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IHlanoeni opysi!

Y cyuacnomy ceimi 3nauenns
NPOMUCTIOBOCH CKAAOHO
nepeoyinumu, aoxce came yell
CeKmop  BUPOOHUYMBA  BU3HAYAE
pisenv [ AKiCMb Jicumms Jiooetl.
Ipomucnosicme CMaHo8umy
HeBI0 '€MHY uacmuMy ceimoeoi ma
HAYIOHAILHOI eKOHOMIKU, OCKIIbKU
ye cuna, 30amua NpuBecmu 8 pyx
MEXHON02TYHI OOCHIONCEHHSL PI3ZHO20
cmynensi ckaadHocmi. Came 6 yro
chepy  nodcvkoi  OdianbHocmi 8
neputy uepey 6npo8adicyiomvcs 6Ci

HO8I  po3pobKu i 0OCACHEeHHS
HAYKOBO-MEXHIYHO20 npoepecy.
Iunosayiiinuti  pozeumox  6ce 8

Olnbwiil  Mipi  nepemeopoemMbCs 8

Tonoenuii pedaxmop sHcypHany,

Dear colleague!

In the modern world, it is
impossible to overstress the
importance of industry, because
this  sector of  production
determines the level and quality of
human life. Industry is an integral
part of the world and national
economy because this is the power
that can drive various
technological researches. This is
the sphere of human activity
where all new developments and
achievements of scientific and

technological progress are
implemented. Innovation
development is increasingly

becoming an important component

HAUBANCIUBIULY — CKIIAOO8Y  NPOYecy OOKIMOp MEXHIHIX HAYK, of the process of production
PO36UMKY  8UPOOHUYMEq, IHHOBAYIL] P quef:f'p development, innovation has
NepemeopunuUcs Ha  BUBHAYATbHUL Ceneneyy Barepiit Bacurwosut — pacome g determining factor in the
Gakmop  epekmusno2o  po3sUMKY Valery Semenetz effi_cient develqpment of industry,
npomucz.zoeocmi, a cmitike Chief Editor, Doctor of whilst sustamable_ economic
€KOHOMIUHe 3pOCMAaHHsL | CMBOPEHHs growth and creation of new

HOBUX KOHKYDEHMHUX nepesaz Cmae
MOJNCIUBUM — MIIbKU 3d  YMOBU Nepexody Ha
IHHOBAYIIHY ~ MOOelb  eKOHOMIYHO20 — PO36GUMKY.
Cneyugixa i yHiKanbHiCmMb HUHIWHBO20 emany
EeKOHOMIYHO20 pO36UMKY HNOJA2AE 6 MOMY, WO
NPOMUCTOBICMb  0d€ HANPSAMKU 1 OpieHmupu OJis
MeopemuyHUX 00CIONCEHb I, HABNAKU, MEOPEMUYHI
00CHIO0JCEHHS.  [HMeSPYIOMbCs. 8  NPOMUCTOBICHLb.
Taxum uunom, meopemuyHe 3HAHHA BUCMYNAC
BAJCIUBUM YUHHUKOM PO3BUMKY NPUKAAOHOI HAVKU §
nOOANbLUI020  BNPOBAOJNCEHHST  ii  0OCACHEHb Y
8UpoOHUYMB0. ToMy cbO20OHI K HIKOU BANCIUBUM §
yixasum cmae 0OMIH  OymKamu, 002080peHHs
OpuUciHANbHUX 10ell ma HempaouyiuHux nioxoodie 0o
BUDIULIEHHS MEeOPeMUYHUX | NPAKMUYHUX NPOOIeM.
Came ybomy u npuceauene Ho8e HAYKOBE BUOAHHA —
Hayxosuui ocypuan "Cywacnuii cmam HAYKOBUX
00Ci0JCEHb MA  MEXHON02I 8 HNPOMUCIOB0CHI".
Cninkyeanusi Ha CMOPIHKAX JICYPHATY O003801UMb
HAYKOBYAM mMAa BUPOOHUYHUKAM PI3HUX HANPAMIG
0OMiHAMUCS pe3yniomamamui odociodicetv,
cnpusimume YCNiUHOMY UKOHAHHIO HAYKOBUX podim
ma 301UdHCEHHIO HAYKU A 8UPOOHUYMEA.

3axnuxaro npedcmasHukie GupobHUYMEA ma
HAyKosyis, wjo npayioms aK Y mexuiunii cgepi,
Max t 6 2any3i eKOHOMIiKU, 00 aKMueHoi yuacmi 6
POOOMI HAWLO20 IHCYPHATY MA CNOOIBAIOCh HA NIIOHY
cnienpayio u 6adcaio YCnixie, HacHazu ma meopuoi
83AEMOOL.

Engineering, Professor

competitive advantages becomes
possible only if the innovative model of economic
development is actualized. The specific and unique
feature of the current stage of economic
development is emphasized by the fact that
industry provides directions and benchmarks for
theoretical studies, and vice versa, theoretical
studies are integrated into industry. Thus,
theoretical knowledge is an essential factor for the
development of applied science and for the further
introduction of its achievements in production
Therefore, interchanging views, discussing
original ideas and non-traditional approaches to
solving theoretical and practical problems are
becoming significant and interesting as never
before. And these are the issues the scientific
journal "Innovative technologies and scientific
solution for industries” focuses on. Scientific
discussions on the pages of the journal will allow
scientists and practitioners working in various
branches of science to exchange the results of
their studies, promote successful research work
and convergence of science and production.
I call scientists and  practitioners
engaged both in engineering and economics
for participation in the work of our journal

and hope for effective cooperation
and wish success, inspiration, and creative
interaction.
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V. BABENKO, E. ALISEJKO, Z. KOCHUYEVA

THE TASK OF MINIMAX ADAPTIVE MANAGEMENT OF INNOVATIVE
PROCESSES AT AN ENTERPRISE WITH RISK ASSESSMENT

The subject matter of the article is a discrete dynamic system that consists of an object whose dynamics is described by a vector
linear discrete recurrent relation and is affected by control parameters (managements) and uncontrolled parameters (the vector of risks
or interference). It is supposed that the phase conditions of the object, management actions and the vector of risks of the considered
dynamic system at any moment of time are constrained by given finite or convex polyhedral sets in corresponding finite-dimensional
vector spaces. The objective of the article is to model a task of adaptive management of an enterprise innovative processes (EIP)
under risks, which requires to complete the following tasks: to develop a software model of managing EIP under risks; to formalize
the task of optimizing the EIP adaptive management and general paradigm of its solving as a guaranteed result based on minimax
(optimizing a guaranteed result at a given final moment of time considering risks). In such a case, risks in the system of EIP
management are thought of as factors that negatively or even catastrophically affect the results of the processes considered in it. In
view of this, it is suggested to use the deterministic approach based of the methods of the theory of optimal management and dynamic
optimization. The result of the research is a recurrent algorithm which reduces the initial multi-step task to the implementation of
finite sequence of tasks of minimax software management of EIP. In turn, the implementation of each task is reduced to the
implementation of finite sequence of only one-step optimizing operations as the tasks of linear convex mathematical and discrete
optimization. The following conclusions are made: the suggested method makes it possible to work out efficient numerical
procedures that enable computer modelling the dynamics of the target task, developing adaptive minimax management of EIP and
obtaining an optimal guaranteed result. The results demonstrated in the work can be used for economic and mathematical modelling
and solving other tasks of optimizing processes of data prediction and management under the lack of information and under risks as

well as for developing corresponding software and hardware complexes to support efficient managerial decisions in practice.
Keywords: innovative process, economic and mathematical model, risks, dynamical model, optimization, process of

management, minimax adaptive management, guaranteed result.

Introduction

To achieve the set tasks under increasing
competition among Ukrainian enterprises leads to an
increase in the amount and complexity of production
processes, analysis, planning, management, internal and
external relations with suppliers, intermediaries, etc.
Effective implementation of tasks linked with these
processes is impossible without the appropriate economic
and mathematical modelling of managing an enterprise
innovative processes (EIP) as a computer information
system.

However, innovative activity in the process of
dynamic development of production relations cannot be
considered fully justified and adapted without using
modern approaches of economic and mathematical
modelling as an effective tool for theoretical processing
and practical generalization of mechanisms and tools for
managing the innovative activity of an enterprise that is a
complex, open, capable to self-organization and self-
development economic system with dynamically changing
nondeterministic and conflicting characteristics.

Modelling in EIP management provides for the
solution of tasks of software and adaptive control. The
result of the EIP software management is forecast values
for a certain prospective period of time. But when an
innovation process is introduced in each period of time,
the model parameters can change (technological processes
are compromised, financial indicators, types and suppliers
of raw materials change and so on). In addition, in order to
obtain a guaranteed result, the task of optimizing the EIP
software management under risks takes into account risks
that can lean to maximum losses. But risks that lead to a
maximum damage can affect a real process. In this case,
in order to take into account changes in the economic
environment and the current state of an innovation

process, the procedure for adapting the model to the
current conditions should be specified on the basis of the
results of the EIP software management. Thus, in order to
take into account the instability of the innovation process,
which is characterized by various "disturbances" as
changes in the current state of the production process and
the economic environment, an adaptive control model
should be developed, which enables correcting and
considering the dynamics of the main production
characteristics within the innovation process

It should be noted that the problem of economic and
mathematical modelling of the EIP adaptive management
under uncertainty and risks at enterprises have not been
solved yet by scientific researches that deal with the
problems of enterprise management, by various economic
and mathematical models and techniques for finding out
optimal solutions as well as by methods of business
process modelling; so this problem remains a burning
topic for researching.

Analysis of literature sources

A number of reputed Ukrainian and foreign
scientists deal with the problems of economic and
mathematical modelling of production and financial
processes, among them are: N.N. Krasovsky [1],
A.F. Shorikov [2], A.V. Lotov [3], A.l. Propoy [4],
A.V. Ter-Krikorov [5] and others. However, some issues
require further elaboration. So, at this stage, there are
practically no economic and mathematical models that
consider the specificity of production process dynamics,
and take into account the impact of risks while managing
innovative processes at enterprises and optimizing these
processes.

Research and solving the task of the EIP managing
requires the development of a dynamic economic and

© V. Bahenko, E. Alisejko, Z. Kochuyeva, 2017
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mathematical model that takes into account control
actions, uncontrolled parameters (risks, modelling errors,
etc.) and the lack of information. At the same time,
available approaches to solving similar problems are
based mainly on static models and stochastic modelling
apparatus to use which it is necessary to
know the probabilistic characteristics of the model main
parameters and special conditions for performing the
process under consideration. It should be noted that very
severe conditions, which usually are unachievable
beforehand, are necessary for using the stochastic
modelling apparatus.

Economic and mathematical models of such
problems are presented, for example, in [6—8]. This article
continues the studies presented in [9], the concepts and
notation that are introduced in it are used in this paper
without additional explanations.

Developing a generalized EIP management model
under risks

Let a multi-step dynamic system be considered for a
given integer time, 0,T ={0,1,...,T} (T >0); this system

consists of one controlled object — | (the subject of
management as it is managed by player P), whose motion
is described by a linear discrete recurrent vector equation:

x(t+1) = A(t)x(t)+B(t)u(t)+c(t)w(t)+ D(t)v(t),
x(0) = X,. 1)

Here te0,T-1, XeR" is the phase vector of

object I, which consists of N=n+m+2 coordinates for
the model of the EIP management [2],

that is  X(t) = (% (t), %, (£),err X (1), Y, (E), Y, (©), ., Y, (1),
Z(t),k(t)) €R", where, according to the notions in [2],
X(t) = (% (£), %, (t),..., X, (£))" € R" is the vector of amounts

of production residues stored at the warehouses of the
enterprise over the period of  time t;

y(t) = (y,(®), ¥, ()., ¥, () e R™ is the wvector of
amounts of residues of production resources stored at the
warehouses of the enterprise over the period of time t;

Z(t) is the enterprise total costs over the period of time t;
k(t) is the amount of available financial resources
accumulated before the beginning of period t; n,meN;

N is the set of all natural numbers; for ke N, R¥is K-
dimensional Euclidean vector space of column vectors,
even if they are written as a string for saving the space);

ﬁ(t)z(ﬁl(t),Gz(t),...,ﬁn(t))’eRﬁ is the vector of
innovative management of the intensity of production over
(te0,T-1), where each j-th
coordinate U;(t) is the value of the j-th production

the period of time t

amount (j el_n) constrained by the given restriction:

1) eV, =U, O R’ (FeN:p=n), (2)

U,, (t) is the finite set of vectors for each te0,T -1,
i.e. the finite set consisting of N, (N, € N) of vectors in
R", defining all possible implementations of different
management scenarios at the moment of time t;
W(t) = (W, (t), W, (), ..., W= (1))’ € R™ (M =m) is the vector
of intensity of replenishment of storage resources over the
period of time t (teO,T——l), which depends on the
permissible implementation of management U(t) € U, (t)
and must meet the following specified limit:

W(t) eW, (T(t)) =Wy, @) <=R™ (MeN:m=m); (3)
W, (T(t)) is the finite set of vectors for every moment of

time te0,T -1 and management ut)eU, (1), ie. the

finite set consisting of M (i) (M,(i)e N, ieLN, )

vectors in space R™, defining all possible realizations of
various scenarios of replenishment of the warehouse
resources at the moment of time t.

It is also assumed that for every te0,T -1, each
permissible  realization ~ of the phase  vector
X(1) = (%, (1), %, (1), .. X, (1), Yo (©), Y, (1), ... Vi, (1), Z (1), k(1)) € R",
meets the following phase constraint

X(8) = 0 () %, (1), ... %, (0), Yo 0), Y, (0),.., Y (1), Z1), K (D)) € X, (1) =
X; ()20, x;(0) =0, jeln;

_ Y20, y(0)=b, ielm; @)
k(t) 20, k(0)=G+G,=0;
Z(t)=0, Z(0)=0.
where G is the amount of financial resources of a bank
loan intended for investments to the expansion of

production within the initial period of management (when
t=0); G, is the amount of own financial resources,

deducted from net profit and directed to the
expansion of production (when t=0);

V(t) = (v(t),V'(t).V' (1)) eRYxR'xR" is the generalized
vector of risks (V(t) = (v, 1)V, (t),...,v,(t))" €eR" is the
vector of risks describing possible unfavorable
implementations of the vector of priori indefinite factors or

the vector combining the modeling error of the considered
process, affecting the release of a product unit over the

period of time t; V'(t) = (v (t),v;(t),...,V/(t))’ €R' is the
vector of risks that affects the state of a unit
of available resources over the period of time t;
V'(t) = (W), vy (t),...,v/ () eR" is the vector of
financial risks affecting a unit of total costs of the
enterprise over the period of time t; g,l,r eN) which
depends on the permissible implementation of the
management T(t) eU,(t) during the EIP management

over the period of time t (t<0,T —1) and must meet the
following specified limit:

(1) e V,(@(1) cR® (@eN:g=q+l+r). (5)
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Matrices A(t), B(t), C(t) and D(t) in the vector

equation (1) for the economic and mathematical model
describing the dynamics of the EIP management are real

matrices of orders (Mxn), (Mxp), (Axm) and (M=)

respectively, and such ones that for all t€0,T —1 matrix

a,t)y O 0
0 a,) .. 0
0 0 a,, ()
_ 0 0 0
At) = 0 0
0 0 0
(1) z,() 2,1
0 0 0
1 . 0
0 . 0
0 o ... 0
_ - b -b
B(t) — bll 12 (1,(n-1))
_b21 _bzz _b(Z,(n—l))
_bml _bmz _b(m,(nfl))
0 0 1
0 0
—Cyy Cp, Clq 0
—Cyy Cp, Clq 0
—Cn —Cp _qu 0
_ 0 0 0 -c
D(t) — 11
0 0 0 —c
o .. 0 -c,
o .. O 0
o .. O 0

It should be pointed out that for all te0,T -1 set
U, (t) in the restriction (2) is not empty and is the finite

set consisting of N, (N, € N) vectors of space R for
all te0,T -1 and vectors U(t) e U (t), set W (U(t)) in
the restriction (3) is not empty and is the finite set
consisting of M, (i) (M,(i))e N, iel,_Nt) vectors of
space R™; set X, (t), according to its definition (4) is not
empty and is a convex, closed and bounded polyhedron

(with the finite number of vertices) in space R": it is
assumed that set V,(U(t)) in the restriction (5) is not

A(t) is nondegenerate, i.e. there exists an inverse matrix
A™(t) corresponding to it, and the rank of matrix B(t)

equals p (the dimension of vector T(t) ).

For the considered EIP management process [2],
these matrices have the following specific form:

0 o .. 0 0 O
0 o .. 0 0 O
0 o .. 0 0 O
L@ o0 .. 0 0 0].
0 r,(t) .. 0 0 O
0 0 r.(t 0 0
P P (1) Pn() 1
0 0o .. 0 0 1
0 0 0 0 0
0 0 0 0 0
1 0 0 .. 00
- — 1 0 ... 0O
P ; C(t) = ;
-b,, 01 ... 00
by, 0 0 0 1
0 0 0
1 0 0 0 0
0 0 0 O 0
0 0 0 O 0
0 0 0 O 0
—C,, ¢, 0 0 0
—Cy, ¢, 0 0 0
—Cr, -, 0 0 .. 0
o ... O 0 o ... 0
o ... 0 -¢ -c —c/

empty and is a convex, closed, and bounded polyhedron

(with the finite number of vertices) in space RY.

Let us describe the information capabilities of player
P in the process of minimax adaptive (according to the
feedback principle) management of EIP for a discrete
dynamical system (1) — (5).

It is assumed that while managing EIP for any

moment of time 71T and the corresponding integer
time interval 0,7<0,T (0<7) up to the moment of

time z player P has measured and stored the following
values: X(0)=X,, i.e. the initial phase state of object I;

u() ={u()},_ 5. ie. the history of the implementation
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of player P management over the period 0,7;
w(-) :{V_"(t)}tgm’ i.e. the history of implementation of
the vector of the intensity of replenishment of the
warehouse resources over the period of time 0,7;
V() ={v(t)} ;= i-e. the history of the implementation of

the vector of risks over the period of time O_z' Equation
(1) and constraints for it (2) — (5) are also known.

The considered process of the EIP management is
estimated by the value of the convex functional
F:R" > R" defined at possible implementations of the
phase vector X(T)eR" of the system (1) — (5) at the final

moment of time T.
Then, for system (1) — (5) from the point of view of
player P the goal of optimal adaptive management can be

formulated as follows: for a given time interval 0, T

player P should organize management U(:) ={U(t)}, 57

(for all teO0T-1:U(t)eU,(t)) according to the
feedback principle (as the implementation of the minimax
adaptive strategy [1], [3], [4] from the selected class of

admissible adaptive strategies), using all the available
information about this process in such a way that possible

maximum value of the functional F defined on vector
X(T)eR" (where X(T) is the implementation of the phase
vector of object | at the moment of time T which
corresponds to management U (-) ) was minimal.

In this case it is assumed that the worst (largest)
values of functional F can be implemented with respect

to possible unfavorable realizations V(:) ={V(t)}_g= (for

all te0,T-1:V(t)eV,(U(t)) of generalized risk vector;

while the implementations W() ={W(t)}, 57 (for all

te0,T—1: w(t) eW,(U(t))) of the vector of the intensity

of the replenishment of the warehouse resources further P
player’s goals, i.e. their selection (according to player P)
is aimed at minimizing the functional F according to the
strategy he has selected.

Formalizing the task of optimization of the EIP
adaptive management

It should be noted that definitions and notations
which were introduced in work [2] are straightly used in
this section while formalizing and solving the task of the
EIP minimax software management since the considered
dynamic model (1) — (5) coincides with the model for this
task in [2].

To assess the quality of the EIP management by
player P under adaptive management in the dynamic
system (1) — (5) over a time interval, a vector
terminal  functional (the process quality index)

Fﬁ:(F%,F%,...,F%)) is introduced 7,T<0T

similarly to  the
work [2]. This

formalization  described in
functional is a collection

of r functionals of

G()xU(eT)xW (. Ta() =V (z,T;u() > R’
(k e 1,_r) implement the  set
9(2),TOW)V() €G(2)xU(z,T)xW (7, T;T()) x

(2, T:0()), where g(r)={zX(r)}e €G(z), their
values are determined by the following relation:

FO(g(), U)WV () = FY &+ (T; X(2), TOWO).V () =
— ) Lr
= ﬁ(x(T)), kelr, (6)

k
convex F& -
7, T

such as. to

where FTLkT) :R" > R! is the convex functional for each

kelr; X(T) =% (T; X(2), UO.WO).V()) -

On the basis of the wvector functional
_(ED £@ Ny ; .
Fs= (Fﬁ,Fﬁ Fﬁ) introduced by relation (6), to

assess the quality of the process of optimizing the
considered EIP management, the scalar objective function

F=(9(2), t().W().v()) is introduced; its values
for all admissible implementations of
9(2),TOWOT()) € G(2) xU (z,T)xW (z,T;0()) x
xV(r,_T;U(-)) over the time interval 7,7, where g(r)=
{rX(1)}eG(r), 00) =IO}, ;75 UOT),
W) ={WO} _ W (@T00), V0 =T O} 5 <V O.T:00),
are determined according to the following relation:

F+ (0, TOWOTE) = X 44 FL(0(2), TOMOT0) =
= 5 ph B Ko (T X(@, 70505 0) =
= % - FYR(T) = FR(T)).
vkelr: u >0, é,uk=1, @)

where X(T) =X_.(T; X(z), U(),W(),V()), and F is the
convex functional introduced earlier.

The objective function (functional)
F= (), U(),\W().v(:)) is a convex scalar convolution of

the vector functional F— = (F%,F%’,..

(r) . .y -
., Fﬁ) Jie. itis
formed according to the method of scalarization of vector
objective functions (e.g.[6]), with nonnegative weighting
factors 4, kelr, which can be determined, for
example, by expertise or on the  basis
of statistical information on the history of the
implementation of the main parameters of the considered
EIP management.
Assume that player P having selected management
u(t) eU,(t), te0,T -1 in the dynamic system (1) — (5)

for a given period of time 0,T (T >0) is under agreed

awareness conditions. Then, on the basis of stated above,
from the position of player P his goal in the task of the
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EIP minimax adaptive management for the dynamic
system (1) — (5) can be formulated as follows.

Player P over the period of time 0,T is supposed to
arrange  the  selection of his  management
U() ={T()},_7; (for all x te0,T-1 u(t)eU,(t)) of
object | in the adaptive mode (according to the feedback
principle) knowing his 7 — position g(t) ={t, X(t)} < G(t)
at every moment of time teOT——l so that functional

OT, determined by relation (7) when 7=0 has the
smallest possible value when the implementation of the

EIP management is completed. It should be taken into
consideration that the worst values of the vector function

V(-)eV(O,_T;LT(-)) can be realized, i.e. maximizing the
given functional, and the realization of the vector function
w() e W(O,_T;U () furthers player's P goal.

Then, using the above arguments and similarly to
[31, [4] the achievement of this goal of
player P can be formalized in the following way.

The permissible strategy of the EIP adaptive
management U, of player P for a discrete dynamical
system (1) — (5) over the time interval O,_T can be
mapping  U,: é(z‘)—)Ul(r) that  assigns  set
U, (9(7)) cU,(t) of u(r)eU,(t) management of player
P to each moment of time 7e€0T-1 and
to possible realization of 7 — position
9(7) ={r,X(2)}eG(z) (90)=g,). The set of all
admissible management strategies for player P for the
process considered through U is denoted.

Further, the group of motions of object | over the
time interval O,T , corresponding to the equation of
motion (1), the initial position Pgoz{O,io}eGA0 of
player P, the permissible strategy U, =U,(g"(t)) €U, ,
te0,T-1, g'(t)={t,X" ()} G(t), and the admissible

software  implementation of the intensity of
the replenishment of the warehouse resources

W) eW(OT;T,()), where T, () ={U,®)}_;+ cUQT)
any admissible management of player P over the time

interval 0,T generated by strategy U, will be called as
follows:

Vte0T, X'(t) = ﬁ(t;io,ﬁt O (% (),

g'() ={t.X’ ©}eG(0, 65,1, T O () =G(t), 9'(0) =9y,

0 () ={0(0)}, 5y V10T -LT ()€U, (@ ®).
W () ={W(D)}, 50 % O =V (D)}, ot

(8)

Then the following nonlinear multi-step problem of
the EIP minimax adaptive management for the dynamical
system (1) — (5) can be formulated.

Task 1. For the given time interval ﬁ (T>0) and
initial position g, ={0, Yo}eéo

discrete dynamical system (1) — (5), the strategy
of the EIP minimax adaptive  management

U =UP (1) eU;, g(t) ={t. X} eG(t), te0,T -1,
(9(0) =g,) , should be found, which meets the relation

F%a) _ Fﬁ (go ) U;e) ,V_V(),\T()) =

of player P in the

min max
wOew @70 ) vOv O T8 ()

min max
W)W (0.T;uy () T()V (0.T:u, ()

= min
1A
UaEUa

oz (05U, WOV() =

min N3 F(X(T)) =
W)W (0,73, () X(T)eX(T:0T,gg.U, ()

= min

U, euy
= J‘ax &) w® F(X(T)) :CI(:e’a) (O’T’ go) ’
X(T)eX(T:0T,gg Uz W ()

©)

as the realization of the finite sequence of only one-step

operations.
Here functional F(TT is determined according
to the relation (7); T,()={T,(1)}_ 5 <UOT) is

any admissible management of player P over the
time 0,T generated by strategy U,;

000 =i O}, ;7 UOT) s
management of player P over the time interval 0T
generated by the strategy U® .

The number ¢&¥(0,T,g,) = F.& will be called the

optimal guaranteed (minimax) result of the minimax
adaptive management of P player's EIP over the time

interval O,_T for the discrete dynamical system (1) — (5)
concerning its initial position g, and functional F= .

interval

any admissible

It should be noted that the above conditions for the
parameters of the system (1) — (5) and the results of works
[3], [4] demonstrate that there is the solution for this task.

Further, for any realizations of management

00() = {001}, ;v V10T 00 1) U WO (1)
of player P generated by strategy U® eU;,
vector W) eW(O,T;09())
V.()eVOT;a®(), for the
XO() =% (%, 00 OWY ()7, () €
X(50,T,g,,U, W ()) corresponding to it, on the basis of

relations (6) — (9), it is not difficult to show the validity of
the following equation:

For (@0, O ()., () =
= F 0y (T3 %, U Q.80 (0,7,00) = F& (M) <
<cf?(0T,9,)=F&” < F2=c(0T.0y),

for
functions and

group of motions

(10)
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where g, ={0X,}eG,; ¢®(0,T,g,) is the optimal
guaranteed (minimax) result of solving the problem of the
EIP minimax software management.

It should be noted that the relations (6) demonstrate
that the result of solving task 1 can only improve the result
of solving the task of the EIP minimax software
management, i.e. the EIP minimax adaptive management
is more promising in comparison with the minimax
software management for the considered process.

Thus, in this section we formalize the task of the EIP
minimax adaptive management for the dynamical system
1= ).

It should be noted that task 1 is the main one in this
chapter, but its formalization and solution are based on the
task of the EIP minimax software management [2].

General pattern for solving task 1

The general pattern for solving task 1 on the basis of
the results of [2] — [4] is suggested.

Using the solution of the task of the EIP minimax
software management considered in the previous chapter,

for all the moments of time 7€0,T-1 and all 7 -positions
g9 (0) ={z,x(9)}eC(x) (©®(0) =g, ={0%}G,)
of player P, where X©(7) =X~ (7;%,09().W"(),v()),
19()eUPOT.g®(0), W) eWOTa9() the
following sets can be developed:

U® (@ (2)) ={0®(z): 0@ () eVU,(r), 0¥(z) =u® (),
09()eU®(T,99(0), re0T -1,  (11)

where U®(7,T,9® (7)) is the set of minimax software
managements developed from the solution of the
corresponding task of the EIP minimax software
management considered in the previous chapter.
Then the management

U® =08 (g(7))eU;, 70T -1,

strategy

g(r) eG(7) (g(0) = g,) of player P for the considered
EIP minimax adaptive management in a discrete

dynamical system over the time interval 0,T from all
admissible management strategies U, is determined; it is
formally described by the following relations:

Forall 7e€0,T -1 and 7 - positions
g(e) (Z') Z{t, x© (T)} € G(Ov 9o 7, UT(E) (')N_er) ())
@®(0)=g,) assume that
UP (@9 () =0 () cU(7) .
Forall 7€0,T—1 and 7 -positions

0'(7) = {r. X (I}e
{6(1\6(0, 05, 7,0 OF ()} (@' (0) # Go) assume

(12)

that U®(g"(r)) =V, (2),
000 ={T" Ok T70UPOT.60):
W0 () = O 0 WO eWOTTO0),

Let TP0)={TP 1} 75 <UOT) be the
realization of the management of player P over the time

(13)

where

interval ﬁ which is developed as a result of using
strategy U® €U’ over this interval of time, and the
realization of vector functions W®()eW (0,T;0®())
V()eV(0T). Then, for (T —1) -position
g (T -1) ={T -1, X (T 1)} G(T -1) of player P
(here  XO(T-1))=%+ (%,00 (), W2 ()., (),

which corresponds to these realizations, the following
relations are true

and

CE(0,T,9p) = Fiz (90, 0 () (). () =
= Py (0P (T -0, 09 (T -1, W (T -D).V(T -1) <

a

<F (0 (T-D),02(T )W (T -V (T -1) =

a

= max

v(T-Dev (T1T:0® () :

< max
OEVCRIIO)

On the basis of the results of [2] — [4] and relations
(11) — (14), the following statement, which is the main
result of this paper, can be justified.

Statement 1. For the given initial position

g(O):gO:{O,XO}eCASO of player P in the discrete
dynamical system (1) — (5) the strategy of the EIP
management U® €U over the period of time 0,T

which is determined by relations (11) — (13), is the
minimax adaptive management strategy for task 1, i.e.

For @0,0 O Ov() <cE¥ (0T, g,) <c(0.T,g,)

Frr (00 (T =D, 07 (T -1),W (T -),V(T -1)) <

(14)

U®=U® eU. and number ¢*(0,T,g,) are the
optimal guaranteed (minimax) result for this task, i.e.
&e)(0,T,g,) <c&¥(0,T,g,) , which corresponds to the
implementation of this strategy over the period of time

0,T for the considered EIP management, and both these

elements are developed by implementing the finite
sequence of only one step operations.

Thus, for the organization of the EIP minimax
adaptive management, i.e. the solution of task 1 in the
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selected class of admissible adaptive management
strategies, the recurrent algorithm that reduces the initial
multistage problem to the realization of the finite
sequence of tasks of the EIP minimax software
management is suggested.

In turn, the solution of each of these tasks is reduced

optimization operations as solving the tasks of linear and
convex mathematical programming, as well as discrete
optimization (e.g. [3], [4]). Then it can be stated that the
solution of the considered task 1 is reduced to the solution
of the finite sequence of tasks of linear convex
mathematical programming and discrete optimization.

to the realization of the finite sequence of only one-step
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3AJAYA MIHIMAKCHOTI'O AJJAIITUBHOI'O YIIPABJITHHS IHHOBAIIMHAMHA
IMPOOECAMM HA IIIAIIPUEMCTBI 3 YPAXYBAHHAM PU3UKIB

IIpeameToM IOCTIKEHHS CTATTI € JUCKPETHA TUHAMIYHA CHUCTEMa, IO CKIANAEThCS 3 00’€KTa, NUHAMIKA SIKOTO OIUCYETHCS
BEKTOPHUM JIIHIHHUM JUCKPETHHUM PEKYPEHTHUM CITIBBIIHOIICHHSM 1 CXWUJIbHA JIO BIUIMBY KEPOBAaHHMX MapaMeTpiB (yHpaBiiHb) i
HEKOHTPOJBOBAHOTO TMapaMeTpa (BEKTOpYy PU3HKIB a0 mepemkoan). [lepenbdadaerses, o ¢Ga3oBi cTanu 00’ €KTa, KePyrOUi BIUIUBH Ta
BEKTOP PM3HUKIB AUHAMIYHOI CHCTEMH, IO PO3TJISIAETHCS, B KOKEH MOMEHT 4Yacy OOMEKEHI 3aJaHUMHU KIHIEBHUMH a00 OMYyKIUMHU
0araTorpaHHUMU MHOXKMHAMH B BiANOBIZHMX CKIHYCHHOBUMIPDHHUX BEKTOpHUX mpocropax. Lyuio crarrti € MopemoBaHHS
aJanTHBHOTO YIPABIIHHS IHHOBamiiiHUMH mponecamu mianpuemctBa (II1I1) mpu HasSBHOCTI PHU3MKIB MO0 BHMAara€ BUKOHAHHS
HACTYITHUX 3aBJaHb: (OpMyBaHHs Mojeii nmporpamHoro ynpasiinss II1I1 mpu HasBHOCTI pU3KKiB; GopMaizaris 3axadi onTHMI3aLil
agantuBHOro ymnpanmiHHs IIII1 Ta 3arampHOi cXemu 11 BUPINICHHS y BUTIJISIII TapaHTOBAHOTO PE3yJNbTaTy HAa OCHOBI MiHIMakca
(omruMizamii rapaHTOBaHOTO Pe3yJbTaTy) Ha 3aJlaHUH (QiHAIBPHUI MOMEHT 4acy 3 ypaxyBaHHAM HasiBHOCTI pu3HKiB. [Ipu oMy mixg
pusukamu B cuctemi ynpasiinas IITIT Oymemo po3ymitu ¢dakTopH, sSKi BIUIMBaIOTh HEraTMBHO a00 KaTacTpo(iyHO Ha Pe3yJbTaTh
PO3MJISIHYTUX B Hil MPOIECIB. 3 €0 METOI IPOIMOHYEThCS BUKOPUCTOBYBATH ACTEPMIHOBAHMH IIAXiJ HAa OCHOBI METOMIB Teopil
ONTHMAJBHOTO YIPABIIHHA Ta JUHAMIYHOI onTHMi3aiii. Pe3yjbTaToM HOCITIDKCHHS € PEeKYPeHTHHUH aaropuTM, SKHUH 3BOJIUTH
BUXiJJHE 0AaraTOKpOKOBE 3aBJaHHA A0 peajizamii KiHIIeBOI MOCIiOBHOCTI 3aBJaHb MiHIMAaKCHOTO mporpaMHoro ymnpasminas 11 Y
CBOKO 4epry, pIlICHHsS KOXXKHOTO 3 TaKWX 3aBlIaHb 3BOJUTHCS O pealizaiii KiHIIEBOI IOCITIIOBHOCTI TUIBKH OJHOKPOKOBUX
ONTUMI3aliHIX omepaiid B (opMmi BHPIMICHHSA 3aBAaHb JIHIHHOTO OIYKJIIOT0 MATEMAaTHYHOTO IMPOTPaMyBaHHS Ta IHCKPETHOL
onrtuMmisaiii. BUCHOBKHM: MPOTOHOBAaHUN METOJ Ja€ MOXJIMBICTh PO3POONATH €(PEKTHUBHI YHCENbHI MPOLCAYPH, IO JTO3BOJSIOTH
pearizyBaTH KOMIT'FOTEPHE MOJICITIOBAHHS TUHAMIKU PO3TJLTHYTOI 3a1adi, chopMyBaTH aJanTUBHE MiHiMakcHe yrpamiaas IT1IT Ta
OTpUMaTH ONTHMAJIBHUN rapaHTOBaHMUN pe3ynbraT. [IpencTariieHi B poOOTI pe3yIbTaTH MOXYTh OyTH BUKOPUCTAHI I €KOHOMIKO-
MaTEeMaTUYHOTO MOJICJIIOBAHHS Ta BUPIIICHHS 1HIIUX 3aBJaHb ONTHMI3allil MPOLECiB MPOTHO3YBAaHHS JaHUX 1 YIIPABIIHHSA B YMOBaX
nedinuty iHGOpMaIii Ta HASBHOCTI PU3UKIB, a TAKOXK U1 PO3POOKH BiAMOBITHIX MPOTPAMHO-TEXHIYHAX KOMILIEKCIB IS i ATPUMKH
MPUAHATTS e()EKTHBHUX YMPABIIHCHKUX PIlICHb HA MPAKTHULIL.

Karwouogi ciioBa: iHHOBalIitHUN MpoOIEC, CKOHOMIKO-MaTeMaTHYHA MOJICIb, PU3UKH, JUHAMIYHA MOJICNb, ONITUMI3allisl, IPOIIeC
YIpaBIIiHHS, MIHIMAKCHUN aJaliTABHUN MEHEIKMCHT, TapaHTOBAHUI pe3ybTart.

3AJAYA MUHNUMAKCHOTI'O AJAIITUBHOI'O YIIPABJIEHUA
NHHOBALIMOHHBIMHU ITPOUECCAMMU HA ITPEJAIIPUATUU C YYHETOM
PUCKOB

IIpeqvMeToM HcciIemOBaHMs CTAaThU SIBISICTCS JUCKPETHAs JUHAMHUYECKash CHCTEMa, COCTOSIIAs M3 O0BEKTa, AWHAMHKA KOTOPOTO
OIUCHIBACTCSI BEKTOPHBIM JIMHEHHBIM JUCKPETHBIM PEKYPPEHTHBIM COOTHOIICHHEM | MOABEPXKEHA BIMSIHUIO YIPaBISIEMbIX
napaMeTpoB (yIpaBlICHUH) W HEKOHTPOJIUPYEMOTO Tapamerpa (BEKTOpa PHUCKOB Wik ToMmexw). IIpemmnosnaraercs, 4Tto (ha3oBbie
COCTOSIHUSI 00BEKTa, YMPaBIAIOMINE BO3JCHCTBUS M BEKTOP PHUCKOB PACCMATPUBAEMOHN JTHHAMHUYECKOH CHCTEMBI B KaXbI MOMEHT
BPEMEHH CTECHEHBI 3aJaHHBIMI KOHEYHBIMH FJTH BBIMTYKJIBIMH MHOTOTPAaHHBIMHA MHOXKECTBAMH B COOTBETCTBYIOIIMX KOHEYHOMEPHBIX
BEKTOPHBIX TpocTpaHcTBax. LlesIbI0 CTaThbM SBIAETCS MOJACNHPOBAHME 3aJadll aJANTHBHOTO YIPABICHHS WHHOBAIIMOHHBIMU
nponeccamu npexnpuatus (MIIIT) npu Hammamu pucKoB, 9TO TpeOyeT BHINOIHEHHE CIEAYIOMHMX 3aAad: (OpMHPOBAHHE MOIEITH
nporpammuoro ympasienust UIIIT npu Hamuyauu puckoB; Gopmain3anys 3aJaddl ONTUMH3ANWK aganTuBHoro ynpasnenus WUIII n
oOIell cXeMbl ee pelleHHs B BUJE TapaHTHPOBAHHOTO pe3ysbTaTa Ha OCHOBE MHUHMMakca (ONTHMH3ALMH TapaHTHPOBAHHOTO
pe3yiabTaTa Ha 3aJJaHHbIA (UHANTBEHBI MOMEHT BPEMEHH C y4eTOM HaJIN4us pUCKOB. [Ipu 3TOM MO pHCKaM¥ B CHCTEME YIPaBIICHUS
WIIIT Gynem moHuMaTh (hakTOPBI, KOTOPHIE BIMSIOT HEraTUBHO MM KAaTacTpO(UUECKH HA Pe3ysIbTaThl PacCMaTpPHBAeMBIX B HEM
nporneccoB. C 3TOH Henmbio MpeIaraeTcs NCIOIb30BaTh JETePMUHHPOBAHHBIM MOAXO Ha OCHOBE METOA0B TEOPHH ONTHMAILHOTO
YTpaBIeHHUs W AUHAMHYIECKOH ONTHMH3AINH. Pe3yabTaToM HCClIeOBaHUS SBISETCS PEKypPEHTHBIH alrOpPUTM, KOTOPBIH CBOAUT
HCXOAHYIO MHOTOIIIArOBYIO 33/1ady K peaTM3allii KOHEUHOH MOCIeI0BAaTeNbHOCTH 3ajad MUHIMAKCHOTO NTPOTPAaMMHOTO YIIPaBICHUS
HUIIII. B cBoro ouepenb, pelieHHE KaKIOW M3 TAaKMX 3ajad CBOJMTCA K pealu3allid KOHEYHOHN IOCHeI0BaTebHOCTH TOJBKO
OJTHOIIIArOBBIX ONTHMHU3AIMOHHBIX ONlepanuii B popme pemeHus 3a1a4u JMHEHHOT0 BBITYKIOT0 MaTeMaTHYECKOT0 IPOrPaMMHUPOBAHHUS
U JUCKPETHOH onTMMHu3anuy. BBIBOABI: mpeanaraeMblii MeTO]| JaeT BO3MOXKHOCTH pas3pabarbiBaTh I(P(EKTHBHBIC YHCICHHBIS
MIPOLIETYPhI, MO3BOJIIONINE PEeajn30BaTh KOMIIBIOTEPHOE MOJCIMPOBAHNE IAWHAMHUKH paccMaTpuBaeMoi 3anauu, chpopMHpoBaTh
ajanTUBHOE MUHHUMakcHoe ynpasnenue MIIIT u momy4nTs onTHMAaNBHBIH TapaHTHPOBAHHbIH pe3ynbTat. [IpencraBieHHble B paboTe
pe3yabTaThl MOTYT OBITH MCIIOIB30BAHBI AT YKOHOMHKO-MAaTeMAaTHIECKOTO MOJAETHPOBAHHS U PEIICHHUs APYTUX 3a1ad ONTHMH3AIIN
MIPOIIECCOB MPOTHO3MPOBAHMS JAHHBIX M YNPABICHHWS B YCIOBUSAX AeHIMTa WHPOPMAIMM W HAIMYHA PHUCKOB, a TAaKXKe IS
pa3pabOTKH COOTBETCTBYIOIINX MPOTPAMMHO-TEXHUUECKUX KOMIIIEKCOB JUIS TTOMACPKKH TPHHATHS 3P PEKTHBHBIX YIIPAaBIEHUSCKIX
pelIeHuii Ha MPaKTHKE.

KirodeBble cj10Ba: WHHOBALIMOHHBIM MPOLIECC, 3KOHOMHKO-MaTeMaTH4yecKas MOJAENb, PHCKH, JIHUHAMHMYECKas MOJEb,
ONITUMM3aNMA, TIPOLECC YIIPABJICHNUSA, MUHUMAKCHOE aIalITUBHOC YIIPABJICHUE, FapaHTI/IpOBaHHHﬁ pe3yiibTart.
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UDC 004.9
V. BESKOROVAINYI, G. BEREZOVSKYI

ESTIMATING THE PROPERTIES OF TECHNOLOGICAL SYSTEMS BASED ON
FUZZY SETS

The subject of the research in the article is the process of evaluating the properties of technological systems at the stages of their
design and reengineering. The goal — to improve the efficiency of procedures for multi-criteria evaluation of options for constructing
technological systems using the apparatus of fuzzy sets. Objectives: to search for new or modification of known functions of
belonging to fuzzy sets "the best variant of building a technological system" by particular criteria in the direction of reducing the
complexity of procedures for calculating their values; perform a comparative analysis of the temporal complexity and accuracy of
approximation of the preferences of the decision maker with the help of monotonic membership functions; give recommendations on
the practical use of monotonous membership functions in decision support systems. Common scientific methods are used, such as:
decision making, utility theory, fuzzy sets and identification. The following results are obtained. The article presents the model of
preferences of the decision-maker developed by the authors for evaluating individual properties of technological systems using the
membership function of fuzzy sets, which allows to realize both linear and nonlinear (convex, concave, S-shaped and Z-shaped)
criteria. The carried out experimental research has revealed its advantages in terms of accuracy and time complexity in comparison
with the functions of Gauss, Harrington, logistic function, gluing of power functions and their modifications. Methods are proposed
that reduce the time complexity of procedures for calculating the values of membership functions. Conclusions. As a result of the
analysis of known membership functions for fuzzy sets, it has been established that they do not adequately reflect the preferences of
the decision-maker for the characteristics of systems close to extreme values and have a relatively high computational complexity.
The proposed membership function and its calculation method make it possible to increase the adequacy of multifactorial estimation
models and significantly reduce the time complexity of procedures for calculating its values. Practical use of the proposed
membership function in the support systems for the adoption of design and management solutions will make it possible to obtain
solutions of the problems of multifactor estimation and choice of a much larger dimension or with less expenditure of computing
resources practically without loss of accuracy.
Keywords: technological system, quality criteria, multicriteria optimization, fuzzy set, membership function.

Introduction X ={x}of admissible X  X* or efficient variants

X < X© for developing the system; for example, a
decision maker can determine the binary relations of strict
preference R (X ), the preference-indifference relation

Rys( X') or equivalence R_(X):

Modern technological systems are difficult
complexes of functionally interconnected means of
technological equipment, items of production and actors
for conducting specified technological processes or
operations under regulated production conditions. Their
efficiency is largely determined by decisions made in the
process of their designing or reengineering [1].

Processes of designing and reengineering of
technological systems assume the solution of a set of
interrelated problems of structural, topological and
parametric optimization. These tasks belong to the NP-
complex class and are solved in conditions of incomplete
information according to a set of functional and cost
indicators (particular criteria of efficiency). The best
solution from a set of efficient ones can be selected by a
decision-maker only in the simplest situations [2].
Otherwise, to automate the procedures for estimating
project solutions, additional information about the utility
of different values of formalized properties of decisions is
necessary (particular criteria) [3].

Ro(X) ={< %, %; > X, X, € X, X =X}

RO(X )X =X ==X ; @)
Rus (X)) ={<x.,%; >0 %, X, € X, X 7 X}

REG (X)X 2% J w0 @
Re(X)={<x.X; > X%,%X € X, X ~X; };

Re (X)X ~X ~ X, 3)
Within the cardinal approach, preferences are

determined by attributing some value P(x), that is

interpreted as its utility or value, to each of the alternatives
X € X . The utility function that is common according to a

set of indicators P(X) determines the appropriate order
(preferences of a decision maker) R(X) (1), (2) or (3).

technological systems as well other anthropogenic '€ _value of the argumentx” e X , corresponding to the
systems is based on the theory of multicriteria ~maximum of general utility function P(X), corresponds
optimization [4-6]. It is based on mathematical models to the best variant of the technological system

Analysis of the current state of the problem

The methodology of solving tasks of optimization of

and methods of utility theory. Two main approaches to
estimating the quality of system variants are used, that is
the ordinal and cardinal ones.

Within the ordinal approach a decision-maker
establishes the procedure "better-worse” on the subset

development.
The pattern for solving the task of multicriteria
selection within the cardinal approach is presented as:

S>A->0ptG—>x°, 4)

© V. Beskorovainyi, G. Berezovskyi, 2017
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where S is the situation of multicriteria selection; A is the
axiomatics of multicriteria selection, which is a set of
axioms that determine the pattern of compromise (the
principle of ordering solutions); Opt G is compromise

pattern P(x)); x° is the best variant for developing a

technological system [3].

A decision-maker or a group of experts determine
the principle of ordering decisions A grounding on
heuristic considerations. Currently, the apparatus of fuzzy
sets theory is used to develop a scalar estimation on a set

of partial criteria k; (x), i=1m (where m is a number of

partial criteria), representing the most important properties
of the technological system [3, 7]. In this case, the fuzzy
set adjective "the best variant of developing a
technological system" is used as the general utility
function P(x).

The fuzzy set adjective "the best variant of
developing a technological system™ can be represented as
a set of ordered pairs:

"The best variant of developing
a technological system" = {< x, P(x) >},

where x e X is a variant of system development; P(x) is

a degree of the fuzzy set adjective "the best variant of
developing a technological system".

The most universal function among the ones for
multifactor estimation is the function developed on the
basis of the Kolmogorov -Gabor polynomial [3]:

P(x)= ZAS(XHZZ 5 (X)5 (x)+

i=1l j=i

222 A& ()E ()G (X) +..., ()

i=1 j=i I=j
where A4, 4;, 4; — weight coefficients of partial criteria
and their products; &(x),&;(x),&(x) — utility functions

of partial criteria k;(x),k;(x),..., kj(x).
The utility functions of partial criteria
&(X),&;(x),&(X) in this case are considered as the

fuzzy set adjective "the best variant of developing a
technological ~ system™  according to  particular

criteria ki(X), Kj(X)ery ki(X). They map

&k (x)—E', i=1m, and should be universal and
well-adapted to considering the peculiarities of specific
situations of multicriteria selection [3]: they should be
monotonous and dimensionless; have a common change
interval (from 0 to 1); be invariant to the extremum of a
particular criterion (min or max); enable implementing
both linear and non-linear dependencies on the
characteristics of options for developing systems.

In the practice of multicriteria optimization the
mostly wide-spread functions are membership functions
[3, 8-10]:

é(X)Eé(ki(X)){%] (6)

where k(x), k", k= is the value of the i-th partial
criterion for the variant x, the best and worst values of the
i-th criterion, i=1,m; o; is a parameter determining the
variant of the dependence (¢; =1is linear, O0<¢; <1 is
concave, ¢, >1 is convex).

The disadvantage of the function (6) is the
impossibility of implementing S- and Z-shaped
dependencies on the values of the particular criterion,
which more adequately represent the situations of making
project optimization solutions. In particular, power
functions sewing from [7] and [11], the Gaussian function,
the Harrington function, the logistic function, and their
modifications do not have such drawback [12].

The experimental study of the utility functions of
particular criteria used in practice [12] showed that: the
procedures for selecting their parameters have a linear or
quadratic time complexity with respect to a number of
approximation nodes and take from several hundredths to
tens of seconds; power functions sewing from [11] has
several times greater accuracy of approximation of a
decision maker’s estimations than other functions.

The main disadvantage of these functions is a
various degree of approximation of their values to the
boundary values (0 and 1) with the approximation of the
normalized values of the particular criterion to the

extremal values k' =1, k7 =0, i=1Lm. This reduces

their capability to differentiate the utility of different
values of the particular criterion. To avoid this

disadvantage the ordinates k;(X), i=1,m should be
scaled, which, in turn, increases the computation time of
the membership function &(x), i=1,m.

The conducted analysis and the review of literature
sources on the topic of the study [1-12] showed that
nowadays there remain some unexplored problems of
evaluating the time complexity of procedures for
calculating the values of utility functions of partial
criteria. Their preliminary analysis shows that the
computation time basing on them can differ by several
times. Taking into account the fact that the tasks of
structural, topological and parametric optimization of
technological systems suggest, in the worst case, the

analysis of the variants of the 2" order (where n is a
variable that determines a number of structural elements,
variants of topologies or parameters of the technological
system), the search for new functions or the modification
of available ones are required in order to reduce the
complexity of calculating their values.

The goal and objectives of the study

The goal of the research is to increase the efficiency
of multicriteria estimation of the properties of
technological systems at the stages of their designing and
reengineering using the apparatus of fuzzy sets.

To achieve this goal, it is necessary:

- to search new monotonous fuzzy set adjectives "the
best variant of developing a technological system" or their
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modification according to particular criteria for reducing
the complexity of their values calculation;

- to make a comparative analysis of time complexity
and accuracy of approximation of a decision maker’s
preferences for available and suggested monotonous
membership functions;

- to give recommendations about the practical use of
monotonous fuzzy set adjectives "the best variant of
developing a technological system™ according to private
criteria.

Study materials

Dependencies representing the change in the utility
of the values of certain technological properties, like other
anthropogenic systems, on the values of their criterion
estimates are monotonous: S-shaped for particular criteria
k(x) >max and Z-shaped for particular criteria

ki(x)—>min, i,je[1,...,m] (where m is a number of

partial criteria). In this case, by normalizing the values of
particular criteria (regardless their type), all membership
functions can be reduced to S-type [3]:

K(x)—k~

Ji=1m, 7
k' —k )

k(x)=

where k(x), k™, k™ — the value of the particular criterion

for the variant x, the best and worst values of the criterion
k(x).

Power functions sewing from [7] and functions (6)
[11], the Gaussian function, the Harrington functions,
logistic function, and their modifications belong to the
utility functions of partial criteria (as a fuzzy set adjective
"the best variant"), that describe a decision-maker’s
estimations in the most accurate way and are widely
accepted in practice [12].

Let us represent the listed functions using the
normalization of the form (6):

- the Gaussian function [12]:

(k(x)-1)
=

§(X)=exp{ (8)

where ¢>0 is the parameter, defining specific type of
dependencies;
- the logistics function [12]:

L , ©)
_(k(x)—a)}

s(x)=

1+exp{ b

s(x)=

5+(1—5)~(b2+1)-{1

5-(b1+1)-[1—(b1 / [b1+@]JJ, 0 <k(x)<Ka;
Ka
—(bz /(b2 +MDJ Ko <k(x)<1,
1-ka

where a is the abscissa of the inflection point; b is the
parameter, defining the type of dependencies;
- the Harington function [12]:

fx)=ep{-ep[(g-k)-a)]},  @0)
where g is the parameter of nonlinearity; a/g
determines the inflection point;
- the modified Gaussian function [12]:
k(x)—1)
£ exp{—%} , (1)

where C€>0 is the parameter defining the form of
dependence; « is the parameter determining the type of
nonlinearity;

- power functions sewing [11]:

E-FSX)J - 0 <K(X)<Ka;

Ka
(12)

5+(1—5)-[M] . ka<k(x)<1,

a

where ka , a — are normalized values of the coordinates of
the point of sewing function, 0<ks.<1, O<a<1;
oy, a, —are the coefficients that determine the form of the

dependence on the initial and final segments of the
function;
- power functions sewing based on the function [7]:

2pt -[R(x)]" ,
&(x)= 1—2"1«{0'5_E(X)

0<k(x)<05;
(13)

p
. 05<k(x)<1,
0.5 } ()

where P

dependence.

Functions (8) —(13) greatly change their values at
the entrance to the dead bands (when the partial
characteristics of the system approach to the worst and

best values, i.e., k(x)—0 and E(x)—>1. This can lead to

significant errors in determining the properties of
technological systems according to specific criteria and
have a significant effect on the error in calculating the

quality of options for their development as a whole P(x)

(5).

To overcome these drawbacks, sewing function (12)
should be modified by using fractional-linear functions
instead of power functions:

is the parameter defining the form of

(14)

where b, , b, are the coefficients that determine the form of the dependence on the initial and final segments of the

function.
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The suggested modification of sewing function (14)
substantially reduces the dead band of membership

function, thereby widening the region of the estimation
model adequacy (fig. 1).

a — function (12)

b — function (14)

Fig. 1. The components of sewing the utility functions of particular criteria for different values of ¢, @, and b, b, parameters

To reduce a number of operations that are required
while calculating the values of function &(x), it is
suggested to use a single preliminary calculation of their
parts that do not change when the values of the particular
criterion change E( X).

The values of the functions (8) - (14) transformed to

reduce the computation time are represented as:
- the Gaussian function (8):

£x)=exp[ z-(k(x)-1) ], (16)
where z=-1/c;
- the logistics function (9):
E(x)= : )
1+exp[zl—z2 -E(x)] ’
where z, =a/b; z,=1/b;
- the Harrington function (10):
fx)=opl-ep[(a-g-kC)) ], @8
where g - is the nonlinearity parameter; a/g -
determines the inflection point;
- the modified Gaussian function (11):
&) =exp[ z,(k(x)-1)* |, (19)
where Z=-1/C: 7 =2.4;
- power functions sewing (12):
z,-[k(x)1%, 0<k(x)<Ka;
s(x)=1_" o _ (20)
a+z,-[k(x)—ka]™, ka<k(x)<1,

ay a2
-1 = 1
where z, =a-|=| , z,=(1-a)- — :
1 (k] -2y |

- power functions sewing (13) based on the function

[7]:
z‘[E(x)Jp , OSE(X)SO.S;

&(x)= v
1_2_{0.5—k(x)
05

P B (21)
} , 0.5<k(x)<1,

where z=2°";
- the suggested modification of sewing function

(14):
2, —— 2 Q<k(x)<Ka;
z,, +Kk(x)
&(x)= ) o (22)
z,, ——2—, ka<k(x)<1,
T k() (x)
where z,,=a-(b +1); 212:b1~zu~Ea; zlgzbl-Ea;

2, =h,-(1-a)+1;
Z,, =b, -(1—Ka )—Ka.

2, =(2,, —1)-(b, +l)'(1_Ea);

The results of the study

The software was developed and the series of
experiments were carried out for a comparative analysis of
the accuracy of approximation of a decision maker’s
preferences and the time complexity of calculating the
values of utility functions of particular criteria &(x)

(8) - (14).
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The values of the particular criterion E( X; ) and the
corresponding values of their significance
f(xi ), 1=1,20 were developed while simulating the

work of experts using a random number generator. The
selection of the best values of the parameters of the
functions q was carried out by the method of the golden
section according to the criterion of the least squares:

where Q - set of admissible values of the parameters of
the functions (8) — (14).

The average time for calculating the value of the
original functions was estimated (8) — (14) t,. ; as well as
the average time for calculating the value of the
transformed functions (16) — (22) the average error in
approximating a decision maker’s preferences K. (15);
the maximum error of one decision maker’s estimation,

20 2 . . .
K =2[*§( X.,0)— (X, )] s min, (15) the value K, according to the series of experiments
i1 a=Q (tab. 1).
Table 1. Results of the experimental study of functions
Function type t, Ns Ly Ns Ko K
Gauss (8) 2.523 2.23 1.83101 0.34394
Logistic (9) 2471 2.361 0.08763 0.02251
Harrington (10) 4.658 4.611 0.07969 0.01285
Modified Gaussian (11) 7.74 7.501 0.40765 0.09471
Gluing (12) 5.739 5.431 0.03707 0.00655
Gluing (13) 0.876 0.722 1.02613 0.25744
Proposed function (14) 0.786 0.624 0.04151 0.01131

The results of the experiments justified that the
accuracy of approximating a decision maker’s preferences
using sewing function (12) and the suggested modification
(14) is several times higher than with the help of other
functions. At the same time, all functions except for the
Gaussian function (8) and power functions sewing (13)
have an error of approximation of preferences according
to the maximum error K that is satisfactory for

practice.

A much shorter time for calculating the values is
required for the suggested modification of sewing function
(14) and power functions sewing (13). At the same time,
according to this indicator, they are 1.15-12.02 times
higher than all other membership functions.

The suggested method for simplifying the
algorithms for calculating the functions (8) — (14) made it
possible to reduce the time for estimating by 1.01-25.96%
more.

A number of compromises according to the accuracy
of approximation of a decision maker’s preferences the
calculation time include sewing function (12) and the
suggested modifications (14). The suggested modification
of sewing function (14) is the most efficient function
according to the complex parameter “accuracy -
computational complexity".

max !

Conclusions

The analysis of the problem of estimating the
properties of technological systems in the process of their
multicriteria optimization resulted in the study of available
monotonous fuzzy set adjectives "the best variant".

It was established experimentally that power
functions sewing (12) has much higher accuracy of
approximation of expert estimates in comparison with the
Gaussian function, the Harrington function, the logistic
function and sewing function from (13) among the

functions that are used in decision making support
systems and enable implementing S (Z)-like dependencies
on the values of particular criteria.

In this case, the available membership functions
greatly change their values when the system’s partial
characteristics approach to the worst and best values,
which can lead to significant errors in determining the
properties of technological systems according to specific
indicators and, consequently, to the error of their complex
multicriteria estimation. To use the methods of solving
combinatorial tasks of structural, topological, and
parametric optimization of technological systems,
membership functions with little time complexity are
required.

To overcome the mentioned drawbacks, the
modification (14) of sewing function (12) is suggested by
using fractional-linear functions instead of power
functions. The suggested modification of the membership
function significantly reduces the dead band practically
without any loss of accuracy, thereby increasing the
adequacy of the model of multifactor estimation and the
selection of design solutions. In this case, the time for
calculating the values of the suggested modification of the
function is 8.7 times less than for the basic sewing
function.

Its practical use in decision making support systems
of design and management solutions enables solving
multifactor estimation tasks practically without any loss of
accuracy and selecting solutions of much larger dimension
with less computational resources.

Directions for further research in this area can be
the development of mathematical models, methods and
software tools for selecting the parameters of the
fuzzy set adjective "the best variant of developing a
technological system™ according both to specific
indicators and to a set of quality indicators
simultaneously.
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OIIIHKA BJJACTUBOCTEHM TEXHOJIOTTYHUX CUCTEM I3 BUKOPUCTAHHSAM
HEYITKUX MHO’KHH

IIpeaMeToM JOCITIKEHHS B CTATTi € MPOILEC OLIHKU BIACTUBOCTEH TEXHOJOTIYHMX CHCTEM Ha €Tamax iXHbOTO MPOCKTYBAHHS Ta
peimkuHipuHry. MeTa — MiJIBUIICHHS eQEeKTUBHOCTI MPOLEAyp O0araTOKpUTEepiaabHOI OIIHKKA BapiaHTIB MOOYIOBH TEXHOJOTIYHHX
CHCTEM 3 BUKOPHCTAHHSIM arapary HEYITKHX MHOKHAH. 3aBJIaHHSI: POBECTH IOIIYK HOBUX YW BHECEHHS 3MiH JI0 BIIOMHUX (DYHKIIIH
NPHHAISKHOCTI HEUITKUX MHOMKHH «KpAIUii BapiaHT MOOYJOBH TEXHOJOTTYHOI CHCTEMH» 338 YaCTKOBUMHU KPHUTEPISIMHU B HAMPSMKY
3HIKCHHS CKJIQJHOCTI MpOIEeayp OOYMCICHHS 1X 3HAUYeHb, BHKOHATH TMOPIBHSAIBHHIA aHaNi3 9acoBOl CKJIAJAHOCTI Ta TOYHOCTI
anmpoKcHUMallii mepeBar 0coOu, II0 MPUAMAE PIllIeHHS, 32 JOMOMOTOK0 MOHOTOHHHX (DYHKIIH MPUHAICKHOCTI; MaTH PeKOMCHIAI]
IIOJI0 MPAKTUYHOIO BHKOPHCTAHHS MOHOTOHHUX (YHKLIH TPHHAIEKHOCTI B CHCTEMax MiATPUMKH IPUHHATTS DilleHb.
BHKOpPUCTOBYIOThCS 3arallbHOHAYKOBI METOAM: TIPUIHATTS PillIeHb, TEOPil KOPHCHOCTI, HEWITKUX MHOXHH, ineHTHdiKamil. OTpumaHi
Taki pe3yJabTaTH. Y CTaTTi MOJaHa po3poliieHa aBTOpaMH MOJENb HepeBar ocoOM, IO MPUMae PillleHHs, Ul OLiHKH OKPEMHX
BJIACTMBOCTEH TEXHOJOTIYHUX CHCTEM 3 BUKOPUCTAHHAM (YHKIIiT IIPUHAIGKHOCTI HEYITKMM MHOXKHHAM, 110 T03BOJISIE Peajli3yBaTH K
NiHINHI, Tak 1 HemiHidHI (OmyKii, yBIrHYTI, S-00pa3Hi i Z-00pa3Hi) 3aJeXHO BiJ 3Ha4eHb YACTKOBHX KpuTepiiB. [IpoBenene
EKCTIepUMEHTAIIbHE JOCHIDKeHHs BUSBIIIO i TIepeBary 3a MoKa3HMKaMH TOYHOCTI Ta 4aCOBOi CKJIQ[HOCTI B MOPIBHSHHI 3 QYHKIIsIMU
[ayca, XappiHrTOHa, JTOTICTHYHO (BYHKIII€0, CKICHKaMU CTYMEeHeBUX GYHKIIIH 1 X MoaubikarissMu. 3amponoHOBaHO MPHIHOMH, IO
3HIKYIOTh 9acOBY CKJIQ/IHICTh MPOLEyp 00UMCICHHS 3HaYeHb (QYHKILIi MpruHaIeXHOCTI. BUCHOBKH. Y pe3ynbTaTi aHami3y BiIOMHX
(GYHKIIH TPUHATIEKHOCTI HEUITKMX MHOXKUH BCTaHOBJICHO, 110 BOHHM HEJOCTATHBO a/ICKBATHO BilOOpaKaloTh IepeBarn 0coOH, M0
NpUAMAae PilIeHHs, JUIS XapaKTePHCTUK CHCTEM OJIM3BKHX 10 eKCTPEMAlbHUX 3HAYCHb i MAKOTh BiJHOCHO BHCOKY OOYMCIOBAJIbHY
CKJIaJIHICTh. 3ampornoHOBaHa (DYHKINSI MPHHAICKHOCTI Ta crmoci0 11 oOYHMCICHHS TO3BOJSIOTH MiJBHIIMTH aJeKBATHICTH MOJEINEH
6araro()akTOPHOTO OI[IHIOBAaHHS Ta CYTTEBO 3HH3WTH YACOBY CKJIAJHICTH MpOIEAyp OOuHClIeHHs Ii 3HadeHb. IIpakTuuHe
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BUKOPHUCTAHHS 3aIPOIIOHOBAHOI (DYHKIIIT MPUHAIEKHOCTI B CHCTEMaX IMIITPUMKH MPUHHATTS MPOCKTHHX 1 YIPaBIIHCHKHX PIllICHb
JI03BOJIUTH MPAaKTHYHO 0€3 BTPATH TOYHOCTI OTPUMYBATH PO3B’SI3KH 3aj1ad 0araTo(akTOpHOTrO OLIHIOBaHHsS Ta BHOOpY Habarato
OLIBIIIOL PO3MIPHOCTI 200 3 MCHIIIMMM BUTpaTaMu 00YUCITIOBAILHUX PECYPCIB.

KniouoBi ciioBa: TexHoNOriuHa cucTeMa, KpuTepii SKOCTi, OaraToKpuTepiajdbHA ONTHMi3allis, HEYITKa MHOXKHHA, (YHKIISA
MIPUHATICKHOCTI.

OIIEHKA CBOHMCTB TEXHOJIOTIMYECKHUX CUCTEM C UCITIOJIb30BAHUEM
HEYETKHUX MHO>XECTB

IIpeqMeToM HCCICIOBAHUS B CTAThE SBILSICTCS MPOLIECC OL[CHKU CBOWCTB TEXHOJOTHUECKUX CHCTEM Ha dTalax UX MPOSKTUPOBAHMS U
peumkunupunra. Leap — mnobinieHre 3G(GEKTHBHOCTH MPOLEAYP MHOTOKPUTEPHAIBHOW OILEHKH BapHaHTOB IOCTPOCHHS
TEXHOJIOTHYECKHX CHCTEM C HCIOJIb30BAHUEM aflllapara HeYeTKUX MHOXKECTB. 3ajauM: MPOBECTH MMOMCK HOBBIX MIIM MOAMUGDHKAIHIO
M3BECTHBIX (DYHKIHMH MPHHAIIC)KHOCTH HEYETKHMM MHOXECTBAM (IYYIIMH BapHAHT IOCTPOCHHS TEXHOJOTHYECKOW CHCTEMBI» IO
YAaCTHBIM KPUTEPUSIM B HANpPABICHUU CHIDKCHHUSI CJIOKHOCTH TPOLEAYpP BBIYMCICHUS MX 3HAYCHHH, BBIMIOIHUTH CPABHHUTEIbHBIN
aHallM3 BPEMCHHOW CJIOKHOCTH M TOYHOCTH AalPOKCHMAIUU TPEANOYTCHUH JHIA, TPHHAMAIOIIETO PEIICHHs, C TOMOIIBI0
MOHOTOHHBIX (YHKIWIA TNPUHAIICKHOCTH; JaTh PEKOMEHIAIMH [0 TPAKTHYCCKOMY HCIOJIB30BAaHUI0 MOHOTOHHBIX ()YHKIUI
MIPUHAUIC)KHOCTH B CUCTEMaX MOJJICPKKH MIPUHATHS PelICHUH. VICTIoNb3yroTesl 00ICHayYHbIC METOABI: IPUHATHS PECIICHUI, TCOPUU
MOJIC3HOCTH, HEYCTKUX MHOXKECTB, UICHTU(UKANUU. [loydeHsl cieayromue pe3yabTaThl. B crathe mpencTaBicHa pa3paboTaHHAs
aBTOpaMH MOJENb MPEANOYTCHHUH T, MPUHUMAIOIIEr0 PEIICHUs, I OLIEHKH OTICTIbHBIX CBOWCTB TEXHOJOTHYECKHX CHUCTEM C
HCIMOIb30BaHNEM (GYHKIUH TMPUHAJIOKHOCTH HEYETKHM MHOXKECTBaM, IO3BOJLSIIONIAs PEAl30BaTh Kak JIMHEHHbIE, TaKk H
HEJMHEHHBIC (BBIMYKIJIBIC, BOTHYTBIC, S-00pa3Hble U Z-00pa3HbIe) 3aBUCUMOCTH OT 3HAYCHHUH YaCTHBIX KpuTepuen. IIpoBeneHHOe
IKCIIEPUMEHTAILHOE UCCIIEI0OBAHNE BBIIBIIIO €€ MPEHMYIIECTBA 110 MTOKa3aTesIM TOYHOCTH M BPEMEHHOI CII0KHOCTH B CPAaBHEHHHU C
¢bynkmusivu  ['aycca, XappuHITOHA, JOTHCTHYCCKON (DYHKIUCH, CKICHKAMH CTEMECHHBIX (YHKIMA W WX MOJUPUKANUSIMH.
[IpeaoxkeHbl MPUEMBI, CHIDKAIONIHNEC BPEMEHHYIO CJIOKHOCTh TMPOILEAYP BBIYMCICHUS 3HAUCHHHA (DYHKIUH TpPUHAIICKHOCTH.
BuiBoabl. B pesynbrare aHamu3a HM3BECTHBIX (YHKIUA NPHHAIICKHOCTH HEYCTKUM MHOXKECTBAM YCTAHOBICHO, YTO OHHU
HEJIOCTATOYHO aJICKBATHO OTOOPaXKAFOT MPEAIMOYTCHUS JIMIA, MPHHUMAIOLICTO PEUICHUS, IS XapaKTePUCTHK CHCTEM OJHM3KHX K
9KCTPEMAabHBIM 3HAYCHUSIM M HMEIOT OTHOCHTEIBHO BBICOKYIO BBIYHCIUTEIBHYIO CIOXHOCTB.  IIpeasokeHHas (yHKIHs
MIPUHAICKHOCTH U CIOCOO €€ BBIYMCICHHS IO3BOJIIIOT MOBBICHTH aJeKBATHOCTh MOJEieil MHOTO(GaKTOPHOrO OICHHBAaHUSI U
CYIIECTBEHHO CHU3UTh BPEMEHHYIO CJI0KHOCThH MPOLEIYP BBIYHUCICHUS ee 3HaueHuit. [IpakTuvecKoe MCIOIb30BaHNe MPEI0KEHHON
GYHKINY PUHAISKHOCTH B CHCTEMaX MOAICPIKKH MPUHSITHSI IPOSKTHBIX M YIIPABICHYSCKUX PEIICHHUH TO3BOJUT MIPAKTHIECKH 0e3
MOTEPU TOYHOCTH IOJy4aTh PEIICHUs 3a1ad MHOTO(AKTOPHOTO OICHWBAHHS M BBIOOpa ropas3io OOJNbINCH pa3MEpHOCTH WIH C
MEHBIIIMMH 3aTPaTaMH BBIYHCIUTEIBHBIX PECYPCOB.

KnwoueBble ciioBa: TEXHOJOTMYECKash CHCTEMa, KPUTCPUHM KadeCcTBA, MHOTOKPHUTCPUAIbHAS ONTHMH3AIUS, HEYCTKOE
MHOXECTBO, (PYHKIIMS TPUHAIIICIKHOCTH.
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V. GURIN, E. PERSIYANOVA

GENERAL PRINCIPLES OF BUILDING THE MODEL OF DEVELOPMENT AND
OPERATION OF HETEROGENEOUS TEAMS FOR PROJECT MANAGEMENT

The subject of the research is the basic principles of making the model of managing the production of software and models of
development and operation of heterogeneous teams for project management. The objective of the research is to develop the
mathematical model representing the operation of heterogeneous teams for project management. The sociometry is used for
psychodiagnostic procedures in the course of social and psychological analysis of group relations. This method is directed at
determining the structure of interpersonal relations by identifying mutual feelings of frienliness and unfrienliness among the members
of groups. The mathematical methods of processing data and information obtained during the sociometric survey lie in calculating
mathematical indicators which can be subdivided into group and individual indexes. In the course of the research the following tasks
were solved: the requirements for team building and development of models for software implementation were analyzed; the method
for analyzing the cohesion of team members was selected; the options for developing the mathematical model representing the
principles of building the team which works on the project were considered. Groups different in structure were compared with the
help of mathematical processing of statistical data; and correlation procedures were conducted. Individual indexes were defined,;
among them are: the index of sociometric status which indicates the advantage of any member of the group over other participants;
the indexes of positive and negative emotional expansivity; the index of group cohesion; the index of sociometric coherence. The
methods used are: statistical and correlation analysis, sociological, Hungarian, mathematical. As a result of the conducted researches
the basic principles of making the model of managing software development are shown, mathematical methods of development and
operation of heterogeneous teams for project management are suggested. Thus, the goals and objectives of the research are carried

out.

Keywords: software, the model of management, sociometry, individual indexes, Hungarian method.

Introduction

The key object of studying software engineering is
the process of software development. However,
nowadays, there is no universal software development
process, that is a set of techniques, rules and regulations
that are suitable for any software, for any company, for
teams of any nationality. Each current development
process, carried out by any team within a particular
project, has a large number of features and individualities.
Before starting a project, it would make sense to create a
process template, for example, as in the Microsoft Visual
Team System that is created or adapted (if a standard one
is used) before developing. In VSTS, there are workpieces
for specific processes based on CMMI, Scrum, and others.

These features of software development process
require a model that would enable managing this process.

Problem analysis and task setting

Generally, the development of a model is considered
as a process of purposeful "creation” of a special way of
interaction among the people in a group (called team),
which makes it possible to realize their professional,
intellectual and creative potential efficiently according to
the strategic objectives of this model of management
(team). The model in this case is defined as a group of
people who are mutually reinforcing and interchanging
one another in the course of achieving the goals [1].

Nominally, four types of models (groups) that are
often formed in the course of practical activities of
enterprises and are classified in terms of their work can be
determined.

1. Teams that create something new for the
organization or do work that has been done earlier. Project
teams fall into this group. They are temporary in nature, as
the content of a project is determined as a temporary

specific organizational form for achieving goals and
solving unique tasks.

2. Teams (groups) that deal with problems, goals
and tasks of the enterprise using analysis, control and
recommendations, e.g. auditing and controlling teams,
quality assessment teams.

3. Teams (groups) that are not special, but a
permanent part of the organizational structure and
which carry out the process of production and
performance of repetitive work, e.g. production teams
(groups), sales teams and service teams (brigades,
groups).

4. Teams that are of multifunctional executive
management nature. These teams are usually formed at
higher levels of enterprise management and act as
executive committees, management teams or top
managers of the enterprise.

The following conditions determine the efficient
work of a team:

- each member of a team should clearly understand
their role, which enables performing their tasks without
disturbing the work of others;

- project specification and schedule of work should
be coordinated with all the members of a team;

- all the team members should interact with one
another and respect the professional qualities of one
another;

- all members of a team should clearly see the model
of the process that is used during the project
implementation;

- each member of a team should know all the aspects
of the project plan.

The type and amount of work that should be done
determine a number of model members; significant impact
of the external environment is also very important.

There are common features that should be taken into
account when determining the size of a team:
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ISSN 2522-9818 (print)

Innovative technologies and scientific solutions for industries. 2017. No. 1 (1)

- the larger the group, the more invisible the pressure
which leads to conformism of team members;

- the structure of the model affects the behaviour of
its members — the more powerful the structure, the lower
its tolerance towards employees who have special views,
the more acute antagonism against any deviations from
the norm;

- a great number of team members can leave any
person without a conscious role and diminish the
importance of a personality.

Typically, the literary sources suggest the following
classification of teams in the context of team members: a)
small teams (less than 4 people); b) medium-sized teams
(from 5 to 9 people); c¢) large teams (more than 10
people).

In the full-scale project of the ERP implementation
of the Microsoft system there are specialists with different
functional responsibilities. The following characteristic
roles can be distinguished [2, 3].

The director (general manager) of the project who
ensures making strategic decisions and interacting with
the top management of the enterprise of a customer and /
or a partner.

The project manager (manager)
responsible for its successful completion.

The project coordinator, who is appointed when the
project manager is not a customer employee, and whose
responsibility is to manage the resources and represent the
interests of the customer while discussing project issues.

The architect of business solutions is primary
responsible person for making business management
decisions in large and complex projects.

The business analyst (consultant) is very important
for ensuring the efficiency of solutions within the ERP
system. Their responsibilities include: inspecting the
enterprise, designing and optimizing business processes
with the help of the system which is introduced.

The system (functional) analyst (consultant) is
responsible for designing technical tasks within the
selected ERP system of Microsoft Axapta or Microsoft
Navision and whose main task is to implement business
automation solutions into software design.

In practice, the roles of business and functional
analysts are often combined, which is, in principle, quite
feasible for small projects.

The development manager is responsible for the
coordination and quality of work performed by a group of
programmers. As a rule, they are experienced professional
programmers with managerial skills and ability to manage
resources.

The programmer (software designer) needs no
introductions. It is only necessary to keep in mind that end
customers might describe all IT specialists engaged in the
project as "programmers".

The system administrator (DB), at the stage of
introduction, is responsible for technical deployment of
the solution on the server architecture and for the working
efficiency of a client part at customers’ computers.
Initially, it is reasonable to assign this task to a customer
specialist, since it will subsequently proceed from the the
stage of implementation to the stage of technology
operation of the ERP system.

is the main

The testor, whose responsibilities include: preparing
a test plan, verifying the compliance of software design
development as well as error checking in accordance with
the plan of testing; they also carry out initial code testing.

The instructor (teacher) mainly teaches the users of
future solution of a new functionality.

The technical editor prepares online help system for
users.

The project administrator is a project assistant,
whose routine responsibilities are carried out by the
manager of a small project.

The expert plays a sporadic, but nevertheless, a very
important role in a project. Experts are experienced
managers and just key customer employees; they know
the business of the enterprise at which they work. These
people, especially at the stage of conceptual design,
conduct formal or informal expert evaluation.

The key user is an experienced customer specialist,
who is an agent distributing the future solution among
other users.

Of course, one role can be performed by several
specialists. But, on the other hand, one and the same man
can combine different roles. There are some
recommendations  for  possible and  undesirable
combinations in the context of performing different roles
by one and the same person [4, 5, 6].

