexity of organizing expenmenidescribed in a number phpers [3, 5. 6.]:

according to the levels of determining factors assigned L 4
star points, and the most economical and close 40 I 1. The significance of the coefficients of the model

optimal Hartley plans were adopted for theaccorzdln_lghto thdeCrlterlon ;Ntahs cfheclked. . f th del
implementation. One requirement for a k&l plan is - 'he adequacy of the Tinal version of the mode
according to the friterion was checked.

realized in them: it should be a replica which enables The obtained fficients of th . a
assessing the coefficients for pair interactions € obtained coetlicients of the regsion equains

independently of one another. Replicas with -prieo- are given inable 3.

The further sequence of processing the experimental

Table 3. The coefficients of the regression equations for determining the torque values (package assembly)

Material £ 2] a a3 a, 85 3 & 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 a9 Qo a1 a2 a3 &4 &5 C
Al 4 -1250,7 476,5 -2E+06 4186780 -63087 | -12,79 | 7899487 -1E+08
textolite -1278,4 485,1 -4E+06 9374651 -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 Fig. 2 shows the oscilloscope patterns of the torque

as follows: for the case made of the ¢l
’ assembly (b) 1 mm thick made of the same material. The
f1=@Q+ g 1d »a+ Bx a4 +1xd°+a latter oscilloscope pattern (c) shows the change of the

torque for contact pins with the largagle of thread (the
material of the sheet is textolite). DSO 2100 oscilloscope
+agxVx 1/d +agx Px I/ d x V2 + a0x B<V2+' ) was us_ed' )

2 _ Fig. 3 _shows the oscilloscope pattern of the torque
+agx dxV+gox dx VT + gax ok B while screwing the standard M3 screw in a cleardmude
for a cased4dmadé¢ oqg 22 didilescopel 2
was used.

+ag x I/d 2+a6><P>< I/d + gy x dx I/ d+

+agx PxdxVx I/ d + g ¥ V+ T \)2

0)

Fig. 2. Torque oscilloscope patterns

7
U
Mt
L X X X L N } X
f r r r r T 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 It should be noted that threading is a complex
tightening transition, the level of the tardenction at this process, that is affected not only by the speed of screwing,
stage will be developed only by the values of the torglbut also by the structuralappmeters of the fastening
and speed, and the speed is a determining factor of telement, the physical properties of the case or sheet
moment function. So, the following sequence oworkpieces, and so on. On the other hand, as the speed of

determining the target function is evident: screwing increases, the productivity increases, which is
important in mass production.
X,F >V M-S, (%) Calculating all combinationsfathe parameters of

threaded joints is a complex and extensive task. A number

And, as the parameteXsF are determined up to the of all combinations reaches several thousand. Therefore,

4-th order, the optimal value of the speed will develop thin the context of this work, the task optimal management

level of productivity, energy intensity, and the quality 01for the following joints was solved: screws with diameters

joints that corresp_ond o the function (.)pt'mﬁ' ' . of 3to 6 mm, thread pitches from 0.5 to 1.5 mm, and for
The calculation of torque accorditio the regression . o : :
four materials (aluminium, textolite, organic glass, and

equations showed the following nature of their change: ﬂpolystyrene). The diameter of the serew within the

torque values decreased to a certain limit with increasir s T S
X ; specified limits does not significantly affect the torque,
speed and then increased again. The latter phenomel : ;
; : .__therefore, this factor was neglectedhen developing the
can be explained by the dynamic processes that arise . :
the threded contact at high speeds of screwing. To experimental model of the target function (1).
gnh sp 9. ? So, the reliability of the process should be ensured

greater extent, this is noticeable for screws with a Iarcb" he followi f ditions-
thread pitch. y the following system of conditions:
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point of the case materialVg

engagement .
The target functin was calculated for every thread
pitch, screwing speed, and for various screwing lengths

Smin <9 <J%max: is the end speed of

mi
5 —>n(5)=0,7- 0,85;

y<[rlie<[e];

AM — 0; I/d.

My < [M ] (6) Then the matrix of the values of the target function
' was compiled and the minimum in each column was

Fo=Ry; found. Subsequently, some screwipgads 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:

where Sin, Omax are limit calculated values of

al l owances fopis thetcoefficieats of thrigad Vs pt o+ Bx 1/ d+byx I/ d%+ byx P+ byx P

completeness of thread in the allowance functigh;[g]
are the limiting values of the angular and radial error wiVNere € by are the regression coefficienttalfle 4);

respect t o [ dsrtheeosdillations btorque (d/d i's the | ength of scfeswingHd
during assembly;[[] is the limit value of the moment ofthe thread pitchN,,

cutting the fastener ro, , R; are the axial force and Let the control law be deduced taking the calculation
the force of engagement at the starting moment of the assembly joint as the example. The joint

O'Pt > kL XO'Tk,

VeV t<ty

assembly;op, is the yield point of the material of thecharacteristics are the following 5 st andard scre
fastener rod ;k; is the strength factorpy, is the yield :hithreai ﬁ"tzm 1am|m|th§t;/s Cr?/‘g’zigthescisf rgav(\d/el 0; g e
Table 4.The coefficient of equations of the regression levels for calculating the speed of screwing-thpecasekpieces
Material Thread npni 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
1,5 1723,387 0,0263 0,005 -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
1,5 321,160 0,0703 -0,0291 -181,022 -22,053
0,5 4,188 0,0254 -0,0071 -8,445 0,201
organic glass 1,0 -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 1,0 7,226 0,0426 -0,0139 -0,915 -6,303
1,5 420,339 0,0515 -0,0183 -236,954 -28,845

The torquest the speed of screwing from0@09 to

corresponds to two turns of the screwed thread. From this

0.0731m/ s (from 80to 280 rpm, respectively) and for moment the process of engagement is completedhend t
various ratios | /d i from 0.5 to 1.5 are calculated stable screwing of the fastener starts. Table 5 shows the
according to the formula (4). The first value /= 0.5 results of the calculation of torques.

Table 5. Torquesf or [ 5screw, threadepipt dh t=1 mm
Iid 0,5 0,66 0,83 1 1,16 1,3 1,5
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;//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 optimumof the optimization, whereS é S, are the values of the
parameters of assembly and minimum valugsare target function atd =0 , 51/d & 1,5 respectively.
sampled. Table 6 shows the calculated values of the target” The graphs clearly show the dependence of the

function for threadpitches{ =1 mm and{ =1,5 MM. arget function on the speed of screwing and thread
The second part of the table is designed for optimizing pitches. As a number ofutns of the screwed thread
these data will be used to build the optimization fields.  jncreases, the minimum (painted in blue) shifts toward the
The optimization matrices are built on the basis inaximum values of the screwing speed. The minimum is
table 6. The first matrix comprises the values frdte t gjighly shifted in the opposite direction for the last turns.
first columns for the thread pitgh=1 andt =1,5 mm, The speed values at the minima of the target

the second matrix comprises the values from the secofnctionare optimal but have the random distribution law;
columns, and so on. The matrices were processed with 'so, such control is difficult for implementation on a

help of MathCad 8.0. Fig. 4 shows the fields and Surfac'screwing machine. To obtain an acceptable curve, the
calculation should be made according to the formula (7).

Mt B
Y-
Ay
30 ‘
20-
1077

002 004 006 008V m/s

002 004 006 008

Fig. 4.Fields and optimization surfagef the target function
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Table6.The values of the target functions for screws d=5, mater i .
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 191 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 1,86 191 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 3,41 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 realizedith the help of the managing the assembly and ensurirgyparameters of the
diagram (fg. 1) which suppes the voltage which obtained joints were analyzed. In the course of the
corresponds to the optimum screwing speed to the moexperimental studies, it was found that the following
of the screwing head. factors have the greatest impact on the tofiqtiee speed

of screwing, the thread pitch, the hardness of the housing
Conclusions material, tle diameter of the threaded rod. The empirical
formulas of torques are determined depending on the

On the basis of the conducted researches, the stadetermining factors.
of the control action development in the process of
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S.SOTNIK, V. NEVLIUDOVA, |. MALAYA

DEVELOPING THE INFOR MATION SEARCH SYSTEM FOR SELECTING THE
MOULDS FORMING ELEME NTS

Today the information environment is highly developed, it enables collecting, processing,, stisiriguting, searching and
transferring of information. The need for automation of information activities and information resources managementetg all le
stipulates the demand for the development of information search systemsuljjaet matter of his research is the information
search system for selecting the moulds forming elementsaithef this work is to reduce the time for searching and determining the
main parameters of the matrices, punches and characters by means of creating thedanfeeaath system for selecting the moulds
forming elements. To achieve this goal the followiagks should be solved: to review the main moulds forming elements and their
technical parameters; to develop a search algorithm; to develop the databaseedoustlecting the moulds forming elements; to
design the interface of the information search system. While solving the set tasks, the methodology of the systemsiénalysis a
modelling wasused. The review the main objectives and characteristics ofriafmmsearch systemgsultedin the development of
the database logical structure which consists of 6 tables. The interface of the information search system was develages tiep
fi e asy 0 -eaplamhtory seledtion of moulds forming elemeiitsus, 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 workpieca surface;
workpiece kind and form to determine the nominal dimensiorigrofing 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 manipulatang the
about these elements.

Keywords: selection, interface, infaration, search, system.

Introduction Solving the problems associated with the
information search in the field of moulding plastic parts
The amount of information is dramatically growingby die-casting is of great practical importance. The rates
year to year, but its use seems problematic without of information growth are much faster than advances in
suitable tool. So, the information search systems (ISS) ¢the field of improving information search, therefore, the
created for fast storage, filtration, sorting andrseiag task of developing an information search system for
the large amounts of structured information. selecting the moulds forming elemts (MFE) is topical.
The ISS consists of the database (DB) and the
database management system (DMS). The relational The analysis of literature sources and problem
databases (RDB) are the most widespread and represent a statement
large number of the interdependent tables, each one
containing information on particular objects. At present, many works deal with information
Placing necessary information, the ISS minimizes systems, among which there are fundamental publications
userb6s fneffortso, whi c h i that are worth mentioning, for example, the works fioye f f o r
referred to as the time the user spends on all steps tBaezaYates R., Ribeo-Neto B., Adarsh Garg, Christofer
lead to finding all necessary informatigm particular, D. Manning, and others.
generation queries, executing queries, scanning the results The works of BaezXates R., RibeiréNeto B.
of queries so that to sel describe all stages of the development of informatidne me n
The success of the developed ISS is subjective as isearch systems starting from system models for indexing
information is not always pertinent, that is, the relevanctext to the development of ISS with thse of visual tools;

ofthe received data to t he the features of the interface are considered. In [4],ntkks i s
significant. information coverage and saturation are provided in such
Achieving the high degree of pertinence is the maispheres as:
field of the competitive activity of modern IPS. - the assessment of the search, languages and basic
In some cases, the necessary information can query operations;
determined as all information that thgstem relating to - indexing and searching;
the userds demands cont ai ns .-parallel ad distributed ISS;
In other cases, it can be defined as a sufficient - user interfaces, their visualization, and so on.
amount of information in the system for performing tasks, = Adarsh Garg contributed greatly to the development
searching for missing data. of the ISS as software.

The ISS that provides the search for information The engineering approach focuses on creating a
according to metadataqeires less cost than the one thamodel for assessing the development of small and
performs a complete search. In many cases, timediumsized aterprises (SMEs) and developing ISS for
completeness of the search is a negative feature, becauthem are considered in [5]. Information search systems
user is given more information than necessary as must be efficient and flexible (adaptive), that is, can be
contains the information which is not necessary althoumo di fi ed i n the process of <c¢he
itisr el evant in the contextscenareoseéermS5hirelevanceodo as it
defined within the terminology of the information search The web search and text cd#gcation and clustering
system, where this term is to denote an are considered along with the classic search in [6]. The

E S.Sotnik, V.Nevliudova, |.Malaya 201;
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work presents all the stages of designing ananswering the request, the ISS should provide information
implementing systems for collecting, indexing anccorresponding to the semantic content of the request.
searching documents, methods for assessing such systems, The ISS should be oriented towards a certain
as well as the intuction to machine learning methodscriterion of the semantic correspondence so that the issued
on the basis of text collections. documents correspond to the requests.

The application of the statistical language of the The process of ISS operation includes releasing
model to obtain information emphasizing the basiinformation according to queries and updating the main
principles of searching is analyzed in [7]. Efficientarrays of work and service information.
language models developed foorrtraditional search Information arrays should be updated if and when
problems are considered as well. new data on MFE or any information that is to be recorded

The issues concerning the principles, methods atby this IPS are received.
concepts of the creation of the ISS are considered in [8]. 1. Database structure development
The foundations of the operation of automated  The dructure of the database includes a logical and
information search systems are given. The amsitipn physical model.
and structure of automated information search systems are A logical model can be represented in several ways.
analyzed. The structure and properties of informatioA tabular method (data structuring) is considered in this
retrieval languages are examined in full. work. This method consists of presenting information

The main attention is paid to the introduction intcabout a domain in the form ohe or several tables. Also,
the theory and practice of information sgain [9]. The the links that show how the tables are interconnected (ER
basic concepts of information search are considered. Tmodels) are considered.
information search on the Internet was investigated. The  While creating ERmodels, the database structure is

languages of ISS queries are described. presented as a diagram called an em#tgtionship
diagram (or ERdiagram).
The goal and objectives of the research The constructin of the ERdiagram starts with the

definition of the entity as
The conducted research showed that theldped | dent i fi edo.
information search system for selecting moulding formina ~ Any ER-diagram has an equivalent relational table,
elements suggests arranging the search, storage @nd any relational table has an equivalenidigram.
processing information on forming elements in the  ER-diagram is an invaluable tool for engers for
common information space that enables makindesigning, optimizing and debugging database programs.
coordinated decisions in real time. The entities are logically equivalent to grammatical
The goal & the work is to shorten the time for houns, such as matrix forming elements, a punch.
searching and determining the main technical parameters A subject can be determined by its properties called
of matrices and punches due to the creation of an 1SS attributes.

selecting forming elements. The relationships are qaivalent to verbs or
To achieve this goal it is necessary: associations such as buying, repairing.

- to review the main MFEs and to rewietheir Relationships can be determined according to a
technical parameters; number of entities associated with them and known as a
- to develop an algorithm for MFE searching; type or a degree. There are 3 types of such varieties:

- to develop a database structure (DB) for selecting - oneto-one (1: 1);
forming elements; -oneto-many(x ™M or 1: D) ;
- to develop an interface for the information search - manyto-many (M: M).
system. Fig. 1 presents the generalized -BERdel of the
developed ISS.
Development of the information search system for The generalized ER model consists of six entities
selecting moulds forming elements (tables). Each entity (table) has attributes (columns). The

attributes present particular characteristitthe elements.

In order to obtain information stored in the memory ~ Having analyzed subject domain and having
of the given ISS, a query should be raised according to tconsidered main functions of the developed software
rules the given | SS i unProduct the following entities presented in table 1 cgmbe
distinguished.

Table 1.Entities and their attributes

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 ID_MAT_LIT_FORM, ID_LIT_FORM, NAME_MAT_LIT_FORM, MARKA_MAT_DET,
TVERD_LIT_FORM

SDOPUSK_DET_LIT_FORM ID_DOP_DET_LIT, ID_LIT_FORM, KVALITET_DET, TYPE_DET
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SDET SLF

—Gw | § ID_DET SMAT —@% | ¢ ID_T_FORM
ID_MAT_DET w3 | § ID_MAT_DET e 00 ID_MAT_DET
NAME_DET ID_DET -G% | ID_MAT_LIT_FORM
TYPE_DET NAME_MAT_DET NAME_LIT_FORM
VIEW DET MARKA_MAT DET TYPE_DET_LIT_FORM
SV_DET VIEW_DET_LIT_FOM
KPQV_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 develop8&

The description of links among the subject domaientities is presented in table 2.

Table 2.Links among the subject domain entities

Entity 1 Attribute 1 Relations Entity 2 Attribute 2

SDET ID_DET 1 b SDOPUSK_ ID_DET
DET

SDET ID_DET 1 b SMAT ID_DET

SMAT ID MAT DET 1 [5) SLF ID MAT DET

SLF ID_MAT_LIT_FORM |1 [5) SMAT_LIT_ ID_MAT_LIT_FORM
FORM

SLF ID_LIT_FORM 1 [5) SDOPUSK_ ID_LIT_FORM
DET_LIT _FORM

Physical DB model development. SV_DET is an attribute which describes the
properties of a part, for example, the composite matrix or

The tablesn the physical data model contain certaira punch of a single profile.
columns, as well as the necessary keys and indexes. The KPOV_DET & the hardness of an element, this
physical data model also contains table mappings attribute is of an integer type. The matrixes of a single
physical storage units (table spaces) in the database.  profile and moulds punches for plastics are made of U8

For example, the name of the SDET table indicateand U8A steels and hardened up te580HRC.
the properties of the parts. ID_DET is a unique pat Compl ex matrices are made
number. It is assigned automatically in increments of M1 2 A, 5my 1. These materials
(that is, incremental). when heated, they are hardened t6528HRQ. If the

I D_DET is of int type (mould matrices moulds for plastics work under veryh a t
it is an integer data type. Also, ID_DET is the primary kedifficult conditions, they are made of high alloyed &tee
(or PK)of the SDET entity. 38ml Add or 35mi¢. The parts

ID_MAT_DET is the unique number of the partmaterials are nitrated. The SV_DET attribute is of a
material. It has an integer data type and is-tcement.  nvarchar (50) type.

NAME DET is the name of an element, for KPOV_DET is the surface quality, in this case, it is
example, the forming element. It is of the nvarchar (5(the hardness of the element. This attribute is of an integer
type so that a user is able to Brillic for filling. The type.
field size is equal to 50, that is, the length of the part name The table name SDPUSK_DET means the
may contain up to 50 symbols including gaps. properties of the parts tolerance. |ID_DOP_DET is a

TYPE_DET is a type of the forming element (gunique number of the parts tolerance. It is assigned
matrix or a punch). It is also of the nvarchar (50) type. ~automatically in increments of 1 (incremental).

VIEW_DET is of abinary data type. It enables The table name SMAT means the material
keeping the pictures of the parts in the database andproperties. ID_MAT_DET is a unique numbertbe part
review them when necessary. material. It is assigned automatically in increments of 1

(incremental).
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The table name SLF means the mould properties. Web services and other kinds ofngponents can be
ID_LIT_FORM is a number of the part moulds. It iseasily developed[12, 13]. Saving and retrieving
assigned automatically in increments of 1 (incrementainformation from the database and other data stores is

and is a primary kefor this table. sufficient. The implementation that combines the
The table name SMAT_LIT_FORM means theconstruction of reliable and efficient code is a very
properties of the mould material. important factor in the succes$ © #. Therefore, C # is

ID_MAT_LIT_FORM is a unique number of the chosen to implement the IPS interface.
mould material. It is assigned automatically in increments  To start the program, the left mouse button should
of 1(incremental) and is a primary key for this table. Thibe clicked twice on the shortcut labelled Program.exe.

attribute is of an integer data type. After that, the main program window opens. The main
The table SDOPUSK_DET_LIT_FORM means thewindow of the program is shown fig. 3.
properties of the mould parts tolerance. In this window, a user has the opportunity to view

ID_DOP_DET_LIT is a primary key of an integerthe main characteristics of the mould forming elements,
data type. This attribute means a unique number of tthat is, the matrix and punch (Fig. 2). You can also see a

tolerance of the mould part. picture with the image of the selected item. Each forming
More detaied description of a logical and physicalelement has the followincharacteristics:
DB model is given in [11]. - MFE unique number;

In this work, the SQL Server Management Studio - MFE ID;
environment is selected as DMS, as it has a high degree of - MFE type and name;
efficiency, fault tolerance, and processing speed even in - MFE properties;

the context of maximumola d i n -user modelof i - MFE hardness.

operation. The user is able to select any record from the base.
The TransaeBQL language is used for dataThe possibility of the data selection from the DB is

manipulation. presented in fig. 3.

2. The ISS interface development.
The powerful C # framework library is useful for
creating different types of applications.

aad | b bl X W
Properties of elements :

o 101 = ID_DET ID_MAT_DET

| NAME_DET TYPE_DET VIEV #
Unique number |D- Y 4 _ 70 Forming ... Punch [
o Type: (R 102 7 Forming ... Matrix HHi=
5 103 72 Forming ... Punch
Name : - Baliel 104 73 Forming ... Matrix ﬁ__
2eosios SOl Punch-holder installed in the plate 105 74 Forming ... Punch 1

Hardness : 24 ‘, o el :
Press to learn i \ 4
the DB current N r L Y 3
sizes: ////////A R [ a ih,

FeamimMB Enter a unique detail number for search p

@ b

)

Learn in KB

Calculate the nominal size of the forming element - _

88 Calculate

Fig. 2. Main windowof the ISS

ID_DET ID_MAT_DET NAME_DET TYRPE_DET VIEV =
b Forming ... Punch :

102 71 Forming ... Matrix ZHIt =

103 72 Forming ... Funch

104 73 Forming ... Matrix ﬁ_

105 74 Forming ... Punch -
‘ m b

Fig. 3. The possibility of the MFE selection from the database
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The user can add entries to the database. It is omnecessary to press the left mouse button once on the
necessary to fill obligatory fields, such as a uniqui Br owsed button and select
number and ID, and leave the others empty. The progrépicture selection is represented in fig. 4.
enables adding anigue picture to each record. It is only
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& Google Juck & raa Jata wameHeHna Tun
Bl Pafouwii cton ) o
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j AokymeHTsl . ) o _
|Ba| Prefabricated Matrix.png 07.06.2017 13:57 PucyHok PMNG
k| Mzobpaxerun ) ) e A
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Fig. 4.Choice of the FOE image

The discussion of results

M) = FO)/P(Y), ®)

To test the obtained results and the adequacy of tyhere f(t) is the failure frequency:
suggested ISS, the software reliability is calculated. . . .

The probability of troubldree operation P (t) is the P(t) is the probability of troubléree operation.
probability that the system failure cannot arise within the ~ The average time between failures is the expectation

given operating time [12]. of operating time till the next failure [12].
P(t)=1-Q/N, 1)
whereQ is a number of the registered failures; Ti= jt~ f (t)dt. (4)
N is a number of experiments. 0

The probability of failure is a probability that the

system failure can arise within the given operating time. Using the known relationship among(t), Q(t)

This index is reverse to the previouson and P(t) , the following equation is received:
Q(t) =1-P(t), (2) o
_ o Ti= ft-Q(t)dt. (5)
wheret is the operating time; 5

Q(t) is a probability of failure.

The system failure rate is a conditional density of ~ The key indicators of the softwe reliability are
failure at a given time provided that untill this time thepresented in table 3.
failure has not arisen [12].

Table 3. Calculations of reliability indexes

A number of experiments 50

The time for completing one experiment 300 sec.

A number of failures 1

The probability of troubldree operation P(t) 98 101

The probabity of failure Q(t) 2102
System failure rate oa(t) 64 103
Average time between failurel 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 theunction of calculating the nominal size of The information search system is suggested whose
the forming element. To do this, a user must select amain purpose is selecting and calculating moulds forming
entry in the database, a relements. The developed software reduces the efforg ffof U |
button. After that, the nominal size of the selected itEIsearching and determining the significant parameters of
appears in the text field. the forming elements.

Unlike the avdable systems, the developed system  The logical and physical structure of the database is
takes into account the quality of the MFE surface, as tldeveloped. The paper presents the generalizeth&Rl
MFE can be visualized. _ of the IPS thatentains 6 tables.

The developed information search system for The suggested development enables storing,

selecting the mould forming elements can be used fprocessing, adding and removing matrices, punches,
producing mould elements to manufacturerthoplastic forming signs.

parts of radio electronic equipment. The developed interface of the information search
In the future, the suggested system will be improves y st em provi des t he feasyo

by calculating the shrinkage. elements of the proces$ part forming.
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S.YAKUBOVSKA, O.VYSOTSKA, V. TIMOFEEV

MATHEMATICAL SUPPORT OF THE INTELLIGENT I NFORMATION SYSTEM OF
ASSESSING THE OBJECTSTATE

At present, information technologies (IT) are intensively used all over the world in various sectors, and today metitahnsti
cannot do without them when organizing the process of medical diagnostic. Efffci@ncy 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 areasivitias determined by the quality and quick
delivery of information. Medicine constitutes no exception in this sense. The advanced level of computer technologio@pplied
diagnostics on the basis of automated systems of decision support madébiegossolve the tasks of assessing the state of the
object at a qualitatively new level. Thabject matter of this study is to ensure the mathematical support of the intelligent information
system (IS) of assessing the state of the objectobfeet is understood as a patient who came through a myocardial infarction (Ml).
Thegoalof the study is to develop mat hemati cal support of the
achieve the stated goal, the followitasks were ®lved: statistically valid and uncorrelated signs were specified; these signs enable
di stinguishing the group of patients who survived from tho
clinical outcome. In the process of the stuthe 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 discrimiridnnction and took into account human blood values can prevent sudden coronary death and
improve the diagnostic efficiencZonclusions.Mathematical models were developed to predict the state of the object in the event of
uncertainty. The use of the démeed mathematical models enables improving the accuracy of predicting the state of the object in a
reaktime environment and in the early stages of the disease development by 4.2% and 10%, and applying adequate preventive an
therapeutic and rehabilitatiomeasures 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 reliable information regarding the values of the monitored

stae parameters characterize the process under

At present, IT is intensively usedoaind the world investigation.
in various sectors, and today medical institutions cannot Thus, the task of developing an information
do without them when organizing the process ¢ nt el l ectual system for diag
diagnostic and treatment. The IT efficiency is determinewith myocardial infarction (M) functioning in real time is
by the degree of their intellectualization, that is byvery important.
including knowledge ba&s as their component and by the
transition from data processing to the processing of Analysis of literary sources and problem setting
knowledge.

The effectiveness of decisianaking in various At present, in connection with the society
areas of activity is determined by the quality and speed information support, the problem of developing object
the information received. Medicine in this sensen@ oriented IS becomes particularly urgent4l. Modern IS
exception. The increased level of computer technologhave such properties as adaptability, complexity,
the tools used, the construction of diagnostic systems divisibility, integrebility, and the degree of structure. Any
the basis of automated decision support systems maddT is designed to collecting, storing, and processing
possible to solve problems of determining the state of tlinformation, and the use of data bases, knowledge bases,
object at a qualitativglnew level. data base management systems (DBMS) and knowledge

The efficiency of making decisions in various areabase management systems, mathematical models and the
of activity is determined by the quality and quick deliverymethods of prediction and so on should be used for its
of information. Medicine constitutes no exception in thifoperation [57].
sense. The advanced level of computer technology, Medicine and medical diagnostics are the subject
applied tools, diagnoss on the basis of automatedareas of IT application [814].
systems of decision support made it possible to solve the  Among the developments in this field, the IS of
tasks of assessing the state of the object at a qualitatindynamiC monitoring for diagnosing cardiovascular

new level. o _ . discaes call ed fACardioVitao is
Since the decisions making process is weaklallows a physician to choose different types of analysis
formalized, the development of intelligent infortiod (statistical,  correlation,  dispersion,  regression)

systems is of vital importance and the experience independently, depending on their purposes and tasks.
specialists on the basis of expert assessment should also, the system for diagnosing the cardismaar system
used which will enable bUIIdlng a distributed informatiorof a patient was deve]oped using the MI as the examp|e,
system (IS) that allow a great number of people who oftethis system is based on the mathematical apparatus of
do not have enough experiee to perform diagnosis. fuzzy logic [16]. The diagnosis is made with the help of
The need to solve the problem in real time and ttrthe production model of knowledge representation, which

i mitations associated Wienables reducing ¢h time to find a disease. The @t |
condition, insufficient medical qualification and lack of
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disadvantage of these systems is the inability to determipropagation and nonlinear activation functions. The
the development of po#tfarction syndrome in patients instability during the operation with data obtained from
with MI. different regions and the sensibility to the form of their

According to the main classification of methods forrepresentation can be considered as their disadvantages.
forecasting systems and processes, suggested.Ady T A numberof ideas show the practicability of using
Dubrovaya, three main classes are distinguished: expeprobabilistic statistical methods in medical research: in
deterministic and stochastic methods [17]. The expemost cases medical data are not accurate, therefore they
methods involve the multistage survey of expertcan be considered as random variables that are subject to
according to special questionnaires and the processingc er t ai n di st r i b uwonditomisdffecieds ; t he
the results obtained. The disadtages of these methodsby a large number of factors that have a random character;
are the complexity of the organization of the expet h e prognosi s of t he patient ¢
evaluation, the impact of official relationships; besidesprobabilistic.
there may be the ambiguity and insufficient validity of The human body is an open system affected by
individual decisions. Deterministic methods presupposvarious external factors and the processes that occur in the
the existace of functional or rigidly deterministic body are partly probabilistic in nature and the change in
connections when a completely certain mandom value t he bodyds homeostasis is al s
of the effective attribute corresponds to each value of tiThe adequate description of such processes is achieved
factor attribute. These methods involve establishing through the use of statistical methods that are based on
strictly defined functional relationship amg the indices. accumulated information on éhinvestigated indicators

Since medical problems are usually related tand give a probabilistic estimate of the prediction of their
semistructured or unstructured tasks, labatensive change.
probabilisticstatistical methods or heuristic procedures, There are many situations in which it would be
that is fuzzy sets, neural networks, expert methods, andhighly desirable to determine the probability of a result
on prevail among # methods used in solving medicaldepending on the set of variables being measured, in
problems. paticular, in predicting the fatal outcome of the

At present, probabilistic methods based on thmyocardial infarction.
Bayesian approach are widely used for solving diagnostic = Two common features are typical for similar cases:
and prognostic problems in medicine. These methods dirst, for many subjects, there is information about their
also successfully used to identify a number of cardicbelonging to a particular group; secondly, each subject
diseases. However, this group of methods is sensitive may have additionainformation to create a model for
the form of the presentation of diagnostic information,anpr edi cti ng t he subjectds bel on
the use of the strategy of diagnosing on the basis of this The indicators obtained as a result of expensive and
approach does not enable preventing a sudden coronlong-term immunological studies are used as the factors
death and determining ehcritical period after the old determining the possibility of predicting the outcoras,
myocardial infarction, which reduces the quality of furthewell as functional studies such as coronary angiography.
therapeutic and preventive activities. The sequential WaHowever, these methods do not enable predicting the
analysis is hyposensitive to the form of representation outcome in the shortest possible time and making a timely
signs. It is close to probabilistic methods e decision on the course of treatment [19]. Therefore, one of
mathematical basis and represents a consistent procecthe statistical methodff determining the belonging of
of examination, where the chosen level of probability of the investigated object to two or more disjoint groups has
diagnosis or a prediction is achieved according to tfrecently become the discriminant analysis, on the basis of
results of the evaluation of qualitative and quantitativwhich the clinical outcome of a process can be predicted.

indicators. The disadvé&age of this type of analysis is the The discriminant analysis is similar to the stier
inability to determine the further development of theanalysis. However, in the cluster analysis objects are
disease. classified on the basis of their differences without any

The logicatandprobabilistic algorithm is also preliminary estimation of the number and composition of
widely used in MI prediction systems which uses thclasses, which further reduces the accuracy of predicting
value of the conditional probability of the manifestatof the belonging of an objeto a particular group [18].
signs (clinical instrumental or clinical laboratory) that are Like most statistical methods, the discriminant
typical for a disease and its a priori probability, whiclanalysis is based on the formulation of a regression
ensures the recognition of diseases according to matequation that is derived on the basis of the objects whose
tables that contain a set of diagnoses or clinical outcomgroup membership is known, which enables selecting the
The disadvamtge of this algorithm lies in the fact thatcoefficiens of regressors in the most accurate way. After
only stochastic information is taken into consideration arthe regression equation has been derived, it can be used to
that there is no possibility to determine the outcome of ttpredict the behaviour of objects.
disease by the available actual quantitative and qualitative
indicators, which reduces theccuracy of predicting the The goal and objectives of the research
outcome of the myocardial infarction.

There are the methods for predicting Ml that take  The goal of the study is to develop the mathematical
into account the process position and the degree of tsupport of the IS© t he assessment of tt
lesion on the basis of the operation of multilayer fullywhich enables predicting the threat of fatal outcome by
connected neural network Wit the forward signal blood tests as soon as possible, which is especially
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important in the acute and the acutest periods of tic har act er i z icondjtiont were idgnti#fiedifrem t 6 s

disease. 34 investigated indicators. The objects can be divided into
To achieve this goal, the following tasksosld be the selected groups according to the values of the
solved: discriminant function with the appropriate accuracy. For

- to identify statistically significant and uncorrelatedthis, the canonical coefficientsh, and b, of
characteristics that distinguish the patients who survivegiscriminant functions are determined according to the

from those who died; ) o formulas . _ _
-to formulate fAdecisive ruleso for predictina the M
outcome. Bk = VikyN— 9 (2
The development of mathematical supporof P
predicting a patient bok:—_%'%ﬁﬁ (3)
i=

To develop the mathematical support of the IS cwheren is the general number of observations in all groups
predicting t he objecto s(the patients with the fataluccome and the patients wd w
considered. 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
are the vectors of the states odlividual patients with the mj);

i i - . . 0 s ¢
anterior or posterior M1, vxi is the mean vairabl e val ue [0S, 4

numberi=1..n. The vectorx = % that describes the (general mean);

state of each patient consist of n elements that contain the vy is the latent vector of the discriminant function.

values of clinichanamnestic and laboratory signs of this Usually, in similar cases, the linear regression

patient, where | is the serial number of the sigs;1..m. models are used as computationally simplest ones. To
Each patient belongs to one of two subsets of the 25S€ss the model coefficientfie least square method

Y= y,y . The subsety, comprises ta patients who ISI(;"SOI\CIV)S.\Nas used, and the computational procedure is as

Let the attribute spacX = x; is set, its elements

came through the MI. The subser, comprises the

patients who died of the MI. Then, to determine th E=(X"x) XY (4)
probability of the affiliation of the ith patient to one seb
of t h eY treepatterrt of the function should be
determined:y, = f(34); x ey if Fj>F;, xey, if

Fy

However, according to the specificity of the
controlled process, LSM prerequisites are often violated,
which leads to the multicollingdy. In this case, the task
>Fy. has the degenerate solution. To cope with this factor, the

To develop the mathematical support of I8ea set fegularized procedure was used:

of formal decisive rules should be determined, whic’ E T o LT

enables predicting the clinical outcome for a patient wit.. 'E_(X X-al) = XY, ®)

the anterior or posteri 0fynerelistheunitmatrids random values -

fromm _ U is the parameter of regt
The data of 649 patients were analyzed to bU"number).

mathematical models fgpredicting the clinical outcome Using the above model enabled obtaining the
of the patients with the anterior or posterior M. following relationships that determine the outcome of the

~ Determining the indicators predicted as djsease in patients with the posterior myocardial
significant. As a result of calculations using thejnfarction:

discriminant function method, 23 informative signs
F1=-158.421 3.399X % 10.549X 2 2.17% 8 4.145¢ 4 0P9X5+1.383* X6+
+1.742*X 7+ 1.261*X 8 1.474*X 9 0.688X 16 1.053X 11 ®2* XL2+ 0352* X13+ (6)
+0.967*X 14+ 0.04126*% 15 0.02703X 16

F2=-151.647 3.143X ¥ 13.656X 2 5.822X 3 537X -4 0658 X5+1.163* X6+
+2.015*X 7+ 0.97*X 8+ 1.47*X & 0.726X 1@ 0.802X 1 0.18342+0.666* X13+ (7)
+0.852*X14- 0.0839*K 15 0.01247X 16

where X; — X, are informative coefficients that affect the prediction.