The developemt of a model begins at the early stages
of a project from the moment of its start and can actively
continue until its completion. This happens due to the fact
that at different stages the necessity in different specialists
varies. Due to the temporary nature, it is more efficiently
to build the skeleton of a team grounding on the resources
of the partner, as it is rather difficult to put a professional
and cohesive team together at the customer side for a short
period of time.

The model for developing a software product is a
model that comprises the team of employees who are
directly involved in the implementation of the project and
are responsible to the project manager. This is the main
element of its structure, because the correct construction
of the model ensures the realization of the idea of the
project.

The management model is an independent subject of
activity, which can be considered in terms of properties,
processes, parameters that are specific for a social group.

In order to develop a model of management, there
exists a whole process of its development that comprises a
task that requires high managerial competence. In the
course of its implementation not only properly selected
high-skilled professionals are necessary, but also people
who want to work together witnin a team.

M. Bir and other authors singled out four approaches
for developing a management model, they are goal-
oriented, interpersonal, role-playing and the approach of
management grid; all of them are detailed in [7, 8]. He
considered the first three approaches to be the main ways
of developing a management model.

When developing a management model, it should be
taken in account that the efficient team can not be created
"in general™ for a project. The management model that is
most appropriate for each specific project should be
developed.
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In order to manage any projects the models of
development and operation of heterogeneous teams are of
a great interest; these teams are the ones where all the
members of the team perform various functions, and each
member of the management model efficiently performs
certain functions.

In [9], the following numerical indicators of a model
are used: professional skills of an applicant, the
professionalism of a team, average team qualification
according to each function the team is carrying out, the
heterogeneity ~ of  applicants’  qualification,  the
heterogeneity of the team, "specialization” of the team.

Depending on the modelling apparatus used, several
areas of researching are identified:

a) "assignment task" which uses the optimization
apparatus in order to solve the problems of team
development, the distribution of roles and work amount;

b) theoretic and gaming models that use the game
theory for describing and studying the processes of team
development and operation. Nowadays it is the most
advanced direction of formal research of teams which
includes such "branches" as:

1) Marshak — Radner model and its development;

2) the model of group stimulation;

3) models of reputation and norms of activity;

The term "assignment task" is conditional and
comprises a wide class of optimization tasks, including the
task of a model development, the task of assigning
functions in heterogeneous teams, and the task of
assigning the amount of work.

These three types of tasks are interrelated and solved
as a "cycle". In this regard, let us successively consider
the problem of assigning the amount of work, the problem
of assigning functions and the problem of building the
team which is developing a software product with the help
of mathematical methods.

Assume that a fixed number of team members is a
set of homogeneous (according to functions, which means
that team members perform the same type of functions)
applicants N = {1, 2 ,..., n}, the total amount of work that
should be done is known — R 0, and the types of
employees are given — {r} (characteristics that represent
the efficiency of their activities). It is necessary to assign
the amount of work to the applicants.

This task setting is too general and requires
detailing. There may exist different options. First, it is
necessary to distinguish discrete and continuous tasks.

In a discrete task, the amount of work d; >0, which

may be performed by the i-th applicant, is fixed. If the
type of an employee is interpreted as the cost of carrying
out a unit of work, the discrete task of assigning the
amount of work R to the applicants in order to minimize
total expenditures is obtained:

Z:dirixi —min, (1)
> dix =R, @)
ieN

where x; equals O if the i-th applicant does not work and
equals 1 if the applican works;

Tasks (1) and (2) belong to the class of rucksack
problems [10, 11], and can be solved if;

Zdi >R, ©)
ieN
that is, when the total amount of work does not exceed the
"production capacity" of all applicants.

The general "disadvantage" of discrete tasks is that
only a small part of them has effective (polynomial
complexity) methods of solving. For NP-complex
problems with their small dimension it is possible to use
the method of full selection, and when their dimension is
increasing, various heuristic or other methods of solution
can be used [12].

Assume now that the i-th applicant can perform any
amount of work that does not exceed d,. Then, denoting

x; as the amount of work performed by the i-th applicant,
a continuous task is obtained:

2% x,gw]d]' @
ieN
in >R, (5)
ieN

which has a simple solution under the condition (1): it is
necessary to arrange all the employees in the order of cost
increasing ri and consistently load them up to the
maximum capacity until the total amount of work R is
assigned.

Summarizing the model, assume that the known
functions of the costs of agents c;(r;, X;) depend on the

amount and the types of work.
The task of minimizing total costs is a typical task of
conditional optimization under restriction (5) [13]:

(6)

&P By

where ¢; — is the function of agents (employees);
r; — is the amount of work performed by an agent;
X; — the type of work of the i-th agent.

Currently, the study of operations has accumulated
considerable experience in formulating and solving
various tasks of resource assignment, which should be
used in analyzing the processes of efficient development
and operation of the management model [14].

Assume that the solution of the task of assigning the
amount of work is known, that is, if all working functions
are assigned to all the members of the team, the amount of
optimal "load" can be found out. Then the problem of
function assigning can be considered.

The task of group building is formally set. Formally,
to solve the task of building a team means to determine a
number of its members N” which would have the
maximum efficiency:

N*=arg max F(N). @)
NN,
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where N, — is a number of employees who apply for work
in the team, |No|=Ng;

N — is the number of team members (a variant of
solving the task of team building), [N|=N <Ng;

F(N) — is the functional of efficiency that matches
each possible number of team members N < N, to a real

number.

Task (10) is a task of discrete optimization. The
requirements of mandatory integration of different
applicants into the team as well as prohibition of such
integration can be imposed on building the team.

From a theoretical point of view, the task of
determining the optimal model of management is reduced
to searching all possible models.

However, this general task may have no solution, or
its search can be extremely laborious. Such problems are
typical for the tasks of developing a model and structure
of organizational systems.

Thus, the "assignment tasks" take into account such
characteristics of the model as: the identity of purpose,
joint activity, specialization and complementarity of roles.
On the other hand, this class of models almost does not
take into account such properties of a team as: the
consistency of the interests of its members and the
autonomy of the team, which can be considered with the
help of sociometry.

Sociometry is one of the most frequently used
psychodiagnostic  procedures in the social and
psychological analysis of group relationships. This
method is aimed at revealing the structure of interpersonal
relationships by identifying mutual feelings of frienliness
and unfrienliness among the members of groups [15-17].

Sociometric cards are often used to collect
information in a sociometric survey, they are given to all
the members of a group to be filled in. The sociometric
card comprises questions to respondents (some space for
their answers is left). Written application is placed on the
card, but it can be given orally.

The sociometric matrix enables calculating
selections, and immediately suggests an idea as for
ranking the members of a group according to their
advantages and disadvantages. Considering the results of
sociometry, microgroups can be identified.

Sociometric matrix data determine certain status
positions of group members, such as: stars, desirable for
employment, accepted for employment, isolated ones.

The task of status determination can be solved
according to the following formula. First, the number m
(the average number of selections) should be determined:

_ R
-
where R — is the total number of positive selections made;

N — is a number of group members;

m — is the average number of selections.

A particular group is formed on the basis of

sociometric matrix. The sociometric status (St) in this case
corresponds to the number of selections received.

, (8)

m

Mathematical methods of data processing comprise
the calculation of mathematical indicators, which can be
subdivided into group and individual indices. The most
widely used indicators are the index of sociometric status
and the index of group cohesion.

Mathematical  processing  enables comparing
different groups according to a number of their members,
conducting correlation procedures, carrying out the
statistical analysis of data. Let us consider the individual
indexes.

The index of sociometric status is an indicator of the
advantage of any member of the group over the other
members of the group. The position of a subject in the
system of interpersonal relations which defines their
rights, duties and privileges is referred to as status in
social psychology.

The index of sociometric status of the i-th member
of the group is determined by the formula:

5 - 2(R7) | ©)
N-1

where R is positive sections received by the the i-th

member of the group, X is the sign of the algebraic
summation of the number of selections received by the i-th
member of the group, and N is a number of members of the
group.

The index of rejection of the i-th member of the
group is determined by the formula:

s )

N-1

(10)

where R; is all negative selections received by the i-th

memberof the group.

There is also the following option for calculating the
index of sociometric status, it takes into account both
positive and negative selections.

N-1

If sociometry does not take into account the selections
ranking, their exact calculation, sociometric status varies
from zero (no selections) to one (all members of the group
give their preferences to the applicant).

Another type of personal indexes is emotional
expansiveness, which is expressed in a number of all
selections done by any subject of the group, both positive
and negative. From the psychological point of view, the
indicator of expansiveness explains if a person needs
communication, however, this index loses its diagnostic
value in case of the parametric procedure of sociometric
study.

The index of positive emotional expansiveness is
calculated by the formula:

11)

(12)
N-1

where X — is a number of positive selections done.
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The index of negative emotional expansiveness is
calculated by the formula:

E = 204) :

N-1

(13)

where X; — is a number of negative selections done.

The index of group cohesion expresses the degree of
interconnection among the group members, the strength of
their emotional bonds. The psychological content of this
index lies in the presence or absence of reciprocity during
the selection process in the group. The more mutuality in
the group while selecting, the greater the quantity of group
members who like one another, the higher its cohesion.

The index of group cohesion (psychological
reciprocity) is calculated by the following formula:

Iy =[(PS—NS)/(N-(N-1))],

where PS — is a number of mutually positive selections in
the group;

NS — is a number of mutually negative selections in
the group;

N — is a number of group members who participated
in the survey.

Group cohesion is high when there are 1-0,76 points
(the team is united, everyone appreciates and respects the
identity of each member of the group, individuals do not
only carry out active significant activities within the
group, but also have a positive impact on the others).

Group cohesion is on the average level when there
are 0.75-0.46 points (the group is not united, there are
only some groups with mutual likes and interests).

Group cohesion is low when there are 0,45-0,30
points (group members are separeted, there are only
individual leaders who suppress the personality of others,
group events are held from time to time and have no
significant impact on the members of the group as well as
on those around).

The critical level of group cohesion is below 0.30
points (the work is unorganized and almost
unmanageable, there are no leaders among the group
members and the management have no real authority).

The analysis of the level of group cohesion
according to the selected criterion should be made using
the sociometric coherence index. This index can be
calculated as the ratio of a number of given (or received)
selections to the total number of all possible selections:

leon = K, (0r K, )/(N (N-1)),

(14)

(15)

where K, — is the number of selections given by the
members of the group;
K, — is the number of selections received by the

members of the group.
The cohesion of the group can be calculated using

the reciprocal index (I, ). The cohesion of the group

References

1. Belbin, R. (1996), Roles in the team. Trans. from Eng., 200 p.

manifests itself, first of all, as a number of mutual positive
relations, therefore the cohesion index is calculated by the
formula:

I, =PS/(N-(N-1)). (16)

Sociometric indices are a powerful tool for
analyzing the information collected, since they enable
using the quantitative methods of mathematical statistics
for information processing, however, these endeces should
be interpreted very carefully as in the process of
calculation the illusion of getting accurate objective
knowledge might occur.

The task of assigning functions can be solved with
the help of the Hungarian method. According to the
Hungarian method the matrix reduction process continues
until all the units subjected to assigning come in a graph
of zero value [18]. This means that the final value of the
given target function is zero.

Sociometric method can
relations in the group, namely:

- the index of sociometric status;

- the index of emotional expansiveness;

- the index of group cohesion.

The sociometric status is selected as a constraint on
the selection of applicants in the group; the group
cohesion index enables determining the efficiency of
group members work.

The suggested method, based on mathematical
models, enables determining a number of group members
and assigning functional roles to the applicants.

Practical verification of the suggested method of
calculation while developing a software product for LTD
"Ukraine" enabled solving the problem of team building
according to the criterion of maximum competence. For
several sets of applicants, the task of building a team
according to the criterion of maximum competence under
different constraints has been solved. The analysis of the
results justified their validity.

identify interpersonal

Conclusions

The conducted research work showed the basic
principles of developing the model of management of
software production, mathematical methods of processing
experimental data in the process of development and
operation of heterogeneous teams for project management
are suggested. The described procedure was tested when
building a team to develop a software product for LTD
"Ukraine" and showed its efficiency.

The results of the work can be used in any sphere
where it is necessary to build the most efficient group for
solving project problems.

The use of criteria of maximum competence,
minimum time spent by an employee to do work,
minimum financial expenses are the prospects for further
researching.




ISSN 2522-9818 (print) Innovative technologies and scientific solutions for industries. 2017. No. 1 (1)

2. Mintsherg, G., Kapturevsky, N. N. (ed.) (2004), The structure in the fist: the creation of an effective organization. Trans. from
Eng., Peter Silt (Series "Business bestseller"), St. Petersbur, 512 p.

3. Belhin, R. (2003), Types of roles in teams of managers. Transl. from Eng., Hippo, Moscow, 216 p. ISBN 978-5-9900887-5-7.

4. Bazarova, T. Yu. (ed.), Eremina, B. L. (ed.) (2002), Personnel Management: Textbook for high schools, 2nd ed., UNITY,
Moscow, 560 p. ISBN 5-238-00290-4.

5. Barker, A. (2002), How it is even better to manage people, FAIR Press, Moscow, 126 p.

6. Volkova, Yu. G. (ed.) (2003), Sociology: Textbook, 2nd ed., Gardariki, Moscow, 200 p.

7. Mazur, I. 1, Shapiro, V. D., Olderogge, N. G. (2004), Project management: textbook allowance, Omega-L Kiev, 405 p.

8. Gubko, M. V, Novikov, D. A (2002), Theory of games in the management of organizational systems, Sinteg, Moscow, 227 p.

9. Haritovnov, V. N (2008), "Formation of the project team for the reconstruction of the system of thermal expansion”, Vesnik

Engineering Academy of Ukraine, No. 3-4, pp. 263.

10. Burkov, V. N., Novikov, D. A. (1997), How to manage projects, Synteg, Moscow, 230 p.

11. Ryko, A. S. (2005), Models and methods of system analysis: decision making and optimization, MISIS, Moscow, 139 p.

12. Novikov, D. A., Chkhartishvili, A. (2003), Reflective games, Sinteg, Moscow, 190 p.

13. Novikov, D. A. (2007), Project Management: Organizational Mechanisms, PMSOFT, Moscow, 125 p.

14. Venttsel, E. (1972), Investigation of operations, Soviet radio, Moscow, 370 p.

15. Markovskaya, I. M (1999), Sociometric Methods in Psychologists: Textbook, Publishing House of South Ural State University,
Chelyabinsk, 46 p.

16. Moreno, Ya. L. (1958), Sociometry, The World, Moscow, 98 p.

17. Raygorodsky, D. Ya. (1998), Practical psychodiagnostics. Methods and tests: Textbook, Publishing House "Bakhrakh", Samara,
672 p. ISBN 5-89570-005-5.

18. "Hungarian method of solving tasks about assignments", available at: https://math.semestr.ru/nazn/venger.php.

Receive 05.06.2017

Bioomocmi npo asmopie / Ceedenusn 06 asmopax / About the Authors

I'ypun Baunepiii MukoaaiioBH4 — JOKTOp TeXHIYHMX HayK, mnpodecop, XapKiBCbKHH HaliOHAIBHUH YHIBEPCHUTET
panioenekTpoHiky, npodecop kadenpn eKOHOMIYHOI KiOEPHETHKH Ta YIPaBIIHHSA €KOHOMIYHOIO Oe3nekoro, M. XapkiB, YkpaiHa;
e-mail: gurvanik@gmail.com, ORCID: 0000-0002-27186445.

I'ypun Basepuii HukosiaeBU4Y — JOKTOpP TEXHMYECKMX HayK, mHpodeccop, XapbKOBCKHH HAIIMOHAJIBHBIH YHHUBEPCHUTET
panuosneKTpoHukH, mpodeccop Kadeapsl SKOHOMHUYECKOW KHOCPHETHKHM W YNPABICHHUS HSKOHOMUYECKOW Oe30MacHOCTHIO,
r. XapbkoB, Ykpauna; e-mail: gurvanik@gmail.com, ORCID: 0000-0002-27186445.

Gurin Valeriy — Doctor of Sciences (Engineering), Professor, Kharkiv National University of Radioelectronics, Professor of
the Department of Economic Cybernetics and Economic Security Management, Kharkiv, Ukraine; e-mail: gurvanik@gmail.com,
ORCID: 0000-0002-27186445.

IlepcisnoBa Osena IOpiisna — J{I1 "[TiBneHHui Nep>kaBHUH POSKTHO-KOHCTPYKTOPCHKHI Ta HAYKOBO-JOCTITHUH IHCTHTYT
aBiamiiftHoi mpoMucioBocTi”, ilKeHep, M. XapkiB, Ykpaina; e-mail: persikgw@gmail.com; ORCID: 0000-0003-3578-4653.

MepcusnoBa Eaena IOpseBHa — TTI "IOxkHBIH TrOCyJapCTBEHHBI NPOEKTHO-KOHCTPYKTOPCKHH W HAyYHO-
HCCIIEI0BATEIbCKII UHCTHTYT aBUAIMOHHON MPOMBIIUICHHOCTH", WHKEeHep, T. XappKoB, YkpamHa; e-mail: persikgw@gmail.com;
ORCID: 0000-0003-3578-4653.

Persiyanova Elena — SE "Southern National Design & Research Institute of Aerospace Industries”, Engineer, Kharkiv,
Ukraine; e-mail: persikqw@gmail.com; ORCID: 0000-0003-3578-4653.

3ATAJIBHI NTPUHOUIIA NOBYAOBU MOJAEJII ®OPMYBAHHA 1
®OYHKINIOHYBAHHA HEOJHOPIIHUX KOMAH/J AJIs1 YIIPABJITHHA
INPOEKTAMMU

IMpeaMeToM TOCIIPKEHHS € OCHOBHI MPUHIIUIH (hOPMYBAHHS MOJIENI YITPABIIHHSA BUPOOHUIITBOM TPOTPAMHOTO MPOIYKTY 1 MOJEII
(dopmyBaHHS 1 (YHKIIOHYBaHHS HEOJHOPITHMX KOMAHI JJs YOpPaBIiHHA MPOeKTaMH. MeTOI JOCTiKeHHS € To0ymoBa
MaTeMaTHYHOI MOJENi, M0 BinOWBae (QYHKIIOHYBaHHS HEOJHOPITHHX KOMAH[ IUIS YNPABIIHHSA MPOEKTaMH. 3 II€I0 METOI A
TICUXO/IIarHOCTHYHUX IPOLEAYP B COLIaJbHO-TICHXOJIOTIYHOMY aHali3i TPyNOBUX BiTHOCHH BUKOPUCTOBYETHCs coriomerpis. Lle -
METOJ], CIPSIMOBaHMII Ha BUSBJICHHS CTPYKTYpH MDXOCOOMCTICHMX BIJHOCHH HUIIXOM (biKcallii B3a€MHHX IOYYTTIB CHMMATii i
HETPUsI3HI cepesl wieHiB rpyn. HacTymHi maremaTH4Hi MeToau oOpOOKHM TaHUX, OTpUMaHOI iH(GOpMAILil MPU COLMOMETPUIECKOM
ONUTYBaHHI, MOJATAIOTH B MiJIPAXyHKY MaTeMaTHYHHUX MOKA3HMKIB, SIKi MOXKHA PO3/IIMTH Ha iHICKCH IPYMOBI Ta iHIUBiAyaabHi. Y
MpoIieci JOCTIKeHHSI BUPINIEHO Taki 3aBJaHHA: MPOBEJCHO aHaNi3 BHMOT 10 (OpMyBaHHS KOMaHJ i MOAened Jis peamizamii
MPOTPAMHOTO TIPOAYKTY; OOpaHWil METOJa aHaji3y CYMICHOCTI WIEHIB KOMAaHIM; PO3TJISHYTI BapiaHTH MOOYIOBH MaTeMaTHYHOL
MOieli, 10 Bi0KMBa€e MPUHIMITK (OpMYyBaHHS KOMAH/IH, siKa MPAIIOE HaJl NPOeKTOM. ITOpiBHSIHHS Pi3HHUX 3a CKIIAJIOM IPYII LHIIIXOM
MaTeMaTHYHOT OOpOOKH CTATHCTUYHUX JAaHUX 1 MPOBEIEHHS KOPEIAMiHHUX Mpolenayp. BuzHaueHO iHAMBIAyalbHI 1HICKCH: 1HIECKC
COLIIOMETPHYHOTO CTATyCy, SKHH € MOKa3HUKOM IMepeBard Oy/b-SKOro wieHa rpymd 3 OOKy iHIMX ii y4acHHKIB; iHAEKCH -
MO3UTHBHOI 1 HETaTHBHOI €MOLIMHOT €KCITAHCUBHOCTI; 1HAEKC TPYMOBOI 3IypPTOBAHOCTI; 1HIEKC COIIOMETPHYHOIO KOTE€PEHTHOCTI. Y
po6oTi BUKOpPHCTaHI MEeTOAW: CTAaTHCTUYHUN 1 KOpEJSIiHHMI aHami3, COLiOJIOTIYHMH, YrOpChbKHH, MaTeMaTH4YHUH. B pe3yabTarti
HPOBE/ICHNX JOCII/DKeHb MOKA3aHO OCHOBHI MPHHIMIKM (OpMyBaHHS MOJIENI YNPaBIiHHS BUPOOHUITBOM HPOrPAMHOIO MPOIYKTY,
3alpOIIOHOBAHI MaTeMaTH4Hi MeToan GopMyBaHHS 1 QyHKIIOHYBAHHS HEOIHOPITHUX KOMaHA AJIA YHPABIIHHS NMPOeKTaMH. Takum
YUHOM, BUKOHAHI TIOCTaBJICH] 3aBJaHHS i MeTa JOCIIHUI[LKOT pOOOTH.
Kniouosi ciioBa: nporpamue 3a0e3MeYeHHS, MOJIENTb YIIPABIIiHHS, COIIIOMETPIs, iHIUBIAyalbHI iHICKCH, yTOPCHKAN METO/.
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OBIINUE NPUHIOUIIBI IOCTPOEHUA MOJIEJIN ®OPMHUPOBAHUA U
OYHKIIMOHUPOBAHUA HEOJHOPOJHBIX KOMAH/ IJIAA YIIPABJIEHU S
IMPOEKTAMM

I[peameToM unccrenoBaHus SBISIOTCA OCHOBHBIC NPHHIUINBI (HOPMHPOBAHUS MOJETH YIPABICHUS CO3JaHHEM HPOTPaMMHOTO
MPOAyKTa W MoAean (GOpMUPOBaHUS W (DYHKIIMOHWPOBAHUS HEOTHOPOJHBIX KOMAaHI JUIsd yIpamieHuHs Tmpoekramu. Lleanio
WCCIICTIOBAHMSI SIBJISICTCSI TIOCTPOCHHE MAaTeMAaTHUCCKOH MOJIENN, OTpa)karomield (yHKIIMOHUPOBAHUE HEOIHOPOIHBIX KOMAHI JUIs
ynpasieHust mpoekTamu. C 3Toi HeNblo Il TICUXOMarHOCTUYECKUX MPOLEAYP B COLHMATBLHO-TICUX0JIOTHYECKOM aHAJIU3€ IPYIIOBBIX
OTHOILICHUH HCIONB3YyEeTCS COLMOMETPHUS. DTO — METOJI, HAIPABJICHHBIH Ha BBIABICHUEC CTPYKTYPbl MEKIMYHOCTHBIX OTHOIICHHUI
myreM (DUKCAIlMM B3aWMHBIX YYBCTB CHUMIIATHH W HENPHS3HU CPEAM WICHOB rpymil. [lociemyromie MaTeMaTHUECKHE METOIbI
00pabOTKM JaHHBIX, MOJTYYEHHOH HH(POpPMAIMU MPU COLHUOMETPUYECKOM OIPOCE, 3aKJIIOYAIOTCS B IMOJCYCTE MATeMaTHYECKUX
MoKa3aTtesieif, KOTOpble MOXHO pa3[einTh Ha WHAEKCHl TPYINOBbIE M HHAMBHUIyalbHBIC. B mpolecce HcclenoBaHUs pelieHbl
caeqyrole 3aJa4M: MPOBEACH aHaIM3 TpeOOBaHUM K (OPMHUPOBAHHIO KOMAaHA M MOJENel Uil pealu3aludl HpOrpaMMHOTO
MIPOAYKTa; BHIOpAaH METOJA aHAlW3a COBMECTUMOCTH YJICHOB KOMAHIbBI; PACCMOTPEHBI BapHaHTHI MOCTPOCHUS MaTeMaTH4ecKOu
MOJICITH, OTPAXKAFOMICH TPUHIUIIBI (HOPMUPOBAHYSI KOMAH/IBI, paboTaroniel Ha mpoekToM. CpaBHEHHE Pa3IHYHBIX 110 COCTaBY TPYIIT
MyTeM MaTeMaTU4ecKol 0OpabOTKH CTAaTUCTHYCCKUX JaHHBIX M TIPOBEACHUEC KOPPEISAIUOHHBIX mponenyp. OmnpenencHb
VH/IUBUTyaJbHBIC WHIICKCHI: WHICKC COIMOMETPUYCCKOTO CTaTyCa, KOTOPBIH SIBISETCS IOKa3aTeleM MPEHMYIIeCTBA KaKOTro-JIn00
YJIeHa TPYIIIBI CO CTOPOHBI JPYIUX €€ YYACTHUKOB; MHJEKCHI — MOJOKHUTEIbHON M HEraTUBHON AMOLIMOHAILHON HKCHAHCUBHOCTH;
WH/IEKC TPYIIIOBON CIUNIOYEHHOCTH; MHICKC COIIMOMETPHUYECKON KOTEPEHTHOCTH. B paboTe HCmonb30BaHbl METOAbI: CTATUCTUYCCKUI
U KOPPETSIMOHHBIA aHalli3, COIMOJIOTUYECKUN, BEHTEepPCKU, MaTeMaTHUeckuil. B pe3yabTaTe TPOBEICHHBIX WCCIIEIOBAHUN
MOKAa3aHbl OCHOBHBIC NPUHLIUIBI (HOPMHUPOBAHHMS MOJACTH YIPABICHHS CO3AAHHEM IPOrPaAaMMHOTO MPOAYKTa, MPEATOKCHBI
MaTeMaTH4ecKue MeToAbl (HOpMHUPOBAHMSA M (YHKIMOHUPOBAHHS HEOTHOPOAHBIX KOMAHJ Ul YHPABICHUS NPOCKTaMH. Takum
00pa3oM, BEIITOJHEHBI IIOCTABICHHBIC 3aa4YH U LIEJIb UCCIIE0BATEIbCKOM PadOTHI.

KarwoueBbie ci1oBa: nporpaMMHOE 00ECIICUCHUE, MOJICIb YIIPABICHHS, COLIMOMETPHSI, WHIANBUIyaTbHbBIC WHICKCHI, BEHTCPCKUI
METO/I.
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VJIK 331.102.1
€. B. IIEHKO

MOJAEJIb OINIHKHA PU3UKIB BUPOBHNYOI'O TPABMATU3MY

IIpeameToM JOCIIIKCHHS B CTATTI € CTBOPEHHS MOJICII OLIHKH PHU3HMKIB BUPOOHHYOTO TPaBMATH3MY SIK (hakTopy 0e3mocepeIHbOrO
BIUTMBY Ha CTaH Ta XapaKkTep BIAHOCHH MiX poOOTOAABLIEM Ta HaiMaHUM mpaiiBHUKOM. MeTta — nmoOyaoBa MoJIeNi OIIHKK PU3UKIB
BHUPOOHHYOI0 TpaBMaTU3My B IIACHCTEMI KaJpOBOIO YIPABIIHHA CHCTEMU NPHHHATTS pillleHb 3 OpraHizamii IissIbHOCTI
MIPOMHUCJIOBOTO TiANPUEMCTBA. 3aBAAHHA: PO3POOUTH EKOHOMIKO-MAaTEeMAaTUYHY MOJICNb, KA JO3BOJISIE TOCIIAUTH PO3IOILT PU3HKIB
BUPOOHMYOTO TPABMATU3My BCEPEAWHI Mii TPYIOBOrO [IOTOBOPY. BHKOPHCTOBYIOTHCS 3aralbHOHAYKOBI METOIHM CHCTEMHOTO,
CTPYKTYPHOTO aHaJi3y i crienn(ivHi METOAN MPHIHHATTS PillleHb B YMOBAX PH3HKY Ta HeBH3HaueHOCTi. OTpUMAaHO Taki pe3yJIbTaTH.
VY craTTi HajgaHa KOHIENTYyalbHa MOJENb NMPUHHATTS PIMICHHs IIOJ0 YNPABIiHHS PU3HKaMH BHPOOHHYOTO TpaBMaTu3My ocoOi, ska
BIANIOBiaNbHAa 3a KITBbKICHE OOIPYHTYBAaHHS eKBIBAJICHTHOCTI ()IHAHCOBHX BITHOCHH MDK aJMIHICTPAIi€l0 IIPOMHUCIOBOTO
MANPUEMCTBA, SK CTOPOHOIO TPYAOBOTO JOTOBOPY, Ta POOITHUKOM B YaCTHHI MiHiMi3amii HaciJKIB BUPOOHHYOIO TPAaBMATH3MY.
BuokpemiieHo KiI040BI (pakTOpU BIUIMBY Ha IPOLEC Ta XapaKTep IUX BIIHOCHH 3 TOYKH 30py PYXJMBOCTI PIiBHS TpaBMaTH3My Ha
MpoTA31 Jii TPYAOBOTO IOTOBOPY. 3ampoOIOHOBAHO BpaxyBaHHS PHU3HMKIB BUHUKHCHHS HECTAHJAPTHUX BHUPOOHUYMX CUTYallild B
KaJIbKYJIALIT co0IBapTOCTI poOiT (IMOCIyr) B po3pi3i BU3HAUECHUX (PAKTOPIB BIUTMBY Ta Y Yaci, IKe JO3BOJISE 3aM00IraTd BUKOPUCTAHHIO
BHUITQJKOBUX TIOJI B SKOCTI IHCTPYMEHTY Helepen0auyeHuX BHUTPAT HEBUPOOHMYOrO XapakTepy, a TaKOXK yTPUMAaHHS
BIJIMOBIIAJIBHOCTI MiIIPUEMCTBA B MEXKaX TPOIIOBOT0O (DOH.LY, BIIOBIHOTO JI0 B3sATHX Ha ce0e 3a TPYJOBUM JOIOBOPOM 3000B'sI3aHb.
BucnoBkn. [Ipn nposenenHi aHami3zy i moOyqoBi MoJeni, sKa J03BOJSIE 3[IMCHIOBATH YHCEIbHY OILIHKY PO3IOAUICHHS PHU3HKIB
BUPOOHNYOTO TPAaBMAaTH3My BCEpPEIMHI TPYAOBOTO IOTOBOPY, Ha 0a3i BIAacHO! CTATHCTHKU IIJIPHEMCTBA 110 BHPOOHHIOMY
TpaBMaTH3My BUSIBJICHUH psJ NMOKA3HMKIB, SKi MAlOTh ICTOTHHH BIUIMB HAa HPUHHSTTS pilIeHb IIOJO OpraHizamii BUPOOHUYOT
JUSUTBHOCTI MIIIPUEMCTBA B YaCTUHI MiHIMi3aIlil HAaC/liAKIB BUPOOHMYOro TpaBMatu3My. Hanaui pexomenpanii moa0 BUKOPUCTAHHS
OTPUMaHKUX PEe3yJbTaTIB JUIsA OUIBII TOYHOI OLIHKKA 1 NMPOTHO3YBaHHS PYXY OCHOBHHUX BHPOOHHMYHX TPOIIECIB Ha IMPOTA3i POKY.
OtpumaHi pe3yibTaTH MOXYTh OyTH BHKOPUCTaHI Ui OUIBII TOYHOTO BH3HAYECHHS 3000B’s3aHb POOOTOAABI 3a TPYAOBHM
JIOTOBOPOM B YaCTHHI BiJIIIKOTyBaHb, SIKi OOYMOBIIIOIOTECS 00’ €KTUBHO ICHYIOUMM PiBHEM BUPOOHHUYOTO TPAaBMATU3MY.
Kaiouosi ciioBa: mianpremMcTBo, BUpoOHHYA TpaBMa, IPAIiBHUK, MOJIEIb.

MeToziB. BuBueHHs icHyroumx migxomiB [2, 3, 9, 15]
JIO3BOJISIE CTBEP/KYBATH, IO YHIBEPCAJIBHOIO METOAY

Beryn

KepiBHI/IKI/I Hi}IHpI/ICMCTB B yMOBaX BUIAKUX ,Z[OCJ'IiI[)KeHHﬂ Hp06HCM BI/Ip06HI/I‘IOFO TpaBMaTI/I3My HC
TEXHOJOTIYHHX 3MiH Cy4acHOTO CTAaHY BHPOOHHITBA IIpH  ICHYE, al€ BHKOPHCTAHHSA CHCTEMHOTO TiIXOAy Ta
BH3HAYCHHI OI[HKM BAapTOCTI BHKOHAHHSA pOOIT 3a TNOEMHAHHA pPI3HAX METOMIB JIO3BOJISAE  TMOKPAUIUTH
TPYAOBAMH JOTOBOpPaMH SK IPABHIO HE B IIOBHIU M1p1 MJIaHyBaHHS ,I[i?[J'IBHOCTi HiZ[HpI/IeMCTBa B YaCTHHI

BanOByIOTL BI/ITpaTI/I, HOB’HBaHi 3 BiZ[LHKO,I[yBaHHSIM 3aH061FaHHH TA ﬂKHaﬁH.IBPIZ[IHOFO ycyBaHHﬂ HacCJI1IK1B

BapTOCTI  BiTHOBICHHSA MpAale3[JaTHOCTI POOITHUKIB,
BTpPa4yeHO! BHACTIIOK BUPOOHHUYOTO TpaBMatusMy. Jlo
MEBHOT MipH II€ TIOB’S3aHO 3 HMOBIPHICHOIO TMPHPOIOIO
BUPOOHMYOT0 TpaBMaTH3My Ta BIICYTHICTIO iH(opmarii
PO HAsBHICTh 3aKOHOMIPHOCTEH HOro po3mojiny, ajie 3
JIOCBIIOM POOOTH OUIBIIICTE 3 HUX CXHISETHCA 0
HEOOXiTHOCTI BpaxyBaHHSA (menepenbayeHnx B
KaJIbKYJISIISIX Ha BHKOHAaHHS pOOIT (HaJaHHS MOCIHYT)
BUTpAaT 10 BPEryJIOBaHHIO HACIHi/IKIB BHPOOHHUYOTO
TpaBMaTU3My TPAIiBHUKIB, TaK K HE BCi MiIPSITHUKHA 32
YMOB 3arajleHOTO TOTIPIICHHS CTaHy OXOpPOHH IIpari
MOTO/DKYIOTBCST  MPAIIOBAaTH Yy  PHHKOBIH  cHcTeMi
TPYAOBUX BIJHOCHH Ha TiIIMPHUEMCTBI, a BIAIIKOIyBaHHS
OTpPUMYBaTH B JIEpP)KaBHIM CHUCTeMi OXOpOHM Tpami. B
YMOBaxX 3pOCTar04oi IUTOMOI Baru BUTpaT Ha OIUIATY
mpaimi y TOPiBHSAHHI JIO0 MaTepialbHUX BUTPAT MUTAHHS
pO3MOAITYy pH3WKIB BUPOOHWYOTO TpaBMAaTH3My Ha
MpOTs3i Al TPYZOBOTO JOTOBOPY CTa€ aKTyaJbHUM 3
TOYKH 30py CBOE€YACHOCTI Ta SKOCTI 3aXO[liB, HEOOX1THUX
sl Oe3MepepBHOTO  PYXy BHUPOOHMYOTO TIpOIECy i
noTpe0ye MOCTIKSHHS Ta MOJICITIOBAHHSI.

AHaJni3 JiTepaTypHUX AaHMX i MOCTAHOBKA MPo0/IeMH

B meit wac icHye 3HayHa KUIBKICTH MOZENCH i
METOJIB aHalizy BUpoOHHYOro TpaBmartusmy [10, 12, 13,
16]. o HaWOimbIl TMOIIMPEHWX 3 HHUX BITHOCATH
HMOBIPHICHO-CTaTHCTHYHI Ta JAETEPMIHICTHYHI TpyIH

BUPOOHHYOTO TpaBMatu3my. OO’ €KTHBHICTh BUCHOBKIB, 1X
3B'I30K 3 €KOHOMIYHHMH OIIIHKAMH PH3HKIB 3Ha4YHOIO
MIpOI0  3aJEKHUTh  BiJ  JOKJIQJAHOCTI  3BITIB  TIpO
OXOpOHY Mpali Ta TpaBMaTH3M Ha BHPOOHUIITBI I0J0
IpUYMH BUPOOHWUYOro TpaBMatmsMmy [5, 6, 10, 16].
HaykoBo-TeopeTndyHy 0a3y JOCHIJDKEHHS CKIIQJAlOTh
mpami BITYM3HAHUX 1 3apyODKHMX BUYCHHX, a caMe:
Kpomusaunekoro B.C., Py6an O.0., bepesynpkoro B.B.,
Kocrenko O.M., BenenmixkroBa B.C., T'oritamsimi I'.T.,
Jluctoka M.O., MupocnaBa Kenemena, JleBucunona B.A.
Ta iHMAX. BimbIIicTh aBTOpIB BKa3ye Ha HEOOXITHICTH
MOJIEIBHOTO  OTIpaIlfOBaHHS  MpOOJeM  BHPOOHUYOTO
TpaBMaTu3My Ta iX BIUIMBY Ha XapakTep B3a€MOBIJIHOCHH
MDXK HpaiiBHUKOM Ta poboronasuem. [Ipobnema mnossrae
y TOMY, IO TMOMIYK Ta 3HAXOJPKEHHS 3aKOHOMIPHOCTEMH
3MiHM  KIIOYOBMX IIOKa3HWKIB BIUIMBY Ha  CTaH
BUPOOHHMYOTO TpaBMaTH3My BCEpEOUHI Jii TPYIOBOTO
JIOTOBOPY € JOKEPEIIoM KOMIIpOMicy, SIKMA
MOBUHHI OTPMMAaTH CTOPOHHM TPYAOBOTO JOTOBOPY Ha
3acaJiax eKBIBaJICHTHOCTI MpaB Ta OOOB’S3KIB KOXHOI 3
3amikaBineHnx cropid. [Ipm mnpuiHATTI pilleHHS Tpo
YKJIQIaHHS TPYyJ0BOro norosopy PobOoronaBens moBuHEH
BpPaXxOBYBaTH EKOHOMIYHY CKJIQJIOBY BIUIUBY (aKkTopy
BUPOOHWYOTO TpaBMaTH3My Ha pIiBeHb B3ATHX 3a
JIOTOBOPOM 3000B’si3aHb. B cuiry crenudika ToBapy
poboya cmima TpAMi  eKCIIEPUMEHTH Yy  peajizarii
ILOTO HANPSMKY MisTIbHOCTI HEMOXIIMBi, TOMY B CBITi

© €. B. dinenko, 2017
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CKJIaJlaCh TPAaKTHKAa 3aCTOCYBaHHS MOJCIIOBAHHS SIK
3ac00y MOMTYKY ONTUMAJIBHUX PIillICHb.

Iiti Ta 3aBAaHHA T0CIiZKEHHS

JeTanmpHu{ aHami3 Ta MOJEIIOBAHHSA CHUTYyaIlii
BUMAaraimoTh BHBUYCHHS 3aKOHOMIPHOCTEH MOTOYHOTO
PO3MOITY PH3HUKIB, SIKi PO3TIAIHEMO 3a JIOIMOMOTOIO
JMUCKPETHOI MOJENi 3 IMOMICIYHOIO PO3OMBKOIO: Hexai
TPYAOBUII TOTOBIP PO3MOYMHAETHCS MEPIIOTO YUCIa Oy/Ib-
SIKOTO MICAISI Ta i€ Ha MPOTA3l POKY, TOOTO pPIBHO
IBaHAMIATh  MicsiB. [locTaHOBKa  MUTAaHHSA  TMPO
CIpaBe/UIMBICT, TPHUIYLICHHS IPO  HEPIBHOMIPHICTH
PH3HKIB BUPOOHUYOTO TPAaBMATH3MY JUISl PI3HHUX IeEpiofiB
MIPOXOKEHHSI TPYIOBOTO JIOTOBOPY € OOIPYHTOBAHOIO.
Ciiy TakoXX JOCHTIIATH TMHTAHHSA TPO PO3MOAUT PUBHKY
BCepeAMHI il TPYOOBOIO JOTOBOPY y  BHIAAKY
HEpiBHOMIpHOCTI Horo posmoainy. IlpumycTumo, Mo
PH3HMK BHPOOHHUYOTO TPABMATHU3MY B KOXKCH KOHKPETHHH
MicAlb Jii TPYIOBOTO JOTOBOPY 3alICXKHUTh Bia JBOX
(akTopiB: BiA BIIJAICHOCTI IMOTOYHOTO MiCSAIS BiX
MOYaTKy Aii TPyJOBOI'O JOTOBOPY Ta BiX IOPU POKY.
[MpuitMemo, 1o cyMapHHil BIUIMB OOpaHHMX (aKTopiB
nopiBaioe  100%. Tomi 3anexHiCTh PU3UKY Bif
BIJUIaJICHOCTI TMOTOYHOTO MICSII Ha3BEMO PO3MOALTIOM

Tabnuysa 1. Po3noaia pu3snKiB BUPOOGHIYIOr0 TPAaBMATH3MY

PH3HKY 3a JIOTOBOPaMHM, a 3aJEXKHICTb PU3UKY BiJl NOPH
POKY — KaJIeHIapHUM KOPEKTHBOM.

Mogenp  NPUITYCKae, IO  PO3MOALT  PU3UKY
JUISl KOXKHOTO TPYIOBOTO JIOTOBOPY B KOXKEH KOHKPETHHI
nepiof 1ii ToroBopy (HOPMYETHCS K CymMa iIHTETPOBaHOTO
BILTUBY 03HAYCHHUX (bakTopis. Hampuxman,
SKIIO TPYAOBHH JOTOBIp IMOYMHABCS 3 1 JIIOTOrO, TO
pPU3MK BUPOOHHMYOrO TpaBMaTH3My B CI4HI € CYMOIO
MOKa3HUKa pPO3MOJIIOM pHU3UKY 32 JIOTOBOpaMHU Ta

KaJCHIApHOTO  KOPCKTHBY. BBemeMo  TO3HAYeHHS
MOKA3HMKIB JIOTOBIPHOTO PO3MOAUTY [UIS  KOXKHOTO
nepiogy Jii TPyIOBOro JOrOBOpY  &,8p,...845 —

MOKa3HUKH PO3IOJITY PU3HKY 3a IOTOBOPaMHU (Zai = 1) ,

b

i+ Bior - -Drpyy — TTOKA3HHKH KaNeHIapHOTO KOPEKTHBY

(Zbi = 0). ToOTo, ms TpymoBoro noroeopy 3 1 mrororo

CIYeHb HACTYITHOTO POKY CTa€ JABAHAAILSATHM MicsieM mil
JIOTOBOPY, @ PU3UK BUPOOHUYIOTO TPABMATU3MY JOPiBHIOE
& +b;, . Mognenb po3mnofiny pu3HKy HaBeJeMO y BUIIISI
TaOJIHII, JIe TT0 TOJOBHIM JiaroHai MaTpHIll PO3TalIOBaHi
PH3MKHM BHPOOHHUYOrO TPaBMATH3MY BCEpEAMHI IMEpIIOro
MICSISL Tii TPYAOBOTO OTOBOPY, MO 3MIICHIN Ha OmHY
KJIITHHKY JiaroHaii MaTpUIl — PU3UKH APYTOTro Micsus Aii
JIOTOBOPY 1 Tak Jaii, AuB. Taou. 1.

i

" Micsinp aii Tpy1oBOToO 10Tr0BOpY
O3HaYCHHS . _

ciueHb JFOTHIA OepeseHb rpyaeHb
o 1 ciuns a +b,, ap +Dyor a3+ b6ep 82 + brpya
]
§ o 1 ;mroToro 9o t bciq q + meT a + b6ep a1+ brpy)l
)
&2 1 Gepesns g1 + 0y Ao +00r & + b6ep &+ brpyn
g s
g X
g
= 1 rpynus a +beiy ag3 +Dy0r a4+ b6ep &+ bfpy)l

OxpeMuii BUNIATOK PiIBHOMIPHOTO PO3IIONIUTY PUBHKY

1
OKDECIIIOEThCSL  TIOKA3HUKAMH: 8 =8y =...=djp = o :
Beirr Dirors oo brpyll — JIOBUIbHI TIONPaBKU 3 YMOBOIO

Zbi ZO, SIKI BHM3HAYaIOTh KOPEKTUBU [TJId KOKHOTI'O

MICSIISI POKY.

Marepiaiu Ta MeTOAHU A0CTiAXKEHb

VY 3B’M3Ky 3 THM, IO pealbHi TPYIOBi JOTOBOpHU
YKIQAal0ThCsl BCEpequHI poKy Oe3mepepBHO, B oOpaHiit
MOJIETI TIOE€JHAEMO IX B TPYNH 3a KPUTEPIEM CepelvuHU
MICSIIIS: JIOTOBOPH, SIKI YKJIQJAEHO 3 CEpeANHM CIYHs IO
CepeMHy JIIOTOTO BBAXKAEMO B CEPEAHBOMY YKIaJCHUMU
3 MEpIIOro CiYHS; 3 CEpeIUHH JIIOTOr0 II0 CEpeIHHY
Oepe3Hs BBAKAEMO B CEPEJHHOMY YKJIaICHUMH 3 TIEPIIOro
JIOTOTO 1 T.71., TOOTO popmyemo 12 rpym JAOTOBOPIB, SIKi
YMOBHO TOYHMHAIOTHCS 3 Iepmoro umcia Micsand. Ilo
KOXKHIH 3 IIMX TPy pPO3PaxOBYETbCS PHU3UK SK CyMa
30UTKIB, fKI Majy MicClle B MEPIIUNA MicsAIb Hadayia il

JIOTOBOPY, B APYTHHA MICAIb i T. 1. PH3HUK OIiHIOETHCS Ha
OCHOBI  HasgBHOI Yy  TWIANPHEMCTBA  CTaTHCTHUKHU
BUPOOHMYOTO TpaBMaTH3My. 3 METOI OTPHUMAaHHSI
JIOCTOBIPHUX PE3YJbTaTiB, TOTOBOPH, YKIAJAEHI Mi3HimIe,
HDK 3a piKk 10 JaTd pO3paxyHKy, 3 PpO3TISAy
BHKJIIOYAIOTHCSA, TaK SK I1HaKIIe HeoOXiaHo Oymo ©
JIOZIATKOBO ~ BUDINIYBaTH 3aBJaHHS OLIHKKA PH3HKIB
HEIACHUX BHIMAJKIB, SIKI Majld Miclle, ajge He Oyiau
3asiBJICHI.

BuxinHi JaHi TpakTHYHOTO PO3PAaxXyHKY B3ATI I
THIOBOTO IMPOMHCIIOBOTO  IMIANPHEMCTBA B YMOBHHX
ONMHUIAX (MJH., THC. TPH. 1 T.n.). Tabmuusg BUXiTHUX
JAaHUX TI0Ka3ye, IO 3a JOTOBOPaMHU, sIKi PO3IIOYAIHACT B
nepmioMy Micsami  gii  (civuHi) BigOymuCS — BHITAIKU
BUPOOHMYOTO TpaBMaTH3My, OIliHEHI B 53 yMOBHI
OJIMHWI, B JpyromMy Micsmi mii (JroTwii) BigOymucs
BHIIQJKH, OIliHEHI B 49 yMOBHHX OJMHHUIL 1 T.JO. 3a
JIOTOBOpaMH, sKi po3moyanucs 3 | JIOTOro BigOysHCs
Bunaaku Ha 40 yMOBHHMX OJMHUIIG B MEPIIOMY Micsmi il
(sroToMy), Ha 29 YMOBHHX OAMHUII B IPYTOMY Micsmi Iii
(6epesHi), Ha 20 yMOBHUX OJMHUIIL B OCTAHHBOMY MICSIT
nii (rpyaHi), auB. Tabm. 2.
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Tabnuya 2. Buxigni nani MogeJti HOTOYHOT0 PO3NOJiTEHHS] PH3HKY

Micsiup aii TpyZOBOTO OTOBOPY
Ilo3nayeHnns 5 5 & ' E é :; E 5 & g E E‘ Bceroro
= 2 = = 5 = o M 3 S =

1 ciu. 53 49 39 34 33 35 34 34 37 35 33 35 451
- 1 mroT. 20 40 29 24 23 24 24 22 24 22 22 22 296
§ 1 Gep. 19 16 30 24 22 22 22 22 22 22 19 20 260
g 1 KBIT. 28 25 18 39 35 35 34 34 35 33 29 30 375
; 1 Tpas. 25 23 17 15 38 35 35 34 35 32 28 29 346
2 1 geps. 28 24 18 16 16 42 37 37 37 34 31 30 350
% 1 . 29 25 20 17 17 18 45 39 39 35 32 33 349
5 1 cepm. 33 29 22 20 20 21 22 51 45 41 37 38 379
g 1 Bep. 32 28 20 18 18 20 19 18 48 40 36 35 332
z 1 OBT. 32 29 23 19 19 20 19 20 21 46 37 37 322
s 1 mucr. 36 31 23 21 20 20 21 20 20 20 44 39 315

1 rpyn. 37 33 24 21 21 21 21 21 21 21 20 46 307

3 METOI0 OIHKH IOKAa3HHUKIB MOZEN JOLILHO
MepedTH Bif aOCONIOTHUX OOCSATIB PHU3UKY 10 HOro
PO3MOALTY BCEPEIHHI JOrOBOPY VY TMPHUIYIICHHI, M0
CyMapHHAU pHU3UK 3a JOTOBOPOM B I[UIOMY OPIBHIOE
omununi (100 %). Pesynbrati OOuYMCICHb HAaBEICHO B
Tabm. 3.

B sxocti Meromy OIIIHKH ITOKa3HUKIB MOJENi

a,8,...812 bcilubmoT""brpya
HaliMeHIMX KkBajpartiB. LlimboBa QyHKUis MiHiMIzamii

Ta 06epeM0 METO

KBaJIpaTiB BIJXWJICHb TEOPETHYHOTO PO3MOJUTY PHU3UKY
BiJl TOCTII’KYBaHOTO:

12 2
Z= Z(ai+bj—pij) —)min,
i,j=1

Ae Pjj — 3HAYCHHS JOCIIUKYBAHOTO PO3IOALTY PUSHKY.

Tabauys 3. BincoTKoBHIA po3moaiji pu3UKY 3a JOroBOPaMH 10 BHXITHUM JaHUM

Micsip Aii Tpy10BOrO JOTOBOPY
[No3nauenus . g s | B g g = a o, g 5 i Bcerworo
S|E ||| & 8|28 |a|g]| & | &

1 cia. 12% | 11% | 9% [ 7% | 7% [ 8% | 7% | 8% | 8% | 8% 7% 8% 100%

o 1 mror. 7% | 14% | 10% [ 8% | 8% | 8% | 8% | 8% | 8% | 7% 7% 7% 100%

§ 1 Gep. 7% | 6% |12% | 9% | 8% | 8% | 8% | 9% | 9% | 8% 7% 8% 100%

g 1 kBIT. 7% | 7% | 5% [10%| 9% | 9% | 9% | 9% | 9% | 9% 8% 8% 100%

2 1 Tpas. 7% | 7% | 5% | 4% | 11% | 10% | 10% | 10% | 10% | 9% 8% 9% 100%

§ 1 ueps. 8% | 7% | 5% |[5% | 5% |12% | 11% | 11% | 10% | 10% | 9% 9% 100%

E{ 1 mum. 8% | 7% | 6% |5% | 5% | 5% |13% | 11% | 11% | 10% | 9% 10% 100%

E 1 cepr. 9% | 8% | 6% |5% | 5% | 5% | 6% | 14% | 12% | 11% | 10% | 10% 100%

é 1 Bep. 10% | 9% | 6% |[5% | 5% | 6% | 6% | 6% | 14% | 12% | 11% | 11% 100%

2 1 5KOBT. 10% | 9% | 7% [ 6% | 6% | 6% | 6% | 6% | 7% | 14% | 11% | 11% 100%

= 1 mmacr. 11% | 10% | 7% | 7% | 6% | 6% | 7% | 6% | 6% | 6% | 14% | 13% 100%

1 rpyn. 12% | 11% | 8% [ 7% | 7% | 7% | 7% | 7% | 7% | 7% 6% 15% 100%
JIOpiBHIOIOYUM  HYJIO  YacTKOBI  MOXigHI MO 1

TIOKa3HUKAM a Tta b, oTpuMyeMo HACTYyNHY CHCTEMY 7' =2x z (ai " bJ Bi ) -0
JIIHINHKUX PIBHSAHB: 8j ia
12
z, :ZxZ(ai+bJ p,J):O
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o cuctemy 3 ABaIUATHYOTHUPHOX JIIHIHHUX
PIBHSIHD MIEPETIHIIEMO Y BUTIISII:

12 12

12&i + ij — plj =0
=1 =1
12 12 '

].ZbJ +Zai —zpij =0
=1 =1

CucteMa pIBHSAHb € JIHIHHO 3aJleXHOI0 (cyMa
nepiux 12-Tu piBHSHB MiHYC CyMa ApYyrUX 12-TH piBHSHb
JIAIOTh  TOTOXKHICTB), Ta MAa€ HECKIHYEHY MHOXHUHY
pimens. [lng BupimeHHs wiei npoOieMu  BBEIEMO
oOmesxenHs » by =0. 3 ypaxyBaHHAM TOro $axty, 10

3a BCi€0 TaOIHUIICIO Zpij =12 OTpPUMAaEMO DilICHHA Y

BUIJISIAL:

2
8 = T jZ::lpij

P
j=1

bj=—-+
12 124

Pe3yabTaTh nocaigkeHb

Pe3ynpTaTi OLIHKM OKA3HMKIB MOJENL 8y,ay,..

b

JIFOT ! *

. a12

ta Dy, « Brpyn Y BUIMISZ BiZICOTKOBHX OLIHOK

HaBeneHo Ha puc. 1.

OmiHEa DOKATHHKIE PO2MOJIAY PHIHKY 33 JOTOEODAMH

14.0% T
12.0% T
10.0% T
8.0% T
6.0% T
4.0%

2.0% T

12,9%

0.0% t t t t t

a? all all

al2

Puc. 1. BigcoTkoBi OLIIHKY ITOKA3HUKIB MOIEN]

B T1abmauui 4 HaBeneMO TEOPETHYHHH PO3IOJINI
PU3MKY  BCEPEAMHI  TPYAOBOIO  JIOTOBOPY,  SIKHi
moOyI0BaHO HA MiJCTaBi OTPUMAHUX MOKA3HUKIB MOJIENI.
HopmoBane cepeHbOKBaIpaTUYHE BiJIXVJICHHS
TEOPETHYHOTO PO3MOAUTY pU3MKa Big (aKTHIHOTO

S
(m y HOpMYBAaHHS 3a KUIBKICTHO CIIOCTCPCIKHUX,

cknagae menme 0,003. Ile roBoputs mpo Te, mo obpaHa
MOJIEJTb BIJMOBIAA€ BUXITHUM JaHHM.

Posnogin pusukiB 3a goroBopamu 00’€KTUBHO HE €
pIBHOMIPHHMM, HaBINAKM BiH BKa3zye Ha iCHYBaHHS YiTKO

03HAUYCHOTO perpecHoro TpeHnay. Lle Bkasye Ha Toi (axr,
M0 B PO3MISHYTOMY NPHUKJIAAI PHU3HK € TOMITHO
3MIIEHUM [0 TOYaTKy [ii JoroBopy. 30Kpema, s
KOHKPETHOI MOJIeJIi TOJIOBHHA DPH3WKY IPHUIIAJAa€e TPOXU
MEHIlle, HiK Ha II'SITh MICAIIB Mdii JOTOBOpY, a HE
Ha TICTh MICSIIB, K MOXIWBO BHU3HAYUTH 32 METOJOM
BUPOOHWYMX BHMAJKIB, sKi He BigOymucs. OTpumaHuit
pO3MOAIT  PH3HKIB  alPOKCUMYETHCS  CTEIIEHEBOIO

KIII€F0 BUTJISII —a-x P 3 xoediuientom
YH y y

JeTepMiHarii R? ~ 0,96
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Tabnuysa 4. BincoTkoBUil po3MOAiLT PH3UKY 32 JOrOBOPAMH M0 MOAEJbHOMY PO3PaXyHKY

Micsiup aii TpyqOBOTO OTOBOPY
o
5
§ o E a | £ g g o g a g £ = Bceboro
3= : L
l;c? © = 22| & |2 = S a 2 = i
1 ciu. 14% | 11% | 9% | 7% | 7% | 8% | 7% | 7% | 8% | 7% | 7% | 7% 100%
. 1 mor. 7% | 13% | 10% | 8% | 8% | 8% | 8% | 8% | 8% | 8% | 7% | 8% 100%
§ 1 6ep. 7% | 6% | 12% | 9% | 9% | 9% | 9% | 9% | 9% | 8% | 7% | 8% 100%
g 1 kgir. 7% | 6% | 6% |11%| 9% | 9% | 9% | 9% | 9% | 8% | 8% | 8% 100%
; 1 Tpas. 7% | 7% | 5% | 4% | 11% | 10% | 10% | 10% | 10% | 9% | 8% | 9% 100%
g 1 ueps. 8% | 7% | 5% | 4% | 4% | 12% | 11% | 10% | 10% | 10% | 9% | 9% 100%
=]
% 1 . 8% | 7% | 6% | 5% | 5% | 5% | 13% | 11% | 11% | 10% | 9% | 9% 100%
é 1 cepr. 9% | 8% | 6% |5% | 5% | 5% | 6% | 13% | 12% | 11% | 10% | 10% 100%
g 1 Bep. 9% | 9% | 6% | 5% | 5% | 6% | 6% | 6% | 14% | 12% | 11% | 11% 100%
S 1 5KOBT. 10% | 9% | 7% | 6% | 6% | 6% | 6% | 6% | 7% | 14% | 12% | 12% 100%
1 nucr. 11% | 10% | 7% | 6% | 6% | 6% | 7% | 7% | 7% | 7% | 14% | 12% 100%
1 rpyn. 12% | 10% | 8% | 7% | 7% | 7% | 7% | 7% | 8% | 7% | 7% | 14% 100%
Jaii po3ristHeMo pe3ysibTaTH PO3MOJiTy PU3MKIB 32 MOJeNeH pU3UKY BUHUKHEHHSA HECTAaHIAPTHUX

KaJIeHJapHUM KOpPEeKTHBOM. KaneHnapHui  KOpEKTHB
MOKaszye, sKi MicAlli BCEpPeAMHI PpOKY BHSBISIOTHCS
ripIIUMHY, a SKI KpallMMH 3 TOYKU 30pY BHPOOHUYOTO
TpaBMaTU3My, HE3aJICXKHO BiJf TOTO Ha SKUH MICSIb BiX
JaTH TO0YaTKy il TOrOBOPY MpHmajae pusuk. Ilimcymku
CIIOCTEPSIKCHHSA IHTYITHBHO € Jy)Xe 3pO3yMUTUMHU i
MOSICHIOIOTECSL BIUIMBOM OOpPaHOTO MOKa3HUKA BIUIMBY:
HaWOUTPIMUH PU3WK TPHITAJAE HA 3UMOBI  MicAIi
(ucroman-ciuyeHp), a 3 MOYATKY BECHU CIOCTEPIraeThCs
MaTiHHS 10 MIiHIMYMY B KBiTHI, Ta 3 TPaBHS 110 >KOBTCHb —
3BOPOTHO TIOBUIBHE 3pocTaHHA. Jlns miampueMcTa 3
YaCTHMHOK BUPOOHMYMX TOTYXKHOCTEH, cHenUu(iKo
HasgBHOCTI pPOOIT, IO BHUKOHYIOTBCS, HE Yy 3aKpUTHX
BUPOOHMYMX MPUMILIEHHSX, I[I€ MOXJINWBO MOSCHUTH
30UIBIICHHSAM  BIJJHOCHOI J0ojii  MaslokBajiiikoBaHMX
CHeLiaJliCTiB, SKI 3aJy4aloThCs 3TIHO A0 3POCTArouoi
Joii 3aka3iB. JIokasbHe 3HWKEHHS PU3HKIB ITOB’SI3aHO 3
ni€ero  OQIMIfHAX CBAT, KONM BEICHHS BHUPOOHUYOT
JUSUTBHOCTI TIPU3YTINHSIETHCA. Bouesuns ULt
MIPOMUCIIOBUX IiIPHEMCTB, BUPOOHMYMH MK SKUX HE
3aJICKUTh BiJl Jii NPUPOAHUX YMOB B SIKOCTi (paKTOpPiB
aHai3y CJIiJT OOMpaTH 1HII HAHOUIBII BILTUBOBI (haKTOPH.
Jlis koHKpeTHO! Mojeni Ha mepuie miBpiuds (CiueHb-
4yepBeHb) mnpunamae 46%, Ha apyre — 54% pusuky
BUPOOHHYOI0 TPAaBMATU3MY

3 omsiy Ha Te, IO KOHKPETHAa 4YHCIIOBA MOJIENb
noOysoBaHa 3a HasBHUMHU JIaHUMH  BHPOOHHUYOTO
TPaBMaTU3My THIIOBOTO BHPOOHHWYOTO MiATIPHEMCTBA,
3pO3yMiNI0, MO0 OOpaHHS IMOKA3HUKIB MOJEN 3HAYHOIO
MIpOIO  3aJ€XKUTh BiJl TOrO, SKUH THI  PU3UKY
pO3MIISIAETECSI.  30KpeMa,  OCHOBHHUMH pPH3HKAMH €
PU3MKHM  BHMHHKHEHHS  HECTaHJapTHOI  BHUPOOHMYOI
CHUTYyallil, sIka CIIPUYMHIIA BUPOOHUYUH BHITIA/IOK, PU3HKA
BUHHMKHEHHST HECTaHAApPTHUX BHUPOOHUYMX CHUTYaIlii
BHACNIZIOK MPOTHIIPABHUX MiH TpeTix oci® (pu3uKu
HaBMHCHUX [ili TpeTix oci0 3 Hamoro po3risigy
BuiaydeHo). OrmpanpoBaHa MOZETs BiTHOCUTBCA 10

BUPOOHMYMX CHUTyaliil (IepLUIoro THIy) TaK SIK 30UTKH
HACTalOTh BHACIIZIOK OTPUMaHUX Ha BUPOOHMITBI TPaBM.
SIKIO  PO3MIISSTHYTH ~ PU3UKH  MOIIKOJKEHHsT  3aco0iB
BUPOOHHUIITBA BHACTIOK HECTAHIAPTHUX BUPOOHUYMX

CUTyalliif, TO SAKICHO PE3YJbTaTH  3aJIUIIAIOTHCS
CHiBCTABHUMH. A OCb 3 PpHU3HUKAMH BHUHHUKHCHHS
HECTaHAAPTHUX  BUPOOHWYMX  CHUTYyalliii  BHACIIZOK

MPOTUIIPABHUX i TpeTix ocid cutyamis inma. He
HaBOJSYM JOKIATHUX PO3PaxyHKiB, OOMEXHMOCH IIHIIE
UTFOCTpaIlisIMA ~ PEe3yIbTYIOUMX  OMIHOK  TOKAa3HHKIB
MOJIENEH, TUB. puUC. 2.

AHaii3 HaBelleHMX Ha PHUCYHKY 2 3aJle)KHOCTel
BKa3ye Ha Te, 10 MAEMO JICIIO IHIIY CUTYAI0: PO3MOILI
PH3HKIB 32 JIOTOBOPaMH Ma€ 3pOCTAOYHMH TPEHJ 3 Pi3KHM
BUKHJIOM B OCTaHHI J1Ba MICSAIl, a KaJCHIAPHUI KOPCKTHB
TOBOPUTH MPO TE, IO HAWUTIPIIUMH € BECHSIHO-JTITHI
Micsi. BoueBuap, cuTyaris moB’s3aHa 3 MOTHBOBaHUM
OakaHHAM "BHABNATH" JApiOHI TpaBMH K KIHIIO il
TPYAOBOTO JOTOBOPY, KOJH 3PO3YMIiIIO, IO OLITBIIE TaKIX
TpaBM HaliMOBipHiIIe He Oynme, i HACTaB Yac 3asBIATH
HasBHI 3 (HOPMYITIOBaHHAM '"CHOTOIHI BimOyIOCH", YNM i
MOSICHIOETBCST X BHKHJ B OCTaHHI MiCSIN Jii TPYIOBOTO
JIOTOBOPY K e(eKT eKoHOMii Ha maciitabax BUTpAT 110
BYAaCHIH 3asBI ApiOHMX TpaBM, Tak SAK K KIHIIO €
MOJXKITUBICTS X "3i0patu" myke 6araro.

OOrosopeHHs pe3yJibTATIB

Pestomytoun BuIle3a3HAYCHE MH JIOXOAMMO [0
HACTYITHUX BUCHOBKIB:

1. Pusux BUHUKHEHHS
BUPOOHUYOTO TPABMATU3MY:

-Ma€e 3MIIIEHHS JO TIOYaTKy Jid TpyAOBOrO
JIOTOBOPY Y BIATIOBIAHOCTI J0 BU3HAYCHOI CTYICHEBOI
3aJIe)KHOCTI;

- € MiHIMAJBHUM Y BECHsHI (3 Oepe3Hs 10 TPaBCHb)
Ta MAKCUMAJIBHAM B 3MMOBI (3 KOBTHS 110 CI4€HB) MiCAIIi.

30HUTKY BHACJTI 0K
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2. Pusuk BUHHKHEHHS 30UTKY BHACJIIIOK
BHPOOHWYOTO TPaBMAaTH3MY BHACIIIOK MPOTHIIPABHUX i
TpeTixX 0cib:

- € MIHIMAJbHUM B OCIHHBO-3UMOBI Micsmi (3
JKOBTHSI TIO JIFOTHI) Ta MaKCUMaJIbHUM BECHSHI (3 Oepe3Hst
IO TPaBEHb) MICSII.

- Ma€ 3MIMICHHS K KiHIFO Jil TPYAOBOTO JOTOBOPY 3
Ppi3KUM 301BIIEHHSM B OCTaHHI OZFH, J1Ba MiCSIIIi;

=Pozmoi1 23 A0TOROpAMH ——Pozno7i1 23 KOPPEKTHEOM

18.0% T T 2.0%
16,0% T 1.3%
400 4+
14.0% 1 1.0%
YN, 4
12,0% + 0.5%
10,0% )
) + 0,0%
8.0%
) + -0.5%
6.0% T )
10% + T -1,0%
2.0% -+ T -L3%
0.0% I f f I I f f f f f f -2.0%
al a2 a3 a4 a> a6 a7 a8 a% ald all al2
b b b b b b b b b b b b
cid. MEOT. Dep. KBiT TpaE. 9epE. M. CEpI. EEp. JHOBT.JIHCT. TPV
Puc. 2. OuiHKN NOKa3HUKIB PO3MOALTY PU3HKIB 32 YMOBH BIUIMBY TPETiX 0Ci0
BucnoBku pe3ynbTaTiB  MPOXOKCHHS OCHOBHHX  BHPOOHHYIX
MIPOIIECiB Ha MPOTA3i pOKy (OJHOTO BUPOOHUIOTO IHUKITY Y
B  Marepiamax 1miel CTAaTTi  3ampONOHOBAaHO  BHIAJIKAaX TEPEOITBIIEHHA TEPMiHy OMMH PiK), a TaKOXK
OPUHLUMUIIOBY MOJENb, sKa JI03BOJIIE SZ[ifICH}OBaTPI MOXKE 6yTI/I BHKOpPHUCTaHa IJIA OLIBII TOYHOTO BH3HAYEHHS

YHCeIbHY OLIHKY PO3MOJNCHHS PHU3UKIB BHpOOHMYoro  3000B’s3aHb POOOTONABIS 3a TPYAOBUM JIOTOBOPOM B

TpaBMaTU3My BCEPEIWHI TPYJOBOTO IOTOBOPY, Ha 0a3i  4aCTHHI BIAIMKOIYBaHHb, SIK1 00YMOBIIIOIOTCS
BIACHOT CTATHCTHMKM IIINPUEMCTBA IO BHPOOHHMYOMY  OO’E€KTHBHO ICHYIOYUM piBHEM BUPOOHHYOTO
TpaBMaTuU3My. 3amporoHOBaHa MOJAETh MOXe OyTtu  TpaBMaTuU3My.

BUKOPHCTaHA JUisi OUIBII TOYHOI OIHKHM 1 IPOrHO3YBaHHS
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MOJAEJIb ONEHKH PUCKOB ITPOU3BOJCTBEHHOI'O TPABMATHU3MA

IIpeameToM ucciaeqOBaHNA B CTaThe SIBISCTCSA CO3/1aHHE MOJIENU OLICHKH PUCKOB MPOM3BOJICTBEHHOIO TpaBMAaTH3Ma Kak (akTopa
HETOCPEICTBCHHOTO BJIMSHUS HAa COCTOSIHAE W XapakTep OTHOIICHUI Mexny padoTomareieM W HaeMHBIM paboTHukoM. Lleab -
IIOCTPOCHUE MOJENU OLEHKH PUCKOB IIPOU3BOJICTBEHHOIO TpaBMaTH3Ma B MOJCUCTEME KaJpOBOTO YIPABICHUS CUCTEMBl MIPUHATHS
peIleHHH TO OpTraHU3alMU JEATCIPHOCTH MPOMBINUICHHOTO TPEINpUsATHA. 3agadm: pa3paboTaTh SKOHOMHKO-MATEMATHYCCKYIO
MOJIeJIb, KOTOPAsl II03BOJISICT UCCIICNOBATh PACIPE/IEICHUE PUCKOB IPOU3BOJICTBEHHOIO TpaBMaTU3Ma BO BpeMs ICHCTBUs TPYIOBOTO
noroBopa. Mcmonmb3yroTesi oOleHayqHble METOAbl CHCTEMHOTO, CTPYKTYPHOTO aHajiu3a W cHenu(uueckre MeTObl HPHHSITHS
pCILIeHUs B YCIIOBUSAX PUCKA M HeompeaeneHHOCTH. [lomydueHsl crneayonye pe3yabTaThl. B cTathe mpemocTaBneHa KOHIENTyalbHas
MOJIeNTb IPUHATHUS PEIICHUS 1O YIIPABICHUIO PUCKAMHU IPOU3BOICTBEHHOTO TPAaBMATH3Ma JIMIY, OTBETCTBEHHOMY 32 KOJINYECTBEHHOE
000CHOBaHNE YKBUBAJCHTHOCTH (DUHAHCOBBIX OTHOIICHUN MEXIy aJMUHHCTpALUeld MPOMBIIUIEHHOTO MPEANPHUITHS, KaK CTOPOHOH
TPYAOBOTO JIOTOBOpA, M PabOYMM B YAaCTH MHHHUMH3AIUU MOCIEICTBUI MPOM3BOJICTBCHHOTO TpaBMAaTH3Ma. BBIIEICHBI KIIIOYCBBIC
(aKTOpBI BIMSHHS Ha MPOIECC U XapaKTep STHX OTHOMICHUI C TOYKH 3PEHUS M3MCHYMBOCTH YPOBHSI TpaBMaTH3Ma B TCUCHHC
JIEUCTBUSI TPyAOBOro jaorosopa. IIpemiokeH yder PUCKOB BO3HUKHOBEHMSI HECTAHAAPTHBIX IPOM3BOJICTBEHHBIX CHUTyallUd B
KaJIBKYyJIAIK cebecTonMocTH paboT (yciayr) B paspe3e OIpe/ieNeHHBIX (DaKTOPOB BIMSHHS M BO BPEMEHH, KOTOPOE IO3BOJIIET
MIPEIOTBPAILATh HUCIIOIb30BAHUE CIy4allHBIX COOBITHI B KayecTBE MHCTPYMEHTA HEMPEIBUACHHBIX PACXOI0B HEMPOU3BOJICTBEHHOTO
XapakTepa, a TaKKe yAepKaHHusi OTBETCTBEHHOCTH MPEIIPHATHS B IPe/ieNiax ASHEKHOro GpoH/a, COOTBETCTBYIOIIETO B3STHIX Ha Ce0st
10 TPYAOBOMY JOTOBOpY oOs3arenscTBaM. BbiBoabl. [Ipu mpoBepeHHM aHanm3a W MOCTPOCHHUH MOJENH, KOTOpas MO3BOJISET
OCYILIECTBIATh YHCICHHYIO OLIEHKY PaclpeaeIeHNs] PUCKOB MPOU3BOICTBEHHOTO TpaBMaTH3Ma BHYTPH TPYIOBOTO JOrOBOpa, Ha Oaze
COOCTBEHHOH CTATHCTHKU IPEIPHATHS MO NPOU3BOACTBEHHOMY TPAaBMATH3MY BBISBICH DsiJ IIOKa3aTeled, KOTOPbhIe OKa3bIBAIOT
CYLICCTBCHHOE BIIMSIHUE Ha IMPUHATUE PELICHHs [0 OpraHU3allud IPOMU3BOACTBCHHOW [NESTENBbHOCTH INPEANPUSATHS B 4YacCTH
MUHHUMU3ALUU OCIEACTBUN MIPOU3BOACTBEHHOIO TpaBMaTu3Ma. JlaHbl peKOMEHIALUY 110 UCII0Ib30BaHUIO IOJTY4YEHHBIX Pe3yIbTaTOB
Jutsl GoJiee TOYHOM OLIEHKH M ITPOTHO3MPOBAHMS JIBIKCHHS OCHOBHBIX HMPON3BOJICTBEHHBIX IPOIECCOB B TeueHUe roaa. IlomydeHnsie
pe3yabTaThl MOTYT OBITH HCIIOJIB30BAHBI I O0Jiee TOYHOTO OMpEACICHHUs 0053aTeNbCTB PadOTOAATENS IO TPYJOBOMY JIOTOBOPY B
4acTH BO3MEIICHHUS, KOTOPHIE OTOBapUBAIOTCS OOBEKTHBHO CYHIECTBYIOIINM YPOBHEM MPOU3BOICTBEHHOTO TPaBMaTHU3Ma.
KuroueBble cjioBa: MpeAnpuaATHe, TPOU3BOACTBEHHAS TpaBMa, paOOTHUK, MOJICIb.

THE MODEL OF ESTIMATING THE RISKS OF WORK-RELATED FATALITIES,
INJURIES, AND ILLNESSES

The subject of research of the article is the creation of model assessing the risks of occupational injuries as a factor of direct influence
on the state and nature of the relationship between the employer and the employee. The goal — to build a model for assessing the risks
of occupational traumatism in the subsystem of personnel management of the decision-making system for organizing the activities of
industrial enterprise. Objectives: to develop an economic and mathematical model that allows to investigate the distribution of risks
of occupational injuries during the operation of the employment contract. The general scientific methods of system, structural analysis
and specific methods of decision-making are used in the conditions of risk and uncertainty. The following results are obtained. The
article provides a conceptual model for making a decision on managing the risks of occupational injuries to a person responsible for
the quantitative justification of the equivalence of financial relations between the administration of an industrial enterprise as a party
to an employment contract and workers in minimizing the consequences of occupational injuries. Key factors of influence on the
process and nature of these relations are highlighted in terms of the variability of the level of injuries during the employment contract.
It is proposed to take into account the risks of occurrence of non-standard production situations in the calculation of the cost of works
(services) in the context of certain factors of influence and in time, which makes it possible to prevent the use of accidental events as a
tool for unforeseen non-production expenditures, as well as keeping the enterprise's responsibility within the monetary fund
corresponding to those taken on Themselves under the employment contract. Conclusions. When analyzing and constructing a model
that allows for a numerical assessment of the distribution of occupational injury risks within an employment contract, a number of
indicators have been identified on the basis of the company's own statistics on occupational injuries, which have a significant impact
on the decision to organize the production activity of the enterprise in minimizing the consequences of occupational injuries. The
recommendations are given on the use of the results obtained for more accurate assessment and forecasting of the movement of the
main production processes during the year. The obtained results can be used to more accurately determine the employer's obligations
under the employment contract in terms of compensation, which are stipulated by the objectively existing level of industrial injuries.
Keywords: enterprise, industrial injury, employee, model
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VIIK 621.923
B. JI. KOBAIJIEB, A. H. IIIEJIKOBOIA, A. A. KJIOUKO

TEXHOJJOI'MYECKHUE PEHIEHHS CTAIIMOHAPHOM 3AJIAYM PABOUYNX
AKUIKOCTEHN NOBBIWEHUA JOJT'OBEYHOCTHU 3YBYATBIX KOJIEC
I''TABHBIX ITPUBOJOB TAKEJIBIX TOKAPHbBIX CTAHKOB

IIpeameToMm HCClIEOBAHUS B CTAThE SIBJSIIOTCSI BOIPOCHI, CBSI3aHHBIE C YTOUHEHHBIMU PELICHUSIMU U30TEPMHUUYECCKON CTAI[MOHAPHOMN
3a/1a4M JUIsl CMa3bIBAIOIIEH OXJIaXAArOIIeH KUIKOCTH HaXOIAIIEHCs B HBIOTOHOBCKOM COCTOSIHUM C YY€TOM YCHIIMM, IEHCTBYIOLIUX B
3alCTUICHUN LWIMHAPUYCCKUX 3yOuaThIX KOJIEC M CHJI TPCHHs, BO3HUKAIONIMX HA AKTHUBHBIX IOBEPXHOCTAX 3YObEB B 30HE
KOHTaKTHPOBAHHS 3BOJBBEHTHBIX MOBEPXHOCTCH M TOJIIMHBI MACASHOTO CJIOS C YYETOM THJIPOJUHAMUYCCKHX XapaKTePUCTHK
cMmasbiBaroteit xkuakoct. Leab — mocTpoeHHe MOAeIH KOHTaKTHO-THIPOJANHAMHUYCCKOTO pacueTa 3y0uaToil mepemavn. 3agaum:
PaccMOTpPETh YCTAHOBJICHHE BEIMYMHBI TOJIIMHBI CMA304HOTO CJIOSI MPH 3aJaHHOW BHEIIHEH HArpysKe, CKOPOCTH IBMIKCHUS IS
OTpeNeNiCHUss HaTW4Yusl WAM OTCYTCTBHSA JKMIKOCTHOTO TPEHHUS, C TOIYYCHHEM MCXOAHBIX JaHHBIX [UIA OINpeleNeHUs
paboOTOCIIOCOOHOCTH U JIOJITOBEYHOCTH COTIPATAEMBIX TSDKEJIOHATPYKCHHBIX U OTBETCTBEHHBIX 3yOUaTBIX KOJIEC TSKEJIBIX TOKAPHBIX
cTaHkoB. [loydeHbl chenyronye pe3yabTaThl. B crathe mnpencraBieHa pa3paOOTaHHAs aBTOPAaMH MOJIENb JUIS OJYYICHUS
COOTBETCTBHSI MPHOJNMKCHHBIX W YTOYHCHHBIX PCIICHHNA TIPH YCTAHOBICHHH CBSA3M MEKIY MaKCHMAaJIbHBIM KOHTAKTHO-
THIPOINHAMUYCCKIM JaBJICHUEM U MAaKCUMAaJbHBIM T'ePIIEBCKUM JIaBICHUEM. AHAJIN3 MOKA3ajl, YTO MPHU JIFOOBIX pabounX MapaMeTpax
MaKCHMaJIbHOC KOHTAKTHO-THAPOJMHAMHYCCKOE JaBJICHHE JOJDKHO OBITh MCHBIIE WM PAaBHO MAaKCHMAJIbHOMY T'epLEBCKOMY
napjieHuto. [Ipu THAPOAMHAMUYECKOM (PKUAKOCTHOM) WIJIM TPAHUYHOM (TTOJTY>KHIKOCTHOM) PEXKHMax TPEHHsS MACHSHBIA CIOH He
TOJIBKO CYIIECTBEHHO BJIMSAET HA COCTOSIHHME M3HOCA 3yObEB, MOTEPH MOIIHOCTH M TEMIIEpaTypy B KOHTAKTE, HO M MCIIOJHSACT POJIb
YHOpYroil cpenpl, AeMO(UPYIOMEH yaapsl U H3MEHSIOMIEH pacmpenesieHne Harpy3oK IO JUIMHE KOHTAKTHBIX JTuHUH. Tak, s
3aKpBITHIX OJBOJBBCHTHBIX IMepelad C IMOBEPXHOCTHO-YIPOYHECHHBIMUA XHMHKO-TEPMHUYCCKON 00pabOTKO 3yObsMu Hambolee
aKTyaJIbHBIM SIBIISICTCS TIPEAOTBPAICHHE TNTyOHHHBIX (ITOJICIONHBIX) MOBPEXKICHUN, 00YCIOBIEHHBIX KOHICHTpAIMEed HArpy3Kd B
3aneryicHud. BuiBoabl. OCHOBHBIC (DHU3UKO-MEXAHUYECKUE W XUMHYCCKHC XAPAKTCPUCTUKU MACISHOW IUICHKA B YCIOBHSAX
HATrPY)KCHHOTO KOHTAKTa OJJICMCHTOB 3allCIUICHUs, a WMEHHO TOJIIMHA MACIITHOTO CJIOS W KO3(D(OUIMEHT TPCHUS SIBISIOTCS
BOKHCHIIUMH ~ KOMIUICKCHBIMH ~ KPUTCPHUAIBHBIMM  [TOKA3aTeJIIMH,  ONPEACSIAIONIMMHE  Hadallo M NPOTEKaHWe Ipoliecca
KOHTAaKTHUPOBAaHUS CKOPOCTHBIX TsKEIOHATPYKEHHBIX 3y0UaThIX IMepeaad riIaBHbIX IPUBOIOB TSXKEIIBIX TOKAPHBIX CTaHKOB ¢ UITY.

KnioueBble ciioBa: MWIHHIPUYECKHE 3yO4aThle Kojieca, M30TEPMUYECKas CTAllMOHApHAs 3a/ada, CMas3blBAIOIAs JKUAKOCTD,
TOJIIIMHA MAaCJSTHOTO CIOSI, TUAPOJMHAMHYECKAs TEOPUS CMa3KH.

BBeaenue
Jnst  uccneoBaHMS — BONPOCOB,  CBS3aHHBIX  C
YTOYHEHHBIMHU PpeIICHISIMH HU30TePMHIECCKOM

CTAallMOHApHOM 3aa4y JUIsl CMa3bIBAIOLIEH OXJIaKaaroen
JKUAKOCTH HaXOJALIEHCS B HBIOTOHOBCKOM COCTOSTHUM
paccMOTpeHbl yCHUJUs, JEUCTBYIOIIME B 3alleIIEHUU
MIIHHAPUYECKUX 3y09YaThIX KOJIEC C YUIETOM CHJI TPEHUS,
BO3HHUKAIOIIMX HAa aKTUBHBIX IOBEPXHOCTSAX 3yObEB B
30HE KOHTAaKTHPOBAHUS 3BOJIbBEHTHBIX MOBEPXHOCTEU
u TOJIIIUHBI MacJIIHOTO cios c y4eToM
TUAPOJUHAMUYECKUX  XapaKTEPUCTUK  CMa3bIBarollel
JKUJIKOCTH.

DopMyIbl JIs1 ONIPEAENICHUS YCUIU, 1eCTBYIOLINX
B mepeaayue mpsMo3yObIX M KOCO3YOBIX IHIHHIPUICCKUX
3y0UaThIX KoJec arfmpoOKCUMHUPYIOT JUTUHY
KOHTaKTUPOBAHUS MO JIMHUM TPEHUS U YUUTHIBAIOT B
KayecTBE  HMCXOJHOTO  MPHUONIKCHHS  Pe3yJbTaThI
NPUOJIMKCHHOTO ~ pEIICHUs  [pH  IMOCTOSHHOH U
[EpEeMEHHOH BSI3KOCTHU Maciia.

OcHoBHAafl 4acCTh

Jnst monydeHus COOTBETCTBHS MPHUOIMKCHHBIX H
YTOUHEHHBIX pEeNIeHUH Obllla YCTAHOBJIEHA CBSI3b MEXIY
MaKCHMaJIbHBIM KOHTaKTHO-TUAPOAMHAMAYECKAM

JaBJICHUCM kO max u MaKCHUMAJIbHBIM TEPLICBCKUM

JAaBJICHUEM O-I‘CpII' Amnamuz IMokKasaJji, 4To HOpu JIFOOBIX

paboumx  mapamMeTpax  MaKCHMalbHO€  KOHTAKTHO-

THIPOJAUHAMMYCCKOE JaBJICHHE JOJDKHO OBITH MEHBIIE
WA paBHO MaKCUMAITbHOMY T€pPIICBCKOMY JaBICHHIO.

Lenbt0 KOHTaKTHO-THAPOIMHAMUYECKOTO pacyera
3yO4aToil mepemadd SBISCTCS YCTAHOBIICHHE BEIHMYHHEI
TONIMHBI CMa304YHOTO CIIOS TPH 3aJaHHOM BHEIIHEH
Harpy3Ke, CKOPOCTH [IBIDKCHHS [UIS  OINpPEIeIICHUSI
HAJIMYKS WM OTCYTCTBUS IKHIKOCTHOTO TPEHHUS, C
MOJYYCHUEM HCXOMHBIX JAHHBIX IS ONpPEICIICHUS
pabOTOCIIOCOOHOCTH M JIOJTOBEYHOCTH — COMPSTaeMbIX
TSKEJIOHATPYKCHHBIX U OTBETCTBEHHBIX 3y0YaThIX KOJIEC
TSKEJIBIX TOKAPHBIX CTAHKOB.

IepemerieHust MMOBEPXHOCTEH TpeHUs
9BOJIBEHTHBIX COIPSTAaeMBIX ITOBEPXHOCTEH 3y09aThIX
KOJIEC OTMPEICIAIOTCS METOJaMH TEOPHU YIpyroctd. [Ipu
9TOM TMapajuleIbHO paccMaTpUBacM peIICHUS MpHu
BS3KOCTH CMa304YHOTO Maclia IIOCTOSHHBIM M KOTJa
YUMTBHIBACTCS BIMSHUE AABJIECHUS Ha BA3KOCTS [1, 2].

[Ipu pacdere MPUHUMAIUCH CIEAYIOUINE YCIOBHBIC
0003HaYeHHUs: X — KOOpAWHATA BIOJb HAIPABICHUSI
JBIDKCHUSI TIOBEPXHOCTEH, HalpaBlicHHas B CTOPOHY,
00paTHYIO IBWXEHUIO, M; &, [ — pa3MepHbIE KOOPAMHATHI
KOHIIa ¥ Havana obnactu Tpenus, M; U,,U, — ckopoctu
ﬂ'a’/ib B
KPUBHU3HBI TIOBEPXHOCTEH B TOYKE KOHTaKTa JIO
nedopmanuu, 1/M; h — TomjmpHAa CMa304HOTO CJOSL B
JTAHHOM TOYKE X C y4eToM Ae(opManuy MOBEPXHOCTH, M;
h, — paccrosiHre MeX Iy TOBEPXHOCTSIMH B JAHHOH TOYKE
X IByX HenehOopMHPOBAHHBIX
h. — HaWMeHbIIAs TOJIIMHA CMAa30YHOIO CJIOS ¢ YYETOM

nedopmanuu, M; h,, — HaUMCHBIIES PACCTOSHHE MEXTY

JIBIDKEHUSI TPYUIUXCS TIOBEPXHOCTEH, M/C;

OKPYKHOCTEH, M;

m
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IBYMS  Hene(OpMHPOBAHHBIMH  OKPY)KHOCTSIMH, — M;
h, — TonmmuHa cMa304HOTO CIOS B TOYKE, TAE TPAJUCHT
JIaBJICHUS paBEH HYJIIO (B TOUKE MaKCUMyMa JaBJICHUS U B
TOYKe OOpBIBA CMa304YHOH IUIEHKH) C  Y4YETOM
nedpopmanuu, M; K, — HAPOAMHAMUYECKOE JaBJICHHE B
JTAHHON TOYKE X C YYETOM 3aBHCHUMOCTH BSI3KOCTH Macia
OT JIaBIICHHUS, KI'C/M; Po — TMAPOIUHAMUYECKOE AaBIECHUE

B HCCJIECIyeMOW TOYKe 0e3 ydyeTa 3aBUCHMOCTH BSI3KOCTH
Macia oT naBieHus, kre/m’, Ko — TUAPOAMHAMUYECKAS
IPY30II0IbEMHOCT €IMHUIIBI JJIMHBI KOHTAKTa 3y04aToro
KOJieca C YYeTOM 3aBUCUMOCTH BSI3KOCTH Macia OT
aBJEHHS, KI'C/M; Py - TUIPOAMHAMIYECKAS

Irpy30IOABEMHOCTD €AMHUIIBI AJTMHBI KOHTAKTa 3y6anoro
Kojeca 0Oe3 ydye€Tta 3aBUCUMOCTHU BA3KOCTU Macja OT
JaBJICHUA, KFC/M; H — abCoJII0THAsT BSI3KOCTh Macia npu

nasnennn Ky, (krc-c)/mM’; g, — abCOMOTHAS BA3KOCTH

2,
npu  arMocepHOM  JaBieHuH, (Krc-c)/mMS;
nbe30k0dpGUIMeHT  BsskocTH, MY/kre; E  —
NPUBEJICHHBIA WM 3(QQEKTUBHBIH MOJIYNb YHIPYTrOCTH
1 111 1

kre/M’, —==| —+—|;

E 2/E E
U] — CyMMapHBbIii IPOru0 ABYX TPYLIUXCS IIOBEPXHOCTEH],

M; A" — K09(QQHUIMEHT NPONOPUHOHATBLHOCTH MEKIY
nporuoom HOBEPXHOCTH u OTHOIIICHHEM
THAPOIUHAMUYECKOTO JABICHUS K MOJYIIIO YIIPYTOCTH, M.

CyMMapHble  IIepeMCINCHUs]  NPOTHUBOJICIKALIHNX
9JIEMEHTOB JIByX DHBOJIbBCHTHBIX IIOBEPXHOCTEH MOA
JeUCTBHEM HOPMAaJbHBIX JaBJICHHH B CMAa304HOM CIIOE,
rOe  IOCTOSHHBIE  ONPEACNSAIOTCS  OTHOCHTEIBHBIM
CMEILICHHEM NOBEpPXHOCTEH, onpenennum mo Llltaepmany B
BHUjIE

Macjia
)

TPYIIUXCS TTOBEPXHOCTEH,

o (x)= _7riE(l_ m? )'fko (€)In|e—x|de+const; (1)
v (x) = —i(l— mz)fp0 (¢)In]e—x|de +const, (2)
7E >
e - Ko3hduIHeHT Myaccona,

h(x)= hl(X)+vl(X) A.
[lepexonst oT pa3MepHBIX KOOPAMHAT W HapaMeTpoB
Kk Oe3pa3MepHbIM U yuuThiBast, uto H(a) = 1, Haiinem

b
H(z):l—a2+zz+DJ-k(t)In|t_—‘j|dt ?3)

a

b
H(z)=1—a2+zz+Djp(t)In|t_—j|dt. (4)

a
3necn HOBBIH 6e3pa3MepHsbIi KOd(pPHUIHEHT

nedopmannu

) 4841y (U, +Uy ) (1-m?)
C rERE (At 4)

®)

Ioncrasus (3) B (4), moay4uM OJHO HEIHMHEHHOE
CHUHTYJIsIpHOE  MHTerpomuddepeHnnanbsHoe  ypaBHEHHE

it pyakuuu K(z) wim p(z). Penienue 3Toro ypaBHEHUS
CBSI3aHO CO 3HAYMTEIFHBIMU TPYAHOCTSAMH, TaK KaK OYeHb
Malo paboOT TIOCBAIMICHO  PEIICHHIO  HETMHEHHBIX
nHTETpo I HepeHITNATBLHBIX YPaBHESHHH.

Jis  ynpoImneHHs paccMOTpUM  Oosiee  MPOCTOM
CIIyJai OCTOSITHHOW BSI3KOCTH Maciia, ypaBHeHue (4). s
€ro peIICHUs IPHUBOAUTCS HEIMHEHHOE CHUHTYISIPHOS
UHTErpoauG GepeHINaTbHOS YPAaBHCHHE K PErYISPHOMY
HEIMHCHHOMY  WHTCTPAIbHOMY  YpPaBHCHHIO  THUIA
I'ammepmiTeliina.

(1-H(2)
- j — Tz ©)
. H°(2)

IloxcraBnsas 3TO BbIpaxkeHue B (4) U U3MEHsAA
HOPSIIOK UHTErpPUPOBAHUA I TIPUMEHSIS
MHTETPUPOBAHUE IO YACTSIM, a TAaKKE YYUTHIBASA, UYTO
pla) =0; p(b) =0, Haitnem

H®)

H(z):l—a2+zz+DJ. M, )ﬁd @)

e siApo

e
(t_u)t a

OTO ypaBHEHHE MOXXHO OTHECTH K HEITUHEHHBIM
HMHTETPaIbHBIM YpaBHEHUSM THMNA ypaBHEHUI
l'amMmepiiTeitHa ¢ HECUMMETPUYHBIM SIIPOM.

EnuHcTBEeHHBIMU MOMBITKAMU
ANTOPUTM  TPHUOTIKECHHOTO  YHCICHHOTO  PEIICHUS
MHTETPaJIbHbIX ypaBHEHUH ObLTH paboThI
B. II. Berunakuna u [. 1O. [1anoBa. B paborax [5, 8]
OBLTH pa3paboTaHBI TEOPUU MPUOIMKEHHBIX METOIOB.

M(t,z)=I (8)

paspaboTaTh

OCHOBHBIMH  33aJjauaMH TCOPHU IPHONMKESHHBIX
METOJIOB PEILLICHHUS SIBISIOTCS:

- nocTpoeHre  A(GQPEKTUBHBIX  YHHBEPCAIbHBIX
aNrOpUTMOB;  OINpEJENeHWE CXOAMMOCTH  Ipolecca
pelleHus;  UCCleNoBaHUEe  OBICTPOTHI  CXOJUMOCTH;
BBIICHEHHE  YCTOMYMBOCTH  Ipollecca  BBIYMCIICHUH;

OIICHKA MOrpCIIHOCTH,
- OMIPCACIICHUE CYHMICCTBOBAHUA W CUHCTBCHHOCTHU
peueHus.

CyliecTBOBaHME W €AWHCTBEHHOCTh  PCILCHUS
ypaBHeHus (7) mpu ero Bapuarmu no H:
3
DJ'M ( )- 72 shdt, )
H*(t)
roe Hg (Z) — Oe3pa3MepHast TOJIIMHA CMa304HOTO CJIOS B
TOYKE Z MPH S-M HPUOINIKEHHIH;
Ho (Z) Oe3pasMepHas TOJNIIMHA CMa30YHOTO

CJ10sl B TOUKe Z 1pH (S+1)-M npubimxeHun.
Ilepexoast ot Bapualnii K KOHEYHBIM Pa3HOCTSIM ISt
COOTBETCTBYIOIIUX PUOIMKEHHUM, TIOTYIUM

2H (t)

Hey@-H, () =D[ M) IGELRG) S

S

BBCI[GM 0003HaUYEeHNS
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70)=H.@-D[ Mt T
2H, (t)-3
M (t,z)=M(t,2)—5——
S( Z) ( Z) Hs4(t)

Torma okoHUYaTEIBHO

b

He (2) =7 (2)+ DM, (t2) Hyy (). (10)

a
Cre1oBaTesnLHO, BMECTO HEJIMHEHHOT 0
HHTETpANbHOTO  ypaBHeHHA  (7)  TONYYWIH  PSIX

MIOCJIEIOBATENIFHO PEINAEMbIX JIMHEHHBIX HHTETPAIbHBIX
ypaBHeHHiH @pexarompma 2-TO  poja  OTHOCHTEIBHO
HeuspecTHOM ¢ynkuuun H,,; mnpu wusBectHoit H,.

VYpaBuenne (10) pemmaercs MHOTHMMH — H3BECTHBIMH
YUCJIICHHBIMHU MECTOJaMU. dakTnuecku HpOI/ISBC}ICHHLIﬁ
nepexon ot (7) x (10) mpencrapiseT coboit cBoeoOpasHoe
MIpUMEHECHHE M3BECTHOTO MeToqa HptoToHa.

HemoctarkoM  OMHMCaHHOTO  METOJa  SIBISETCA
HEOOXOIUMOCTh 3alaBaThCsi BHadame il Kaxmoro D
CBOMM 3HAa4YCHHEM d, IIPOBOAWTH YKAa3aHHBIM ITyTEM
pelIeHus W B KOHIIE MPOBEPATh MPAaBWILHOCTH BEIOOpa a
o ycnosuio p(b) = 0.

IIpyu HecooTBEeTCTBYIOLIEM
a—p(b)#0 crmenyer u3MEHHUTH

BEJINYMHY ¢ ¥ IOBTOPUTH CHAaJalla BCE PELICHHE.

Jast YCKOpEHHS pemeHus TpeIoKeH
BU/ION3MEHEHHBIII METOJl, NPUTOMHBI B Cclydae Kak
IIOCTOSIHHOM, TakK U IIEPEMEHHOW BA3KOCTH Macia.
OCHOBHOE ypaBHEHHE IIpU TEPEMEHHOH  BS3KOCTH
monydyuM u3 (3) M TpPOM3BENEM MHTETPUPOBAHHE I10
4acTAM:

BBIOOpE  BEJTMUYUHBI
HYXHBIM  00pazom

Eﬁﬁgﬁ“mmxu)

H3(t)

rxe —sapo M (t,z) onpenensiercs no gopmyae (8).

b
H(z)=1—a2+22+DIM (t,z)
a

IMons3ysick  cBsA3bI0 Mexnay Ky (t) n Py (t) u

mepexois OT pa3MEpHBIX JaBIeHUH K Oe3pa3MepHBIM,

() =— In[1-Bnp(t) ] ’

MOIYINM
Bn

OTKyZIa

oBK(®) _ 1 _
1-Bnp(t)
B pesynbrare

LHY 1 4y

H(z)=t-a’+2"+DJM(12) H3(t) 1-Bnp(t)

rae
t
1-H(z
H(2)
a
Ilpu B, =0 momyunm ypaBHeHHE OISl MOCTOSHHON
BSI3KOCTH. CymHocTb HCIOJIb3YEMOT0 MeToaa

3aKJIIOYaeTCd B PACCMOTPEHUU HUHTEIPAJIOB BLIpa)KCHI/Iﬁ

(12) u (13) xkaKk KOHEYHblE CYMMBbI IOCJIE€ MPUMEHEHHUS

MeToaa MEXaHUIECKUX KBazIparyp. 3anaBasich
pa3IMYHBIMH ~ 3HAYCHWSAMH IS Y3JOBBIX  TOYEK
HHTETPUPOBAHHSA, IIOIy9aeM CHCTEMYy HEITHHEHHBIX

anreOpandecKuX ypaBHEHUH OTHOCHUTeNbHO H, u a,
KoTopyto pemmM MmeromoM Heiotona. Takum oOpaszom,
cpa3y HaxoAMM BCE HEU3BECTHbIE.

[Mocnennuit MeTon BechbMa OJIM30K K MPEABIIYIIEMY
U TaKXke SBISETCS CBOEOOPA3HBIM BUIOM3MEHEHHEM
Mmerona HeroToHa. MoOXKHO mOKa3aTh, 4TO PE3YJIBTATHI
pacdera, IoJy4eHHbIE 000MMH CIIOCO0aMH, MPAKTUYECKH
COBIIAJIAIOT TaK KaK Cpa3y ONPENeNISIOTCS HE TOJIBKO BCE
H, so wm a. J[lnd mnpaBWIbHOTO BBIOOpa TIpHUeMa
WHTETPUPOBAHUA, a TaKKe KOJIMYECTBA W PACIIONOKEHUS
V3JIOBBIX TOYEK CIEAYyeT NpPEABAPUTEIHHO OMpPEICIHTD,
Kakas ToyduTcst ¢opMma 3a30pa MPH KOHTAKTHPOBAHUHU
HBOJILBCHTHBIX MOBEPXHOCTEH 3yOdUaTHIX Kojec, T.K. B
KOHIle 00JacTh TpeHusi uMeeTcsi "3almopHbIM S3bIK” —
penaH, B OKPECTHOCTH KOTOPOTO HEOOXOIUMO WMETh
BECbMa MaJIbI{ IlIar HHTETPUPOBAHUSL.

BpruncisTe mHTErpaigsl HE0OXOAMMO 10 Haubojee
TOYHBIM bopmynam - MapxkoBa (popmyssl
MHTETPUPOBaHUS 3aMKHYTOro THmna). OIHAKO NPUMEHSThH
9TH (OpPMyNBI MOXXHO TOJBKO B Clydae MOCTOSHHOU
BA3KOCTH, TaKk Kak mpu pacderax mo dopmyne (12)
HE0OX0oAUMOCTh ompeessath p(t) B Kakaol y310BOi
TOYKE MHTErpajioB ypaBHeHut (12) u (13).

[Ipu mepeMeHHOW BSI3KOCTH Macia IeecooOpa3Ho
BBIYUCIIATH HHTETPaibl 10 CHMIICOHY, TOTJa OJHU H TE XKe
TOYKA MOTYT OBITh HCIIOJIE30BAaHBI HECKOJBKO pa3 s
BBIUUCIICHHUS Pa3IndIHbIX p(t).

Paznenum Bcio JUTMHY 00NacTH TPEHHS 11O BBICOTE
3yba Ha TpM JMana3oHa, B KaXIOM M3 KOTOPBIX
IPUHMMAEM IIOCTOSIHHBIM IlIar MHTErpupoBaHusa. Bcero
001aCcTh TpEHHS Pa300beM HA | yYaCTKOB, CIIEIOBATEIBHO,
MOJIY4UM i HEHM3BECTHBIX 3HAYCHUI H B
COOTBETCTBYIOIINX y3JIOBBIX TOUKaX. B mepBoii — HyneBoit
touke H(a) =1. Kpome TOro, HeM3BECTHBIM SIBIISICTCS d.
Takum 06pa3om, Bcero umeeM (i+1) Hen3BECTHBIX.

IpunaBast Z B Beipakeruu (12) COOTBETCTBEHHO |

pPa3IMYHBIX 3HAYCHWH, COOTBETCTBYIOMIUX  Y3JIIOBBIM
TOYKaM, M paccMaTpuBas HWHTErpal Kak CyMMy IO
CHUMIICOHY, TONYyYUM | HEJIMHEHHBIX alre0panyecKux

ypaBHeHwii ¢ (i+1) HEM3BECTHBIMH.

Jnst momy4yeHusl 3aMKHYTOM CHCTEMBI HEOOXOIUMO
JI00aBUTH elIe OJHO YpaBHEHHE.

Takum ypaBuenumem sBisiercs p(b) =0, roe p(b)
oepercs mo (13) ¢ paHee BBIOPAHHBIMH Y3JIOBBIMH
3HAYCHUSAMH i Z. [lepeHOCHM BCE YIICHBI B BEIPAKCHUU
(12) B omHy CTOpPOHY M BBOJUM JIOTIOJHUTEIbHBIC
0003HaueHNSI:

H(t)=H;;

|'[q =z

1-H(t t, -z
0TS Rl LU SR S N

H(t) 1-Bop(ty) (1, —a)"

rae q = i.
B pesynbTaTe moay4uM, 4To

F[Hy Hy,.. Hjal=—H; +1-a% + 27 +
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At 5 4
+D ?1 y/(tlo,zl)+42y/(t2571,zl)+22y/(t25,zl) +
s=1 s=1

8 7
7| w(to )+ v (tsa, 21)+42‘/’(t2571721)+221//(t25721) +

s=6 5=6
+_['//(t16121)+'//(t38' 21)+4Z‘//(t251 2)+2]¢. (15)
S=9
Ionyuennyro  cucremy  (i+1)  HeIMHEHHBIX

anreOpamyeckux ypaBHeHud c¢ (i+1) HeW3BECTHBIMH
(H; u a) pemmnm wmeromom HpioToHa, NpUMeEHss B

KayecTBE  HMCXOJHOTO  MPHUONMKCHHS  PE3yJbTaThl
MPUOJIMKCHHOTO PELICHUS TPU MEPEMEHHON BA3KOCTH.
Merton HeroTOHa 3aKi0o4aeTcss B TOM, YTO BMECTO
pemenus (15) pemaroT ciaeayoOUIyl0 CUCTEMY JMHEHHBIX
anreOpandecKux ypaBHEHUH IS TIOTIPaBOK:

R —LAH, + R —LAH, +.. iAH% +8Fl Aa=-F; (16)
oH, oH, OHag da
a':|+19 AH aFH—l AH +.. aFH—l AH aFH—l Tl Ag = F .
oH, oH, ° ) oa +
oF,

Ilpu stom Bce F u BeIYUCIIIOTCA 1O H;,
j

HPUHATHIM HAa OCHOBE HCXOIHOTO INPHOIMKEHHS IHOO

Pe3yNbTaTOB yTOYHEHHOTO pacyeTa IIPH IIOCTOSHHOM
BSI3KOCTH M MEHbIIEM 3HaueHnH D.

Jna  pemeHus TpHHHMAaeTcs, d4to b—a = const.

ITosTOMy TIpH Tepexone OT UCXOAHOTO HPUOIIKEHHA K

HepBOMY M3MEHSIOTCA &, D U Bce Apyrue abCIUCCHI

Y3JI0OBBIX TOYCK. B s1rom CJIyda€ pPa3HOCTb KOOpAWHAT

J'IIO6LIX Y3JIOBBIX TOYCK HE U3MCHACTCA.
o
aa

HaxoxaeHus nonpasok AH; n Aa ompenemsiem

Orcroga cregyer, 4To 2(2l - a) ITocae

Hinos = Hiem +AHi S 8o =8m +42.
PaccmaTpuBaeMblii METOA HPHIOAEH I MabIX
BemmuuH B, m B, =0, tak kak mpu Oonbmux B, B
HEKOTOpOH 0bnacTu aprymenta Z mpoussenenne By

HpI/I6J'H/I)KaCTCH K CAUHUIIC. 3Z[GCB MaJibIC IMOrpC€IIHOCTH,
JOIYCKAa€MBIC TP BBIYUCICHUUN p, IPUBOAAT K OOJIBIIUM
TIOTPCIIHOCTAM B ONIPEACTICHUN H, TaK KakK B 3HaAMCHATCJIb

BoIpaxenns (12) BxoauT B pasHocts 1—- By

Jns 60JIBIINX k03(h(punreHToB B,
HETIOCPEICTBEHHO  OMPEAENSAIOTCS  TOJBKO  SIOPHI
nasnenus. Ilpu 3ToM  wmHTErpan ypaBHeHus (3)
BBIYHCIISETCS JUIst YBEIHYCHUS TOYHOCTH c

HCTIOb30BaHUEM OCOOCHHOCTEH (OPMEBI siApa ypaBHEHUS
[3, 4]:

(17)

Honcrapnsass (17) B BeIpaxkenue (3), moiy4aem
HENMHEHOE CHHTYIISIPHOE HHTETPAIbHOE YpaBHCHHE

2 2 f° z—-a Bnk(t)
a- -t D.Lk(z)ln—|Z dz}e

_tl
{1a+t+DJ‘k( |_|

Paznenum BCro 061aCTh TPEHUS 110 BBICOTE 3y0a Ha |
Y4acTKOB (JOITyCKaeTCsl TIEPEMEHHBIN II1ar) ¥ Ha KaKJIOM
y9acTKe MNpHUMEM, YTO SIIOpa MJaBICHUS ONHMCHIBACTCS
oTpe3koM mpsmoit. [TycTs Ha yyacTke |

k(z)=g;+bz

B nampmeitmem OymeM o00O3Ha4aTh [JaBICHHE B

dt. (18)

3

|

(19)

Touke z; uepes ki =K(Zz). Torma us cucremsr aByx

ypaBuenuit K =a +bz;; ki, =a +bz_; nHaiinem
_kiazi —kiziy |

i — y
Zi—Zi,4

ki —kig .
Zi =24

b—:

. (20)
IIpu 3ToM uMHTerpan BeIpakeHHUs (3) mpeicTaBUM B
BUJIE CYMMBl HHTErpajioB, B KaXKAbIH M3 KOTOPBIX
nojictaBuM cBoe 3Hauenue K(z) mo ¢popmyie (19).
B pe3ynbrare noayunm

b

Z—a
.[k(z)lnmdz=

Z - -kiz;_

Z{ i-15i Ziy JI | Zi —K j zIn dZ} (21)
5i =7 ‘ ‘t‘ Zi_zi—l |z —\
HecoOcTBenHsbIe HHTCIpaibl B IIOCJIEJHEM

BBIPpAXKCHUU JICTKO OIPCACIAIOTCA B CMBICJIE TJIABHOI'O

3HaueHus1 uHTerpana Komm. Tak kak ycrmoBue Xembaepa
3)1er BBITIOJIHACTCS, TO

J.I |z t| z—In(Z —a)

(zi_l—a) a a|zi —t

|Z| l_t| )

|ZI —t

jzln—dz =
E
= i{ln (z _a)(zgfaz) |74 _t|(2'247t2)

27 (g4 -a) ¥ gy )

+(zi—-z7i4)(t-a)}.(22)

Iepenocs B Beipaskenuu (18) k(z) B mpaByto yacth u
npuziaBas Z TOCJEN0BaTeIbHO BCE Y3JIOBbIE 3HAYCHUS,
MOJTYIHM

R =F[k(z)]=

{ J- )In dz}eB”k(t)
j 1 dt, (23)

3

=—k, +

a {1 a +t2+DJ. z)lndz}
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rres=1,2,..., -1 . 7
[Mpuaumas K = 0, Haiinem \\ 5
§—t—
b — | i 1
, | a2 —t? —Dj k(z)lnﬁdz eBk(0) | f\\ i !
a 7Z— ! '
F - J‘ —dt. (24) N
b _ : ! ¢
a 1—a2+t2+Dj k(z)lngdz ! \\
a |zt ) N
Ioxacrasmss croga (21) u (22), mpeobpasyem (24) B - NG T
cuctemMy | HeJTMHEHHBIX (TPAHCIEHICHTHBIX) YPaBHEHHUH ¢ \ /.
(I- 1) memssectuevu Kk, (roe i=1, 2,...,1- 1 na. ’ N L i II
i L |

DTy cuctemy pemiaeM no metony HpioToHa, Kak u
panee. lIpy 3>TOM ImOIy4aeM CUCTEMY YpaBHEHUM A1  Puc. 2. ['paduku cpaBHEHHS IPUOIMKEHHOTO W YTOYHEHHOTO

nompaBok Ak; u Ad. pemennii npu B, =0; C=25; D =5,42
oF oF oF oF 1 — npubmmKeHHOe pelnieHne; 2 — yTOYHEHHOE pelIeHne
—L Ak +—L Ak, +...+—1 Ak +—=Aa=—F; (25) P
ok, ok, K4 oa »
Juzl &
7
oF, oF, oF, R, \
—L Ak + =LAk +... 4 — Ak +—Aa=-F . ¢
ok, ok, K4 oa \\
Orkyna HaXO0JIM Ki og = Ki om +AK; ; \ \ ,
Apop = 8y +AA.  YKaszaHHBEIM IIPOLIECC IOBTOPSAEM [0 \ 4
CXOAUMOCTH pe3ynbTaToB. [locie gero mo ¢opmye (3) \\\ .
oTbIcKHBaeM H(T). NN
B pesynpraTe MpOBEACHHBIX PACUCTOB IIONYYCHBI 15 p
(OpMBI 3a30pOB M SMIOPBI PACIIPEIEICHUS AaBICHHUS JUIs \ 7
psla COOTHOLICHUN IIapaMETpPOB IIPU IIOCTOSIHHOW U N 12
HEPEMEHHOI BA3KOCTAX Maca. \j
Ha puc. 1-3 npuBeneHsl 3MIOpHl  pacnpeneseHus tret "

JaBJICHUS. IS psiia COOTHOLIEHUM MapaMeTpoB IIpHU
Puc. 3. I'padyiku cpaBHEHHS pe3yIIbTAaTOB [UIS CITy4aeB

MIOCTOSTHHOM U IIepeMEeHHOM Bs3KocTsAx Macya. Ha puc. 1 n . .
TOCTOSIHHOU BA3KOCTH U BA3KOCTH, 3aBUCAIICH OT AABJICHUSA NTPU
puc. 2 cpaBHHBAOTCS (OPMBI 3a30pOB M BIIOPEI D=271

NABICHUH, TONy4YeHHBIE TIPH  NPUOTMKEHHOM U

YTOYHEHHOM pELIEHUH KOHTAKTHO-THIPOJUHAMUYECKON Iepexon oT MECTHBIX JIaBJICHUI
3amaun. TakuM 00pa3oM, B WH)KCHEPHOW MpakTHKe mpu K TUAPOJANHAMUYECKOH rpy30n0abEMHOCTH
pacdere HAarpy3o4HOHl CIOCOGHOCTH IJIMHAPHYECKHX  UMJIMHIPUYECKUX 3yOuaThix paccmorpe B [2, 3]. Ha
3y04aThIX KoJec pexoMeHayeTcs moNmb30BaThc  PUC. 4 mpuBeneH rpaduk 3aBUCMMOCTH Oe3pasMepHOn

pe3ysbTaTaMu NPUOIIMIKEHHOTO PELICHHS. rpyzonogsemMHoctd or D um B, mpu yrouHeHHOM
pemennu. [loydens! pemenus s ciydas B, =0 u psana
\i l;; ] pa3nmmuHbIX 3HadeHWd D (yrounemHwnii merom) u C
(mpubmmkeHHbI MeTox). [lamee OBUTH TOMYyYeHBI TaKHe
z\: | napel 3HaueHnit C u D, KOTOpBIe MpHUBEIH K OJIWHAKOBOM
\ MOTOHHOW Oe3pa3MepHON Hecylled CIIOCOOHOCTH TI0
5 JUIMHE  KOHTAKTUPOBaHHS 3yObEeB  IMJIMHAPHYECKUX
\ 3y04aThIX KoJiec. B pesynbrare monydeHa 3aBHCHMOCTb,

‘ cesi3piBatomas Cu D pu B, =0:
\}" : C =0,613D%+1,29D, (26)
;4 ) \;"‘z W TakuM  o0pa3oM  TIONydeHa  CBSI3b  MEXKAY
NpUOJIMKEHHBIM W YTOYHEHHBIM  pElleHHeM  IpU

"\ e MMOCTOSIHHOW BSI3KOCTH MacJia.

| N Jdnst  cpaBHEHHMsT KOHTAKTHBIX HArpy3ok Ipu
| I OJIMHAKOBOM N, clleqyeT MMeTb ONMHAKOBOE 3HAUCHUE

TaK Kak
Puc. 1. 'paduku 11 cpaBHEHUS PUOIMKEHHOTO U KHpy , Tax xa

yrounenHoro pemennii ipu B, =0;C=8;D=2,71 K.h
0
1 — npubmmxeHHOoe penieHue; 2 — YTOYHEHHOE pelieHHe KH, = —BBlf;no . (27)
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Jns monydeHuss COOTBETCTBHMS HPUOIMIKEHHBIX H
YTOUYHEHHBIX pelIeHMH @npu OoiblIMX 3HaueHHsAX By

ObLIa BBIICHEHA CBSA3h MEKAY MaKCUMaJIbHBIM KOHTAKTHO-

TUAPOANHAMUYCCKUM JaBJICHUCM kOmax u
MAaKCHUMAJIBHBIM T'€PIEBCKUM O-repu . Anramnz IIOKa3bIBACT,

YTO MNpU JHOOBIX pabovMX Iapamerpax MaKCHMaJbHOE
KOHTaKTHO-THAPOJAMHAMUYECKOE JaBJICHUE JIOJDKHO OBITH
MEHBIIIE M PAaBHO MaKCUMAIBHOMY T'€PLIEBCKOMY

Grep =0, 418\[KoE (2, £, ). (28)

HaiineM oTHOIIEHHE dTUX JaBICHUI

I(Omax _ I(max 6IUO(Ua"_Ub)

Orepn 0,418VK \| R (2, £ 4 )E

_ kmax ’ 7Z'D . (29)
0,418JEV3E(1—m2)

Haiing yrounensnoe pemenue npu D=2,71u B, =0;

1; 2 W COOTBETCTBYIOIIME 3HAUYCHUS KoO3(DDUIHCHTA

nepopmanuu C MPUOIMKCHHOTO PEUICHHUS, OMPEICIUM
kOmax

O-repu

[
[
|

-

Puc. 4. I'paduk 3aBucUMOCTH Oe3pazMepHOn

IPY30I0beMHOCTH MPU YTOUHEHHOM pemeHny ot D u B,

kO max

PesynbTarts! pacuera TIpUBECHEI B Ta0M. 1.

repu

k
Ta6ruya 1. Pe3ynbTaThi pacyera —2 M
Orepn
k I(O max
D B, c o K O

2,71 0 8 0,255 0,554 0,89
2,71 1 8,5 0,308 0,715 0,95
2,71 2 9,4 0,380 1,023 0,98

VYuutsiBas, 4To B 3y0OuaThX mepegadax B, >5+6,

MOXHO ¢ ommOkoi wMeHee 3 % cUuTath, dYTO
MaKCHUMaJIbHbIE KOHTaKTHO-TUJPOAMHAMHUYECKUE
JIaBJIeHUs] COBIAAAIOT ¢ repueBckuMu. [Ipu sTom smropa
JIaBJIeHUs TOYTH COBMAJaeT C KBaJApaTHUHOUW mapabosioit

nu nu3 HpI/I6HI/I)KeHHOFO peHIeHI/IH, rac
a’-z2
H(z)=1-a®+2°+Ck(z) cuenyer, uro k~—;
c
2
a
I(max ~ E H
2
a
c-2 (30)
kmax

Tak Kak OTKJIOHCHHE OIOPBl  TaBICHHUS OT
KBaPaTHYHOM MapabosIbl KIMEETCS TOJLKO B 30HE MAaJIbIX
JIABJICHUH, OYEBUIHO, YTO KOHTAKTHAsl HArpy3Ka SIOPHI
naBneHus (MMEIoIIed BUA KBaApaTUIHOW MmapaboJbl)

3
max » OTKYyZIa @ = —k— .
max

oyner K = gak

IToacraBnsas Beipakenne B (30), mociie mepexoaa K
pa3MepHBIM BENMYMHAM U TOACTAHOBKH Kg may = Orepn

TMOJIYYHM BBIPAKCHUC I C:

32,745 (U, +Uy ) Ky
© T RERE () o

Pemass coBmectHo (31) ¢ (5), momydaem
3aBUCHMOCTh KO3 duuueHroB  aedopmanuu  1pH
npubmmkesHoM C u yTouHeHHOM D pemeHumsx mns
pasHbIX B, (puc.5).

—

N

NN\

N\

|
|
1
|
|
|
l

o

AN

m_\
rﬁ\é

\

L\

NN

Puc. 5. CootHomenne Mexay ko3 urmentamu nehopmaruu
HPUONIKEHHOTO U YTOYHEHHOTO PEeNIeHH
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OTa CBs3b ObLIa WCIOJNB30BaHA IPH  IOJYYCHHH
YTOYHEHHOTO pEIICHHs [yl ONPENeNICHUs] HCXOIHOTO
OPUOIIMKESHUS] B BO3MOXKHOCTH MOJICTUPOBAHHMS [TpoLiecca
KOHTaKTHPOBaHUSI 3yObEB C ONPEICICHUEM TOJIIHHBI
cMa3ouHOro ciost h, u yderoM cBsisH Oe3pa3MepHOH
KOHTAKTHOW Harpy3ku K ¢ OCHOBHBIMHU Oe3pa3sMEpHBIMU
mapamerpamu C u B, g omnpeneneHHs TOJNIIUHBI

CMa3049HOI0 CJI0A

0,75
317[ 4y (U, +Uy) | n%® 2
b = TR (32)
o (latd)
u KO3(1)(1)I/IIII/ICHTa TpeHUA npu KOHTAaKTUPOBAHUUN
3BOJIbBBECHTHBIX HOBerHOCTeﬁ 3y6‘{aTLIX KoOJIEC.

[Tpu runponuHaMuyeckoM (KUIKOCTHOM) HITH TPAaHUYHOM
(MOTY>KHIKOCTHOM) PEXHUMAX TPEHUS MAaCISHBINA CIIOW HE
TOJBKO CYLIECTBEHHO BIMSAET Ha COCTOSHHE 3yObeB,
NOTepPH MOIIMHOCTH M TEMIIEpaTypy B KOHTAaKTe, HO H
UCIIOJHSET POJIb YIPYToil cpepl, AeMIUPYIOMeH yaaphl
U H3MCHSIOLICH  pacmpeleneHHe  Harpy3ok IO
JUIMHE KOHTAaKTHBIX JIMHWHA. Tak, I 3aKpBITBIX
OBOJIbBCHTHBIX NEpelad ¢ MOBEPXHOCTHO-YIIPOUYHCHHBIMU
XMMHUKO-TEPMHUUECKON 00paboTKOH 3yObsiMH Hamboliee

aKTyaJbHBIM SIBIIICTCS IPEIOTBPALICHUE TJIYOHMHHBIX
(OACIOIHBIX) TIOBPEXACHUH, 00yCJIOBJICHHBIX
KOHIIEHTpanuen Harpy3Kku B 3alleTIeHUH,
KpUTEpPHAJIbHEIM  TIOKa3aTeJeM  KOTOpPOH  sBIAeTCS

ko3 unuent K| = f (C, ho)

OcHOBHBIE (DU3MKO-MEXaHHUYECKUE M XHMHYECKHE
XapaKTepUCTUKU  MACIsSIHOW  IUIGHKM B YCIIOBHSX
HAarpy>KeHHOI'0 KOHTaKTa »JJIEMEHTOB 3alleIUICHUs, a
UMEHHO TOJIIMHA MAaclsHOro cnosi Ny, u kodhduuueHt

TpeHusi f SABIAIOTCS BaKHEHIIMMH — KOMIUICKCHBIMH
KpUTEpPHAIbHBIMM  IOKA3aTEIIMH,  ONpEeAEISIOIUMU
Hadajlo ¥ TIPOTEKaHHE TIpolecca KOHTaKTHPOBAHUS
CKOPOCTHBIX TSDKEJIOHArpY)KeHHBIX 3yOuaThiX Iepenad
TSKENbIX TOKAPHBIX CTaHKOB ¢ UITY.

IIpn Ha3HaueHUU OIPENEICHHON >XUIKOM CMa3Ku
NPUHUMAIOT BO BHHMAaHME, MPEeXIE BCEro, ee
JUHAMHUYECKYI0 WIM KHHEMAaTHYeCKyl0 V  BSA3KOCTD.
C yBenMYeHHEM BA3KOCTH  yIYYINAIOTCS  yCIOBUS
CO3laHusl  TUAPOJMHAMUYECKOM  MACIITHOW  IUICHKH,
pazgensomen CMa3bIBaeMble MOBEPXHOCTHU
u MpeJOTBpaLaroIIe ux HENOCPEICTBEHHBIN
METAJUINYECKUA KOHTAaKT, YMEHBINAETCS BEPOATHOCTh
MOBpexJIeHns1 pabounx mosepxHocteidl. Ha koaddunment
Tperusi f  BsA3KOCTP  Macna  OKa3pIBaeT  BIMSHUC
AQHAJIOTHYHOE  BIHSIHAIO  CKOPOCTH  CKOJIB)KEHHS:
mpu OONBIIMX 3HAYCHHAX V TIOBBIIIAETCS Hecymas
CIOCOOHOCTh ~ MACITHOTO  CJOSI M OJHOBPEMEHHO
YBEJIMYHMBAIOTCS CHUIBI CONPOTHBIICHHS BSI3KOMY CHABHTY.
B wrore koabouiment Tpenus f  ymensimaercs
He3HaunTenbHo. OgHa M3 Hamboliee paclpoCTpPaHEHHBIX
PEKOMEHIALMA OTHOCUTEIBHO BHIOOpa BSI3KOCTH Macia
JUIl  CMa3bIBaHMSI TSDKEJIO HArpyXeHHBIX 3yO4aThIx
nepenay

Vgg = (100...200)/ VOKPOA . (33)

BuyTpenane nuHaMHYecKHe Harpy3kd B 3y0UaToMm
3aleIUIEHHH, HECMOTps Ha IIPUMEHSEMbIE

KOHCTPYKTUBHBIE ¥ TEXHOJIOTHYECKHE MEpHl 10 WX
CHIDKEHHIO, OCTAlOTCS HCTOYHMKOM  BHOpamuu U
MOBBIIIIEHHOW aKyCTUYECKOW 3MHUCCHH, YTO CYIIECTBEHHO
MOHIXAaeT KOHKYPEHTOCIIOCOOHOCTh COOTBETCTBYIOIINX
CpeqHE — W BBICOKOCKOPOCTHBIX  Iepelady  Ipu
COTIOCTaBJICHUN c JIPYTHUMHU COBPEMEHHBIMU
KOHCTPYKIUSMH IPUBOJA, B YACTHOCTH, JICKTPUICCKUM,
TUIIPABIUYCCKUM, ITHCBMATHYCCKHUM. IJTO OOBACHICTCS
WHTCHCUBHBIM JUHAMHUYIECCKIM B3aMMO/ICHCTBHEM
npoduneii  3yObeB B MpoIlecce  MEPECONPSKCHUS,
HUMCIOIUM CTOXACTHUYCCKUI WM JIETCPMUHHUPOBAHHBIN
xapakTep  (3aBHCHUT OT TCOMETPHM  3allCIUICHUSA,
KOHCTPYKIIMU 3yOYaThIX KOJEC, TOYHOCTH U3TOTOBIICHHS).
YBenudyeHHas TOJIIWHA MACISHOTO CJOS SBOJBBEHTHBIX
nepenagax oOeCIeunBaeT BHICOKYIO IUTABHOCTH PaOOTHI.
ODHOBpEMEHHO  TIPOMCXOAHUT  0oOJieeé  HWHTECHCHUBHOE
TepeIBIKEHNE 00bEMOB Maciia K TOpIIaM 3y0JaThIX KoJiec
W, B pe3yiabTaTe, MOBHIIICHHE YPOBHSI aKyCTHYECKOMH
SMHUCCHH PEAYKTOPOB.

BriBoaBI

PaCCMOTpeHI)I BOHpOCbI, CBsI3aHHBIC C yTO‘IHeHHLIMI/I
pEeLIEHUsMH U30TEPMUUECCKON CTallMOHAPHOW 3aa4uu JJIst
CMa3bIBAIOIIEH OXJIaXKIAIoIIeH KUAKOCTH HaXOJAIICHCS B
HBHOTOHOBCKOM COCTOSIHUU C y’-IeTOM yCHJ’IHﬁ,
HeﬁCTByIOmHX B 3alCIINICHUNY TUJIHHAPUYCCKUX 3y6‘IaTbIX

KOJICC MW CHJI TpCHUSA, BO3HHUKAKOIIHNX HAa AKTHBHBIX
MMOBEPXHOCTAX 3y6beB B 30HC KOHTAaKTHPOBAHUA
3BOJIbBCHTHBIX HOBerHOCTeﬁ W TOJIIMHBI MAaCJIsTHOI'O

CIOSL C YYETOM THIPOAMHAMHYECKUX XapaKTEPUCTHK
CMas3bIBAOMICH YKUIKOCTH.

Ji1 TodydeHus COOTBETCTBHS NPUONIKEHHBIX U
YTOYHEHHBIX  peIIeHHit Oblla  yCTAaHOBJIEHAa  CBS3b
MEXIy MaKCHMAaJbHBIM KOHTAKTHO-THIPOJUHAMHUYECKUM
naBiaeHueM  Kpn.x M MaKCHMAIbHBIM — TIepLEBCKHM
JABIICHUEM OTrepll. AHamW3 IO0Ka3al, 4YTO MpPH JFOOBIX
paboumx  mapaMeTpaX MaKCHMaJIbHO€  KOHTAKTHO-
TUIPOAMHAMHYECKOE JIaBIICHHE JIOJDKHO OBITH
MEHBIIE WJIH PaBHO MAaKCHUMaIbHOMY TepIEBCKOMY
JIaBJICHUIO.

IIpu ruapoguHAMUYECKOM  (KHIKOCTHOM) HIIH
TPAaHUYHOM  (TIOMYXXHJIKOCTHOM)  DPEXHMax  TPEHUs
MAaCJIIHBIM CJIOW HE TOJIbKO CYIIECTBEHHO BIIMSET Ha
COCTOsIHME 3yObeB, IIOTEPH MOIIHOCTH M TEMIIEPaTypy B
KOHTaKTe, HO W  WCIONHSICT  pPOJNb  YIPYroi
cpensl, aAeMnpupyOmeHd ymapel W WU3MEHSIOIIEH
pacmpeneieHHe HAarpy3oK IO JUIHHE  KOHTAKTHBIX
JTUHAN. Tax, JUTS 3aKpBITHIX SBOJIbBEHTHBIX
neperady C  MOBEPXHOCTHO-YNPOUHEHHBIMU  XUMHKO-
TEPMUUECKON 00paboTKOit 3yObsSIMHU Haunboee
aKTyaJIbHBIM  SIBIISIETCSI  TPEJOTBpAIICHUE TIyOMHHBIX
(TOICTOMHBIX ) MOBpEXACHUM, 00YCIIOBIIEHHBIX
KOHIICHTpAIen Harpy3KH B 3aIeIUIeHUH,
KpUTEpHAJbHBIM  TIOKa3aTeJieM  KOTOpOHl  sIBiseTCs
xoadpumment K = f(C, hy).

OcHOBHBIE (HU3UKO-MEXAHUICCKHE W XUMHUYCCKHE
XapaKTepUCTUKU  MACIIHOM  IUIEHKM B  YCIIOBHUSX
Harpy’>eHHOTO KOHTaKTa »JJIEMEHTOB 3aleIUIeHHUs, a
MMEHHO TOJIIMHA MacisHoro ciost hy, u xoadduuuent

TpCHUSA f aBngroTcs  BaXKHEMIIUMU — KOMIUIEKCHBIMHU
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KPUTEPHATIGHBIME  TIOKA3aTEeISIMH,  ONPEACIIONMMU  CKOPOCTHBIX TSDKEJIOHATPY)KEHHBIX 3y0YaThIX Iepenad
Hayajo W TMPOTEKaHHE TMPOIEecca KOHTAKTUPOBAHUA  TSKEJBIX TOKapHBIX cTaHKOB ¢ UITY.
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TEXHOJIOT'TYHI PIIIEHHS CTAIIIOHAPHOI 3ABJAHHSI POBOYUX PIJIUH
INIABUINEHHSA JOBI'OBIYHOCTI 3YBYATHUX KOJIEC I'OJIOBHUX ITPUBO/JAIB
BAKKUX TOKAPHUX BEPCTATAX

IpeameToM moCTiDKEHHS B CTATTI € NMUTAHHS TOB'S3aHI 3 YTOYHEHHMH DIIICHHSMH 130TEpMIiUecCKOi CTallioHapHOI 3amadi JuIsd
3Ma3ye 0XOJIO/UKYIOUOT PIIMHN 3HAXOAUTHCS B HBIOTOHOBCKOM CTaHi 3 ypaxyBaHHSM 3YCHIIb, IO AIIOTh B 3a4€IUICHHI HMIJITHIPUIHHX
3y0UacTUX KOJIC 1 CHJI TepTsl, 0 BHHUKAIOTh Ha aKTHUBHUX ITOBEPXHSX 3yOiB B 30HI KOHTaKTyBaHHs €BOJIbBEHTHHX IOBEPXOHb Ta
TOBIIVMHH MACJISTHOTO IIapy 3 ypaxyBaHHIM TiIpOJMHAMIYHUX XapaKTePUCTUK 3Ma3ye pinuHu. MeTa - moOynoBa Moielli KOHTaKTHO-
TiIpOJMHAMIYHOTO PO3paxyHKy 3y0dacToi nepenadi. 3aBXaHHsI: PO3TISIHYTH BCTAHOBIICHHS BEJIMYMHH TOBIIMHN MAaCTHIBHOTO LIApy
MIpHA 33/1aHOT 30BHIMIHBOI HABAaHTAXXCHHI, MIBUAKOCTI PyXy Ui BH3HAYCHHS HAsSBHOCTI a00 BIJICYTHOCTI PiJMHHOTO TEpTH, 3
OTPUMaHHIM BHUXIIHUX JaHUX JUId BU3HAYEHHS TMPAIe3JaTHOCTI 1 JOBTFOBIYHOCTI CIIOJYYEHHX BaKKO HABAHTAXKCHHUX 1
BIJMOBiTabHUX 3y0UacTMX KOJIiC BaXXKMX TOKApHHX BepcTariB. OTpUMaHi HACTYNHI pe3yJbTaTH. Y CTaTTi MpeAcTaBlieHa
po3po0iieHa aBTOpaMH MOZETb Ui OTPUMAHHS BiIIOBIIHOCTI HAOMMKEHUX 1 YTOUHEHHX PIIICHb MPH BCTAHOBICHHI 3B'I3KYy MK
MaKCUMaJIbHUM KOHTAKTHO-T1IPOJJMHAMIYHMM THCKOM i MaKCHMajbHUM TI'epIEBCKIM THCKOM. AHaJli3 MOKa3aB, IO MPHU OyIb-sIKUX
pobounx mapaMeTpax MaKCHMalbHEe KOHTAKTHO-TiPOJMHAMIYHMH THUCK IMOBHHEH OYyTH MeHIIe abo MOpIBHIOE MaKCHMAaJbHOMY
repueBckoMy THCKY. [Ipu rupponuHamMudeckoM (piTMHHOMY) ab0 rpaHUYHOMY (HAIiBPIIMHHHUX) PeXXUMaX TepPTs MAcISIHUH m1ap He
TUTBKM ICTOTHO BIUTMBAa€ Ha CTaH 3HOCY 3y0iB, BTPATH IOTY)XHOCTI 1 TeMmeparypy B KOHTAKTi, a i BUKOHYE POJIb IPYKHOTO
cepeioBHIa, JAEeMI(UPYIOMIEH yaapu i 3MIHIOE€ PO3IMOJIT HABAHTAXKCHb IO JOBXHMHI KOHTAKTHUX JiHiA. Tak, A 3aKpUTHX
€BOJILBEHTHUX TIepefad 3 TOBEPXHEBO-3MIIIHEHUM XIMIKO-TEPMIYHOI0 00pOOKOI0 3yO0aMu HAWOUIBII aKTyaJbHUM € 3aroOiraHHs
TIHOMHHKX (ITiIMApOBOT0) YIIKOHKEHb, 0OYMOBICHINX KOHIICHTPAIi€I0 HABAaHTa)KeHHs B 3aderuieHHI. BucHoBkn. OcHOBHI (i3uKo-
MeXaHiyHi Ta XIMi4HI XapaKTepUCTHUKM MAacisHOI IUIBKM B YMOBaX HAaBaHTA)XCHOTO KOHTAKTY CJIEMEHTIB 3auyeIlICHHs, a came
TOBILMHA MACIISTHOTO 1Iapy 1 KoedillieHT TepTs € HalBaKIMBIIINMH KOMIUICKCHUMU KPHTEPiaIbHUMHU MTOKAa3HUKAMH, 110 BU3HAYAIOTh
MOYATOK i Mepedir Mpolecy KOHTAKTYBaHHS HIBUJKICHHX Ba)KKO HABaHTAKEHHMX 3y04YacTHX Tepeaady rOJOBHUX MPUBOIIB BAXKKHX
TOKapHHUX BepcraTis 3 UITY.

KurouoBi ciroBa: mutiHApudHi 3y6uacTi Koseca, i30TepMidHa cTallioHapHa 3aBJIaHHs, 3Mallyloua piJnHa, TOBIIMHA MAaCISTHOTO
mapy, rijpoJuHaMivuHa Teopis MacTuia

TECHNOLOGICAL SOLUTIONS OF THE STATIONARY TASK OF WORKING
LIQUIDS FOR INCREASING THE DURABILITY OF MAIN DRIVE GEARS OF
HIGH-POWER LATHES

The subject of the research in the article are questions connected with the refined solutions of the isothermal stationary problem for
the lubricating cooling liquid in the Newtonian state, taking into account the forces acting in the meshing of the cylindrical gears and
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the frictional forces arising on the active surfaces of the teeth in the area of contacting the involute surfaces and the thickness of the
oil layer with taking into account the hydrodynamic characteristics of the lubricating fluid. The goal is to build a model of contact-
hydrodynamic calculation of gear transmission. Objectives: to consider setting the thickness of the lubricating layer at a given
external load, the speed of motion to determine the presence or absence of fluid friction, with the acquisition of initial data to
determine the operability and durability of the coupled heavy loaded and critical gears of heavy lathes. The following results are
obtained. The article presents a model developed by the authors for obtaining the correspondence of approximate and refined
solutions in establishing the connection between the maximum contact-hydrodynamic pressure and the maximum Gertsev pressure.
The analysis showed that for any operating parameters the maximum contact-hydrodynamic pressure should be less than or equal to
the maximum Gertsev pressure. In the hydrodynamic (liquid) or boundary (semi-liquid) modes of friction, the oil layer not only
significantly affects the wear state of the teeth, power loss and contact temperature, but also acts as an elastic medium damping the
impact and changing the load distribution along the length of the contact lines. Thus, for closed involute transmissions with surface-
hardened chemical-thermal treatment of teeth, the most urgent is to prevent deep (sublayer) damage caused by the concentration of
the load in the gearing. Conclusions. The main physico-mechanical and chemical characteristics of the oil film under conditions of
loaded contact of the engagement elements, namely the thickness of the oil layer and the coefficient of friction are the most important
complex criterial parameters determining the beginning and the course of the process of contacting high-speed heavy-duty gears of
the main drives of heavy lathes with CNC.

Keywords: cylindrical gears, isothermal steady-state problem, the lubricating fluid, the oil film thickness, hydrodynamic theory
of lubrication.
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PRINCIPLES AND STRUCTURE OF THE METHODOLOGY OF RISK-ADAPTIVE
MANAGEMENT OF PARAMETERS OF INFORMATION AND
TELECOMMUNICATION NETWORKS OF CRITICAL APPLICATION SYSTEMS

The subject matter of the article is the processes of structural synthesis and parametric analysis of information and
telecommunication networks (ITN). The aim is to develop the methodological apparatus which will enable obtaining ITN structural
and technical parameters in order to ensure the operation of safety-critical systems (SCS), adaptive to external conditions and resistant
to risks. The tasks to be solved are: to formulate principles and definition of the structure of the risk-adaptive management
methodology of ITN SCS parameters; to determine the composition of the methodical apparatus and the applied means of the
suggested methodology. General scientific methods used are: system analysis, structural and parametric synthesis, methods of
decomposition and aggregation, methods of risk-adaptive management. The following results are obtained. The diagram of the main
stages of ITN analysis is presented. In this case, the elements of the distributed architecture of ITN SCS are defined. The requirements
for calculating the characteristics of the information and technical structures of the network are listed. The ways of fixing SCS
applications at the functional nodes of the network are considered. The steps that are performed at the stage of solving the task of
network setting are defined. The stage of matching task settings and operational management is a part of adaptive control. The above
steps of analysis, synthesis and management of ITN are the basis of the structure of the risk-adaptive ITN SCS management
methodology, which includes the following elements: principles, models, methods, and applied means. The methodology is based on
the principles of decomposition, matching of goals and coordination of management, stream analysis and modeling of processes,
adaptive and risk-based management. The composition and peculiarities of models (mathematical and systemic) and methods which
are the basis of the methodical apparatus are determined. The applied part of the methodology is implemented by the information
technology of adaptive management of distribution of network traffic. On ITN basis, the problem of interaction of technical and
software means in the management of traffic distribution and organization of collecting, processing and transmitting information in
the management system is solved. Adaptive management is provided by solving the tasks of setting the mode. Risk orientation is
represented by two contours of feedback, which involves assessment and risk management at the stages of structural and parametric
synthesis and distribution of network traffic. Conclusions. The implementation of the suggested methodology for ITN synthesis and
management will enable the operation of SCS that is adaptive to external conditions and risk-resistant, which contributes to the
improvement of the system safety.

Keywords: information-telecommunication network,
methodology.

risks, adaptive management, information structure, parameters,

Introduction

Problem setting

The development of high technology results in the
enhancement of high-risk facilities that belong to safety-
critical systems (SCS), for example, thermal, nuclear and
hydroelectric power plants in the energy sector, high-
speed ground and air transport as well as defense and
space systems.

Safety-critical systems are characterized by high
intensity of information streams; the requirements for
efficiency management, and timely making decisions and
bringing them to actors are rather high. SCS operation is
impossible without the use of high-speed multiservice
information and telecommunication networks (ITN).
However, SCS have very high demands on both network
performance and the reliability of service.

The above factors are connected with the task of
SCS functional safety. To solve this problem systematic
analysis and risk assessment of information and
telecommunication networks (ITN) should be conducted
for further assessment of the damage and making
decisions on risk parry.

Fulfilling  these  requirements is  closely
linked with the necessity of generalization of the
accumulated global experience in the sphere of
information communication and depends on the use of
advanced information technologies related to data
processing.

Despite the rapid development of technology of
physical and channel level, ITN potential can be fully
implemented only with the help of effective management
of available network resources amid increasing efficiency
requirements for information exchange. These factors
determine the necessity of new approaches to determining
physical and functional network architecture.

A lot of publications [1-5] are devoted to the
problems of ITN analysis and synthesis. However,
considering the network structure just as a set of nodes
and connections among them do not enable examining
data streams.

Classical mathematical models based on the results
of using graph theory and queuing theory [2, 3], do not
consider the dependence of network structure
characteristics on the parameters of applied problems
solved in the network environment, which leads to the loss
of accuracy of simulation results.

One of the promising areas of ITN development is
the service-oriented approach that enables examining the
exchange of information among network nodes that are
involved in solving various problems and provide various
information services. However, formalizing data streams
is insufficient in the context of this approach and is
limited by specific simulation tasks and aspects of ITN
operation [4, 5].

© V. Kosenko, 2017



ISSN 2522-9818 (print)

Cyuachuil cman HayKo8ux 00Ci0xceHs ma mexnoao2it 6 npomuciosocmi. 2017. Ne 1 (1)

The information safety of telecommunication
systems is affected by various threats from viral infection
to the legal conflicts. Hence, there are risks that can create
a negative impact on the characteristics of ITN operation.

Today the problem of ITN protection is governed by
the standards of Information Technical Laboratory (ITL)
at the National Institute of Standards and Technology
(NIST). Some literature sources deal with the problems of
vulnerability analysis and ITN risk assessment,
information safety and protection [6]. The classification of
network attacks, threats to information safety is carried
out and the ways of their detection are determined [7]. The
problems of making decisions on the management of
networks information safety are considered [8, 9].
However, most scientific researches in the field of the
assessment of information risk (IR) have not carried out
the systematic consideration of IR causes, factors and
interactions with the other types of ITN risks; the
classification of the causes and risk factors at the stage of
ITN synthesis and analysis as well as while planning
network traffic has not been performed.

The above aspects and challenges, existing
mathematical means of analysis and synthesis in ITN SCS
require developing appropriate methodological apparatus,
the use of which will enable receiving ITN structural and

technical parameters for the operation of SCS adaptive to
external conditions and resistant to risks. Thus, the
purpose of this paper is to formulate principles and
determine the methodology of risk-adaptive management
of ITN SCS parameters.

Principles and the structure of the methodology of ITN
risk - adapted management

Information and technical support of SCS contains a
number of hardware, software and other means that are
combined structurally and functionally to provide one or
more types of information processes. Modern SCS are
characterized by hierarchical, functional and resource
distribution  (servicing, software and hardware,
telecommunications), by a great number of interacting
components, blocks, subsystems, complex management
system. Thus, SCS are complex technical systems that
operate amid random factors, in the context of active
interaction with the environment, negative impacts and
under high cost of consequences of probable failures or
errors in the system operation [10].

Let us consider the diagram of ITN SCS analysis

(fig. 1) [11].
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Fig. 1. Diagram of analyzing SCS information and telecommunications network

The first step is to analyze the object, i.e. SCS,
where it is necessary to determine:

- the composition and parameters of applied tasks in
order to ensure system operation,

- a number of ITN users,

- a set of applications installed in the network and
hardware requirements in order to implement applications.

The next stage is to develop ITN structure. Let us
consider the basic structural elements of the network.

The elements of the distributed architecture of ITN
SCS are:

- data center, which is responsible for storing and
processing all the data of the information system and
implements a part of software applied logic at the central
level,

- backup data center that provides fault tolerance by
storing data of the entire system,

- custom (client) software for implementing a part of
applied logic, data visualization and users’ interaction
with the system;

- database server and application servers at the nodes
that are responsible for storing, processing all the data at a
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particular node and implement a part of software applied
logic at the node level, and additionally provide data
sharing with other levels.

The necessary elements of ITN centralized
architecture are: a telecommunication network, a system
of information protection, servers for data exchange.

Both information and technical characteristics
should be determined for these elements; to do that it is
necessary:

- to analyze the information network structure;

- to determine indicators and quality criteria for
solving applied problems;

- to determine the composition of the network
parameters that will be used for network management and
development of network state space.

ITN structure is the main factor affecting the quality
of data exchange among software applications and,
consequently, the quality of solving applied tasks.
Therefore, the analysis of the structure is a prerequisite in
selecting variants of information and telecommunications
network development and ITN management.

The main purpose of the structure analysis is to
determine the parameters of data streams that pass through
the communication network and enter ITN nodes. These
data make it possible to assess the load of communication
channels and network equipment. Besides, for the network
analysis information about the net structure should be
supplemented with the information about software
applications, their interaction and assignment to the nodes.

In distributed SCS applications can be assigned to
functional nodes in different ways:

- one application is broken down into components
that are run at several nodes (vertical distribution), while
data processing is distributed hierarchically;

- one application is duplicated at several nodes
(horizontal distribution);

- different applications are distributed among several
nodes.

The results of analysis of ITN parameters are
quantitative values of such characteristics, loading at the
communication channels and structuring equipment,
intensity of data streams and data requests that enter the
network nodes. In this case the mentioned characteristics
should be calculated taking into account the specific
characteristics of the network structure.

When the above procedures are completed the task
of traffic distribution management can be solved. At the
stage of solving the problem of network settings, the
following steps should be made:

- defining specific indicators of quality of network
settings;

- developing and calculating parameters of data
streams of hierarchical information structure of the
network;

- determining  the
equipment;

- developing technical structure of the network.

When this stage is over there appears a variant of
network structure. The level of ITN operation risk which
is necessary for assessment of parameters of SCS safety
should be assessed for the obtained structure taking into
account the calculated parameters. If the risk level is too

composition  of  network

high due to internal factors, the methods of ITN
reengineering are used. Otherwise, the next stage is to be
completed, that is solving the tasks of operational
management of ITN SCS subsystems.

The stage of correcting setting tasks and operational
management is a part of adaptive management, it takes
place when basic network settings are changed and can
hinder reconfiguring the network and developing new
approaches to solving problems of operational
management. It includes the correction of:

- the composition of network parameters,

- the composition of basic parameters and the
parameters of management,

- quality requirements for solving applied problems.

These steps are necessary as a way to parry external
risks that affect the network operability and respectively
the system safety.

The above steps of analysis, synthesis and ITN
management are the basis of the structure of the
methodology of risk-adaptive management of ITN SCS.

The general structure of the methodology includes
the following elements (Fig. 2):

- principles;

- models;

- methods;

- applied means.

The basis for formulating general principles of the
methodology are the features of the object (SCS) and the
methods of ITN analysis and management. The
methodology is based on the following principles:

- decomposition,

- matching tasks and coordination of management,

- stream analysis and process modeling,

- adaptive management,

- risk-based management.

The principle of decomposition is caused by the
distributed structure of SCS and the tasks of traffic
distribution, which leads to splitting the system into a
number of subnets.

The principle of matching tasks and management
coordination is carried out when the distribution of traffic
for each subnet is made taking into account the state of
other subnets. Besides, it is necessary to match the goals
of subnet management, when local goals of traffic
distribution management objectives in separate subnets
should ensure achieving global goals of network
management.

The principles of stream analysis and simulation are
fulfilled while solving the tasks of measuring, modeling,
traffic parameters description in order to obtain necessary
network performance.

The principle of adaptive management ensures the
efficient use of network resources.

To increase the safety of information resources the
approach to the development of adaptive safety systems is
used, which focuses on the active opposition to safety
threats [14, 15]. Implementing this approach requires risk
analysis, developing safety policies, using traditional
protection means, and implementing counter measures to
meet threats, ongoing safety auditing and monitoring the
state of the system that should enable quick respond to
ITN risks. Therefore, the principle of risk-based
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management is used; this principle reflects the problem of
analysis and risk assessment in order to make decisions on
their parrying (both at the level of structural synthesis and

are used to parry risks in adaptive systems of management
are active agents: intrusion detection sensors, abnormal
behavior recognition algorithms, adaptive algorithms of

at the level of operational management), thereby recovery.
increasing the safety of the systems. The main means that
Principles
adjustment stream manage- risk-based
decompo- and manage- ment manage-
sitions coordination ment and adaptation mengt
of objectives modelling P
Models | |
informa- technical structure
tion [ structure > jnter- |le development of
structure models action structure models
models 4 models
> effici- system
] § ency model of
models risks -
calculation of
/ I parameters
Methods /
risk assessment
method of method (internal)
hardware of method of
and streams adaptive
software optimi- management
unification | | zation || method of | | of traffic $[ traffic planning
resource distribution adaptation
distribu- ”}et_hid (adaptation)
tion OT riIsKSs
assesse-
ment
risk assessment
- (external)
Applied means
information technology of risk-based managemenZ? [select_lnlg the means of
risk parrying

Fig. 2. The methodology of ITN risk-based management

The mathematical apparatus for analyzing ITN
structure is the complex of models that includes:

1) mathematical model of information network
structure,

2) mathematical model of technical structure of the
network in order to determine the parameters of hardware
and software components of ITN,

3) mathematical model of information interrelations
among network elements which takes into account the
intensity of requests to system applications; the model

describes the relationship between the informational and
technical structures of the network;

4) model of the main factors and the criterion of the
efficient use of network resources for using in the methods
of ITN adaptive management;

5) system model of ITN risks.

The methodological apparatus of the suggested
technique comprises the following methods:

1) the method of unification of software and
hardware-based applications which is based on the use of
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repetition-free algorithmic structures and is used while
technical analysis of the network structure;

2) the method of assessing stream deflection for the
alternative procedure of route selection in order to
determine optimal streams and the most efficient routes in
ITN,

3) the method of distributing the resources of multi-
server node of data processing which is based on the
model of the network structure and information as for
bandwidth distribution among the used channels;

4) the method of adaptive management of traffic
distribution, which helps solve the problems of
configuration and operational management, management
of distributing the communication channel bandwidth,
distributing the resources of multi-server node of data
processing;

5) the method of assessing ITN risks and their
impact on SCS safety performance.

Applied means of the methodology are implemented
by the information technology of adaptive management of
traffic distribution. On ITN basis the problem of hardware
and software interaction while using different methods
and algorithms of traffic management and development of
the diagram of organizing, collecting, processing and
transmitting in the management system is solved. Besides,
the assessment of ITN parameters that were obtained with
the help of the methods that take into account the features
of data streams is carried out. In the information
technology algorithmic means of the control of ITN
technical state are implemented.

To parry the risks and to ensure SCS safety the
following mechanisms should be available [12, 14]:
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IPHHIUIIN I CTPYKTYPA METOJ0JIOT] 1| PA3SUK-AJAIITUBHOI'O
YHPABJIIHHA TAPAMETPAMU IHOOPMAHIMHO-TEJIEKOMYHIKAIIMHUX
MEPEK CUCTEM KPUTHYHOI'O 3ACTOCYBAHHA

IIpeqMeToM JOCHIDKEHHST B CTAaTTi € TMPOLECH CTPYKTYpHOTO CHHTE3y Ta IapaMeTPUYHOTo aHamizy iHdopmariiiHo-
TenekoMmyHikaniHux mepex (ITM). Mera — po3poOka METOIOJNOTIYHOTO amapary, 3aCTOCYBaHHS SKOTO JO3BOJNUTH OTPHUMYBATH
CTPYKTYpHI Ta TexHiuHi mapamerpu [TM s 3a0esneueHHs (YHKIIOHYBaHHS cHCTeM KputuaHoro mpusHaueHHs (CKII),
aJanTHBHOTO O 30BHIIIHIX YMOB Ta CTIHKOTO 10 PHU3WKIB. 3aBJaHHsi: (OPMYITIOBaHHS MPHHIHUIIB Ta BU3HAYCHHS CTPYKTYPH
METOOJIOTI pU3HK-aganTUuBHOro yupasmiaas napamerpamu ITM CKII; BusHaueHHs CKIIagy METOJUYHOrO amapaTry Ta MPUKIaIHHX
3ac00iB MPOIIOHOBAHOT METO/0JIOTiI. BUKOPHCTOBYIOThCS 3aradbHOHAYKOBI MeTOM: CHCTEMHHMI aHaMi3, CTPYKTYpHO-TTapaMeTPpUIHIN
CHHTE3, METOJU ICKOMIIO3HINi Ta arperamii, METOAN PH3HUK-adalNTOBAHOTO ympamimiHHA. OTpuMaHo Taki pe3yJbTaTu. HaBeneHo
CXeMy OCHOBHMX eTamiB mpoBeaeHHs ananmizy ITM. Ilpu mpoMy BH3HaueHO eneMeHTH po3smojineHoi apxitektypu ITM CKIIL
[MepeniyeHo BUMOTHM JUId PO3pPaxyHKY XapaKTepHCTHK iH(OpPMAIiHHOT 1 TeXHIUHI CTPYKTYp Mepexi. Po3rmisiHyTo crocodn
3akpitutenHst nozaatkis CKII 3a ¢yHKIiOHAIBPHUMH By3/1aMH Mepexi. Bu3HaueHO KpOKH, sIKi BHKOHYIOTHCS Ha €Talll BUPIIICHHS
3aBJIaHHs HAacTpoiku Mepexi. ETan kopekuii 3aBaHb HACTPOIKHM 1 ONIEPaTHBHOTO YIPABIIHHS € YaCTUHOIO a/IalITUBHOTO YIIPABITiHHS.
BkasaHi BuIe KpoKd aHami3y, CHHTe3y Ta ympaBliHHsA [TM € 0CHOBOIO CTPYKTYpH METOMOJIOTI] PU3HK-adalTOBAHOTO YIPABIiHHS
ITM CKII, sixa BKJIIOYa€ Taki eNeMEHTH: MPUHIIAIHI, MOJEIi, METOAH, MPUKIaIHi 3aco0u . MeTomonorisi 6a3yeThcs Ha MPHUHIUIIAX
JIEKOMIIO3HIIi1, Y3TO/DKCHHS IIiJIed Ta KOOpAMHAIII yIpaBIiHHSA, OTOKOBOTO aHANi3y 1 MOJENIOBAHHS IPOIECiB, aJalTHBHOTO Ta
PHU3UK-OPI€EHTOBAHOTO YIPaBIiHHA. BU3Ha4eHO cKiag Ta OCOONMBOCTI MojeNeil (MareMaTHYHMX Ta CHCTEMHHUX) 1 METOMIB, SIKI €
OCHOBOIO METOAWYHOTO amapary. lIpukiagHa 9acTHHAa METOAOJIOTI  pearni3oBaHa iH(GOPMAIIWHOIO TEXHOJOTIEI aTaNTHBHOTO
YIpaBIiHHS po3nofinoM Tpadiky Mepexi. Ha 11 ocHOBI BHpilIyeThcsi MUTAaHHS B3a€MOJIl TEXHIYHMX 1 NMPOTrpaMHUX 3ac00iB MpH
yIpaBiHHI po3nofinoM Tpadiky Ta opranizamii 300py, oOpoOku Ta mepenadi iHopmarii B cuCTeMi ympaBiiHHS. AJanTHBHICTH
yIpaBliHHs 3a0e3MedyeThesl BHUPILICHHSM 3aBIaHb HACTPOWKH Mepexi. PU3HMK-opieHTOBaHICTH BimoOpakeHO IBOMa KOHTYpamu
3BOPOTHOTO 3B’5I3KY, B SIKHX Iepea0adacThCs OI[iHKA Ta YNPaBIIHHSA PU3MKAMU Ha eTarax CTPYKTYpPHO-IIapaMeTPUYHOrO CHHTE3y Ta
posnoniny Tpadika mepexi. BucHoBku. Peanizaiis 3ampornoHOBaHOI METOAOIIOTIT Ui CHHTEe3y Ta ympasiiHHA [TM mo3BonuTh
3abe3neuntu ¢yHkuionyBanHs CKII, aganTuBHE 10 30BHINIHIX YMOB Ta CTIMKOTO IO PH3HKIB, IO CIPHSE IMiIBHIICHHIO OC3MEKH
CHCTEMH.