Consequently, determining the clinical outcome ir B
the patients with the anterior Ml is described with thi F3=4,973 X1+ 0,4 Xp+ 0,184 X5+
following discriminan functions: +3,532¢ X, + 0.04 X5+ 4,998 X5+ (8)

+0,554+ X, — 23,144
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F, =4,892 X; + 1,36 X,+ 0,018 X5+ To determine the separative power and significance
13.843¢ X, — 0.032% Xo+ 0 747X+ 9) of the discriminant function, the coefficients of canonical
’ 4 > 6 correlation are determined accargito the formula:

+1,282« X, — 27,860
}"i .
where X, — X, are informative variables that affect the [ el (11)
prediction. '

To confirm the statistical value of the obtainecwhere' is the number of the corresponding discriminant
discriminant functions of assessing thatstof a patient function: J; is the latent root.

with the anterior os@lis§tdsst e tne procedure for assessing the state of the object
used, which is calculated according to the following,,q1es predicting: the obtained vah of the variables
formula: F1 and F2 are compared and if F1> F2 with the accuracy
g of 91.5% it can be interpreted that the patient with the

A= H ; (10) posterior IM will come through the disease, and if F2> F1
i1t i the patient will die. If F3> F4 with the accuracy of
92.3%, it @n be interpreted that a patient with the anterior
IM will come through the disease, and is F4> F&he
patlent will die.

1

wherek is a number of calculated functions.

Wi | k eststistie-is the measure of féifences
among the classes according to several variablE
(discriminant variables). The naarar a e n the bet
the difference among the c! L Discussing the results of the mathematlcaL i s

the worse is the difference (the classes coincide). For the SUPPOTt of the information system of assessing the

patients withte post eri or myocardial infaroPJ eCt 08 o5t@te
for the patients with the anterior myocardial infarction o )
=0, 406 . The estimation of thequality of the developed

regression models {8) for the information system of
assessing the objectds state i

Table 1.Assessing the results of modelling (the adequacy and the quality of the models for predicting the clinioal oltice
patients with posterior and anterior Ml)

o The coefficient of the ) > o
MI localization canonical correlationt; Wil ke X Significance
Anterior myocardial infractionN = 229) 0,871 0,406 105,405 0,0013
Posterior myocardial infractiomN(= 193) 0,990 0,021 13,762 0,0001

The more the value; , the better sepating power infractionsare given in Tables 2, 3 (nl is a number of

of the discriminant function. For the patients with th® @t i €nts in groups §Oydjdiste |

posterior Ml r, =0,990; for the patients with the anterior ™© del o, itraining seto ¢ fites
true; n27 is a number of patients that are classified as

MI 1, =0,871. false (according to the group).

The results of checking the models for predicting the
clinical outcome of anterioand posteriormyocardial

Table 2. As®ssing the accuracy of determining the clinical outcome of patients with the anterior Ml

A number of patients with the anterior Ml (N=382)
Study group The developed model (N=382)
The prototype model (N=38 Training se(N=229) Test se(N=153)
Group 1 (fatal case) nl n2 nl n2 nl n2
179 25 115 9 81 6
Group 2 (norfatal 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 Ml (N=258)

Study group e The developed model (N=258)
The prototype model (N=258 Training se{(N=193) Test se(N=65)
Group 1 (fatal case) nl n2 nl n2 nl n2
160 29 107 10 39 3
Group 2 (norfatal case) 17 52 7 69 2 21
Themodel accuracy 0,822 0,912 0,923
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To check the validity of the developed mathematical Practical realization of the development results
models 382 patients with the anterior Ml were examined
and 258 people who came through the posterior MI. Examplel.

F1=-158.421 3.399*0.5 10.549*5.88 2.17*0438 4612-0.991*11.2 1.383*18 1.742*44
+1.261*2+ 1.474*78 0.688*% 1.053*6.84 0.2643%+ 0.352*6+ 0.967*73 0.04126*150
+0.02703*11.1% 132

F2=-151.647 3.143*0.5 13.656*5.88 5.822*0.88 3%2*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*1.3%.666*6+ 0.852*73- 0.0839*150
+0.01247*11.1k 134
The analysis of the results showed the increase F2 Example 2.
over F1, which enabled predicting the given patientds
outcome. The obtained result is verified practically.
F1=-158.42% 3.399*0.18 10.549*4.66 2.17*088145*3- 0.991*8.4+ 1.383*16
+1.742*6.8+ 1.261*2 1.474*82 0.688*6 1.053*240.264*1.15+ 0.352*4
+0.967*78+ 0.04126*123 0.02703*6.84 136;

F2=-151.647 3.143*0.18 13.656*4.86 5.822*0:38.3B2*3- 0.387*8.4+
+1.163*16+ 2.015*6.8 0.97*2 1.47*82 0.726% @3*3.42+ 0.183*1.15
+0.666*4+ 0.852*78- 0.0839*128 0.01247*6.84 138
The analysis of the results showed the increase F2 Example 3.
over F1, which enabled predicting the given patientds
outcome.
F3=-158.42%+ 3.399*0.25 10.549*4.84 2.17*0-88 145*1- 0.991*6+
+1.383*18+ 1.742*3.9 1.261*4 1.474*85 0.688*20.053*6.84+
+0.264*1.35+ 0.352*4 0.967*78 0.04126*148 01B*8.55= 152

F4=-151.647 3.143*0.25 13.656*4.84 5.822*048.3B2*1- 0.387*6+
+1.163*18+ 2.015*3.9 0.97*4 1.47*86 0.726*20 8W2*6.84+
+0.183*1.35+ 0.666*4 0.852*73 0.0839*148 0.012¢8.55= 149

The analysis of the results showtie increase F1 models are developed taking into account the prediction of
over F2, whi ch enabl ed pt he objectds state undoarnt itme
favourable outcome. The use of the developed mathematical models

During the research, the authors proposed Ttenables increasing the accuracy of predicting the pétient
mathematical support for the information system cstate in real time and at the early stages of the disease
making deci sions regar di development by 4.2% for patients with anterior Ml and byw a s
suggested in theontext of the research. Mathematical0% for patients with posterior Ml and applying adequate

preventive and therapeutiehabilitation measures timely.
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theoretical substantiation of the problem of ensuring economic security from the standpoint of security science. Thsedrtiele
following methodsof theoretical and empirical research: logical galization- to substantiate the relevance of the topic, the goals
and objectives of the study, to determine the essential features; analysis and sytitiesisribe the theories of economic security.
At the present stage of the development of econawiance, 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
thoughtout, scientifically substantiated and exffive system of economic security, which, on the one hand, would reflect national
interests. in the economic sphere, and on the ethetually protected them from possible threats. However, this does not mean that
there are no scientific and theoretip&dns 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 theecaumtry,
forced to turn our attentioto 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 ecosystemssand ecoset
synergies and chiers 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 harmonizatiolidatidncons
of the efforts of the state and individual agents in ensuring sustainable economic development of economi®©entiiteeasis of
systematization of theoretical and methodological ideas about the phenomenon and security issues and modern reséaak on the t
of security, society's security is seen as a triad of political stability, economic prosperity and defense capabilitytof o ashich a
person and a social system aspire to-gedservation.

Keywords: economic security, economic security providitigeory of economic security, subject of economic activity, socio
economic system.
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STRATEGY OF HR DEVEL OPMENT AT HIGH -TECH ENTERPRISES

The subject matter of the study is the mechanism of functioning eevelopment of HR higtech enterprise. In Ukraine, the most
high-tech sector of the economy is represented by the information technology sector, namelysteasulil§ the development and
implementation of information products and services. The aelew of researching HR processes in Hiagh 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 HRIdggtémota
account the stages of the life cycle of such anrprise. The development of a higgch sector requires the continuous development
of HR methods and tools. Thwal 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 cyalesuch enterprises. Thabjectivesof 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 relzinrestighe
stage of the life cycle of 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, synthesidor posing a problem, studying the laws of the development of the object of research; statisticaless
the current state of the industry; graphito illustrate the results of the activities of enterprises and the formulation of findings of the
studies. Theesult 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 higlch enterprise and the stage of development of the HR based on the orderisgnaf #gnds in
the field of HR. It is determined that strategic direction for modern enterprises is creatiorbokiigss partner, which will allow to
solve complex problems of modern adaptive HR management tasks. The proposed indicators of HR perfevaiaation
depending on the stage of HR development.

Keywords: HR hightech enterprises, evaluation of activity HR, stages of HR development, strategy of development HR.

Introduction of HR-processes at higtech enterprises is caused by the

rapid growth of the IT sector of the Ukrainian markbg t

In Ukraine, the IT sector is growing by almost 25%need to study the HR system in terms of the life cycle
each year, and tias grown cumulatively by 10 times in stages of such an enterprise. The development of the high
the last ten years [1]. Such rate of growth determines ttech sector requires adapting HR methods and tools. The
high level of competitiveness of higbch enterprises. automation of HR processes is becoming more and more
Along with the accumulation of financial resources, thwidespread [3], and at this g& of development, HR
feature of the manufacturing process at sutergrises is acquires the features of both management and service.
producing information and intellectual product, which sets
the priority of human resources at-¢hterprises. Together The analysis of literary sources and problem statement
with the growth of the market, an increase in the number
of trained specialists, qualified professionals are HR is a structural subdivision of an enterprise
increasingly equired in the IT sphere. That is whybusiness line which systematically executes the function
competent human resources policy is a guarantee of 1of personnel mamgement of the enterprise. HR activities
successful operation and high level of competitiveness are diverse and multifunctional and are involved in all
a hightech IT enterprise. areas of the activities of the enterprise. Constant

The staff policy, in this case, is considered as thexaggerated development of the high technology field
systematic managing theegsonnel of an enterprise byspecifies the permanent adaptation of HR service. The
determining goals and methods for achieving them [2main trends of HR operation at a hitgch enterprise are
The urgency of the theoretical generalization and researgiven infig. 1:

Figul.The main trends of HR operaf2ion (authordés devel opment bac

E V. Kyriy, O. Liubicheva, K.Moskavtsova2017
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Each HR trend presented in Fig. 1 includes a number of tasks related to managing human resouragentThe u
task of an HRspecialist 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 determining the objectives of the staff policy in accordance thitstrategic objectives of an
enterprise;
human resources management within the framework of the objectives of staff policy
Staff planning determining future quantity and quality of employees
Staff evaluation, conducting preliminar training;

training, development | staff training;

additional advanced training for prospective employees;
recruitment

Recruiting recruitment

Motivating, stimulating | selecting the methods of motivation;

conducting incentive measures

Corporate culture familiarizing new emploges with corporate culture;

integrating new employees into the company system;

supporting corporate culture;

holding events within the enterprise;

assigning company goals to the goals of employees within the corporate management

Staff records timekeeping;
managementra staff distribution of employment;
accounting developing the mechanism of monetary reward for the work done

Modern trends of HR development within each trend  The works of Ukrainian and foreign scholars have
enable distinguishing several essential features. Due to become the informational and theoretical basis of the
high growth ratesfodemand for IT professionals, time for study.
executing HR tasks is reduced and therefore they require
automation. There is a large increase in a number of The results of the study
software developed for HR automation which gradually
transforms all processes of interaction with emplsyee Any development is characterizeg b number of
into a completely new approach [4]. This trend affects trfactors which, in turn, determine the development of both
principles of recruitment as at present efficienthe whole system and its separate subsystems, structural
employment is similar to the talent management. and functional connections. Therefore, determining the

The next major trend is the transformation Ostructure of connections, the signs and factors that
organizational culture. These are qualitative cleanthat characterize the kationship between HR development
lead to crosgunctional interaction at enterprises of anyand the life cycle stages of higech IT enterprise are of
size. HR becomes a separate brand which is targeted great interest.
specialists and this brand in view of dominating the  Let us determine the level of HR development as the
service model of the IT business in Ukraine is istage of management of the staff subsystem at an
competitive advantage of the cpamy [3]. enterprise which corresponds to certain afasork and

The goal and objectives of the studyare to study life cycle of the enterprise itself. Basing on the operation
the current state and trends of HR development at- higof the subsystem of personnel management during the
tech enterprises according to the stages of the life cycletransition from the operational function to the
such enterprises. The object of the research is the procimplementation of strategic business tasks, the following
of HR operation at hightech enterprise. The subject oflevels of HR developmenat the enterprise should be
the research is the principles and mechanism of thighlighted:

operation and development of HR hitgth enterprise. -workforce management: at this level of
. development, at the enterprise, there is an office manager
Materials and methods of the study or recruiter whose responsibilities include recruitment,

personnel management;

In the course of researching general scientific and - staff management: there is an Hiepartment
applied methods of ecomic analysis were usedl which becomes responsible for optimizing a number of
observation, the comparison and analysis of empirical deemployees, maintains statistical records and basic HR
- for problem statement, studying the laws of developmecommunications with other enterprise systems;
of the object of research; statistidalfor assessing the -human resource management: at this level HR
current state of the industry; graphicdbr illustrating the becomes a business partner, therefore, theloyment
results of enterprise activities and drawing conclusions and development of human resources of the enterprise is
the research. characteristic for this level [5].
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The reasons for this division result from the goal operception of HR functions by top management,
the study, that is to analyze and determine the relationsiteamwork skills, professionalism. K. Osadchuk, who is the
between the stages of HR development dadstages of well-known professional itthis area, points to the factors
the life cycle of the enterprise. In general, it should bthat determine HR as the stage of business development,
noted that some researchers determine different stagethe maturity of management and the maturity of HR itself
the development of the human resources managem(8].
system, others assign them to the stages of the life cycle of Summarizing the work of researchers, it can be
the organizatin or company [6], still others characterizepointed out that the above factors do not fully reflbet t
them separately [7]. Investigating factors that determirrelationship between the level of HR development and its
the level of HR development also points to their widdeterminants for IT enterprises being considered. The
variety. |. Voronkov points to factors that characterize thcorrespondence of the suggested HR development levels
level of development of the comparny a number of at the enterprise and a set of determinants is presented in
employees, access to capital and determining objectivtable 2.

[6]; others point to the following factors the level of

Table 2. The ratioof the level of HR development and its determinants

HR development level

Factor

Workforce management Staff management

Extensive development
Intensive development
Maintaining the achieved powin
Reducing enterprise size
medium, large

HR management

Company goals and

tasks Intensive development

Maintaining the achieved positior]
Reducing the size of an enterpris

Extensive development

Enterprise size

The stage of company
development

small medium, large
Development based on

coordination

Development based on| Development basech@uidance

creativity Development based on delegatio Development based on cooperati
Organizational hierarchical functional functional
structure
The level of HR monofunctional multifunctional multifunctional

tasks complexity

The main factors are the business model, the size an impact for further development and a oeaor the
the enterprise and the stage of its development as, duebusiness cessation [10].
their objectivity and validity, they are not affected by The connection among the enterprise life cycle
various external and internal factors in the short run. A(ELS), HR development stage and its main trends are
other factors are subjecévand can change at any stage cshown in table 3.
the life cycle of the enterprise in a rather short time. The distribution of HR
Let us consider the strategy of development anauthorities is presented in fig 2.
trends of HR activities in interaction with the stages of Top management of modetmightech enterprises
development of htech enterprises that are based on thindicates that the HRusiness partner helps provide
Graner model [9] which describes the stages oleaving the regression stage since it enables distributing
development of the IT enterprise in a sufficient way. Thirisks among all participants within the production process
model consists of five stages of development and tlof the company. Therefore, any company should pursue
transitions among them or crises. They can become bcatchingup with this level of HR development. Let us
detail the task of HBbusiness partner:

responsibilities and

Table 3.The stages of the enterprise life cycles, HR development stage, and HR main trends

Development Development Devebpment
Development base( Development based on
ELS stage based on based on based on L .
g ; h on coordination cooperation
creativity guidance delegation
HR Workforce
development Staff management HR management (the level of a business partr
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 stratgy
Staff motivating and stimulating implementation
Staff evaluation,
training, development
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— Creating a team of professionals;

/\‘/ — Developing employees and ensuring their professional and career
growth;

HR-BP — Ensuring the integrity of the organizational structure by filling
vacancies
/\/ — Using the techniques of performance management, compensation &
benefits
— Managing by processes
HR manager - D_eveloping the staff polic_y;
— Line managers’ consultations on the matters of HR management
/“‘“\\\_’/
Line manager — Implementing general approaches to HR management

Fig. 2. Distribution of HR responsibilities and authorities

1. Creating a team of professionals. companiescompetitors as well as in the labour market in
This is the primary linkof the HR of a new the corresponding segment should be analyzed.
generation where some HR workers acquire some 5. Managing by processes.
elements of a business partner while they are basically The process approach should become the basis and
performing the target task. At highch enterprises with a ground for determining the task$ each structural unit of
large number of creative workers, this aspect of HR woithe company in a transparent way, which allows HR to
is very importantas, in many cases, teamwork on lengmonitor their tasks and processes, to know the processes
term projects is required. The business partner providof each employee and observe them.
integration of old and new employees, helps in solving HR-businesgpartner should be supported by

probable conflicts among them. techniques. Most higtech enterprises se automated
2.Developing employees and ensuring theisolutions for staff records management and calculation of
professional and career growth. salary and the automation of other #fRocesses

HR-business partner permanently guides th(recruitment, adaptation in the workplace, assessment,
increase of professional skills of the personnel. Thdevelopment, training, retention) is gathering speed. The
creativity of the workers in the area is mostly supporteautomation of HR helpsrimg it to a new level of
and guided by their aspirations for development but tfdevelopment in the context of the company growth as well
shortage of own resources (financial, temphoraduces as facilitate the execution of routine tasks. Recruiters
the activity of this direction. The task of HR is to identifyactively begin to use HRots, i.e. a special kind of
prospective employees, provide them with the opportunichatbots that perform a number of specific functions to
to study and develop, and monitor this process. Tlautomae the HR service partially [3]. The functions of
logical completion and further continuation of training isHR-bots include:

the career adwveement of successful employees, the - the interaction with applicants (quick response to

preparation of own personnel. applications, information about the company and
3.Ensuring the integrity of the organizationalrequirements, feedback after testing);

structure by filling vacancies. - processing test results of applicants (analydis
At any stage of the company life cycle, it is criticaltest results);

that the organizational structure of the enterpriséches - providing informing about vacancies or

its goals. The task of HR is to participate in the approviopportunities for career advancement (information
of the final version of the organizational structure of distribution among applicants who have left their
high-tech enterprise and to redistribute human resourcescoordinates for employees).

the most optimal way. Due to the fact that these bots are used to automate
4.Using the techniques of performanceHR tasks, thepave some advantages:
managemeniompensation & benefits. - the high speed of selecting candidates (several tens