Knarwuosi cioBa: iHpopMaIiifHO-TeIeKOMYHIKaIliifHa Mepeka, PU3MKH, aJaNTHBHE YIpaBIiHHS, iHQOpMamiliHa CTPYKTypa,
napameTpH, METOO0JIOTs.

IMPUHIOMUIIBI 1 CTPYKTYPA METOJO0JIOI'MU PUCK-AZAIITUBHOI'O
YIIPABJIEHUS ITAPAMETPAMU UTH®OPMAILIMOHHO-
TEJJEKOMMYHUKAIIMOHHBIX CETE CUCTEM KPUTHYECKOI'O
IHPUMEHEHUA

IIpeqvMeToM HCCIEOBAHUS B CTaThe SBIIOTCSA MPOIECCH CTPYKTYPHOTO CHHTE3a M IAapaMeTPHUYECKON aHaM3a WH()OPMAIHOHHO-
TeneKOMMYHUKAMOHHBIX ceTeid (MTM). Lleab — pa3paboTka METOAOJIOTHYECKOTO ammapara, IIPUMEHEHHE KOTOPOro IO3BOJIUT
TOJTy4YaTh CTPYKTYpHBIE U TexHu4Ieckue napamerpsl UTM s obecniedennst hyHKIIMOHUPOBAHUS CHCTEM KPUTHUSCKOTO Ha3HAUCHUS
(CKH), amanTuBHOTO K BHEIIHHM YCIOBHSAM M YCTOHYMBOTO K pHCKaM. 3agava: (OpMyIHpOBAHME NPHUHIUIIOB M OIPEACICHUS
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CTPYKTYPBI METOJIOJIOTHU PUCK-aJaNTHBHOTO yrpasieHus mapamerpamu UTM CKH; onpenenenne cocraBa METOJHYHOTO ariapara i
MPUKJIAJHBIX CPEACTB IpeaiaraeMoil Mmeromosoruu. Mcmonb3yrorcs oOIieHaydHbIe MeTOAbI: CHCTEMHBIN aHain3, CTPYKTYpHO-
rnapaMeTpU4YecKuil CUHTE3, METOAbI ICKOMIIO3ULUK U arperalyu, METOAbl PUCK-aJallTUBHOIO ynpasieHus. [loxydens! cienyromiue
pe3yabTaThl. [IpuBeeHa cxeMa OCHOBHBIX 3TanoB nposeaeHus aHanuza UTM. IIpu 3ToM ompezaeneHsl 2JIEMEHTh! paclpeeIeHHON
apxutekTypsl U'TM CKH. Ilepeunciensr TpeOoBaHus s pacuyera XapakTepUCTHK HHPOPMALIMOHHON ¥ TEXHUYECKUE CTPYKTYP CETH.
PaccmoTpensl criocoOsl 3akperuienust npuiaokennit CKH 3a ¢GyHkunoHanmpHbIME y3mamu ceTd. OTpeneneHbl Iard, KOTOpbie
BBIMOJHSIOTCS HA 3TAIe PEIICHUS 3aJa4ll HACTPOHKH CETH. DTall KOPPEKIMHU 331a4 HACTPOUKHU U ONIEPATHUBHOTO YIPABJICHUS SBISECTCS
YyacThlO a/IalITUBHOIO YIpaBieHUs. BpllieykasaHHble aru aHaiausa, cuHTe3a u ynpasieHus MTM sBisioTcs OCHOBON CTPYKTYpPBI
METOJIOJIOTHH puUcK-anantiuBHOro ympaeieHuss UTM CKH, koTopas BKIIIOYAaeT TakWe JJICMEHTHI: MPHHIHUITBL, MOJEIH, MCETOMBI,
MIPUKJIaHEBIE cpefcTBa. MeTomoorus 6a3upyercs Ha IPHHIMIAX JEKOMIIO3UIINH, COTIIAaCOBAHUS IeJield 1 KOOPANHAIIMY YIIPABIICHHS,
[IOTOKOBOI'O aHaJIM3a M MOJEIUPOBAHUS MPOLECCOB, aJallTUBHOIO M PUCK-OPHEHTHPOBAHHOIO ympasieHus. OIpeieneH cocTaB U
0COOCHHOCTH Mojienell (MaTeMaTHUecKnX W CHCTEMHBIX) W METOJIOB, KOTOPHIC SIBISIFOTCS OCHOBOW METOJHMYECKOIo armapaTta.
[puknagHas 9acTh METOIOJOTHH peaTi30BaHa HHPOPMAIIHOHHOW TEXHOJIOTHEH aIJallTUBHOTO YIIPABJICHHS pacrpeielicHHeM Tpaduka
cetu. Ha e€ ocHOBe perraeTcs BOIPOC B3aMMOJCHCTBUS TEXHUUECKUX M MIPOTPAMMHBIX CPEICTB MPH YNPABICHUH paclpeaeIcHueM
Tpaduka M opraHuzanuu cbObopa, oOpabOTKHM | mepenayu HHOOPMAIMKM B CHCTEME YIpPABICHHS. AANTHBHOCTH YIPABJICHUS
obecreunBaeTcsl pelICHUEM 3aJad HAaCTPOHKH CeTH. PHCK-OpHEHTHPOBAHHOCTH OTpaKeHa IBYMS KOHTYpaMu OOpaTHOH CBs3H, B
KOTODPBIX MpelrojiaraeTcs OIEeHKa M yNpaBiICHHE PHCKaMH Ha 3Talax CTPYKTYpHO-NApaMETPUYECKOTO CHHTE3a M paclpeleieHUst
Tpaduka cetH. BpIiBoabl. Peammsamus mnpeutokeHHOW MeTOmoJornu Ui cuHTe3a u ympaienne VTM mosBomut obecrieduTs
¢ynxumonupoBanne CKH, amanTuBHOH K BHENIHUM YCIOBHSIM H YCTOHYMBOW K pHCKaM, 9TO CIOCOOCTBYET IOBBIIICHHIO
0€30I1aCHOCTH CHCTEMBL.

KnioueBbie ciioBa: HMH()OPMALMOHHO-TEIEKOMMYHUKAMOHHAsT CETh, PHCKH, aJalTHBHOE YIpaBieHHe, HH(OpPMAIMOHHAS
CTPYKTYypa, HapaMeTpbl, METOJOTIOTUSI.
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FORMALIZING THE PROBLEM OF A PROJECT TEAM BULDING BASED ON THE
UTILITY THEORY

The subject matter of the article is mathematical models for solving particular problems of sorting out candidates for a project team.
The aim is to create a region of compromises for a variety of particular criteria for selecting candidates and to develop an integral
optimization function as a utility function for selecting preferred alternatives. The tasks are: developing the approximate area of
compromises for solving single-criterion optimization problems; selecting the utility function of partial criteria; using general
principles of utility theory application for solving personnel problems; sorting out the best option on the ground of multi-criteria
evaluation and optimization methods; defining the degree of particular criteria importance; analyzing the peculiarities of multi-criteria
assessment of problems in human resource management. The methods used are: multi-criteria assessment and optimization methods,
utility function. The following results are obtained. The problem of estimating the relative importance of particular criteria in the
utility function is considered. The procedure of determining the approximate region of compromises is described with account of a
number of personal and psychological characteristics by successive solving single-criterion optimization problems for each particular
criterion. The problem of developing the integral multi-criteria function for selecting preferred alternatives is considered. The
peculiarities of using general principles of utility theory for personnel problems solving are analyzed. The function of multi-criteria
optimization as a utility model for partial criteria is formulated. The general task of assessing and producing labour force with account
of professional, personal and psychological properties of a candidate is formulated. Conclusions. The task of building a project team
is considered in the article. The stages of team building are considered. The procedure for determining the approximate region of
compromises is described with account of a number of personal and psychological characteristics by successive solving single-
criterion optimization problems for each particular criterion. The function of multi-criteria optimization is formulated as a utility
model for partial criteria. The method for selecting and evaluating personnel for planned projects is suggested on the basis of the
procedure for sorting out candidates for a new project team from the workers who were previously involved in similar projects.
Keywords: a project team building, utility function, multi-criteria optimization.

Introduction for selecting candidates and formulating an integral

optimization function as a utility function, the aggregating
Successful completion of a project is greatly Value of a set of partial criteria.
determined by the way of its team building [1]. At the
same time, the task of a project team building is
considered as the most difficult for formalizing, since a
variety of personal and psychological factors that are
difficult to describe must be taken into account. At the
same time, the success of the team's work greatly depends
on the personal, business and psychological qualities of
each individual employee [2, 3].
Personal and psychological characteristics are listed
in each organization individually with account of specifics
of its production activities and the nature of work on a

Creating the region of compromises

Determining the approximate region of compromises

X P the whole a set of points X € X € is not excluded but
only the solutions that determine the boundary of the
region [4].

The condition for the correctness of such a
procedure is the expression

x€ = xP,

newly planned project, the development prospects for the
enterprise. A decision in these spheres is made by experts
and a person who is responsible for making decisions (a
decision maker) [8].

From a formal point of view, a project team building
includes the following stages:

Step 1. Developing a variety of options for selecting
candidates for the project;

Step 2. Working out the system for assessing the
considered options (candidates);

Step 3. Defining the rule for choosing the best
option or ordering preferred candidates.

Since each of the variants of the solution is
characterized by a set of particular criteria, the system of
assessment of the relative importance of particular criteria
(the problem of estimating the significance of particular
criteria) should be developed [8].

This article deals with the development of
mathematical models for solving particular problems of a
project team building; in particular with the creating the
region of compromises for a number of particular criteria

that is, the complete inclusion of the exact region of
compromises into the approximate one.

For determining XP the following procedure is
used.

In the set of admissible solutions X , n one-criteria
optimization problems are consistently solved according

to each particular criterion k; (x),i=1n:

x0 = arg max k; (x). 1)

xeX

For every solution k;j(x) the value of all other

partial criteria that is expressed as K; (xio) =Kii ] =1n.

is calculated. The obtained results are recorded in the
matrix (2).

The matrix (2) is formed as follows: each line is
composed of the values of the i -th partial criterion at the

© N. Kosenko, I. Kadykova, R. Artiukh, 2017
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extremum points for all the particular criteria. Moreover,
the extreme value of the criterion is achieved on the main
diagonal.

ki(x),i=1n | k(x) | ka(x) kn (X)
kg (X) ki1 Kig || kg
ky (x) kag | Kao kop | (2
kn (%) Kn Kn2 Kan

For example, the first line contains the criterion values
ki (x) at points:

kyp = kl(xf),klz =k1(x8),...k1n - kln(xﬁ),

where, xf,xg,...xg is the solution that is extremal in

accordance with 1,2..., n-th criterion.
Thus, each line contains the values of the particular

criterion kj (x) that varies from extreme k; (x) to the
worst Ky . The sets of these values over all i=1n are
the boundaries of mapping the approximate region of
compromises X © on the criteria space Kz{ki(x)},
i=1n.
The region X P in the space of particular criteria is
given by constraints
XEX, kiHXSki(X)Skll’ |:1,_n (3)

The pattern corresponding to the constraints (3) of
the approximate region of compromises for a convex
region is shown in the figure 1.

¥a (%)
t Fe
Fp
x2l

Fig.1. Approximate region of compromises X P on the convex
set X

Such a basic assessment can be interpreted as the
utility function of partial criteria p[ki(x)], in which

p:ki (x)—> RYi=1n. We can justify the choice of the
pattern of the function p.

The choice of utility function

It is desirable that the utility function of the partial
criteria be universal and well adapted to take into account

the specific features of particular systems, their aims and
criteria [5, 6].

To do this, the utility function must meet the
following requirements:

- have a single interval of variation [0,1];

- be dimensionless;

- be invariant to the pattern of the extremum of a
particular criterion (minimum or maximum).

The latter means that, regardless of the type of
extremum, its maximum value in the set must correspond
to the maximum value (which is equal to 1), while the
minimal value of the utility function (which is equal to 0)
— to the worst one. In addition, the utility function of the
partial criterion should enable both linear and non-linear
non-decreasing  convex upward or  downward
dependencies of the utility in the absolute value of the
exponent.

All these conditions are met by the utility model of
particular criteria [9].

pLk ()] =[%] - @

The theoretical basis of the engineering practice of
developing generalized (complex) scalar estimates can be
the utility principle. This principle is based on the
assertion that there exists the quantitative estimate of the
preference of solutions so that if solutionsx; >x,, so

P(x ))P(xp), where P(x) and P(xp) are utility
functions, which are a quantitative measure of the
preference of the solution x; in relation to the decision X, .

The peculiarities of using the general principles of
application of the utility theory for solving personnel
problems can be presented below by the following
analysis.

The problem of choosing the best option x° can be

solved on the basis of methods of multi-criteria estimation
and optimization [7]. Then the pattern of the utility
function can be represented as:

P(x) =F[ﬂ1-,ki (x)],i =1,_n ,
where k; (x) is the i-th characteristics of a candidate;

A; is the coefficient of significance of k;-th characteristic

in a particular situation of choice; F is a conversion
operator (model structure);

The most famous and widely used pattern of
representing the utility function is the additive one:

P(x)= 3k (x)i =L ©

where K; (x) is a set of particular criteria (characteristics),

considered candidates (options). In the formula (5) 4; is

an isomorphism coefficient that takes into account the
degree of relative importance of the particular criteria and

leads to partial estimates K; (X) for a single dimension
and change interval. Assessing the values of such
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coefficients is difficult, therefore in practice the more
convenient additive form of the utility function is used:

P(x) = zniai KiH (x) ) (6)

where & is relative dimensionless weighted coefficients
satisfying conditions;

n
0<a <1 g =1,
i=1

ki’ (x) is normalized values of particular criteria,

(reduced to an isomorphic form in the model (4)).
In expression (6), all partial criteria are represented

in isomorphic form(kiH ) and the main decision-making

issue is a decision-maker’s evaluation of the relative
importance of the particular criteria and the form of their
presentation. We can assume that the required information

will be presented as dimensionless coefficients &;, i =1n.

Determining the degree of importance of particular
criteria is performed by a decision-maker or experts. More
often, the information on weight coefficients can be
presented in three forms:

1) deterministic;

2) probabilistic;

3) as a diffuse set.

The form of the presentation depends on the opinion
of experts or the knowledge of decision-makers, and also
to a large extent on the specifics of the considered object,
the nature of its parameters, the methods of measuring
them, and the time of observation (statistics, forecast).

The analysis of the peculiarities of multi-criterial
estimation problems in the problems of human resource
management enables focusing on the situations that are
the most frequent in building project teams, the
deterministic representation of the values of the

importance coefficients & of particular criteria k; ().
For the situation where exact quantitative values of
weight coefficients & of particular criteria k;(x) are

known the generalized utility of the alternative x € X can
be defined as the additive function:

n _n
P(x)=> aki (x),i=Ln> g =1; ©)
i=1 i=1
and the optimality principle

n _n
x" =argmax > aikf! (x),i=Ln> a=1.  (8)
XeX j=1 i=1

In the expressions (7), (8) k;(x) is partial criteria
for assessing the professional and personal qualities of
candidates for the project. The coefficients of significance
of particular criteria a;, are determined by experts,

proceeding from the features of works in the project and
corporate traditions of an organization.

Another situation with a deterministic approach is
formulated as follows. Coefficients & are given
quantitatively, however not exactly but as a certain
interval [a; min,a; max].

In this case the condition (7) is not performed, i.e.

n n

> amin=1Y amax=1. The preferred solution under

i=1 i=1

these conditions may be obtained in two steps. In the

beginning, the range of possible solutions is determined

depending on the values k;(x) with changes of Ag;,
n

assuming Zai =1, and n optimization problems are
i=1

solved:

n
X = arg max| a; max k" (X)+> ajP; [Kj (X):|
i=1

n
> aj =1-a max,a e[a- min,a

1dj i Jmax:'vjzﬁlzﬁjilx
j=1

where & Maxis the maximum possible value of the i-th
weighting factor.

According to the values X;,i =1,_n it is possible to
calculate

o

Kizr :m?xki(xf);kiHX =mjinkl~(x])j =Lni=j.

Thus, the boundaries of the region are established, in
which a compromise solution is determined at the second
stage. The situation when experts cannot provide

information on the coefficients 8 is quite common in

evaluating project personnel, but they can formulate the
relative mutual importance of the evaluated criteria in the
ranked series:

Ky (x) >k (x) > Ky (%) .

In this situation, the part of applicants who
corresponds to the most important criterion is sorted out
from the total number of applicants for the project team X
and the sequence of single-objective optimization tasks is
solved:

x; =argmax; [ ki (x)]; x5 =argmin; [k; (x)], etc.
0

xeX xeXg

In other words, if the set consists of several
candidates, then the problem of selecting candidates is
solved according the second main criterion, etc.

The process of decision making lasts until a single
candidate has been identified or the partial criteria have
been exhausted.

Conclusions

The problem of assessing the relative importance of
particular criteria in the utility function is considered. The
importance of particular criteria is suggested to be
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presented as weight coefficients, which are determined by
experts or decision-makers.

The procedure for determining the approximate
region of compromises is described taking into account a
multitude of personal and psychological characteristics by
successive solving single-criterion optimization problems
for each particular criterion.

The problem of developing an integral multi-criteria
function for choosing preferred alternatives is considered.
It is shown that the utility function is the most universal

and well adapted for considering the peculiarities of
specific systems, their aims and criteria. The features of
using general principles of utility theory for the solution of
personnel tasks are analyzed.

The function of multi-criteria optimization as the
utility model of partial criteria is formulated. To create the
integral criterion, the additive convolution is used.

The results of the work can be used to develop the
mathematical and software of computerized control
systems for the project team.
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OOPMAJIIBALIA 3ABAJAHHA ®OPMYBAHHSA KOMAHIU ITPOEKTY HA
OCHOBI TEOPII KOPUCHOCTI

IIpeqveToM BHBYEHHS B CTaTTi € MaTeMaTHYHI MOJEINi IJIsI BUPIMICHHS OKPEMHX 3aBJaHb MiIOOpYy KaHIUIATIB Ipu (HOpPMyBaHHI
KOMaHau npoekty. Mera — moOymoBa 001acTi KOMIPOMICIB il 03114l OKpeMHUX KPHUTEpiiB Migdopy KaHAMIATIB Ta (OPMYyBaHHs
iHTerpansHol onTuMizaniiiHol QyHKUii y BHTILII QYHKIIT KOPHCHOCTI, Ui BUOOPY KpallUX anbTepHATHB. 3aBAAHHS: MOOy1OBa
HaOJDKeHoi o0nacTi KOMIPOMICIB Ul BHPINICHHS OJHOKPUTEPIaIbHUX ONTHMI3amifHMX 3amad; BHOIp (yHKIIT KOpHCHOCTI
YACTKOBUX KPHUTEPIiB; BUKOPUCTAHHS 3araJlbHUX TPUHIUIIB 3aCTOCYBAaHHS TEOPii KOPUCHOCTI JJIsi BHPIIICHHS KaJpPOBHX 3aBJaHb;
BHOIp HAMKpamoro BapiaHTy, Ha OCHOBI METOMAIB OaraTOKpUTEpiaJibHOI'O OIIHIOBAHHSA 1 ONTHMI3allil; BH3HAYEHHS CTYICHs
BAXJIMBOCTI OKPEMHX KPHUTEpiiB; aHali3 O0COOJMBOCTEH 3aBlIaHb OaraTOKpUTEPIabHOTO OI[IHIOBAHHS B 3ajadax yIpaBJIiHHS
JIIOJCBKUMH pecypcaMi. BHKOpPHCTOBYBaHMMH METOJAMH € METOAM 0araTOKpUTEpiaibHOTO OLIHIOBAHHS 1 ONTHMI3allii, (yHKIIis
kopucHocTi. OTpruMaHi Taki pe3yJbTaTH. PO3rIsIHYTO 3amady OIIHKM BiHOCHOI Ba)XKJIMBOCTI OKPEMHX KPHTEpiiB, IO BXOSTH 1O
¢Gynkuii kopucHocti. Onmcana mporeaypa BU3HaYeHHs HaONMKEHOT 00JIacTi KOMIPOMICIB 3 ypaxyBaHHSIM 0e3Jidi 0COOMCTICHUX i
TICUXOJIOTIYHUX XapaKTePUCTHK IUIIXOM IIOCTIJOBHOTO BHPINICHHS OJHOKPUTEpIabHUX ONTHMI3AIliiHUX 3a/ad II0 KOKHOMY
OKpeMoMy KpuTepito. PosrmsHyto 3amady QopmyBaHHs iHTerpajbHOi OaraTokpurepianbHOi (yHKHIi st BHOOpPY Kpammx
anpTepHaTuB. [IpoaHaii3oBaHO OCOONMBOCTI BUKOPUCTAHHS 3arajbHUX HPHHIMIIB TEOPii KOPUCHOCTI Ul BHPIMICHHS KaIpOBUX
3amad. ChopmynboBaHO (yHKIS OaraTOKpUTEepiadbHOT ONTHMI3amii y BHIVIAAI MOJEII KOPUCHOCTI YACTKOBHX KpPHUTEPIiB.
CdopmynpoBaHa 3arajibHa 3agada OI[IHIOBAaHHS Ta ()OPMYBaHHS TPYIOBHX PECYPCIB 3 ypaxyBaHHSIM HpodeciHHMX 1 0COOMCTICHO-
MICUXOJIOTIYHHUX BJIACTHBOCTEH KaHauzaarta. BUCHOBKH. Y CTaTTi pO3IISHYTO 3a1a4y (OPMyBaHHS KOMAHAM MPOEKTY. Po3risHyTo
eranmu QopMmyBaHHsS KomaHau. OmmcaHa TpolLeaypa BH3HA4YEHHS HaOmmKeHoi 00MacTi KOMIPOMICIB i3 ypaxyBaHHAM Oe3midi
0COOHCTICHHX 1 NCHXOJIOTTYHUX XapaKTePHUCTUK IUIIXOM IMOCIIOBHOTO BHPILNICHHS OJHOKPUTEpIaJbHUX ONTHUMI3AL[iHHUX 3a1a4 3a
KOKHUM OKkpeMuM KputepieM. ChopMynboBaHO GyHKIIiS 6araToKpUTepiabHOT ONTHUMI3ALIT Y BUTJISII MOJETI KOPUCHOCTI YaCTKOBUX
KpHTepiiB. 3armpornoHOBaHO METOA Mig0opy Ta OLIHKHM KaJapiB JUIS IUIAHOBAHMX INPOEKTIB, B OCHOBY SIKOTO ITOKJAJeHa Ipoleaypa
TIOIIYKY KaHJIU/IATIB IO CKJIaay KOMaHI{ HOBOTO ITPOEKTY 31 CKJIa/ly BHKOHABIIIB aHAJIOTTYHUX POOIT B MIPOEKTaX MUHYJIHUX POKIB.
KurouoBi ciioBa: popMmyBaHHS KOMaHIM MPOEKTY, (QYHKIIiSI KOPHCHOCTI, OaraToKpuTepiatbHa ONTHMI3alis.

OOPMAJIN3ALUA 3AJAYN POPMUPOBAHUA KOMAH/bI ITPOEKTA HA
OCHOBE TEOPHUMU ITIOJIE3HOCTH

IIpeameToM wu3yueHHs B CTaThe SBJISIOTCS MaTEMAaTHYECKHE MOJENH U PEIICHHUs] YaCTHBIX 3a/7ad Moj0opa KaHAWAATOB MPH
¢bopmupoBanur KoMaHabl mpoekTa. Llesib — mocTpoeHre 00JaCTH KOMIIPOMUCCOB ISl MHOYKECTBA YACTHBIX KPHTEPHEB M0a00pa
KaHAUAaTOB W (OPMUPOBAHUS HMHTETPATIBHOW ONTHUMHU3AIMOHHOW (YHKIMK B BUAe GYHKIUH IOJE3HOCTH, JUIS BbIOOpA
MPE/MOYTHTEIbHBIX ABTEPHATUR. 3aJa4M: IOCTPOCHHE MPUOIKEHHON 00JIaCTH KOMIPOMHUCCOB JUTS PELICHUS OTHOKPUTEPHATBHBIX
ONTHMH3AIMOHHBIX 33134, BBIOOP (YHKIUH IMOJE3HOCTH YACTHBIX KPUTEPHEB; HCIIOIb30BAHUE OOIIMX MPUHIIUIIOB MPUMEHCHHUS
TEOPUH TOJE3HOCTH IS PEIICHUS] KaJPOBBIX 3a/a4; BHIOOp HAWIYUIIEro BapHaHTa, HA OCHOBE METOJ0B MHOTOKPHTEPHAIBLHOTO
OLICHWBAHUs W ONTHMH3AlMH; OMpEIeJIeHHe CTENeHH BaKHOCTH YACTHBIX KPUTEPHEB; AaHalIW3 OCOOEHHOCTEeH 3amad
MHOTOKPHTEPHAILHOTO OICHMBAHMS B 3a1a4aX YIPABICHHs YEIOBEUSCKUMH pecypcamu. VICmoIb3yeMbIMH METOJAMH SIBIISIOTCS
METO/JbI MHOTOKPUTEPHUAIIBHOTO OIIEHWBAHUS W ONTHMH3AIHMU, (YHKIUS TOJIE3HOCTH. I[lOJydeHbl CIEAyIoNHe pPe3yJbTAThI.
PaccMmoTpena 3amada OIICHKH OTHOCHUTEIIBHON BaKHOCTH YAaCTHBIX KPUTEPHEB, BXOJSIIMX B (YHKIHIO Moje3HOCTH. OnrcaHa
MpoIelypa ONpeaeieHHs NPUOIMKCHHOW 00JaCTH KOMIIPOMHCCOB C Y4YETOM MHOXKECTBA JHYHOCTHBIX M TCHXOJOTHYECKUX
XapaKTePUCTHK MyTEM TOCICIOBATEILHOTO PEIICHHUS OJHOKPUTEPHAIBHBIX ONTHMH3AIMOHHBIX 3a/a4 MO KaXIOMy YacTHOMY
kputeputo. PaccMoTpena 3amada GOpPMHUPOBAHUSI WHTETPATBLHON MHOTOKPUTEPUATLHON (QYHKIHH Ui BHIOOpA MPEAMOUTHTEIbHBIX
anpTepHaTuB. [IpoaHaIM3UPOBAHBI OCOOEHHOCTH HCIOJIb30BAHMS OOIIUX MPHHIMIIOB TEOPHH IMOJIE3HOCTH JJIS PELICHHsST KaJPOBBIX
3amad. ChopmyanpoBaHa (QYHKIUS MHOTOKPUTEPHAIBHOW ONTHMHU3AIMK B BHIC MOJEIU MOJE3HOCTH YACTHBIX KDPHUTEPHUEB.
CdopmynupoBana oO1ias 3aja4a OlUECHUBAHUS U (HOPMHUPOBAHHUS TPYAOBBIX PECYPCOB C YUETOM MPO(PECCUOHATBHBIX U JTHUYHOCTHO-
MICUXOJIOTUYECKUX CBOMCTB KaHaumara. BeiBoabl. B crathe paccmorpeHa 3amada GOpMHUPOBAHMS KOMAH/IBI IPOEKTa. PaccMOTpeHbI
aTansl GOpMUPOBaHUS KOMaH bl OnrcaHa Mporeaypa OnpeaeaeHUs MPUOIIKSHHOW 00JacTH KOMIIPOMHUCCOB ¢ y4ETOM MHOKECTBA
JIMYHOCTHBIX W TICUXOJOTHYECKUX XaPaAKTECPUCTUK l'lyTéM MOCJIECA0BATCIIBHOIO PEIICHUA OJAHOKPUTEPHUAJIBHBIX ONTHMHU3AIIMOHHBIX
3a1a4 Mo KaxaoMy uactHoMmy kpurtepuio. CdopmynupoBana (yHKIMS MHOTOKPUTEPHAIBHOW ONTHMM3AlMM B BUJE MOJCIH
IMOJIE3HOCTHU YaCTHBIX KPUTCPUCB. npe}IHO)KCH METO 1'10)160]33 M OLCHKH KaJApOB JIA IJIAHUPYEMBIX IIPOCKTOB, B OCHOBy KOTOpOro
MOJIO’KEeHA TIPOIeypa ITOMCKa KaHIUIAaTOB B COCTaB KOMAH[IbI HOBOTO IPOEKTA M3 COCTaBa MCIIOJIHUTENECH aHAIOTHYHBIX paboT B
MPOEKTAX MPOILIBIX JIET.
KuiroueBbie ci10Ba: GOpMHpOBaHHE KOMAH/IBI IPOEKTa, (DYHKIIHS TOJIE3HOCTH, MHOTOKPHTEPHAIILHAS OTITHMHU3AIIHSL.
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THE METHOD OF EARNED REQUIREMENTS FOR PROJECT MONITORING

The requirements management processes largely determine the success of a project and should ensure its adaptability to changes in
the requirements of stakeholders. Today, these processes are not sufficiently formalized, in particular, for traditional project
management. Consequently, management and control requirements should be developed and formalized. The subject matter of this
study is methods that manage the requirements of stakeholders in projects. The aim of the article is to increase the effectiveness of
monitoring the requirements of the project stakeholders by developing the method of earned requirements and the model that
formalizes this method. To achieve the goal, the following tasks are completed: integration of the hierarchical structure of
requirements and the classical hierarchical structure of the project activities for obtaining the matrix of control points to meet the
requirements of stakeholders linking a certain requirement to the activities that should be carried out to execute the project;
development of the method of monitoring requirements; development of a functional model of the suggested method. The methods
used are: the methods of decomposition, functional modeling and the modified method of earned volume. The following results were
obtained: the method of requirement monitoring was developed; this method enables monitoring carrying out the requirements of
project stakeholders in time according to the volume of actually used resources by analogy with the method of earned volume. The
approach based on the integration of the hierarchical structure of requirements and the hierarchical structure of the project activities
enables supplementing the existing methods of classification of project stakeholders by the indicator of resource requirements.
Conclusions. The suggested method formalizes the requirements management processes in the project, enables determining the
resource load of requirements, adds this factor to the existing model of requirements. This method is practically supported by the
functional model in the IDEFO notation. The areas of project management (according to the PMBOK standard) where the use of the
suggested approach is the most effective are identified. In the process of generating output data for this method use, certain constraints
should be considered; these constraints are determined by different types of project stakeholders’ requirements and the dimension of

the sets of “requirements” and "activities".

Keywords: project stakeholders, management processes, functional modelling, PMBOK 5.

Introduction

Presenting main material

All projects face changes that are the results of
changes in the requirements of key stakeholders of a
project. The project adaptability to changes is
ensured by various tools in traditional and "flexible"
project management. Traditional project management [1]
considers the change management through the
process of the integrated change control — the process that
continues throughout the whole project and lies in
rejecting or approving change requests that are typically
generated as monitoring and control outputs. In fact,
documenting and controlling changes but not their
justification and management are mentioned. Changes
complexity
and cost in the traditional approach are growing
dramatically when the project starts. Agile-methodologies
of project management have a greater degree of
adaptability due to its iteration, but it is mainly used in IT-
projects [2-4]. In turn, Requirements Engineering
describes the process of identifying, documenting and
fulfilling requirements and is a part of system and
computer engineering [5-7]. A characteristic feature of
agile methodologies is recording project resources, that is
project adaptability to changes is ensured by the changes
of the project content (in traditional methodologies the
content is fixed).

So there is a motivation to develop more effective
methods of managing stakeholder requirements for
projects that are executed according to the principles of
traditional project management when changes in the
project content are undesirable.

The aim of this paper is to improve the
monitoring requirements of the project stakeholders by
means of the development of appropriate methods and
models.

The execution of any project is accompanied by
fulfilling the requirements of its stakeholders. A certain
requirement of project stakeholders can be put into
correspondence with project activities that ensure carrying
out this requirement.

This can put a request in accordance with the project
stakeholders and to ensure compliance with this
requirement. The work [8] deals with the results of the
integration of the hierarchical structure requirements
(Requirement Breakdown Structure, RBS) and classical
hierarchical structure of the project (Work Breakdown
Structure, WBS). The matrix of stakeholders controlled
points obtained by their intersection connects a certain
requirement with the activities that should be performed to
fulfill the requirement. This approach enables monitoring
carrying out the stakeholders’ requirements with the set
level of detalization, which, in turn, is determined by the
level of detalization of WBS and RBS.

Certain resources are used while project planning.
So, using the matrix of control points for fulfilling
stakeholders’ requirements all activities can be grouped
according to the matrix of control points or according to
individual  stakeholders  defining their  resource
intensiveness. This is the procedure of WBS development
according to proper principles.

Allocating certain requirements to certain project
stakeholders enables monitoring their fulfillment over
time according to the actual amount of used resources by
analogy with the method of earned value [1, 9].

Earned Value Management (EVM) is the
methodology that combines the assessment of the content,
schedule and resources to measure the project progress
and achievement of its efficiency. Three key factors for
each work package are monitored with the help of EVM:
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- planned volume (PV) that is the authorized budget
allocated to the planned activities;

- earned value (EV) that is the amount of work
expressed in terms of the authorized budget;

- actual cost (AC) that is the actual costs spent
during a certain period of time.

Let’s define key factors for analyzing the earned
value requirements of the project stakeholders — the
factors of the method of monitoring requirements earned
requirements method (ERM).

PR is planned volume of requirements that must be
fulfilled for a specified time (estimated figure);

ER is the actual volume of requirements which was
performed for a certain period of time (determined by the
results of monitoring);

AC is the actual volume of resources in terms of
money spent on the project for a certain period of time
(determined by the results of monitoring);

SR is the scheduled deviation in terms of the
requirements of the project stakeholders (SR = ER — PR).
Positive values are favorable, negative ones are poor. Zero
value indicates the performance of targets;

CR is the value deviation in terms of the
requirements of the project stakeholders (CR = ER — AC).
Positive values are favorable, negative ones are poor. Zero
value indicates the performance of targets;

SPIR is the scheduled index in terms of the
requirements of the project stakeholders (SPIR = ER /
PR). The value of the factor greater than 1 is favorable,
less than 1 is poor. The indicator of value which is equal
to one indicates the performance of targets;

CPIR is the value deviation in terms of the
requirements of the project stakeholders
(CPIR = ER / AC). The value of the indicator greater than
1 is favorable, less than 1 is unfavorable. The indicator of
value which is equal to one indicates the performance of
targets.

Graphical interpretation of the suggested method is
shown in Fig. 1: three curves PR, ER and AC are
constructed for a conventional design; the schedule
deviation (SR) and value deviation (CR) in terms of the
requirements of stakeholders are shown. Qutstripping the
requirements and saving of the planned volume of the
project budget occur while performing the project at the
moment of time time T.

A : 7N
—» . )
I—:\ > ad ()
] .
ER L>|:I: : PR
~ /////
~ SR
- T
_ - __ Y CR
J/ — AC
o -
/= Time

Start T Finish

Fig. 1. The analysis of the earned value requirements of project stakeholders

The interpretation of the key indicators of ERM
method is shown in Table. 1. It can be noted that the data

Table 1. The interpretation of key factors

shown is the basis not only for monitoring but for the
forecast of the project.

The factors of project Requirements
fulfillment SR>0; SR=0; SR<0;
SPIR>1 SPIR=1 SPIR<1
CR>0; plan outstripping, budget savings | fulfilling the planned requirements, | lag in fulfilling the requirements,
CPIR>1 budget savings budget savings
g CR=0; plan outstripping, budgetary fulfilling the planned requirements, | lag in fulfilling the requirements,
&) CPIR=1 compliance budgetary compliance budgetary compliance
CR<0; plan outstripping, budget deficit | fulfilling the planned requirements, | lag in fulfilling the requirements,
CPIR<1 budget deficit budget deficit
Effective implementation of the method of in fig. 2 which shows the spheres of project

requirements monitoring involves the use of A Guide to
the Project Management Body of Knowledge (PMBOK)
[1]. To determine the role of the suggested
method for effective project management the
relationships between requirements and methods of
monitoring processes and PMBOK 5 knowledge
areas was analyzed. The results of the analysis are given

management, where this method is the most applicable.

The following designations are used: 1]1] is one or more
processes where this method can be conceptually used,;

ﬂ is one or more processes for which this method is less
important.
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Project management process groups
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Fig. 2. The method of monitoring requirements and PMBOK 5

For practical use of the suggested method
the process of its implementation should be described.
Within this work it is done using the methodology of
functional design and graphic description of IDEFO

processes, which is designed to formalize and describe
business processes.

Fig. 3 shows the contextual level of the suggested
model.
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Fig. 3. The contextual model of the suggested method

Fig. 4 shows the decomposition of the process of
using the method of monitoring project requirements. The
arrows on the model presents inputs, outputs, mechanisms
and control for the corresponding process.

Works [10-12] deal with the general approach to

The authors compared the hierarchical structure
requirements (Requirement Breakdown Structure, RBS)
and hierarchical processes (Process Breakdown Structure,
PBS). The matrix of control points of fulfilling
stakeholders’ requirements obtained by their intersection

such modelling. The process approach to the connects a certain requirement with the processes that
decomposition of project stakeholders’ requirements is should be completed for its implementation. This
also suggested. approach enables monitoring the fulfillment the
stakeholders’ requirements.
|
ERM
Guide
A 4
\ 4
Project Project
performance data
—performance—>» .
analysis
data \ 4
Al
A Calculation of
deviations
/ \ 4
ER, AC A2
A Calculation of
indices
SR, CR A3 v
' A
ERM analysis L Forecast—>
//
SPIR, CPIR T Ad
A
PM,
Software

Fig. 4. Decomposition of ERM pattern use

Conclusions and recommendations for further
research

The authors suggested the approach which is based
on the integration of the hierarchical structure of
requirements and the hierarchical structure of the project
and enables adding the factor of resource requirements
which can be defined in monetary terms to the existing
methods of classifying project stakeholders.

Further, it is necessary to create mechanisms of
output data development to use this approach for
considering available different types of stakeholder
requirements which can be mutually exclusive (two or

more requirements cannot be simultaneously fulfilled
within the project); supporting (the fulfillment of one
requirement can help through the other one); independent
(the fulfillment of a requirement does not affect the
fulfillment of the other one); mandatory (requirements that
must be met, for example, in accordance with the current
legislation) as well as the fact that the ratio of
"requirements-activities" looks like m x n.

The method of monitoring requirements that enables
monitoring the fulfillment of project stakeholders’
requirements during proper time according to the actual
amount of resources spent by analogy with the method of
earned value.
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METO/Z OCBOC€HUX BUMOI" VIS MOHITOPUHI'Y BUKOHAHHSA ITPOEKTY

[Iponecn ynpaBiiHHS BUMOTaMH 3HAYHOIO MIpOIO BU3HAYAIOTH YCINIIIHICTH IPOEKTY i MOBUHHI 3a0e3reuyBaTi H0ro alanTHBHICTE 10
3MiH y BHMOTaX 3allikaBICHUX CTOpiH. Ha chOrojHi Iii MpOIECH € HEeAOCTaTHhO (GOopMalli30oBAHHMH, 30KpeMa, JJIsl TPaIHIiiHOTO
MIPOCKTHOTO MEHEDKMEHTY. OTKe, € HeoOXiMHICTh Po3poOKH Ta (hopmalrizalii METOIB YIIPaBIiHHS i KOHTPOJI BUMOT. [IpeaMerom
JTAaHOTO JOCTI/PKCHHSI € METOJH YIPABIiHHS BUMOTaMH CTEHKXOJJepiB y mpoekrax. MeTa CTaTTi — HiJBHUINEHHS e(EKTHBHOCTI
MOHITOPHHIY BUMOT 3alliKaBJICHHX CTOPIH MPOEKTY 3a PaXyHOK PO3POOKH METOIYy OCBOEHHMX BMMOI Ta MOJEII, 10 (hopmaizye 1ei
MeTo. JIist AOCATHEHHS METH peali30BaHO HACTYIIHI 3aBJAHHSI: IHTErpallis i€papXiqHOT CTPYKTYPH BUMOT 1 KJIACHMYHOI iepapXiuHoi
CTPYKTYPH POOOT MPOEKTY 3 OTPUMAHHSIM MaTpPHULi KOHTPOJBHUX TOYOK BHKOHAHHS BMMOT CTEHKXOJAEPIB, IO TIOB’S3y€ NEBHY
BHMOTY 3 poOOTaMH, sIKi HEOOXITHO 3MIHCHUTH JUIs 11 BAKOHAHHS; PO3pOOKa METOY MOHITOPUHTY BUMOT; TOOY10Ba (pyHKITIOHATBHOT
MOJIEeINi 3aIPOTIOHOBAHOTO METOJy. BHKOpHCTaHO MeToaM eKOMITO3HIIi], (DYHKIIOHAIBHOTO MOJICIIFOBAHHSI, MOJU(DIKOBAaHUH METO.
0CBO€EHOTO 00csTy. OTpUMaHO TaKi pe3yJIbTATH: PO3POOIEHO METO MOHITOPHHTY BHMOT, SIKUH TO3BOJISIE BIACTEKYBATH BUKOHAHHS
BUMOT 3alliKaBJICHUX CTOPIH MPOEKTY Yy daci y BIIOBITHOCTI 10 00cATY ()aKTUYHO BHTPAUCHUX PECYPCIB 3a QHAJIOTIEIO 3 METOIOM
ocBoeHOTO 00csTy. Ilinxin, mo 3acHOBaHO Ha iHTErpalii iepapXidHOi CTPYKTYpH BHMOT Ta i€papXiqHOi CTPYKTYpH pOOOT IPOEKTY,
JI03BOJISI€ JIOMOBHUTH ICHYIOUM METOAM Kiacu(ikallii 3aliKaBJICHHX CTOPIH IPOEKTY ITOKa3HUKOM PECYPCOMICTKOCTI BHMMOT.
BucHoBkH. 3ampornoHOBaHU METOA (OPMaTi3ye MPOIECH YIPABIIHHS BUMOTaMH Yy TPOEKTI, MO3BOJISE BH3HAYATH PECypCHE
HABaHTa)KEHHs BUMOT, 1[0 JOTIOBHIOE iCHYIOUM MOJeNi Kiacudikallii BUMOT UM MOKa3HUKOM. ITiITPUMKOIO TIPaKTHYHOT peaizamil
MeTony € po3pobieHa dyHkumioHadpHa Mozaenb y Hotawii |IDEF0. BusnaueHo ramy3i IpOEKTHOTO MEHEIKMEHTY (32 CTaHAapTOM
PMBOK), ms SIKMX BHKOPHCTaHHS 3alpONOHOBAHOTO Miaxoxy Oyne HailOutemn epexTuBHHM. Y mporeci GopMyBaHHS BHXITHUX
JTAaHUX JJIsI BUKOPMCTaHHS METOMY CJiJ] BPaXOBYBaTH iCHYBAaHHs IIEBHHX OOMEKEHb, SIKI BH3HAUAIOTHCS iCHYBaHHSM PIi3HUX THIIIB
BUMOT 3alliKaBJICHUX CTOPIH MPOCKTY 1 PO3MIPHICTIO MHOKHH "BUMOTH' Ta "poboTH".
Kurouogi ciroBa: creiikxonepn npoeKTy, MpoLecH ypasiiHHs, GpyHKIioHaTpHe MoaemoBanHs, PMBOK 5.

METO/]I OCBOEHHBIX TPEBOBAHW JIJIsI MOHUTOPUHT A BBIITOJTHEHUA
ITPOEKTA

[Iponeccsl ynpaBieHus: TpeOOBaHUSIMU B 3HAUUTEIBHOM CTETICHH OMPEACIAIOT YCHEUTHOCTh MPOEKTa U JODKHBI 00ECIIeUnBaTh €ro
aJIaITUBHOCTH K U3MEHEHUSIM TpeOOBaHUH 3aMHTEPECOBAHHBIX CTOPOH. Ha ceroiHs TH mpouecchl HeJOCTaTOYHO (hopMaTn30BaHbl, B
YaCTHOCTH, IS TPAAHUIMOHHOTO NPOEKTHOTO MeHemkMeHTa. ClieoBaTelIbHO, eCTh HEOOX0MUMOCTh Pa3paboTKu M (opMaIn3annuu
METO/IOB yIPaBICHUsSI H KOHTpOJs TpeboBanuid. [IpeqMeToM NaHHOTO MCCIEOBAHUS SIBISIFOTCS METO/BI YIIPABICHUS TPEOOBAHUSIMU
cTelkxonaepoB B npoekrax. Lleab cratby — moBbimeHne 3(p(EeKTHBHOCTH MOHHTOPHHra TPeOOBAHUH 3aMHTEPECOBAHHBIX CTOPOH
MIPOEKTa 3a CYeT pa3pabOoTKH METOJa OCBOCHHBIX TPEOOBAHUI M MOJIETH, KOTOpas (hopMamu3yeT 3TOT METoA. /i JOCTMKEHUS eTH
pealn30BaHbl CIEAYIONIME 3aJa4M: HWHTErPalldsl HMEepPapXHUSCKON CTPYKTYpbl TpeOOBaHMI M KIACCHUECKOW HepapXUUeCKOH
CTPYKTYPHI pabOT MPOEKTa C TOIyYSCHHEM MATPHUIBI KOHTPOJIBHBIX TOUEK TPEOOBAHUH CTCHKXOIIEPOB, CBA3BIBAIOLICH OMPEICICHHOE
TpeboBaHUe ¢ padOTaMH, KOTOPbIE HEOOXOIUMO OCYIICCTBUTD ISl €r0 BBIMOJIHEHUS; pa3paboTka METO1a MOHUTOPHHTAa TPEOOBaHUA;
MOCTpoeHNe (YHKIMOHATIBHON MOJENH HPEUIOKEHHOT0 MeToaa. VICroiab30BaHBl METOABI JEKOMIIO3HMIHH, (DYHKIIMOHAIBHOTO
MOJIEITUPOBAHUS, MOAWGHUIMPOBAHHBI METOJ] OCBOGHHOIO oObema. [lodyueHbl cienayione pe3yabTaThl: pa3paboTaH METOx
MOHHUTOpHHra TpeOOBaHHH, KOTOPBIH IO3BOJISIET OTCJIEKMBATH BBINOJHEHHE TPEOOBAHHMH 3aMHTEPECOBAHHBIX CTOPOH INPOEKTa BO
BPEMEHH B COOTBETCTBHHM C 00BEMOM (haKTHUECKH H3PACXO/IO0BAHHBIX PECYpPCOB 10 QHAJIOTMH C METOJOM OCBOGHHOTO o0bema.
[lomxon, OCHOBaHHBIH Ha HMHTETPALUH HEPAPXUUYECKOH CTPYKTYphl TpeOOBAaHHH M HEPAPXUUECKOW CTPYKTYpHI PadOT TMPOEKTa,
MO3BOJISIET AOTIOJHUTD CYIIECTBYIONINE METOIBI KIIAaCCU(UKAIINN 3aHHTEPECOBAHHBIX CTOPOH IPOEKTA ITOKAa3aTeIeM PeCypCOeMKOCTH
TpeboBanmii. BbiBoabl. [IpemmoskeHHBII MeTon (hOpMamM3yeT TNPOLECCHl YHpPABICHHS TPEOOBAaHHAMH B IPOEKTE, MO3BOJISET
OTIpeNeNIsiTh PECYPCHYIO Harpy3Ky TpeOOBaHHIA, IOIMOJHSET CYNICCTBYIONIME MOJENN KiIacCHPHUKaIUN TpeOOBaHUN ASTHM
nokazaresieM. [1o/iep)Kkol MPaKTHYECKOH peanu3aly MeToja sIBIseTcsl pa3paboTaHHas (YHKIMOHAJIbHAs MOJENb B HOTAIUU
IDEFO0. Onpenenenbl 001acTH MPOSKTHOTO MeHeKMeHTa (1o ctanaapty PMBOK), i KOTOPBIX HCIOJIb30BAHUE MPETIOKESHHOTO
noaxona Oyner Hambonee 3¢ddexkTuBHbIM. B mpouecce GopmMupoBaHMs MCXOIHBIX JAHHBIX JJI WCIIOJIB30BAHUS METOJA CIEIyeT
YUYHUTBIBATH CYLIECTBOBAHHE OIPE/ICNICHHBIX OTPAaHUYEHHUIl, KOTOPBIE OIIPE/IENISIOTCS CYIIEeCTBOBAHHEM Pa3IMYHBIX THIIOB TPeOOBaHUI
3aMHTEPECOBAHHBIX CTOPOH MPOEKTA U Pa3MEPHOCTHIO MHOXECTB "TpeboBanus" u "paboThI'.

KnioueBsbie ciioBa: nH)OpMAIMOHHO-TEJIEKOMMYHUKAIIHOHHAS CETh, ()aKTOPbI, PHCKH, TIOCIECICTBHS, TIPUUYNHHO-CIICICTBEHHAS
nuarpamma, KO3 QUIUEHTH! BIUSHUS.
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YA. NOSOVA, O. AVRUNIN, V. SEMENETS

BIOTECHNICAL SYSTEM FOR INTEGRATED OLFACTOMETRY DIAGNOSTICS

The subject matter of the article is the process of olfactometric research of a human olfactory function. The object of the study is a
biotechnical system which includes a method for increasing the objectivity of olfactometric diagnostics. The goal is to develop a
biotechnical system for complex olfactometry, which enables increasing the objectivity of olfactometric studies and connecting
breathing parameters with olfactory function by placing an odorant carrier in the airway of the rhinomanometer, as well as by using
procedures for determining the energy characteristics of respiration. The methods used are: methods of digital signal processing, the
theory of biotechnical systems. The following results are obtained. A structural diagram of a biotechnical system for olfactometric
diagnostics of a human olfactory analyser was developed. As a result of the analysis of the cyclogram of nasal breathing, it is found
that by changing the frequency and nature of breathing upon reaching the sensitivity threshold, it is possible to objectify the method of
assessing respiratory and olfactory disorders according to the energy criterion of pneumatic power when inhaling appropriate
odorivectors, and also to study the olfactory and respiratory function with the capability of estimating respiratory cycles in a dynamic
mode. The studies were carried out on the basis of typical inspiration cycles: with a quiet breathing in the normal conditions, in the
forceful breathing mode with a stiff nasal valve, with a nasal valve with natural functional mobility which restricts the flow of air, and
also a stepped inspiration — a short “sipping” of air, which can be characterized as a kind of “sniffing”. Conclusions. Computer
olfactometry is one of the most promising methods for diagnosing olfactory disorders of respiratory genesis. The developed
biotechnical system is based on the use of a fundamentally new design, combining a rhinomanometer and an olfactometric nozzle
with a container for an odorant. A feature of this system is also the capability to determine the energy characteristics of nasal
breathing when the sensitivity threshold of the odorivector is reached. The future direction of the work is to specify the concentrations
of odorants for the biotechnical system for olfactometric diagnostics, which enables testing the sensitivity of the olfactory analyser on
outpatient basis
Keywords: olfactory test, odorivector, rhinomanometer, olfactometry, energy characteristics.

Introduction

General problem
literature sources.

Olfactory disorders can be caused by various
etiologies. It should be noted that there is no single
generally accepted classification of olfactory disorders.
However, they can be divided into congenital and
acquired ones according to the time of their origination.

Permanent acquired smell impairments can be
recognized regarding the complexity of the olfactory
analyser structure:

a) rhinogenic, connected with the pathology of the
nasal cavity;

b) neurosensory, that is peripheral (when
neuroepithelial cells are involved in the nasal cavity and
olfactory nerves) and central (when the structures in the
anterior cranial fossa are affected, e.g. olfactory bulb,
tract, triangle, or lesion of the central cortical parts of the
olfactory analyser) [1-3].

Rhinogenic dysosmias can be caused by diseases of
the nose and nasal tracts, accompanied by a mechanical
impediment to the access of odorants to the olfactory area,
and change in the pH of the secretion of the
Bowman glands, which is a solvent of odorous substances.
The olfactory apparatus is affected by atrophic and
subatrophic changes in the nasal mucosa and metaplasia
of the ciliated epithelium [1].

There are many different methods for studying the
olfactory analyser, starting with the visual analogue scale
and ending with olfactory scintigraphy [4-8].

Olfactory examinations are divided into subjective
and objective ones. Subjective examinations take place
when a research subject should consciously respond to a
smell, its intensity, quality, pleasantness [9—10].

The objective one happens when the reaction of the

setting and analysis of

nervous system is recorded. Doty [11] classifies olfactory
tests into 3 categories: psychophysical,
electrophysiological and psychophysiological ones.

Theoretical part

In the context of cooperation between the department
of otorhinolaryngology of Kharkiv National Medical
University and the Department of Biomedical Engineering
of Kharkov National University of Radio Electronics, a
biotechnical system for complex olfactometric diagnostics
of a human olfactory analyser, based on a computer
olfactometer, was developed (fig.1).

Fig. 1. General view of the device for complex olfactometric
diagnostics

The numerical values of the parameters of measured
quantities of the developed biotechnical system are as
follows:

- the maximum pressure drop across the nasal
meatus can reach the value of up to 40 kPa;

- the maximum air consumption during breathing in
the inspiratory cycle according to spirometry is up to

© Ya. Nosova, O. Avrunin, V. Semenets, 2017



ISSN 2522-9818 (print)

Cyuachuil cman HayKo8ux 00CRiOdceHb ma mexnoaoit 6 npomuciosocmi. 2017. Ne 1 (1)

81/s;

- the range of measurements of auxiliary sensors,
that determine the pressure drop under the oxygen mask
during inhalation and exhalation, can be selected on the
assumption that the aerodynamic resistance of the
supplying breathing equipment (mask and connecting
hoses) is an order of magnitude less than the aerodynamic
resistance of the respiratory tract, which is confirmed
experimentally [12];

- the error of most standard primary converters used
in medical equipment for respiratory diagnostics is about
5%, and a quantizing step while digitizing an analogue
signal should be 10% less than the measurement error; this
should be taken into account when selecting analogue
sensors. Therefore, the quantizing step should not exceed
0.5% of the maximum signal value, which corresponds to
256 levels of the 8-bit ADC;

- the sampling frequency of measuring signals of the
order of hundreds of Hz should be selected considering
the duration of the breathing cycle that can be from 0.5 to
10s [12], as well as the possibility of testing in a dynamic
mode while examining the comparatively high-frequency

components (up to tens of Hz) of the air flow signal when
diagnosing the function of the nasal valve [13];

- the simplicity of preparatory procedures by
medical personnel (sterilization, adjustment, calibration)
and, directly, testing itself (selection of measurement
modes, data analysis and visualization), which is also one
of the basic requirements for wide using the device in
clinical practice.

Thus, the biotechnical system for complex
olfactometric diagnostics (the structural diagram is shown
in fig. 2), includes:

- measuring unit, containing a nozzle with a
container of odorant and adjustable air supply;

- pressure and air flow sensors that send signals to
the converter unit;

- converter unit in which the output signals of the
sensors are digitized by means of the ADC and
transmitted through the interface module to the PC.

The controlling microcontroller, according to the
selected mode, generates the necessary gate pulses. High-
level signal processing, visualization, analysis and
recording of testing results are performed on the PC with
the help of software [13].

Air flow
sensor

===

:_ 1 Measurement unit | [_ "~ Conversionunit _;
- : || .
| Odorl\(elctm Managing |
| nozzle || microcontroller |
L él Differential | | |
- =¥ = — ﬁ pressure sensors, |
Upper Module of !
- .

respiratory tract ADC interface [ PC

I

Fig. 2. Structural diagram of the biotechnical system for complex olfactometric diagnostics

Studies of rhinomanometry data in a dynamic mode
(with visualization of the respiratory cycle) [14] create
new possibilities for analysing and interpreting the results
of nasal breathing testing. Thus, Fig. 3 shows typical
inspiration cycles while normal breathing (1 and 2,
respectively), while forceful breathing mode with a stiff
nasal valve (3), and with a nasal valve with natural

3.00

functional mobility that limits the air flow with a
characteristic truncated vertex at the cyclogram (4 and 5,
respectively), as well as a stepped inspiration (6) that is a
short “sipping” of the air, which can be characterized as a
kind of “sniffing”, which is illustrated by the high
frequency beats of the signal in the diagram of air
consumption.

3
2,50 -

4 5

Fig. 3. Variants of respiratory cycles

10 15 20
t, sec.

1, 2 — quiet breathing (natural); 3 — forceful breathing (stiff nasal valve); 4, 5 — forceful breathing — stepped inspiration (natural
operation mobility of a nasal valve); 6 — stepped inspiration — “sniffing”
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In this case, stepped inspiration can be realized in
the course of a complete voluntary short-term respiratory
arrest or involuntary one (due to the nasal valve mobility,
the dynamics of the external nose alae) for a short-term

1.5

respiratory arrest (cycles (6) in fig. 4 and cycle (1) in
fig. 5), or while simple alternating deceleration and
acceleration of inspiration (cycle (2) in fig. 3).

1.0

Q, L./sec.

4 6 8§

t, sec.

Fig. 4. Respiratory cycles with stepped inspiration (1 — in the course of a short-term respiratory arrest, 2 — while simple alternating

deceleration and acceleration of inspiration)

In the course of forceful breathing, this cyclogram
also indicates the stiffness of the nasal valve with
inspiratory flow signals in the form of almost perfect half-
periods of the sinusoid.

Normally, when a research subject feels an
odorivector, his breathing voluntary accelerates for a short
period of time when approaching the sensitivity threshold

(when the intensity of breathing increases); and when the
sensitivity threshold is reached, the breathing cycles turn
into “sniffing”, which contributes to deeper air entry into
the olfactory area and odour recognition. This moment of
time can be characterized as the beginning of the
sensitivity threshold of the odorivector — T (see fig. 3 and
fig. 5).

1 T

Q, L.‘/sec.

S o A

L

I

I

I

I
10

15 20

t, sec.

Fig. 5. Cyclogram of air consumption for nasal breathing (T — sensitivity threshold)

The obtained facts make it possible to use signals in
the area of the cyclogram that is located to the left of the
sensitivity threshold T (see fig. 5) in order to calculate the
energy characteristics of the nasal breathing; and to use
the shaded area in the pneumatic breathing power diagram

10.00
900
8.00
700

' ,00
i! 500
" 400
300
200
100
0.00

0 1 2 3 4 5 § 1 & 8§ 10

(fig. 6) in order to determine energy respiratory costs for
diagnosing disorders of the olfactory sensitivity in the
normal conditions (fig. 6, a) and under nasal meatus
obstruction (fig. 6, b) in an automatic mode.
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Fig. 6. Cyclogram of air consumption for nasal breathing a) for polyposis ethmoiditis, b) physiological fluctuations
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Conclusions

Computer olfactometry is one of the most promising
methods for diagnosing olfactory disorders of respiratory
genesis. The developed biotechnical system is based on
the use of a fundamentally new design that combines a
rhinomanometer and an olfactometric nozzle with a
container for an odorant. A feature of this system is also
the capability to determine the energy characteristics of

threshold, it is possible to objectify the method of
assessing respiratory and olfactory disorders according to
the energy criterion of pneumatic power when inhaling
appropriate odorivectors, and also to study the olfactory
and respiratory function with the capability of estimating
respiratory cycles in a dynamic mode. This contributes to
detecting respiratory and olfactory disorders. Specific
breathing cycles of the stepped inspiration correspond to
the odorivector sensation.

The future direction of the work is to specify the
concentrations of odorants for the biotechnical system of
olfactometric diagnostics, which enables rapid testing of
respiratory-olfactory disorders.

nasal breathing when the sensitivity threshold of an
odorivector is reached. The analysis of the cyclogram of
nasal breathing indicated that by changing the frequency
and nature of breathing upon reaching the sensitivity
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BIOTEXHIYHA CUCTEMA J1JIsI KOMILJIEKCHOI OJIb®AKTOMETPUYHOI
JIAT'HOCTUKH

IIpeaMeToM BUBYCHHS B CTATTi € MPOIEC OJb(HAKTOMETPUYHOTO TOCIIIKCHHS HIOX0BOI (YHKIlT JroquHu. O0'€eKT JOCTiIKEeHH —
0loTexXHIYHA CHUCTEMa, IO BKIIOYA€E CHOCIO MiABUIICHHSA OO'€KTMBHOCTI ONb(AKTOMETPUYHOI IiarHOCTUKH. MeTa — po3poOka
010TEeXHIYHOT CHCTEMH [UII KOMIUIEKCHOI OJb(aKTOMETpii, IO JO3BOJWUTH IIJBHIIUTH OO'€KTHBHICTH ONB(AKTOMETPHIHUX
JIOCIIIKEHb, 1 3a PaXyHOK PO3MIIIEHHS HOCIS Iaxydol PeYOBHHH B HOBITPSIHOMY TPakKTi PUHOMaHOMETpa, a TaKOX IPOIEIyp
BU3HAYEHHS EHEPreTHYHHX XapaKTepUCTHK JUXaHHS, 3B'I3aTH IapaMeTpH [UXaHHS 3 IIOKa3HHKAaMHM HIOXOBOI (DyHKIII.
BuKkopUCTOBYBaHMMH METOAAMHU €: METOIM IH(POBOI OOPOOKH CHUTHANIB, Teopis OioTexHIYHUX cucteM. OTpHMaHi HACTYIIHI
pe3yabTaTi. Po3po0iieHO CTPYKTYpHY CXeMy OI0TEXHIYHOT CHCTEMH I Ob(HAaKTOMETPHUYHOI JIarHOCTHKH HIOXOBOTO aHAIi3aTtopa
JMIOAMHU. B pe3ynbrari aHanily HUKIOrpaM HOCOBOTO JIMXAHHS BCTAHOBJICHO, IO 32 3MIHOIO YAaCTOTH 1 XapakTepy JUXaHHS IpH
JIOCSITHEHHI TOPOTY BIMYYTTS MOXHA OO'€KTHUBI3YyBaTH METOJl OILIHKH PECHipaTOPHO-HIOXOBUX TMOPYUICHb 3 YpaxyBaHHSIM
CHEPTeTHYHOTO KPUTEPII0 MHEBMATHYHO! MOTY>KHOCTI MpH BAWXAHHI BIANOBIAHUX OJOPIBEKTOPiB, a TAKOX BHUBYATH HIOXOBY 1
JUXaJdbHY (YHKIIIO 3 MOXJIMBICTIO OLIHKM AWMXAJbHUX IMKIIB B JMHAMIYHOMY pekuMi. JIOCIIJDKEHHS MPOBOIMINCS HAa OCHOBI
TUIIOBHX IMKJIIB BAMXY: IPH CIOKIHHOMY JUXaHHI B HOPMi, y ()OPCOBAaHOMY PEXHMI JMXaHHS IPH PUTITHOCTI HOCOBOTO KJIAIlaHy,
MPU HOCOBOMY KJIallaHi 3 HOPMaJIbHOI (DYHKIIIOHAILHOIO PYXJIMBICTIO, sIKa OOMEKY€E IMOTIK MOBITPS, a TAKOX CTYIMIHYACTHI BIAUX —
KOpPOTKE "MOTSTYBaHHS MOBITPs, SIKE MOKHA OXapakTepU3yBaTH, SIK CBOepingHe 'mpuHioxyBaHHA'. BucmoBkm. Kowmm'torepHa
onb(hakToOMETpis € OJAHUM 3 HAWOUIBII MEPCIEKTUBHUX METOMIB JIarHOCTUKH HIOXOBHUX TOPYIICHb PECHIpaTOPHOTO TEHE3y.
Po3pobiiena OioTexHiYHA CHCTEMa 3aCHOBaHA Ha 3aCTOCYBaHHI MNPHWHIMIIOBO HOBOI KOHCTPYKIII, IO TOEIHYE B €001
PHUHOMAHOMETPiIO Ta 0JIb(AKTOMETPUYHY HACAIKy 3 KOHTECHHEpOM I maxydoi pedoBHHH. OCOOIMBICTIO JaHOT CUCTEMHU € TaKOXK
MOJKJIUBICTh BH3HAYaTH CHEPreTHYHI XapaKTEPUCTUKH HOCOBOTO AWXAaHHS NpPU JOCSATHEHHI IMOPOTY BIAYYTTS OJOPIBEKTOPA.
[epcriekTnBOI0 pOOOTH € YTOYHEHHs KOHIEHTpaliil Maxydynx pPedoBHH Ui OIOTEXHIYHOI CHUCTeMH JUIsl OJb(aKTOMETPidHOT
JIIarHOCTHKH, 10 JI03BOJISIE HA aMOyJIaTOPHOMY IIPHHOMI ITPOBOIUTH TECTYBAHHS Yy TJIMBOCTI HIOXOBOT'O aHalizaTopa.
KurouoBi ciioBa: Tect HIOXOBHIA, 0JJOPIBEKTOP, PUHOMAHOMETPIsl, OJIb(AKTOMETPIs, XapaKTEPUCTUKH CHEPTeTHIHI.

BUOTEXHUYECKASI CUCTEMA JJI51 KOMILTEKCHOM
OJIb®AKTOMETPUYECKOM TUATHOCTUKH

IIpeameToM H3ydeHHsS B CTaThe SIBISAETCS MPOIECC ONB(MAKTOMETPHYECKOTO HCCIAEAOBAHMS OOOHATEIBHON (DYHKIIMH YeTOBEKa.
O0BbeKT Hccae10BaHUA — OMOTEXHHYECKAas CHCTEMa, BKIIOYAIONIAs CHOCOO TOBBIIICHUS OOBEKTUBHOCTH OJB(AKTOMETPHICCKOM
nuarHoctuku. Llems — pa3paboTka OMOTEXHUUYECKOW CHUCTEMBI ISl KOMIUIEKCHOW OJIb()AaKTOMETPHH, YTO IO3BOJIUT IOBBICUTH
00BEKTUBHOCTH OJIb()AKTOMETPUUCCKUX HCCIICTOBAHUMN, U 328 CUCT Pa3MEIICHHsS HOCHTENS Maxyd4ero BEIIeCTBa B BO3AYIIIHOM TPAaKTe
PUHOMAaHOMETPA, a TaKXe IPOLEAYP OIpPEIETIeHUsT YHEPTETHYECKMX XapaKTEPUCTHK JbIXaHUs, CBSA3aTh IMapaMETPhbl JbIXaHHUS C
MMOKa3aTeNIIMH O0OHATENILHON (GYHKIMH. VCIOab3yeMbIMI METOAAMM SIBIISTIOTCS: METO/IbI NU(PPOBON 00pabOTKKM CHUTHATIOB, TEOPHS
OGuorexHuueckux cucreM. [loiydeHs! ciemyromue pe3yabTaThl. Paspaborana cTpyKTypHas cxemMa OMOTEXHHYECKOW CHCTeMBbI LIS
0Ib(haKTOMETPUUYECKON JHATHOCTHKHA OOOHSTEIHHOTO AaHAIM3aTOpa YeloBeKa. B pe3ysiprare aHaum3a IHUKIOTPaMM HOCOBOTO
JIBIXaHUSI YCTAHOBIEHO, YTO IO W3MEHCHHIO YaCTOThI W XapakTepa [bIXaHWsl MPU JOCTHKEHHH IOPOra OIIyIIEHHUS MOXKHO
00BEKTHBU3UPOBATH METOJ OILEHKH PECIUPATOPHO-OOOHSTENBHBIX HAPYIICHUI [0 YHEPreTHYIECKOMY KPHTEPHIO MTHEBMATHIECKON
MOII[HOCTU TP BIBIXAaHUH COOTBETCTBYIOIIMX OJOPHUBEKTOPOB, a TAKKE H3YYHTh OOOHSTEIBHYIO M JbIXaTCIbHYH (DYHKIHIO C
BO3MOYXHOCTBIO OI[CHKH JIBIXaTEIbHBIX [[UKIIOB B IMHAMUYECKOM pexuMe. VcenemoBanHust MpOBOIMINCH HA OCHOBE TUITMYHBIX IIUKIIOB
BIIOXAa: MIPU CIIOKOWHOM JBIXaHHH B HOPME, B (POPCUPOBAHHOM PEKHMME JIBIXaHUS MPU PUTHIHOM HOCOBOM KIIAlaHe, MPU HOCOBOM
KJIalaHe ¢ HOPMAaJbHOW (DYHKIIMOHAIBLHON TOJABHXHOCTBIO, OIPAaHUYMBAIOIICH MOTOK BO3/1yXa, a TAaKKE CTYICHYATBHIA BIOX —
KOpOTKOe '"ToTsArmBaHWE" BO3IyXa, KOTOPOE MOXHO OXapakTepH30BaTh, KaK CBOeOOpasHOe 'mpuHIOXHWBaHHE'. BBIBOABI.
KommbrorepHast 07b(haKTOMETPHs SBISIETCS. OJJHAM U3 HanOOJiee MepCIeKTUBHBIX METOI0OB THATHOCTHKN OOOHSTEIBHBIX HAPYIICHUI
pecnupaTopHoro renesa. Pa3paboraHnast GHOTEXHHYECKasi CHCTeMa OCHOBaHA HAa MPUMEHEHHUH MPUHIUITHAILHO HOBOW KOHCTPYKIIUH,
couertaronieil B cebe pHHOMaHOMETP U OJB(AKTOMETPUIECKYIO HACAJIKy C KOHTCHHEPOM I TMaxydero BemiecTBa. OCOOEHHOCTHIO
}IaHHOﬁ CUCTEMBI SBJIACTCA TAKXKXE BO3MOXHOCTH Ol'lpejleﬂf[Tb 3HepFeTI/I‘[eCKI/IC XapaKTepI/ICTI/IKl/I HOCOBOTI'O AbIXaHUSA l'[pl/l JOCTHXKCHUU
nopora OIIYIIEHHUsS] OJ0puUBEKTOpa. [lepcriekTuBON pabOThl SBISETCS YTOYHEHHWE KOHIIEHTPALMH Maxy4YuX BELIECTB IS
OMOTEXHHYECKOl CHUCTEeMbI s ONb(aKTOMETPUYECKOH JHArHOCTHKH, IO3BOJSIONICH Ha amOyJlaTOPHOM IpHeMe MHPOBOIHUTH
TECTUPOBAHNE YyBCTBUTEILHOCTH OOOHSATEIHLHOTO aHATH3AaTOPA.
KuiroueBbie ci10Ba: TeCT 000HSATEIBHBIH, OJOPUBEKTOP, PHHOMAHOMETD, OJIb(HAKTOMETPHUS, XAPAKTEPUCTUKH YHEPTETUIECKHE.
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YU. PARFENENKO

THE MODEL OF DECISION SUPPORT IN CENTRALIZED HEATING
MANAGEMENT ON THE CONSUMER SIDE

To manage centralized heat supply on the consumer side, it is necessary to implement an energy management system as an instrument
for reducing the consumption of energy by using energy resources efficiently. The implementation of the energy management system
requires monitoring, accounting, analyzing and making decisions in the management of heating system. The subject matter of this
study is the information support of decision making in the management of centralized heat supply. The aim of the work is to develop
a model for decision support in the management of heat supply modes on the consumer side. The tasks of the research include the
selection of methods, the development of a model for making decisions while managing heat supply modes and its implementation in
the decision support system (DSS). The current state of information technologies used for solving the problem of decision making
support in centralized heating management is analyzed. A model for determining a regulating variable for establishing the necessary
heat supply mode with the use of fuzzy set theory and methods of fuzzy logic is developed. On the basis of the expert survey, the term
sets of linguistic variables of the model of fuzzy logic decision making in managing heat supply modes were determined, membership
functions of each linguistic variable of the model and rules of logical deduction were developed. The result of the model operation is
making the recommendation as for controlling the current mode of heat supply, which can take the values "below the required”,
"acceptable”, "optimal®, "exceeds the optimum" up to the required one among the probable values of "acceptable”, "optimal™ uner the
temperature conditions of the environment "very cold", "cold", "moderate™ or "warm". The developed model is implemented in the
information technology of decision support in the management of heat supply of public sector objects. On the basis of this technology,
the decision support system whuch ensures the automatization of the tasks of monitoring the current state of the heating system was
developed, the assessment of the predicted volume of heat energy consumption as well as decision support of the heat supply
management on the customer side. The use of the developed model in the decision support system while managing the heat supply
systems on the consumer side enables reducing the level of heat energy consumption necessary to heat buildings while preserving the

necessary temperature mode in heated premises.

Keywords: energy saving, heat supply, model, fuzzy logic, decision support.

Introduction

Today there is a tendency of increasing the volume
of heat energy consumption along with the growth of
prices for primary energy resources. At the same time, the
efficiency of the use of energy resources is low, due to a
number of factors, such as: lack of information about
energy and operational parameters of buildings, lack of
financial resources required to implement energy saving
procedures; absence of motivation among the personnel of
facilities, which results in failure to observe comfortable
conditions in premises.

The implementation of energy saving procedures in
centralized heat supply systems on the consumer side is
aimed at reducing heat consumption by reducing the
amount of heat energy is an urgent task. The realization of
these procedures requires the implementation of energy
management according to the standard 1SO 50001:2011
[1], which, in turn, requires creating organizational and
informational conditions that enable selecting the best
options of management. The wuse of information
technology in managing heat supply on the consumer side
is aimed at automating such energy management tasks as
accounting the amount of consumed heat, analyzing heat
demands and making recommendations as for the
management of heat supply in order to maintain
comfortable conditions in heated premises and eliminate
excess heat consumption.

Analysis of literary data and problem statement

Managing the centralized heat supply system on the
consumer side is carried out at an individual thermal point
(ITP) and is aimed at providing end consumers with the

mode they need, that is, at ensuring sanitary standards of
air temperature in heated premises. The heat management
system at the ITP is designed to change the coolant rate.
The management is maintained on the basis of the current
state of heat supply, taking into account the change in the
factors of influence on the demand for thermal energy to
establish the required heat supply mode [2]. In the process
of making administrative decisions and preparing for their
realization by a building energy manager, information
decision support should be provided, which is due to a
large  number of subordinate objects and, as a
consequence, the necessity of timely response to the
trends in the change of heating demands.

Information support of managing heat supply
requires the development of simulating, optimizing and
forecasting models, as well as decision support models
that enable developing various management options. Due
to the complexity of the centralized heat supply system
and the uncertainty of the factors affecting the demands
for thermal energy, methods of artificial intelligence are
widespread in solving various problems in heat
engineering. Systems based on fuzzy logic are
used to support decisions made while selecting insulating
material for elements of piping systems and for
assessing their performance [3, 4], for managing the heat
energy transmission [5], and detecting deviations in
energy consumption [6]. Proactive and framing models [3]
are used to support decisions as for normal operating the
heat supply network.

Although most of researches is aimed at solving the
problem of optimizing the operation of the centralized
heat supply system at the stages of production and
transmission of heat energy, in recent years more and
more attention has been paid to centralized heat supply
management on the customer side [7].

© Yu. Parfenenko, 2017
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Decisions in managing centralized heat supply on
the consumer side are made under a priori uncertainty due
to inaccuracy and incompleteness of input data, the
stochastic nature of external influences, lack of an
adequate mathematical model of heating system operation,
ambiguity of the purpose and a human factor. This leads
to the increased risk of ineffective decisions, which may
have negative economic, technical and social
consequences. Therefore, while managinhg energy supply
on the customer side, the use of online approaches is
efficient; these approaches should provide continuous
monitoring of the indicators of heating system operation
and supporting decisions in real-time management of heat
supply [8].

The analysis of literary sources which deal with
solving the problem of centralized heat supply
management has shown that the problem of managing
heat supply on the consumer side is not sufficiently
investigated. Improving the informational support of
decision-making processes for centralized heat supply
management on the customer side increases the efficiency
of decisions made, which, in turn, reduces the heat energy
consumed in a building while providing comfortable
conditions in heated premises.

The goal and objectives of the study. The goal of
the research is to develop a model of decision support for
managing centralized heat supply on the customer side. In
order to achieve the goal, particular methods should be
selected, a model for making a decision as for managing
heat supply modes should be developed and implemented
in the system of decision support.

Methods and materials of research

Methods of the theory of fuzzy sets and fuzzy logic
are selected in order to develop the system of decision
support while managing the operation of the centralized
heating system on the customer side. Such methods use
linguistic values and statements to describe decision-
making strategies. This enables using expertise about
managing heat supply modes on the customer side, if there
is no mathematical model for making decisions.

The model of fuzzy logic decision-making in order
to manage the modes of heating public sector objects can
be described as a function

Z=F (ZY, BY), 1)
where Z — is the value of a control parameter;

ZY — is a variable characterizing an actual mode of
heating;

BY - is a variable characterizing a required mode of
heating.

Linguistic variable ZY "actual heating mode" is
determined on the universal set U(ZY) = [0, 50] (Gcal).
The term set of linguistic variable T(ZY) = T(ZY1)V
T(ZY2) UT(ZY3) UT(ZY4) consists of terms of
linguistic variables ZY1, ZY2, ZY3, ZY4. The term set of
linguistic variable T(ZY1) =< ZYC1, ZYMI1, ZYOl,
ZYH1> determines the actual modes of heat supply
"below the required”, "acceptable”, "optimal”, "exceeds
the optimum™ under temperature conditions "very cold".
The term sets T (ZY2), T (ZY3), T (ZY4) determine the
same heating modes as the term set T (ZY1), but under
temperature conditions "cold", "moderate", "warm".

Linguistic variable BY "actual heating mode" is
defined by the universal set U (Y) = [0, 50] (Gcal). The
term set of a linguistic variable T(BY) = T(BY1)U
TBY2)UT(BY3) UT(BY4) consists of terms that
determine the permissible and optimal modes for heating
the linguistic variables BY1, BY2, BY3, BY4. The term
set of linguistic variable T(BY1) =<BYMI, BYOI1>
determines the necessary modes of heating, "acceptable”,
"optimal", under the temperature conditions "very cold".
The term sets T (BY2), T (BY3), T (BY4) determine the
same heating modes as the term-set T (BY1), but under
temperature conditions "cold", "moderate”, "warm". The
linguistic variable Z is defined on the universal set U (Z) =
[-50, 50] (Gcal). The term set of linguistic variable T(Z)
=<D1...D8, NC, I1...18>. The functions of the terms of the
linguistic variables ZY, BY, Z are developed on the basis
of expert assessments according to the method [9]. For
variables ZY and BY, a trapezoidal membership function
is selected, and for a Z-variable a triangle one is selected.

The mode of heat supply according to the amount of
heat energy consumed in a building and temperature
conditions of the environment is determined with the use
of the model presented in [10].

The structure of the fuzzy logic decision-making in
order to control the heating mode on the consumer side is
shown in the form of a tree in fig. 1.

BY
BYM3
BYO3
an D\ \ (v
BYO4
BYO2

Fig. 1. The structure of a fuzzy logic model of decision-makingfor managing the mode of heating in the form of a tree
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To determine the value of a control parameter, the
following rules are developed:
If ZY is ZYM1 and BY is BYM2 then Z=NC. (2)

Rule (2) has the preconditions: ZY is ZYM1, BY is
BYM2. The rule is interpreted as: if mode "Acceptable 1"

is curremtly set and tomorrow "Acceptable 1" should be
also set, the control parameter should be "Kept
unchanged". A fragment of the rule database for making a
decision for managing the heating mode is given in
table 1.

Table 1. A fragment of the rule database to make a decision for managing the heat supply mode

Ne rule input variables output variables

A BY Z

1 ZYC1 BYM1 14

2 ZYC1 BYO1 16

3 ZYM1 BYM1 NC

4 ZYM1 BYO1 12
125 ZYO4 BYM4 D8
126 ZYO4 BYO4 NC
127 ZYH4 BYM4 D6
128 ZYH4 BYO4 D7

Research results

To implement the suggested model of fuzzy logic
decision-making, the package of extension of software
application Matlab Fuzzy Logic Toolbox is used, which

enables developing fuzzy logic systems in graphical
mode.

The characteristic surface for the rule database, the
fragment of which is given in Table 1, is shown
in fig. 2.

Surface Viewer: SPPR_mamdani_centroidv14 = | B et S|

File Edit View Options

change pgveld

-40

X (input): = « Y (input): be « Z(output): change_in_leveld -

Close ‘

X grids: ¥ grids:

Ref. Input: Plot points; |

101 Help

Ready

———y y ™
Fig. 2 The characteristic surface of dependence of the initial value on the input values of the model for determining a control
parameter

The result of the model (1) is making a technology [11], on the basis of which a decision support

recommendation to adjust the current mode of heating to
the required selecting between possible values
"Acceptable" and "Optimal".

The developed model of decision support in
managing centralized heat supply on the consumer side
has been used for the development of information

system was developed for managing heat supply of public
sector objects (DSS "HeatCAM").

DSS "HeatCAM" is implemented as a web-
application with authorized access on the basis of client-
server architecture.
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The generalized architecture of DSS "HeatCAM",
which includes data storage and manipulation, a web
server, a client browser, as well as a set of software
modules that implement data processing are presented in
fig. 3.

The main functions of DSS "HeatCAM"
implemented by its relevant subsystems are real-time

monitoring of heat consumed in a building,
calculating the daily monitoring indicators based on the
data collected in the operational mode, determining the
predicted value of heat consumption  for
the next day, determining the current mode of heating and
making recommendations for managing heat supply
mode [12].

Database Server

DBMS
MySaL

Data Store {I |

Jsal
|
Application Server
Monitoring E Modeling {] Forecastingi]
Subsystem B Subsystem B Subsystem

I Mode Determination Subsystem

g]]

]

web-server
Apache {]

Data Visualization
Subsystem {l

users PC http

browser E

Fig. 3. General architecture of DSS "HeatCAM"

An engineer is usually a decision-maker who is
responsible for energy auditing and energy conservation.
He monitors the current heating mode and, on the basis of
the recommendations made by DSS "HeatCAM", makes a
decision as for adjusting the heat supply mode.

A decision maker can work with DSS "HeatCAM"
from any computerized workplace that has access to the
Internet through the web-interface of the system.

The result of determining the current mode of
heating and comparing the obtained value with the
planned one is reviewed. The mode of heat supply which
should be set for the next day can also be selected; the
value of a control parameter can be obtained, namely, the
amount of heat energy that a building should consume in
one day, and the coolant costs.

To decide on managing a heating mode, a consumer
should first select which heat supply mode (optimal or
acceptable) should be installed for the next day and start
the calculation. Then the program module for determining
the mode requests the database and receives the input data
for the model for determining a control parameter. After
receiving the input data, the program module of a mode
definition page launches the command file * .bat that
transmits the input parameters to the model implemented
in MatLab. The result of the fuzzy logic decision making
is entered into the database and displayed on the web
page.

The social economic effect of DSS implementation
is determined by heat energy consumption saved by public
sector objects when standard temperature conditions are
maintained in premises that are heated.

In order to assess the quality of decisions made with
the help of the developed model, an experimental study
was carried out, in the course of which it was found out
that while analyzing 700 desicions suggested by DSS
"HeatCAM" a number of correct decisions was 671. Thus,
the risk of making incorrect decisions is 4.1 %.

The average value of the amount of heat energy
spent for heating a building during the heating season
without the use of DSS was calculated as well as the
amount of heat energy that would be spent if the decisions
suggested by DSS was made.

The calculated values of the level of heat
consumption were compared, and it was established that
the management of heat supply on the customer side with
the use of DSS "HeatCAM" as a decision support tool
enabled reducing the consumption of thermal energy in
natural parameters by 15 % when standard temperature
conditions are maintained in premises that are heated.

Conclusions

The research resulted in the development of a model
of fuzzy logic decision-making in order to manage the
supply of heat. The developed model is implemented in
the system of decision support in the management of heat
supply of public sector objects with the help of DSS
"HeatCAM". The reliability of the suggested model is
practically proved while using DSS "HeatCAM" as a tool
for decision support.
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MOJIEJIb NIATPUMKU NPUMHATTA PILIEHD IIPU YIIPABJIHHI
HEHTPAJI3OBAHUM TEIIVIO3ABE3INEYEHHSAM HA CTOPOHI CITOJKUBAYA

Jlns ehekTHBHOTO yNpaBITiHHS [EHTPATi30BaHNM TEILUI03a0€3MEYCHHSIM Ha CTOPOHI CIIOKMBada HEOOXITHO BIIPOBA/KYBATH CHCTEMY
€HEePreTHYHOTO0 MEHEKMEHTY SIK IHCTPYMEHT JOCSTHEHHsS METH CKOPOYEHHS CIOXKHBAHHS CHEPreTHYHHX PECYpCiB MULIXOM iX
paIiOHaJIbHOTO BUKOPUCTAHHA. BIpOBa/KEHHSI CUCTEMH €HEPreTHYHOr0 MEHEDKMEHTY MOoTpeOye 3IHCHEHHS KOHTPOIIO, OOJIKY,
aHaJTi3y Ta MPUAHATTS PIllieHb TPU YIPABIiHHI CHCTEMOIO Teruto3abesneueHHs. [IpenMeTomM MaHOTO JOCTiKEHHS € iHGOopMalliiiHe
3a0e3MeUYCHHS] MIATPUMKH TMPUUHSATTSA PIMICHh NPU YIOPaBIiHHI IICHTPaNi30BaHUM Teruio3adesneueHHsM. MeTow pobotu €
PO3pOo0IIeHHST MO MiATPUMKH IPUAHSTTS PIlICHb MTPH YIIPABIIHHI PEKUMaMHK TEII03a0e3MeUeHHs Ha CTOPOHI CIoKMBaya. 3axadi
JOCHiTKeHHsI TOJSIraloTh y BHOOpPI METOJIB, pO3pOOJIeHHI Mojeni (OpMyBaHHsS pIlIeHHS IOJO YHPABIIHHSI pPEKUMaMH
Teruo3abe3neyeH s Ta peanizamii 11 B cucTeMi MIATPUMKU NPUHHATTS pimieHb. [IpoBeseHO aHami3 Cy4acHOTO CTaHy 3aCTOCYBaHHS
iHQOpMALIHHUX TEXHOJOTIH JUIi pPO3B’S3aHHSA 3aJadyi MIATPUMKH TNPHUHATTSA pIMIeHb MpPHU YIPaBIiHHI [EHTPaTi30BaHUM
Terio3abesnedeHHs M.  Po3po0IeHo Mojellb BH3HAYCHHSI PETyJIIOI0YOr0 MapaMeTpy Ul BCTAHOBJICHHS HEOOXITHOTO pexHMY
TeIu103a0e3MeYeHHS 3 BUKOPUCTAHHSAM METOMIB TEOpil HEHiTKUX MHOKMH Ta HEUITKOI JIoTikd. Ha OCHOBI eKCIIepTHOTO OMHUTYBaHHS
BU3HAYCHO TEPM-MHOXKHHU JIHIBICTHYHUX 3MIHHMX MOJIEI HEUITKOTO JOTTYHOTO BUBEICHHS PIIICHHS MO0 YIPABIIHHS PEKHUMAMU
Teryi03abe3nedeHHs, mo0ya0BaHo (YHKIIIT HAJIEKHOCTI KOKHOT JIHIBICTUYHOI 3MIHHOT MOJEN Ta MpaBHJia JIOTTYHOTO BHBEICHHS
pitenHs. Pe3yabTaToM poOOTH MOJEIN € peKOMEH/allisl 00 PEryIIOBaHHs MTOTOYHOTO PEKUMY TEIU103a0e3NnedeHH s, SKHi MOKe

npuiiMaTH 3Ha4YeHHs "HIDK4Ye 3a HeoOxiguuit", "nomyctumuii”, "onTumanbHuil”, "MepeBuIye ONTUMAILHUN" 10 HEOOXIIHOTO cepen
MOJKJIMBUX 3HAUeHb ''HOMYyCTUMUIA"', "ONTHMANBHHIA" 3a TEMIEpaTypHHX yMOB HABKOJHIIHBOTO CEPENOBUINA 'TyXe XOJOAHO",
"xomonHo", "momipHO" uu "Temno". Po3pobieHy Moaenp peani3oBaHO B iH(GOPMAIiifHIA TEXHOJOTII MIATPUMKHI MPUHHATTS PIllICHb
MIpH YTpaBIiHHI Teruio3abe3nedeHHsM 00’ €KTiB comianbHO-0r0KeTHOT chepu. Ha ocHOBI i€l TexHONOTIT po3poOdiIeHO CHCTEMY
MATPUMKI TPUHHATTS PIllIeHb, M0 3a0e31medye aBTOMATH3aIiIo0 3a1a4 MOHITOPUHTY MOTOYHOTO CTaHy CHCTEMH TEIUI03a0e3NedeHHs,
OILIHKH TIPOTHO30BAHOTO OOCSATY CIIOXXKMBAHHS TEIUIOBOI €HEprii, a TAaKOXK MiATPUMKH TNPUIHATTSA pIlIeHb IIONO0 YIPaBIiHHSI
Tersio3a0e3MeueHHsIM Ha CTOPOHI COKMBava. BukopucTanHs po3po0iIeHol MoJielni y CKIIaji CUCTEeMH MiATPUMKH MPUHHATTS PillleHb
II0JI0 YIPABIIHHS Ter03abe3nedeHHsM Ha CTOPOHI CIIO)KMBaya J03BOJISIE TOCSITTH 3MEHIIEHHS PIBHSI CIIOXKHUBAHHS TEIUIOBOI eHepril
Ha OmajieHHs Oy/IiBesb P 30€peKeHHI HEOOXITHOTO TEMITEPATYPHOTO PEXKUMY B OTIATFOBAHUX MPUMIIICHHSX.
KiiouoBi ciioBa: eHeprozoepexeHHs, Teruio3ade3neyeH s, Mo/iesb, HeuiTKa JIOTiKa, MiATPUMKa MPUHHATTS PillieHb.
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MOJIEJb NOIJJAEPKKHU INTPUHATUA PELNIEHUH ITPU YIIPABJIEHUU

HEHTPAJIN3UPOBAHHBIM TEIIVIOOBECIIEYEHUEM HA CTOPOHE
INOTPEBUTEJIA

Jlnist 5 PeKTUBHOTO yIpaBlIeHUs LEHTPATH30BaHHbIM TEIUIOCHA0KEHHEM Ha CTOPOHE MOTPEOUTENsI HEOOXOJUMO BHEAPATH CHCTEMY
9HEPreTHYECKOr0 MEHEKMEHTa KaK MHCTPYMEHT JOCTHIKSHUSI LIEJIH COKPAIICHHS TIOTPEOICHHS YHEPTeTHIECKUX PECYPCOB MyTEM HX
PaALMOHAIBFHOTO HCIIOJb30BaHUsI. BHEIPEHHE CHCTEMBbl SHEPTeTHIECKOT0 MEHEKMEHTa TPeOYeT OCYILECTBICHUS KOHTPOIIS, ydeTa,
aHaiM3a M TPUHITHS PELICHHH NpH YIpaBiIeHHH CHCTeMO#l TeruocHaOxeHus. IIpeaMeToM TaHHOTO HCCICIOBAHHS SIBISICTCS
uH(pOpMAIMOHHOE 00€eCIeUeHre MOIEPKKU IPHHATHS PELICHUI [IPU YIIPABICHAH [IEHTPAIN30BaHHBIM TeruiocHabkenneM. Ilesbio
paboTHI SIBISIETCST pa3paboTKa MOJIENHU MOIEPIKKH TIPUHSITUS PEIICHUH TIPH YIIPABJICHUN PEKUMAMHU TEIIO00ECTICUCHUSI Ha CTOPOHE
notpeburessi. 3agavd MCCJIEIOBAHMS 3aKIFOYAIOTCST B BBIOOPE METOMOB, pa3paboTke Mojean (OPMHUPOBAHHS PEUICHHs IpU
VIIPaBJIEHUH PEKUMAMU TEIUI000ECIeUeHrsT U peajn3allid €€ B CHCTEME MOIIEPIKKH MpUHATHs perneHuii. [IpoBemen aHanmms
COBPEMEHHOTO COCTOSIHHSI TIPUMEHEHUS! HH(POPMAIIHOHHBIX TEXHOJIOTHIA JUIS PEIICHUsI 3a/1a4 TTOUICPIKKU MIPUHSTHS PEIICHUI Tpr
YIIPaBJICHUH LEHTPATH30BaHHBIM TEeIUIOCHA0KeHHeM. Pa3paboTana MOJENb OTpe/IeIeH s PEryIUPYIOLIEero napaMerpa Juis yCTaHOBKH
HEOOXOIMMOTr0 PEXKHUMa TEIIO0OECTICUeHUsI ¢ MCIOIb30BaHHEM METOJ0B TEOPHH HEYETKHX MHOMKECTB M HeueTKoW jorumku. Ha
OCHOBE IKCIIEPTHOTO OIPOCa OMPeIeIeHbl TEPM-MHOKECTBA JINHIBUCTHICCKUX MEPEMEHHBIX MOJISIH HEYETKOTO JJOTHUECKOTO BHIBOA
pelieHrs M0 YIPABICHHIO PEKHUMAMHU TEIIO00ECIIeUeHHUsI, MOCTPOCHbI (QYHKUUHM MPUHAIISKHOCTH KaXKIOW JIMHTBHCTHICCKON
MEPEeMEHHON MOJIEJIM W TPaBUJIa JIOTHYECKOTO BBIBOJA pelIeHUs. Pe3yJbTaToM paboThl MOJIENN SBISIETCS PEKOMEHIAIHS 110
PETyJIMPOBAaHUIO TEKYIIETO pPEXHMa TEIUIOOCCIICUCHUS, KOTOPBI MOXKET MPHHUMATh 3HAYCHUS 'HIDKE HEO00XO0AUMOro",
"nmonmycTuMbIA", "ONTUMANBHBINA", "MPEBBINIACT ONTHMAIBHBIA" 10 HEOOXOJHUMOTO CPEIM BO3MOXHBIX 3HAYCHWH ''MOMYCTHMBINA",
"ONTHMaJIBHBIN" B 3aBHCUMOCTH OT TEeMIIEPaTyPHBIX YCIOBHH OKpy»Karomieil cpensl "odeHp Xoia0aHo", "XoxonHo", "ymMepeHHo" mim
"rerno". Pa3paboTaHHYI0 MOJIEIh PEaIM30BaHO B MH(DOPMAIIMOHHON TEXHOJIOTHH TOIEP)KKUA TPUHATHS PEIICHUH MTPH yIIpaBICHUN
TEIJIOCHAOKCHUEM OOBEKTOB COLMANIBbHO-0I0/pKeTHOM cdepsl. Ha OCHOBe ATOH TEXHOJOTMH pa3padoTaHa CHCTEMa TMOICPIKKH
NPUHATHS ~ PEUIeHWH, KOTopas oOecreyrBaeT aBTOMATH3AIMIO 33/ad MOHHTOPHWHTA TEKYIIEr0 COCTOSHHSI — CHCTEMBI
TEII000eCTIeueHus], OLEHKU TPOTHO3UPYEMOTo 00beMa MOTPedIeH s TEIIOBON SHEPTHH, a TAKXKe MOAACPKKHA TPHHSITHS PEeIICHHUN
10 YNPaBJICHUIO TEIUIOCHAOKCHUEM Ha CTOpPOHE MoTpeOuTens. lcmonp3oBaHue pa3pabOTaHHOW MOJIETH B COCTaBE CHCTEMBI
MOJICP)KKU TIPUHATHS PCIICHUN MPH YIPABJICHUH TEIUIOCHA0KCHUEM Ha CTOPOHE MOTPEOMTEINS MO3BOJSICT JOCTHYL YMCHBIICHHUS
YPOBHSI MOTPEOJICHUsT TEIJIOBOW SHEPrHM HAa OTOIUICHHE 3[JaHU MPH COXPaHCHHH HEOOXOIUMOTO TEMIICPATypHOI'O pPEXHMa B
OTAIUINBACMBIX TOMCIICHHSX.
KuaroueBble ciioBa: sHeprocoepexeHne, TeruoodecnedeHine, Moes b, HeUeTKast JOTHKA, O IePIKKa IPUHSTHUSI PEIICHHUH.
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REDISTRIBUTION OF BASE STATIONS LOAD IN MOBILE
COMMUNICATION NETWORKS

The subject matter of the article is the processes of load distribution in mobile communication networks. The object of research is the
handover. The goal is to develop a method for redistributing the load between neighboring areas for mobile nodes. The considered
base stations are supposed to have the signal-to-noise ratios that are equal or close. The methods that are used: methods of system
analysis, methods of digital signal processing. The following results are obtained. The method that allows mobile nodes, whose
signal-to-noise ratios are equal or close, to switch to a less loaded base station. This method allows the base station to launch the
handover process enabling more even distribution of the load from mobile nodes among neighboring base stations in wireless and
mobile networks. In the suggested modification of the method, the function assessing the bandwidth of the uplink channel is added to
the base stations, as well a threshold value for using its bandwidth. Thus, when the current value of bandwidth reaches the threshold,
the base station starts sending out a message to all mobile nodes and verifies free neighboring areas for switching over mobile nodes.
If there are adjacent areas with a lower load, the base station notifies all potential candidates about the necessity of their switching
over. The handover process is launched when the available bandwidth of the base station decreases below a certain threshold.
Therefore, it is possible to optimize the operation of the WiMAX network with respect to the criterion of the total bandwidth capacity
of the base stations. Besides, the results of the comparative analysis of the handover process in networks based on the WiMAX
technology that are obtained using the OpNet simulation environment are presented. Conclusions. The suggested approach can be
used to improve the basic software of mobile communication networks. When moving a node from one area to another one in access
servers, the node allocation tables are adjusted according to the developed method. Also, the suggested method enables improving and
balancing the load of the base stations of mobile communication networks. The obtained results enables maintaining the required level

of service quality in mobile communication networks.

Keywords: wireless network, mobile communication network, base station, access area, bandwidth capacity, balance, handover.

Introduction

The modern development of infocommunications is
characterized, first of all, by the rapid development of
wireless and mobile communication networks. The
development of such networks requires the integration of
mobile and traditional land-line telecommunication
networks of diverse architecture.

The use of wireless environment for data transfer
imposes additional conditions on the technologies that are
used.

The main difference between these networks and
wired ones is that the wireless networks are much more
vulnerable in terms of interference and attacks. In
addition, the mobility of a user makes the data transfer
process more difficult, since the location of a subscriber
can change while the data packet is delivered (passes
through several transit nodes), that is, various problems
connected with routing can happen [1].

One of the main tasks of management is developing
an efficient data delivery mechanism, which becomes
important and essential in mobile networks due to the
constant movement of subscriber systems [2].

Thus, when there exists a data delivery mechanism,
there is also a possibility of free movement of nodes and
the continuity of their connections in such a move. When
moving a node from one area to another area in access
servers, the corresponding adjustment of the node
allocation tables is carried out.

There are many factors that affect the quality of
mobile networks, one of which is the handover process.
The success and efficiency of such a process result not
only in assessing the quality of services by a user, but also
in the operability of the network in general [3].

Currently, a number of methods that support the
mobility of a user are suggested, among them are: H-

MPLS [4], MM-MPLS [5], as well as those described in
the literary sources [6, 7].

Such methods enable rapid determining the address
of the area for switching over, but they are unable to
support the required level of service quality. For mobile
networks, whose structure is constantly changing when
nodes are moving, the minimum time of data transfer in
the network should be ensured.

The goal of this article is to develop a method for
redistributing the load among neighboring areas for
mobile nodes.

Besides, the considered base stations are supposed to
have the signal-to-noise ratios that are equal or close [8].

Theoretical part

Features of the handover process in wireless and
mobile Features of the handover process in wireless and
mobile networks.

Currently, there is a rapid qualitative and
quantitative growth of multiple access of wireless media
(including the Internet), allowing the mobile node to send
and receive data regardless its location. In global
networks, any device is identified by its IP address, which
is also used for routing; in this way, the IP address is
associated with a specific location in the network, which
leads to the necessity in changing the IP address each time
the node moves between networks in order to ensure the
continuity of the connection. So far as the higher layers of
the TCP / IP protocol stack use an IP address to identify
the session, hence, the address adjustment should be
transparent for such levels.

The mobility of a node in a wireless network can
cause the handover. Since the location of a node is directly
related to its IP address, therefore, the fact of changing the
IP address when the mobile node changes the access point

© 1. Ruban, H. Kuchuk, A. Kovalenko, 2017
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to the network requires notification. The handover is an
event that can occur when a mobile node leaves the
coverage area of access point due to its movement.
Correct processing of such an event allows the mobile
node to maintain the continuity of the connection during
its movement and changing the access points to the

1}.@/ o, o

BHO - Soft Handover
Fig. 1. Probable scenarios of soft and hard handover

In case of the hard handover, the connection of a
mobile node to the previous access point is broken before
it is connected to a new access point, which results in
packet loss. In case of the soft handover, the connection to
the previous access point is broken only after establishing
the connection with a next available one. Therefore,
during the soft handover, a mobile node can
simultaneously interact with both access points.

In case where a node moves to another access point
that belongs to the same subnet, the handover of L2 link
layer can take place. Such handover involves detecting a
new access point and subsequent authenticating at the link
layer.

L-2 Handover

network. In general, there are two types of the handover,
each of which is determined by its ability to connect a
node to a particular access point: the soft handover and the
hard handover [9].

Possible scenarios illustrating such events are shown
in fig. 1.
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HHO — Hard Handover

If a mobile node moves between the subnets, the
hangover of L3 network layer can take place which
supplements the link layer handover and includes
assigning a new IP address to a mobile node in a new
subnet.

The content of the link and network layer handovers
is shown in fig. 2. The handover type greatly influences
both the speed and the quality of information
transmission.

This is especially important when combining traffic
of various types (for example, multimedia and data) with
different requirements for service quality.

L-3 Handover

-

>

e—l

Measurements Performance

Motion
Detection

IP Confi- Registra-
guration tion

Fig. 2. Content of link (L-2) and network (L-3) handovers

The process of the handover includes 3 stages:
detection, correction and registration [10].

The detection phase begins when a mobile node
enters a new area.

After that, it receives a message from the nearest
access point of such area.

The correction phase begins when a mobile node
receives a message from a new access point and lasts until
the network interface setting is completed in accordance
with the new IP address.

The registration stage consists in the confirmation of
the fact that a mobile node has received an IP address.
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If T, denotes the duration of the detection phase, T,
- the duration of the correction stage and T, - the

duration of registration stage, the total duration of
handover T, can be calculated in accordance with the

following expression:

Th :Td +TC +Tr .

Method of redistributing the load of base stations

Features of the handover in WiMAX networks.
IEEE 802.16 (WiMAX) technology is a broadband
wireless technology that supports both fixed and mobile
access methods [11]. To meet the requirements of wireless
technology support for different access methods, two
WIiMAX versions are defined.

The first one (Rev.D) is based on the IEEE 802.16-
2004 standard and is desinged for using in both fixed and
mobile networks.

The second version (Rev.E) is based on the IEEE
802.16e standard and differs from the first by the
implementation of handover processing facilities.

The IEEE 802.16e (Rev.E) standard defines three
methods for implementing the handover process: the hard
handover, the soft handover, and macro diversity
handover [12].

In WiIMAX networks, the maximum and minimum
handover time is calculated as follows [12]:

toax =0+ +8

toin =1

min i

where t,, — iS maximum handover time; t., - is
minimum handover time; t, - is time of message

exchange between two neighboring areas; t; — is the

length of the scanning interval for the mobile node of a
new access point; t; — is the time of delivery of the

message about the handover to the access point.

To optimize the network operation under the
handover, several methods are currently in use. The
method suggested in [6] requires implementing a new
control message, which, in turn, requires modifying the
IEEE 802.16 standard.

Moreover, in this method, when the handover
occurs, the process of selecting a new base station by a
mobile node lasts for unacceptably long period of time.

The method suggested in [7] enables reducing the
duration of the handover because a mobile node selects a
new base station and synchronizes with it faster, provided
that the neighboring base stations operate at the same
frequencies (which is practically unattainable under real
conditions).

Improving the method of load distribution. The
handover process can be launched by both a mobile node
and the base station, as a result of measuring the signal
quality of nearby base stations and comparing it with a
predetermined threshold value.

The base station considers mobile nodes, where the
signal quality of nearby base stations is close to the
threshold value, as potential candidates for launching the

handover. In the suggested modification of the method,
the function estimating the uplink channel bandwidth is
added to the base stations, as well as the threshold value
of its bandwidth use that is equal to 75% of the maximum
threshold.

Thus, when the current value of the bandwidth
reaches the threshold one, the base station starts sending
out a message to all mobile nodes and verifies free
neighboring areas for switching mobile nodes over. If
there are adjacent areas with a lower load, the base station
notifies all potential candidates about the necessity of
switching them over.

When considering whether the handover can be
launched for a particular node, the following conditions
are taken into account:

— the difference in the signal-to-noise ratio (decibel)
in the coverage area of the base station should be no
greater than 5 decibel (AS <5):

AS =5, -5, 4,
P
S, = —,
Pnn
PS
S — n-1 ,
n-1 P

n-1

where S, — is a signal-to-noise ratio for the area which
mobile node is moving into; S, — is a signal-to-noise
ratio in the current area; P, — is the average signal power;
P, — is the average noise power;

- the area which the mobile node is moving into
should have at least 25% of free bandwidth of the uplink
channel.

The handover process is launched after assessing the
signal quality for all mobile nodes and selecting suitable
nodes to switch over.

Fig. 3 shows the handover processing diagram
according to the suggested modification of the method,
which shows the message transfer process (DSA-REQ,
MOB_BSHO-RSP, MOB_BSHO-RSP, MOB_HO-IND)
among mobile nodes and base stations according to
WiMAX technology.

Results of simulation modeling

The results of the comparative analysis of the
handover process in the networks based on WiMAX
technology that are obtained using the OpNet simulation
environment are presented below [13]. Three possible
WIMAX service areas were considered, as well as the
location of mobile nodes and base stations. In the first
area there are seven mobile nodes, and in the second and
the third ones there are four nodes. All mobile nodes
simultaneously send voice traffic to the server. The nodes
of the first area are fixed, and the other two areas move
towards the first area.

The process of the handover occurs when nodes
from the second and third areas move towards the first
one.
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Fig. 3. The handover diagram

When the simulation process starts, the movement
starts at the110th second of simulation time. All mobile
nodes enter the first area within the period from the 115th
to the120th seconds (fig. 4 and fig. 5).
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Fig. 4. Time dependence of assigning mobile nodes to the
service area when they move from the third area to the first one

When nodes move into the first area, a part of the
bandwidth of its uplink channel is assigned to newly
appeared mobile nodes. As a result, the bandwidth of the

uplink channel of the first area decreases, while the load
increases. In the remaining two areas (the second and third
areas), after the mobile nodes have left, the bandwidth of
the channel increases, which is shown in fig. 6.

The analysis carried out for the uplink channel
showed that for the second and third areas the bandwidth
increases when the number of mobile nodes serviced in
them decreases.
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Fig. 5. Time dependence of assigning mobile nodes to the
service area when they move from the second area to the first
one
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Fig. 6. Change in the bandwidth of the uplink channel of each area during the handover
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Discussion of results

According to fig. 7, in the first area the handover has
negative effect on the bandwidth of the channel, which
periodically decreases.

This is due to the interference caused by the mobile 250
nodes of the second and third areas, when they approach
the boundary of the first area, and then move into it. After
moving, the load on the first area increases and, if it a40
exceeds the threshold value, the base station of the first
area begins selecting and switching mobile nodes that 030
meet the criterion to other areas (fig. 8).

‘ 2.2
0,000 3-
0 240
40,000 2- 1
mlm U.m T T 1
, r 115 18 "7 ug
Fig. 9. Dependence of the uplink channel bandwidth on the
handover time in the context of the suggested method
800004 This is due to switching two mobile nodes from the
third area to the first one, while the bandwidth of the
40,000 + uplink channel of the first area falls below a
.01 predetermined threshold value.
oy In this case, according to the suggested method, the
] base station in the first area assesses the state of all mobile
‘ nodes in this area (at the 115.75th second) and then
) launches the handover for the respective mobile nodes.
80,000 +———— —_— As a result, according to the suggested method, there
o are nine mobile nodes in the first area, while three ones
00 ' T i switches to the second and third areas.
0,000 , As a result, the bandwidth of the channel increases,
as shown in fig. 10.
0 T f ¥ ¥ In the considered examples, fixed values of the
0 ® 100 1% 200 #0 signal-to-noise ratio, imposed constraints, and the
Fig. 7. Channel bandwidth dependence on the handover time univariant distribution case are used.
15y ,
]
7 F o
e
{41 0,000 i
|
. a7 40,000 | '
A A0 ! '
05 . 0 J
q 1 1 I-..," ‘ :
n o 100 140 200 0 80,000 ey
Fig. 8. Time dependence of assigning mobile units to the 0m
coverage area
Changes in the bandwidth of the uplink channel in 0
these three areas are considered below. As it is shown in ] y T y r
fig. 9, the bandwidth of the uplink channel of the first area 0 & 19 L oL o

decreases to 140 Kb / s at the 115th second, while in the

f . . Fig. 10. Channel bandwidth dependence on the handover time
third area the corresponding value increases.
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Conclusions

The method that allows mobile nodes, whose signal-
to-noise ratio is equal or close, switch to a less loaded
base station is suggested.

This method allows the base station to launch the

load from mobile nodes among neighboring base stations
in wireless and mobile networks.

The handover process is launched when the
available bandwidth of the base station decreases below a
certain threshold. Consequently, the operation of the
WiIMAX network can be optimized according to the

criterion of the total bandwidth capacity of the base
stations.

handover process that enables more even distributing the
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HNEPEPO3IIOJAI)I HABAHTAYKEHHSA BA3OBUX CTAHHIfI B MOBIVIbBHUX
MEPEXAX 3B'SAI3KY

IIpeameToM BHBUYCHHS B CTAaTTi € TPOLECH PO3IMOJUTY HABAaHTAXCHHS B MOOUIBHUX Mepekax 3B’s3ky. O0’€KT MocaiT:KeHHS —
xeHnoBep. Mera — po3poOKa MeToay Hepepo3NoALTy HaBaHTAKEHHS MDK CYCIAHIMM 30HaMH JUIS PYXJIMBHX By3iiB. Ilpm mpomy
nepea0davaeThes, MO y PO3MIIHYTHX Oa30BHX CTAHIIN CIIBBITHOIICHHS CHTHAJ-IIYM piBHI a00 Onm3bki. BUKOpHCTOBYBaHUMHU
MeTO/IaMH €. METOAW CHCTEMHOTO aHaji3y, MeToau IudpoBoi oOpoOku curHamiB. OTpuMaHi Taki pe3yJbTaTH. 3alpOIOHOBAHO
METOJl, IO [O03BOJISIE PYXOMHM BYy3JIaM 3 PIBHUM a00 OJIM3bKHAM CITIBBIIHOIICHHSIM CHTHAJI-IIYM IEPEMHUKATHUCS Ha MEHII
3aBaHTaXEeHY 0a30BYy craHIio. Takuil MeToa 103Boisse 0a30Bid CTaHIIi I1HIMIIOBATH TMPOLEC XCHIOBEpa, IO JTO03BOJISE OLUIBII
PIBHOMIPHO PO3MOAIUIATH HABAHTAXKCHHS B PYXJIMBUX BY3JIB MK CYCILAHIMH 0a30BMMH CTaHIISIMH B 0€3IPOTOBHX 1 MOOUTBHHX
Mepexax. Y 3ampornoHoBaHid Monudikanii MeTomy a0 0a30Boi craHLii HogaeTbcs (QYHKIIA, SKa OLIHIOE 3HAUYEHHS MPOITYCKHOI
3IaTHOCTI BHUCXIJTHOTO KaHay, a TAKOX JIOJTA€ThCS TIOPOTOBE 3HAUCHHS BUKOPHCTAHHS HOTO MPOIYCKHOT 31aTHOCTI. TakuM YHHOM,
KOJI 3HAUCHHS ITOTOYHOI MPOITYCKHOI 3aTHOCTI JOCSTa€e IOPOroBOro, 0a3oBa CTAHIlS ITOYMHAE PO3CHIATH ITTOBIJOMICHHS BCIM
PYXOMHM BY3JIaM 1 IIepeBipsie HasBHICTH OLTBII BUIBHUX CYCIIHIX 30H ISl HEPEMHUKAHHS PYyXOMHX BY3JiB. [Ipu HasBHOCTI cycimHIX
30H 3 MCHIIUM 3aBaHTXXCHHSIM, 0a30Ba CTaHIlis MOBIIOMIISIE BCIX MOTCHIINHHUX KAaHAWIATIB MPO HEOOXIJHICTH iX NMEpEeMHUKaHHS.
[ponec xeHgoBepa iHIMIIOETHCS MPU 3HWKCHHI JOCTYITHOT BEMYNHH HPOITYCKHOI 371aTHOCTI 6a30BOi CTaHIIT HI)KYE IIEBHOTO MTOPOTY.
OT1Ke, icHye MOKIUBICTH ontuMisatii po6otu Mepexki WiIMAX 3a kpuTepieM CyMapHOi IIPOIYCKHOI CIPOMOYKHOCT] 0a30BUX CTaHIiM.
TakoX IPEACTaBIEHI PE3yabTaTH MOPIBHAILHOIO aHaJi3y IPOIECY XEHI0BEPA B MEPEkKax, 3acCHOBaHMX Ha TexHonorii WIMAX, saxi
OTpHMaHi 3a JomoMorow cepeaosuina mMoaemoBanas OpNet. BucHoBKH. 3armponoHOBaHHA IMiIXiq MOXKHA BHKOPHUCTOBYBATH IIPH
BJIOCKOHAJICHHI 0a30BOTO MPOTpaMHOTO 3a0e3meyeHHsT MOOUIBHUX Mepex 3B s3Ky. [Ipu mepemilmieHHi By3ia 3 OJHI€l 30HH B 1HIIY
30HY B CepBepax JOCTYIY 3IIHCHIOEThCS KOPUTYBAaHHS TaOIUIlb PO3MIIICHHS BY3IIiB BIAMOBIIHO O PO3POOJICHOTO METOIy. Takox
3aIPOTIOHOBAHUI METOJT I03BOJISIE ICTOTHO MOJIMIIATH 30a7JaHCOBAHICTh 3aBaHTAKCHHS 0A30BUX CTaHIIN MOOUTEHUX MEPEXK 3B’SI3KY.
OTpuMaHi pe3yabTaTH J03BOJISIOTH MIATPUMYBATH HEOOXIIHUI PIBEHB SKOCTI 0OCIYTOBYBaHHS B MOOUTBHUX MEpPEKax 3B SI3KY.

KmrouoBi cioBa: Ge3npoToBa Mepeka, MOOITbHA Mepexka 3B'A3Ky, 0a30Ba CTaHIls, 30HA JOCTYITy, IPOIYCKHA 3IaTHICTb,
OanaHc, XCHIOBEP.

NEPEPACHPEJEJEHUE HAT'PY3KH BA3OBBIX CTAHIIUM B MOBHUJIBHBIX
CETHX CBA3U

IIpeqvMeToM M3ydeHUs B CTaThe SIBISTIOTCS TIPOIIECCHI PAaCIIpeaeIeHHs] Harpy3KH B MOOWIIBHBIX CeTAX CBsI3U. OOBEKT HCCIIeJOBaHUS —
xsHn0Bep. Heas — pa3paboTka MeTo/1a epepacpeIeCHUs. Harpy3KH MEX/y COCCIHUMH 30HAMH UL MOABMKHBIX y3710B. IIpu sTOM
IIPe/NoaraeTcs, 4To y paccMaTpUBAaeMBIX OA30BBIX CTAHIMH COOTHOLICHHS CUTHAI-IIYM PaBHBI WM Onu3ku. McmonbzyembiMn
MeTO/IaMM SIBIISTIOTCS: METObI CHCTEMHOTO aHAIIM3a, METOIb! I POBOH 00paboTkK curHanoB. [loxydeHs! cieayronye pe3yabTaThl.
[pemnoskeH MeToJ|, TO3BOJISIOIIMK ITOJBIKHBIM y3JIaM C PaBHBIM WM OJHM3KAM COOTHOLICHHEM CHIHAJ-IIYM IepEeKIIoYaThCs Ha
MEHee 3arpy)kCHHyI0 O0a30ByI0 CTaHIMIO. Takoli MeToA MOo3BOJseT 0a30BOH CTAHIMM HHULIMHPOBATH MPOLECC XIHIOBEPA,
MO3BOJISIONINH GoJiee PaBHOMEPHO pPACIpeeNaTh HArpy3Ky OT MOJBHIKHBIX Y3JI0B MEXKIY COCEAHMMH 0a30BBIMU CTaHIMSMH B
0OecIpOBOJHEIX M MOOWIBHBIX ceTsSX. B mpemmaraemoid mMoamdukamumm MeToa B 0a3oBble CTaHIUH Jo0aBisercs (YHKIUS,
OLICHHBAIOIIAs] 3HAYECHHE MPOITYCKHO CIIOCOOHOCTH BOCXOMAIIETO KaHaNa, a TAakKe 100aBIeHO MOPOroBOe 3HAYCHNE UCIIOJIb30BAHUS
€ro mpomyckHod cnocoOHocTu. Takum o0pa3oM, KOrja 3HAa4eHHE TEKyIeH MPOIMYCKHOW CHOCOOHOCTH JOCTUTaeT MOPOrOBOTO,
0a3oBasi CTAaHIUSI HAUMHAET PACCHIIATh COOOIIEHNE BCEM IMOJBIIKHBIM y3J1aM U IPOBEpseT Hal4due 0oiee CBOOOIHBIX COCEIHHUX 30H
JUISL TIEPEKIIFOYCHUSI TIO/IBIDKHBIX y37I0B. [Ipy HanmMuuM cOocelHHMX 30H C MEHBIIeH 3arpy3koi, 0a3oBas CTaHIMs YBEIOMILIET BCEX
MOTSHIMAIBHBIX KaHIUJAaTOB O HEOOXOMMOCTH HX IepekimoueHus. [Iporecc XaHa0Bepa HHUIUHUPYETCST TIPH CHIKEHUH JTOCTYITHON
BEJIMYMHBI MPOIYCKHOW CIOCOOHOCTH 06a30BOW CTaHIMH HIKE omnpeneieHHOro mopora. ClieloBaTeNbHO, UMEETCS BO3MOIKHOCTH
ontumm3anus padoTel ceth WiMAX 1Mo KpUTepHIo CyMMapHO# TPOITyCKHOW CIOCOOHOCTH 0a30BBIX CTaHIMU. Takke TpeIcTaBIeHb
pe3ysIbTaThl CPABHUTEIBFHOTO aHaIn3a Mpoliecca XIHJ0BEpa B CETSIX, OCHOBAHHBIX Ha TexHoiorun WiMAX, KOTOpbIe MOJTy4eHbI ¢
nomouipio cpenpl MoneiupoBanus OpNet. BuiBoabl. IIpeioxKeHHbIH MOAXO MOXHO HCIOJIB30BATh IPH COBEPIICHCTBOBAHUH
6a30BOT0 MPOrpaMMHOT0 OOecTeueHNsI MOOMIBHBIX ceTel cBsi3u. [Ipy nepemMeleHny y3a U3 0JJHOW 30HBI B IPYTYIO 30HY B CepBepax
JIOCTYIa OCYIIECTBISIETCS KOPPEKTUPOBKA TAOJMI] pa3MEIeHUs] Y3JI0OB B COOTBETCTBHM C pa3paboTaHHBIM MeTomoM. Taroke
MIPE/UTOKEHHBIH METOJ MO3BOJISIET CYIIECTBEHHO YITy4IIHTh COANTaHCHPOBAHHOCTH 3arpy3KH 0a30BBIX CTAaHIMII MOOMIBHBIX CeTeil
cBsi3u. [losydeHHbIe pe3ynbTaThl MO3BOJIIOT MOJJICPIKUBATh TpeOyeMblli ypOBEHb KauecTBa OOCITYXMBAaHHS B MOOMJIBHBIX CETSIX
CBSI3H.

KnioueBsble ciioBa: GecnipoBOgHAs CE€Th, MOOWMIbHASL CETh CBS3M, 0a30Basi CTaHIMsA, 30HA OCTYIA, TPOITyCKHAs CIIOCOOHOCTb,
OarnaHc, X3HI0BEP.
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MATEMATHYECKOE MOJAEJINPOBAHUE BBIGOPA UH®OPMATHUBHBIX
IMPU3HAKOB JJIsA AHAJIU3A COCTOAHUSA NTPOLECCOB JKUBHEHHOI'O
HUKJIA PAAMOSJEKTPOHHBIX CPEJACTB

[peamerom wuccienoBaHusA SBASIOTCS METOABI M MOJETM M3BICUCHHUS MHGOPMAIMM O MPOIECCaXx >KU3HEHHOTO IHKIa
PaIHO3JIEKTPOHHBIX CPEICTB Ha dTamax NPOSKTHPOBAHMUS, NPOHM3BOJCTBA M SKCIUTyaranuu. Llesqbio sBisiercst pa3paboTka OCHOB
Teopuu nenoctHoro Monutopunra JXKI[ POC Ha sTamax nx npoeKTHpOBaHHS, IPOU3BOACTBA U AKCILTyaTaI[lH, B YaCTHOCTH Pa3BHTHE
nH()OPMAIIMOHHBIX MOJENEH Il MOHHTOPHHTA TT0Ka3aTelel )KU3HeHHOTo nukia B npoussoactse POC. JlocTmkeHre MOCTaBICHHON
nenu oOecreynBaeTCsl IyTeM pemIeHHs TaKWX 3a/ad: HCCIeOoBaHHE W pa3paboTka METONOJIOTHH pemIeHWs 3aaad BhIOOpa
MH(OPMATUBHBIX TPU3HAKOB, Xapakrepusyroumx coctosuue KL POC; BbiOOp MHMOPMATHBHBIX MPU3HAKOB, XapaKTEPU3YIOUIHX
cocrostaue mporeccoB JKI[ PDC; umaentudukanms cocrosuus mnpoieccoB KL POC. [lns pelieHus OCTaBACHHBIX 3a1ad
HCTIOJIb30BATINCH OOICHAYYHBIC METO/ABI: OCHOBHBIC MOJIOKECHHUs (YHKIMOHATILHOTO aHain3a, HEPaBHOBECHOH TEPMOIMHAMUKH,
OIICHUBAHUS U TPEICKa3aHUs CIy4YalHBIX MPOLECCOB, METOABI ONTHMHU3AIMU, pacHmo3HaBaHus o0pa3oB. [lomydeHsl crenyromiue
pe3yabTaThl. Pa3zpaboTaHbl MeTOJABI pelleHHs 3a7ad BbIOOpa MH(POPMATHUBHBIX Npu3HaKoB st MoHuTopuHra JKI[ POC myrem
kiaccudukamun cocrossuuit POC n mponeccoB XKL B mpocTpaHCTBE NMPHU3HAKOB, KKABIH M M3 KOTOPBIX MMEET OIpeelICHHYIO
3HAQYMMOCTh, YTO IO3BOJIMJIO HAWTH KOMIUICKCHBIH KpUTepui M (opMain3oBaTh Hpolenypsl Beidopa. [Ipm HemocTaTouHOM JUIS
KOPPEKTHOH KJIaCCH(UKAIMN KOJNYECTBE AalPHOPHBIX JAHHBIX IPEUIOKEHBI IBPUCTHYECKHE METOABI BBHIOOpA II0 KPHUTEPHSIM
WCTIOJIb30BaHUS  0a30BBIX MPOTOTHIIOB W HWHGOPMAIIMOHHBIX MPUOPUTETOB. BbIBoabl. [IpencraBieHo pemieHne 3agadu
MaTeMaTHYEeCKOTO MOJICITUPOBAHUS GYHKINHA 3 HEKTUBHOCTH MPOIECCOB KU3HEHHOTO UK PaJIHOICKTPOHHBIX CPEICTB U BBIOOpA
HH(MOPMATUBHBIX MpU3HAKOB i MoHuTopHHra XKL POC, myrem kinaccudukanuu cocrostauii POC 1 mpoieccoB )KU3HEHHOTO IMKIIA
B IIPOCTPAHCTBE MPU3HAKOB, KKIBIH M U3 KOTOPHIX MMEET ONMPEICICHHYI0 3HAYUMOCTh, KOTOPOE TIO3BOJIMIIO HANTH KOMIUIEKCHBII
KpuTepuii u Gopmanu3oBaTh npoueaypsl BeiOopa. Pemenne 3agaun uaentuduxanun XKL POC npexycmaTpuBaeT co3naHue MpaBuil,
KOTOpBIE OIPEACISIOT COCTOSIHUE DPAAMOICKTPOHHBIX CPEICTB. PaccMaTpuBaroTCsl cilydan HEIOCTAaTOYHOTO JUIsI KOPPEKTHOM
KJIacCH(UKAIMN KOJNYECTBA AllPHOPHBIX TAHHBIX, IPEJIOKEHBI MPUOIVDKCHHBIE METOJBI BBIOOpA MO KPUTEPHUSIM HCIIOJIB30BAHUS
0a30BBIX INPOTOTUIIOB M WH()OPMAIMOHHBIX NPUOPHUTETOB. [IprMeHeHWe (GYHKIMHU U JEJNCHHUS MHOXECTB B HPOCTPAHCTBE
napaMeTpoB ¥ (OopMyJIHpOBaHUS IPaBHJ, KOTOPBIE PETYIUPYIOT COOTBETCTBHE MEXIy Ha0OpaMH NapaMeTpoB M 3HAUYCHUSIMU
mokazareneit 3G pekTHBHOCTH, JatOT BO3MOXKHOCTh 00ECTICUHTh UACHTU(UKAIIMIO COCTOSIHUHN B MPOIIECCE MOHUTOPUHTA KU3HEHHOTO
LUKJIA PAJUOIIEKTPOHHBIX CPEICTB.
KuiroueBble ciioBa: nHPOpPMaTHBHBIC TPU3HAKH, HACHTUPHUKALUSA cocTostHUI POC, MOHUTOPHHT KH3HEHHOTO IUKJIA.

Beenenne Pa=12 ..mk=12 . k;l=12 ., k

OyHKUHOHATbHAS 3a1a4a BEIOOPA HH(OPMATHBHBIX e xék — €CTh 3HAUCHHS j-TO NpHU3HAKa K-ro oObekTa
NPU3HAKOB [T MOHHTODHHIA OKH3HEHHOTO  IHKJIA

paznosnekTponHsbix cpeacts (KL POC) mosker pemarses — P-TO Kiacea, T.e. 00bekTa §-To Kiacca, T.e. 00bekta Wy .
B paMKax METOJOJIOTHUH Pa3pabOTKH CIOBapsl PU3HAKOB B B kadecTBe Mepbl ONM30CTH MEXIy OOBEKTaMHU
CHCTeMax KIIACCU(UKALMN M PACIO3HABAHHS COCTOSHHS
obbektoB [1-4].

B pabouem cioBape ciieqyeT HCIIOJIb30BaTh JIUIIb

q’

JIAaHHOTO KJlacca Qp, p=1 2, .., m, OymeMm

WCIIOJIb30BATh BEIUUUHY [5]

NIPU3HAKKM, KOTOpBIE, C OJHOH CTOpPOHBI, Hauboiee Kk

~ 2 p p
UH()OPMATHBHBI M, C JPyrodl CTOPOHBI, MOTYT OBITh S(Qp) _ dZ(ka1WpI) 7 2)
JOCTYIHBIMH JIJIS1 U3MEPCHMUSI. kp -1 o o

Omnpenenenue CloBaps TNPU3HAKOB B  YCIOBHUSX
OI‘paHI/I‘IeHI/Iﬁ Ha CTOUMOCTb CO3JJaHUA TEXHUYCCKHUX
cpencts  HaOmroAeHuid uMeeT ocobeHHoctu. Ecnm

KOTOpasi UMEET CMBICI CPEJHEKBaJApaTHUHOro pasdpoca
KJacca WIM CpeJIHEKBaJIpaTHYHOro pa3zdpoca OOBEKTOB

BHYTpH Kiacca €2, B Ka4ecTBE Mepbl OJIM30CTH MEKIY

NpHU3HAKK O0BLEKTOB 0003HAYMTH uepes O j» 1=12,.N, pr
TO KaXIbIH 00beKT B N-MEepHOM IPOCTPaHCTBE MPU3HAKOB OOBEKTaMH ~ [AHHOW Tapbl  KIACCOB Qp u Qq,

MOXEeT  OBITh  TpeACTaBIEH B  BHAE  BEKTOpa p, q=1 m, — BeIHduHY
’ ey 1

x =00, X, XN) KOOD/IHHATHI KOTOPOTO
XapaKTEPU3YIOT CBOUCTBA OOBHEKTOB. 1 Sk
Juis ompenencHus Mepbl OMM30CTH WIH IMOA00US R(Qp,Qq) = K szz(wpk,wm) ) (3)

MECKIY 00BEKTaMU B N-MepHOM BCEKTOPHOM HPOCTPAHCTBE P g k=1 1=1

IIPU3HAKOB BBOAUTCSA METpPHKA. MOXHO TI0JIb30BaThCS KOTOpas UMEET CMBICI CPEIHEKBAJPATUYHOIO pa36p0ca

BKJIMJJOBOM METPUKOK
3 JIOBOM METPUKO 00BEKTOB KIIACCOB Qp u Qq .

N ; COBOKYITHOCTB IIPU3HAKOB 00BEKTOB
A2 (W W) = D (x5 1)? (1) ’
pk Hal pk g /¢ UCTIONIb3YeMbIX B paboyeM clioBape, MOMKHO OIHCaTh
y p pe,
= N-mepubIM BekTopoM A= (¢4, ...,y ), KOMIOHEHTHI

© H.T. Craponybues, ®. B. ®omosckuii, B. B. HeBmogosa, 1. A. Manas, H. [1. Jlemckas, 2017
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KOTOPOro IMpUHHUMAIOT 3HaueHus 1 wiu 0 B 3aBUCUMOCTH
OT TOro, HMEETCSI WM OTCYTCTBYET BO3MOXKHOCTh
OIIpe/IeTICHUs] COOTBETCTBYIOLIETO IPU3HAKA OOBEKTA.

C ydeTroM « KBaJpaT PacCTOSIHUA MEXAY ABYMS

obbekTaMu Wy 1 Wy,

N
2 j j 2
A% W, Wo) = Do (D —xD )% (@)
j=1
CJ'IeIlOBaTeJ‘ILHO, CpCAHCKBAaAPpATUIHBIC pa36pocm

xnacca 2, u 06beKkToB K1accoB 2, u 2y mMoryr ObITh

3aITMCaHbl COOTBETCTBCHHO TaK

kp Kp N
S(2p) = ki K l 1222 a6y =07 6)
p "p T Tk=l 1=l j=1
1 1aay » -
R(Q,,Q) = k—k—zzz%(x(’)pk—x(])m)z (6)
p Kok 1= 2

MOXHO HCXOAUTH M3 TOrO, 4YTO 3aTpaThl Ha
UCIIONB30BAaHME  MPU3HAKA  MPONOPLUOHANBHBI  HX
UHOOPMATUBHOCTH, T.€. TOMY KOJIMYECTBY HPU3HAKOB
OOBEKTOB, KOTOpBIE C UX IIOMOLIBIO MOTYT OBITH
onpeneneHbl. OTO MPeanoIokKeHne (0CTaBiAs B CTOPOHE
BONIPOC O TOYHOCTHBIX XapaKTEPUCTHKaX CPEICTB
HaO0JII0IEHN) HOCUT IOCTaTOYHO OOIIMNA XapakTep.

Takum oOpa3oM, 3aTpaTbl Ha HCIIOJIL30BaHHE
MPU3HAKOB

N
CZC(al,...,aN)ZZCj al f (7)
j=1

rne C. —3arparsl Ha onpeesieHue j-To IPU3HAaKa.
J

B kadectBe = moOKaszarens = KadecTBa WM
3¢ PEeKTUBHOCTH MPOEKTUPYEMOH CHCTEMBI
pacIio3HaBaHUSI PACCMOTPUM (YHKIMOHAJI, 3aBUCSIINN B

obmem ciywae ot dymxkmmn  S(Qp), R(Q,,Qp)

PpELIAIONIEro MPaBKa L(W,{Wg )
I =F[S(Qp); R(€Q,,€); L(w{wy})]. (8)

Mycrs Bemumna L(W,{Wy}) npencrapiser coboit

Mepy OIHM30CTH MEXIY Paclo3HaBAEMbIM OOBEKTOM W H
KJTACCOM Qg, g=1 2, ..., m,

3aJaHHbIM CBOMMU

00BeKTaMu {Wg}. B xadectBe 3TO# Mephl OIH30CTH

paccMOTPUM BEITUYUHY

kQ
kiZdz(w,wg) , 9)

g g=1

L(w.{wg}) =

KOTOpasi SIBJISICTCS CPEIHEKBAIPATHYHBIM PACCTOSHHEM
MEXIy 00beKTOM W K 00BEKTaMH KJlacca Qp.

Pematroriiee  TPaBHIO  COCTOMT B CIIEAYIOIIEM

we Qg , €CIIH

L(wAwy}) =extr L(w{w)). (10)

BaxHO OTMETUTH, YTO YMEHBIICHUE BEIHYHHBI
S(Qp), "cxkatue" 00BEKTOB, MPUHAUICKANUX KOKIOMY

JAaHHOMY KJaccy, HpU OJHOBPEMEHHOM YBEIMYEHHH
R(Q,,Q), T.C. "pa3sBenenne” 00BEKTOB,

NpUHAJICKANINX pa3sHbIM  KiaccaM, oOecleuyuBaeT, B
KOHEYHOM  CyeTe, YIy4lleHHe KauecTBa CHCTEMBI
pacniozHaBaHus. IloaTroMy mnoBbiieHHe 3()()EKTHBHOCTH
cucTeMbl OyneM CBS3BIBATh C JIOCTHDKEHHEM SKCTpeMyMa
(dyakunonana I.

IlocTaHoBKAa 3aJa4M HCCJIEeJ0BAHUA

[MocTaHOBKa 3a/lauu HCCICIOBaHHUS MOXET OBbITh
chopMyITHpOBaHa CIEIYIONIM 00pa3oM.

[IycTh Bce MHOXECTBO OOBEKTOB MO/PA3JCICHO Ha
kmaccel €Y, i=1 ..., M, anpHOPHO ONMCAHBI BCE KIACCHI

Ha s3bIKE IPU3HAKOB X;, j=1 .., N, U Ha co3gaHue

TEXHUYECKUX CPEACTB HAOIIOJCHUI BBIICNICHBI CPEACTBa,
BenMyMHa KoTophlx paBHa C,. Tpebyercs, He mpeBbllas

BBIIEICHHOW CYMMBI CPEICTB, TMOCTPOUTH paboumii
CIIOBaph MPHU3HAKOB, OOCCICUMBAIOIINN MaKCHMaIbHO
BO3MOXKHYIO 3(p(peKTHBHOCTH CHCTEMEI.

Takum oOpa3om, 3amada CBOIUTCS K HAaXOXKICHUIO
YCIIOBHOTO  JKCTpeMyMa  (QyHKOWoHanma Buaa  (8),
T.C. K OTIpEICIICHUIO A peanm3yromero
extr | =extr F [S(Q2,); R(2,,€Q); L(w,{wy})]

[24 a

N
C=) Cja; <Cy. (11)
j=L

Bo3moxHbple Buabl  (yHKIMOHadA. PaccmoTpum
HEeKOTOpble 4acTHele BHIbl (yHKumoHana (11). Ecnm
Tpebyemasi 3((EeKTHBHOCTb CHUCTEMBl PACIO3HABAHUS
MOXeET OBbITh JOCTUTHYTa 3a CueT Oojiee KOMIIAKTHOTO

pacrioNioKeHusT  OOBEKTOB ~ KaXIOro  Kiacca  IpH
COOJIOZIEHMH  HEKOTOPBIX  YCIIOBHHA  OTHOCHTEIHHO
BEJIMYUHBI R(Qp,Qq), TO 3aJadya CBOAUTCS K
HaXO0XKIEHUIO
min ax [S()] (12)
a i=1..,m
npu

N
D Ciaj<Cou RQ,, Q) =R, (13)
j=1

Ecmu tpebyemast 3¢(eKTHBHOCTh CHCTEMBI MOXET
OBITHP JOCTHTHYTa 3a CYeT 'yJaJeHHs Jpyr OT Apyra
O0BEKTOB, IPUHAUISKAIIMX pa3HbBIM  KjaccaM Ipu
COOJIIOICHMH  HEKOTOPBIX  YCIIOBHH  OTHOCHUTENIBHO
Beanauasl S(C)), i=1..,m, To 3agada CBOZHUTCSI K

HaXO0XKJICHUIO

max min

ax.min [R(2;,€2)]

(14)

npu
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N
cha,— <Cy m S(Q)<S). (15)
j=1

Ecmm mamnexamas 3¢p¢GeKTHBHOCTh CUCTEMBI MOYKET
OBITh TIOCTUTHYTA TOJILKO 32 CUET YBEIUYCHHS OTHOIICHHS
PAcCTOSIHUIT MEXy KJIaccaMh K CPEAHEKBAJAPATHYHBIM

pa3dpocaM OOBEKTOB BHYTPH KJIAaccoB, TO 3ajada
CBOJHUTCS K HAXOXKICHHUIO
R?(Q, Q
max min RUQ, Q) (16)
a Pa=lom | S(€;)S(€)
npu
N
cha,— <C,. (17)
j=1

Pemenne 3agauyu Br100pa HHPOPMATHBHBIX
NPU3HAKOB, XapaKTEePU3YIOIIUX COCTOSIHME MPOLECCOB

KL POC
PaccMmoTpenHas Beilie 3a7a4a — 0000IIeHNE 3aa9u
HEJIMHEUHOTO IIPOrpaMMHUPOBAHHSL. VYcnoBus
ONTUMAJILHOCTH JJI1 HEEe MOXHO CGHOPMYIHPOBAThH

CIEYIOUMM 00pa3oM: Ui TOrO YTOOBI BEKTOP c?
SIBJISUICS. ONITHMAJIBHOM CTpaTeruei, HeoOX0qUMMO, ITOOBI
CYIIEeCTBOBANM cKanmsAp >0 u Bektop u={14, ... ti}
TaKue, 4To

n | dP,(C))

Z,Urprj T

r=1
ND
D ci=Cy;
j=1
N

n p .
zﬂr =1y = O,eCﬂuZprij (C?) > W(C).
r=1 j=1

(18)

Beenenue B paccMOTpeHue ckaisipa 3 M BEKTOpa W
YBEJIMYMBACT KOJIMYECTBO HEM3BECTHBIX C?, My 1 [ 10
BETUYUHBI Np +Nn+1. OpHako 4uciIO0 ypaBHEHHI paBHO

YUCITy HEU3BECTHBIX, TaK Kak i joboro I oo 4, =0,
160

NP
D P REC) =W ().
j=1

(19)

Taxum oOpa3om, penieHue cucteMsl ypaBHeHuit (18)
JTaeT BO3MOKHOCTH OIPEAEIHTh COCTaB IIPH3HAKOB
pabodero ciioBaps U ONITHMAJIBHOE paclipeziejieHue 3aTpaT
Ha  CO3JJaHWME  CPEACTB  HAaOJIOAEHWH  CHCTEMBI
pacrio3HaBaHUsI B YCJOBHUSX  HPEIIOJNIONKEHHS O

saucnumoctn P =P, (C j) W OrpaHUYEHH Ha OOIIYIO

CTOUMOCTB 3TUX CPEACTB.

HpI/I OIpaHUYCHUAX, CBA3AHHBIX C BO3MOXXHOCTBLIO
HCIOJIb30BaHUA BCEro CJOBaps MNPHU3HAKOB, BO3HHUKACT
3ajJa4dya BI)I60pa OrpaHUYCHHOI'0 CITMCKa (BHJ'IOTL a0

2-3 mpu3HaKoB). 31eCh MOXHO OPHEHTHPOBATHCSA Ha
pACIONOKECHHE  OTHCNBHBIX ~ KOMIIOHGHT  BEKTOpa
TPH3HAKOB OTHOCHTENBHO TpaHuIl obnactu
paboTOCIIOCOOHOCTH OOBEKTOB MOHUTOPHUHTA.

Tak kak mpu rpaHUYHOM 3HAYEHWH MapameTrpa yjp ,

KOHEI[ BCKTOpa X JOJDKCH HaXOJUThCA Ha TI'paHULC

o0nactd  pabOTOCHOCOOHOCTH, HEOOXOIUMO  YTOOBI
BBITIOJTHSJIOCH PABEHCTBO
X =aly (20)
p =&Y o
Ipwu CTATHCTUYECKOM OIICHUBAaHHUHU
JIOTIONTHUTENGHBIM ~ KPUTEPHEM  JUIS  BBIOOpA  MOXKET
CIYyXUTh  KOIPOHUUHEHT Koppemsiuuu I  MEeKIy

nmapamerpamMu. Tak Kak MaKCHMaJbHBIA KO3(PQPHUITUCHT
KOppensuu 00ecreynBaeT MaKCUMAalIbHOE KOJIHMYECTBO
HHPOPMAINH

Iy =HE)-H(Y ol (21)

cozepxameiics B mapamerpe  Y'. 3mecs H(y') -

i
HauaJibHas JHTPOIHS, HY i) — YCIOBHas JHTPONHS
y

00BeKTa TIoCITe M3MepeHHs mapameTpa Y .

Hcnonp3oBaHue  OMHApHBIX  KOPPEIAIHOHHBIX
QITOPUTMOB JaeT BO3MOXHOCTh IPH YYacTHUH JHIA
npunumaroniero pemenne (JIIIP) ¢opmanuzoBates u
aBTOMATH3MPOBaTh IPOIIECCHl BBOJA, O0OpaboOTKH W
pacro3HaBaHUs MOJIY4aeMOro n300pakeHHs.

HNnentudukanus cocrosinus npoueccos KL PIC

Pemenne 3amaun wnentudukamun KL POC,
MperoiaraeT  CO3JaHWe  MNPaBWI,  ONPEICIITIONINX
COCTOSIHUS POC. IIpuznakamu, MO3BOJISIOILIAMA

pa3jin4arb COCTOSAHHUA 00BeKTa MOHHWTOPHUHTA, SABJIAOTCA
IIoKasaTein B(I)q)eKTI/IBHOCTI/I, KOTOPLIC AJI BBIACJICHHOT'O
COCTOSAHHUA 6yI[yT HMEThb 3alaHHOC WM JKCTPEMAJIbBHOC

3HaueHue. Jng  waeHtndukaumm B mporecce
MoHHUTOpHHTa coctosiHusl POC  mo  HaOmoJaeMbIM
mapameTpaM  HEOOXOAMMO  BBIAETHTE  MHOXECTBO
mapaMeTpoB, Ha KOTOPOM 3HAaueHHe IIoKa3aTelneit
sbdexTuBHOCTH ~ OyAyT  WUMeTh  3aJaHHBIE U
9KCTpEMalIbHbIE 3HAUYCHMS.

OOvexTsl  HaONIONEHWH  —  MapaMeTpel U

xapakrepuctukn POC MOXHO paccMaTpuBaTh, KaK TOYKH
BEKTOPHBIX W (PYHKIMOHANBHBIX MPOCTPaHCTB. Jlis
BCEBO3MOXHBIX Iap TOYEK Ha MHOXKECTBE Q, CyILECTBYeT
OmHapHOE OTHOIICHHE CPaBHHUTEIBHOH 3(deKkTHBHOCTH:
Touka X 3(p(¢eKTuBHee y TOrja W TOJBKO TOT/A, KOrja
(X, y € ®) wnu B uHoii 3ammcu X @y . [Ipn obecneueHmn
KL POC peaercs 3a1aya BeIIEIECHUS pa — MHOXKECTBA
MaKCHMaJIbHbIX 3JEeMEHTOB n3 X 1o OWHapHOMY
ornomenmo ®: X" =Max (Q, @) . Ipexnonaraercs, 4o

pellieHye 3a/aul CyIIeCTBYET, T.e. MHOXKECTBO X  He
nycto. Bo MHOTrHUX 3ajjauax MOXKHO CUMUTaTh, UTO PELICHUE
— MHOXecTBO X — COCTOMT M3 OJHOTO JJIEMEHTa, a
OTHOULIEHHUS MEXAY OJJIEMEHTAaMHU YCTaHAaBIMBAaeTCS C
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nomoipo GyHkuuonanos A(x). Hampumep, Touka X
Alx) <A(y)

3agadax

spdexTBHEE Y
Alx)>A(y) .

TOrga, Kormaa 381051

MoxHO IIoKasaTtb, 4YTO B

onpesiesenust 53bPEKTUBHBIX ToUeK Xy € X Mpu HAMUYHU
orpannmdenuit x € @, oynkumonan f = AA'(xy), Tae
A'(xy) — mpomsBomHas dpemre B TOUKE X, SBISCTCS
omopHsIM (yHKIMOHaIOM K Q)

(f,xp) <(f,x) mmaBcex xe(,.

Takum o0Opasom, 3agaya aHajdM3a pPE3yJbTATOB
HaOMIOZIGHUI B TIpoliecce MOHHUTOPHHIA CBOAMTCA K
OINPEJICTICHUIO  OMOPHBIX  (DYHKIMOHAJIOB B  TOYKaXx
HaOMIONECHUsS, YTO  JaeT  BO3MOXXHOCTH  OIICHUTH
OTKJIOHEHHUE HAaOJII0aeMbIX TOUEK OT d(PPEKTUBHEIX.

B Ttepmunax ¢QyHkumoHanpHOrO anammsa [6,7]:
nycte Q — HEKOTOpOE€ MHOXECTBO B JIMHEHHOM

TomonoruyeckoMm mpocrpanctee E, E' — conpspkennoe
HPOCTPAHCTBO, X, € O — Kpaiiuas Touka Q, K, — konyc

B TOukE Xy (T.e.

BO3MOXKHBIX HallpaBlIEHUH B Q B Touke xg, K, — KoHYyC

KacaTeNbHBIX HampaBleHMH 11 Q B xy. Ecimm
MHOKECTBO JIMHEWHBIX (BYHKIIHOHAJIOB, OMOPHBIX K Q B
TOYKE Xg > 0003HAYUTH 4yepes Q*, TO

Q*=feE" f(x)= f(x) BCEX
OIOPHBIN (YHKIIMOHAN M KpaHAA Touka Xy € O Ia0T
Q. Moxno
ecmi Q — 3aMKHYTOC BBIIYKIOE
Q*=K,*, Tte.
00pa3oBaHHbIE MHOXECTBOM JIMHEHHBIX (DYHKLHOHAJIOB,
OIOPHEIX K Q B X. KoHyc KacaTeTbHBIX HalpaBICHUH

OIS xeQ, Te

BO3MOXXHOCTb  BBIACIIATH MHOXECTBO

IoKa3aTh, 4TO,

MHOXECTBO. TO o0pa3yeT KOHYCHI,

MOXET  OINpEeAeNAThCS  NPOU3BOAHBIMH  Dpemie  OT
orepaTopoB (BBIMYKIBbIX (YHKIHIT), KOTOpPBIE CBSI3BIBAIOT
MHOXKECTBa apaMeTPOB U NoKazaTene 3 HEeKTHBHOCTH.

Paccmorpum  MeTonBI
crocoboB  zamanms K ¢
(bYHKIOHAJIOB.

Bapuanr 1. [Ing koHyca HampaBieHHH yObIBaHHS
Ko . @ynkiuonan A(x) B nuHeiiHOM mpoctpancte E

Haxoxnaenus K* s
HOMOIIBI0  PA3IMYHBIX

uMeer TpomsBoaHyIo A'(xg,g) B TOouke Xy IO

HaTpaBJICHUIO (, T. €. CYIIECTBYET

lim  A(xy+eg)—A(xp) — f(xg).

22
c—+0 & (22)

A(x)

OKPECTHOCTH  Xg

yAOBIETBOpSieT ~ yciaoBuio Jlunmmna B
(mmst
|A(x4_) —A(x2)| < ﬂ”xl - X, || IpH  BCeX (||x1 —Xg || <&,
b —xol| <)) m A'lx.8) <0, Ax) -

HpaBUIBHO yobIBatomuii B Xy, 1 K ={g:A'(xy, g) <0}.

HekoToporo &, >0 Oyner

TOrJa

Bapuanr 2. JIng KoHyca BO3MOXHBIX HalpaBJICHHUI.
B cimy4ae MHOECTBa, KOTOPO€ HE 3aIa€TCS C TOMOILBIO
¢yukimonana. Ecin Q — Bbimykiioe MHOXECTBO, TOT/a
MHOKECTBO HampapjieHus yOwiBanus K, B Touke X

nmeer Bug K, ={A(Q—x), 4 >0},
(re. Kp={g:9=4A(x—x), x€0,A>0}).

Bapuanr 3. J[ns koHyca BO3MOXHBIX HallpaBJICHUI.
B cnywyae ompenmenenus Q ¢ momomibio  ad(GUHHBIX

E-ExE, FE, E -

TOIOJIOTHYECKHE IIpOCTpaHcTBa, B E,

MHOXXCCTB: JIMHEHHBIE

olpeseNsieTcs
MHOXXECTBO NPU3HAKOB 3¢ dekTnBHOCTH, D — nuHenHbIH
omepatop m3 E; B E,, K={xeE, x=(v,x) :
Dx; =x,}, K*={f eE\f =(f,f,): fi=-D*f,},as
KauyecTBe OIOPHOM pazfenstomied (QyHKIMM MOXKHO
UCIIONB30BATh

— * — *

f(x) = (=D* f2,20) +(f2, %) =—(/2, D* % = X3) -

IIpumeHerre d3ToM  QYHKIUH I pa3leiiCHUS
MHOXECTB B IIPOCTPAHCTBE MapaMeTPoB U HOpMyITHPOBKE
MpaBWJI, YCTAaHABIMBAIONIMX  COOTBETCTBHE  MEXKIY
MHOKECTBAaMH IIapaMeTPOB ¥ 3HAYCHUSAMH IIOKa3aTelneit
(b GEKTHBHOCTH, MOXET OOECIeYNTh HACHTU(UKAIIIIO
coctosiHuit B mpotecce MoHutopunra JKI POC.

Bapuanr 4. JIns KoHyca KacaTelIbHbIX HalpaBJICHUH.
P(x) — omeparop u3 E; B E,, nuddepenunpyemsrii B
P'(x)
OKPECTHOCTU Xy, a P'(xy) oroOpaxaer E; Ha Bce E,

OKPECTHOCTH TOYKH  Xg, HETIpephIBHA B
(t.e. muHeltHOe ypaBHeHHE P'(xy)g =5b uMeer pemreHne
0 nmns Besikoro beE,), cOBOKYHMHOCTh KacaTelabHBIX
nanpasnennii K x muoxectey Q={x:P(x)=0} B
Touke X ecTb nopnpocrpanctBo K ={g:P'(x,)g =0}.
BapuanT 5. Iy KoHyca KacaTeJIbHBIX HalpaBICHUM
- TUNUYHBIA Cllydai. Ilycts xeR",
Q={x:G(x)=0,i=1..,n}, tne G;(x) — dyuxuumu,
HeTpepbIBHO AU PepeHIUpyeMble B OKPECTHOCTH TOYKH
Xy, Gi(x)=0, i=1..,n, usekropsl G; (xy) , IMHEHHO

nesasucumel. Torna K ={geR":(G;'(x;),g)=0,i=1...,n}.

3nece E; =R"™, E,=R", P(x)=(C(x), .., G,(x)),
P'(xy) — marpuma mxn, i-ii cronber KOTOpoH paBeH
G '(xo) -

Bapumant 6. B mpomecce MOHHUTOPHUHIA HYXKHO
orpezennTh obecneunBaeTcs Ju 3G (eKTUBHOE 3HAUYEHHE
¢dynkuun — xapakrtepuctuku POC w(z), B mpocreiimem

ciydae 3KcTpeMaibHOe 3HaueHue auddepeHunnpyemoit
[[EJIEBOW (DYHKIMU OJHOTO TEPEMEHHOro, I Yero
HEOOXOMMMO TPOBEPHUTH PaBHA JIM MPOU3BOIHAS HYJIIO
mpu  HabmogaeMoM — 3HaueHMHM — mapametpa. s
MHOTOMEPHBIX TENeBBIX (DYHKIMHA W MX apryMEHTOB 3Ta
3a/1aya  MOXKET pacCMAaTPUBATLCS B paMKax TEOpHUH
MHOXECTB U (PYHKIIMOHAIILHOTO aHaJH3a.

dopmanuzanus B 3aja4e HaO0JI0IeHUS
ONTUMAJILHOW HACTPOMKH, Kak oJHOro K3 mpoueccoB KL
POC, 3akmouaeTcss B TOM, 4YTO HEOOXOAMMO OLIEHHTh
ONTHUMAILHOCTh (DYHKIIMH Mporiecca HacTpoiiku V(z) € M

rae Z — mapaMerp, ONpeaelSIFONINil YMCIIOBOE 3HAYCHHE
TpeOyeMoii XapakTepuCTHKH W(Z) OOBEKTa HaCTPOUKHU

st obecrieyeHns: Takoi (ha3oBOM TPAeKTOPHH, KOTOpast
obecrieunBaer pasernctBo  W(0)=c, W(Z)=d wu

OKCTpEMAJIbHOC 3HAUYCHUSA HHTEIPaJIbHOTO (1)yHKIII/IOHaJ'Ia
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z
J' ®&(W(z),v(z),z)dz» TIPM HAIMYUA CBS3M, 3a[1aBaeMON

0
dw(z)

I PepeHnanbHBIM YPaBHEHHEM ——~2 = §(w(z),v(2), Z) -
dz
B 3amaJax, TpeOYIOITHX MaKCHUMaJIbHOTO
COOTBETCTBUS  ONTHMU3UPYEMOW  XapaKTCPUCTHKH H

HEKOTOPOM JKeJIaeMO#, HaXOOUT NPUMEHEHHE KpUTEPUi
MHHIMYMa CPEJHEr0 KBapaTHIECKOTO OTKIOHCHHS

W, (X) =(Y(X)-Y")?, (23)

rae Y* — kemaeMoe WM TpeOyeMoe MO TEXHUUCCKOMY
3aJITaHHIO 3HAYCHUC XaPAKTCPUCTHKH.

Jnst  XapakTEepHCTHUKH, 3aJaHHOMN
Ha0OpOM TOYEK, IieneBast GyHKIUSA

JAUCKPCTHBIM

N
1 *2
Wy (X) == 7 (Y (X, p)-Y)?, (24)
N 4
=1
rre N — 49nucno TOYeK AMCKPETH3alUM HE3aBHCHMOW
MIEPEMEHHOI p;
Y(X,p) -
XapaKTEepUCTUKH B i-0if TOUKE MHTEpBaJIa TUCKPETU3ALINY;
¥ — BecoBod KO3(DGUIUEHT 1-T0 3HAYCHUS
ONITHMU3UPYEMOH XapaKTEePUCTUKH, oTpaxaronen
B2)XHOCTh 1-OW TOYKHM MO CPaBHEHUIO C JPYrHMHU (Kak
npasuio, 0<y; <1).

3HA4YCHUC OHTHMHSpreMOﬁ

B HexoTOpBIX 3a7adax ONTHMH3ALMUN HEOOXOIHUMO
00ecrieuynTh  TPEBBINICHUEC WM HE  IPEBBIIICHUE
ONTUMHU3UPYEMOM XapaKTePUCTHKOH HEKOTOPOTO
3aJaHHOTO YPOBHS. OTH KPUTCPHUH ONTHMAIEHOCTH
peaTU3yIOTCS CIEAYIOMIUME (DYHKITUSIMHE:

- JUTst 00ECTIeYCHHUS TIPEBBIICHHS 3a]AHHOTO YPOBHS

npu Y(X)ZYH*,

(25)
(Y =Y (X)? npu Y(X) <Yy

W3(X) =

- U1 O0ecliedeHUs] HENPEeBBIIICHUS 33JaHHOTO
YPOBHS

0 npu Y(X)<Yg,

. 5 (26)
(Y (X)=Yg)?npu Y(X) > Yg,

W4 (X ) =
rae YH*, YB* — HibkHsIs 1 BepXHSSI TPAHULIBI IOTTYCTUMOM
obnactu juis xapaktepuctuku Y (X).

Ecrmn  HeoOxomammo, 4YTOOBI  ONTUMH3UpYEMas
XapaKTepUCTHKA TPOXOAMIAa B HEKOTOPOH IOMyCTHMOM

30H¢ (KOpHAOpe), UCIONB3YIOT KOMOWHAIIMIO JBYX
MPEABIIYIINX KPUTEPHEB ONTUMAILHOCTH

0 npu Yy, <Y(X)<Yg,
(Y (X)=Yg)?npu Y(X) > Yg,
Y =Y (X)) npu Y(X) < Y,.