Performance management is, first of all, ef times higher than when interviews or tests are
mechanism of the remuneration for the work done as w«conducted by a regular specialist);
as for the management of all resources of the enterprise - minimal costs (costs are much lower than the costs
including human resources that are aimed at effectifor a number of specialists who wouldrfoem the same
interaction, the mia principle of which is achieving the amount of work within the same time).
necessary result by developing the skills of employees, in  Such bots also have disadvantages:

particular, the ability to work in a team and by offering the - the lack of personal evaluation;

corresponding remuneration. - the impossibility to apply the knowledge and
Compensation & benefits are the HR techniquexperience of a recruiter.

which comprises bothangible (financial) and nontangible Despite the fact that the automation of HR tasks

methods of remuneration (professional recognition argives manyadvantages, chatbots are not able to replace
development) [11]. The efficiency of these techniquethe experts completely. In HR, a human factor has a large
entirely depends on the processes of analysis, plannishare and this allows HBots to replace specialists only
and predicting that are carried out by HBsiness in some tasks and, as a rule, only at the initial stages.
partrer. The conditions inside the company and ilAlso, at this stage of developmeasat,significant place is
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occupied by talent management systems in the automatiperformance. This dynamics is associated with the stage
of HR. Such programmes help automate the managemof development of a higtech enterprise. When applying
of employee training, monitoring learning outcomesthe qualitative approach, tleeirrent state of the enterprise
bonus calculation, and so on. is compared to different stages of the enterprise
It is important not only to identify the agje of the development on the qualitative level and the appropriate
HR development but also to monitor its activitiesone is selected. However, using the mixed approach is the
Economic science has developed a large number most reliable. Quantitative indicators can grow due to
criteria that determine the quality of HR work. It isexternal changes, for example, the expansion of the
convenient to evaluate HR using not individual criteria bumarket at the expense of new consumers. Qualitative
their groups. These groups ofiteria reflect the use of changes in this aspect are more reliable, but they do not

empl oyeeséd skill s, abi | i thave the quantitative reinforcement unless a mixed e s
performing official duties and solving professional tasksapproach is used. This approach can reliabtginine the
The criteria are divided into three groups: stage of development of a highch enterprise. The

1. Corporate criteria that are basic competence nfollowing stages are distinguished (according to the
only for HR but ado for any employee whose competencGreiner model):
is related to the key characteristics of the company and its - development based on creativity;

values. They include focusing on the outcome, high - development based on guidance;

professionalism, initiative, teamwork, business - development based on delegation;

aggressiveness, loyalty and motivation to train and learn. - development basesh coordination;
2. Professional criteria for HR that include gathering - development based on cooperation.

information on the state of the market, its analysis, 3. Selecting corresponding indicators for evaluating
predicting; planning the solution of tasks within differenHR operation.
HR trends; making professional decisions. When selecting the indicators for evaluating HR
3. Real results. This group of criteria cover wide operation, it is appropriate to use three groups of criteria.
range of different indicators of HR efficiency dependinfWhen evaluating the indators of all three groups of
on the activity. criteria, the analysis is the most effective.
The evaluation of HR activities for an IT enterprise 4. Calculating the selected indicators.
has a number of features related to the specificity of the The indicators can be calculated both at a certain
industry that also dictates the need for careful selection moment of time and for any period. It is recommended to
the indicators of HR efficiency. This process takes placcalculate the indicators over tamperiods as during the

at several stages: analysis the obtained results can be compared with the
1. Determining the goal of the evaluation of HRresults obtained within past periods and consider the
activities. factors that affected these results.
There are many goals for evaluating HR. They 5. Analyzing the results obtained.
include: The obtained results can be analyzed both by top

- selecting the tactics of HR development (in thimanagers and HRnanagers. The responsibilities of HR
context of terporary changes in the staff policy or wherbusiness partner include evaluating the HR activities and
the changes in HR policy is necessary in the short run); analyzing the results.

- selecting the strategy for HR development 6. Applying the analysis of the research.

(changes in the long run, if necessary); This stage is final; it is the most important one in the
- general monitoring (evaluation of HR at the currenprocess of evaluating HRctivities. According to the
moment); obtained results and their analysis, the management makes
- analying the activities of all departments of thedecisions in accordance with the purpose of evaluating
enterprise; HR activities, which initially had to be supported by the
- anti-crisis analysis; results of this evaluation.
- analysis during the reorganization / restructuring of In its general view, the pcess of evaluation of the
the enterprise. HR activities at an |enterprise is shown in fig. 3.

There are several approaches to determining the The evaluation of HR activities at an IT enterprise
stage of an enterprise development. The main one is thas a number of features related to the specifics of the
guantitative and qualitative approach. The quantitativindustry and also the stage of development of the
approach lies in the dynamic evaluation of the enterprienterprise.

. 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 aégih 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 edd#¥#cesoperation 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 tlogutije whole department or direction.
Primary indicators are presentedafle 4.

Table 4.The indicators of the efficiency evaluation of the-$§Rtem activities at a higiech enterprise

The stage of higlech enterprise development Indicators of theefficiency evaluation of the HRystem 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 recitment plan
The total idle time of vacancies

Development based on delegation The average length of employment
The percentage of applicants from compaici@spetitors
Development based on coordination Subjective evaluation of top and middi®nagement
Development based on cooperation A number of recruitment methods
Conclusions business model, the size of the enterprise and the stage of

its development. The most important factor for the

The staff policy of a higttech enterprise determinesenterprise is the level of HRusinesgartner.
the trend of its development and the level of  This level should be supported up by techniques.
competitiveness. The work deals with the current state aThe automation of HR helps bring it to a new level of
HR trends in ghtech enterprises, the ratio of the level odevelopment with the corresponding growth of the
HR development and the life cycle stage of such ecompany as well as facilitate the execution of routine
enterprise, the process of evaluation of -sfRvice tasks.
activity. As a result, the available practical HR trends  Evaluating the HR activities at agh-tech enterprise
were summarized. is an integral part of its business processes. Depending on

There is a close connection betn the stage of the the stage of development of the enterprise and the level of
life cycle of a hightech enterprise and the level of HRHR development, different indicators for the evaluation
development at this enterprise. The criterial approach can be selected. The analysis of the results and their
determining the connection between the stage of the liapplication enables making the strategy of HR
cycle of a hightech enterprise and the stage of HR servicdevelopment at a higtech enterprise flexible, which
dewlopment is improved. The level of development iallows the company to adapt to internal and external
determined by a set of factors; the main ones are tchanges fast.
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UDC 658.589
I. KUZNETSOVA

FORMALIZING THE TECH NOLOGY OF MANAGEMENT AS ¢ CONSTI TUENT
THE ORGANIZATION COR E CAPABILITIES

The article considers technology as a compooémrganization 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 drdess an
methods by which its individual operatioasr e carri ed out. The term fAmanagement tec
available definitions, the new one emphasizes a set of formalized knowledge about the implementation of the processnehinanage
in regard to the composition and sequencésobtages 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 tdamanage
staff. It is proved that managementHeology 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 ttegitslgbia
the management process dtglstages, reflecting the structure of the process and the relationship among its components. Using a
special form of an information modelthe informogram of the management process is suggested as a way of formalizing; it contains
information on the amposition 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 seanning th
external environment ahe 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 factmess
The logical @ttern 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 rotine 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 advantageg.monit

Introduction [2, p. 155181; 3, p.2630] are based on the concept of
the value chain introduced by M. Porter, which represents
The present time is characterized by the process the activty of an enterprise as a number of typical activity
globalization, which gradually erases regional ant hat cr eat &8. Fiveaptimae acfiviiies thig.
national boundaries. Powerful global companies that hidirectly relate to manufacturing the product and four
entered the domestic market radically changed ttsecondary or supporting activities that ensure the factors
conditions and ways of dug business and raised theof production are identified ithe suggested model.
problem of creating sustainable competitive advantages of This model has become the basis for many modern
domestic enterprises. The basis of their adaptive diffusicconcepts: competitive advantages, reengineering, value
in the competitive environment under the conditions cchain, organization capability. However, it has a
rapid changes in the environment is the competition nsignificant disadvantage: there is no management process
only of goods and services but also innovativamong the value chainguesses.
management methods. Management is the most important process in
creating the value of an organization. All tangible and
Analysis of scientific sources and problem statement intangible assets of the firm are activated by managers
who perform managerial functions. As a result, managers
In the last ten years, the resource approach hintegrate all kinds of resourcesaoral, capital, raw
become the dominant paradigm of the Strategimaterial, human, financial, informational, intellectual),
management in creating competitivevadtages. Due to Which enables performing operational processes, that is
this, the concept of A ¢ o rdesigning new products, exploring the market, providing i z a t
as a set of business processes has been introduced With supplies, manufacturing products, selling and
scientific discolugis;e -3JaJ ,f).ensuring aftesales service.1 5
Some theoreticians in the area of the resource Thus, it can be concluded that the management is an

approach regardustainable competitive advantages as activity that drives the mechanism of obtaining the value
skillful use of resources, but the article considers trof products in the chain of its creation and enables doing it

icapability of an or gani zbetter than competitors, that is, increasing ;1§ on ¢
business processes that create the opportunity to succecompetitiveness ain organization. .
but as the capability to perform any kind attivity Therefore, the management is considered as the key

(business process) efficiently, that is, the capability docapability of an organization will enable obtaining the
not lie in the composition of business processes, but Source for creating a unique competitive advantage, which
their implementation. Two components of therequires, first and foreost, defining its componeiitthe
organization capabilites were previously studiedtechnology oimanagement.

technology and personal competenak the personnel o )
[ 4 ,55].;. The goal and objectivesare to determine the

Modern methodological approaches to th€ontent of the technology of management and frame the
identification of the key capabilities of the organizatiormeans of its formalizing.

E I. Kuznetsova201;
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Basic material operations, the description of the methods for obtaining

and transforming ingt information, determining technical
Solving the problem of designing the technology omeans as well as professional and qualification
management technology requires determining tirdecy  requirements for managing personnel.
of this definition. Nowadays, the common point of viewis ~ Thus, management technology allows managers to
making the connection of management technology wiexecute clearly coordinated actions without additional
the process of making managerial decisions [@37]. It instructions and recommendat®nbecause of their

is inappropriate and is caused by: formalization. If mastering managerial skills is developed

-t he confusi on of thed on the basis of the primciple
iprocess technologyo; knowledge that lies at the bottom of their execution

- the lack of a clear definition of the mentionedremains implicit, so they are difficult to reproduce.
notions and boundaries of the management process. The knowlelge should be systematized, that is

Technology can be broadly defined as a set dypical procedures should be formalized for its efficiency.
formalized knowledge about the process execution. The technology of management solves this task and
Henry divides the technology intbree main components becomes the holder of @alled organizational routines or
[ 7,139. fa certain sequence ofeocoor

- the material and energy component that is technic[2, p. 157].
and energy supplies. It is considered as a complex of The achievement of the best results of production
technical means, tools, equipment, devices, powand economic activity of the enterprise is known to be
equipment that have certain parameters and characterislinked with making efficient managerial decisions which
which meet the standard requirements of this technologyare the result of using the rational management

- the informational component that represents a stechnology.
of knowledge about the means of technological, energy  According to the heoretical foundations of the
and information support, and about the materials beirindustrial engineering, the technology can be considered
processed. This knowledge is embodiedttie form of as rational if it meets the following requirements:
descriptions, drawings, requirements, standards, norms, - the objective composition of stages and operations
instructions for the use of the listed assets and their rep:of the process, which provides the shortest way of
software, knowhow, etc., which is assigned to thistransformingnput information;
technology in the form of knowledge and is finally -the  specialization, that is consolidating
embodied in the genal notion of the use this technology; homogeneous procedures or processing homogeneous

- the human component that is a set of requiremerinformation at certain stages and operations of the
for users of this technology according to the level cmanagement process;

general and professional education, qualifications, -the minimum of links among the process
professional skills, the readiness of users, and so on.  components; _ _
It should be noted that the article deals with the  -the establishmentof rational methods for

technology of operational processes that cover the stadmplementing the stages and operations of the
of processing raw materials into products that can havemanagement process.
nature of physical transformation as a result of production, ~ Basing on the definition of management technology
a change of location as a r#sof transportation and and the requirements for its rationality, the formalization
warehousing as a result of storing services. of knowledge of management technology should be
The basic components of the technology ocarried out according to logical patterns of the
operational processes are the formal requirements for tmanagement process and its stages. Such patterns should
equipment used in the process; raw materials, -senreflect the structure of the management process and the
finished products and means of therocessing during interconnection among its components.
each technological operation and the qualification of the ~ The technology fulfils its main purposé the
personnel performing technological operations. establishment of ational methods of performing
Since the process is considered as a sequenceoperationd not only by establishing certain methods but
executing a set of operations for converting inputs intalso by establishing method targeting, that is detecting
desired outputs, the nmitask of any technology is to particular methods suitable for certain operations. To do
determine the structure of the process and the methcthis, a special form of the information model is gested.
that are used to perform its individual operations, whicThis is the informogram of the management process that
finally will increase the efficiency of the process. contains information on the content and the composition
The process of management is significantly differerof the methods of implementation for each stage and
from the operating processes, so its importaroperation. Atthe same time, the targeted list of methods in
characteristic is the composition and methods dnformograms enables dgmining the qualification and
information transformation. professional requirements for personnel, which is one of
Taking into consideration all the stated above, ththe formalized basic components of the management
technology of management can be defined as a settechnology.
formalized knowledge about theepution of the process The typical stages of the management process were
of management that includes the composition aridentified in previous studies [8]; the significancetbé
sequence of elements execution (stages and operationsstage of monitoring increases due to increasing the
list of input and output information according to
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importance of making preventive managerial decisions of industry force fields and through them the composition
some stages. of industrial success factors.

The development of monitoring technology requires Due to the fact that thémpact of the indirect
solving the problem of the composition of the informatiorenvironment is homogeneous for enterprises of one
that is necessary fats implementation. It is caused by theindustry, it seems appropriate to track weak signals based
guestioni what type of information should be collected ifon industry characteristics after the characteristics of the
the nature of the decisions on changes in the activity of tindustry force fields are studied and the intensity of their
enterprise is not known in the context of the factors of ttimpact is assessed.

environmental impact. This problemillustrates a Summarizing the above, the tasks of strategic
distinctive feature of monitoring. Information support formonitoring can be defined as follows:

any decision requires a clear definition of the nature and - identifying weak signals;

amount of information that enables outlining the - assessing the impact of weak signals on the
boundaries of its search. That is, the decision of ttintensity of individual industry force fields;

problem of informabn support of monitoring requires - identifying probable changes ithe intensity of
developing basic criteria for selecting the necessaindustry force fields.

information. All of the above can reasonably suggest the

Its simplest solution is to obtain any informationcomposition of strategic monitoring operations and the
about the state of the environment. However, the simplogic of their implementation.
solution in this case is not efficient as itnckead to the 1. Scanning the external environment of the direct
situati on when t he C 0 mp @action. may Adr owno i n t he
information noise, because, on the one hand, a certain The operation is aimed afccumulating and
amount of information can be excessive for thisystematizing information about the environment of direct

enterpriseds response t o influence.r onment al i mpact s, and,

the other hand, some useful data maylgst in a load of Information from primary and secondary sources is
unnecessary information. Consequently, the followincollected with the help of known methotlsspecial and
conclusion can be made monitoring should start from documentary observations, surveys, questionnaires,
framing the boundaries of information collecting. content analgis. The accumulated data should be
Solving such task according to the methodology csystemized according to the suggested map of the industry
the system analysis shoule thased on the process offorce fields and their characteristics.
monitoring, which, in turn, corresponds to its type 2. Interpreting information on the external
strategic or current. environment of the direct action.
Basing on the conceptual model for developing key  The intensity of the impact of each indysforce
competitive advantages [4], it can be stated that tifield should be assessed during the operation.
purpose of strategic monitoring is to determinee t Suggested characteristics of industry force fields
industry success factor (ISF) and the drivers that influenienable describing them, which is the basis for assessing.
their change. Therefore, that the structure of force fielcFurther actions should be aimed at direct measurement of
should be considered as an object of the stratecforce fields. At this step, thers & problem related to the
monitoring. lack of a scale for measuring fields of similar nature. The
After the characteristics of the strength fields arintensity of their action can only be determined as strong,
determined, theintensity of their influence can be weak, medium, difficult to identify.
determined and, on this basis, ISF can be created as a In this connection, the theory of fuzzy sets and fuzzy
counteraction to the crogwwer field. Since the logic is suggestkfor measuring the industry force fields.
functional purpose of monitoring lies in the ability toBelow, the method for measuring power fields is
predict changes in ISF, the external environment suggested; this method is developed with the use of fuzzy
indired action should be the object of monitoring inlogic and enables performing the measuring operation to
addition to the sectoral force fields. the fullest extent.
It should be noted that considering the environment 3. Scanning the external envinment of the indirect
of indirect action, scientists disagree on the list of itaction.
segments but hold a view that its each segment should be Since the environment of indirect action is very wide
caefully studied, the main trends and mutual influencand affects the enterprise indirectly through industry force
should be identified, and the trends of their developmefields, only weak signals should be identified in the
should be studied [9, p. 320; 10, p. 293]. But it is difficulprocess of its scanning in contrast to the similar djmera
to apply this approach practically due to the significarin the environment of direct action where information on
amount of information. the characteristics of each field is collected. They are
At the stage of strategic monitoring, not wholeidentified as changes in the corresponding segments of the
segments of the environment of indirect influence shouenvironment which can shift the intensity of the action of
be observed but only the driving forces that are developindustry force fialls.
within the environment. The driving forces are identified The operation is executed using the methods that are
by weak signals that represent obas in the social used while scanning the external environment of direct
demographic, economic, state, political, and scientific araction.
technical spheres that can significantly affect the intensity

o
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4. ldentifying significant weak signals. The ISF composition can be determined in the

Not all detected weak signals can be significant fcprocess of brainstorming using the methods of
the studied industry. Consequently, thBowing problem formalizaton of its results:
should be solved whether detected signals canactasa - affinity di agr ams (AKJO
driving force in relation to the system of industry forcesystematizing a great amount of associated information
fields. (the ideas which were suggested by group members);