W (X) = (27)

B Tex cmyuasx, korma TpeOyeTcs peann3oBaTh JUIIb
(dbopMy KpHMBOW, WIHOPHpPYS TIPH 3TOM HOCTOSHHOE
CMEIlleHHe [0 BEpPTUKAlU, MWCHOIb3YeTCs KpUTEpUil
caBura

N
W(X)=D 7 =Y (X, p)-Y,)%  (28)

i=1

1<, .
me Yo, =1 20 =Y (X, p).
i=1

OT BUAa MeNeBOM (QYHKIMM 3aBUCAT Ba)KHBIC
XapaKTepUCTUKH  BBIUMCIMTEILHOTO TIpollecca U, B
MIEPBYIO OYepeb, CXOAMMOCTh TPOIecca ONTHMU3AIHMH.
3HaKU IPOU3BOIHBIX IEJIEBON (QYHKIIMH 110 YIIPaBISCMBIM
mapaMeTpaM HE OCTaloTCsA IOCTOSHHBIMH BO BCEH
JIOMTYCTUMOM 00JaCTH, MOCIEHEe 00CTOSATEIBCTBO BEACT
K HUX OBPaXHOMY XapakTepy (Hampumep, 3agauu
CXEMOTEXHUYECKOTO MPOCKTUPOBAHUS), YTO MPUBOJIUT K
OOJBIINM BBIYHCIUTEIILHBIM 3aTpaTaM U TpedyeT 0co0oro
BHUMAaHUS K BBIOOPY METO/Ia ONITUMH3AIIUH.

Jpyroii 0cOOEHHOCTBIO LIENEeBBIX (YHKIUH SBIISETCS
TO, 9TO OHH OOBIYHO MHOTOIKCTPEMANbHBIC M HapsIy C
rmo0anbHBIM ~ MHHAMYMOM — HMMEIOTCS  JIOKaJbHBIC
MHUHUMYMBEI.

O6mui Ki1acc 3amad MACHTH(PUKAIIUH MHOXKECTBA
3 heKTUBHBIX penIeHui COCTaBIISIOT 3aJ1a9H
MHOTOKPUTEPUAILHON ONTUMH3AIMH. Onu
XapaKTePU3yIOTCA TEM, YTO OHMHAPHOE OTHOIICHHE Ha

MHOXKECTBE  aJbTEpHATUB, M3 KOTOPOIO  CIEAYeT
OCYILIECTBHUTh BHIOOpP, CBSI3aHO ¢ HAOOPOM IOKa3aTeae —
KpUTEpHEB,  OOpa3yloIIUX  BEKTOPHBIH  KpUTEpPHH
3(hHEKTUBHOCTH. ot10 OuHapHOE OTHOILICHHE

MOPOKAACTCA pa3IMIHbIMU crocodamu. TaK, €Cln

W(X) = W(X),...W™(x)) (29)

BEKTOPHBIH KPUTEPUIl Ha MHOXECTBE X, TO OHMHapHOE
OTHOIIICHHE MOXeT OBbITh OTHomeHueM I[lapero wim
otHomenneM Creiitepa. B nmpyrux ciydasx OwHapHOE
OTHOIIICHHE Ha X 3aJaeTCsd CHCTEMOW TNPEANOYTCHHIMA
JIITP. TIlpenmonaraercs, YTO OCHOBHBIM HCTOYHHKOM

nHPOpMALIMK  SBISIETCS.  YENIOBEK,  PAaCIoJIararolIuii
CBEJICHUSIMH, JIOCTaTOYHBIMHU JUTST TPUHSITHS
(€IMHCTBEHHOTO)  pElIeHUs.  BBISBICHHE  CHUCTEMBI

npeanourennit JIIIP mpencraBisier coboit ogHy W3
TTIaBHBIX MPOOJIEM IMPH PEImIeHNH MHOTOKPHUTEPHUAIBHBIX
3ama4. OOBIYHO TPOLEAYPHI BBISABICHHUS NPEANOYTCHUN
JIIIP  ctpositca  Ha  SI3bIKE  BEKTOPHBIX  OLEHOK
IbTEPHATHB, T.€. HAa OCHOBE 3HAYCHUIl BEKTOPHOTO
KPHUTEPHSL.

[punsatue perrenuii JIIIP cmocobcTByeT oThHICKaHMe
MHOxkecTBa [lapero wumum MHOxkectBa CrediTepa 1O
kpurepuio (29), 371ech METOMOJOTHYECKHE NpOOJIEMBI B
3HAYUTEIbHOI CTEIEHN TEPSIIOT OCTPOTY, MOCKOJIBKY yKe

4ETKO OTIpeIeNeHO TOHATHUS pemeHus
MHOTOKpHUTEpHaIbHON 3amaun. OcTaroTcs TPYIHOCTH
BBIYUCIUTEIFHOTO xapaxTepa, TUITYHBIE IS

AKCTPEMAIIbHBIX 3a/1au.

Meroapl pemeHnst 3a1add Moucka 3(PQEKTHBHBIX
(ontumanbHeix 1o [lapeto) u  ciabo3¢ddexTuBHBIX
(ontumanbHeIX 10 Crieiitepy) albTepHATHB WHTEHCHBHO
passuBarotTcs [8—10], nMerorcs peanu3oBanHble HAa OBM

NpOTpaMMBbl, ITAaKeThl ~IMPOTPaMM M NPOTPaMMHBIE
CHCTEMBI.

Bonpiiod "HarmsgHOCTRIO" 00MAAIOT AJITOPHUTMEL,
OCHOBaHHbIE HA  CKIIpPU3alMd —  CBEIEHHH K
rapaMeTpu4eckoMy  CeMEHCTBY  3aJady  CKaJsIpHOU
ONTHUMU3AIINH.
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W3 BeImykJOro aHamusa ClenyeT, 4YTO €CiIH BriBoabI
X € P(X,W) - »ddexruBHas TOYKa B JIMHEHHON
MHOTOKPUTEPHAIHHOH 3a/1a4e (C TMHSHHBIMA KPUTEPHAMU ABTOpamMi pa3pabOTaHBl METOZbl PCIICHHs 3aja4
B MHOTOTpaHHuKe X), TO CyIIecTBYeT BeKTop A BbIOOpa MH(GOPMATHUBHBIX MPH3HAKOB JJII MOHHTOPHHTA
XKL POC, nyrem knaccudpukauuu cocrossHuid POC wu

m . U npoueccos XK1 B mpocTpaHCTBE MPU3HAKOB, KaXKABINA U U3
AeA=3AeE" /4 >0,i=1.., m; A4 =1, KOTO

pPbIX HMMEET OIpPEAENICHHYI0 3HauyuMOCTh, 4YTO

= MO3BOJIUJIO  HAWTH  KOMIUIEKCHBIH  KpUTEpUH U

TaKOH, YTO X. SIBIISIETCS PELICHUEM 3a/ayll JTUHEHHOTO U (bopmanu30BaTh NpOLEAYpPHl BbIOOpa HH(POPMATHBHBIX

npu3HakoB. [lpu HemocTtaTO4HOM [Jii  KOPPEKTHOU

HEITMHEHHOTO MPOrpaMMHPOBAHUS
KIacCU(UKamuyM  KOJNMYECTBE  ANPHOPHBIX  JAHHBIX

m . TIPEUTOKEHBI IBPUCTHIECKHE METOJIbI BBIOOpa
221- W (x) - TE“)?‘ . (30) HH(POPMATHBHBIX MPU3HAKOB o KPUTEPISIM
i=1 HCIIONTB30BAHUS 6a30BBIX MPOTOTHIIOB 5§
OGpatHo, s moGoro A € A pemenne 3agaun (30)  HHPOPMAUHOHHBIX IPHOPHTETOB.
sBIseTes 3P PEKTHBHON TOUKOIL. HccnenoBanbl METOABI pELICHHS 3amad  BeIOOpa

nHdopmatuBHbIX npuszHakoB npoueccoB XKL POC, uro
J1aéT BO3MOXKHOCTH OOECIIEYHTh BBHINOJHEHNE TPeOOBaHUIH
B YacTH IPEACTABICHUS NaHHBIX M JOCTyNa K HUM Ha
NPUHLMIAX HATJSIHOTO, COOTBETCTBYIOLIETO METOJaM
BU3yallbHOTO  aHAJN3a, COAEPXKATEIHHOIO  OIMCAHHA
mporieccoB XKL POC pmna peanuzauuu mpoueayp
NPUHATHS PEIICHNS B YEIOBEKO-MAIIMHHBIX CHCTEMax
obecneuenus XKL,

Otciona BbITEKaeT, 4To At otbickanus P(X,W)

MOYKHO HCIIOJIb30BaTh XOPOIIO pPa3padOTaHHbIE METOJIbI
JIMHEMHOIO M  HEIUHEHHOro MpOrpaMMHpPOBaHUS U
HCIIOJIB30BaTh PE3yIbTaT Kak 3((HeKTHBHOE MHOKECTBO B
mporiecce  OTOOPaXCHWM  CHTYalldd, CBS3aHHOW C
pacIIOIOKEHHEM  MHOXKECTBA ~ PEANbHBIX  3HAYCHUH
mapaMeTpoB IPHU3HAKOB, OTHOCHUTEIHHO MHOKECTBA HX
3¢ GEeKTHBHBIX 3HAYCHUN TPH pean3alliii MOHUTOPHHTA
XKL POC.
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MATEMATHUYHE MOAEJIIOBAHHS BUBOPY IHOOPMATUBHUX O3HAK IS
AHAJII3Y CTAHY NPOLECIB ) KUTTEBOI'O UKJIY PAAIOEJEKTPOHHUX
3ACOBIB

IMpeameToM TOCTIKEHHS € METOU Ta MOJIEN 3700yBaHHs iH(GOPMALii PO MPOIECH KUTTEBOTO MUKIY PadioeIeKTPOHHUX 3ac00iB
(OKLL PE3) Ha eramax mpoeKTyBaHHs, BUPOOHHITBA i ekciuryaranii. MeTolo € po3poOka ocHOB Teopii mimicHoro Monitopuary XKL
PE3 Ha eranax iX mpoekTyBaHHsS, BUPOOHHMIITBA 1 eKCILIyaralii, 30KpeMa PO3BHTOK iH(OpPMAIIHHIX MOJeIel Uil MOHITOPHHTY
MOKA3HHUKIB XUTTEBOTO UKy y BUpoOHUITBI PE3. JlocArHEeHHSs MMOCTAaBIEHOI METH 3a0€3MeuyeThesi B pOOOTI MUISXOM BHPIIIEHHS
TaKMX 3a/1a4: JOCIIIDKSHHs i po3pobka MeToooril po3B's3aHHs 3a1a4 BHOOPY iHGOPMATHBHUX O3HAK, IO XapaKTePH3YIOTh CTaH
JKII PE3; Bubip iHhOpMaTHBHUX O3HAK, 110 XapakTepu3yloTh ctaH nporeciB XKL PE3; inentndikamis crany npouecis XKL PE3. J{ns
BUPILICHHS MMOCTaBJICHHUX 3a/[a4 BUKOPHCTOBYBAJIKCS 3aralbHOHAYKOBI METOIM: OCHOBHI IOJIOKCHHSI (DYHKIIOHAJIBHOTO aHai3y,
HEPIBHOBAYKHOI TEPMOIMHAMIKH, OI[IHIOBAHHS 1 POTHO3YBAHHS BUITAJKOBHX IIPOIIECIB, METOIU ONTHMI3AIlil 1 pO3Ii3HaBaHHsA 00pas3iB.
OTtpuMaHO Taki pe3yJbTaTH. Po3pobiaeHo Meroqu po3B'si3aHHS 3amad BuOOpy iH(opmaTuBHHX o3Hak as MoHiTopuHry JKI[ PE3
nutsixoM knacudikanii craniB PE3 1 mponeciB XKL y mpoctopi 03HaK, KOKHHHU 3 SIKMX Ma€ MEBHY 3HAYUMICTBb, IO JIO3BOJIHIIO 3HANTH
KOMILIEKCHHUI KpHTepiit 1 GpopmanizyBatn npouenypu Bubopy. [lpy HemocTaTHil Uit KOPEKTHOI Kiacudikarii KibKOCTI anpiopHHX
JAaHUX 3alpOTOHOBAHO EBPHCTHYHI METOAM BHOOPY 3a KPHUTEPiSIMH BHKOPHCTAHHS 0a30BMX MPOTOTHMIB 1 iH(MOpMAamiiHUX
npioputetie. BucHoBKkH. HaBoauThCst pillicHHS 3a/aui MAaTEMaTHYHOTO MOJICIIIOBAHHS (YHKIIiH €(eKTUBHOCTI MPOIIECIB KUTTEBOTO
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LUKITY pamioelIeKTpOHHMX 3aco0iB i BuOopy iHdopmaTuBHEX o3Hak st MoHiTopuHTY XKL PE3, nmumsixom kinacugikanii cranis PE3 i
MIPOLECIB JKUTTEBOTO IUKITY B IIPOCTOPI O3HAK, KOXKEH 1 3 IKNX M€ MEBHY 3HAYUMICTB, 1110 JO3BOJIMIIO 3HANTH KOMIUICKCHUH KpUTEpiit
i popmanizyBaru npouexypu Bubopy. Pimenns 3agaqi inentudikanii )KL PE3 nepenbadae cTBOpeHHS npaBuil, 0 BU3HAYAIOTH CTaH
paIioeneKTPOHHUX 3ac0o0iB. Po3risnaloThesi BHIAAKH HEOCTATHBOI IS KOPEKTHOI Kiach@ikamii KUTBKOCTI anpiopHHX HaHHX,
3aIpPOIIOHOBAHO HAOIMKEHI METOAM BHOOpPY 3a KPUTEPIAMH BHKOPHCTaHHS 0a30BHX MPOTOTHINB i iH(GOpMALIHUX TPIOPHTETIB.
3actocyBaHHs (QYHKIIT IS MOAITY MHOKHH B TIPOCTOPI MapaMeTpiB i (popMyiTtOBaHHs MPaBUII, IO PETYIIOIOTH BIAMOBIAHICTh MiK
HabOpaMK MapaMeTpiB i 3HAYCHHSMH MMOKa3HHUKIB e()eKTHBHOCTI, Jal0Th MOXKIIUBICTh 3a0e3meunTH iIeHTH(DIKAIi0 CTaHiB B Mpoleci
MOHITOPHHTY )KMUTTEBOTO LUKy €IEKTPOHHHUX 3aC00iB.
Kumiouosi ciioBa: inpopmaTnBHI 03HaKH, ineHTHOiKanis ctaHiB PE3, MOHITOPHHT KUTTEBOTO IIUKITY.

MATHEMATICAL MODELLING OF SELECTING INFORMATIVE FEATURES FOR
ANALYZING THE LIFE CYCLE PROCESSES OF RADIO-ELECTRONIC MEANS

The subject of the study are methods and models for extracting information about the processes of the life cycle of radio electronic
means at the design, production and operation stages. The goal is to develop the fundamentals of the theory of holistic monitoring of
the life cycle of radio electronic means at the stages of their design, production and operation, in particular the development of
information models for monitoring life cycle indicators in the production of radio electronic means. The attainment of this goal is
achieved by solving such problems: research and development of a methodology for solving the problems of selecting informative
features characterizing the state of the life cycle of radio electronic means; choice of informative features characterizing the state of
the life cycle processes of radio electronic means; identification of the state of the life cycle processes of radio electronic means. To
solve these problems, general scientific methods were used: the main provisions of functional analysis, nonequilibrium
thermodynamics, estimation and prediction of random processes, optimization methods, pattern recognition. The following results are
obtained. Methods for solving the problems of selecting informative features for monitoring the life cycle of radioelectronic facilities
are developed by classifying the states of radioelectronic means and the processes of LC in the space of characteristics, each of which
has a certain significance, which allowed finding a complex criterion and formalizing the selection procedures. When the number of a
priori data is insufficient for a correct classification, heuristic methods of selection according to the criteria for using basic prototypes
and information priorities are proposed. Conclusions. The solution of the problem of mathematical modeling of the efficiency
functions of the processes of the life cycle of radioelectronic facilities and the choice of informative features for monitoring the life
cycle of radio electronic means is presented, by classifying the states of radioelectronic means and life cycle processes in the space of
characteristics, each of which has a certain significance, which allowed finding a complex criterion and formalize the selection
procedure. The solution of the task of identifying the life cycle of radio electronic means involves the creation of rules that determine
the state of radio electronic means. The cases of insufficient for a correct classification of the number of a priori data are considered,
approximate methods of selection according to criteria for using basic prototypes and information priorities are proposed. The
application of a function for dividing sets in parameter space and formulating rules that regulate the correspondence between sets of
parameters and values of performance indicators makes it possible to provide identification of states in the process of monitoring the
life cycle of radio electronic means.
Keywords: informative signs, identification of conditions of radio electronic equipment, monitoring of the life cycle.
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THO®OPMAIIIMHA TEXHOJIOT'IA INIAHYBAHHSA EHEPI'O3ABE3IIEYEHHA
BYIIBEJIb 3 BITHOBJ/IIOBAJIbHUMMU JIZKEPEJIAMUW EHEPT'11

OpHEM i3 crIoco0iB peatizaliii MOJTITHKHA eHeproe(eKTHBHOCTI € po3poOKa 1 BIPOBaIKEHHs eHepro30epiralounx TEXHOJIOTIH IUIIXOM
30UIBIICHHS. YACTKM BHMKOPHCTAHHS BiJHOBJIIOBAJILHUX JDKepen eHeprii. EHepro3a0esnedeHHs 3aleXHUTh BiJl HasBHOCTI
aKyMYJISITOPHUX OaTapei, COHSYHUX TMaHEeJeH, BITpOreHepaTopiB Ta iX KOMOIHAIl y CTPYKTYpi €HEeprocHCTeMH, IO 3ade3rnedye
CIO’KMBaHHs B rocniogapctii. [Ipu moOymoBi MakcuMaibHO €(hEKTHUBHOT €HEProCHCTEMH, HEOOXIIHO OTNEePYBAaTH BEIUKOIO KUJIBKICTIO
PO3pI3HEHUX JaHHUX MPO MOTEHIiaJl CHepropecypcy B KOHKPETHIM MiCLEBOCTi, BapiaHTH CKJIAJOBHX YAaCTHH CHCTEMH, MOKJIHBICTH
CIIOJTy4€HHS 3 IHIIUMHU PETiOHATEHUMH MEpekaMH 3 ypaxyBaHHSIM 30BHIIIHIX yMOB (MIHJIMBI IIOTOJHI JaHi, TIOPH POKY, IPOIYCKHI
MIOTYKHOCTI Mepek, Ta iH.). KpiM Toro, pilleHHs 3a/e’kaTh TaKOX BiJl CyO'€KTUBHMX YMHHHKIB, SIKI TOBUHHI OYTH iIeHTH(IKOBaHI i
BKJIIOUEHI B IpoIleC IUIaHYBaHHS. ToMy IpoIec IUIaHyBaHHS €Heprozade3nedeHHs OyaiBesNb 3 BIIHOBIIOBAJILHUMH JDKepeIaMu
eHeprii morpedye CTBOPCHHS iH(GOPMAIIHUX CHCTEM MiATPUMKH MPUNHSTTS PIMICHb, SKi HAJTAIOTh PEKOMEHIAII MI0J0 BHOOPY
cKJaioBuX eHeprocutemu. IIpeamMeToM aHOrO AOCHIDKCHHS € i1H(OpMaIliifHa TEXHOJIOTIsS TUTAHYBaHHS EHEPro3ade3neyeHHs
OymiBeNb 3 BIIHOBJIIOBAHMMHM JKepelaMH cHeprii. MeToro JaHol poOOTH MiABMINEHHS €(PEKTUBHOCTI PIIICHb MNpPH ILIaHyBaHHI
CTPYKTYpH EHEPrOCHUCTeMH 3a PaxXyHOK CTBOPEHHs 1H(GOPMALIHHOI CHCTEMH ISl MIATPUMKH TNPUHHSITTSA pilieHb. 3agavyaMu
JOCTIDKEHHS € ToOyayBa iH(pOpMAIiifHOI TEXHOJOTii, MOJETIOBaHHS IPOIECiB, M0 MPOTIKAIOTh IMpPU IUIAHYBaHHI CTPYKTYpPH
EHEeProCHCTEMH, NIPOEKTYBAHHs apXiTeKTypH BiamoBinHoi iHpopmaniitHoi cucremu. I1ix yac po3B’si3aHHs MOCTaBICHUX 3a1a4 0yiio
BUKOPHUCTAHO METOOJIOTII0 CHCTEMHOIo aHanmizy Juisi (opmainizaimii npoueaypy IUIaHyBaHHS CHEPreTHYHOI CHCTEMH Ta METOH
CTPYKTYPHOTO aHaii3y i (hyHKI[IOHAIFHOTO MOJENIOBAaHHS iH(QOPMALIIHUX CHCTEM sl MOOYZOBH CTPYKTYPHO-(YHKIIOHATBHUX
Mozenel npouecy ianyBaHHs. [l peanizanii 3aporoHoBaHOi Ta iHGOPMaNiHHOT TEXHOJIOTIi MATPUMKH IPHUHSTTS PillleHb IPH
IJTAaHYBaHHI eHepro3a0e3rnedeHHs OyAiBelb pPO3pOOJICHO CHUCTEMY MIATPUMKH NPUHHSITTA pIllicHb, IO pealli3oBaHa Y BHIJISII
MPOrpaMHOro BeO JOAATKY 13 TPHOXPIBHEBOIO KIIEHT-CEPBEPHOIO apXiTEKTypOor0. BUKOPUCTaHHS CHUCTEMH MIATPUMKH TPUAHATTS
pillieHb J03BOJISIE MiABUIIUTH €QEKTUBHICTh MPUUHATTA PIlICHb NMPH IUIAHYBaHHI eHepro3adesneueHHs OyIiBeNlb 3 BUKOPUCTAHHS
BIIHOBIIIOBA/ILHHX JKEPE €Heprii.

Knrouosi cioBa: iHpopMmariiiHa TeXHOIOTIS, 3a7a4ya IUIAHyBaHHS eHepro3ade3neyeHHs OyaiBesb, BiIHOBIIOBAJBHI JHKepesa
eHeprii, cucremMa MiATPUMKH IPUHHATTS PilllCHb.

pilleHb TpH MpoeKTyBaHHI eHeprocuctemMu 3 BJIE
posrisiiatoTbest B podborax Cabipssrosa T.I'. [2], KyOkina
M.B., Congarenxo B.II. [2, 3], C. Tiba, A.L.B. Candeias
[4], Choong-Sung Yi, Jin-Hee Lee [5], S. Lazarou, D.S.
Oikonomou, L. Ekonomou [6], T.V. Ramachandra [7].
HesBaxkarouu Ha HIHPOKE 3aCTOCYBaHHS
iHpOpMAIHHUX TEXHOJOTIH Ui pPO3B’SI3aHHS OKPEMHX
3aJa4, Ha CBOTOIHINIHIN JEHb BIACYTHIH €IWHUI
KOMIUIGKCHUM  MiAXii JO  BHUPINICHHS  MpoOIeMH

Beryn

['mo0ankHOIO CBITOBOIO MPOOJIEMOIO € 3MiHA KIIMaTy
Ta OOMEXCHICTh BHKOIHHX BHIIB CHEPropecypcis.
CrioXMBaHHs HaceJIeHHSIM CTaHOBHUThH Onm3bko 40% yciei
cnoxuBanoi nepBuHHOT eHeprii [1]. B mmx ymoBax
MOTPiOHO BIPOBAKEHHSI MOJIITHKH CHEProe(eKTHBHOCTI.
eHepropecypciB. OmHHM i3 HampsaMKiB  SKOi €
BIIPOBAPKCHHSI €HEPro30epirarounx TEXHOJIOTIH MUITXOM

NMoOYZOBH €HEPreTHYHUX CHCTEM 3 BiJHOBIIOBAJbHUMHU
mxepenamu eHeprii (BJIE).

Hes3Bakaroun Ha 3Ha4HI IlepeBarn BUKOPUCTAHHSA
TaKUX CHCTEM, [yXe BaXXKO OI[HUTH, SKi came
noryxHocti BJ/IE BHKOpPHUCTOBYBaTH Yy TOCHOAApCTBI.
[MpuitHATTA pilleHb Ha cTail IIaHyBaHHs €HEProCUCTEMHU
YCKIIQJIHIOETHCSI HEJETEPMIHOBAHICTIO TPOLECy reHeparii
eHeprii: KiIbKICTh 3reHepOBaHOi eHeprii 3aleXuThb Bij
HasiBHUX Ha pUHKY ycTaHoBOK B/IE, uacy no6u, morogaux
YMOB MICIIEBOCTI, MICIsl PO3TallyBaHHS €HEPrOCHCTEMH.
OkpiM TOro, Taki CHCTEMH TOTPeOYIOTh 3HAYHUX
nepBUHHUX iHBectuuid. ILli Qakropu yckiamHIOIOTH
NPOLIEC HPUHHATTS ONTUMAJIBHOTO pIlIEHHS CTOCOBHO
BHOOPY CKJIaJIOBUX CHCTEMH.

BnpoampkenHs iHGopMaLiifHOi MATPUMKH IPOLIECY
MPUUHSATTS PillleHb TO3BOJIMThH MiABHITUTH €()EKTHBHICTD
NPUIHATHX pillleHb, [UITXOM CKOPOYEHHsS BUTpaT Ha
CIIOPY/IKEHHS EHeprocucTeMn  Ta  3a0e3leveHHi
JIOCTAaTHBOTO PiBHS €HEProe(eKTUBHOCTI.

AHAJI3 JiTepaTypHUX JaHUX TA OCTAHOBKA
npodaemu

MIBUILEHHS SIKOCTI MPOLECIB NPUIHATTS pillleHb IpU
IUIAaHYBaHHI CTPYKTYpH TiOPUIHUX €HEPreTHYHHX CHCTEM
3 BiJJHOBITIOBAJIbHUMH JKEPEJIaMH EHEeprii.

Mera i 3aaa4i J0CJTiKEeHHS

B pobori mnocTraBieHO 3a MeTy IMiIBUILEHHS
e(eKTUBHOCTI pillleHb MpPU [UIAHYBaHHI CTPYKTYpH
€HEepProcUCTeMH 3a pPaxyHOK CTBOPEHHS IH(OpMAIiiHOI
CHCTEMH JUTS TiITPUMKH IPUHHSATTS PillICHb.

Jns  NOCATHEHHS METH HEOOXigHO
HACTYIIHI 3a/1adi:

- IPOBECTH ¢yHKIIOHATIBHE MO/IEITIOBaHHS
IpoLeciB, MI0 TNPOTIKalOTh NP BHOOPI CKIIaJOBUX
€HEeProCUCTEMH;

- po3pobuTH iH(popMAaIliiiHy TEXHOJIOTIIO MiATPUMKN
MPUAHATTS PillleHb;

- CIIPOEKTYBaTH apXiTeKTypy iH(bopMariiHO1
CHCTeMH MIATPUMKH MPUUAHSITTS PillieHb IJIs IIaHYBaHHS
CTPYKTYPH €HEPrOCHCTEMHU.

BHPIIIUTH

MeTtoaum ii MmaTepiajiu 10CTizKeHD

[Muranas iHQOpMAWiHHOT MINTPUMKHM TPUHHATTS

Indopmaniiina TexHOJOTIS Tpolecy IUIaHYBaHHS

© O. B. lllynuwma, 2017
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eHepro3adesnedeHHs Oyniens 3 BJE 00’emxnye B cobi
MOJIeTI Ta aNropuTMivHe 3a0e3nedeHHs npoiecy 300py Ta
00poOKu iH(opMartii, CUHTE3Y MOJKJTHBHX
ansrepHaTiBHUX cTpykTyp I ECBJIE Ha ocHOBI 3i0panux
JIaHUX, PO3PaXyHKY iX TEXHIKO-€KOHOMIYHUX MOKAa3HUKIB,
BU3HAYCHHS KPUTEPIiB OLIHKHK, a TaKoX (QOpMyBaHHS
pillleHb 1100 BHM3HAYEHHS ONTHUMAaJbHOI KOH(DIryparmii
ribpuaHOi eHeprernanoi cucremu 3 BJIE.

Iadpopmariiina TEXHOJIOTIs IJTaHyBaHHS
eHeprozade3rneyueHHs OyAiBeNb MOBHHHA Peali3oByBaTUCS
y BiamoBinHi# iHGoOpMariiiHii cucTemi.

ba3zoBy 3amauy miaHyBaHHHA €HEpro3ade3nedeHHS
OyniBesib 3BOAUMO J10 BUOOPY CTPYKTYpH €HEPrOCHCTEMHU
Ta pO3MIISIAEMO Y HACTYITHIHM nocTaHoBII. 3axaHo [8]:

1. MHoxuny enementiB cucremu 3 BJIE, mo
MOXYTh OyTH CKJIaJOBUMH YacCTUHAaMH EHEPreTH4HOi
CUCTEMH, BiJITIOBITHO COHSIYHUX TaHeneH,
BITpPOT€HEPaTOPiB Ta aAKyMYJISITOPHUX Oarapeii:

P={pve) W={w}, A= {ab} e=1n.
2. HaGip Alternative ={i}, nei=<pv,, wt,,ab, >,

10 MICTHTh BU3HAYCHY KIIBKICTh albTepHATHB (BapiaHTIB
crpykrypu 'ECBJIE), 1110 3a71a10ThCsl XapaKkTepUCTUKAMHU
BJIE.

3. Ha6ip K ={j_ }, m =1,m BH3HAYEHHX KPHUTEPiiB,

3TITHO SIKMX MTPOXOJUTH OI[IHKA aJIbTEPHATHB.

HeoOXiHO BHU3HAYHMTH ONTHUMANIbHY KOHQITYpaIlito
cepel ICHYIOUHMX 3TiJHO MEPeNtiKy SIKICHUX Ta KUIbKICHUX
KpHUTEPiiB.

[lin wac po3B’s3aHHA TOCTAaBICHHX 337a4 OyIo
BUKOPUCTAHO METOJOJIOTIF0 CHCTEMHOTO aHalizy My
dhopmarmizarii mporecy IUTAHyBaHHS ribpumHO1
CHEPreTHYHOI CHCTEMHU.

Onrtumizaiiio pillleHHs] PONOHYETHCS TPOBOANTH B
nBa eranu. Ha meprioMy Kpoli BH3HAYa€EMO MHOXKHHH

[apaTo-ONTHMAalbHUX  JBTEPHATHB  HE3AICXKHO 32
COLIIaJIbHO-€KOHOMIYHUM  CLEHApieM 1 EHEPreTH4HO
e(eKTUBHUM CIICHApiEM 3a IOKa3HUKOM 3 TOYKH 30pY
Ha/UIMIIKIB 3reHepoBaHol eHeprii. Ha napyromy erami
BU3HAYAETbCS MHOXKMHA aJbTEHATHB, IO 3a/I0BOJIBHSE
JIBOM clLeHapisM. BigiOpaHianbTepHaTHBU OIHIOEMY B
MeXaX EHEpreTUYHO e(EKTUBHHOTO CIEHApilo 3 TOYKU
30py IMOBIPHOCTI BTPATH KUBIICHHS.

st BHOOpY €IMHOTO PIlICHHS 3a/1a4i MPOTIOHYEThCS
BUKOPHCTOBYBaTH  IIOJIOKCHHSI ~ Teopii  KOPHUCHOCTI,
BIJIMOBIAHO IO SAKOi B paMKax CICHAPIiB MPOBOJHUTHCS
OIliHKa aJbTepHATHUB 3a HabopaMH  KpHUTEpiiB i
3IIMCHIOETBCS BUOIp ONTUMAaJbHUX AIBTEPHATHB IO
3araJbHOMY Ri(z) B

3HAUYeHHI0  (QyHKLI] pamKax

CIIeHapiro.

s moOymoBW  CTPYKTYPHO-(YHKITIOHATEHUX
MoJleNiell mpoliecy IUIaHyBaHHS OyJa0 BHUKOPHCTAHO
METOIU CTPYKTYPHOTO aHamizy Ta (YHKI[IOHATBHOTO
MOJICTIOBAaHHS 1H(POPMAIITHIX CHCTEM.

Pe3yabraTn nociigxesb

Mopens
CHHTE3Y
BADIBHTIE
CTPYKTYPH
10 puHol
HEpreTHUHC
WCTEMM

I3 Bukopucranusm mertomojorii SADT Ha ocHOBI
Hotauii IDEFO ta IDEF3 noGymoBano ¢yHKIIOHaIbHI
MOJZIeNIi  TPOIECiB  300py Ta TONEPeAHBOI 00pOOKHU
iHpopMmanii, IUIaHYBaHHS CTPYKTypH E€HEPreTHYHOi
Mepexi 3 BIJHOBIIOBAJIBHUMH JDKEpelaMd eHeprii Ta
BH3HAYEHHS TEXHIKO-CKOHOMIYHUX IMOKAa3HHMKIB CHUCTEMH,
a TakoX (OpMyBaHHA pillleHHS MO0 BHOOPY
ONTUMAJBLHOI CTPYKTYPH TIOPUIHOI €HEPreTHIHOT CHCTEM

3  BIJHOBIIOBAIBHUMH JDKEpelIaMHM  eHeprii  cepen
MHOKHHH 3anpornoHoBanux [9, 10].
KonTekcTHa  jmiarpama  mporecy — IUIaHYBaHHS

eHepro3adesneuenns OymiBenb 3 BJIE B Hotarii IDEF0
300pakeHa Ha PUCYHKY 1.

Mogene
MPHESIEHHA
AKICHUX T2
KINBKICHHX
¥puTEpiE 1o
GIINBHOMO
pocTopy

Mopens
DaratokpuTEpiaNkHoT
LliHKM BMETEPHETHE

Mogent BuzHaucHHs

TEXHIKC-EKOHOMMHITK

MOKA3HHKIE
HepreTHUHe
HCTEMM

Texxonors Mopens
NapCHHTY 2Bopy 18
nonepeaHeo
obpobim
ichopmaL
[laHi npo norogHi
YMOEH
[laHi NP0 SHEPTOCNIOKMESHHA B
TOCNOAAPCTEI
[awi npo recrpahibe
TONOHERKA
[aHi npo Hasexl ycTanoek BAE Taix
XapaKTEPHCTHEN
Ercnept faxi
Excneptu one

InpopmaLyiia TEXHOMOMNAI NAHYE3HHA
exeprozabeaneuents Oyaieent 3 BIIE

TexHiko-ekOHOMMHE
COTPYHTYBaHHA
ONTHMANEHO
cTpykTypu TECBLE

Nigcuctema _ )
30mMpanA Ta Mincuctema Migcuctema
NONepeIHLOre aHaniTHyHol tb_OPM YESHHS
ONPaLIoEaHHS oDpobim PilLEHHR

aaHHx JLETT

Puc. 1. Konrekcrha niarpama indpopMauiiHo1 TEXHOJIOTIT IIaHyBaHHs eHepro3abesneueHHs Oyniseins 3 BJIE

Iadpopmarriiina TEXHOJIOTis TJITAaHYBaHHS
eHepro3zabesnedeHHs OyniBesns 3 BHKOopHcTaHHsAM BJIE
CKJIQIAEThCSl i3  I'SITM  B3a€EMO3B’S3aHUX  CTaIliB.

ODyHKIIIOHATbHA MOJIENb 3alIPONIOHOBAHOI iH(OpMAIiHOT
TEXHOJIOT1 300pa’keHa Ha pUCYHKY 2.

Po3spobisiena indopmaniiiHa TEXHOJOTiS J03BOJISIE
MPOBOANTH 30MpaHHs, 0OpOOJIEHHS Ta 30epiraHHs JaHHX,
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HeoOximumx nnsa  rtuanyBaHHs crpyktypu ['ECBJIE, monmo TEXHIKO-€KOHOMIYHOTO 0OTpYHTYBaHHS
BHACJIIJOK YOro HpHﬁMaIOTBCﬂ O6rpyHTOBaHl PUOCHHA ONTUMAILHOT KOHq)lI‘ypaHﬁ CHCTEMHU.
Texmonoia | Mogens .I:)O_IW_TE A Mopene camesy [T ——— Magens nvEsEen Vogers
ey mfﬁm'.m Copoomt BADI3HTIS CTRYTYDM TEXHIKC-SHOHOMSHAY AGCHAK T3 KNS BCHK [ e ——
e npo noroped ] FipunHol enepreTAHOl POLEHAS EHEDTETAS0] KpHTEGiE [ CAiNBHOD TR pp—
YMOSH Cipofinet CHCTEMH CHCTEMA MpOCTOpY
- e
[l npo y
EHEDIOCNONMESHHA BuiHawTA MHOMAHY | ' . -
B MOCTIOfEPCTE! i sa:a-rrsﬁmyrryu Meoua CHOpMOBEHAX
1 TECEIE iR Kinssice ouim
Dasil N recrpathisse NONCHEHHA . - [T 2 Bare
o 1 TEXHID-SHOHOMIH .e{::yﬂ TexHiko-EX0HOMINHE
_ _ . 0Dpodty ipopmau i _ * = -
[l npo HarsH yCTanoem BJIE ta b MOKETHAKEA CHODMOBEH0T i COmyRTyEER
wgpawmenactaw ) T RO AMTEDHITE Mrscuvmia epemepiis CATAMENEHGT
3 U 3 BETAMA cipyerypa TECBIE
Excrepmi fari
-l | ChopMyBaTA MHONMHY
Ofgofines CyMEHHA GXCNEPTIE o EDTEQIS CUEFH X
3 Dx Baramm 1
—
SHEHE NMposecTi GaraTompemepiansHy

OUHEY aNsTEDHATHS

MincucTema
shupasHA 13
MONEPETHE0ND

|- 5-Excneoma

OMpAROBEER
A

©BpoGi fara

TRacHCTEMa
aHanmHOl

MipcacTema
dopmysaHA
pieHHA

Puc. 2. OyHkiioHansHa Mosielb iHGOpManiiiHOT TEXHOJIOTIT IUTaHyBaHHS eHepro3adesneyeHHs Oy 1iBeib

Ertan 1. Ilpouec 300py Ta momepeaHboi 00poOKu
iHpopManii mependadae BUKOHAHHS (QYHKIIH 300py
iHpopMalii Tpo TMOTrOAHI YMOBH B MICIIEBOCTI, HasBHI
ycraHoBku BJIE Ha puHKY 3 iX TeXHIKO-CKOHOMIYHHMH
mapaMeTpamu, CTIOKMBAaHHS eJIeKTPOCHEePTii B
TOCIIOIAPCTBI, JaHi Mpo reorpadidHe MOJOKEHHS, 3HAHHS
ekcriepTiB.  [Ipp  mboMy  HEOOXiHO  3MIHCHIOBATH
NepeBipKy JaHMX, MiCiIs HEepPeBIpKH AaHl MeperatoThes 10

Mogene 30opy Ta
nonepenELoi
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3i0pani naHi mo ycraHoBkd BJIE BUKOPHCTOBYIOTBCS MTPH
dbopmyBaHHI mepeniky anprepHaTHB cTpykTyp I'ECBIE
Ta TojanpimoMy (opmyBaHHI pimeHHsA. Jliarpamy
JIEKOMITO3HIIii TIporiecy 300py Ta ImomepenHboi 0OpoOKH
iHpopMmaii 300paxkeHo Ha PUCYHKY 3.
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Puc. 3. liarpama mipornecy 300py Ta monepenHboi 00pooku iHhopmarii

IIpoumec  BuTAry  nmaHMX  BigOyBaeTbcs 3
BUKOPHUCTaHHSIM TEXHOJOTii mapcunry. IlapcuHr naHmx
npo ycraHoBku BJIE BukoHyeThCsi 3 BeO-CaMTiB st
KymiBii eHeprosoepirarogmx TexHonorid. Ha koxHOMY
caiiTi 0oOMpalOTBCSA CTOPIHKM 3 TMPOAAXY COHSIHHUX

Garapeii, BITpOBHX TypOiH Ta aKyMyJISITOPHUX Oartapeil.
Takok BUKOHYETHCS ITAPCHHT MOTOAHUX JIAHUX 33 KOXEH
JIeHb TIOrouHHOW. Ilicis oTpuMaHHs 3HAWJICHUX JaHHX,
mporpaMa 3aHOCHTh iX 10 BiamoBimHOi Tabmuii 6as3m
JIaHUX 1 HAJICWJIA€E TX Ha cepBep Il MOAABIIOI POOOTH.
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Eran 2. IInamyBanHs cTpykTypu eHepretudHoi ctpykrypu [ECBJIE € MHOXHHH COHSYHHMX ITaHEJeH,
cuctemu 3 BJIE mpoBoauThCS Ha OCHOBI aHWX 3i10paHUX  BITPOTEHEPAaTOpiB, aKyMYJATOpDHHX maHenei. Jliarpamy
B mporeci 300py Ta momnepenHboi oO0poOku iHpopmamii.  jgexomnosumii  mpouecy — "®opMyBaHHA ~— MHOXKHHHU
Jlns BU3HAYCHHS MHOXWHHU aJbTCPHATUBHUX CTPYKTYp  BapiaHTIB CTPYKTYpHU CHEPreTUYHOI CHCTEMH' B HOTAIlil
I'ECBJE BximHumu panmmu Juis  mognenmi cuHtedy  IDEF3 300paxeHo Ha pUCYHKY 4.
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Puc. 4. liarpama nexoMno3uiii nporuecy (GopMyBaHHS MHOKUHH BapiaHTiB CTPYKTYPH €HEPT€THYHOI CHCTEMHU

VY pesynbrari BHKOHaHHsA mpouecy 'dopMyBaHHS ~— MPOBOJHUTHCS JUIS KOXKHOI aJIbTEPHATHBHOI CTPYKTYPH Ha
MHOKMHH BapiaHTIB CTPYKTYpHU €HEPreTHYHOI CHCTEMH'  OCHOBI JaHHX MPO CIIOXKHBAHHS B TOCIOJAPCTBI, MOTOIHI
OIEP)KYEMO MHOXHHY YCIX MOXIMBHX BapiaHTIB  yYMOBH Ta TEXHIYHI XapaKTepHCTHKH ycTaHOBOK BJIE,
CTPYKTYPH €HEPIreTHYHOI CHCTEMH, IO MOKPWUBAIOTH 3i0paHMX B mporeci 300py Ta MmomepenHboi oOpoOKH
CIOXWBAHHA B TOCIIOAAapCTBI, Ta MOXYTh Oyt  iH(opMarii.
peaitizoBaHi IIpy HasBHUX Ha pUHKY yctaHoBKax BJIE. Hiarpamy aexommosumii Tporiecy ''BusHadueHHs

Eram 3. BusHaueHHS  TEXHIKO-€KOHOMIYHHUX  TEXHIKO-eKOHOMIYHMX mapamerpiB" B Horamii IDEF3
mapameTpiB chopmMoBaHOT MHOKUHH CTPYKTYp  300pakeHO Ha PUCYHKY 5.
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Puc. 5. [liarpama nekoMmo3utii nporecy BU3HaYeHHs TEXHIKO-€KOHOMIYHHUX MapaMeTpiB MHOXKHHH CTPYKTYP

Eran 4. Ha erani "®opMyBaHHS MHOXHHU KPUTEPiiB  NPHUBOJATCA JO OJHOTO HPOCTOPY 3  SKICHUMH,
OLWIHKM 3 iX BaraMu' JUIs KOXXHOI aJbTEPHATHBHOI  BH3HAYAIOTh BarW KpurepiiB. Takox mMpoxoauts 06opoOka
CTPYKTYPH PO3paxoBYIOTbcs (yHKIIT NpUHATIEKHOCTEH  EKCHEPTHUX CY/KEHb JUII BHM3HAUCHHS JIIHTBICTUYHHX
AKICHUX KpHUTEpiiB 3TiAHO NpaBWI  3MiHHUX.

y 6asi 3HaHb, chopmoBanoi eKCIIePTaMH. Hiarpamy npexommosunii mporecy ''®opmyBaHHs
3HAaXOAATbCA 3HAUEHHS KUIBKICHMX KpWUTEpiiB HAa  MHOKHMHH KpUTEpiiB OLiHKH 3 iX Baramu'' B HoTarii IDEFO
yHiBepcaJbHili ~ MHOXMHI, Ta  KINbKICHI  KpuTepii  300pa)keHO Ha PUCYHKY 6.
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Puc. 6. [liarpama gexomo3uuii mpouecy popMyBaHHS MHOKHHU KPUTEPIlB OLIHKH 3 X BaraMu

Eran
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Cibopmysam

IDEFO

B HoOTamil

BUTIIAIL Mozei

(puc. 7).

3anpornoHoBaHa cxema npouecy BUOOPY
ONTUMAaJIBHOT KoHGiryparii CHUCTEMHU JI03BOJISIE
CTPYKTYpyBatu mnpouec (QOpMyBaHHS ONTUMAJIBHOTO
BapiaHTy CHUCTEMH Ta OTPHUMATH OLJIBII TOYHI OI[IHKHU
e(heKTUBHOCTI OTPUMAHOI CHCTEMH.

($yHKITIOHATBHOT

Mobypesa
METDALE MOCTYNO!

PospanyHor saranssol
oy HI KOpACHOCTE
AMTEPHATHAS B MENAX
[EHEDRETAHO-EDETABHOM
cuesapso |l pisiA

TexHito-SX0HOMMHE
CNpYHTYBSHHA
CITAMANEH0] CTRYETYDH
TECBIE

MECHAHE KDUTEDIE CLIHI 3 BEraM

20

Puc. 7. ®yHKuioHanbpHa MOJIENb TIPOLIECY OaraTOKpUTEPialbHOT OIIHKH alTbTEPHATHB

Omucani

ceTanu

iH(bopMamiHOT

TEXHOJIOTIT

peasi3oBaHi B CHCTeMi MiATPUMKH NPUHHATTS pinieHs. Ha
PUCYHKY 8 TIpelCTaBieHa CXeMa B3a€MOJil KOMITIOHEHTIB
CIIIP nmst mutanyBaHHS €Hepro3abesnedeHHs OyIiBens i3
3a3HAYCHHSIM 3B’ S3KiB MXK CKJIQJIOBUMHU YaCTHHAMMU.
®ynkiionansHi MoxkimBocti CIITIP peamizyroThes

CYKYITHICTIO TIPOTPaMHHX JIOAATKIB,

po3pobIeHUX

3

BUKOPHUCTaHHIM TIpHUKIaJHOTO Tmakery Matlab Ta MoBm
nporpamyBanHs Java. Jlani, 0OpoOka SKUX 371HCHIOETHCS

3allpOIIOHOBAHOIO

iHpOopMaIiHHOIO

CHCTEMOIO,

30epiratorbest B 0a3i manux min ynpasiiaHsM CKBJI
MySQL.

CIIIIP cknamaeThes 13 B3aEMOIIOB I3aHUX IT1ICUCTEM
[11]:

1. Ilizcucrema 30mpaHHS NONEPEIHBOTO
ompamoBanHsa faaux (SCP). 36ip iHdopmanii mpo
MOTO/HI yMOBH, TEXHIYHI Ta EKOHOMIYHI ITOKa3HHUKH
obnmamHaHHA B Mepexi IHtepHer. JlaHi 30epiraroTscs B
SQL tabnuisx Ta BAKOPUCTOBYIOTHCS B HIIMX MOAYJISIX.

Ta

2. Iligcucrema aHamiTHYHOI OOpOOKHM JaHUX
(SAPD). BwusHaueHHs  @JIbTEPHATHBHUX  CTPYKTYD
IFECBJIE, ix TexHIKO-€KOHOMIYHHMX TIapaMeTpiB 3

BUKOpHCTaHHIM Matlab, BU3Hau€HHSI MHOKHH KPUTEPIiB.
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3. Iixcucrema ¢opmyBanHs pimens (DM). Orminka

aIbTEPHATUBHUX MIPOEKTHUX pileHs, KiHIIeBE
(opMyBaHHS ONTHMAJILHOTO PillICHHS.
4. TIlincucrema  30epiranns  ganux  (SDS).
®opmyBaHHs 6a3u 1aHux Ha ocHOBI nanux SCP ta SAPD.
5. [Mincucrema Bizyaurizamii JIaHUX.
BukopucroByetbest  web-iHTepdeiic,  depes  sKui

KOPHCTYBa4i OTPUMYIOTb HOCTYH JIO CHCTEMH Ta
c(OpMOBAHOTO  pIIICHHS, IO TNPEACTaBIsIE COOOK
TEXHIKO-€KOHOMIYHE  OOIPYHTYBaHHS  ONTHMaJIbHOTO

Bapianty ['ECBJIE i3 3a3HaucHHsM BHIY Ta KITBKOCTI
ycranoBok BJIE, a Takok KopHCTyBau OTPUMYE IMEPETiK
NPOPaH)XOBAHNX aJbTEPHATUBHHUX DIillleHb, HAWOIMIKIUX
JIO ONITUMAJIbHUX.

Cepeep a3 1annx

2]

CKEBJ1 MySQL

2]

Matlab Data

Cepgep nonatkis

[liacmerema 30HpaHHR

g ]

Migenerema ananiTHanol

ra nonepeaHbLoro
ONpalHBAHHA JAHHX

ODpPODKH TaHHX

[Mincucrema popmyBannn E

pilens

[Mixencrema sizyanizauii E
AAHUX

1K kopucrysaua

bBpayiep E

Puc. 8. 3aransna apxirexrypa CIIIIP

Takum  yuHOM, 3ampomoHoBana  CIIIIP €
MIPOTPaMHAM Web-OpiEHTOBAaHMM JOJATKOM MiITPUMKH
NPUHHATTS pilleHb NPH IUIaHyBaHHI €Hepro3ade3rnedyeHHs
OyniBesb 3 BUKOPHUCTAHHSM BiTHOBITIOBAIBHUX IDKEpeEIl
eHeprii.

BucHoBkH

VY pe3ymbTaTi MPOBEACHOIO CHCTEMHOIO aHami3y
MPOLIECY IUIaHYBAHHS CTPYKTYPH €HEPrOCHUCTEMH OYJI0
mo0y1oBaHo (YHKIIOHAJBHI MOJAETI MPOIECiB, sIKi

Cnucok Jitepatypu

3a0e3neuyroTh iHQOpMaNiiHy WIATPUMKY TPUHHATTS
pillieHb TIPH [UIAHYBAHHI CTPYKTYPU EHEPTOCHCTEMH.

[pencraBnero (hyHKIIOHATBHI Mozei Ta
aNnropuTMiyHe 3a0e3leveHHs peaiizamii 3amgad mporecy
300py Ta oOpoOkM iH(popMallii, BU3HAYCHHS 3arajibHOi
KIJIBKOCTI  aJbTEepHATUB  Ta  TEXHIKO-€KOHOMIYHHX
napameTpiB, (OPMYBaHHs PINICHHS IIOJ0 ONTHMAaIbHOT
CTPYKTYPH €HEPreTUYHOT CUCTEMH.

Hageneno (yHKIIOHATEHY MOJIENIb Ta OIMKC CTaIliB
po3pobiienoi mpukiaagHoi  iHGOPMAIHHOT TEXHOJOTIT
MIATPUMKH ~ TPUAHATTS  pilleHb [pH  IUIaHYBaHHI
CTPYKTYPH €HEPreTHYHOT MEPEeXi.
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NHO®OPMALMNOHHASA TEXHOJIOI'US IIVTAHUPOBAHU A
SHEPTOI'OBECIEYEHUA 3JAHUN C BO3OBHOBJISIEMBIMUA UCTOYHUKAMUA
JHEPI'UHU

OpmHEM U3 CIOCOOOB peaM3alliy MOJUTHKH SHEProd(EKTHBHOCTH SIBISETCS pa3paboTka M BHEAPEHHE SHEProcOeperarommx
TEXHOJIOTHH ITyTeM yBEINYCHHUS JTOIH UCIIONB30BaHMS BO30OHOBIISIEMBIX HCTOYHUKOB SHEPTUH. DHEProoOecedeHne 31aHnil 3aBUCHT
OT HAJIWYMS aKKyMYJISITOPHBIX OaTapei, CONHEYHBIX MaHeNeH, BETPOreHepaTopoB U MX KOMOMHAIMH B CTPYKTYPE PHEPTeTHYECcKOil
CHCTEMBI, KOTOpBIE OOecHednBaroT morpedienue B xoszsiictBe. IIpu moctpoeHmn MakcnMmanbHO A(P(EKTHBHON PHEPrOCHCTEMEL,
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HEOOXOIMIMO OTIEPHPOBATH OOJIBIINM KOJIUYECTBOM Pa3pO3HCHHBIX JaHHBIX O TOTCHIMAJIEC YHEPreTUIECKOr0 pecypca B KOHKPETHOM
MECTHOCTH, BapuUaHTaX COCTABHBIX YacTel CUCTEMbI, BO3MOXKHOCTH COBMELICHMS C JAPYTUMH PErHOHAIBHBIMU CETSIMH C Y4ETOM
BHEIITHUX YCJIOBUI (MEHSIFOIIHECS MMOTOHBIC TaHHBIC, BPEMEHH r'oJia, MPOMYCKHBIC MOIIHOCTH BYHEIIHUX ceTell u ap.). Kpome Toro,
pCIlicHHEe 3aBHCUT TaKXKe OT CYOBEKTHBHBIX (DaKTOpPOB, KOTOPBIC MOJDKHBI OBITH HICHTH(HIMPOBAHBI U BKJFOUCHBI B IPOIECC
wtaHupoBanus. [losTomy mporecc mIaHUPOBaHUS YHEProOOECIEUCHHUS 3aHUI ¢ BO30OHOBIIEMBIMU HCTOYHUKAMH 3HEPTHU TpeOyeT
co3anusgd MHGOOPMALMOHHBIX CHUCTEM IMOJACPKKU MPUHATHSA PEIICHHUH, KOTOPBIE JAI0T PEKOMEHJAIMU [0 BBIOOPY COCTABISIOIIUX
eHeprocutemsl. IlpeqMeTomM TaHHOTO MCCIEAOBAHUS ABISETCS WHPOPMAIMOHHAS TEXHOJOTHUS IUIAHHUPOBAHHS >HEProolecredeHus
30aHUM C BO30OHOBISIEMBIMH HCTOYHHMKaMHU dSHepruu. Lleaplo nanHO#l paGoThl moOBbIIIeHHS S(PPEKTHBHOCTH pEIICHUH IpU
IUTAHUPOBAHUH CTPYKTYPHI YHEPTETHUCKOW CHUCTEMBI 32 CYET CO3JaHUS HH(MOPMAIMOHHON CHUCTEMBI JUIS TOMJICPKKUA TPHHATHUS
pemennii. 3agayaMm  VICCICIOBAHHS SIBISACTCS IOCTPOCHHUE WH(POPMAIMOHHON TEXHOJOTHH, MOJICITHPOBAHHE TIPOIIECCOB,
MPOTEKAIOUIMX IPU  [UIAHUPOBAHUU  CTPYKTYpPhl ~ DHEPrOCHUCTEMBI, MPOCKTHPOBAHHE  APXUTEKTYphl  COOTBETCTBYIOIIEH
WHPOPMAITMOHHOHN cHCTeMbl. [Ipy pemeHnH TOCTaBICHHBIX 3a/lad OBUIM HCIOJNB30BaHBI METOJOJOTHS CHCTEMHOTO aHaIM3a JUis
(dhopmanHu3auK MpoIeAyphl TUIAHUPOBAHUS YHEPTETUICCKOUW, METOBI CTPYKTYPHOTO aHANN3a U ()YHKIMOHAIBHOTO MOJICIUPOBAHUS
MHGOPMAIIOHHBIX CUCTEM Ul MOCTPOCHUS CTPYKTYPHO-(YHKLIMOHAIBHBIX MOJENel mporecca IaHupoBaHus. g peanmmsanuu
MIPEIOKECHHONW M MHPOPMAIIMOHHOW TEXHOJIOTHH MOICPKKH MPUHATHA PELICHUH NpHU IJIAHUPOBAHUHM SHEPTOOOECICUeHUS 3AaHIH
pa3paboTaHa cucTeMa MOIACPKKU NPUHATHUS PCIICHWH, pealn30BaHa B BHJE NPOIPAMMHOTO BeO MPUIOKEHHUS C TPEXypOBHEBOMH
KJIMEHT-CEPBEPHO apXUTEKTypoii. VICoabp30BaHIe CUCTEMBI MOJICPIKKU PHHATHS PEIICHHUI TTO3BOIISIET MOBBICHTH Y(P()EKTUBHOCTH
MIPUHSTHS PEIICHUH TP IUTAHUPOBAHUH SHEPro0OeCIICUeHHS 3[aHNH 10 UCIIOJIb30BAHUIO BO30OHOBIISIEMBIX HCTOUHIKOB SHEPTHU.

KnwoueBbie cioBa: mHpOpMaMOHHAS TEXHOJOTHWs, 3ajada IUIAHUPOBAHUS SHEProoOeCIeYCHUs 3aHui, BO300HOBIIIEMbIC
HUCTOYHUKY SHEPTUU, CUCTEMA TOJICPIKKHU MPUHITHUS PEILICHHH.

INFORMATION TECHNOLOGY OF PLANNING POWER SUPPLY OF BUILDINGS
WITH RENEWABLE ENERGY SOURCES

The way to implement energy efficiency policies is to develop and implement energy-saving technologies by increasing the share of
renewable energy sources. The energy supply of buildings depends on the availability of batteries, solar panels, wind generators and
their combination in the structure of the energy system that provide consumption in the household. During constructing the most
efficient energy system, it is necessary to operate with a large number of disparate data of the potential of the energy resource in a
particular locality, the variants of the component of the system, the possibility of combining with other regional grids, and taking into
account external conditions (changing weather data, seasons, capacity of the external grid, ). In addition, the decision also depends on
subjective factors that need to be identified and included into the planning process. Therefore, the process of planning the energy
supply of buildings with renewable energy sources requires the creation of information support systems for decision-making that give
recommendations on the selection of the components of the energy system. The subject of this study is the information technology for
planning the energy supply of buildings with renewable energy sources. The aim of this work is to improve the effectiveness of
solutions when planning the structure of the energy system by creating an information system to support decision-making. The tasks
of the study are to build information technology, the processes modeling that occur during planning the structure of the energy
system, design the architecture of the appropriate information system. To solve tasks, the methodology of system analysis was used to
formalize the procedure for energy planning, and were used methods of structural analysis and functional modeling of information
systems for constructing structural and functional models of the planning process. To implement the proposed information technology
for decision support in the planning of energy supply of buildings, a decision support system has been developed, implemented as a
software web application with a three-tier client-server architecture. The use of the decision support system makes it possible to
increase the efficiency of decision making when planning the energy supply of buildings for the use of renewable energy sources.

Keywords: information technology, task of building energy supply planning, renewable energy sources, decision support
system.
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ENTERPRISE ECONOMIC SECURITY: ESSENTIAL CHARACTERISTICS OF THE
CONCEPT

The subject matter of the study is determining the essence of economic security. The aim is to systematize the approaches to the
interpretation of the concept “enterprise economic security”. The immediacy of the study is motivated by the lack of consistency, co-
ordination and common views on the discourse in this area, as well as insufficiently substantiated offers for implementing modern
methods and models of economic security management at all levels of economy. At the same time, despite a large number of
publications, there remain many unsolved problems in the management of economic security, which is the main component of
protection against threats, both at the state level and at the level of business entities such as enterprises and organizations. The
following methods of theoretical and empirical research were used: logical generalization — to substantiate the relevance of the topic,
the goals and objectives of the study, to determine the essential features of the problem; analysis and synthesis — to describe the
theories of economic security. Economic security of an enterprise gives rise to a company’s capability to develop, increase its
competitiveness and the competitiveness of its products, sustain its position on competitive markets, and characterizes the strength
and economic potential of enterprises to counteract the negative impact of the external and internal environment. At the same time,
the company’s economic security mirrors the conditions of its protection against any threats which are achieved due to the use of

existing and potential resources of the company in order to ensure its safe operation in the long run.
Keywords: economic security, enterprise economic security, approaches for determining the economic security essence, a
subject of economic activity, classification features of economic security.

Introduction

Materials and methods of research

In the context of constant environmental threats
modern business entities are increasingly facing problems
of ensuring the effectiveness of their activities, which is
caused by the fact that emerging phenomena and trends of
the development in the environment do not always have a
positive impact on the operation of economic entities.
Some changes in the environment result in dangers and
threats to an enterprise and, sometimes, act as catalysts for
deterioration of its condition. That is why the necessity to
protect enterprise activity as well as its position on
competitive markets, which consequently ensures the
economic security of business entities, is a logical
response to negative changes in the environment.

Analysis of literature sources and problem setting

The following methods of theoretical and empirical
research were used while considering the target problem:
logical generalization was in order to substantiate the
relevance of the topic, the goals and objectives of the
study, to determine the essential features; analysis and
synthesis were used in order to characterize approaches to
the definition of the essence of the concept of "enterprise
economic security”. The information and factual basis of
the study is monographs and publications of Ukrainian
and foreign authors as well as Internet resources.

The results of researching

Many scholars focused on the problem of
determining the essence of economic security, among
them are: V. Muntian [10], M. Kamlik [6], M. Bennikov
[2], B. Belokurov [1], D. Kovalev and T. Sukhorukova
[8], G. Kozachenko, V. Ponomarev and A. Lyashenko [9],
O. lllyashenko [5], E. Rudinchenko [14], and others.
Their researches reveal the essence of economic security,
factors that influence it, as well as approaches to
determining the essence of such concept as "enterprise
economic security".

Today, the problem of determining the essence of
economic security of an enterprise is characterized by a
great number of scientific ideas. Economic security of an
enterprise was considered just as a practical task some
time ago; so taking this fact into account we
should admit the lack of a unified approach of researchers
to the essence of the concept "enterprise economic
security".

The purpose and objectives of the study.
Considering the above, the purpose of the study is to
systematize approaches to the interpretation of the concept
of "economic security of an enterprise".

The economic security of an enterprise is a synthetic
category of political economy and political science, which
are closely linked to the categories of economic
independence and dependence, stability and vulnerability,
economic sovereignty and economic pressure, blackmail,
coercion and aggression [10, p. 351].

Discussion of the results

The term "economic security” was firstly used
during the Great Depression in the United States. At that
time, the idea of economic security was associated with
individuals, and actions ensuring it were directed at
harmonizing the social situation in the country and at
developing public retirement income system and social
insurance of the unemployed. In Ukraine, economic
security was firstly mentioned during the period of
independence. But today there are many definitions of the
concept “enterprise economic security” and a wide variety
of ideas as for the essence of this category.

For example, N. Gapan relying on the researches of
M. Kamlik [6, p. 9], S. Nikolayuk and D. Nikiforchuk [11,
p. 15], V. Shlikov [16, p. 138] states that the economic
security of an enterprise is a complex characteristic, which
means the level of protection of all types of enterprise’s
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potential against internal and external threats, which
ensures stable operation and effective development, and
also requires business administration management [3].
L. Yurovich considers the company’s economic security
as the protection of the enterprise against negative impacts
of external and internal environment, the ability to
eliminate various threats quickly or adapt to external
conditions without negative consequences for the
enterprise [17]. The author refers to the scientific works of
N. Kapustin and M. Bendikov. N. Kapustin proves that the
economic security of an enterprise is a set of factors that

provide independence, stability, ability to progress under
destabilizing factors [7, p. 19]. According to M. Bendikov,
the economic security of the enterprise represents the
protection of its scientific, technological, production and
personnel potential against direct and indirect threats [2,
p. 25].

At the same time, it should be noted that most
scholars conclude that there is no single integrated
approach to the interpretation of the category of economic
security taking into account the wide range of opinions
regarding the definition of the concept (Table 1).

Table 1. Enterprise economic security: the essence of the concept

Author

Definition

V. Belokurov [1]

Competitive advantages caused by the correspondence of the material, financial, personnel,
technical and technological potential and the organizational structure of an enterprise to its
strategic goals and objectives

Business conditions under which the entity, using the corporate resources in the most efficient

O. Grunin o : o -
S. Grunin way, prevents or eliminates the influence of existing threats or other unforeseen circumstances or

i protects itself against them, and in general ensures achieving the main business objectives in the
[4, p. 37-38] . - S

conditions of competition and economic risk

D. Kovalev Protectability of a business entity from the negative effects of external environment, as well as
T. Sukhorukov the ability to eliminate quickly various threats or adapt to existing conditions that do not affect
[8, p. 48] its activities negatively

G. Kozachenko,
V. Ponomarev,
0. Lyashenko

Harmonizing in time and space economic interests of an enterprise with the interests of external
environment involved and their partial protection against threats

[9. p. 87]
. The process aimed at protecting the entrepreneurial structures and individuals whose activities

A. Odintsov - ; : L -

include elements of entrepreneurship against criminal competitiveness and other methods that
[12, p. 45-46] S : )

harm them due to violations of law and business ethics
E. Oleynikov The most effective use of corporate resources in order to prevent threats and to ensure the
[13, p. 138] sustainable operation of an enterprise at present and in future.
M. Fomina The most efficient use of resources in order to eliminate the threats and ensure the effective and
[15, p. 11] stable operation of an enterprise at present and in future.

O. lllyashenko states that a large variety of
definitions of the concept of "economic security of an
enterprise” is associated with the number of its attributes.
The author notes that various researchers used such terms
as conditions, needs, the ability of an enterprise, the
condition of its activities, the characteristics of activity
conditions or directly the enterprise activities to determine
these attributes [5, p. 33].

In order to disambiguate this concept, the
systematization of approaches to the definition of the
essence of the concept is suggested on the basis of
researches conducted by O. llyashenko [5] and Y.
Rudinchenko [14] (Fig. 1).

Considering table 1 and fig. 1 it should be noted that
the following definitions of “enterprise economic
security" can be attributed to several approaches, which
characterizes the phenomenon of economic security as a
complex interdisciplinary category and represents its
intrinsic qualities.

The economic security of an enterprise is a state of
the entity as an economic system in which it is capable to
respond adequately and prevent effectively all existing
threats, both internal and external. [5, p. 245]

According to [11, p. 205] the economic security of
an enterprise is defined as a complex category that
characterizes the ability of the systems created at the
enterprise to withstand the destabilizing effects of internal
and external factors in order to ensure the efficient use of

its resources (capital, personnel, technology, information,
technology, etc.), existing market opportunities
(competitiveness) , as well as fulfillment of other statutory
tasks in the current period and in the future.

There is also a concept such as "integrated system
for providing enterprise economic security”, which
includes a certain set of interrelated elements (measures of
organizational, economic and legal nature) that, when the
enterprise reaches the main objectives of the business,
provides its security against real or potential threats that
can lead to material losses.

The essence of the company's economic security is
to ensure its progressive economic development in order
to produce the necessary goods and provide services that
meet the needs of the enterprise and social needs.
Economic security of the enterprise manifests itself in
ensuring its stable activity, preventing the leakage from it
of any information.

The material basis of economic security of an
enterprise is its economic potential, which determines the
possibility of protecting the economic system from the
adverse effects of the internal and external environment.

The analysis of numerous external hazards and
threats, directions and objects of their actions, possible
consequences for business is associated with long-term
research. Nevertheless, each enterprise and, above all,
business managers, considering particular situation their
business face, should determine (predict) the most
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significant (dangerous) problems and develop a system of
measures to detect them timely, reduce their influence,
prevent them.

Economic security of the company is conditioned to
the interaction of various factors. Some factors for a
particular period of time can be considered definite (for
example, technical characteristics of fixed assets, humber
of employees, etc.). Others are subject to significant
changes over a relatively short period of time (eg
fluctuations in product prices, supply and demand levels,
level of investment activity, etc.). A number of factors can
not be precisely quantified. [19, p. 773]

External and internal factors can cause damage to
the economy of the enterprise in four cases:

1. The system of economic security of the enterprise
is constructed in such a way that it can not foresee a threat
to its occurrence.

2. The threat arose, but officials responsible for the
economic security of the company can not foresee it.

3. The threat is detected, but the management of the
company is not able to prevent its negative consequences

4. Enterprise management tries to solve the problem,
but its actions do not lead to a positive result [11, p. 205].

Since all factors are closely interrelated and have a
comprehensive impact on the processes of economic
security, enterprises need a comprehensive study of the
whole set of operating factors. A detailed analysis of the
conditions and factors of economic security allows the
company to develop measures for the formation of
mechanisms and systems of protection against dangers
and threats. The more developed other systems, the less
destructive forces that lower security parameters.

The essence of the approach

Protection from
unwanted threats

Protecting the business,
potential or interests from
unwanted threats

Protection of interests

Feature approach
protective
By imperative
concepts
stable

The company's ability to maintain such key

characteristics as stability and equilibrium

evolutionary

Recognition of factors of the environment is the main

driving force of the development and changes of the

enterprise

Focusing on processes that determine the level of
economic security of the enterprise

The most effective use of corporate resources

process
resource
[ A
i By object of g
. influence and object &~ . _ .\ .
1 n _ DT . competitive
i of protection S

Focusing on the availability of competitive
advantages

harmonization

Harmonization of the interests of the enterprise with
the interests of the environment

Fig. 1. Systematization of approaches to the definition of "enterprise economic security" [5, p. 40; 14, p. 20]

Conclusions

Thus, enterprise economic security determines the
company’s ability to develop, increase its competitiveness
and the competitiveness of its products, sustain its position
on competitive markets, and also characterizes the
strength and economic potential of enterprises to
counteract the negative impact of external and internal
environment. At the same time, the company’s economic
security mirrors the conditions of its security against any
threats that are achieved due to the use of existing and

potential resources of the company in order to ensure its
safe operation in the long run.

The increase of negative impact on the economic
security of entrepreneurship leads to negative social and
economic consequences (reducing volumes of production
(services), deteriorating competitive environment and
rising prices, increasing unemployment and decreasing
social protection of citizens, reducing tax revenues to the
budget, reducing the level of democratization of society as
well as entrepreneurial activity, and deterioration of public
attitude to the policy of public administration, etc.).
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Consequently, the economic security of an enterprise is a
combination of economic relations that arise to ensure
stability, sustainability of the interests of an enterprise with
the interests of the environment.

Citizens and their associations should also support
economic security. Moreover, their actions should be
extensively encouraged by the state. However, active

impossible without understanding its importance and
without proactive attitude to life. In fact, the Constitution
of Ukraine clearly states that, along with protecting the
sovereignty and territorial integrity of Ukraine, ensuring
its economic security is the most important function of the
state and a matter of concernment of the whole Ukrainian
nation.

participation of a citizen in ensuring economic security is

References:

1. Belokurov, V. The structure of functional components of the economic security of an enterprise [Struktura funktsyonal'nykh
sostavliaiuschykh ekonomycheskoj bezopasnosty predpryiatyia], available at: http://www.safetyfactor.ru.

2. Bendykov, M. (2000), "Economic security of an industrial enterprise (organizational and methodological aspect)"”, Consultant to
director ["Ekonomycheskaia bezopasnost' promyshlennoho predpryiatyia (orhanyzatsyonno-metodycheskyj aspekt)"”, Konsul'tant
dyrektora], No. 2, pp. 24-26.

3. Hapan, N. Economic security of an enterprise: the essence, content and basis of assessment [Ekonomichna bezpeka
pidpryiemstva: sutnist', zmist ta osnovy otsinky], available at: http://dspace.uzhnu.edu.ua/jspui/bitstream/lib/1145/3/98.pdf

4. Hrunyn, O., Hrunyn, S. (2002), Economic security of the organization [Ekonomycheskaia bezopasnost' orhanyzatsyy], St.
Petersburg, 160 p.

5. Illiashenko, O. (2016), Methodological principles of formation and functioning of mechanisms of the system of economic security
of the enterprise: dissertation [Metodolohichni zasady formuvannia ta funktsionuvannia mekhanizmiv systemy ekonomichnoi
bezpeky pidpryiemstva: dis...doctora ekonom. nauk], Sievierodonetsk, 606 p.

6. Kamlyk, M. (2005), Economic security of entrepreneurship. The economic and legal aspect: a manual [Ekonomichna bezpeka
pidpryiemnyts'koi diial'nosti. Ekonomiko-pravovyj aspekt: navchal'nyj posibnyk], Atika, Kiev, 432 p.

7. Kapustyn, N. (1999), "Economic Security of the Industry and Firms" ["Ekonomycheskaia bezopasnost' otrasly y fyrmy"], Biznes-
inform, No. 11-12, pp. 17-22.

8. Kovalev, D., Sukhorukova, T. (1998), "Economic security of the enterprise”["Ekonomycheskaia bezopasnost' predpryiatyia"],
Economy of Ukraine, No. 10, pp. 48-51.

9. Kozachenko, A, Ponomarev, V., Liashenko, A. (2003), Economic security of the enterprise: the essence and mechanism of

provision: a monograph [Ekonomycheskaia bezopasnost' predpryiatyia: suschnost' y mekhanyzm obespechenyia: monohrafyia],

Lybra, Kyev, 280 p.

Muntiian, V. (1999), Economic security of Ukraine: monograph [Ekonomichna bezpeka Ukrainy: monohrafiia], KVISh, Kyev,

464 p.

Nikolaiuk, S., Nykyforchuk, D. (2005), Security of business entities: course of lectures [Bezpeka sub'iektiv pidpryiemnyts'koi

diial'nosti: kurs lektsij], KNT, Kyev, 320 p.

Odyntsov, A. (2008), Economic and Information Security of Entrepreneurship: A Textbook for High Schools, 2nd edition, revised

and updated [Ekonomycheskaia y ynformatsyonnaia bezopasnost' predprynymatel'stva: ucheb. posob. dlia VUZov], Publisher

"Akademiya", Moscow, 336 p.

Olejnykova, E. (ed) (1997), Fundamentals of Economic Security (State, Region, Enterprise, Personality): A Training Manual

[Osnovy ekonomycheskoj bezopasnosty (Hosudarstvo, rehyon, predpryiatye, lychnost'): ucheb.-prakt. Posob], ZAO "Byznes-

shkola ™YntelSyntez", Moscow, 288 p.

Rudnichenko, Ye. (2014), Influence of subjects of customs regulation on the system of economic security of the enterprise:

dissertation pidpryiemstva [Vplyv sub'iektiv mytnoho rehuliuvannia na systemu ekonomichnoi bezpeky: dis...doctora ekonom.

nauk], Khmelnytskyi National University, Khmelnytskyi, 579 p.

Fomina, M. V. (2005), Problems of Economically Safe Development of Enterprises: Theory and Practice: Monograph [Problemy

ekonomichno bezpechnoho rozvytku pidpryiemstv: teoriia i praktyka: monohrafiia], Donetsk: DonDUET, 140 p.

Shlykov, V. (1999), Complex maintenance of economic safety of the enterprise [Kompleksnoe obespechenye ekonomycheskoj

bezopasnosty predpryiatyia], Ryazan, Aletejia, 145 p.

Yurovych, L. Economic security of an enterprise: the essence, factors of influence, main problems [Ekonomichna bezpeka

pidpryiemstva: sutnist', chynnyky vplyvu, osnovni problemy], available at: http://ena.lp.edu.ua:8080/bitstream/ntb/4894/1/95.pdf

Bukowiz, W., Williams, R. (2000), "The Knowledge Management Fieldbook", London, Financial Time, Prentice Hall, pp. 71-72.

Fitzenz, J. (2001), Rentownos¢ inwestycji w kapitaZ ludzki, Oficyna Ekonomiczna, Krakow, p. 23.

10.
11.

12.

13.

14.

158
16.
17.

18.
19.

Received 20.06.2017

Bioomocmi npo asgmopis / Ceedenus oo asmopax / About the Authors

ABanecoBa Hina EnayapaiBHa — KaHIMIAT EKOHOMIYHMX HAyK, [OIEHT, XAapKIBCbKUA HAIIOHAIGHUA YHIBEpCHTET
OymiBHHIITBA Ta apXiTeKTypd, npodecop kKadempu QiHaHciB Ta kpeauTy, M. XapkiB, Ykpaina; e-mail: ninelka28@gmail.com;
ORCID: 0000-0003-3636-9769.

ABanecoBa HuHa DnayaproBHa — KaHAWIAT SKOHOMHYECKHX HAyK, JOLEHT, XapbKOBCKHI HAIIMOHATBHBIA YHHBEPCHUTET
CTPOMTENBCTBA U apXUTEKTYpHI, Tpodeccop kKadeapsl GUHAHCOB U KpeauTa, r. XapbkoB, Ykpauna; e-mail: ninelka28@gmail.com;
ORCID: 0000-0003-3636-9769.

Avanesova Nina — PhD. (Economics), Associate Professor, Kharkiv National University of Construction and Architecture,
Professor of the Department of Finance and Credit, Kharkiv, Ukraine; e-mail: ninelka28@gmail.com;
ORCID: 0000-0003-3636-9769.

Yynpin €Bren CepriifoBuy — XapkiBChbkuil HalllOHAIBHUI YHIBEpPCHTET OYIiBHHMITBA Ta apXiTEKTYpH, CTYAEHT Kadeapu
¢binancis ta kpeauty, M. Xapkis; Ykpaina; e-mail: rmchuprin@gmail.com; ORCID: 0000-0001-8386-8689.

101



https://en.wikipedia.org/wiki/Sievierodonetsk
http://ena.lp.edu.ua:8080/bitstream/ntb/4894/1/95.pdf

ISSN 2522-9818 (print) Innovative technologies and scientific solutions for industries. 2017. No. 1 (1)

Yynpun Esrenmii CepreeBnd — XapbKOBCKMH HallMOHAIbHBIM YHHBEPCUTET CTPOUTEIBCTBA U apXHUTEKTYpPBI, CTYIEHT
kagenpsl GUHAHCH U KpeauT; I'. XapbkoB, Ykpauna; e-mail: rmchuprin@gmail.com; ORCID: 0000-0001-8386-8689.

Chuprin Yevhen — Kharkiv National University of Construction and Architecture, Student of the Department of Finance and
Credit, Kharkiv, Ukraine; e-mail: rmchuprin@gmail.com; ORCID: 0000-0001-8386-8689.