This problem can be solved by iterative launching - communication diagrams that enable identifying
the procedure for assessing the intensity of industry forlinks between the main idea andrieais data and
fields using the suggested method. The procedure invohsystematizing a great amount of logically connected
reviewing the characteristics of force fields that can hinformation;
changed under the influence of a single weak signal and a - matrix diagram that enables identifying the
re-assessing the intensity of the action of the industimportance of various interconnections.
force fields. The resultingsaessment of industry fields The general scientific methods are also used, these
based on the effect of a weak signal should be comparare the methods of analysis, synthesiduction, the logic
with the results of the omethodati on #Ainterpreting infor
on the external environment The developed, selected as the most probablecand |
results do not differ, the detected signal is nohiigant consistent with the strategic objectives baseline script and
for the industry. Conversely, while detecting shifts ircomposed industry success factors are the initial
force fields, a weak signal should be considered information of the monitoring stage; this information is

significant. transmited to the input of stage of planning the enterprise
The procedure is repeated for all weak signals thactivity. After that, the first cycle of monitoring is

have been detected. completed; it precedes the stage of strategic planning and
5. Scripting. is consequently carried out at the beginning of the cycle of

Weak signals are only indicators of potial strategic management.
changes in the environment of indirect action which can  Howeve, monitoring should be carried out
grow in several possible ways. Therefore, they should lcontinuously for collecting and processing information on
predicted. In this case, the efficient method is scripting the probabilities and threats of the environment.
Afdescribing future sit uat Therefore, repeated monitoring cycles should be carriecb t
[11, fm.28]. out with the given periodicity which corresponds to the
While scripting, experts determine the factors thedegree of mobility of the external environment; these
can intensify or weaken the detected signal and creecycles of monitoring include two objects of observation:
further options on this basis. Finally, the content of the - the environment of indirect action to identify new
script is always created on the answers to the questiweak signals;
"what will happen, if'. The assumptisrihat describe the - the development of assumptions that have been
conditions of future events are made in this way. laid down in the baseline s$pt and can intensify increase
It is fair to assume that the developed scripts can lor weaken the detected weak signal.
used for the next multivariate planning. However, the = To understand the trends of weak signal
practice of planning proves that this way is quite laboudevelopment, the events should be systematized
intensive and costland contradicts the principle of cest chronologically.
effective planning. Therefore, scripts should be assessed If the events in the external environment
and the most probable one should be used in the futusignificantly differ from those in the belne script during
Such script is called basic. t he operations of fiscannir
Other scripts are alternative. They describe thh nf or mat i ono, the alternati ve
probable development dhe external environment underthe plan of activities should be corrected.
the conditions of significant deviations of some influential All the listed above make it possible to suggest the
factors from the baseline script. logic diagram of strategic mdoring (fig. 1) and its
The following methods are used for scripting: causeinformogram (table 1). The suggested technology of
andeffect diagrams, morphological analysis, situatioimonitoring as a stage of the management process is a
modelling as well aspecial methods the crossmpact of formalized knowledge about how to perform this process
events, calibration and sorting, references, the logic or an organizational routine that describes the sequence of
probable development (Saati), Bayesian method. standard ope@tions that enable coordinating the activities
6. Composing industrial success factors. of managerial personnel without additional guidance and
The operation should result in the list of industryinstructions.
success factors wthh is one of the components of Its application along with the developed model of
developing key competitive advantages and, finally, thcompetencies enable improving the process of managing
competitive strategy of the enterprise. enterprises and creating a key rmgement capability that
Basing on the map of industry force fields [4], ISFdetermines the capabilities of making efficient strategic
should be created as a counteraction to the action decisions and finally enables developing and maintaining
industry force fields. stable competitive advantages. And vice veisaan
The input information for this operation is theenterprise that does not have a key management capability
characteristics of the force fields obtained on the basis loses copetitive advantages, even if it had earlier.
weak signals and put in the baseline script.
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The suggested

technology of monitoring andmplement this process or an organizational routine.

management is a formalized knowledge about how to

/ Strategic goals
Y

—»: 1. Scanning the external environment of the direct action

\4

2. Interpreting information on the external environment of the
direct action

N4
3. Scanning the external environment of the indirect action
N4
4. |dentifying significant weak signals
Start |
=

The list of potentially significant weak signals,
N=i (N — a number of weak sianals)

/

\Z

Assessing the force of industry areas impact taking

into account the weak signal effect
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no
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Fig. 1. Logical diagram of the strategic monitoring
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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 qf
transformation

1. Scanning the | Sources of primary Accumulating and The map of industry Specialand documentary
external data: systematizing informatior] force  fields  (the| observations, surveys
environment of | profesional meetings] on the characteristics g characteristic ofl questionnaires, conter
direct action exhibitions; sales staff| industry force fields fields: industry| analysis.

personnel of marketing competitors,

departments, supplies, suppliers, buyers

Secondary datg substitutes,

sources: complements)

state statistics, industr,

research, analytica

and consulting firms,

the reports of

Ukrainian Corn

Association,

professional journals

busines press,

company websites
2. Interpreting The map of industry| Measuring the intensity o| Assessing the| Recommendations o
information on force fields the action of each industr| intensity of their| assessing the intensity
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 signalg Special and documentatr
external data: systenatizing information| and their| observations, sueys,
environment of | professionalmeetings;| on weak signals accordin| characteristics questionnaires, conter
indirect action exhibitions; sales staff| to the segments state analysis.

personnel of marketin¢ policy, scientific and

departments, supplies| technical progress, soci

Secondary datg and demographic factoryg

sources: the state of economy

state statistics, industr,

research, analytica

and consulting firms

professional journals

business press

ministry websites
4. ldentifying Listing weak signalg lterative check of thg Listing significant| Recommendations o

force field action

significant weak | and their| change in the intensity g weak signals assessing the intensity
signals characteristics; the action of industry force fields action with
assessing the intensii force fields for each wea the use of fuzzy logic
of their action ag signal and comparin
strong, weak, mediun| with the preliminary
or weak assessment
5. Scripting Listing significant | Scripting and assessin Baseline and Causeandeffect
weak signals and thej scripts probability alternative scripts o] diagrams, morphologicq
characteristics developing weak analysis, situatior
signals modelling as well ag
special methodsi the
crossimpact of events
calibration and sorting
references, the logic g
probable  developmen
(Saati), Bayesiar
method.
6. Composing The map of industry Composing industry Composition of| Brainstorming with the
ISF force fields; assessin|{ success factsr industry succesy use of the methods ¢
the intensity of eaclh factors formalization  of its

results: affinity diagrams
(AKJO m

communication

diagrams; matrix

diagram




122

ISSN2522-9818 print) Innovative technologies and scientific solutions for industries. 20672 (2)
Basing on the fact that the effective workthe management process and information models of its
per f or manachiiesv efimeme of s stagesi al resultso [12),

p.15] (outputs that correspond to official duties) by using 3. The rationality of technology is achieved both by
certain procedures and specific behavioural actions, it cdetermining the rational methods which help carry out the
be reasonably stated that the efficiency of a manageroperations and process stages and by establishing their
achieved by following the rational tecHogy of targeting, that is, by identifying methods to be applied for

management due to mastering managerial abilities. particular operations.To meet these requirements, a
special form of the information modélinformogram of
Conclusions the management process should be introduced.

4. Objects of strategic monitoring should be industry
1.Management technology formalizes typicalforce fields which result in creating competitive relations
operations and thus becomes the bearer otafled in the indwstry.
organizational routines, which allows managers to  5.The suggested technology of monitoring is a
perform clearly coordinated actions thdut additional formalized knowledge of its implementation or an
guidance and instructions. organizational routine that describes the sequence of
2.Basing on the requirements for the rationastandard operations that provide the opportunity to
technology, the knowledge of managerial technologcoordinate the activities of management persbwitbout
should be formalized in logical models of the structure cadditional guidance and instructions. Its use enables
improving the process of managing enterprises and
creating a key competitive advantage.
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T.MOMOT, |. S OLIADA

COMPLIANCE CONTROL F OR ENSURING THE FINANCIAL SECURITY OF
BANKING INSTITUTIONS : STATE, PROBLEMS, PROSPECTS

The subject matter of the article is conceptual anglgd aspects of the implementation of the compliance control for ensuring the
financial security to banking institutions. Ttem of the study is the complex comprehension of conceptual and methodical
approaches to the implementation of the compliancéraofor ensuring the financial security to banking institutions and the
development of practical recommendations for its optimization. tiibles are: to systematize approaches to the definition of the
compliance control concept for ensuring the finans&durity 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 thancempli
control for banking institutions; to generalizestfeatures 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 thepstoaitesc
for ensuring the financial securityf danking institutions. The general scientifioethods were used, in particular, logical
generalization, grouping, analysis and synthesis, system analysis, the graphical and analytical method to visualize dheuesul
research. The following theore#il and practicakesults 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 v 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 <cat egor yto Bystematzd approachesofor deferminiagt the ecompliance control concept to
support the financi al security of banking institutiormns was |
suggested and the necessity of its implementatias 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 cigr, 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 okthe positiv
experience of providing compliance control te tieliable 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, toestudy th
appropriate international theory and gtfee 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 emphasizeddwathfsains: At
present, the development and implentation 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 gompliance
introducing the positions focompliance officers and developing job instruction for them, formulating functionally reasoned
deontological standards of their professional activity. The nationwide standard of compliance control should be developes und
patronage of the Nationalak 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 bgnkstitutions compliance officer.

Introduction

Recently, the security systems for financial
The foreign capital in domestic banking institutionsinstitutions have been the subject of research by
has led to new approaches to banking business in Ukraieconomists and lawyers. &hauthors mainly focused on
Leadng global banking institutions are expandincthe general theoretical issues of organization and
opportunities for the domestic banking sector through ttimplementation of internal control. Some aspects of this
introduction of new banking products and services, whicproblem were considered by D. Malykhin [8],
contributes to increasing the volume of the client base E. Pustovalova E. [9], M. Seleznyev [7], |. Astrakhantsev
banks and increasing their share lie financial market. [10], A.Terekhov[12], V. Senchagov [18], D. Bobylyov
At the same time, the modernization of the banking sect[11] and others. At the same time, the analysis of their
of the economy causes new difficulties. Thus, thworks shows that there is no tradition of studying the
introduction of new banking products and services resiphenomenon of compliance control in the system of
in new types of risks. Therefore, the issue of findingupporting the financial security of banking institutions
innovative apposaches to risk management in banking
institutions is of great importance. Risk at the level of The goal and objective of the research
banking institutions that are considered as credit,
operational or legal are inherently the manifestations of The goal of the study is to understand conceptual
the risks of higher levels (macroeconomic and wali}. and methodological approaches and to develop practical
Traditional internal control systems have failed trecommendations for the implementation of the
respond adequately to a wide range of risks. As a restcompliance control for ensuring the financial security of
the current system of risk management requires significebankng institutions. The objectives of the study are: to
modernization, which includes introducing the effectivisystematize approaches to the definition of the compliance
compliance control as ammportant component of the control concept for ensuring the financial security to
financial security system of banking institutions. banking institutions; to define the problems of
development and legitimation of the cdimpce control
The analysis of literary sources and problem setting for banking institutions; to study the content, functions

E T.Momot,l.s o | i, 201
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and principles of the compliance control for banking - the principle of legality (compliance of the bank
institutions; to determine the features of managing thwith the norms of the current legislation that regulates the
compliance risk in the banks of Ukraine; to develop thbanking sphere);

ways for establishg the efficient system of the - the principle of responsibility (compliance with
compliance control for banking institutions and tcprofessional and ethical standards);
determine the strategic priorities for ensuring the financial  -the principle of security (gaining positive
security of banking institutions. experience and the practical use of the besttipescin the
regulation of processes and procedures) [2].
The research material Internal normative bank documents regulating the

implementation of compliance control include the Policy

The Oxford English Dictionary interpretsof reporting the banko6s probl
complianceas an action in accordance with a request orand giving gifts; the Policy defing the procedure for
command, obediengg]. fighting bribery and corruption in the bank; The Policy

Compliance as a professional activity was initiallla@imed at counteracting the legalization (laundering) of
introduced in western countries and later appeared profits obtained by crime and terrorist financing; The
Ukraine. This concept was first consolidated in thPrivacy Policy; The Policy of conflict of interests; The
fiMet hodol ogi cal s Bre cloprommgn Code of Coporate Conduct and Ethics; The Regulations
Corporate Management i n Uonmanagingcompliancerisk,andsoonfdlr oved by
the Resolution of the Board of the National Bank of  The major subjects that carry out compliance control
Ukraine dated 28.03.2007 No. 98. This document statin banking institutions include the bank supervisory board;
that compliance is considered as the activity linked witbank directors; the service of compliance control; othe
the requirements of leglation and internal procedures.structural units of the bank that are involved in these
Compliance was considered through the prism of the neactivities (internal audit of the bank, profile structural
for knowledge, understanding and meeting all thunits) [3].

requirements of the current legislation, norms, rules and The attempts to combine approaches to compliance
regulations, internal policies, standards and codcontrol are widespread in the scientific literature. These

regardig bank activities [4]. attempts are carrieout in sociological, political, legal and
The compliance control system is an integrateeconomic dimensions.
system for managing compliance risk, which enables Consi deri ng the category
identifying the type of risk and monitoring it scientists have not been able to offer a unified
systematically while ensuring the continuous operation dnterpretation of its essence yet.  For example,
the bank and minimizing the Jel of threats that have M.Selezneva believes that compliance can be regaad
nonfinancial nature of bank losses. This system includéethe principle of doing business by a financial institution in
the following components: the objects and principles caccordance with the laws, rules, codes and standards
compliance control; a list of internal banking regulationestablished by the competent bodies of public authorities,
that ensure the implementation of compliance control; professional associations and administration of a financial
se of internal bodies of the bank which carry ouinstitution [7]. D. Malichin considers compliance as a
compliance control [1]. capability to act in accordance with instructions, rules,
The objects of compliance control are the following:special requirements. He notes that the compliance is
- managing the conflicts of interest that can ariscarried out at two levels in the field of financial services.
between the bank and clients, on the one hand, aOn the one hand, compliance is carried actording to
between the bank and itmployees, on the other hand; ~ external rules which should be performed by the
-activities related t o oOrganization as a whole, but on the other hand, v i t

that contradict the requirements of the current legislationcompliance should correspond to the requirements of the

- data handling and protection; system of internal control that are established to ensure the

- moral and ethical standards. implementation of external geirements [8]. E.

The main principles of compliance control alee Pustovalova interprets the compliance control as a
following: counteraction to money laundering and terrorist financing,

- the principle of investment attractiveness o@ prevention of market manipulation and dissemination of
business for shareholders (a business that does not kinsider information as well as the fight against corruption
legal risks and risks of the loss of business reputation a[9]. In turn, individual analysts offer a universal definition
image but is economically efficient and competitive); of compliance as a function of bank management bodies

- the principle of esponsibility of the body the inindependent and permanent ensuring the regulatory and
performs the functions of compliance control; legal acts, standards, internal organization documents are

- the principle of coverage of all points of sale ofollowed, in preventing the inveément of the
financial services (extension of the compliance contrrganization in illegal and abusive activities as well as in
documents to all structural units of the bank which salproviding the supervisors and control bodies with timely
banking produts and provide services); information [10]. It is difficult to agree with D. Bobylyov

- the principle of implementation consistencywho understands compliance as an area of professional
(compliance control as a continuous activity covering aactivity in the financial and banking sphere which

stages of the implementation and realization of busineinvolves the performance of official duties, including
processes); making decisions at all levels in accordance with the




126

ISSN2522-9818 print) Innovative technologies and scientific solutions for industries. 20672 (2)

standards of legality and integrity established by thassistance to the bamxecutive bodies in the sphere of
institution [11]. compliance risks; the interaction with internal audit;
Compliance builds the foundatidar the control of international cooperation; outsourcing. The organization
any organization that always operates according to oof the internal control system should correspond to the
rule or another. In this context, the compliance ifollowing principles: the efficiency and effectivengss
considered as an integral part of a management systassignment of responsibilities; comprehensiveness;
which includes the system of internal control [12]. timeliness; independence; confidentiality [5].
In the recommendationsf the Basel Committee on In our opinion, a list of the main principles of
Banking Supervision under the Bank for Internationecompliance control should be added by the principles of
Settl ement s, t he ter m fc ocompleteness, consistency, and systematicity. consi der
as an independent activity carried out in commercial Recantly, the system of compliance control has been
banks for identifying, assessing, advising, tracking arwidely introduced into domestic banks. It is interesting to
reportingthe bank compliance risks. It is remarkable theconsider the experience of the compliance risk
compliance risk is considered as the risk of legal liabilityma na g e me n't carried out by Pévu
financial losses, and reputational losses of a commerccorrespond to the highest standards of corporate
bank as a result of violating the legislation, executivmaragement. The Bank has established the compliance
orders, business practices thalate to the commercial risk management system and performed the procedures for
activities of the bank [6]. controlling risks, costs (losses) that happened because the
In our opinion, compliance control is a kind ofrequirements of the legislation were not met, the
internal control, that is a peculiar process, a set regulations of the National Bank of Ukna, internal rules
measures and means aimed at identifying probleand procedures as well as moral and ethical rules of doing
situations and monitoring the activities of thenkiag business. In accordance with the approved Regulations on
institution. the organization of complianc
It should be noted that the content of compliancBANK GO a compliance officer as
control lies in its main functions. Thus, the analyticaindependent wheperforming their duties and reports to
function involves conducting analytical system procedurethe bank supervisory board only [13].
for identifying potential compliant risks. The information When introducing the system of the compliance risk
function invdves collecting and processing economic anman a ge me nt i n PAT Al NDEKS B /
financial information that characterizes the status of asstdirectors applied the following principles:
and liabilities of the banking institution within the - the compliance risk management is a kepect of
specified period of time. The warning function involvet he acti vities of Cr®dit Agr i c
taking measures to prevent unlawful aos from both the to;
bankés staff and clients. A - the rules for implementing the compliance corgral r i n g
efficient risk management manifests itself in identifyingprocess are not subject to discussion;
assessing risks, identifying an acceptable level of risk and - the team that carries out compliance control is the

neutralizing risks. operating unit that makes decisions ome tbanking
Compliancecontrol functions are impleemted in business, attracting new customers, selling banking

the following areas: products, clearing the conflict of interests and issues
- institutional compliance control which includesrelated to the confidentiality of banking information;

activities related to compliance in accordance with the - the system of compliance control does not hinder

established rules of internal interaction, procedures athe development of businesstlomly ensures its security;

decisionmaking process; - compliance risk is an integral part of the risk
- operational compliance control vahi includes management system in the bank;

managing the operations carried out by the bank to - compliance risk management involves systematic

identify and assess compliance risks, such as those relacontrol over risky operations, risky amounts of the bank
to the legalization of profits obtained by crime, terrorisinternal activities, customer activitiesd employee work;
financing, identification of unreliable partners, risks - compliance control rules are simple, but their
connected with fiud and corruption; implementation requires time, and, in some cases, changes
- compliance control of following professionalin the bank internal culture.
conduct rules including identifying, assessing, and  The organizational structural unit that carries out
monitoring of compliance risks related to professionec o mp|l i ance contr ol in AT Al ND
business conduct and corporate ethics. the head of the unit, the department of financial
Considering the content of compliance eohtits monitoring, the department of deontology and financial
basic principles should be analyzed. Significant attenticmonitoring departments at the branches of the bank.
is paid to the fundamental principles of the The main tasks of the Department of financial
i mpl ementation of the banmonitoring in PAT nicltNDEK Si B AtNK

recommendations of the Basel Committee on Banking - financid monitoring in accordance with Ukrainian
Supervision [6]. This document setsrth the following legislation and corporate requirements;

principles: the responsi bi |-reportingtopublicauthortegsnk 6s super vi s
body; the responsibility of the bank executive body; - counteracting to legalization and laundering of

independence; the availability of resources for thprofits obtained by crime and terrorist financing;
effective implementation of the compliant function;
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- monitoring the risk of business reption and the the norms of Ukrainian legislation and inteinatl norms

bank image; and existing international financial sanctions (embpargo

-devel oping and i mpl e meandthe policy ofvigilance s fAUkr Si bBanko e
Your Customer 0; the rules of conduct that should be followed by all