EKOHOMIYHA BE3IIEKA INIAITPUEMCTBA: CYTHICHA XAPAKTEPUCTHUKA
IHOHATTA

IpeameTom mociiKeHHS € IpoOIeMaTHKa BU3HAYCHHS CYTHOCTI €KOHOMIUHOI Oe3reku. MeTa MmoJisirae y CUCTeMaTH3allil miaXo/iB
JI0 TPAKTYBaHHs MOHATTS "€KOHOMIYHA Oe3reKa mianmpueMcTBa'”. AKTYalbHICTh TEMHU JAHOTO JTOCIIKEHHS 3yMOBJICHO BIJCYTHICTIO
CHUCTEMHOCTi, KOOPAMHOBAHOCTI Ta €JMHUX IMOTJISI/IIB CTOCOBHO KAaTErOpiMHO-MOHATIHHOIO amapaty y wHid cdepi, a Takox
OOTPYHTYBAHHS IPOIO3UILH 100 BIPOBA/KEHHSI CYYaCHHUX METOMIB Ta MOJEJICH YNpPaBIiHHSI CKOHOMIYHOI OE3IMEeKO0 Ha BCiX
piBHSX eKOHOMiKU. Pa3oMm 3 THM, He OUBISYMCH HA BENUKY KIUIBKICTh MyOINiKaIii, 3aiuInaeTbcs 0araro HEBUPIMIEHUX MpoOJieM
YIPaBIIiHHSI €KOHOMIYHOI OE3IMEKO0, sIka € OCHOBHOIO CKJIQJIOBOIO 3aXUCTY BiJl 3arpo3, sIK Ha PiBHI Iep»KaBH, TaK i Ha piBHI Cy0’€KTiB
TOCIIOJIAPIOBAHHS — MIANPHEMCTB 1 oOprasizamiid. Y craTrti Oyjlo BHKOPHUCTAaHO TaKi METOAM TCOPETHYHOrO Ta EMIIPHYHOTO
JTOCHIJDKEHHS: JIOT1YHOTO y3aralbHEHHS — JIJIsl OOTPYHTYBaHHS aKTyaJlbHOCTI TEMH, METH 1 3aBJIaHb JTOCII/DKCHHS, JJISI BH3HAYCHHS
CYTHICHHX O3HAaK; aHaJ3y Ta CHHTE3y — I XapaKTepHUCTHKH Teopili ekoHoMiuHOI Oesnekn. ExoHomidHa Oesmeka mianmpueMcTaa
00YMOBJTIOE 3AAaTHICTh MIAMPUEMCTBA JI0 PO3BUTKY, MiJIBUILECHHS HOT0 KOHKYPEHTOCIPOMOKHOCTI Ta KOHKYPEHTOCIIPOMOKHOCTI HOTO
MPOYKIIii, 30€pe)KEHHsS BJIACHOI TO3MII Ha KOHKYPEHTHMX PHHKAX, a TaKOX XapaKTepU3ye CHIY W EKOHOMIUHHH MOTEHINa
MiIPUEMCTBA TIPOTHCTOSITH HETAaTUBHOMY BIUIMBY 30BHIIIHBOTO Ta BHYTPIIIHBOTO CepelOBHUINA. Y TOW jKe yac eKOHOMIYHa Oe3reka
MiANPUEMCTBA BiIOOpaXkae cTaH HOTO 3aXHUILEHOCTI Bif OyAb-SKUX 3arpo3, SIKHH JOCSTA€ThCS 32 paXyHOK BUKOPUCTAHHS HAasBHUH 1
MOTCHIIIHHUX PECYPCiB MiANMPUEMCTBA 3 METOIO 3a0€3MeucHHs Horo 0e3neyHoro GyHKIIOHYBaHHS Y IOBFOCTPOKOBIH MEPCIICKTHBI.

Karwuosi cioBa: ekoHOMiuHa Ge3reka, EKOHOMIYHA Oe3reKa MiANMpPUEMCTBA, MiXOIU 10 BH3HAYCHHS CYTHOCTI CKOHOMIYHOT
0e3meku, cy0’eKT rocoapCehKoi isIbHOCTI, Kiacu(iKaliiHi 03HAKH EKOHOMIYHOT OC3MEeKH.

IKOHOMUMNYECKASA BE3OITACHOCTbDB ITPEAIIPUATHA: CYIHHOCTHASA
XAPAKTEPUCTUKA NIOHATUSA

IIpeameTom ncceI0BaHus SABISIETCS NPOOIEMaTHKA ONPEIEICHNS CYIIIHOCTH SKOHOMHUYeCKoil 6e3omacHocTh. esb 3akioyaercs B
CHUCTEMATH3allMd TOAXOJOB K TPAKTOBKE TOHATUS 'DKOHOMHYECKass OE30MacHOCTh MpennpusaTHsa’. AKTYaJbHOCTh TEMbI
HCCIIeIoBaHusl 00YCIIOBJICHAa OTCYTCTBUEM CHCTEMHOCTH, CKOOPIMHHUPOBAHHOCTH M €AMHBIX B3IVISOB OTHOCHTEIBHO KaTETOPUITHO-
MIOHATUIHOTO ammapara B 3TOH cdepe, a Tarke 0OOCHOBaHHS HPEUIOKESHUH 110 BHEPCHUIO COBPEMEHHBIX METOJOB M Mojeneit
YIpaBJIeHHs] YKOHOMHUYECKOH 0e30IacHOCTBI0 Ha BCEX YPOBHIX JKOHOMHKH. Bmecte ¢ TeM, HECMOTps Ha OOJIBIIOE KOJIMYECTBO
IyOJIMKAIMH, OCTAeTCsl MHOTO HEpEUICHHBIX IPOOJIeM YIpaBICHUS YKOHOMHUYECKOH 0e30macHOCTBhIO, KOTOpasl SIBISIETCS OCHOBHOI
COCTaBJISONLICH 3alUTHl OT Yrpo3, KaKk HA ypOBHE IOCYJIapCTBAa, TaK M Ha ypOBHE CyOBEKTOB XO3SHCTBOBAHHSA — HPEIANPUATHH U
opraHuzanuii. B crarbe ObUIM HCTIONB30BAHBI CICAYIOIIHE METObI TEOPETHYECKOTO U SMIUPHYECKOTO HCCICAOBAHNUS: JIOTHYECKOTO
0000mmeHns — 11 000CHOBaHUS aKTYaJbHOCTH TEMBbI, LEIH U 3a/ia4 HCCICAOBAHMUS, JUIS OINPEEICHUs CYIIHOCTHBIX HPH3HAKOB;
aQHANIM3a W CHHTE3a — Ul XapaKTEePHCTUKH TEOPUH 3KOHOMHYECKOIl 0e30macHOCTH. DKOHOMHMYECKas 0€30MacHOCTh MPEANPUSTHS
00yCIIOBINBACT CIIOCOOHOCTh MPEIIPHATHS K Pa3BUTHUIO, TIOBBIIIEHHE €r0 KOHKYPEHTOCIIOCOOHOCTH U KOHKYPEHTOCIIOCOOHOCTH €ro
MIPOJIYKIIMH, COXpPAaHEHHE COOCTBEHHOW ITO3MIMHM Ha KOHKYPEHTHBIX PBIHKAX, a TaKKe XapaKTepH3yeT CHIYy M IKOHOMHYECKHI
MOTEHIMAIT TIPENPUSATHS TIPOTHBOCTOSITH HEraTHBHOMY BJIMSHHMIO BHEIIHEW M BHYTPeHHeW cpenpl. B ToO ke BpeMsi IKOHOMHUECKast
0€30MacHOCTh MNPEANPHUATHS OTPAXAET COCTOSHHE €ro 3alUIIEHHOCTH OT JI0OOBIX Yrpo3, KOTOPBIA JOCTHraercs 3a cyeT
UCIOJIb30BAHMS  CYIIECTBYIOIIMX W TMOTCHIHAIBHBIX PECypcOB MPEANpHATHS C Ledblo  obecredeHus ero 6e30macHoOro
(GYHKIIMOHUPOBAHUS B JIOJITOCPOYHOM MEPCIICKTHBE.

KioueBbie cjoBa: SKOHOMUYECKas 0e3011acHOCTb, IKOHOMHUYECKas: 0E30MaCHOCTh MPENPHUSTHS, TTOJX0/bl K ONpPEISICHHIO
CYIHOCTH KOHOMUYECKOI 0€30MacHOCTH, CYOBEKT X03HCTBEHHOIT JIEATENbHOCTH, KIaCCH()UKAIIMOHHBIC TPU3HAKH SKOHOMHYECKOH
0€30I11aCHOCTH.
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ENSURING PERSONNEL SECURITY OF INDUSTRIAL ENTERPRISES UNDER
CONDITIONS OF ENVIRONMENTAL CONFLICTS

The subject of research of the article is theoretical and methodological approaches to the personnel security of enterprises of the
industry provision in a conflict environment. The goal is the substantiation of scientific and theoretical provisions and development of
practical recommendations for improving the provision of personnel security for industrial enterprises in a conflict environment.
Objectives: the essence and the basic elements of personnel safety of the enterprise as object of management in the conditions of
occurrence of conflicts are defined; of the system of indicators of the assessment of the state of personnel security at industrial
enterprises is analysed; the indicators of the assessment of the personnel security status have been researched, the personnel safety
profiles have been constructed on the example of industrial enterprises; an integral index of the personnel security of industrial
enterprises is defined; ways of countering threats to ensure personnel security of the enterprise are improved. It is used general
scientific methods, such as: system analysis, structural analysis, methods of financial and economic and statistical analysis, graphical
and analytical methods for visualization of research results. The following results are obtained. The article presents the methodical
approach developed by the authors to the definition of the integral index of personnel security of enterprises of the industry, which is
based on a comprehensive assessment of the indicators of financial and economic activity of enterprises and indicators of the
personnel system efficiency. By organizing indicators for assessing the status of personnel security, 32 indicators have been selected
based on the components of personnel security, namely, socio-motivational safety, occupational safety, non-conflict security and
safety of life. The personnel security profiles of the enterprise were built and the group of industrial enterprises was grouped
according to the profile of personnel security with interval characteristics, taking into account the state of personnel security in a
conflict environment. The applied part was realized by performing calculations using the example of the industries of the Kharkov
region selected for research. Conclusions. The article investigates the system of personnel security and the basis of its provision at the
enterprises of the industry. The authors analyze different approaches to the interpretation of the category "personnel security” and
proposed their own definition of this concept. Personnel security is considered as a synthetic category of economic theory, personnel
management, sociology of management and labor economics, and is defined as the activity to create conditions for the stable
functioning and development of an enterprise, which ensures the protection of the interests of the enterprise from the risks and threats
associated with its own personnel and the personnel themselves from internal and external threats such as blackmail, revenge on
competitors, attacks on the lives and health of employees etc. Based on the conducted calculations, the existing level of personnel
security was analyzed and the recommendations for countering the threats to personnel security have been developed on the example
of selected enterprises for the Kharkiv region industry. The proposed measures allow to increase the efficiency of the activity and
reduce the risks from the criminal actions of employees.

Keywords: personnel security, conflict environment, industrial enterprises, integral indicator of personnel security of
enterprises of the industry, personnel security provision, personnel security profiles of the enterprise.

Introduction adaptive solutions aimed at tackling staff misdoings under

conflict environment.
Therefore, the study of issues related to ensuring
personnel security of enterprises in the context of conflict

Under conditions of integration of Ukrainian
economy into the world economic space, the priority is

given to ensuring the economic security of enterprise
operation, the protection of enterprises and capability to
meet internal and external influences and threats related to
personnel. Changes in the external and internal
environment of an enterprise caused by the globalization
of markets are characterized by shifts in job structure and
employee demographics, by focusing on high income of
owners, rapid and continuous organizational and
technological changes, by the increase of a number of
collective labour disputes and the rise of the level of
responsibility of enterprise managers for self-made
managerial decisions. Negative changes in the increase of
risks and threats related to personnel lead to the
appropriateness of improving the process of personnel
security ensuring, which is determined as the capability of
an enterprise to prevent risks and threats associated with
personnel, its intellectual potential, the organization of
labour, and labour relations in general.

According to the data of Grant Thornton
International Business Report, nowadays more than 40%
of companies suffer from economic crimes, losing as
much as 7% of their profits as a result of plundering; that
means that the management constantly have to make

environment is relevant and timely.

Analysis of literary sources and problem statement

Personnel security has always been a sophisticated
and many-sided concept. Reputed foreign and Ukrainian
scientists contributed greatly to the study of the theory and
practice of personnel security, among them are: O.
Baranovsky, I.Blank, V. Heyets, R. Datsko, O. Zakharov,
M. Kamlik, N. Kizim, T. Klebanova, I. Mahonich, V.
Muntian, G. Nazarova, V. Ponomarev, 1. Pisarevsky, P.
Pygunov, Y. Rudnichenko, V. Sidak, A. Semenchenko, V.
Franchuk, O. Chernyak, S. Scarlet.

Theoretical and practical studies conducted by
Ukrainian and foreign scientists make it possible to
conclude that some issues of personnel security analysis
of an enterprise are not sufficiently worked out, there does
not exist the agreement in selecting indicators that
comprehensively characterize the level of personnel
security and its impact on the enterprise efficiency; due
attention is not paid to the development of personnel
security system of an enterprise.

Thus, N. Schwett considers the organizational
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security as the state of the organization’s protection
against risks and threats associated with personnel [1].

According to M. Petrov, personnel security is such a
state of an organization as a social community and an
individual within the organization where natural,
economic and social environment as well as the internal
context of a person do not have any negative impact and
cannot cause any harm [2].

I. Chumarin defines personnel security "as a process
of preventing negative effects on the company’s economic
security caused by risks and threats associated with
personnel, its intellectual potential and labour relations in
general" [3]. T. Vetoshkina, N. Kurshakov share this
opinion. According to this approach, personnel security is
considered as a process, that is, a set of certain stages that
enable analyzing this activity as an interdependent chain
of elements as well as formalizing theoretical models. A.
Jobava and O. Chernyak reveal the concept of personnel
security considering its goals: "personnel security is a set
of procedures aimed at preventing illegal actions or
assisting them from the side of the personnel of an
enterprise™ [4]. L. Goncharenko relates problems of the
development of staff resources of an organization and
ensuring personnel security, and considers personnel
security as "the protection of social progressive interests
of an organization in developing and improving its human
capital, supporting an effective system of human resources
management and minimizing the risks of the company
related to its staffing component™ [5, p. 365].

V. Heyets considers personnel security as a legal and
informational support of the personnel management
process: solving legal issues of labour relations, preparing
regulatory documents that manage them, providing all
units of personnel management with necessary
information [6].

A. Myryushchenko considers the personnel security
of a company as the activity aimed at creating conditions
for a company’s operation which ensure the protection of
the company’s interests against risks and threats
associated with its own personnel [7]. This idea differs
from other ones by the fact that personnel security is
considered as an activity aimed at maintaining a
guaranteed security of an organization. However, the
author’s position regarding the result of security which is
defined as "the guaranteed protection of the interests of an
organization™ as well as regarding the subject of security
which guarantees such a result remains unclear.

The definitions suggested by L. Lyubavsky and D.
Belyaykin have similar shortcomings; these authors
consider personnel security of an organization as a proper
degree of its protection against any threats associated with
its personnel [8, p. 12].

Such authors as M.O. Kizim and T. S. Klebanov
consider personnel security as a state of protection of
social progressive interests of an organization in
developing and improving its human capital, supporting
an effective system of human resources management and
minimizing the risks of the company related to its staffing
component [6].

A. Kybanov gives the most complete definition
considering personnel security as "the general direction of
personnel work, a set of principles, methods, forms of the

organizational mechanism for processing goals and tasks
aimed at preserving, strengthening and developing
personnel resources, at building a responsible and high-
performance cohesive team capable to react timely to
constantly changing market requirements taking into
account the organization’s development strategy" [9].

Summing up, personnel security should be defined
as an activity aimed at creating conditions for stable
operation and development of an enterprise which ensures
the protection of the interests of an enterprise against risks
and threats associated with its own personnel, and the
personnel against internal and external threats, such as
blackmailing, labour pirating, attacking the lives and
health of employees, etc. It is a synthetic category of
economic theory, human resources management,
sociology of management and labour economics.

The analysis of personnel security definitions makes
it possible to make a number of conclusions, namely: the
necessity of personnel security is linked with the high
level of reliability and scale of both property and non-
property losses of a modern enterprise, and the causes of
these losses are directly related to its personnel; most
researchers associate the process of ensuring personnel
security with the process of protecting the interests of an
organization against threats coming from its staff.

Within the considered approaches, threats to the
security of an organization from the personnel side are
detailed, while threats to the safety of employees are not
highlighted; approaches to ensuring the safety of
personnel are often limited to solving the issues of their
physical protection that means the protection against
threats and attacks "from outside™ (blackmailing, labour
pirating, attacking the lives and health of employees).

Particular attention is paid to the external
environment of enterprises operation that is characterized
by a significant number of conflicts at all levels of the
hierarchical structure, unfair competition, rapid growth of
inflation, ineffective state regulation of economic
processes. All these factors finally lead to extreme
variability and uncertainty of external environment, and,
consequently, to unpredictable and absurd actions taken
by the representatives of the internal environment of an
enterprise.

Defining the objects and subjects of personnel
security, it should be noted that employees of an
enterprise in this case can be positioned simultaneously
both as objects and subjects of potential threats. An
employee of an enterprise may be subject to such threat
from the side of a competitive opponent if he is prone to
damage the confidence of the employer releasing
confidential information. Various methods may be used
for this purpose (bribery, blackmailing, etc.). If an
employee accepts an offer of a competitive opponent of
his employer, his status automatically changes. This
employee is not the object of threat to personnel security,
he becomes its subject, while the object is the information
security of the organization. An exception from this rule is
the situation when property or non-property damage done
to the organization by its employee is not the result of
malicious intent, but irresponsibility, that is, ignoring the
employer’s requirements in the sphere of security.
Negative risks and threats associated with staff actions can
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also be considered as the object of personnel security. The
security of operation of the organization is ensured by a
set of measures of legal, organizational and technical
nature.

The purpose and tasks of the study

The purpose of the work is to give scientific and
theoretical grounds and to develop practical
recommendations for improving personnel security of
enterprises under conflict environment. In order to achieve
the set goal the following tasks should be solved: the
essence and basic elements of personnel security as an
object of management under conflicts should be
determined; the system of indicators of assessing the state
of personnel security at industrial enterprises should be
analyzed; the methodological approach to defining the
integral indicator of personnel security of industrial
enterprises should be developed; industrial enterprises
should be grouped according to the personnel security
profile of an enterprise; recommendations as for
counteracting to the threats to personnel security should
be developed for some enterprises of the Kharkiv region
that were selected as examples.

Materials and methods of research

In order to solve the tasks, the system of general
scientific and special research methods was used in the
work, in particular: methods of theoretical generalization,
system analysis, methods of comparative analysis,
financial economic and statistical analysis and graphical
analytical method.

Research results

The methodological approach to defining the
integral indicator of personnel security of industrial
enterprises is developed, which, unlike the available ones,
is developed by determining a considerable quantity of
features characterizing personnel security as a social and
economic phenomenon; by aggregating selected features
into one integral assessment, based on the theory of
"additive value"; by determining optimal, threshold and
border values of indicators; by using weighing coefficients
and normalized values of indicators. The informational
unidirectionality of indicators is realized by dividing them
into stimulants and disincentives; using the method of
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s 0,6 .

0,56148 N\

determine the
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main components is also involved in the study of the
original system of attributes.

The integral indicator of personnel security of an
enterprise is calculated according to the formula [10]:
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j

where b j — are weighing coefficients of staff security of

an enterprise.

The weighing coefficient of the j-th component is
determined by examining the media of the N-th number of
experts as the ratio of the score given by all the experts of
the specified component to the total score.

N
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where S, — is the assessment of the j-th component,

which was given by the n-th expert;

N — is a number of experts;

M — is a number of components of the personnel
security of an enterprise.

Indicators for assessing the state of personnel
security were systematized and 32 indicators were sorted
out; they are composed of the components of personnel
security, namely, social motivational safety, occupational
safety, anticonflict security and the safety of life.

The suggested methodological approach was tested
at some industrial enterprises of the Kharkiv region,
among them are PAT "Kharkiv machine-building factory
"Svilto shahtarya"", VAT "Turboatom", PAT "Kharkiv
bearing plant", PrAT "Kharkiv electric equipment
plant", PAT  "Kharkiv  electrical  engineering
plant "Ukrelectromash", PAT "Kharkiv tractor plan
named after S. Ordzhonikidze", KP "KhK.B.D.”,
PAT "Avtramat".

The obtained results show that according to the
Harrington scale, VAT "Turboatom” should be noted as
the company with a "high level of personnel security"
(numerical estimate = 0.6497), all other enterprises have a
"middle level of personnel security” (numerical estimates
lie within the interval from 0.37 to 0.62) (fig. 1).
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Fig. 1. Integral indicator of personnel security according to the components for the investigated industrial enterprises
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The conclusion is made that the dynamics of integral
indicator of personnel security should be considered. In
order to monitor the state of personnel security in the
course of time, personnel security profiles should be
created using a number of relevant indicators and
normative values of expert assessment points. Fig. 2
shows the example of the personnel security profile for
VAT "Turboatom" in 2014-2015.

In order to assess the state of personnel security
according to the personnel security profile of an
enterprise, the average value of the indicator according to
the average value of assessment points according to all
indicators without considering the weight of each one
should be determined.

a yearincreased by 8.49%)

Impa| Bala| Personnel security profile
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(+/-}|scord S 2 L0123
Coefficient of personnel tumover (is 0.03713 R
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Fig. 2. Personnel safety profile of OJSC "Turboatom™ for 2014-2015

On the basis of the performed calculations, industrial
enterprises were grouped according to the established
intervals of the values of the assessment points, taking
into account the maximum and minimum value;
recommendations for countering threats to personnel
security within the specified intervals were developed (see
tab. 1).

The obtained results indicate that most of the
investigated industrial enterprises entered the interval that
is characterized by the average level of personnel security
according to the average value of assessment points
(according to the personnel security profile), among them
are: PAT "Kharkiv bearing factory" (-0,471), PAT "Svitlo
shahtarya" (-0,471), PAT "Kharkiv electric equipment
factory" (-0,118), PAT "Kharkiv tractor factory named
after S. Ordzhonikidze" (0,471), which indicates a

relatively efficient management system and a stable
psychological atmosphere in the team. The best situation
with ensuring personnel security was recorded at VAT
"Turboatom" (2,118), which indicates a high level of
protection against unauthorized personnel actions. There
is also a rather stable situation as for ensuring personnel
security of the enterprise at KP "Kh.K.B.D."

The unstable state of personnel security was
recorded at PAT "Kh.ELEng.Plant Ukrelectromach"
(-0,706). The worst situation is observed at PAT
"Avtramat" (-2.176), which indicates that further
escalation of the problem may lead to the enterprise
bankruptcy and plundering financial and information
assets, and that proper measures for stabilizing the
enterprise security from the side of personnel are
necessary.
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Table 1. Grouping of industrial enterprises according to the personnel security profile of the enterprise

The state of - .
Interval personnel Enterprises Fhat entered the i-th Characteristics of the interval
- interval
security
Changes according to all indicators of personnel security have a
{—3 <X < —2,5} critical - \very negative trend, which can lead to the enterprise bankruptcy,
plundering financial and information assets
Enterprises in this sector are characterized by negative changes
PAT "Avtramat” in the indicators of production and economic activity, which
{—2,5 <Xp <], 5} low affect the level of personnel security: labour productivity is
(-2,176) R - L)
significantly reduced, labour intensity increases, labor costs are
reduced as well as average monthly wages, etc.
PAT "Kharkiv electrical Personnel security indicators mainly change in negative
engineering plant direction, the state of security of information resources is
=15<X; < . . R -
{ 15<x < 0’5} unstable "Ukrelectromach” unsatisfactory, some employees disagree with the actions of
(-0,706) management and are potential subjects of personnel insecurity
PAT (_IétLalef)lvF?ie_lrrTngfi?lcgory The enterprises are characterized by relatively efficient
o management system, the average level of staff loyalty (from
shahtarya" (-0,471), PAT .
B B " . " 40% to 70%), average staff turnover, low level of staff social
{-0,5<x,<-0,5}| average Kh.el,equip.plant )
" - security, average wages, stable level of corporate culture
(-0,118), PAT "Kharkiv tractor . .
development, low level of conflict and a stable psychological
factory named after S. atmosphere in the team
Ordzhonikidze" (0,471) P
Changes in the majority of personnel security indicators are
{0,5 <X5 < 1,5} normal KP "Kh.K.B.D." (0,765) mostly positive, staff is loyal, employees are socially protected,
confident in future job security and stable wages
Enterprises are developing, revenue from product sales, net
{L 5<xg <2 5} high VAT "Turboatom" profit and wages increase, but a number of conflicts decreases.
- g (2,176) The enterprise is protected against unauthorized actions from
the side of personnel
All indicators of personnel security without exception change in
{2.5 <Xz < 3} standard - a positive direction, the level of personnel security is at the
highest level
Conclusions assessment with the use of additive multiplicative function

On the basis of systematization of approaches to
definition of "personnel security” the essence and basic
elements of personnel security as an object of
management under conflict environment are defined.
Personnel security is considered as a complex multilevel
system that includes the personnel security subsystem.
The processes of interaction and confrontation of vital
interests of an employee and the employer with threats to
these interests, both internal and external, are continuously
taking place in this system. At the same time personnel
and the system of personnel management act as a source
of threats to personnel, and a guarantee of personnel
security is the balance of vital interests of all those who
participate in social and labour relations. Hence, personnel
security is represented as the state of the system of social
and labour relations between its participants (employer,
employees, state and other public institutions), which
ensures the possibility of full realization and protection of
their vital interests against external and internal threats
due to the balance of interests of each participant of these
relations as well as contributes to the efficient and
harmonious development of personnel resources.

By systematizing the indicators of assessing the state
of personnel security of an enterprise, the methodological
approach to assessing the state of personnel security of
industrial enterprises based on the integral indicator of

was developed; the peculiarity of this approach is the use
of methodological principles of selecting 32 indicators
according to the components of personnel security,
namely social motivational safety, occupational safety,
anticonflict security and the safety of life.

The methodological approach involves the use of
statistical data of enterprises, the method of questioning
employees and calculating according to mathematical
formulas in order to determine the quantitative values of
the suggested indicators for developing the system of
indicators of personnel security assessment of an
enterprise.

The integral index is obtained by aggregating the
selected features into one integral assessment on the basis
of the theory of "additive value"; by determining optimal,
threshold and border values of indicators; by using
weighing coefficients and normalized values of indicators.
Information unidirectional indicators are implemented by
dividing them into stimulants and disincentives, and also
by using the method of the main components for studying
the original system of attributes.

Some industrial enterprises of the Kharkiv region
were selected as the examples for testing the suggested
methodological approach. The obtained results prove the
fact that assessing and monitoring the level of personnel
security at industrial enterprises under conflict
environment are reasonable and practical. At the same
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time, the suggested procedures for improving the efficiency of activities and reducing risks caused by
personnel security system of industrial enterprises criminal activities of their employees.
according to the data of calculation enable increasing the
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3ABE3NEYEHHS KAJIPOBOI BE3NEKHU NINPUEMCTB IPOMUCJIOBOCTI B
YMOBAX KOH®JIKTHOI'O CEPEJOBHUIIIA

IMpeameToM [OCTI/DKEHHST B CTATTI € TEOPETHYHI Ta HAYKOBO-METOAMYHI MIAXOMM MO0 3a0e3MeyYeHHs KaapoBOi Oe3neku
iIPUEMCTB TIPOMHUCIIOBOCTI B yMOBax KOH(IIKTHOTO cepenoBuina. MeTa — OOIPYHTYBaHHSI HayKOBO-TEOPETHYHHX IOJIOXKEHB i
po3poOKka MpPaKTHYHUX PEKOMEHJALiH II0J0 YIOCKOHAJICHHS 3a0e3NeveHHs KajpoBOi OE3MeKH MiJNPUEMCTB MPOMHUCIOBOCTI B
yMOBaxX KOH(QUIIKTHOTO CEpelOBHUINA. 3aBAAHHM: BH3HAUCHO CYTHICTH Ta OCHOBHI €JIEMEHTH KaapoBOi Oe3MeKH IiANpHeEMCTBA SIK
o0'ekTa ynpapiHHS B yMOBaX BUHMKHEHHs KOH(JIIKTIB; 3[iiCHEHO aHaJi3 CHCTEMH IOKa3HHUKIB OL[IHKM CTaHy KaJpoBoi Oe3neku Ha
MiIMPUEMCTBAX POMHCIOBOCTI; TOCIIKEHI 1HMKATOPH OIIHKK CTaHy KaJpoBOi Oe3meku, mooyaoBani mpodisi KaapoBoi Oe3meKu Ha
NPUKIAAl MiAMPUEMCTB TPOMHCIIOBCTI; BHU3HAYEHO IHTErPAJbHUII MOKA3HMK KaJpoBOI OE3MEKH MiJINPHEMCTB IPOMHUCIOBOCTI;
BJIOCKOHANICHI NULIXM OPOTHIl 3arpo3aM miogo 3a0e3ledeHHs] KaapoBOi Oe3MeKd MiInpHeMCTBAa. BHKOPHUCTOBYIOTBCS
3araJbHOHAayKOBI MeTOAW: CHCTEMHHUIl aHaji3, CTPYKTYPHHI aHali3, METOAN (iHAHCOBO-EKOHOMIYHOIO Ta CTATUCTHYHOTO aHAINi3y,
rpadidHO-aHAMITHYI METOIM A Bi3yami3amil pe3ynabTaTiB Jocii/pkeHHs. OTpHMaHO Taki pe3yJbTaTH. Y CTaTTi NPEACTABICHO
pO3po0JIeHNiT aBTOpaMHM METOAMYHMI MiAXiZA [0 BHU3HAYCHHS IHTErPAIbHOTO IOKA3HMKA KaapoBoi OE3MeKH IiIMpHEMCTB
MIPOMHCIIOBOCTI, IO 0a3yeThbcss HA KOMIUICKCHIM OIHII ITOKAa3HUKIB (PIHAHCOBO-TOCIIONAPCHKOI MiSTIBHOCTI IiIIPUEMCTB Ta
MMOKAa3HUKIB e(eKTUBHOCTI poOOTH KaapoBoi cucremu. lllmsxoMm cucremarnzanii iHAWKATOPIB OLIHKH CTaHY KaJapoOBOi Oe3MeKH
BifiOpaHo 32 iHAWMKATOpH, IO CKOMIIOHOBAaHI 3a CKJIAJOBHMMHU KaJpOBOi OE3MEKH, a caMe COIlabHO-MOTHUBAIIHOI Oe3MeKH,
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npodeciiinoi Oe3nekn, aHTUKOHQIIKTHOI Oe3mekn Ta Oe3MekH JKUTTEAisUIbHOCTI. [loOymoBano mpodini kaxpoBoi Oe3mexn
MiANpUEMCTBA Ta 3MAIHCHEHO TPYyNyBaHHS MiANIPUEMCTB IPOMHUCIOBOCTI 3a mHpodiieM KaapoBoi Oe3meku 3 XapaKTEePUCTHKOIO
IHTepBaJIB 3a CTaHAMH 3a0e3NedeHHs KagpoBoi Oe3leKkd B yMOBaxX KOH(QUIIKTHOrO cepenoBumia. [IpukianHa 4acTWHa peanizoBaHa
[UISIXOM 3[IHCHEHHSI PO3paxyHKiB Ha MPHKIAAi OOpaHWX IS OCITIHKEHHS MiAPHEMCTB IIPOMHUCIOBOCTI XapKiBCHKOTO PETiOHY.
BucHoBkH. Y CTaTTi JOCTIHKEHO CHCTEMY KaapoBOi OE3MEKHM Ta OCHOBHU 1i 3a0€3MEYeHHs Ha MiJIPUEMCTBAX MPOMUCIOBOCTI.
ABTOpaMu TIpOAHATI30BAHO Pi3HI MiAXOIH 10 TPAKTYBaHHS KaTeropii "kaaposa Oe3rneka’ Ta 3alporoHOBaHO BIACHY Je(DiHIIII0 LEOTO
noHATTA. KagpoBa Oe3rneka po3risgaeThCsl K CHHTETHYHA KATEropiss €KOHOMIYHOI Teopii, YIMpaBIiHHS MEPCOHAJIOM, COLIOJIOTIT
YIPaBIiHHA Ta €KOHOMIKH AL, 10 BU3HAYAETHCS SK AiSIbHICTD [0 CTBOPEHHIO YMOB JUIs CTa01IbHOTO (DYHKLIOHYBAHHS 1 PO3BUTKY
MANPUEMCTBA, TIPH SIKii 3a0e3medyeThesl 3aXHINEHICTh IHTEPEeCiB MiIIPHEMCTBA BiJ PU3HKIB 1 3arpo3, IMOB'SI3aHUX 3 BIACHUM
MIEPCOHAJIOM Ta CaMOTO MEPCOHANY B BHYTPINIHIX 1 30BHINIHIX 3arpo3, TakWX SK [IAHTAX, IEPEMAHIOBAHHS KOHKYPEHTaMH,
TIOCSITAHHS HA JKUTTA 1 37J0pOB's CIIiBpOOITHHKIB 1 T.11. [Ipn npoBeneHHi aHanizy 341HCHEHO OIIHKY HAsBHOTO PIiBHS KaJpOBOi Oe3neKH
Ta HAJAHO PEKOMEHMAIIl M0N0 YAOCKOHAICHHS IpOIecy INpOTHAIl 3arpo3aM KaapoBii Oesmeri Ha mpukiaai oOpaHHX It
JIOCITIKEHHS IiIPHEMCTB MPOMHCIOBOCTI XapKiBChbKOTO periony. OTpuMaHi pe3yabTaTd MOKYTh OYTH BHKOPHCTAHI SIK IHCTPYMEHT
MPOTHUIT BiJ 3MTIOYMHHUX il CIIIBPOOITHHKIB, 110 CIIPUATAME ITiABUIIECHHIO e(hEKTUBHOCTI JiSUIBHOCTI MiAMPUEMCTB.

KurouoBi ciioBa: kanpoBa Oesreka, KOHQIIKTHE CEPENOBHINE, MIANMPUEMCTBA MPOMHUCIOBOCTI, IHTETPAJILHOTO TOKAa3HHUKA
KaJpoBoi Oe3MeKH MiANPUEMCTB TPOMHUCIOBOCTI, 3a0e3MeUeHHS KaapoBoi Oe3neku, Ipodiii KaapoBoi Oe3meKy miAnpHeEMCTBA.

OBECHEYEHME KAJIPOBOM BE3OIMACHOCTH HPEI[I{'PPIHTI/II?'I
IMPOMBIIIVIEHHOCTHU B YCJIOBUAX KOH®JIUNKTHOU CPE/bI

IIpeqMeToM wHcClIEOBaHUS B CTAaThe SIBIBIIOTCS TEOPETUUCCKUE M HAYYHO-METOAMYECKHE IOAXOJBI M0 OOSCICUCHUIO KaJpOBOU
6€30MMacCHOCTH MPEANPHUSITHH MPOMBIIIIEHHOCTH B yCIOBUAX KOH(IuKTHOrO cpeapl. Llejab - 060CHOBaHNME HAyYHO-TEOPETHUECKUX
MONOKEHNH M pa3pabOTKa TNPAKTHYECKHX PEKOMEHAAIMH MO COBEpPIICHCTBOBAHMIO oOOecTieueHnsl KaapoBoil 0Oe30macHOCTH
MIPEANPUATHH MPOMBIIUICHHOCTH B YCIOBHSX KOH(IMKTHOTO CpeAbl. 3aJauM: OmpeJelieHa CYNIHOCTh M OCHOBHBIE AIIEMEHTHI
KaZipoBOii 0€30MacHOCTH MPEINpHATHA KaK 00BEKTa YHPAaBICHUS B YCIOBUSIX BO3HMKHOBEHHS KOH(IMKTOB; OCYIIECTBICH aHAIIN3
CHCTEMBI ITOKa3aTesIel OIIEHKH COCTOSIHUS KaJpOoBOil 0€30IIaCHOCTH Ha NPEINPHATHIX NPOMBIIUICHHOCTH; UCCIEOBAHBI HHINKATOPBI
OLICHKH COCTOSIHUSI KaJIpOBOH OE30IMacHOCTH, IOCTPOCHHBI NPOGMIM KaJIpoBOW 0E30IMacHOCTH Ha TIpHMepe IPeANpusIThil
MIPOMBIIIUICHHOCTH; ~ OIIPEJCNICH MHTETPAIBHBIA  TI0Ka3aTeldb KaApoOBOH OE30HMacHOCTH  MPEANPHUSTHH  MPOMBIIUICHHOCTH;
YCOBEPILICHCTBOBAHHBI ITYyTH IPOTHBOJCHCTBHS Yrpo3aM IO 00ECIEUYEHHIO KaIpoBOW Oe30macHOCTH mpeanpustus. Mcnoms3yrores
oOIeHayYHbIe MeTO[bl: CHCTEMHBIN aHAIN3, CTPYKTYPHBIH aHaIM3, METOAbl (pUHAHCOBO-DKOHOMHUYECKOTO M CTaTUCTHYECKOTO
aHanm3a, rpa(puKo-aHATUTHYECKHEe METOABI I BU3yalIN3alliH Pe3yIbTaToOB HCclIeoBaHus. [1omydeHs! cnenyomue pe3yabTaThl. B
CTaThe TPEICTABICH pa3pabOTAHHBIM ABTOPAMH METOAMYECKHH IOAXOJ K ONpPEASNCHUIO MHTETPAlTbHOTO MOKa3aTeNs KaapoBOi
0e30MMacHOCTH NPEANPUATHIA POMBIIUIEHHOCTH, 0a3HpyYIOMUIics Ha KOMIUICKCHOM OIIEHKE MoKa3aTeneil (PMHaHCOBO-XO35SHCTBEHHOM
JIeITeIbHOCTH TPENPHUATHH M TIoKa3aTenell S pekTHBHOCTH paboThl KaApOBOM CHUCTeMBL. [lyTeM cHCTeMaTH3aluy WHAMKATOPOB
OLICHKH COCTOSIHUSI KaJpOBOH Oe30ImacHOCTH OTOOpaHo 32 MHAMKATOpa, KOTOPHIE CKOMIIOHOBAHBI IO COCTABIISIONIMM KaJpOBOW
0e30IaCHOCTH, @ MMEHHO COLMAIbHO-MOTHBALIMOHHOH 0€30macHOCTH, Npo(ecCHOHANBHON 0e30MacHOCTH, AHTUKOH(IMKTHON
6e30MacHOCTU U 0E30MAaCHOCTH XKU3HEeAeATeNbHOCTH. [TocTpoeHo nmpoduian KaapoBoi 6€30MACHOCTU MPENPUITHS U OCYIIECTBICHA
TPYNIUPOBKA MPEANPUATHH TPOMBIIUIEHHOCTH MO TNPOQUII0 KaApOBOH OE30MAaCHOCTH C XapaKTePHCTHKOW WHTEPBAIOB II0
COCTOSIHMIO O0ECTIeueHHsI KaApoBOH OE30MacHOCTH B YCIOBHSIX KOH(MIMKTHOTO cpexapl. [IpmkiagHas 4gacTh peann3oBaHa ITyTeM
OCYIIECTBJICHHSI PacyeTOB HAa MPUMEpPe BHIOPAHHBIX IS UCCIEMAOBAHMS NPEANPUSTHH MPOMBIIIIEHHOCTH XapbKOBCKOTO PErHOHA.
BriBoabl. B cTathe mccneoBana cucTeMa KafipoBoil 0€30ITaCHOCTH M OCHOBBI e 00ecedeHNs Ha MPeINPHATHIX MPOMBIIIICHHOCTH.
ABTOpaMH NpOaHAIM3UPOBAHBI Pa3JINYHbIE MOAXO0/IbI K TPAKTOBKE KAaTEropHHy 'KaapoBas 0€30MacHOCTh" U IPEUI0KEHO COOCTBEHHOE
omnpezeneHne »Toro noHsTus. Kajaposas 06€30MacHOCTh paccMaTpPUBAETCsl KaK CHHTETHYECKas KaTeropys SKOHOMHYECKOW TEOpHH,
yIpaBJICHUS IEPCOHAIOM, COLIMOJIOIUHU YIPABICHUS U SKOHOMUKU TPYJa, ¥ ONpeAessieTcsl Kak JesTeIbHOCTh 0 CO3AaHHI0 YCIOBUH
JUIsl CTaOMIBHOTO (DYHKIMOHMPOBAHHMS W PAa3BUTHS IPEANPHUATHS, TPH KOTOPOi obecrednBaeTcs 3allUIIEHHOCTh HHTEPECOB
MIPEANPHUATHS OT PUCKOB U yIPO3, CBSI3aHHBIX C COOCTBEHHBIM ITEPCOHATIOM M CaMOTO MEepCOHala OT BHYTPEHHHX M BHEIIHHUX yrpo3,
TaKWX KaK IIaHTaX, MepeMaHNBaHNE KOHKYPEHTAMH, ITOCATATEIbCTBO HA XKHU3Hb U 30POBBE COTPYAHUKOB M T.m. [Ipm mposeneHnn
aHanM3a OCYIIECTBICHA OIEHKAa YPOBHS KaJpOBOH OE€30MacHOCTH ¥ JAHBI PEKOMEHJAlUH II0 COBEPIICHCTBOBAHHIO IIpoIecca
MIPOTHUBOACHCTBHS yrpo3aM KaJpoBOH O€30MacHOCTH Ha NPHMEPE BBHIPAHHBIX TSI UCCIIEAOBAHUS MPEANPUATHH MPOMBIIUICHHOCTH
XapbKOBCKOTO pernoHa. [lomydeHHble pe3yabTaThl MOTYT OBITH HCHONB30BAaHbI KaK HHCTPYMEHT IPOTHBOJAECHCTBHUS OT MPECTYITHBIX
JIEUCTBUI COTPYAHUKOB, 4TO OyIET CHOCOOCTBOBATH MOBBIICHUIO A(G()EKTHBHOCTH e TEIBHOCTH MPEATIPUSITHI.

KmioueBbie cioBa: kaapoBas 0€30MacHOCTh, KOH(IMKTHAs Cpefa, HPEIIPHATHS HPOMBIIUICHHOCTH, WHTETPAIBHBIN
HOKa3aTellb KaJpoBOH 0E30IIACHOCTH MPEANPUATUH NPOMBIIUICHHOCTH, o0ecreueHre KaapoBoi Ge3omnacHocTH, MpodHIn KajpoBoi
0€30MacHOCTH TIPENPUITHSI.
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V]JIK 658.51/52
H. B. PYXEHLEB, C. B. JIVIKUIA

MEPA UHOOPMALMHU B SGKOHOMHUYECKUX 3ATAYAX

IIpeqMeToM HCCICIOBaHUS B CTAThE €CTh HEKOTOPHIE BOIPOCH! CHCTEMHO-UH()OPMAIIMOHHOTO MOAX0/1a K aHAIIH3Y MEPbl JHUCKPETHO-
BeposiTHOCTHOH (/IB) mHpOpManmm B 3KOHOMHUYECCKOI KHOCPHETHKE B paMKaX JESATCIBHOCTH MPEINPHITHS, KACAOIIAECS pacueTa
TEXHUKO-DKOHOMHUYECKMX TMOKa3aTelNel, MPOTHO3HPOBAHMS IPOTPAMMBI BBITyCKAa MPOAYKIMH, TEXHOJOTHYECKOTO Ipoliecca
WU3TOTOBJICHUS U3enuil, 23(O(HEKTUBHOCTH HCIOIB30BAHKS MATCPUAJIOB, IICHOBOM MOJIMTUKH, PEHTA0CIBHOCTA U HEKOTOPBIX APYTHUX.
Lenb uccrenoBaHUs - aHAIM3 MEPOINPHUITHN JTUCKPETHO-BEPOSITHOCTHON HWH(OPMAIIMOHHON OICHKHM YIIPAaBICHHUEM TEXHUKO-
9KOHOMHUYECKHUMH MOKA3aTEeIIIMH ITPOM3BOACTBA. 3aaum: pa3paboTaTh CTPYKTYPHYIO CXEMY TUCKPETHO-BEPOSTHOCTHBIX TEXHOIOTHI
OleHKH A(P(PEKTUBHOCTH MPOM3BOJCTBA; pPa3paboTaTh CHCTEMY JIOTAPU(PMUYECKAX TEXHHKO-DKOHOMUYECKUX IOKa3aTenei
MIPOU3BOJICTBA, KOTOPBIC MO3BOJITIOT 00jiee 0OBEKTHBHO MCIOIB30BaTh OMEPATHBHYIO WH(OPMAIMIO MPOM3BOACTBEHHOTO MPOIIECCa;
PEIIUTD 3a1a4y IPOTHO3UPOBAHUS HEOOXOIMMBIX MaTePHAIBHBIX PECYPCOB IS 3allyCKa B MPOM3BOACTBO HOBBIX H3CIHIA, BPEMEHH
WX W3TOTOBJICHUSI M CTOMMOCTH JIO Pa3pabOTKH TEXHOJOTHYCCKOW JOKYMEHTalmu. Mcrmonp3yrorcss MeToabl. OCHOBHBIC Hay4YHBIC
MTOJIOXKCHUSI METOJIOJIOTHU CHCTEMHO MH()OPMAIIMOHHOTO IOJIX0/1a KOTOPHIC BKITFOYAIOT B ceOs: HAYYHBI METOJ pacueTa TUCKPETHO-
BEPOSITHOCTHON WH(OpManuu (U3MUSCKHX BEIMYUH (IIApaMeTpoB); CIMOoco0 OTOOpaKEHWs B BHIC CO3JAHHBIX JTUCKPETHO-
BEPOSITHOCTHBIX MOJICNICH MPOIECCOB M CHCTEM, KOTOPBIC BOIUIOMIAFOT METOJ U CHOCOO (KOMIBIOTEPHBIC TEXHOJOTHH); MPOLECCOM
peanu3aluyd M3MEPEHHUS KOHTPOIMPYEMBIX I1apaMeTpoB, cOopa, XpaHeHuss u 00paboTku uHbopmamuu. I[lomydeHsl ClIeayroIIme
pe3yabTaThl. PaspaboraHa CTPyKTypHas cXeMma JAMCKPETHO-BEPOSTHOCTHBIX TEXHOJOTHN OLEHKH 3(P(PEKTHBHOCTH IPOU3BOICTBA
OTIPEIEIISAIONICH HEPAPXUI0 KOMIIBIOTEPHO-UHTEIPHPOBAHHBIX TEXHOJOTHH METPOJIOTHIECKOr0 OOECIeUeHHs, B OCHOBE KOTOPBIX
JIKUT JAUCKPETHO-BEPOSITHOCTHAS MHPOPMAILHsT KOHTPOIHPYyeMbix mapameTpoB KJI w3aenus, TEXHOIOTHUECKOTO 00OPYIOBaHUS U
TEXHOJIOTHYECKOTO TMpoliecca. Pa3zpaboTaHa cucTeMa JIOTapU(PMHUYCCKUX TEXHHKO-3KOHOMHUYCCKHX ITOKa3aTeNell MpOU3BOJICTBA,
KOTOpasi MO3BOJISICT OoJice OOBEKTUBHO OICHUBATH M 3()(EKTHBHO HMCIOIBb30BaTh OMEPATUBHYIO HH(OPMAIIHIO MPOU3BOJICTBEHHOTO
mpoliecca; pemarh 3a7a49u MPOrHO3UPOBAHKS HEOOXOJMMBIX MaTEPUAITLHBIX PECYPCOB JJIsI 3aITyCKa B MPOU3BOJCTBO HOBBIX HU3ICIIHIA,
BPEMCHHM MX H3TOTOBJICHUSI U CTOMMOCTH JI0 pa3pa0OTKH TEXHOJIOTHMYECKOM JHOKyMeHTalmu. PerieHa 3amada MpOrHO3UPOBAaHHS Ha
PaHHUX 3Tamax >KU3HCHHOTO IMKIA HM3ICNUi, KOTOpas 00CCIEeUHBACTCS METOMOJOTHEH CHCTEMHO-WH()OPMAIIMOHHOTO MOAX0/a, a
TaKKe pa3pabOTaHHBIMH Ha €€ OCHOBE IMCKPETHO-BEPOSTHOCTHBIMH TEXHOJOTHSIMH METPOJIOTHYCCKOTO OOECIICUECHHsI OIECHKH
3¢ GEKTUBHOCTH MPOU3BOACTBA. Pa3paboTaHHAs METOMOIOTHs (HOPMYIUPYET HAYJIHBIC MOJOKCHUS U 3aKOHOMEPHBIC CBSI3H MEXILY
YHCIOBBIMU 3HAUYCHHSIMHU TUCKPETHO-BEPOSTHOCTHBIX JIOTApU(PMHUUYECKUX IOKA3aTeaCH, KOTOPBIMH O0Jamal0T TEXHOJIOTHYECKUE
KOHTPOJIMPYEMbIC MapaMeTpbl U TEXHHKO-IKOHOMHYECKHMMH IIOKa3aTeIsIMH IPOHM3BOJACTBA. DTO IO3BOJSIET pEIaTh 3aJadd
YIPaBICHHUS TEXHUKO-DKOHOMUUECKHM COCTOSIHUEM TPOU3BOJICTBA, PEIIATh 33[a4l MPOTHO3UPOBAHKS HEOOXOIUMBIX MaTepPHATBHBIX
PecypcoB JiJIsl 3aIlyCKa B IPOM3BOJICTBO HOBBIX M3EJHI, BPEMEHH UX U3TOTOBIIEHUS W CTOMMOCTH J0 pa3pabOTKH TEXHOJOTHYECKOM
JIOKyMeHTanuu. BeiBoabl. J[MCKpPETHO-BEPOSATHOCTHAS HH(POPMAIIHOHHAS TEXHOJOTHS OLICHKH TEXHUKO-3KOHOMHUYCCKUX MTOKa3aTeei
MPOU3BOJICTBA TO3BOJISICT TOYHO M CBOCBPEMEHHO M 3KOHOMHYECKH OOOCHOBAHHO PACCUUTATH AMHAMHKY TEXHHUKO-IKOHOMHYECCKUX
moKasareleif MpOM3BOACTBA IS MCITOJIh30BAHMS €€ B ONICPATHBHOM YIPABJICHHH TIPOU3BOJICTBOM.
KiioueBbie coBa: Mepa, TEXHOJOTHH, TEXHHKO-IKOHOMHUYECKHE TIOKA3aTelH, CHCTEMHO-HH()OPMAIMOHHBIA TOIXO/,
JTICKPETHO-BEPOSITHOCTHAS HH(OpMAIIHSL.
BBenenue 3HAYEHUsS] KOJIMYECTBA, KA4eCTBA M IIEHHOCTH IUCKPETHO-
BEPOSITHOCTH HWH()OPMALINK, KOTOPBIMH XapaKTepU3YyeTCs
00BEKT W CMBICIOBYIO HAarpy3Ky, KOTOPYIO HECYT 3TH
ONpPENENICHHs 10 OTHOUIEHWI0 K 3KOHOMHYECKUM
CHCTEMAaM.

[pencraBnenue o ToM, 4YT0 HHPOPMALHS, BO3BMOXKHO,
sBisiercss (DYyHIAMEHTaNbHON BENUYMHOH B siape (QU3HKU
npuHagnexur  Dpenepuky  Kantopy, ¢usuky 3
Komymbuiickoro  yHuBepcurera  "MH(popmammoHHas
Mexanuka" (1977). 1990 rogy dxoH ApuubamsT Ymurep
BBICKa3aJl INPEAIOJIOKECHHE, YTO HWHGOPMAIMS SBISCTCS

AHAJIU3 JIMTEPaTYPHBIX AAHHBIX U MOCTAHOBKA
npoodIeMbl

¢byHnameHTanbHOM KoHuenuueil ¢u3nku. CoriacHo ero

noxtpune it from bit" Bce ¢usnueckue cymmHocTH DKOHOMHYECKas KUOEPHETHKA — OJHO M3 HAYYHBIX
ABJIIOTCA  MH(OPMAIMOHHO-TCOPETHYECKUMU B CBOEH HamnpaBJIeHN! KUOSPHETUKHN, 3aHUMAETCS MPUIIOKEHUEM
OCHOBE. oBun Yanmepc u3 ABTpanuiiCKOrO  maelik W METOAOB KUOEPHETUKH K DKOHOMHUYECKHM

HAIlMOHAIFHOTO YHUBEPCHUTETa BBICKAa3aJl MHEHHE, YTO
nHpOpMaMsi HCTUHHO (yHIAMEHTaJIbHA, W IO KOTOPOU
OHa  o0Omagaer  JBYMS 6a30BBIMHI ACITICKTaMH,
COOTBETCTBYIOIIMMH  (PM3WYECKOH M  BOCIIPHHHMaeMOM
cTopoHamH zeiictBuTenbHocTH. Kpucrodep Jlanran taxke
YCHIIMIT B3MJISABI YWIIIEpa B CBOEH 3MHCTEMOJIOTHUYECKON
METaTeOpUH.

Cucremuo-uapopmarmonssii  (CU) momxom [1]
ABJIAETCS HOBBHIM HAy4YHBIM HAaIpaBICHHEM B OOJIACTH
MHGOPMAIIMOHHOTO HCCIIEIOBAHUS MPOIECCOB W CHCTEM
peansHOTO (U3NIeckoro Mupa. KoHIenTyaabHOW OCHOBOH
Meromonornn  CH  moaxoma — SIBISIOTCA  CHCTEMHO-
WHQOPMAIIMOHHBIE TPUHIUIBI OIpPEAETICHUS] YHCIOBOTO

cucteMaM. DKOHOMHYECKas KHOEpHETHKA paccMaTpHUBaeT
SKOHOMHUKY, a TaKXe €€ CTPYKTYpHBIE U (YHKIOHATbHBIC
YacTH KaK CJOXHBIE CHUCTEMBI, B KOTOPBIX HPOTEKAIOT
MPOLIECCHl PEryIUPOBAaHUS M YIPABICHHS, pealn3yeMble
JIBIDKEHUEM u npeoOpazoBaHuEM nHpopmarmu.
OxoHOMHYecKass KHOEpHETHKa HCCIeqyeT  IPOLECCH
YIOpaBICHUS CIIOKHBIMA HKOHOMUYECKUMH CHUCTEMaMH,
UCTIONB3Ys METOJ SKOHOMHUKO-MaTeMaTU4ECKOr0
MOJIETTMPOBAHMUS, IPHUYEM IIPOLIECCH] YIIPABICHUS SIBIISIIOTCS
Mo CyTH WHGOPMAIMOHHBIMY, Oa3HpYIOIMUMHUCA Ha
dKOHOMHUEeCKOW  uHPopmanuu.  OCHOBOMOJIOKHUKOM
SKOHOMHUYECKOH knbepHeTHkH sBisieTcs Ctadhdopxa bup.
I'naBHBIMU 3JIEMEHTAMU 3KOHOMHUYECKOU
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KHOSPHETHKH SBJISIOTCA [2]: CHCTEMHBIN aHAIIN3; CIIOXKHBIE
CUCTCMBI, UCPAPXUYCCKUC CUCTEMBI, HEPApXHs MOJCICH;
VIPaBICHUEC B HEPapXHUYCCKAX CHCTEMaX; COIJIACOBAaHHE
Heneil B HMEpapXWYeCKUX CUCTEMax, rpadbl  IETei;
uHpOpMAIMA W DHTPONHMS; ONTUMHU3AIMS I[OTOKOB
uHpOpMAIIMM B 3aJayax yOpPaBJICHUS, KOHTPOJIb U
VIPaBICHUE B OPraHW3alMOHHBIX CHCTEMaX; 3aJaqd
KJIacCU(UKAINH; KOMIUICKCHAs OLICHKAa CHCTEMBI M OIICHKH
MOJICKCTEM, WHTETpPalbHBIC OICHKH; KHOEpHETHIECKIEe
MOJICITN COITMATBHBIX U SKOHOMHYIECKUX CHCTEM.

Hcnonp3oBanne  uAe  COBPEMEHHON  TEOpUH
nHGOPMAINHN U TIepeadr CHTHAJIOB B PAa3IIHBIX 00JIaCTsIX
HAYKH M TCXHHUKH CBSI3aHO C TE€M, YTO B OCHOBE CBOCHU 3Ta
Teopuss Marematuueckas. OCHOBHBIM MaTEeMaTHUCCKHM
anmapaToM COBPEMCHHOW TeOpuH WH(OpMAIUU SBISCTCS
TEOpHsT BEPOATHOCTEH W MaTeMaTH4ecKas CTaTUCTHKA,
KOTOpBIC MPEBPATWIIMCh K HACTOSIIEMY BpPEMEHH B
CTPOTYIO U IOCTATOYHO YHUBEPCAIbHYIO HAayKy [3].

B Teopuu mHbOpMAIIK U IIepeaadd CUTHAIOB TaKXKe
HCTIONB3YIOT METOABl (DYHKIIMOHAIBHOTO aHali3a, TEOPHH

CIyYalHBIX ~ (QYHKIUH H  CIydalHBIX  IMPOIIECCOB,
CTaTUCTUYECKOW pPaJMOTEXHUKH, TEOPUU ONTHUMAIIBHBIX
CTaTUCTUYECKUX  PpEIIEHud U JAp., TEOPETHYECKUM
(yHZaMEHTOM  KOTOPBIX  SBIACTCA  WH(POPMAIMOHHO-
SHTPOINUNHO-BEPOSTHOCTHAS GbyHKIS Bonsnmana-
IITenHoHa.

CoBpeMEHHOE COCTOSIHUE TEOpHH HWHGOpPMalUK H
nepeziayy CHIHAJIOB BBUIBISIET PsIJi CUCTEMHBIX HPOOIeM,
KoTOpble TpeOyroT cBoero pemenus. [Ipexxne Bcero, 3To
npobiiemMa 0a30BOTO TOHATHS TEOpUH HHGMDOPMAITUK —
mouatus  "uHopManusa”. KoHkpeTHoe U JIOTHYECKOE
TIOHSTHE TIPEICTaBICHHE HH(MOPMAIINH, KaK COBOKYITHOCTH
CBeJICHUI 00 OKpY>Karolein JNEWCTBUTEIILHOCTH
OKAa3bIBACTCs, HE PACKPHIBACT MPUPOJYy CAMOTo MOHATHS. B
HACTOsIIIee BPEMs CYIIECTBYET JOBOJBGHO IIMPOKUH CIIEKTP
B3MBSIIOB  HAa [pupoAy HMHGOpPMALMM B HAay4HOI
JuTepaType. ITO, MPEX/Ie BCETO MOISPHBIE TOUKH 3PEHHS:
C OJHOM CTOPOHBI — 3TO YTBEPKICHHE O MaTepHAIbHOM
XapakTepe MOHATHA HH(POPMAIIUH, C APYTOH — O €ro YHCTO
HeMaTepHaJIbHOM MpUpoe.

OcHOBHOE TOHATHE Teopud UHOOpPMALUK  —
konudectBo uHpopmarmu. KosnuectBo uHbopManuu
CBOHCTB OO0OBEKTa XapaKkTepu3yeT ero CIOXHOCTb H
YIOPSAOYCHHOCTb. [lepBele  mocTaTOYHO YEeTKUE
MPEAJIOKEHHsT O  CIoco0aX W3MEpPEeHHs  KOJIMYecTBa
nHpOpMaMK TpuHamIexkar P. Owmmepy (B cBm3u ¢
pabotamMu o MaTeMaTH4YecKoW cratucTuke) u P. Xaptmm
[4]. (B cBA3m ¢ BompocamMu XpaHeHWs HH(POpManuu B
3alIOMUHAIOIIMX YCTPOMCTBAX M Mepenayeii ee o KaHajgam
cBsi3u). BepostHocTHas Teopms WHGOpPMAIMK HamuIa
OKOHYATeJIbHOE  CBoe  odopmierne B paboTax
K. lenHona [5].

OCHOBHBIM HEJIOCTATKOM OTIPEICTICHUS KOJINYECTBa
napopmarmu 1o K. IlleHHOHY, KaKk OTMEYaloT HEKOTOpHIE
HCCIEOBaTeNH,  SBIAETCA  TO, 4YTO  KOJIMYECTBO
nH(OpPMaMK He 3aBHCUT OT KaueCTBEHHOTO COJIEpKaHMs
COOOIIEHNs, HE YYNTHIBAIOTCS TaKWe Ba’KHbIE CBOWCTBa
nHdOpManny, Kak LEHHOCTh M CMBICI. JTO IIOJOKEHHUE
MPUBENIO K BO3HUKHOBEHUIO U Pa3BUTUIO TEOPUH LIEHHOCTU
nH(OpPMaINH, CYIIHOCTH KOTOPOH CBOAMTCS K TOMY, UTO
LIEHHOCTh HEKOTOPOTO COOOIIEHHS CIIEAYyeT H3MEpATh B
COOTBETCTBUH C TeM 3(PQEKTOM, KOTOPHIA JOCTHTaeTCs B

pe3yJbTare npuema 3TOro COOOTICHS.
OCHOBOIIOJIO)KHUKOM ~ TEOPUHM LEHHOCTH HWH(MOpMaluu
cuntaerca k. Makcpes.

Teopetuueckoit ocnoBorr CH moaxona SBUINCH
pabotsl JI. Makcemna, H. Bunepa, A.H. Konmoroposa u
A.JI. Xununna, Y. D1IOH, KOTOphIC BHECITH BaYKHBINA BKIIA]T
B IIOHMMAaHHE BEPOATHOCTHOM MNPHUPOABI IPOLECCOB B
KHOCPHETHIECKIX SIBIICHUSIX, MOJZIEITMPYEMBIX B
IIPOCTPAHCTBE COCTOSIHUM IPOU3BOJIBHBIX CHUCTEM, 4TO
MO3BOJWJIO B  JaJbHEHIIEM pelaTh MPaKTHYECKUE
TexHmueckne 3amaun. [IpucyrctBue wuHpopManmuu B
KHOCPHETHYECKNX CHUCTEMaxX pacmMpmio TOHWMaHHE
CyIIHOCTH HH(OpMalMi B OTIMYHE OT KIACCHYECKOH
MOCTaHOBKHU €€ OIpe/IeICHHU .

BoiaBunyroe akagemukamu I'mymkoBsiM  B.M.
Kommoroposeim A.H., a Taxke aHmmMiickuM ¢unocodom
Omdby U APYTMMH yYEHBIMH TMOHSTHE "HMH(pOpManuH’ Kak
XapaKTePUCTUKU BHYTpeHHEH OPTraHM30BaHHOCTH
MaTepUAIbHOW CHUCTEMBI, KOTOpas ONpeAessieTcs Mo
MHOXECTBY  COCTOSIHUHM, KOTOpBIE CHCTEMa  MOXKET
[PUHUMATh B IMPOLECCE CBOETO PAa3BUTHUS, I[103BOJISIET
OLICHUBATb MIOTEHIUAJIbHBIE HHPOPMAIIMOHHBIC
BO3MOXKHOCTH CHCTEM (TIPOIIECCOB), KOTOPBIE pean3yOTCs
TIPU B3aUMOJICUCTBUU OOBEKTOB (TIPOLIECCOB).

CHU mnoaxom pa3paboTaH Ha OCHOBOTMOJATAIOIINX
NPUHOMNAX ~ B3aUMOJEIHCTBUS  IIPOLECCOB  Pa3IU4HOU
IIPUPOJBI B OKpYXarolel cpeae. Mbl 3HaeM MHTYUTHUBHO,
9T0 B MPUPOJE BCE IpolLecCchl B3aMMocBA3aHBl. Ho
coryacHo MeTtoznosioru CH moaxoia cBoicTBa MPOIECCOB,
B3aMMOCBSI3aHBl MEXAY COOOH ¢ ONpeeNIeHHOro 3HAYeHUs
[opora 4YyBCTBUTEILHOCTH OTHOCUTENBHO Jpyr apyra. CU
MOJXOA K HCCICIOBAaHUIO IMPOLECCOB M CHUCTEM Kak
Hay4HOE HampaBJieHHe Oa3upyeTcs Ha [6]:

a) pa3pabOTaHHOH KOHIEIINH OTPEICIICHAS TOHITHS
JIICKPETHO-BeposTHOCTHOH ([IB) nadopMarmy;

6) MeTomoIOTHH YHCIIEHHOTO OTIpeAeTIeHUs
KOJIMYECTBA, KauecTBa u 1ieHHocTH [IB nHdopmaimy;

B) Hay4HbIX npuHiunax JIB  uHbopmaunonHoM
anreOpsr;

r) chOpPMYJIMPOBaHHBIX 3aKOHAX M 3aKOHOMEPHOCTSX
B undopmaunm;

) merogotorunn CU monmxoma K MOJIETHPOBAHHIO
MIPOLIECCOB U CUCTEM;

€) IUCKPETHO-BEPOSITHOCTHBIX
MOJICTISIX) TIPOLIECCOB U CHUCTEM;

k) merogonorur CU moaxona K aHaU3y W CHHTE3Y
MIPOLIECCOB U CUCTEM;

3) METOHOJIOTHH pa3paboTku KPUTHUECKUX
TexHoJIoTui Ha 6a3e JIB Mozenel mpoieccoB U CUCTEM.

KonnentyansHo#i  ocHOBoM ~ mertomonormn  CU
MOAX0Ia SBJIAIOTCS CHCTEeMHO-UH()OpMaLMOHHEIE
MPUHINAIBI ONPEIeJICHHS YUCIIOBOTO 3HAYCHHS KOJTMIECTBA,
KauectBa M IeHHoctH JIB wmHQopmarumn, KOTOpBIMH
XapakTepu3yeTcs: 00bEKT.

B ocnose merogonorun CH noaxoza nexar Hay4dHbIe
MOJOXKEHMUS:

a) moboe 3JIeMEHTapHoe OTKIJIOHEHHUE
(hyHIaMeHTaIbHBIX aTPUOYTOB B YHHMBEPCYME BIICHET 3a
coboit MHOKECTBO Pe3ynbTaToB 3IIEeMEHTapPHBIX
"oTpakeHuil",

0) yHUBEpCYM  TIPEINCTaBIsET co0oil  ''cucrtemy
otpaxenuit” d(m, e, i, t, )—>{d0}, rae J,,9,, &, S, S,

(1B

MOJEIAX
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— JJIEMEHTApHBIC: Macca, dHeprus, HHHOopMAaLKs, BpeMs U
MPOCTPAHCTBO; {00} —  MHOXECTBO  pE3yJbTATOB
AJIEMEHTAPHBIX "'OTpakKeHUH ' ;

B) 9JIEMEHTBHI "CHCTEMBI OTpaXKEHWH' IO CBOCH
MPUPONIC JTUCKPETHBIC, OHU SBJISIOTCS HAMMCHBITHIMHU
MOPOraMH YYBCTBHUTEILHOCTH KATETOPHAITBHBIX aTpHOYyTOB
JpYT K JAPYTY.

Hean ucciienoBaHus — aHAIM3 MEPhI JTUCKPETHO-
BEPOSATHOCTHOH MH(OPMAIMOHHON OIICHKH YIpPaBICHUEM
TEXHUKO-IKOHOMHUYCCKUMHU MOKA3aTEISIMH IPOU3BOJICTBA.

AHaJIM3 Mepbl IMCKPETHO-BEPOSATHOCTHOM
uHGOPMAIMOHHOM OLlEeHKHU YIIPaBJIeHHEM TeXHUKO-
IKOHOMMYECKMMHM MOKAa3aTeIsIMH POU3BOACTBA

TeXHUKO-dKOHOMHYECKUE ToKa3aTenu [7] — 3To
crucrema ToKazartesei paboThI MIPEATIPUSTHIA,
XapaKTepU3yIolIas MaTeprUalbHO-TIPOM3BOACTBCHHYIO 0a3y
MIPEINPHUSTHA U KOMIUIEKCHOE UCTIONb30BaHUE PECYPCOB.

HccnenoBanue TEXHUKO-DKOHOMUYECKUX
MoKaszaTejaed ¢ TO3UIMH aHaiuk3a HH()OPMAIMOHHBIX
MIPOLIECCOB B IPOM3BOJICTBE MMEET 0CO00E 3HaueHHe, Tak
Kak MHGOPMAIUS ABICTCS SMHCTBEHHO!N CyOCTaHIIUCH, B
OTJIMUHKE OT BEIIECTBA U PHEPTUH, KOTOPasi OObEANHSET BCE
STambl JKM3HEHHOTO [HMKIA I3Ienus. B mocnemyrormeM
pe3yIbTaThI pacdeToB TEXHUKO-3KOHOMHYECKUX
MoKazaTeeld IPeANPUATHS HCIOIB3YIOTCS ISl BEIPAaOOTKH
YIpaBIeHICCKUX PEIICHAN.

Haywunoe wuccnemoBaHWe  TEXHHYECKHX  CHCTEM
MoJipa3yMeBaeT IPOIecC BHIPAOOTKH HOBBIX 3HAHHHA O
COBOKYITHOCTH CPEJICTB, OTPAKAIOUIMX MPeoOpa3oBaHusl U
CB3U O0BEKTa MOCPEACTBOM SHEPrHM, BEIIECTBA U
nHdopManmy,  CO3JaBaGMBIX  JUIL  OCYILECTBIICHUS
MIPOLIECCOB MTPOM3BOACTBA U BOCTIPOM3BOACTBA.

JIro0oii mporecc MPHUPOABI MPEACTABISIET COOOi
MOCJICAOBATEIFHOCT BO BPEMEHH U IPOCTPAHCTBE
pealbHBIX  SIBIICHHH, KOTOpBIE KaKWUM-TO  00Opa3oM
00BEKTUBHO OPTaHM30BAHEL. JTa OPraHU3aIMs U MOPSIOK U
€CTh TOPOXKICHHE TOro, YTO SIBISIETCS COJCpIKaHHEM
TIOHSATHS ''TIPOU3BOJICTBO" .

Jis pemieHnst MMOCTaBICHHOW 3aladd HEOOXOIMMO
MOCTPOUTh UH(DOPMAIMOHHYIO MOJENb IIPOM3BOICTRA,
KoTOpasi Obl OTpakaja HH(POPMAIMOHHBIC MPOIECCH B
MPOCTPAHCTBE M BPEMEHHU, CBSI3aHHBIE C TMOJyYEHHEM,
nepenaveii, XpaHEHHEM M HCIOJIb30BAHUEM HHGMOPMAIHH
MIPOU3BOJICTBEHHBIX OOBEKTOB.

duznyueckre mporecchl, Kak KOMOMHAIINY CBSI3aHHBIX
COOBITHI B cHucTeMe XapaKTepPU3yIOTCS
(yHIaMCHTAILHBIMH (hu3ngecKuMu BEJIMYUHAMU,
€IWHCTBO  W3MEPEHHH  KOTOPBIX  OOecrevHnBacTcs
Y3aKOHEHHbIMH  €IUHHULAMH, pa3Mepbl KOTOpPHIX B
YCTAaHOBJICHHBIX TMIpelieNiax paBHbl pa3MepaMm €IWHMIL,
BOCIPOU3BOAUMBIX IEPBUUYHBIMH ITAJTOHAMH.

Wudopmarnmeit 3HadeHus Gr3ndecKol BeTUIUHBI [8]

B CTOXAaCTUYECKOM  cuUcTeMe MOXET  CIIyXKUTb
MaTeMaTUYECKOEe  OXHUJAHUE JUCKPETHOM  CllydyailHOM
BEJIMYMHBI

n
M :inpi
i=1

Torga KOJINYCCTBO HHCKpCTHO-BepOﬂTHOCTHOﬁ
I/IH(i)OpMaIII/II/I MOJKHO OIIPEACINTD BbIPA)KECHUEM

Zp.

rne: D — gucnepcus, © — cpegHEKBaapaTHUECKOe

OTKJIOHEHHE CITydaltHOW (YM3MYECKON BEITMUNHEI.
Konudectso nadopMaruu Gpu3ndeckoll BETHYUHEI B

JIETepMUHUPOBAHHOM crcTeMe PaBHO

Iog2 =log, =—

=log X
2

rae X — 3HaueHHE (1)I/I3I/IquKOI‘/II BCIIMYMHBI, Ax — J0IYyCK
TOYHOCTH.

I[HCerTHO-BepOﬂTHOCTHaS[ I/IHqJOpMaHI/IOHHaH
MOJ€CJIb MTPOU3BOACTBA IMPECACTABIIACT coboit MaTpuny 5G

— ¢ KOOpIUHATaMH:  |-IMCKPETHO-BEPOSTHOCTHAS
HHpOpPMALUSA  BPEMEHH  MPOSBICHUA  (DU3HICCKOI
BEJIMYMHBI  ([IAPaMETPOB  TEXHUYECKHX  OOBEKTOB);
2 — JHMCKPETHO-BEPOSATHOCTHAs HH(OpMAIs MecTa B
TPEXMEPHOM TMPOCTPAHCTBE TMPOSBICHUS (HUIMUESCKOMH
BENMYMHBI  ([IApAaMETPOB  TEXHUYECKHX  OOBEKTOB);
3 — MposBICHHUE MHOXXECTBA CBOWCTB OOBEKTOB, Kak
3HAYCHUH (busnueckux BEJIUYUH (mapametpoB

TEXHUYECKHUX OOBEKTOB).
WNubopManmoHHBIH TOAXO] MO3BOJET PACCUUTATH
Ka4eCTBO U IIEHHOCTh HH(POPMAITUU 00BEKTOB [9].
Hemernkuit ¢usuk M. [Inank B Havane XX Beka
NOKa3ajl, YTO OCHOBHBIE E€IUHULBI H3Mepenus (0, o,

Sr 5,1 5 -

KaTeTOPUAIBHBIX ~ aTpUOYTOB, KOTOpBIE HMEIOT CBOU
HavMEHbIIME 3HAYeHUs B PEaIbHOM MHpPE) MOTry OBITh

DJICMCHTApPHBIC OTKJIOHCHHUA

COCTaBJICHBl U  BBIYMCICHBI U3  (yHJaMEHTAJIbHBIX
¢usnuecknx koHcTaHT — C =299792458 wm/c, (ckopocTh
CBETA); h =6,626075x

x10(-34)/Ix ¢, (mocrosiuaas Ilnanka); G=6,67259 10(-11)
M(3) / xr ¢(2), (rpaBUTALIMOHHAS TOCTOSIHHAS)

or= Gh =1610%wm; or = ch =54.10%c¢;
om= C—h =2,2-10%kr;
G
Soe h _ (6,626077+0,0000040) -10"* Jixc _

At 5,410 *c
=1,22705-10® Jix;

=log, 2 =16um <> 0,69314718 Hur.

Pacuer yncneHHOro 3Hau€HMs €AMHULBI JECATUIHOM
CHUCTEMBI HCUMCIEHMHM M HUX TOYHOCTH B CHCTEMHO-
nH(GOPMAIIMOHHOM BHJE PEICTABICHO B Tabmme 1.

[Ipu pemeHny TPOM3BOACTBEHHBIX 337a4 Ha OCHOBE
CHUCTEMHO-UH(POPMAIIMOHHON  0a3bl  METPOJIOTUIECKOTO
o0ecrieueHnss HCTONB3YETCSI  AUCKPETHO-BEPOSITHOCTHBIE
I/IHq)OpMaLH/IOHHBIe 3aKOHBI B3aUMOCBA3aHHBIX
KOHTPOJIUPYEMBIX ~ MapamMeTpoB. OTO  3HAYUTENIHLHO
YIIPOLIAeT AITOPUTMBI KOMIBIOTEPHBIX WH()OPMAIIMOHHBIX
TEXHOJIOTUH M yBEJIMUMBAET UX 3(P(HEKTUBHOCT.
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Tabauya 1. KonnvyectBo /IB nHpopmanuy B e1uHHIE AeCATUYHON CHCTeMBbI HCYHCIeHUIt

Enununp! u3mMepeHus aTpuOyToB

Konuuecto [IB nHpopmanuu B equHuIe
JIECITUYHOM CUCTEMbI HCUHMCIICHUH B [OUT]

To4HOCTB €MHHI U3MEPEHUS
aTpuOyTOB B JIECATUYHON cucTeMe

I1 Rn) [1 Im+A =1,000004515
poctpanctBo (Rn) [1Mm] I - log, 1 = 115,575 M
1,6162x10
B t 1 =
pems (t) [lc] I = log, 1 143734 1ctA =1,000032045
5,39121x10
B 1 -A =
emecTso (m) [1kr] | Zlog, = 25,454 1xr-A = 0,9998087167
2,176 x10™
D E)[1 =
ueprust (E) [1/1x] | ~log, 1 _-112,869 1/Tx +A=1,000246803
1,054572 %10
3HaYCHUS CAMHHUI] HEIJICKTPUUCCKUX (DHU3MUCCKHX Jlorapudmudeckue TEXHUKO-IKOHOMHYECKHE

BenmyyH B [IB OWTax BBIUHCISAIOTCS KaK MPOU3BOJHBIE OT
MIPECTaBICHHBIX B TabuIe 1.

MOKa3aTes Iy MPON3BOJICTBA MIPEICTABICHEI B TAOIHIIE 2.

Ta6Jm14a 2. J'Iorapmanqecmle TEXHUKO-IKOHOMHUYECKHUE NMMOKA3aTEJIU IIPOU3BOACTBA

IToxazaTenu ITosicuenne

1. AGcomoTHEIE,

KommgectBo nuckperHo-BeposTHOCTHOH (/IB) mH(bOpMamuum KOHCTPYKTOPCKOH AOKYMEHTAI[MH W3EIHS,
JIB 6ur TEXHOJIOTHYECKOT0 Ipoliecca H 000pya0BaHHsI.

2. OtHocutensHble, | KoadduimeHTs oTHOICHHMS:

% KOJIMYECTBA TUCKPETHO-BEPOSATHOCTHOW HH(OPMAIUK U3rOTOBICHHOTO H3aenus Kk JIB nadpopmarmn KJI;
JIB nHbopMaImu TEXHOJIOTHIECKOTo Tporiecca K JIB nHbopMaiiu TeXHOJIOTHYECKOH TOKYMEHTAIINH;
a0CoMIOTHOM cTrouMocTH n3aenus o K/ k 1elcTBUTeIbHON CTOMMOCTH M3/C/HSI B TPOU3BOICTBE.
Iloxa3zarenu onpeaengrOT CTeNeHb NPEBBIICHAS WM HEOCTAaTKa 3aTpayeHHBIX pecypcoB JIB madopmanum.
Memnbuie wim 6oapme 100 %.