- monitoring the completeness of customeemployees (act honestly, fairly, professionally and serve
identification coverage; the interests of ctiemers). The Procedure of malpractice

- assessing new products and procedures for thr e por t i ng-Bl dwhmngol ei s establ
sale. successfully operates in the bank; using this procedure,

The competence of the Department of Demyyl each employee can inform about any problem or ask
includes the following issues: the development anCompliance for necessary aid maintaining confidentiality
implementation of ethical rules; the analysis 0][16].
malpractice; work with the bank staff; conducting Summarizing, it should be noted that a number of
seminars and trainings on risk management compliantbanks have dramatically decreased in recent years. 180
ensuring the rules of conduct with confidentiabanks operated in Ukraine as of January 1, 2014,
information [14]. according to the National Bank of Ukraine. But, their

PAT AKREDOBANKDO has a Inumber was reduced to 93 banking institutions &s o
system of compliance control. The bank determines tlJanuary 1, 2017. The rating of the most reliable domestic
risk as sanctions, financial losses or the loss of reputatibanks in 2017 that was presented by the Ministry of
or trust in the bank or entities acting on its behalf ilFinance of Ukraine [17] gives grounds to state that the
accordance with the cumrelegislation, internal normative majority of them successfully use the system of
documents, accepted conduct standards and ethicompliance control.
principles [15]. The financial indictors of banks that occupy leading

v AUKkr Si bBanko s ucces spositions in the rating (according to the National Banrkrof
of compliance control. In its activities, the bank followsUkraine) are given in Table 1.

Tablel. The indicators of banks that occupy leading positions in the bank financial strength rating (accordimdNational Banlof
Ukraine)

Bank name Stress resistance Depositor loyalty
Indicators Points Indicators Points
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It is evident that the following factors affect theadequacy; the share of banks in the retail deposit market;
increase of the rating: profitability; liquidity; capital absolute growth of the retail portfolio of deposits; relative
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retail depait portfolio. In our opinion, an important composition and specificity of t threats, the strategy
additional factor of the efficiency of banking activity isshould be designed takjninto account internal and
the balanced local system of compliance control. external threats and should include preventive and
Clear instructions for the compliant riskrestrictive measures. The strategy of bank financial
management in the banking legislation of Ukraine has nsecurity is developed in accordance with the economic
beendeveloped so far. Therefore, banks implement risstandards of the National Bank and should be agreed upon
management systems without direction. by the genellaeconomic strategy and built on the basis of
The development of the efficient system ofthe current regulatory and legislative basis [20].
compliance control in the bank corporate management is
based on the identification of compliance risks. The Conclusions
definition of theentire range of risks, both internal and
external, that form key indicators to the map of  Thus, it should be noted that the necessity of
compliance risks occupies the leading place in thdeveloping the nationwide Strategy for ensuring the
process. financial security of banking institutions atcentralized
The organization of the efficient system oflevel has risen in Ukraine; the implementation of the
compliance control should be correlated with the practicworld and European standards for the implementation of
of foreign banks. A key aspect of the new system (compliance control is particularly emphasized. This
compliance control is the complexity which involves theapproach objectively encourages the implementation of a
combination of the bank compliance risk managemecivilized model of work \ith customers and staff. In order
with the operational risk management and the reputatiorto reduce the negative impact of threats on the state of

risk management. banks, the National Strategy should provide a number of

such priority measures as:
The discussion the resarch results - conducting a weitonsidered policy in the field of
economic and financial segty of banks;
It should be noted that the first priority is the - increasing the efficiency and reducing the cost of

development of the legislative basis for thebanking services;

implementation of compliant control systems. Particular - strict compliance with banking legislation;

attention in the new system of compliance control along - paying great attention to increasing confidence in

with compliant risk management shdube paid to the the bank, in its advertising, strengthening the transparency
minimization and management of operational riskof the firancial condition of banks;

Constant monitoring the activities of the bank staff - conducting a weltonsidered personnel policy, in
regarding the compliance with the requirements of thparticular in the areas of recruitment, training,
legislation and internal regulations will help minimize theremuneration and social protection;

risk of using the bankor money laundering and ensure - improving the quality of IT support;
the stability of the reputation of the bank in the market - implementing compliance control.
[17]. The systematic @sof these measures allows banks

According to the results of the conducted researcheto remain marketable and solvent and to withstand various
it has been established that the security of bankirthreats and to eliminate their consequences autonomously.
systems is crucial for ensuring the normal operatbn The conceptual diagram of developing the strategy
financial institutions. for ensuring the financial security of banking institago

A prerequisite for maintaining a lorgrm with the use of compliance control is presented in Fig. 1.
competitive advantage is the development of the efficient  Also, in our opinion, there is the necessity to
financial and economic strategy as the main componentdevelop the Standard Statute on the structural unit
the security of banking institutions. V. Senchagoysection, department, service) for organizing and
considers the stragly as understanding a set of the mosimplementing compliance in a banking institun.
significant decisions and measures aimed at ensuring the It seems reasonable to introduce institutions the
adequate level of security of bank operation [18]. Aposition of a compliance officer into banking institutions
Alverdov considers the strategy as a set of itamgy goals and to include it in the State Classifier of professions DK
and managerial approaches whose implementatiO03: 2010 specifying qualification characteristics,
protects the banking institution against potential threats knowledge, skills and qualiation requirements for the
the violation of commercial and banking privacy as welposition mentioned above. Also, job descriptions should
as hurting the banking property and recourses of a ncbhe developed; they should contain the qualification
monetary nature [19]. requirements for this category of staff (authority),

Taking into account the specifics of the presercompetence and deontological standards of conduct and
developmenbf the banking sector, the factors that affecprofessionabctivity.
the implementation of the financial security strategy of  Also, it is necessary to introduce normative
banking institutions should be determined, namely: tt/di sci pl i ne or speci al trainin
high level of criminal offences; insufficient qualificationCo mp | i anc e controlo i nto t h
of security personnel; insufficiefinancial support. The educational institutions, which enables developing a
objects to be protected are: information that contairholistic and objective view of the role andage of
banking and commercial secrets; property (mainlcompliance in the activities of banking institutions and
monetary funds); bank personnel. Depending on the
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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 institthtitres wse of
compliance control

Taking into account the necessity to increase the In our opinion, a series of national and regional
social responsibility of banking institutions and the qualitround tables for d@ussing the topical issues of
of customer service, the skills of specialists (compliancorganization and implementation of compliance control in
officers) that are authorized to carry out comptia banking institutions should be initiated; this will
control should be continuously improved. Thereforecontribute to the development of unified algorithms for
interactive classes (trainings, colloquiums, round tableresponding to typical and unusual situations.
and so on) should be included in the system of Such activitiesshould be carried out under the
postgraduate training. patronage of the National Bank of Ukraine and the

Association of Ukrainian Banks.
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G. NAzAROVA, N. NAZAROV

THE ANALYSIS OF STRUCTURAL CONFIGUR ATIONS FOR IMPLEMENT ING
COMPETITIVE STRATEGI ES

Among the directions of increasing the competitiveness of enterprises, the development of an adequate organizatiena efructur
primary importance. This structure will ensure the efficient and coordinatexhction of all business units of the enterprise for
implementing competitive strategies. The article analyzes the choice of the organizational configuration of the emterriedat
the three M. Porter s c o nmguadhip strategg onshe basis ef ghie eeductiontirh oests (price®; the o s t
differentiation and focus strategies. To analyze the organizational and structural component of the implementation tWfecompeti
strategies, the situational approach is suggestedfirBhatage 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 leblaleru
which enables further developing tkeowledge base of the expert system. At the third stage, experts, management consultants,
provide each rule with a certain weight that ref| iatermasandt he exp
external environment on thearameters 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 wmiplarlyes co
competitive strategythe analysis of external and internal factors that can affect the organizational structuesults®f the study
are the expert tables of values of organizational and structural parameters obtained experimentally that are usediror alevelop
introducing the organizational structure of the enterprise in the process of implementing the chosen competitive stratetgyaréhe sof
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 competitige strategie

Keywords: enterprise competitiveness, organizational structure, competition strategy, organizational configuration, situational
approach.

Introduction The methods of the study

Among the areas of increasing the competitiveness To analyze the organizational and structural
of enterprises, special attention is paid to the developmecomponent of the implementation of competitive
of an adequate organizational structure, which will ensustrategies, the use of the situational approach is suggested
efficient and coordinated interaction of all business unitapplying expert methods andkiag into account such
of an enterprise for implementing competitive strategieiparameters as management style, enterprise size,
From all mechanisms of strategy implementation, thtechnology, the state of the environment, the level of
structure is the most inert and can contribute to strateccentralization, formalization, complexity, information
development or slow down it, therefore, the developmeneeds. The first stage of this approach is the empirical
and reform of the structure ahd be based on the analysis of the arameters of impact on the organizational
scientific and practical principles of the economy anstructure choice. At the second stage, the analysis is
based on the fundamental principles of the theory dormalized in the form of the table of rules, which enables

management. further developing the knowledge base of the expert
system. At the third stage, experts, management
The analysis of literary sources consultants, provide each rule with a certain weight

reflecting the expertodés opinic
The dependencies among the individual factors articular factor of the internal and external environment
the external and internal envinment of the enterprise andon the parameters of the management structure. The
the type of its organizational structure were investigated software implementation of the expsystem by means of
the works of O.E. Kuzmin, O.G. Melnik [2], Yu.B. Ivanov present information technologies will enable using the
[1], A.S. Afonin, V.P. Nesterchuk [3], M.M. Martynenko developed system to create the project management
[4], R. Duff [5], G. Mintzberg [6], G. Nazarova, O. structure of a particular enterprise that supports its
Ivanisov, O. Dorovsky, and others. However, the probleicompetitive strategies.
of the structural configuration which contributes to the

adopted competitive strategy in the best way has not been The results of the study
solved and substantiated yet and still requires an
individual scientific and practicatuy. Let us consider the selts of the analysis of the
choice of organizational configuration for the three basic
The goal and objectives of the study M. Porterbés competitive strate

based on cost reduction (prices); differentiation and focus
The goal of the study is to analyze the choice of trstrategies. In order to implement competititeategies,
organizational structure of the enterprise for the threthe main types of structures that are most widespread or

basic M. Porterds compet ipromising for industrial enterprises in the presenhder s
strategy on the basis of cost reductionriggs); €conomic conditions of Ukraine should be chosen from
differentiation and focus strategies. linear functional, divisional, matrix, project, program

oriented and networked ones

E G.Nazarova, NNazaroy 201}
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The strategy of cost leadership on the basis of ccenvironment with a low level of inconsistency. At a high
(prices) reduction is implemented in the best way blevel of inconsistency, such structures t@nused only in
hierarchical organizational structures in which thdhe case of low uncertainty and complexity of the external
minimization of costs is achieved due to central planninenvironment. Competitive advantages are achieved due to
and resource use, economies of scalxumulation of the standardized technology with wdkfined tasks and a
experience [7]. small amount of information necessary for management.

Organizational structures of the hierarchicaThe cost ledership strategy that is implemented by linear
configuration have many levels of management arfunctional structures involves manufacturing large
significant horizontal specialization. Such organizationeamounts of inexpensive standardized products for already
structures have a certain functional specialization and zavailable identified markets. The meanings of
divided nto departments, which helps medium and largorganizational and structural parameters for implemgnti
enterprises work successfully [2]. The use of sucthe strategy of cost leadership are given in table 1.
organizational structures is reasonable under the external

Table. 1. Organizational and structural parameters of implementing the strategy of cost leadership

Parameters The range of meaning

1. Low degree of complexity, inconsiatgy, 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

External environment state

Technologies Standarized, more routine
Size Medium and big
Structure Linear functional

The main strategy of differentiation is a variety olimplementing the strategy of diversification only partially
products, choice of models, batches of goods, servicbh ecause the fAcrisis of -burea
and so on. The aim to meet the needs of consumers ilorganization of structure and opposition of the
certain aspect of mieet activity leads to high costs, which administrative apparatus to the new forms and methods of
creates a risk of loss of competitiveness. The differenimanagement did not enable quick solving new strategic
between leadership in prices and differentiation lies in ttproblems under the conditions of market changes. The
fact that the first can be achieved only in one way, that creation of matrix structures was an attempt to overcome
by establishing the effective cosstructure, while this crisis. When the main functional units are preserved,
differentiation can be achieved in different ways [8]. Onthe matrix structures create two control lodpsertical
of them is the creation of divisional structures that arand horizontal which operate simultaneously. The specific
differentiated by product or region. Their application isareas of the organization such as production, marketing,
objectively caused by the attempts of large diversifiefinancing, legal support, esearch, development are
corporaions to improve adaptation to changes in thmanaged vertically. Individual projects, regional and
external environment by dividing it into production unitsproduct ones are managed horizontally. The matrix
(divisions) which will later be given a particular level ofconfiguration can be used in the environment with a high
independence for implementing operational andegree of inconsistency and uncertainty. The meanings of
production management and will become respdaditr organizationhand structural parameters for implementing
the profit. the strategy of differentiation are presented in table 2.

The transformation of available linear functional
structures into the division ones solved the problem of

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 environmendtate 2. Low degree of complexity, controversy and high degree of uncertainty,
3. High degree of complexity and uncertainty
Technologies Different for various departments (prodsic
Size Medium and big

Divisional (product, regional)
Structure . .
Matrix (program target, project target)

The content of the focus strategy is to achievand applying new production and service technologies.
competitive advantages in a rather narrow segment of tSuch strategy is better implemented by organic structures
market with its specific requirement§ocusing on a such as programatget and design target, team, and
deeper differentiation of needs force the enterprise to business ones. They are characterized by hierarchy
almost individual approach for manufacturing productsmearing, indefinite levels of management, weak
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formalization of rules and procedures, high level oof this configuration, however, the most favourable
horizontal integration, developed links betweerconditionsusing this structure are enterprises of a medium
cooperation and cooimation, by specialization, and small size. The meanings of organizational and
temporary assignment of functions to groups, bstructural parameters of implementing the strategy of
decentralization of management decisions. The size of tdifferentiation are presented iatie 3.

organization does not have a decisive impact on the choice

Table 3. Organizational and structural parameters of impkting 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.

Technolaies More individual, low degree of standardization
Size Medium, small
Structure Matrix (project)

Entrepreneurial, team

The choice of organizational configuration is only organizational complexity. First, the greater the degree of
general description and the first step in designing tithe environment inconsistency, the less the degree of
organizational struare. For a more detailed descriptionorganizational complexity. Secondly, the higher the
of the organizational structure, such parameter as tenvironment uncertainty, the higher the level of
complexity of the organization is used. The complexity corganizationecomplexity. This is due to the fact that in
the organization is the degree of horizontal (a number the case of high uncertainty of the external environment,
divisions and specialized units), vertical (amber of the organization needs a large number of specialists for
levels of management), spatial (a number of branches sthe adequate response to changes in the external
the distance among them) differentiations. environment, that is, the level of specialiaatincreases.

Horizontal differentiation increases with an increasHowever, if the external environment becomes hostile,
in the degree of specialization in the organization, that ithreatening to the enterprise survivability, the complexity
with the increase in a numbeof departments and of the organization should be low to ensure a quick
employees performing unique tasks that are different froresponse to change.
the tasks of other employees and departments. The level The technology used in the enterprise also has an
of vertical differentiation is assessed by a number of leveimpad on the level of organizational complexity: the
of management in the organization. To measure spathigher the degree of technology routinization, the greater
differentiation, such indicators as a number othe degree of specialization; the lower the degree of
subdivisions and subsidiaries in the organization, tltechnology routinization, the greater the level of vertical
average distance among them and the proportion of stdifferentiation (a number of levebf management).
working in the units separated from the head office are A high and medium degree of organizational
used. complexity is recommended for large enterprises with the

Directly proportional dependencies exisétlween strategy of cost leadership based on cost reduction or
the size of the organization and the level of organizationdifferentiation. A low degree of organizational complexity
complexity: when the size of the organization increaseis recommended for compis with the focus strategy
the number of levels of management and the number that works in the market differentiating the groups of
units are also increased [9]. There are certain patternscustomers with specific needs. The follogr conclusions
the impact of the environment on the level of are grouped irable 4.

Table 4. Recommendations on the level of organizational complexity

Factors Factor meaning
1 2
High level of complexity
Size Big

Low degree of complexity and inconsistency, high degree of uncertainty
Low degree of controversy, high degree of complexity and uncertainty.

Technologies Standardized

Strategy Cost ledership on the basis of cost reduction
Medium level of complexity

Size | Big, medium

External environment state




135

si@d?2 MlsOdz ZORZSCtsodr izt Maz &y § tets 35 QXD § B GpkSSN25229818(print) ~
The end of thdable 4

1 2

Low degree of complexity, controversy and uncertainty.

Low degree of controversy, high degree of complexity awd degree of]
External environment state uncertainty.

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 comjpexity

Size Medium, low

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

External environment state

The level of formalization of the organizationstrategy of diversification in a controversial and complex
reflects the degree of using the {3et rules and environment. The lowelvel of formalization is reasonable
procedures [4]. Establishing detailed rules and procedurfor using by enterprises that implement the focus strategy
that specify the most effective methods of makinand norroutine technologies under the conditions of a
managerial decisions is advantageous for arcomplex but weldefined environment. The
organization. recommendations on the level of the formalization of

The high level of formalization is typical of large managerial decisions making in the organization are
organizations that use the strategy of cost leadership irpresented in table 5.
well-defined and stable environment as well as the

Table 5. Recommendations on the level of formalization of making managerial decisions

Factors | Factor meaning
High level of formalization

Low degree of complexitygontroversy and uncertainty.

External environment state Low degree of controversy, high degree of complexity and low degr¢
uncertainty

High degree of technology routinization

High degree of application of information technologies.

Size Big

Technologies

Strategy Cost leaderdp on the basis of cost reduction
Medium level of formalization

High degree of complexity and controversy, low degree of uncertainty.
Low degree of controversy, high degree of complexity and uncertainty|
High degree of controvsy, low degree of complexity and uncertainty.

High degree of controversy and complexity, low degree of uncertainty.

External environment state

Size Medium

Strategy Differentiation
Low level of formalization

High degree of controversy, low degree ofmadexity and uncertainty

External environment state 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 The high level of centralization is typical for
decisions is the degree of the concerdratof making enterprises that use the strategy of cost leadership on the
decisions by a person, which is related to the formal righbasis of costs (pricgseduction and routine technologies
a specific person has in the organization. The level under the conditions of external environment with a small
centralization is determined by the degree of thnumber of factors important for survival. The low level of
participation of the authorities in obtaining and processincentralization (decentralization) is typical for enterprises
information neessary for making managerial decisionsthat use the strategy of diversificatiand norroutine
and by the amount of control in the context of th¢echnologies under the conditions of the indefinite and
implementation of these decisions. controversial environment with a large number of factors
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important for survival. The recommendations on the levin 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

Low degree of complexity, controversy and uncertainty.

External environment state High degree of controversy,Wodegree 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)ctan

Medium level of centralization

Low degree of controversy, high degree of complexity and low degree of uncertainty

External environment state Low degree of complexity and inconsistency, high degree of uncertainty

Technologies High degree of techmogy 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 dapted competitive Conclusions

strategy is supported by a complex strategic set, that is the
system of strategies of different types within a certain  The choice of an adequate organizational structure is
period of time that reflects the specifics of the enterpristhe  basis for managerial, informational, and
operation and development as well as its position in ttcommunicative processes that take place at the enterprise
external environment [10]. Any strategy is implementeand ensure the implementation of the chosen strategy and
within the organizational structure which, in turn, is a toca quick response to changesthe market environment.
for implementing the strategy. Therefore, strategiThe conducted study enabled generalizing the experience
planning should be also involved in the structural stratetin assessing the impact of factors of the internal and
which should include the alysis of the available external environment on the choice and operation of
structure, the possibility of its adjustment and changes management organizational structures on the basis of the
accordance with the competitive strategy of the compansituatimal approach. The further areas of study are the
the analysis of the factors of the external and Internimplementation of the technique for applying update
environment that can affect the organizational structure. software and information technologies, which enables
using the technigque at the enterprise in an automated
mode.
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ECONOMIC EFFICIENCY OF M ODERNIZING THE EQUIP MENT FOR THERMAL
POWER PLANTS

The subject matter of the study is the economic efficiency of modernizing equipment for thermal power plants (TRl théhe
study is to identify the economic efficiency of modeimg the equipment of the TPP basing on new technology and taking into
account cost minimization and environmental requirements.stihgct of the study is the theoretical and practical aspects of the
economic efficiency of equipment modernization. Talfa 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 introdusmeety equi
which enables burning lograde and wasteoal 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 feai@asof an
power station, as a set of iaBations, 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 techerohad)ypofver
plants are illistrated. 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 thernpédmswer
equipment is suggested. The indicators of the equipment of thermal power plants are given. The advantages and disadlantages of
old technologies used in thermal power plants of Ukraine are studied. The disadvantages of outdated equipment suctard damage
constant need for reconstruction are regarded. The mechanism of introducing the new technology of the circulating éldidized b
(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 consideredsdlteof the feasibility study are
presented; these results provide the basis for determining the most promising objects for the implementation of liniy tebiiao
retooling power plants. The effect of modernizing the equipment of thermal power plants is proved. Solutions for imgraasiy th
effectiveness of thermal power plants are suggested. The results of the obtained decision within this busthatae. i

Keywords: power engineering, thermal power plant, modernization of equipment, technology of circulating fluidized bed,
introduction, traditional flaring, fuel, retooling.

Introduction issues to be discussed.

Solid-fuel thermal power plants are an integral part
Heat power engineering is a branch of heeof Ukrainian electriepower industry. The prospects of
engineering thiais engaged in converting heat into othecoal and other sectors of the national economy of Ukraine
types of energy, mainly into mechanical and electricidepend on the state of thermal energy.
ones. Thermal power plants are used to generate Such problems as low efficiency, equipment
mechanical energy at the cost of heat; the mechanideterioration and ageing, the increase of imported natural
energy obtained in these installations is used to drigas priceunder the shortage of cemiining capacities are
working machines or electromechanical generators whi@mong the topical problems of thermal energy. The
help produce electricity. Installations that do not usoperation of thermal power plants without their
electromechanical generators to convert heat inmodernization and introduction of new technologies leads
electricity are called electrical conversion units. Thesto an increase in the share of equipment that vebdgt

include magnetdydro-dynamic generars, the resource and results in technological failures, an
thermoelectric generators, thermal emission enerdncrease in the electricity cost, specific fuel consumption.
converters. Also, a significant issue in heat engineering is that thermal

The basis of modern heat and power engineering power plants (TPPs) have a negative impact on the
heatpower facilities of steam turbine power stationenvironment.
consisting that comprise a boiler and a turbine. Thermal ~ The prollem of the reasonable and balanced use of
power plants (TPP) are oftebuilt in large cities and the enriched coal as a fuel for existing boiler units with
condensing power plants (CPP) in the areas with cheflaring technology is of great importance today as well as

fuel. the use of lowgrade ordinary coal and waste coals as a

fuel for new advaurceedd btuercnhinnog o
The analysis of literary source and problem statement in particular, in the boilers of a circulating fluidized bed

(CFB).

The issues of retooling thermal power plants are ~ One of the meth_ods of solving these problem; is the
considered in the works of many scientists, among theUsé of a new ecologically pure technology for solid fuel
are M. Borisov [1], O. Maystrenko [2], S. Dubovsky [3] burning in CFB uqder atmospherlc pressure. Now, this
and O. Matiiko, N. Rodzevich, G. Gnatyuk,technolcgy is used in new equipmentCFB boiler units
A. Matvienko, A. Gorshkov, Yu. Klushin, M. Kulik, With the capacity of 20860 MW and they can be used
Z. Geletii, A.Roskolupa, J. Misak, T. Kravets and manWith supercritical parameters.
others.

However, it should be noted that although there is  The goal and objectivesof the study are to identify
already a significant number of scientific works related tthe economic efficiency of modernizing TPP equipment
the problem of outdated equipment of thermal poweOn the basis of ne technology and taking into account
plants, there still remain tasks that need to be covered COSt minimization and environmental requirements. The

E M. Turkina, O.Skachkoy 2011
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objectives of the research are to study the information The discussion of the results

base of the research, to analyze the technical and

economic conditions of outdated and modern equipment  The issues of modernization are topical and should
of thermal power plants, to make an economic analysis pe solved at the Vuglegirska thermal power plant of PAT

the introduction of new equipment. Centenergo. Thermal power plants are the basis of the
. electric power industry. Fuel that is used at TPP is coal,
Materials and methods of the study natural gas, residual fuel oil, shales, firewood. TPP

comprise a thermal power plant fuel system and

To solve this problem, the feasible analysis was use¢pulverized fuel system; boiler equipmeihta set of a
to determine the current state of TPP equipment, tlboiler and auxiliary equipment; water treatment facilities
indicators of parametensf outdated and new equipmentand condensate systems; service water system; the system
and capabilities of introducing new equipment aniof ash handling and slag disposal; electrical and technical
burning lowgrade coal and waste in a circulatingfacilities; electric equipment control system.
fluidized bed (CFB). The information base of the research  The design capacity dhe Vuglegirska TPP is 3600
is the materials of technical and economic indicators aiMW, particularlyi the first line units are fol300 MW
charactestics of the equipment of thermal power plantscoatbased generating units adapted for running on natural
in particular, the Vuglegirska thermal power plant, workgas, the second line units are thB@@MW oil/gas units.
of domestic and foreign authors as well as scientifiThe construction of the power plant started in 196& Th

information posted on the Internet. first unit of 300 MW capacity was put into operation in
December 1972, the construction of the first stage finished
The results of the study in 1973, the second one was completed in 1977. The TPP

is located in the Donetsk region, on the left bank of the

The introduction of a new powernit with the reservoirimpounded onetriver Lugan.
technology of a circulating fluidized bed will increase the ~ The TPP main facilities are the main building of |
productivity and power capacity of the Vuglegirskeand Il lines; a joint auxiliary building; fuel facilities; oil /
thermal power plant in the electricity market. It will alsoresidual fuel facilities; drinking and service water objects
result in the growth of the company profits by increasinand systems of ash handling and slag disposal; electrical
the efficiencyof work and increasing electrical output asand tehnical facilities; sewage disposal plants. The
well as will enable retooling available main energythermal circuit of the TPP arrangement provides the block
equipment. principle of operating without cross connections among

The installed capacity of the power plant will bepower units along the main lines. In the main building,
3720 MW. The use of new power units will increase ththere is a plant central control boardwo unit
demand for lowquality coal. Economic effieincy will be switchboards for 300 MW 4 units and three unit

positive. Building a new power unit will enable creatingswitchboards for 800 MW 3 unittaple 1).
new jobs for the period of building only. 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 powelrunit 800 MW power unit
type v11312¢ v ) f R04
factory Taganrog Ta_ganrog
singlebody  boiler boiler factory boiler factory
unit with fuel J82z coal , ga s| gas,residual fuel oil
industrial steam i 255 kp/cm2 /58 Awu 255 kp/ cm2
superheater exhaust conditions |, ™ 7 5" A7y, /| 545 Awu
steam flow rate 950 thr 2650 thr
number of burners 8 36
turbine drive { t-12PM { s18PU
% feed pump:
) power unit - primary v 1 1-11506340 } 1 -1500350 2 pcs.
el
- startup and standby| } ¢-600-300-2 -
booster pumps 121§ - 3pcs.
regenerative ai i i
heater type t 1 198- 2 pcs. t 1 198- 4 pcs.
forceddraft smoke exhauster r { F31,5- 2 pcs. -
. . lry32na wi t h
installation forced draft blower 1 1 3 2-12 pes. [ 1-1 2 § Dpos.
E;Jé\:srr]lqzed fuel ball-mill pulverizer Z\O-j eoa(?hz pcs. for 75 t off ]
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The end of thdable 1

1 2 3 4 5
electrical
precipitation filters| type ¢ | 4-5812-6-3- 2 pcs. -
for waste gases
primary turbine type 5-300240-2 _ 5-800-240-3
factory Turboatom, Kharkiv LMF, St.Peterburg
o 240 kp/ cm2 / 1240 kp/ cm2
throttle conditions / 540 Au / 540 Awu
condenser 5-15240 AiF15240 m2 ﬁqzo 0 & /Mi-41200
» condensing unit circulating pumps {1 -P1Oke- 2 pcs. {1 1ia85eg 2 pcs.
2 eieClors ¢ 1-3-25/75 2 pcs. ¢ 1 -2000 2 pcs.
g ) ¢ | 4801531 1 pcs. ¢ | 4700-1 pcs.
- 1 1-900-380-18 1 1-1600-380-17
high pressure heaters 1 1-1200380-42 1 1-2000-380-40
} 1-900-380-66 } 1-1600-380-66
regeneration system deaerator [ & ¥500- 2 pcs. [ & }1300- 2 pcs.
1 1-400-26-7- | ss } 1-170032-6-I ss
1 1-400-26-7- 1l ss } 1-200032-6-11 ss
low pressure heaters | )\ 40056.7. v ss 1 1-150032-6-11l ss
} 1-400-26-7-V ss } 1-1500:32-6-1V ss
line heaters type } & #1257-1571 2 pes. } & $200-7-157 2 pcs.
heat a?d overall power 15,8 Gealhr 25 Geathr
power plant 3
line pump type 3-1-2 0 01~52cs. for I line ﬁ”qnseOOlOOS pes.  for
)
= = | uv | -B002 [ v)
g % generator type u | 4300 water cooled water to air cooled
8¢ tvpe u 1 A400000/10 - at unit No. 1,2 v 1 A1000000,
SRS yp U 1 400000/300 at unit No. 3,4| v A1000000

Table 2.Operating capacitance dfie 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|-38,8| 136,2 | 128,7 | -7,5 | 2385,9 | 2432,2 | 46,3

The increase in operational power compared to titechnological defects, the pipe metal was ashed metal
plan caused by reducing the idle hours of the units durirdamage as well as due to corrosion damage and the
maintenance and repair from2% MW according to the micropores of welded joints, corrosion damage and so on.
plan to 239.1 MW actually and by reducing the poweThe lifetime of the damaged equipment is long and the
limitations from planned 136.2 MW to actual 128.7 MW. equipment requires timely repair or replacement.

In general, all damage to the Vuglegirska TPP is  That is why modernizing the main mechanical and
caused by the outdated equipment. The equipment wmechanical equipment of the Vuglegirska TPP is an
disabled because the sidef the pipe excessively thinned,urgent task.
the metal pipe corroded, the pipe was manufactured with

Table 3.Technical and economic indicatan$the Vuglegirska TPP in 201216

Specific consumption of
fuel equivalent for

Specific consumption of
fuel equivalent for

Power consumption
for generating electricity,

Power consumptiofor
for generatg heat,

electricity supplyg/KW-h heat supplykg/Gcal % KW-h/Gcal

actual | actual | stand. | actual | actual | stand.| actual | actual | stand.| @ctual | actual | stand.

Elc;\;]v?r 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

.| 3785 | 383,7 | 383,7 | 1239 | 126,0 | 126,0 | 7,26 7,25 7,35 | 36,66 | 36,34 36,34
power unit

800 MW i i i i i ) i i ) i i i
power unit
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In 2016 the specific consumption of equivalent fueUAH / ton, when earlier the price of 1 tonne was 1743.7
for the electricity produced by the TPP in general and byUAH / tonne.
line (300 MW units) was 383.7 g/KMv (Table 3)
compared to 378.5 g / kWh in 2015, while the standard  Cost, =1743, 7% 2000008 34874000UAH/year.
rate in 2016 was 383.7 g/KW=h and the rate planned by Cost,=1200« 2000008 24000000UAH/year,

t h Nat i | Joint C e .
UKraines wab 383. 7 o w8 ™ YEconomies in fuel is: 34874000802400000000 =
; : 108700000 UAH/year

The increase in the specific consumption o; : .
equivalent fuel ér the electricity produced by the TPP in The cost of new equipment is 1 000 000 000 UAH.
Four new boilers are needed.

eneral and by | line (300 MW units) compared to thl . . .
g y | line ( units) P Thus, the following result is obtained:

consumption in 2015 was 5.2 g / kWh. h f tina th ; i 4000
The most important reason for increasing the  ~N€ EXPENSESIor mounting the equipment are

specific fuel consumption for the electricity produced by 000 O-O?hgpp\;'c.)fit from saving in fuel is 1 087 400 000

line (300 MW units)in 2016 versus 2015 was the increanDAH /
of heat input to support the viability of 800 MW units year.

when they stopped because of technological needs anrd TO. determine ec.on_om?c efficiency, the formula for
weather conditions calculating the classic indicator of Net Present Value

: : NPV) should be used. ‘
MW (\’ ' g Nn1eA t~ to A . .
800 units did not op In this paper the total value of CFi (NPV) will be

In 2016 the specific consumption of equivaléur! desi q h £ orofi q A
for producing heat in 2016 was 126,0 kg/Gcal verslesignated as the sum of profits and amortization:

123,9 kg/Gcal in 2015 while the standard rate in 2016 wi CF =P+¢ (1)
126,0 kg/Gcal.
The comparative analysis of specific consumptiowhere Pis the company profit;
rate for producing electricity and heat in 2016 and 2015is ¢ i s the amortization.
given in Table3. CF = 1000000000 + 160000000 =
Actual losses of electricity for own needs at the TP1 160000000 UAH/year
in 2016 were 7,25 % versus 7,26 % in 2015, while the  First, net present values are calculated according to

standard rate in 2016 was 7,35 %. the formula [16] (Table 5):

The reduction of actual electricity consumption for
own needs is caused by increasing the number of workii ZCE )
units from 2,27 in 2015 to 2,37 in 2016 and by increasin (L+r) @
the average load from 231 MW in 2015 to 234 MW ir,
2016. where CF, is monetary flows arranged by the years;

The comparative analysis of losses for own need ui
20161%:? gggr?olfng“ﬁnalgtlgblei&nses of electric power Lis the year in succession;
for own needs versus standard losses in 2016 is 4712 ths. 'Igecr;;:forihe first year, the net present value is
kW/h. . . | 160000000 456666661,
Let us consider the efficiency of the replacement of @+r) @1+ 0,15}
the outdated TPP boiler 312
in economic terms (Table 4).

r is the discounting rate (15%);

The net present value is caleted according to the A S &

formula:
Table 4.Characteristics of the boiler equipment of Ukraine and ZCF_
China NPV = -1, (3)
@+r)
Startu Power Efficienc
Boilers P capacity, 0 Y Country wherel is the amount to be invested;
year MW % ZCF
511 1 1 is the amount of net cash flows;
i +r
3124 1973 300 88,5 Ukraine (Z )
CF
bAsz | 2017 330 92,5 China er) =4 389 99925 (Table 5);

NPV=4 389 99925 4 000000000 = 389999 2 5 ¢ tc dz.
The total cost of new equipment is 4 000 000 000 In this case, NPV is positive.
UAH. The annual profit of the new power unit is The excess present value index is calculated
1 000 000 000 UAH. The effiency of a modern boiler is according to the formula:
92,5%, instead of 88,5% of the outdated one. After fou'r

300 MW units were replaced with four 330 MW units, Pl = ZCFi /1 4)
operating capacity of the power plant will be 3720 MW @+r) '
instead of 3600 MW.

The cost of fuel is considerably low due to libsv Then the excess present value index will be equal to

grade. Thus, a tonne of anthracite coal will cost 1,2(4 389 99925/ 4000000000=1,09.
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If the excess presmit value index is greater than 1,changing

Table 5.NPV calculation

the equipment

is an efficient

solution.

Amount to be Monetary flows, Net present value,

Years mtﬁs:'ed, UAH (CF) Net cash flows, UAH UAH (NPV)
2017 4000000 000 1 160 000 000 1 008695 652 -2 991 304 348
2018 1160000 000 877126 654 -2114 177 694
2019 1160000 000 762 718 830 -1 351 458 864
2020 1160000 000 663233 765 -688 225 099,3
2021 1 160 000 000 576 725 013 -111500 086,3
2022 1160000 000 501500 011 +389 99 925

I M s 4000000 000 6 960 000 000 4 389 999 925 +389999 925

Payback period (discounted) will last longer than 'boilers will significantly improve the technical and
but less than 6 years. The exact value can be calculatedeconomic performance of the power station, will reduce
the formula: social tension in the Donbass region by providing the

Payback period (discounted) = 5 + (remainingegional population with jobs, will improve the
investor debby the end of the 5th year) / net cash flow foenvironmental condition of the area [14]. Buildiniget
the 6th year. boiler will allow Ukrainian experts to improve their

Payback period =5 + 111 500 086.3 / 501 500 011 professional skills and acquire experience in the process
5.22 years. of constructing, designing, manufacturing and mounting

Therefore, in less than 6 years the company withe equipment as well as building.
fully cover the cost of equipment only at the expense of
buying lowgrade fuel.

The fuel component of the cost of electricity in 2016
was 69.9 kopecks / kW. After the implementation, this At the present stage, the thermal gyeof Ukraine
indicator will be far less. is in critical condition because of the deterioration of the

Despite the higher cost of mounting such boilemain technological equipment, the lack of manoeuver
equipment, CFB boilers have a number of advantagecapacity as well as the large environmental impact. This
First of all, they areenvironmentally friendly due to condition can be improved by upgrading equipment. Such
efficient multipolar electrical precipitation filters used forretooling shouldbe carried out using new boilers with
separating flue gases from solid particles, the efficiency circulating fluidized bed which are already used abroad
such filters is practically equal to 100%. and at some thermal power plants in Ukraine.

In addition, the boiler with CFB is economical as it This technology ensures high efficiency,
has a higher efficiency when operating on igmade environmental cleanliness, reliability and
energy fuels due to the fact that unburned fuel partickmanoeuverability of modern TPP3uch technology is the
are returned to the combustion chamber mixing with most promising method for reconstructing and building
new fuel delivery. It is important that the CFB technolog'new power units of thermal power plants.
enables using low quality fuel witligh ash content. It is worth noting that this technology enables

Thus, putting into operation new electric units wittburning coal together with peat and biomass, which is an
the capacity of 330 MW can improve the characteristics iinteresting and advanced techmicasolution for
the Vuglegirska TPP. implementing such projects in Ukraine.

Retooling the blocks according to the new
technology of burning lovgrade coal or mud coal in CFB

Conclusions
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N. CHUKHRAI, O. MRYKHINA

DEVELOPING TECHNOLOG IES ON THE BASIS OF KNOWLEDGE
TRANSFORMATION CHAIN S

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 amchnhological 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 ofrésedfetita
generation and dissemination of kvledge 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. Therefma,dhthe article is
to study the development téchnologies on the basis of knowledge transformation chains. To achieve the stated goal, a number of
taskshave been solved: the evolutionary development of approaches to understanding the concept of technology was studied as wel
as the concept of techlogy 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 transformatiomere identified. In the course of the scientific work, the followmgthods were applied: grouping
method, the method of structural and logical analysis, the methods of analysis and synthesis, graphical method. Thé conceptua
approach to understandingetlilevelopment 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 formatiorof 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 eftgete or ge
such effects itself. On the ba®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 €Chagigsions: the suggested
conceptual approach tenderstanding 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 paradigrartdféngir t
take into account th technologydriven market phenomena (in particular: synergy, convergence, diffusion of technologies,
multiplicative effect, spillover effect, ficr owdo senfulateddy , a
these phenomena

Keywords: technology, scientific and technical development, knowledge, knowledge transformation, innovation.

Introduction pradical interest of the modern economy is studying the

latest qualites and peculiarities of technology

Raising the level of the technology development on the basis of the evolution of knowledge.
intellectualization and reducing its life cycle are the
decisive factors of the current techwgic advance of the _ Analysis of literary sources and problem statement
leading countries of the world. The beginning of the IV
Industrial Revolution (Davos, 2016) gave rise to the  The works [2 - 12] of foreign and Ukrainian
world-wide revision of available approaches to generatinscholars study the issues of technology in the context of
and spreading technology. Global transformationiéechnological development and economic growth of
processes in thethnological sphere are characterized bma n ki nd . The concepts of
the synergistic interaction of digital, physical ancit echnol ogi cal devel opment o
biological technologies that lead to the changes in both ttechnology management are described in the works [13
character of technological progress and the approaches18]. Some aspects of predicting the technological progress
human development in general. This is emidfom the are highlighted in the works [123]. Technologies as
fact of the popularization of the concepts of creativsystem knowledge are studied in the scientific works [24
economy, Society 5.0 and other current economic 26, 30], and so on.
theories. Increasing the share of intellectual property as a Despite a significant number of scientific and
part of technology, developing artificial intelligence,practical studies, dueattention was not paid to the
raising the importancef intangible assets, peculiarities ofdevelopment of technologies in the context of current
the development of the consumer value of technologies features of the world technological progress caused by the
well as other events and phenomena actualize technolcintellectualization of technologies and the growth of the
in a new perspective. Knowledge and intelligence are role of knowledge. Scientists and practitioners widely
primary importance in the context of the concept declare the approach according to which the
framework of technology. transformation of knowledge that generates the chain of

A new value is created on the basis of the transfer knowledge advance is the driving force of the
knowledge embedded in the technologihe Global technological progress. At the same time, the main task,
Information Technology Report 2016f the World that is to study the nature of such transformatind
Economic Forum [1] emphasized the exponential growidetermine the tools of its management, is not practically
of the role of knowldge, materialized in high solved.
technologies, the leverage of their boosting, and so on. The factors mentioned above determined the subject
The technological progress is determined by the natuof this work, which is to describe the theoretical and
and speed of the transformation of knowledge embeddapplied principles of technology development on the basis
in them. That is why the task of the present scientific arof knowledge transfonation chains. The object of the
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research is the technologies in knowledge transformatiof technology in the context of scientific and
chains. technological development.
The fruitful relationship between scientific and
The goal and objectives of the research technological pogress and the increase of the social and
economic level of the mankind was proved by many
The goal of this scientific work is to study theneoclassical scholars. In particular, J. Condorcet [27]
development of technologies on the basis of knowledqoted that the progress of the sciences ensures the
transformain chains. To achieve this goal, a number cprogress of industry, which subsequently accelerates
tasks have been set and solved, particularly: 1) to stuscientific advances, and this mutual influence, whose
the evolutionary development of approaches taction is restored, must be recognized as the most
understanding the concept of technology; 2) to study tipowerful factor in the perfection of the human race. R.
concept of technology as a commodity; 3) to comsitie Solow [2] proved that the decisive factor of the economic
nature of technology which determines the peculiarities @rowth is not capital, as it was thoughtjt technological
its present progress in the chains of knowledgpProgress.
transformation; 4) to establish the determinants of the At this time, scientists testified that the development
concept of technology dictated by the chains cof technology and humanity takes place in exponential

knowledge transformation. interconnection.  Many  scientists  associate  the
technological development of the mankind with the
The materials and methods of the research growth of populatioraccording to hyperbolic dependence,

the essence of which lies in the general intellectual

Achieving the goal of the work determined the usProgress of people. _ N _
of the method of grouping, the method of structural and | N h i sPopwlationkGrofith and Technological

logical analysis, the methods of analysis and synthesChange: One Million B.C. to 1980 M. Kremer [
graphic method. combines two concepts that explain technological

progress, and shows the significantly deeper content of the
The results of the research process of technology development, in contrast to
available approaches. The first concept lies in the fact that

The concept ofechnology is a form of thinking that more people contribute to generating more ideas that

reflects the essential features of the technology. The te ENSUTE tgchnological progres%cc_ording to the secqnd .
fitechnol ogy 806§ ederaned @iineGeelek concept in the terms of Malthusianism, the population is

U0 3 & B8 o mn skill; & e oiqtere) to transfer) is Iimirt1ed| by i;‘fomes' and thﬁ income isb a fu;crt]ionk of
first mentioned in the English LogicalnEyclopedia in tﬁc no Or?yll n_y|r|10rease In the mcorllle 0 taln_e thanks to
1670, where it is inter pt e technological progress provokes an increase, Qf

concerning skillao. At pre populatior_1, vinich results in an inc_rease in thr_—z level ﬁ’f_n o
characterized by a wide range of application: technolocteChnOI(_)g'Cal development proportional to the increase in
describes the manufacture of products, process@EpUIst'on' ding f h ioned ab 3. Colli d
organizations, ando on; technologies are used to perforrrF]_ I’OCﬁe 'n95 rom the menélolsle Ka ove, J. L0 mshan
various tasks of a human life. Technologies are used in Is coaut ors [5] represente - Kremer approach to
spheres of economic activity understanding the nature of technglogevelopment as

' t hat .the feedback loop. The scientists developed a model of t

Despite the fact lationshio b h h of lati a
revealed the principles of the development of scientifif€ationship between the growth of population an
nological progress, where an additional elermehe

: e . ~tech
and technologidaprogress and its interconnection with_”" A o N T
gidaprog Ai nnovat i 0isaddedtthatrist theaham@cteristic

the economy (in particular, the industrial revolution of th ! . ! -
late XVII and early XIX centuries was analyzed), thEthat lead to generating ideas that dissolve the existing

classical economic analysis was based on the theory boundaries of technology. J. Collins and other scientists in
factors of production. The progress of scienaed [5] indicate that innovation potential can include 1Q, the

technology was mainly explained by the function oWiIIingness to invest in innovative technologies, the

capital. Little attention was paid to the study of the natuiParticipation in events V\_/here lavative technologies can
be introduced, risk and time advantages, and so on (fig. 1).

edg
09

ar X

Increasing a number of technologies contributes to the
growth of population

. Innovative Technological
Population . .
polential progress

Increasing a number of Increasing a number of
people means increasing a innovative people means
number of mutations 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 B&¢ebEr) [5]
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Taking into consideration the acegdtion of human a set of ordered smitific knowledge, technical,
adaptive evolution, as well as the fact that more peoporganizational and other decisions on the list, the term, the
will mean more mutations, natural selection has molorder and sequence of operations, production process, and
material that can be affected on. The increase in tl/ or marketing and storing products, providing services
number of people (and mutations) indicates that mutatio[28]. However, these features are not sufficieot t
that increase thénnovative potential of the population understand technology as a lever of the present
will happen more often and with a greater number. As titechnological development.
population grows, the speed of the innovative potential  Taking into consideration the fact that technology is
evolution increases. J. Collins and his-azghors give a driving force for capital formation, it involves creating a
notice that with the development of the popiat the new value that leads to various results. In particular,
relative contribution of the constant growth of thereducirg production costs in laboimtensive branches
innovative potential to the acceleration of the populatioand/or saving capital in capitadtensive industries can
growth will decrease. The constant increase of populaticcause a neutral effect during the simultaneous increase of
becomes the main driver of technological progress and both mentioned factors of production. In the context of
further enhancementlowever, this does not mean thatscientific and technological progig® technology is
the innovative potential is not important, as the level cconsidered both as an independent factor of production
the innovation potential continues exerting a significarand as a booster of production factors.
impact. The population with a higher index of the According to the UN methodology, technologies
innovative potential is characterized by a much faste x i st in Apure for mo, whi ch
demographic development. and techniques of production of goodsdaservices

The model, presented by scientists, explains tt(dissembled technoloypr as embodied technologies that
nature and spread of technology, but also raises neare embodied in machines, equipment, structures, products
questions. In particular, what impact is required fowith high technical and economic parameters, and so on
developing technologies and what are the areas tl(embodied technolody
impact can be made inrder to manage technological In the regulations of the World Intellectual Propert
development under the present conditons <«r gani zati on (Wl PO), technol
globalization? The answers to these questions can difiordered knowledge about the way of manufacturing
for various branches of technology, but it is obvious theproducts or providing services not only in industry but
researching in this sphere can suggest entirely new toolsalso in agriculture or trade, regardless the form this
affectthe processes of inventing innovative technologies knowledge is fixed in. This can be arvémtion, a utility

Understanding the nature of technology requiremodel, an industrial design, species of plant or technical
attention to their evolutionary progress during the secorinformation in the form of a certain set of documents, or
part of the XVIIIi the first part of the XXI centuries, s 0 me experience and skills
which was marked by changes in techigidal systems interpretation given by WIPO suggests a clear outline of
and industrial revolutions. At the early stages of humathe formsthat technology can acquire.
development, technology was not directly related to  The analysis the concept of technology shows that
science: on the one hand, the technology used scientithis term is often identified with the concept of
achievements (knowledge, methods, etc.), on the ottinnovation. At first glance, an innovation can be likened to
hand, most technologiedid not require a scientific basisa t echnol ogy since the term
for their application. The increase in the importance of tthnewly creded / applied and / or improved competitive
interaction between technology and science dates backtechnologies, products or services, as well as
the XVII century when science acquired considerablorganizational, technical, industrial, commercial, or other
development, which encouraged translating itsltesnto  significant improvements in the structure and quality of
action in the field of technology where these results magroduction and ( or) social sphere [30]. Bug @tudy of
a great progress. the concept of "innovation" suggests that it is based on the

The consolidation of the position of science, whictconcept of changes, which is a key function of any
establishes its primary role in the interaction betweeinnovation activity. In turn, technology is the body of
fiscienced and it echnol og yknowledge about the sequence of individual productow | |
century when the first Industrial Revolution is gainingoperations. Technologys an applied science of the
momentum. By the end of XX century. economists canmethods of transforming raw materials or séimished
to the conclusion that the level and dynamics of scientifproducts into a finished product [31]. Consequently, the
and technological progress are the main determinants concept of changes also lies at the bottom of the
the boundaries between highly developedntries of the technology. However, the technology is based on
world and developing countries. Technology as the basinnovation and islready areadjnade fAdata set
of scientific and technological progress become the baimplementation. An innovation is often just an idea or
for the sustainable economic growth of countries. Thproject that should be shaped up so that it can become a
transition from the industrial age to the presentechnology and is ready for further transfer.
information age enha&es the value of technology that Present approaches to the definitions of
stimulates its development at the same time. Atechnod ofydnawnati ond di ffer

According t o t he L a w which often causes scientific discussion. In a broad sense,
Regulation of Activities in the Sphere of Technologythe transfer of innovation means the transfer of innovative
Transfer o, technol ogy i s ideas. In particular, the authors of the work [32] considel a
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the transfer of innovations as thearsfer of formal According to J. Bernal, science appears as 1) the
knowledge in a concrete form that is ready for use or asinstitute; 2) the method; 3) the accumulation of traditions,
continuous flow of all types of innovations that involvesknowledge; 4) the factor of development of production; 5)
all participants in the innovative process and penetratthe most efficient factor in eveloping beliefs and
the entire system of relations between them. This is tlattitudes of a human being to the world. [33, p. 18].
proces through which communication channels and tools  Speaking of knowledge, the category of
spread innovations to the social system members. Aii nf or mati ono shoul d be ment i
objects are new or improved products and services aiminformation are the concepts that are in the relationship of
at solving social, economic and other problems. the unity and struggle of oppibes. The basis of such
The study of the c¢ont eopposition is the scientific knowledge, which a pessoni t
possible to state that despite a sufficiently wide range implements in science producing technology.
interpretations, it echnol o g Atechnological function resides in science because a s
ordered knowledge (technical and managerial) about hcof human cognitive processes. Scientists use information
to get the added value (upgraded or innovative producgathered with the helpf technology to explain one or
services, etc.) to meet man needs using a particularanother phenomenon, this contributes to generating
method (a set and sequence of operations, their modesscientific knowledge which subsequently becomes the
certain resources. The concept of technology is inherentbasis for a particular technology. Consequently, any
the human activity. At the same time, technology itechnology is based on the scientific foundation. From this
considered a branch of knowledge devoted to ttposition science is a factor in regulating scientific and
developmat and implementation of technology in the lifetechnological progress, as well as managing it.
of the society on the basis of applied and fundamental Science is the knowledge of the natural world, and
science. technology is the knowledge of the world of production.
From the point of view of the system methodologyBoth concepts are implemented in their closetimtahip,
technology includes invention, development anhowever, they are fundamentally different. Scientists
management. Technology is not a science (kndgé® cannot succeed in scientific work without relying on the
but it is closely interconnected with science. One of thgains of other scholars, on the collective memory of the
founders of the history of science, J. Bernal notes that itmankind. Consequently, science is an intersubjective
practically impossible to formulate the definition of thecategory which requirehé cooperation of many people.
concept of fAscienced and Proceedingfromthe above, the relationship of science antl h a t
some extentan bring the essence of science nearer technology can be represented in the following way
understanding. (fig.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 and, consequently, can become the basis for developing
obtained that becomes the basis for the development future technologies (this cycle is outlined in fig. 2).
technology. The developed technologies, in their turn, NESTA suggested reflecting the process of
stimulate generating new knowledge or methods for racquiring knowledge as the circulation of two routes
acquiring, which determines a new stific research, networks and markets (fig. 3).

Fig. 3. Knowledge acquisition via networks and markets [34]