3. DKBUBAJICHTHBIC, | DKBHBaJCHTHas aOCONIOTHAS CTOMMOCTD M3zenus Ha 6ase JIB undopmanuu K/I.

TpH. DKBUBAJEHTHAs JACHCTBUTEIbHASE CTOMMOCTh H3/ieins Ha 6ase JIB nHdopMamiy H3roToBICHHOTO U3/IEIHS.
Komnuectso /IB nadopmanmu napamerpos K] ¥ H3roTOBIEHHOTO U3/EIHsI SKBUBAJICHTHO TIEPECYUTAHHOTO
MoCpeZICTBOM K03(h(GHUIIMECHTOB COTTacoBaHMs MH(MOPMAIIMOHHOW CBsi3eil Ha KonmuvecTBo JIB wHdopMarmu
SHEPTHUH.

Y4uuTeBas CTOMMOCTH EAMHHUIIBI DHEPTHH Ha pPBIHKE OIpenensercs aOCONIOTHAsS W JCHCTBUTENbHAS
CTOMMOCTD M3/IENHSI.

[Toka3aTenu OTHONICHHUS CYIIECTBYIONIMX TEXHUKO-OKOHOMHUYCCKUX TToKa3ateseil K /B uHpopMauoHHBIM.

4, CMelIaHHEIE,

rpu//AB 6ut
PaccunranHble OTHOCHTENBHBEIC Jorapudmudeckume mapamerpoB KJI  craporo  wm3menus,  ONpeneiUTh
TEXHUKO-dKOHOMHUYECKUE TIOKA3aTeNN Ui pabOTalOMIero  OTHOCHUTEIbHOE  3HAUCHWE  TEXHUKO-dKOHOMHYECKOTO

MPOU3BOJICTBA HCIIONB3YIOTCS TPH pEIICHUH 3a7ad
MIPOTHO3UPOBAHUSI HEOOXOIUMBIX PECYPCOB Ui 3amycka
HOBOTO W3JeNus Ha JOToM npeanpustud. [is 3Toro

MoKa3arteys JaHHOTO MPEINPUATHS OTHOCUTEIFHO OHOTO
JIB Owurta crtaporo usmenus, a 3aTeéM yYMHOXHUTh €ro Ha
a0COoITIOTHBIN MTOKa3aTesb JIB OMT HOBOTO M3IEHs.

TpeOdyeTcss ~ paccyurtarh  3HaueHHe  aOCOJIOTHOTO 3amaun MPOTHO3UPOBAHUS TEXHUKO-IKOHOMHUECKUX
JIOTapU(PMHYECKOTO JUCKPETHO-BEPOSITHOCTHOTO ~ TOKAa3aTeliecil Ha paHHMX JTamax KU3HCHHOTO I[HKJIA
mokazareisi  paboTaroIiero MpeanmpusTdHs Ha 0Oa3e  WM3eNus JaHbl B Tabnuie 3.

T(16Jlu14(l 3. BI/IZII)I NMPOrHO3MPOBAHUSA HA PAHHUX ITAaNaX KU3HEHHOI'0 HUKJIA U3ACTUS

Ne n/n Bup! nporso3upoBaHus
1  [Omnpenenenue BpeMEHH M3TOTOBJICHUS U3/eust 0€3 pa3pabOTKM TEXHOIOTHYECKUX MPOIIECCOB
OmnpeneneHne 3aTpaT HEPTUH U OTXO0B MaTeprala Ha H3TOTOBICHUE H3IeIHS
OmnpeneneHne TPy I0eMKOCTH U3TOTOBICHHS H3/eTHs
OmnpeneneHne ypoBHs aBTOMATH3aIUH IPOIECCOB JAHHOTO MPOU3BOJICTBA
OnpeneneHye ypoBHs KadecTBa IPOU3BOICTBEHHBIX NIPOLIECCOB
OnpeneneHyie ypoBHs LIEHHOCTU NPOU3BOJICTBEHHBIX MPOLIECCOB
Omnpenenenre ypoBHs ONTHMH3AIMN TPOU3BOJICTBEHHBIX ITPOIECCOB KOHKPETHOTO MIIM IMTPOEKTHPYEMOTO IPOU3BOICTBA

~N|o|g|hlw|N

OCHOBHBIE TTOJIOKEHUS TIPEIOKEHHOW METOI0JIOTHH
UCTIOJB3YHOTCS pu pa3paboTke MPOTPaMMHOTO
obecriedeHHst 11 HOBBIX KOMIIBIOTEPHO-MHTETPHUPOBAHHBIX
TEXHOJIOTUH METPOJIOTHYECKOr0 O00ECIIeUeHHsI OLCHKU
TEXHUKO-DKOHOMHWYECKUX TOKa3aTeneil Mpou3BOACTBA.

@opMynBl  pacyeToB  TEXHUKO-PKOHOMHMYECKUX
ToKa3zareyied MpON3BOACTBA HAa 0aze  KOHCTPYKTOPCKOM
JIOKYMEHTALlUH.

1.1. KonmmuecTBo mH(pOpMAINK B TapamMeTpe

X.
Inap = IngT—.I 1

1
rae: X; — KOHTPONUpPYyeMbIil mapamerp,

T, — DOMyCK TOYHOCTH ITapaMeTpa.
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1.2. A6comotreii  norapupmudeckuii  (AJIIIK/I)
TOIT mo KT
K X.
AJlll; =3 log, =,
Rl 92 T;
rae K — KouuecTBo KOHTPOIUPYEMBIX ITapaMeTpoB B K/I.
OtnocurenbHbli norapupmudeckuit (OJITIKI) TOIT

o101
OJYH[Q] :W'

roe TDII — TEXHHUKO-KOHOMHUYECKHUE
TIPOU3BOJICTBA (OOIICIPUHSATEIE).

I1I0Ka3aTCIn

@®opMynbl  pacdyeToB  TEXHUKO-3KOHOMHYECKHX
nokasaTejeldl IMpOM3BOACTBA Ha 0a3e MNPUEMOYHOTO
CTaTUCTUYECKOTO KOHTPOJIS

2.1. Cpennee apudmeTHyecKoe 3Ha4YeHUe

KOHCTPYKTOPCKOI'O IMapaMeTpa U3ACIHUA.

n
> X
_i=l
ch ==,
n
rae N — KOJIUYECTBO KOHTPOJHUPYCMBIX IMapaMETPOB.
22 Pa3zmax paccernBaHus KAa4E€CTBCHHBIX
XapaKTECpUCTUK
R= xmax = Xrin -

2.3. AGCOMIOTHBIN (aKTUUECKU JoraprupMUUecKHii
(AJlllg) TOII

n
_i=
AN, = — .
> R

j=1
2.4. OTHOCHUTEITBHBIHA
norapudmuaeckuii (OJII1g) TOIT

(hakTIuecKkuit

TOII

oMo =
(0]

ITapameTtp YIPaBJIEHUS (Y1)
MexaHo0OpabaTHIBAIOIIMM MPOU3BOJICTBOM — H3MEHEHHE
PEKHUMOB pe3aHHs, H3MEHEHHE MapluipyTa, 3ameHa
TEXHOJIOTUYECKOT0 000y I0BaHUS

n
> X
k X = ep
VIl =log, ¥ —'—log, 5——0.
i-1 Ti D RJ

j=1

Pe3yabTaThl Hcc/ieq0OBAHUS U UX 00CY KIeHUe

Ecnu paccmarpuBath Npou3BOACTBO Kak AUCKPETHO-
BEPOSATHOCTHYIO HH(pOpMAIMOHHYI0 Matpuily S5G, TIe
rnapamMeTpbl  3JIEMEHTOB IPOU3BOJCTBEHHOW  CHCTEMBI
npejacrapieHsl B Bujae JIB nBouuHOM 3amucu, AjiMHA
KOTOPBIX 3aHUMAET OIpe/IeJICHHOE KOJMYECTBO Pa3ps/ioB,
TO K NPOU3BOJACTBY TEOPETHUYECKH NMPUMEHUMBI 3aKOHBI

CHHCOK JIMTepaTypsbl

KOMITBIOTEPHOI TEXHUKH C OMNPEICICHHOW 00BEKTHOCTBIO.
Hanpumep, B aJIropuTMHUYECKOW TEOpPHH HH(POPMAIMU
CIIOKHOCTh 00BEKTa (TaKOro, Kak TEKCT) eCThb Mepa
BBIYHMCIIUTEIIFHBIX PECYPCOB, HEOOXOAMMBIX JIJIS TOYHOTO
ompenenennss dtoro oowvekta (A.H. Kommoropor). C
TIO3UITIH 00BEKTHOCTH TIPOU3BOJICTBA MOKHO
chopMyITHPOBaTh CIEAYIOIAM 00pa3oM — CJIOKHOCTh
KOHTPOJUPYEMBIX TMapaMeTpoB H3Aenus (Takoro, kak /B
TEKCT) €CTh Mepa 3aTpaT TEXHOJOTHMYECKHX PECypCcoB
HEOOXOJUMBIX UIA €T0 M3TOTOBJCHHA. TakuM o0pa3oM, C
MPEACTABIICHHBIX ~ TO3WIMI  TIPOM3BOJCTBO  MOKHO
paccMaTpuBaTh KaK KOMIIBIOTEp C MPUMECHCHHEM BCEX
MPABUII M 3aKOHOB TIPH €r0 ()YHKIIUOHUPOBAHHU.

Ha ocHOBe Hay4HBIX TIOJIOXKCHUN CHCTEMHO-
WH(QOPMAIIMOHHOTO  TIOAX0/a OMNPEACISIOT  CIIOKHOCTh
00BbeKTa, KOTOpast JKBUBAJICHTHO paBHa
KOJIMYECTBY  JUCKPETHO-BEPOSITHOCTHOW — MH(MDOPMAIUH,
XapakTepuzyeMas YHCIOBBIMH 3HAUCHHSMH JHACKPETHO-
BEPOSITHOCTHBIX JOTapru(QMUIECKIX TTOKa3aTeNe,
KOTOPBIMH 00JTaZaloT KOHTpOIMpyeMble mapamerpsl KJ|
W3CTHA, TEXHOJIOTUIECKOTO obopynoBaHUSA u
TEXHOJOTUIECKOTO TIPOoIIecca.

PazpaboTanHbIe norapupMIUIecKre TEXHHUKO-
OKOHOMHYECKHE TIOKa3aTelu TMPOU3BOJACTBA IO3BOJISIOT
aBTOMAaTH3MpOBaTh Ipouecc cbopa  00pabOTKH |
WCTIOBb30BaHUs OTepaTHBHOU uHpOpMAaIMU
MPOM3BOJICTBEHHOI0 TMpoIlecca s pacdeTa TOYHBIX U
OKOHOMHYCCKH O6OCHOBaHHI>IX TEXHUKO-3KOHOMUHYECCKUX
mokaszaTeneld Ha 0a3e KOMITBIOTEPHO-WHTEIPHPOBAHHBIX
TEXHOJIOTHUI METPOJIOTHYECKOTO 00SCIICUCHHS.

Permrennie 3a1ad IpOrHO3MPOBAHIS HA PAHHHUX JTarax
JKU3HEHHOTO IIUKIIa n3aeIni obecrieunBaeTcs
METOJIONIOTHEH CHCTEMHO-HH(POPMAIIMOHHOTO MOAXOMa, a
TaKke pa3pabOTaHHBIE HAa €€ OCHOBE JUCKPETHO-
BEPOSITHOCTHBIC TEXHOJIOTUH METPOJIOTUIECKOTO
obecrieueHus O1eHKH 3()(HEKTHBHOCTH POU3BOJICTBA.

Pa3paboTtanHas MeTo010THs (HOpMYNHUpPYET HayIHbIE
TIOJIOXKEHHUS u 3aKOHOMEPHBIC CBSI3U MEXKTY
YUCJIOBBIMU 3HA4YCHUAIMHN JUCKPETHO-BEPOATHOCTHBIX
sorapu()MUUSCKUX TOKa3aTeyied, KOTOPhIMH 00JaaaroT
KOHCTPYKTOPCKHE, TEXHOJOTHYECKHE KOHTPOJIUPYEMBIC
mapaMeTpel W TEXHHKO-3KOHOMHYECKHE  IIOKa3aTeid
npousBosacTBa [10]. OTO moO3BONsET pelmiaTh 3agayu
yIIpaBIeHUS TEXHUKO-YKOHOMHIESCKUM COCTOSTHHEM
MPOW3BOJICTBA,  pPEMIaTh  3aJadd  MPOTHO3HPOBAHUS
TpeOyeMbIX MaTepUAbHBIX PECYpCOB Ui 3alycka B
TMPOU3BOJICTBO HOBBIX H3HCHHﬁ, BPEMEHU UX HU3TOTOBJICHUA
M CTOMMOCTH 10  pPa3pabOTKH  TEXHOJOIMYECKOU
JIOKYMEHTAIUH.

JMCKpeTHO-BEpOATHOCTHAS
TEXHOJIOTUA OLICHKH TEXHUKO-3KOHOMHYECCKUX
MoKaszaTeleld  NPOW3BOJACTBA  IMO3BOJSIET TOYHO U
CBOCBPEMECHHO U SKOHOMHUYECKU OOOCHOBAaHHO PACCUUTATH
JTIUTHAMUKY TEXHUKO-3KOHOMHIECKUX moKazaTesnen
MPOU3BOJICTBA ISl HKCIIOJIL30BAHUS €€ B OINEPATHBHOM
YIPaBICHUU MIPOU3BOICTBOM.
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MIPA ITHOOPMAIIIl Y EKOHOMIUHHMX 3ATAYAX

IIpeaMeToM JOCHIDKEHHS Y CTATTI € JIesKi MUTAHHS CHCTEMHO-iHPOpPMAILiifHOrO Mi X0y 10 aHali3y MipH JMCKPETHO-HMOBIpHICHOT
() indopmarii B exoHOMiuHi} KiGepHeTHII B paMKax JisSTBHOCTI IMiAMPHEMCTBA, IO CTOCYIOTBCS PO3PAXYHKY TEXHIKO-
€KOHOMIYHHMX MOKA3HMKIB, MPOTHO3YBAHHS MPOTpaMH BHUITYCKY MHPOJYKIii, TEXHOJOTIYHOTO MPOIECY BHUTOTOBJEHHS BHUPOOIB,
e(eKTHBHOCTI BUKOPHCTAHHS MaTepialliB, IIIHOBOI MOJITHKH, PEHTA0EIBHOCTI 1 IeSKUX iHmUX. MeTa JOCIiKEHHS — aHaIli3 3aX0/iB
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JIUCKPETHO-IMOBIpHICHOT iH(OpMAIiiHOT OLIHKH YIPaBIiHHSAM TEXHIKO-€KOHOMIYHHMH NOKa3sHMKaMU BHPOOHMITBA. 3aBHAHHS:
PO3pOOHUTH CTPYKTYPHY CXEMY JHUCKPETHO-IMOBIPHICHUX TEXHOJOTIH OINHKKA €(EKTHBHOCTI BHUPOOHHIITBA;, PO3POOHTH CHCTEMY
Jorapu(MidHIX TEXHIKO-eKOHOMIYHHX MOKa3HUKIB BUPOOHHIITBA, SIKi JO3BOJITIOTH OLIBII 00 €KTHBHO BUKOPHUCTOBYBATH ONEPATHBHY
iHdopmariiro BUPOOHHYOTO IpoIecy; BHPINIMTH 3aBJAHHS MPOTHO3YBaHHS HEOOXITHUX MaTepiallbHUX PEecypciB JUIL 3aIlycKy Yy
BHUPOOHHUIITBO HOBHMX BHPOOIB, Yacy 1X BHTOTOBJICHHS 1 BapTOCTI J0 PO3POOKM TEXHOJIOTIYHOI JOKyMEHTAIlii. BUKOPHUCTOBYIOTHCS
MeToau. OCHOBHI HAyKOBI MOJOXKECHHS METOJOJIOTIi CHCTEMHO 1H()OPMAIIHHOTO MiIX0My sAKi BKIOYAIOTh B ceOe: HAYKOBHU METO.
PO3paxyHKy THUCKPETHO-iMOBipHiCHOI iH(popMarii (i3HYHHX BeNMWYMH (MapaMeTpiB); Croci® BimOOpakeHHS y BHIUIAIAI CTBOPCHUX
JIUCKPETHO-IMOBIPHICHUX MOJIENICH POLIECIB 1 CUCTEM, SIKI BTUIIOIOTH METO[; 3aCi0 BUKOPHCTaHHA METONy 1 CHOCO0y (KOMIT'TOTEepHI
TEXHOJIOTT); TPOIecoM, IO pealli3ye BHUMIPIOBAHHS KOHTPOJIhOBAHUX MapaMmeTpiB y BUPOOHHITBI, 30ip, 30epiraHHs i 00poOKy
inopmarnii. OTpumaHo Taki pe3yabTaTH. Po3poOieHa CTpyKTypHa CXeMa JAHUCKPETHO-IMOBIPHICHMX TEXHOJOTIH OINHKA
e(eKTHBHOCTI BHPOOHUITBA SIKa BU3HAYAE i€pApXil0 KOMIT'IOTEPHO-IHTEIPOBAHMX TEXHOJOTIH METPOJIOTIYHOTO 3a0e3NeueHHs, B
OCHOBI SIKHX JIGXKHTH AUCKPETHO-IMOBIpHICHA iH(OpMaIist KOHTposoBaHUX napaMeTpis K/ BupoOy, TexHOIOTiYHOrO 00NIaHAHHS 1
TEXHOJIOTIYHOTO TIporiecy. Po3pobiieHa crctemMa Jorapu(MidHUX TEXHIKO-CKOHOMIYHUX ITOKa3HHUKIB BUPOOHUIITBA, JTO3BOJISE OLTBIT
00’€KTUBHO BUKOPUCTOBYBATU OIEPATUBHY 1H(POPMAILIIIO BUPOOHUUYOTO TPOIIECY; BUPILNIYBATH 3aBJAaHHS MPOTHO3YBAaHHS HEOOXITHUX
MaTepiaJbHUX PECYpPCIB IS 3aIyCKy Y BUPOOHHUIITBO HOBHX BHPOOIB, Yacy iX BUTOTOBJICHHS i BAPTOCTI 10 PO3POOKH TEXHOJIOTTYHOT
JIOKyMeHTallil. PimeHHs 3ama4 MpOrHO3yBaHHS Ha paHHIX eTamax J>KUTTEBOTO MKy BHPOOIB 3a0e3MeuyeThesi METOHOJIOTIE
CHCTeMHO-iHpOpMALIIIfHOTO MiaX0dy, a TaKoXK po3poOieHi Ha i OCHOBI JUCKPETHO-IMOBIPHICHI TEXHOJIOTil METPOJIOTidHOrO
3a0e3nedyeHHs OMiHKY e()eKTUBHOCTI BUPOOHHIITBA. Po3pobiiena MeTomooris (hopMyITIoe HayKOBI MOJIOKEHHS 1 3aKOHOMIPHI 3B'SI3KH
MDK YHCIOBHMH 3HA4eHHSIMH JHCKPETHO-IMOBIPHICHHX JIOTAPH(MIYHAX ITOKAa3HUKIB, SIKHUMH BOJOAIIOTH KOHCTPYKTOPCHKI,
TEXHOJIOT1YHI KOHTPOJIbOBAHI MapaMeTpH 1 TEXHIKO-CKOHOMIYHI IOKa3HMKH BUpOOHMITBA. lle 103BOJIsie BUpINIyBAaTH 3aBRaHHS
YIPaBIiHHS TEXHIKO-€KOHOMIYHMM CTaHOM BHPOOHWIITBA, BUPINIyBaTH 3aBJaHHS IIPOTHO3YBAHHS HEOOXITHUX MarepiallbHUX
pecypciB IS 3aIyCKy Y BUPOOHUIITBO HOBUX BHPOOIB, Yacy IX BUT'OTOBJICHHS 1 BAPTOCTI 0 PO3POOKHM TEXHOJIOTIYHOI JOKYMEHTALIII.
BucnoBku. JluckpeTHo-iiMOBipHICHA iH(OpMaLiiHa TEXHOJOTIS OLIIHKK TEXHIKO-CKOHOMIYHHMX MOKA3HUKIB BUPOOHHIITBA JTO3BOJISE
TOYHO 1 CBO€YACHO Ta EKOHOMIYHO OOIPYHTOBAaHO PO3paxyBaTH AWHAMIKY TEXHIKO-CKOHOMIYHUX ITOKa3HHKIB BHUPOOHHIITBA IS
BUKOPHUCTAHHA il B ONIEPATUBHOMY YIPaBIiHHI BUPOOHUIITBOM.

KnwuoBi ciaoBa: wmipa, TEXHOJOri, TEXHIKO-CKOHOMIYHI TOKA3HUKH, CHCTEMHO-iH)OPMALIHHUNA TMiIXid, JUCKPETHO-
iMoBipHicHa iH(OpMATLTis.

INFORMATION MEASURE IN ECONOMIC TASKS

The subject of the research in the article are some questions of the system-information approach to the analysis of the measure of
discrete-probabilistic (DP) information in economic cybernetics within the framework of the enterprise's activities relating to the
calculation of technical and economic indicators, the forecasting of the output program, the technological process of manufacturing
products, price policy, profitability and some others. The purpose of the study is to analyze the measures of discrete-probabilistic
information assessment by managing the technical and economic indicators of production. Objectives: to develop a structural scheme
of discrete-probabilistic technologies for assessing the efficiency of production; to develop a system of logarithmic technical and
economic indicators of production, which allow more objective use of operational information of the production process; to solve the
problem of forecasting the necessary material resources for launching new products into production, their production time and cost,
before developing technological documentation. Methods are used. The main scientific provisions of the methodology of the system
information approach include: a scientific method for calculating discrete-probabilistic information of physical quantities
(parameters); a way of displaying in the form of created discrete-probabilistic models of processes and systems that embody the
method and method (computer technologies); process of realization of measurement of controlled parameters, collection, storage and
processing of information. The following results are obtained. The structural scheme of discrete-probabilistic technologies for
assessing the production efficiency is defined, which determines the hierarchy of computer-integrated technologies of metrological
support, based on the discrete-probabilistic information of the monitored parameters of the product CD, technological equipment and
technological process. A system of logarithmic technical and economic indicators of production has been developed, which makes it
possible to more objectively evaluate and effectively use the operational information of the production process; to solve the problems
of forecasting the necessary material resources for launching new products into production, their production time and cost, before
developing technological documentation. The task of forecasting at the early stages of the product life cycle is solved, which is
provided by the methodology of the system-information approach, as well as the discrete-probabilistic technologies developed on its
basis to provide metrological support for the evaluation of production efficiency. The developed methodology formulates scientific
positions and regular connections between numerical values of discrete-probabilistic logarithmic indicators, which are possessed by
technological controlled parameters and technical and economic indicators of production. This allows us to solve the problems of
managing the technical and economic state of production, to solve the problems of forecasting the necessary material resources for
launching new products into production, their production time and cost, before developing technological documentation.
Conclusions. Discrete-probabilistic information technology assessment of technical and economic indicators of production allows
you to accurately and timely and economically justify the dynamics of technical and economic indicators of production for use in the
operational management of production.

Keywords: measure, technology, technical and economic indicators, system-information approach, discrete-probabilistic
information.
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ECONOMIC MECHANISM OF ENERGY SAVING AT PUBLIC UTILITY
COMPANIES

The subject matter of the study is the combination of theoretical, methodological and practical approaches to the development of the
economic mechanism of energy saving. The aim of the article is to substantiate the conceptual approach to the development of the
economic mechanism for energy saving at public utility companies as the theoretical and methodological basis of energy saving
policy at enterprises in this sphere. While achieving the objectives of the study the following tasks were solved within the research:
the current state of energy saving in Ukraine and at public utilities was analyzed; theoretical approaches for revealing the essence of
the concept of energy conservation was considered; the pattern of the economic mechanism of energy saving at public utility
companies was developed and its costituents were grounded. The following methods were used in the research: the abstract and
logical method was used for generalizing the theory and formulating conclusions; the method of system and structural analysis was
used for studying and generalizing approaches to the definition of energy saving; methods of economic and mathematical statistics
were used for processing and analyzing initial data, identifying trends and patterns of the efficiency of studied factors; graphical
method was used for visualizing the results of the research. According to the results of the study the following conclusions can be
formulated: the conceptual approach for developing the economic mechanism of energy saving should be worked out as it is a burning
issue for public utility companies. Its solution will contribute to achieving the goals of the Strategy of Sustainable Development
"Ukraine — 2020" and the Energy Strategy up to 2030. The concept of energy saving was defined in the course of the study, the
conceptual pattern of the economic mechanism of energy saving at public utility companies was also suggested, the constituents of the
economic mechanism of energy saving was revealed, which creates a theoretical and methodological basis for developing energy

saving policy at public utility companies.

Keywords: energy saving, economic mechanism, public utility companies, the economic mechanism of energy saving.

Introduction

One of the national priorities of economic
development of Ukraine is the reduction of energy
intensity of production, which is stated in the Strategy of
Sustainable Development "Ukraine — 2020" [1]
(hereinafter — the Strategy) and the Energy Strategy up to
2030 [2]. The strategic guidelines outlined in these and
other documents of macroeconomic planning dictates the
necesssity of implementing the effective policy of energy
saving in various areas of the national economy. This
issue is very important for power consuming enterprises,
including public utility companies. The lack the system
approach for developing and implementing the policy of
energy saving in this sphere mainstreams the task of
working out the conceptual approach to the development
of energy saving economic mechanism (ESEM) at public
utility companies.

Analysis of literary sources and problem statement

elaboration of theoretical and methodological foundations
for the development and implementation of energy saving
policies at public utility companies has not been suggested
yet.

The aim of the article is to substantiate the
conceptual approach to the development of the economic
mechanism for energy saving at public utility companies
as the theoretical and methodological basis of energy
saving policy at enterprises in this sphere.

Materials and methods of research

Many well-known scientists dealing with the
problems of energy saving focus on strategic directions of
development of various sectors of economy; amon them
are: V. Lear [3] O. Oliynyk [4], R. Yuhimetsky [5], L.
Lukyanenko [6], B. Gaprindashvili [7], V. Poliaunov [8],
L. Fedulova [8], L. Taranyuk [10]. Some aspects of
energy saving in the sphere of housing and communal
services are studied by such Ukrainian scientists as: P.
Bubenko [11], O. Dimchenko [12], O. Trach [13] and
others. The scientists mentioned above study the state of
energy saving in Ukraine, the causes of high energy
intensity of gross domestic product (GDP) and ways to
reduce it, suggest the ways as for the increase of energy
efficiency and mechanisms for financing energy-saving
procedures within target projects. However, despite
numerous researches, a holistic approach to the

In order to achieve the goal, the following methods
were used: abstract and logical (for theoretical
generalization and formulation of conclusions); system
and structural analysis (for studying and generalizing
approaches to the definition of energy saving); methods of
economic and mathematical statistics (for processing and
analyzing initial data, for identifying trends and patterns
of efficiency of the studied indicators); graphical method
(for wvisualizing the results of the research). The
information basis of this study includes periodicals,
statistics and legislative acts of the government of
Ukraine, the State Agency for Energy Efficiency and
Energy Saving of Ukraine, the Internet resources,
theoretical aspects.

Research results

The energy intensity of social production is one of
the criteria for assessing the development of the country
and its economy. The data analysis given in [14; 15]
indicates that Ukraine lies significantly behind the
developed countries of the world according to the
mentioned criterion. Thus, Ukraine’s energy intensity in
2015 amounted to 0.53 kg / UAH per capita, which is 2-4
times higher than in the leading European countries. This
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situation is primarily related to the inefficient
consumption of fuel and energy resources (FER), outdated
technologies and extremely worn-out networks, especially
centralized heating, water supply and housing stock
systems.

According to the State Statistical Service [18], in
2015 the largest FER consumer was the domestic sector —
33% in the overall structure of FER consumption. The
Sectorial Programme for energy efficiency and saving in
Housing and Utilities Sector (HUS) for 2010 - 2014 [19]
states that public utilities use almost 70 million tons of
fuel, while the housing stock of the state and social sphere
consume 85% of energy resources of their total
consumption. The threatening situation with energy saving
in public utility companies is caused first of all by the fact
that there are no renewable and alternative energy sources.
Besides, FER consumption is little diversified, the
processes of organization and decision-making in the field
of developing and implementing measures aimed at
reducing energy consumption are ineffective; there exists
technological underdevelopment and worn-out networks
and permanent assets; existing economic methods,
leverage and tools of the national energy saving policy are
ineffective, etc. The analysis of the retrospective data
presented in [20] indicates the fact that the state of energy
saving in public utilities of HUS is unsatisfactory, which
is the result of the inadequate current national policy in
this sphere and proves the necessity of updating its
conceptual framework.

Since the logic of scientific research requires the
clear and unambiguous definition of key terms, the
existing theoretical approaches to the definition of the
concept of "energy saving™ will be considered.

The analysis of existing definitions of this concept
[21; 22; 23; 24; 25; 26; 27; 28; 29 and others.] gives
grounds for the conclusion that today there is no
agreement of opinions as for its definition. Some scientists
consider “energy saving" as a process [23; 25; 27] or
activity [21; 28] or even measures [23; 28; 29] aimed at
the reduction of energy consumption [22; 25; 26; 27; 28;
29], converting it into reasonable [21; 23; 28], economical
[21; 28] and effective [24] consumption. The Great
Explanatory Dictionary [30] defines a "process" as a
sequential change in states or phenomena that occurs

"action" means work, activity, implementation of
anything; "measures” means a set of actions or ways for
achieving, carrying out anything; "reduction” means the
decrease of volume, size or quantity of something;
something "reasonable" is based on the demands of
reason, logic; something "smart" is aimed at better,
reasonable use of anything; "economical" means careful,
economical spending; “efficient" leads to the desired
results, consequences, gives the greatest effect.

Based on the definition of the above terms, energy
saving cannot be defined as an activity or action, but as
the process of development and implementation of energy
saving procedures that are in the continuous state of
adaptation to environmental challenges and changes that
occur in the sphere of energy saving.

In order to determine the main components of the
concept "energy saving" it is necessary to agree with the
majority of scientific approaches, which emphasize the
fact that energy saving is directed precisely at reasonable
and economical consumption of energy resources.
Incorporating the term “reduction” into the definition of
ESEM seems to be inappropriate, since reasonable,
careful, economical consumption of such resources
ensures their reduction. The same approach can be applied
to the term "efficient", because efficiency is the result that
cannot be achieved without reasonable and economical
consumption of energy resources. Thus, the concept
"energy saving" can be specified as the process of
development and implementation of energy saving
procedures aimed at reasonable and economical
consumption of energy resources.

Regarding the mechanism, Y. Chistov notes that
"any simple mechanism, system, lever, or block is created
to either change the direction of the force, or in order to
achieve the effect that exceeds this force, if less force is
applied” [31]. The energy saving mechanism can be aimed
at ensuring the well-established process of development
and implementation of energy saving procedures directed
at FER saving, reducing all resources necessary for their
implementation, and preserving the environment with the
help of modern forms, methods and tools. Basing on this
statement and taking into account the results of the
research [27; 31; 32; 33; 34], the following components
can be distinguished: legal, organizational and managerial,

Sodal

according to a regular pattern; "activity" means technical and technological, social, informational,
functioning or operation of any organization, institution; ecological and economic components (fig. 1).
Mechanism of energy saving
I N S T
\ Organizational-managerial |— —{ Economic \
‘ Technical and technological |— _‘ Informational ‘
|

|7

Fig. 1. Components of the mechanism of energy saving

Each component interacts directly with another one
and affects the effectiveness of the whole mechanism of
energy saving. Within the study, the economic component
will be emphasized; this component with all its financial

Source: author's development

resources and economic tools will contribute to the
achievement of the set goals and to the solution of the
tasks identified in the Strategy and other programme
documents of macroeconomic planning, in particular:
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legislative establishment of the structure of tariffs for
natural gas, electricity, thermal energy, their
transportation; ensuring cooperation with the World Bank
as for the implementation of the Partnership Strategy with
Ukraine for 2012-2016; implementation of cooperation
programmes with the International Monetary Fund, the
World Bank, the European Bank of Reconstruction and
Development, the European Investment Bank and other
international financial organizations; legislative revision
of stimulating the production of electricity from non-
traditional and renewable energy sources; reforming the
system of "green" tariffs and their balancing.

The ideas mentioned above enable considering
ESEM as a set of economic methods, forms, tools and
levers of influence on economic relations and processes,
which, due to management functions, ensure the

development and implementation of measures for
reasonable and economical consumption of energy
resources.

In the context of the development of theory and
methodology as well as practical recommendations for
improving the efficiency of managing processes related to
energy saving at public utility companies, the ESEM
conceptual diagram at the enterprises of this sphere is
suggested and shown in fig. 2.

The components of the suggested ESEM at public
utility companies should be detailed.

The main objective of ESEM development is to
ensure reasonable and economical consumption of energy
resources within the implementation of relevant energy
saving programs at public utility enterprises.

r--—-—r —H—-—"=—"F"-F"""""""""""""""""="—""="""=""""=""=—"""—=- |
Company goals | |
| ESEM development at public utility companies I
# | I ] ) I
Aims of ESEM | Principles |Auxiliary subsystems Economitt: 1eferage and I
ools =
! || £
v ! | |2
I Funetions of ESEM: Energy auditing I 5
rValue paradigm of ESEM I ) gﬁﬁ:ﬁiﬂm 2
5 evelopment - controlling’ ) | 7
=] | _ resource saving. Development of energy [P
& ) saving procedures £
Mo | U Tasks and challenges of | | | | | =
T: § ESEM development T Implementation of energy saving I =
52 [ procedures: SD
E_; ~‘ Innovative mechanisms I Financial sources of energy - gﬁzﬁ:ﬁﬁ?ﬁ?ﬁs&gﬁﬁv | £
e | saving - state and private companies | | | £
3 <| Best practice ‘ | | | &
o .
1 Unsolved problems ‘ : Energy saving procedures :
A - __ 4 ——————— |
no
Efficiency of energy saving financing
Reasonable and economical energy consumption
Fig. 2. Economic mechanism of energy saving at public utility companies Source: author's development

A separate block element of the suggested ESEM is
the creative model of ESEM development, which is a
structure of domain knowledge that includes a navigation
structure which visualize algorithms that concern the
reaction to the environmental challenges, the solution of
internal system problems, preparing and sending outside
the system of information (messages) that considers the
current state, goals and strategies of its development and
which is determined by such components as: value
paradigm of ESEM development, tasks and challenges of
ESEM development, innovative mechanisms, best
practices, and unsolved problems.

The basis of the suggested ESEM at public utility
companies is the concept of ESEM development at the
enterprises of this sphere, which includes principles,
auxiliary subsystems, economic leverage and tools. The
principles of ESEM development at public utility
companies include the following ones: systemacity,
responsibility, motivation, priority, informatization,
cooperation, purposefulness, efficiency.

The auxiliary subsystems include the following
ones: management, functional and maintenance. The
ESEM functional subsystem at public utility companies is
mainly aimed at:

-saving energy resources, which provides
reasonable and economical consumption of FER by
developing appropriate measures with the help of modern
technologies and new equipment;

- stimulating effective interaction in order to achieve
the goal of ESEM development, which is directed at
creating proper conditions for all the employees who work
at public utility companies and participate in the process
of developing and implementing energy saving
procedures;

- analysis, accounting and monitoring, which enable
receiving information about actual consumption of FER
and comparing the obtained figures with the planned ones.

The management subsystem includes:

- organization, which establishes the system of
interaction of all structural units of the enterprise in order
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to obtain the maximum result of their interaction;

- planning, which enables ensuring the efficient use
of all resource potential of the enterprise, in particular:
material, financial, personnel and information;

- motivating the company’s employees, which is
aimed at achieving the set goals and objectives and results
in developung the system of rewards for successful
performance of duties which contributed to improving the
performance of the enterprise;

- monitoring and controlling make it possible to
observe the implementation of energy saving procedures
and obtain results, which will help to identify timely the
causes of probable deviations from the planned figures
with further specification of ways for improving the
efficiency of enersy saving at the enterprise.

With the help of utilities supply subsystem, the
conditions for enterprise normal operation are created; the
components of such subsytem are:

regulative and legal support, which is the basis for
ESEM development and the groud for determining the
general rules (principles) of its implementation;

- resource support that is the complex of resources
(material, fuel and energy, etc.) which are used in the
production process of the enterprise;

- information support or a set of methods and means
for obtaining information the enterprise needs in order to
make grounded decisions;

- staffing support, that is the required quantity and
quality of employees of a public utility company which,
due to its professional training, reaches planned results;

- financial support.

Economic tools and leverage play an important role
in ESEM development. They include state and regional
programs, plans, energy saving projects, energy prices and
tariffs (including the "green" tariff), direct budget support,
taxes and other elements of the tax mechanism (tax
advantages, tax holidays, tax credits, etc.), grants of
targeted state and private funds for research and
development in the sphere of energy saving, elements of
material incentives (bonuses, paid education etc.), fines
and sanctions, amortization policies and other financial
instruments.

It should be noted that ESEM at the enterprise
performs such important functions as:

- managing, which creates proper conditions for the
interconnection of structural units related to the process of
energy saving at the enterprise and enable meeting the set
objectives as well as ensuring the efficiency of enterprise
operation;

- stimulating, which provides the system of
incentives for the company and employees involved in the
process of development and implementation of energy
saving procedures aimed at their efficient interaction in
order to achieve the goal of ESEM operation with the help
of material interest of all participants;

- controlling, which enables implementing current
energy saving procedures, regulating internal relations at
the enterprise, as well as folmulating general rules of
interaction of the enterprise with the environment;

-resource saving aimed at reasonable and
economical consumption of available material and fuel
and energy resources due to developing appropriate

measures for the introduction of advanced technologies
and the use of modern equipment.

The component of the suggested ESEM at public
utility companies is also the energy auditing, which is the
energy analysis of the company conducted in order to
establish the efficiency of FER use and to develop
suggestions for savings such FER.

Energy saving procedures within energy saving
programmes are financed from state and regional budgets,
enterprise own funds and other sources (loans, issuing
securities). One of the problems of energy saving
procedures at public utility companies is the limited
investement capacity of domestic enterprises. In order to
solve this problem, the following procedures of energy
saving should be initiated:

- performance contracting, which is a form of a
leasing contract whereby the cost of the given energy
saving equipment and services is returned due to the cost
of the produced or saved energy after the project
implementation;

- attracting energy servicing companies, which, at
their own expense or at the expense of borrowed funds,
implement energy saving procedures or projects and
ensure FER savings;

- cooperation among state and private companies,
which, on the basis of the agreement, implement energy
saving procedures.

The suggested economic mechanism of energy
saving at public utility companies is adapted for the
enterprises of this sphere, and is determined by a set of
structural elements (principles, auxiliary subsystems,
economic tools and leverage, ESEM operation, energy
auditing, forms of implementation and financing sources
for energy saving procedures, development of energy
saving procedures), which promote the implementation of
energy saving procedures within the corresponding
programmes due to financing with the help of issuing
infrastructure bonds, which ensures the efficiency of
financing energy saving procedures and leads to the
achievement of the set goal of ESEM development at
public utility companies.

Conclusions

The conceptual approach to ESEM development
should be worked out as it is a burning issue for public
utility companies, which will contribute to the
achievement of the goals of the Strategy for Sustainable
Development "Ukraine — 2020" and the Energy Strategy
up to 2030.

In the course of the study, the concept of "energy
saving" is defined as a set of economic methods, ways,
tools and levers of influence on economic relations and
processes, which, thanks to management functions, ensure
developing and implementing procedures for reasonable
and economical consumption of energy resources; the
conceptual pattern of ESEM at public utility companies is
suggested and its components are considered, which
creates the theoretical and methodological basis for
developing energy saving policies at public utility
companies.
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Further research in this direction will be aimed at the  energy saving at public utility companies.
development of organizational and financial grounds for
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EKOHOMIYHUM MEXAHI3M EHEPT'O3BEPEXKEHHS HA IIJIITPUEMCTBAX
KOMYHAJIBHOI'O TOCITIOJAPCTBA

IpeqMeTOM [OCTIKEHHS € CYKYIHICTh TCOPETHYHHX, METOMWYHHX 1 MPAKTHYHHUX IMIJXOMIB II0J0 PO3POOKH E€KOHOMIYHOTO
MeXaHi3My eHepro3oepekeHHs. MeTo cTaTTi € 00IPYHTYBAHHS KOHICTITYaTbHOTO MiAXO0AY 0 PO3POOKH CKOHOMIYHOTO MEXaHi3My
€Hepro30epekeHHs] Ha MiANPUEMCTBAX KOMYHAJIBHOIO TOCHOAAPCTBA, SIK TEOPETHUKO-METOMOJOTIYHOrO MiAIPYHTS MONITHKA
EHEePro30epeKeHHs Ha TMANPUEMCTBAX 1€l chepu. JIst TOCITHEHHS TOCTABICHOI METH B AOCIIKCHHI MMOCTABJICHI Ta BUPILICHI TaKi
3aB/laHHfA: [POAHANI3yBaTH Cy4YaCHHH CTaH eHepro30epekeHHs B YKpaiHi Ta MiANPHEMCTBAX KOMYHAIBHOI'O T'OCIO/APCTBA;
PO3TIISTHYTH TEOPETUYHI TiIXOI! IO PO3KPUTTS CYTHOCTI TIOHATTS "'"eHepro30epekeHHs " ; pO3pOOUTH CXeMy €KOHOMIYHOTO MEXaHi3My
€HEpPro30epeKeHHsT Ha MiANPHEMCTBAX KOMYHAJIBHOTO IOCIOAAPCTBA Ta OOIPYHTYBATH HOr0 CKIAIOBi eneMeHTH. JIist TOCSATHEeHHS
MOCTaBICHOT METH B POOOTI BHKOPHCTAHO HACTYIHI MeTOAM: aOCTPaKTHO-JOTIYHI (JUI1 TEOPETHYHOTO Yy3arajJbHEHHS U
(GOpMyIIOBaHHS BHCHOBKIB); CHCTEMHO-CTPYKTYpPHHH aHaimi3 (Uil BUBYCHHS # y3araJbHEHHs IMiJXOMIB 10 BH3HAYCHHS
CHEPro30epeKEeHHs); METOJH CKOHOMIYHOT W MaTeMaTHYHO! CTATHCTHKH (i1 OOpOOKH I aHami3y BHXIJIHUX JaHWUX, BHSBICHHS
TEHJICHIIIN 1 3aKOHOMIPHOCTEH JI€BOCTI MOCTIKYBAHUX MMOKA3HUKIB); rpadiuduii MeTo ] (751 HAOYHOTO BiZIOOPaKCHHS PE3yibTaTiB
JIOCIIDKEHHsT). 3a pe3yJbTaTaMH IPOBEICHOrO JOCII/UKEHHS MOKHA COpMyIIOBaTH TaKi BHCHOBKH: HEOOXIIHICTH pPO3pOOKH
KOHIIENTYaJbHOTO MiaXoay 10 (OpPMyBaHHS EKOHOMIYHOIO MeXaHi3My €Hepro30epeKeHHs € aKkTyaJbHUM [UTaHHSIM s
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IiINPHEMCTB KOMYHAIBHOIO TOCIONAPCTBA. Oro BHpIlIGHHS CIPUATHME IOCATHEHHIO LUIHOBMX opienTupiB CrpaTerii cramoro
po3Butky "Ykpaina — 2020" Ta Enepreruunoi crparerii 1o 2030 p. B xoxi rocnimKkeHHsS BU3HAUCHO MOHSTTS 'eHepro3oepexeHHs” ta
3alpPONOHOBAHO KOHIENTYaIbHY CXEMy eKOHOMIYHOTO MeXaHi3My eHepro30epeKeHHs Ha IiJIPHEMCTBAX KOMYHAIBHOTO
TOCIIOJIAPCTBA; PO3KPHUTO 3MICT CKJIQJIOBUX €KOHOMIYHOTO MEXaHi3My eHepro30epekeHHs, IO CTBOPIOE TEOPETHKO-METOJ0JIOTIuHe
miArpyHTs hOpMyBaHHs HOMITHKA €HEPro30epexeH s Ha MiAMPUEMCTBAX KOMYHAIIBHOTO TOCIOAaPCTBA.

KniouoBi cioBa: eHeproz0epekeHHs, EKOHOMIYHHN MeXaHi3M, MiANPHEMCTBA KOMYHAJIbHOTO TOCHOAAPCTBA, CKOHOMIYHHUM
MeXaHi3M eHepro30epexeHHs.

3KOHOMMYECKHWI MEXAHNU3M YHEPITOCBEPEKEHHWS HA IPEAIPUATHUSAX
KOMMYHAJIBHOT'O XO35MCTBA

ITpeameToM HCCIICAOBaHUS SIBISICTCS COBOKYITHOCTh TEOPETHYCCKUX, METOJMYCCKUX M IMPAKTHYCCKHX MOIXOMOB K pa3zpaboTke
HKOHOMHYECKOT0 MeXaHH3Ma sHeprocoepexenns. Ilejblo craTthy ABiseTcs 000CHOBAaHME KOHIENTYAIBHOTO IOJIX0A K pa3paboTKe
HKOHOMHYECKOT0 MEXaHH3Ma YHEProcOepeKeHUs Ha NPEANPUATHAX KOMMYHAJIbHOTO XO3SHCTBA, KaK TEOPETUKO-METOJ0JIOTHYECKOiT
OCHOBBI IOJIUTHKU 3HEProcOCPEKCHUs Ha MPEIIPUATHAX 3TOH cdepsl. s NOCTHKEHUS IOCTABICHHON LM B MCCJIEIOBaHHU
MOCTAaBJICHbl W PELICHBI CIEAYIOIIHE 3aAa4M: NPOAHAIU3HPOBATH COBPEMEHHOE COCTOSHHE SHEprocOepekeHuss B YKpauHe H
NPENPUATHAX ~KOMMYHAJIBHOTO —XO3fCTBA; pPAacCMOTPETh TEOPETHYECKHUE MOAXOAbI K PACKPBITHIO CYIIHOCTH IOHSATHUS
"sHeprocoepexeHns”; pa3paboTaTh CXeMy SKOHOMHYECKOTO MEXaHHW3Ma SHeprocOepekeHHs Ha MpPeINpHATHIX KOMMYHAJIbHOTO
X03sIHCTBA M 000OCHOBATH €0 COCTABILSIFOIINE 3JIEMEHTBI. J[JIsl TOCTH/KCHHS TIOCTABICHHOMN LIE/IH B pabOTEe HCIIOIb30BaHBI CIICIYIOIIHC
MeTO/bI: a0CTPaKTHO-JIOTMYCCKH (ISl TEOPETHIECKOro 0000IIeHHS U GOPMYITHPOBAHUS BHIBOJIOB) CHCTEMHO-CTPYKTYPHBIN aHAIN3
(st w3ydeHHsT W OOOOIICHHS IMOAXOJOB K OINPEACICHHSAM 3HEProcOCpeKEHHsI) METOJbl 3KOHOMHYECKOH M MaTeMaTHYeCKOM
craTucTHKH (Ui 00pabOTKM M aHanM3a MCXOAHBIX IaHHBIX, BBIBICHME TEHJACHIMII M 3aKOHOMEPHOCTEH JCHCTBEHHOCTH
HCCIIeIyeMBIX TMOKa3aTesel); rpaduieckuii MeTol (1)1 HAIJIATHOTO OTOOpaKEHHs Pe3yJIbTaToB UccienoBanus). [lo pesyabraram
MPOBEJCHHOTO HCCICAOBAHUS MOXKHO C(HOPMYIHPOBATH CICAYIOIIHE BBIBOABL HEOOXOAMMOCTb Pa3pabOTKH KOHLENTYaIbHOTO
0/IX0/1a K (DOPMHUPOBAHUIO SKOHOMUYECKOTO MEXaHHM3Ma SHEProcOepeKeHHs SBISCTCS aKTyaJlbHbIM BOIPOCOM JUIS MPEIIIPUSTHH
KOMMYHAJIBHOTO X03siiicTBa. Ero pemieHue Oyaer CrocoOCTBOBATh JOCTHKCHHIO IICNEBBIX OpHEHTHPOB CTpaTerdu yCTOHYMBOTO
pasButus "Ykpamna - 2020" u Dmueprermueckodt crparermn 1o 2030 r. B Xome wucciemoBaHHsS ONPENETICHO MOHITHE
"sHeprocoepexeHre” M MpeIoKeHa KOHIENTYyalIbHasi cXeMa YKOHOMHYECKOTO MEXaHM3Ma JHEepProcOepekeHUs] Ha IMPEANPHUSITHIX
KOMMYHAJIbHOTO XO35fICTBa; PACKPHITO COJACPKAHUE COCTABISIONIMX 3KOHOMUYECKOIO MEXaHHW3Ma SHEProcOepeKEHMs, YTO CO3/aeT
TEOPETHKO-METO/J0JIOTHYECKOE OCHOBaHME (OPMHUPOBAHUSA IOIMTHKH HSHEPrOCOCPEIKCHUsT HA NPEANPHATHAX KOMMYHAIIBHOTO
XO34HCTBA.

KitoueBble cll0Ba: 9HEProcOCpPeKCHUE, OKOHOMUYCCKHH  MEXaHU3M, INPEANPHATHS KOMMYHAIBHOTO  XO3SIHCTBa,
HKOHOMHYECKUH MEXaHU3M SHEProcOEPeIKEHHUSL.
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REGULATORY ENVIRONMENT OF BUSINESS ACTIVITIES IN UKRAINE

The subject of this study is the tools used by the state that create the regulatory environment for business activities in Ukraine. The
goal of the article is to analyse the regulatory environment of Ukrainian enterprises, to reveal the conditions in which they operate on
the basis of the study of legal regulations and requirements as well as on international ratings based on social surveys of Ukrainian
society. Objectives: to review the regulatory environment, to study the status of the permitting system, the control system
(inspections), technical regulation, the tax system and legislative acts. General scientific methods used are: methods of empirical
research (observation, comparison, visual-graphic methods), method of system analysis, induction, deduction, specification. The
following results are obtained. Regulation can be defined as the policy of influence based on understanding the nature of the object to
which the regulation is directed, and on the well-defined perspective of the image of this object, which is planned to be achieved with
the help of certain regulators. The main such regulator of activity of business entities is the state. Considering Ukraine's place in the
rating study of the International Finance Corporation of the World Bank "Doing Business — 2017", the main conditions of business
practices of Ukrainian enterprises and the state's influence on business environment have been researched. Although Ukraine's place
in the rating has risen one point (the 80th place) compared to the previous year, according to certain parameters our state significantly
lags behind both leading and neighbouring countries. This includes, in particular, obtaining building permition, difficulties in closing
down of business and global commerce. Ukraine even did not find itself in top hundred according to these parameters. However, in
such areas as permitting system, inspection system, technical regulation there are significant changes aimed at simplifying basic
procedures and reducing regulatory pressure. Conclusions. Despite these innovations, there still exists bureaucracy, frequent changes
in legal regulations and requirements and their imperfections in general. As a result, corruption and shadow economy still affect
Ukrainian enterprises. The reduction of overregulation of domestic enterprises activities should become one of the main measures for

creating optimal conditions for business in Ukraine.

Keywords: enterprise, regulation, permitting system, legal system, licensing, taxation system, inspection system, technical

regulation..

Introduction

Any organization is situated in an environment and
functions if the environment makes it possible. To
determine the organization's behavior the management of
the organization should know both the internal and
external environment of the organization, its potential and
trends of development, and the place of this organization
within the environment.

Modern joint-stock companies of Ukraine have
difficulties in stable economic growth wunder the
overregulation of entrepreneurship which results in
restraining competition, increasing pressure on business
structures and factoring into the spread of shadow
economy and corruption.

Creating an adequate and rational climate for the
development of joint stock companies is one of the main
ways of ensuring Ukraine's economic growth and radical
changing the philosophy of doing business in our country.

Analysis of literary sources and problem statement

activity. Considering the regulatory environment of joint
stock companies, it is important to note that, as a rule, a
joint-stock company can not affect it. In this case, a joint
stock company is the subject of the regulatory system
influence, and, although state regulation is considered as a
process of bilateral interaction between business and state,
the impact of individual business on the state is
significantly limited. It makes the state create such
business conditions that ensure appropriate normative,
legal and institutional coverage and optimal regulatory
pressure on business entities.

Tasks and objectives of the study

Scientific researches of the specifics of enterprises'
activities were conducted by such scientists as O.M.
Vakulchik, V.A. Yevtushevsky, V.A. Kublkov, M.P.
Malskaya, J. Keynes, I.M. Posohov, V. Stezher, D.
Lukyanenko, A. Mozgovy. The works of these scholars
highlight challenges and contradictions of economic
globalization, effects of the expansion of foreign
transnational corporations, problems of the state economic
security.

The external environment of a joint-stock company
should also be considered. One of the main stakeholders
which influences the activity of a joint-stock corporation
is the state that is the regulatory environment for its

Focusing on the problems of economic development
of Ukrainian joint-stock companies, it is important to
understand the factors of influence of the regulatory
environment on their activities. The purpose of this study
is to analyze the regulatory environment of Ukrainian
business entities, and to disclose the conditions in which
they operate.

Materials and methods of research

In order to achieve this goal, the results of
international rating assessments are used, the analysis of
domestic legal system as well as the pressure of the main
supervisory authorities on the activities of Ukrainian
enterprises is conducted.

Research results

Activities of a modern joint-stock company depend
on the factors of the regulatory environment.
The term "regulatory environment" is defined as:

© N. Chekh, I. Vinnyk, 2017
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- legislative and normative business rules;

- the ability of the authorities to ensure the
implementation of law and strictly keep within the law in
its own activities;

- the effectiveness of the management system
through the society prism: the degree of transparency and
consistency of the state regulatory policy; the level of
bureaucracy and corruption.

John M. Keynes, an English economist, specified the
need for the state regulation of the market economy. In his
work "The General Theory of Employment, Interest and
Money" he developed a new direction in the economy,
examined the aggregate economic factors — aggregate
demand, aggregate supply, consumption, accumulation of
savings, investments, employment, etc. He tried to
establish the cause-effect relationships between them.

Nowadays the term "state regulatory policy"
becomes as widespread as "state regulation™. According to
the Law of Ukraine "On the Principles of the State
Regulatory Policy in the Sphere of Economic Activity",
the state regulatory policy in the field of economic activity
is a direction of the state policy aimed at improving the
legal regulation of economic relations, as well as
administrative relations between the regulatory bodies or
other bodies of the state power and business entities, at
preventing the adoption of economically inappropriate and
ineffective regulatory acts, at reducing the state
interference in the activities of business entities, and at
removing obstacles for the development of economic
activity, that is performed within, in the order and in the
manner established by the Constitution and the laws of
Ukraine.

The main components of the regulatory influence of
the state on the development and activities of
entrepreneurship and the business environment are
permitting system, inspection system (audits), technical
regulation (certification and standardization), taxation
system, legislative acts.

With regard to improving the processes of
permitting and registering enterprises at the legislative
level, positive changes took place. Today in Ukraine there
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is significant liberalization of permitting regulation of
economic activity, reduction of the list of permitting
documents, reducing the cost of permitting documents,
creation of single permitting centers and simplification of
permitting procedures that have a positive effect on the
business environment of economic entities and the
investment climate of the country [47, p. 228].

There is a list of laws that are important for business
environment in Ukraine: the Law of Ukraine "On
Permitting System in the Sphere of Economic Activity"
adopted on September 6, 2005, the Law of Ukraine "On
the List of Permitting Documents in the Sphere of
Economic Activity", adopted on May 19, 2011 [2], the
Law of Ukraine "On Licensing Types of Economic
Activities", adopted on March 2, 2015.

However, frequent changes in legal system, the lack
of efficiently operating permitting centers, the complexity
of permitting procedure and the steady growth of both the
number of permits and activities that are subject to
licensing. Thus, at the moment of its adoption the Law of
Ukraine "On Licensing Types of Economic Activities"”
established 30 types of economic activities out of 33 ones
that are subject to licensing according to the latest changes
in legislation. Similarly, according to the Law of Ukraine
"On the list of Permitting documents in the Sphere of
Economic Activity" initially135 documents were included
in the list of permitting documents, while today 138
documents out of 143 ones are included into the list.

These findings are confirmed by the results of the
annual rating study of the International Finance
Corporation of the World Bank Group "Doing Business —
2017", according to which Ukraine's place in the rating
has risen one point (from the 81st to the 80th). Only 2 out
of 10 main components of the study — "The Prortection of
Minority Investors" and "The Enforcement of Contracts” —
were referred to as positive changes. All other changes
actually took place due to the changes in the ranking
methodology and dynamics of other countries.

Despite the obvious progress in the reform of the
permitting system, Ukraine is the140th in the world as for
the obtainability of construction permits (see fig. 1).
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Fig. 1. Ukrainian economic survey conducted by the World Bank Group "Doing Business"
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Despite the fact that the procedure for registration of
business entities in Ukraine is simplified, post-registration
procedures are troublesome and long-term. Bureaucracy
and delinquency that hinder the development of
entrepreneurship and cause abusive activities have not
been eliminated yet.

Ukraine ranks thel140th place out of 190 ones in
obtaining construction permits. To obtain all permits for
the construction of a warehouse in Kiev, a company must
carry out 10 procedures, which last 65 days on average,
and their cost is 15.2% of the cost of the construction of
the warehouse by contrast with Georgia where only 7
procedures that last 48 days and cost just 0.2% are
required [14]. Although according to the number of
procedures and time required for their accomplishing
Ukraine's indices correspond to the best world practices,
their cost significantly exceed the regional level. For
comparison, in leading European countries, the cost of the
procedures required to obtain a permit for the construction
of a warehouse does not exceed 2% of its cost [14].

For quality control Ukraine received 8 points out of
15 possible. At the same time, the study notifies the
absence of effective quality control in Ukraine before
construction (the analysis of correspondence of building
plans to the existing building regulations) and professional
certification of specialists who check architectural plans
and those who manage construction on the ground.

Regarding the system of inspections of business
entities, the pressure of supervisory bodies has decreased.
An important step in reforming the system of inspections
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is the adoption of such laws as: "On Amendments to the
Law of Ukraine "On the Basic Principles of State
Supervision (Control) in the Sphere of Economic Activity
Regarding the Liberalization of the System of the State
Supervision" adopted on November 3, 2016, and "On
Temporary Peculiarities of the Implementation of the
State Supervision Measures (Control) in the Sphere of
Economic Activity" adopted on November 3, 2016.

These laws suspend the implementation of planned
inspections conducted by supervisory bodies until
31.12.2017, introduce the presumption of a business entity
legality, limit the maximum duration of scheduled
inspections and establish the limitation of their frequency,
introduce the integrated open database containing
information about planned inspections as well as about the
ones that have been performed.

Compared to 2011, the State Audit Office conducted
70% fewer audits during 2015 (fig. 2).

Also, a number of inspections conducted by the
State Fiscal Service has decreased. In 2016, the State
Fiscal Service conducted 3,178 inspections fewer than in
2015 [49]. The number of control and verification actions
conducted by the National Commission of Paper and
Stock Market in 2016 decreased up to 35 ones due to the
moratorium on conducting inspections of stock market
participants.  Consequently, all  inspections  were
unscheduled and carried out grounding on the warrants of
investigators of law enforcement agencies, court orders
and at the request of the subject of verification.
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Fig. 2. The dynamics of auditing financial and economic activity conducted by the State Service bodies

Ukraine has signed the Association Agreement with
the EU and obliged to correspond to the EU technical
regulations and standards, systems of accreditation,
assessment of the EU correspondence and market
surveillance, as well as to adhere to the principles and
practices specified by the EU relevant decisions and
regulations. Therefore, today Ukraine has great
opportunities as for entering single European market.

Nowadays, the system of technical regulation of the
European Union is the most effective for international
cooperation, which creates favorable conditions for free
circulation of products and restricts government
interference into the economic activity of enterprises,

while ensuring product and service safety and appropriate
informing consumers about product properties, which was
achieved by technical harmonization of legal systems and
mutual recognition on the basis of new approach to
product regulation and global approach to conformity
assessment.

Today, Ukraine has created the legal and regulatory
framework that introduces the new system of technical
regulation corresponding to the key principles of technical
regulation system in accordance with the European Law
and the Agreement on Technical Barriers to Trade. This
was largely facilitated by the Law of Ukraine "On
Technical Regulations and Conformity Assessment"
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adopted on January 15, 2015. Important innovations of
this law are: abolition of mandatory certification of
products (starting from January 01, 2018); introduction of
the registry of products conformity certificates;
arrangement of appointing conformity assessment bodies.

As agreed in the Association Agreement with the
EU, Ukraine is gradually implementing a set of European
standards as national standards, while abolishing
conflicting national standards. In 2016-2017, four lists of
national standards (1704 standards), which are identical to
harmonized European standards and which provide the
presumption of correspondence of equipment to the
requirements of technical regulations were approved. The
National Standards Fund includes 21 706 national
standards, 12 266 of which are international and European
standards adopted as national ones. The level of
harmonization with international and European standards
is 56.5%.

In the rating "Doing Business — 2017", the overall
score of Ukraine decreased by 0.27% according the sub-
index "Paying Taxes" which resulted in the fact that
Ukraine sank in the scale (one position lower). Due to the
taxation reform in Ukraine, the level of tax burden, as well
as the amount and duration of payment, is gradually
reduced.

In 2016 entrepreneurs in Ukraine spent 355.5 hours
and 51.9% of their income to pay 5 tax payments per year.
The average regional indicators are 17.6 of taxes, 221.5
hours and 33.8% of income [14].

However, it should be noted that there are constant
changes in the taxation law regarding the specifics of
taxes, fees and penalties, reporting and obtaining benefits.
Each calendar year begins with the introduction of
changes that directly affect the activities of a company
within the coming year. Another negative factor in the
taxation system of Ukraine is the spread of corruption in
the activities of tax authorities.

In the area of annual tax liability the global anti-
corruption non-governmental organization Transparency
International (TI) has noted the increase in corruption.
Thus, in the rating prepared by TI for 2015, according to
the level of corruption Ukraine ranked the 130th position
out out of 168 ones. According to the results of the
ranking, where the level of corruption is scaled from 0 to
100, and where 0 means the total corruption of the state,
and 100 is the absence of corruption, Ukraine received 27
points.

In 2016, Ukraine's score was 29 points and its place
was the 131st in the ranking, which is a very low result for
the country that declares reducing corruption as a major
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Discussion of results

The efficiency of business sector greatly depends on
the state policy regarding support and regulation aimed at
information support of the regulatory framework, at
creating the optimal tax burden, etc. The analysis showed
that a significant legal liberalization aimed at improving
business conditions takes place in the main spheres of the
regulatory environment of Ukrainian enterprises during
the last five years. There is the reduction of regulatory
objects, the decrease of the amount of required
documents, inspections, necessary procedures. However,
despite these improvements, Ukraine is far behind the
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closing an enterprise and trading on the international level.
Additional difficulties that are specific for Ukraine are
corruption and shadow economy.

Conclusion

Enterprises in Ukraine have to overcome a lot of
difficulties in order to improve their performance and
become more competitive on the domestic and foreign
markets. The role of the state is to help them by reducing
regulatory pressure and simplifying business procedures.
At present, the government struggle to improve the
situation, but due to the overregulation of enterprises in
Ukraine it is too difficult to implement innovations or to
sustain growth and investment attractiveness as a lot of
time, forces and financial resources are spent on
bureaucratic procedures, great workflow and corruption.
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PET'YJISITOPHE CEPEJOBHUIIE B AISIJIBHOCTI NIANPUEMHHUIIBKUX
CTPYKTYP YKPAIHU

IIpeqMeToM 1aHOTO JIOCHI/KEHHSI € IHCTPYMEHTH, 110 BUKOPUCTOBYIOTHCS JIEPIKAaBOIO Ta CTBOPIOIOTH PETYJSITOPHE CEPeIOBHUINE
(YHKIIOHYBaHHS MiANPUEMHHIBKUX CTPYKTYp YkpaiHu. MeTow CTaTTi € aHami3 peryjsiTOpHOrO CepeloBHINA JIisSUIBHOCTI
YKpaiHCBKUX IMiAMPHUEMCTB, PO3KPHUTTS YMOB, B SIKUX BOHH (DyHKI[IOHYIOT, HA OCHOBI JIOCHI/DKEHHS 3aKOHOJJABCTBA Ta MIKHAPOIHUX
peHTHHTIB, MOOYZOBaHMX HA OCHOBI COLaJbHHX OIMTYBaHb YKPAaiHCHKOIO CycHiibcTBAa. OCHOBHUMH 3aBAAHHSIMH € PO3IJIL
PEryJISATOPHOTO CEpeOBHINA, BUBUCHHS CTaHy JO3BLIBHOI CHCTEMH, CHCTEMH KOHTPOJIO (TIEpeBipOK), TEXHIYHOTO PEryioBaHHS,
MO/IATKOBOI CHCTEMH Ta 3aKOHOJABYMX aKTiB. BHKOPHCTOBYIOTHCS 3arajbHOHAYKOBI METOAM: METOJH EMIIIPUYHOTO IOCHIKCHHS
(crocTepeskeHHs, MOPIBHSHHSA, Bi3yalbHO-TpadivuHi METOAM), METOJ CHCTEMHOTO aHami3y, 1HIYKIS, ASTYKIs, KOHKPETHU3allis.
OTpuMaHoO Taki pe3yabTaTH. PerymoBaHHsS MOKHA Ha3BaTH MOJITHKOIO BIUIHMBIB, IO HAPODKYETHCS 31 3HAHHSA MPHUPOAH 00’ €KTa, Ha
SIKHI CIPSIMOBaHE PETYJIOBaHHSA, Ta 3 YIiTKOro OaueHHs o0pa3y IbOro 00’€KTa, SIKMH IUIAHYETHCS JOCSATTH 32 JIOTMOMOTOIO MEBHHUX
perynstopiB. OCHOBHUM TaKUM PETYJISITOPOM [isTIBHOCTI Cy0’€KTIiB TOCIIOJIapIOBaHHS € JepxkaBa. Po3misiaroun micue YKpaiHu B
pelTHHrOBOMY JrociiukeHHI MixHapoaHoi (inancoBoi koproparii rpynu CeitoBoro Oanky "Bemennst Gisuecy - 2017" (Doing
Business 2017), mocimipkeHO OCHOBHI yMOBH (DYHKIIOHYBaHHs YKPAiHCHKHX MiJNPUEMCTB Ta BIUIMB JCPXKaBH HA CEPEIOBHIIE iX
nisutbHOCTI. X0ua Micue YKpaiHH y pefTHHTY MOKpaIMiIoch Ha 0JHy no3uiito (80 Miciie) MOpiBHSIHO 3 MUHYJIMM POKOM, 32 IEBHUMHU
rmapamMeTpaMy Halla Jiep>kaBa CyTTEBO BIJICTa€ He TUIBKHU BiJl JiJepiB, ajie i Bij KpaiH-cycimiB. Lle 30kpeMa, oTprMaHHS JI03BOIIB Ha
OYIIBHUITBO, CKJIQ/IHICTh MPOIECY JIKBIIAIIi i JIPUEMCTBA Ta 3IIHCHEHHS MiKHApOIHOT TopriBimi. Lle ckimamoBi, 3a sskumu Y kpaina
HE MOTpanuia HaBiTh y MEpIIy COTHIO peituHry. IIpoTe y Takux cdepax sSK T03BIIbHA CHCTEMa, CHCTEMa KOHTPOIIIO, TEXHIUHE
PEryJIOBaHHSI CIIOCTEPIralOThCsl CYyTTEBI 3MiHM CIPSMOBAHI Ha CHPOIICHHS OCHOBHHMX MPOLEAYP Ta 3MEHIICHHS PEryIsTOPHOTO
TrcKy. BucHoBkH. He3Bakaroun Ha 11i HOBOBBEICHHS, BCE II¢ MPHUCYTHI OIOPOKPATH3M, YacTi 3MiHH B 3aKOHOJABCTBI Ta B I[IOMY
floro HeOCKOHANICTh. B pe3ynbrari (yHKIIOHYBaHHS MIANPUEMCTB YKpaiHU IPOJOBIKYE YCKIIAJHIOBATHCH HASBHICTIO KOPYIIIi Ta
TIHBOBOT €KOHOMIKH. J[JI1 CTBOpEHHsI ONTHMAJIbHUX YMOB IJIsl BBEJCHHs Oi3Hecy B YKpaiHi OJHMM 3 OCHOBHHX 3aXOJIiB MOBHHHE
CTaTH 3MEHILCHHSI 3aPeryIbOBaHOCTI JiSUIbHOCTI BITYU3HSIHUX MIIIPHEMCTB.

Kio4oBi cjioBa: MiANpHEMCTBO, PEryJIOBaHHS, M03BIIbHA CHCTEMa, 3aKOHOJABCTBO, JIIIEH3YBaHHs, MOJAaTKOBA CHCTEMA,
CHCTEMa KOHTPOITI0, TEXHIYHE Pery TIOBaHHS.
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PET'YJATOPHAS CPEJA B IEATEJIBHOCTHU NPEAITPUHUMATEJBCKUX
CTPYKTYP YKPAUHBI

IIpeqMeToM TaHHOTO HCCIEIOBAHUS SIBISIFOTCS HHCTPYMEHTBI, HCIIOJIB3YeMbIe TOCYJapCTBOM, W KOTOPBIE CO3JAIOT PETyJIATOPHYIO
cpeny (QyHKIIMOHMPOBAHMS HPEIIPHUHUMATENBCKUX CTPYKTYp YKpaumHbl LleJblo CTaTbu SIBISIETCSl aHAM3 PETyISTOPHOW Cpebl
JIeITeTbHOCTH YKPAWHCKUX HPEINPHUATHH, PACKPBITHE YCIOBHH, B KOTOPHIX OHHM (DYHKIHOHHPYIOT Ha OCHOBE HCCIICIOBAHHMS
3aKOHOJIATEIIHCTBA M MEXKAYHAPOJHBIX PEHTHHIOB, IIOCTPOGHHBIX HAa OCHOBE COLMAJIBHBIX ONPOCOB YKPAaWHCKOro OOIIecTBa.
OCHOBHBIMH 33/1a4aMH SBJIAIOTCA PACCMOTPEHHE PETYIATOPHOI Cpejibl, U3ydeHHEe COCTOSIHUS PAa3pEIlUTENbHON CHCTEMBI, CUCTEMbI
KOHTpPOJsL (TIPOBEPOK), TEXHHUUYECKOTO PETYIHPOBAHUS, HAIOTOBOH CHCTEMBl U 3aKOHOJATENBHBIX aKTOB. Mcmomb3yroTcs
00IIIeHayYHBIC METOJAbI: MCTObI AMIIMPUUYECKOrO0 HCCACAOBaHMS (HAOIIOJCHHE, CPaBHCHHE, BH3yalbHO-TpaUUECKUe METOJbI),
METOJ] CUCTEMHOTO aHaIW3a, MHAYKIU, AeAyKLIUs, KOHKpeTu3aus. [lomyueHsl crienyiomue pe3yabTaThl. PeryanpoBanue MOXHO
Ha3BaTh MOJIMTUKON BO3JIEUCTBHUIH, KOTOpas pOXIaeTcs W3 3HAHHS NMPUPOJBI 00BEKTa, Ha KOTOPHII HANPABICHO PEryIHpoBaHUe, U C
YEeTKOTO BHJACHHS 00pa3a 3TOro 00BEeKTa, KOTOPHIH IUIAHUPYETCS JOCTHUYL C ITOMOIIBIO OMNPEeTIeHHBIX PeryisTopoB. OCHOBHBIM
TaKUM pETYIATOPOM JEATEIBHOCTH CyOBEKTOB XO3SHCTBOBAHWS SIBISETCS TocymapcTBo. PaccmartpuBasi MecTo YKpauwHBI B
PEUTHHTOBOM HCCiIefoBaHMN MeXIyHapoaHo# (puHAHCOBOH Kopmopanuu rpymmnsl Beemuproro 6anka "Benenwe 6msneca - 2017
(Doing Business 2017), ucciie[oBaHEI OCHOBHBIE YCIOBHS ()YHKIMOHUPOBAHUS YKPAMHCKUX IIPEANPHUSTHH 1 BIMSTHAE TOCyJapcTBa Ha
cpefly UX JeATeNbHOCTH. XOTs MeCTO YKPauHbl B PEHTHHTE yIydIIMIOCh HA OAHY Mo3uluio (80 MECTO) MO CPAaBHEHUIO C MPOILIBIM
TOZIOM, TI0 OIPEENICHHBIM MapaMeTpaM Hallle TOCYJapcTBO CYIIECTBEHHO OTCTAeT HE TONBKO OT JIMAEPOB, HO M OT CTpaH-coceneil.
OT0, B 4aCTHOCTH, MOJIy9e€HHE Pa3pelIeHU Ha CTPOUTENLCTBO, CIOKHOCTh MPOIecca TUKBUAAINU MPEANPHUATHS U OCYIIECTBICHUS
MEXIyHapOTHON TOPTOBIH. DTO COCTABIAIOMIKE, IO KOTOPBIM YKpaWHa HE Iomajga Aake B MEpBYIO COTHIO pedTtmHra. OgHako B
Takux cdepax Kak paspeluTesIbHas CHCTEMa, CHCTeMa KOHTPOJsL, TEXHHYECKOe PEerylInpoBaHHEe HAOIIONAIOTCS CYLIECTBCHHBIC
W3MEHEHUsI HallpaBJICHbl Ha YIIPOILEHNE OCHOBHBIX MPOLIEAYP M YMEHBILICHUS PErYIIITOPHOTO NaBieHus. BoiBoabl. HecmoTpst Ha oTH
HOBOBBEJICHNSI, BCE €Ille MPUCYTCTBYIOT OIOPOKPATH3M, YacThle U3MEHEHHsI B 3aKOHOJATEIBCTBE U B IIEJIOM €ro HECOBEpIISHCTBO. B
pe3ynabTaTe (QYHKIMOHHPOBAHUE HPEIIPHATHH YKPauHBI IPOJOIDKACT OCIOXKHATHCS HAIMYMEM KOPPYIILMU U TEHEBOW YKOHOMUKH.
Jlns co3maHus ONTHUMANBHBIX YCIOBHH A BeAeHMs OusHeca B YKpaWHE OAHMM U3 OCHOBHBIX MEPONPHATHH MOIDKHO CTaTh
YMEHBIIECHNE 3apEryTHPOBAaHHOCTHU AEATEIBHOCTH OTEUECTBEHHBIX MPEANPHUATHH.

KnioueBble cioBa: MpeAnNpHsTHE, pPEryIMpOBAaHHE, pa3peIINTeNbHAs CHCTEMa, 3aKOHOAATEIbCTBO, JMIEH3UPOBAHME,
HAJIOTOBasi CHCTEMA, CHCTeMa KOHTPOJIS, TEXHUUECKOE PeryInpOBaHHe.

bioniocpaghiuni onucu / bubnuoepaguyeckue onucanus / Bibliographic descriptions
Yex H. O., Binnuk 1. 1O. Peryasitopue cepenoBumie B JisSVIbHOCTI MiANPUEMHMUBbKUX CTPYKTYp Ykpainu. CyuacHui
CMan HAYKOBUX 00CAIONCEHb Ma MexHON02ki 6 npomuciosocmi. Xapkis. 2017. Ne 1 (1). C. 124-129.

Yex H. A., Bunnuk WM. 10. PeryasitopHasi cpena B AesiTeJILHOCTH HNPEANPHHUMATENBCKHX CTPYKTYP YKpaHHBI.
Cyuacnuti cman Haykosux 00Caiodcenb ma mexnonozii ¢ npomucnosocmi. Xapkis. 2017. Ne 1 (1). C. 124-129.

Chekh N., Vinnyk I. Regulatory environment of business activities in Ukraine. Innovative technologies and scientific
solutions for industries. Kharkiv. 2017. No. 1 (1). P. 124-129.

129




130

ISSN 2522-9818 (print) Innovative technologies and scientific solutions for industries. 2017. No. 1 (1)

UDC 338.45:69:336.764.1
G. SHAPOVAL, O. VASHCHENKO

VALUE-BASED APPROACH TO MANAGING CURRENT ASSETS OF CORPORATE
CONSTRUCTION COMPANIES

In modern conditions of management, the value of an enterprise becomes the main indicator, which is learned not only by scientists,
but also by owners of enterprise and potential investors. Current assets take a very important place among the factors that affect the
value of an enterprise, so management of current assets becomes more acute from the point of their impact on enterprise value. The
purpose of the paper is to develop a system of value-based management of corporate construction companies’ current assets. The
main tasks are: the study of current assets impact on the value of corporate construction companies, the definition of value-based
approach to managing current assets of corporate enterprises and development of value-based management system of corporate
construction companies’ current assets by elements. General scientific and special research methods were used while writing the
work. Value-based management of current assets involves value-based management of the elements of current assets. The value-
based inventory management includes the following stages of management: the assessment of reliability and choice of supplier
according to the criterion of cash flow maximization, the classification of stocks in management accounting according to the rhythm
of supply and the establishment of periodicity of supplies in accordance with the needs of the construction process. The value-based
management of accounts receivable includes the following stages of management: assessment of the efficiency of investment of
working capital into accounts receivable, the assessment of customers' loyalty and the definition of credit conditions and monitoring
of receivables by construction and debt instruments. Value-based cash management involves determining the required level of cash to
ensure the continuity of the construction process, assessing the effectiveness of cash use according to the criterion of maximizing cash
flow, as well as budget formation and control of cash flow. Value-based management of current assets of corporate construction
companies is the development of targeted actions to optimize inventories, accounts receivable and cash, in order to ensure cash flow
generation, and, accordingly, increase the value of the enterprise, which will ensure the growth of the welfare of owners. Applying a
value-based approach to the management of current assets of corporate enterprises in the construction industry will allow reducing
costs and net working capital of the enterprise by optimizing the size of inventories and receivables, which will lead to an increase in
cash flow and value of enterprises.

Keywords: current assets, value-based management, corporate construction companies, cash flows, net working capital,
inventories, accounts receivable, cash.

Introduction disadvantages of the main methods of this approach; cost-

oriented inventory management model developed by the
Polish economist Mikhalsky G.[6]

Despite a large number of studies on cost-oriented
management, a rather large range of issues remains
unresolved. In particular, it concerns the management of
current assets in the system of value-oriented enterprise
management.

The cost of an enterprise in the modern conditions of
management becomes the main indicator, which interested
not only scientists, but also owners of the enterprise and
potential investors. Profit, which characterizes the
efficiency of the enterprise at the stage of management,
goes to the background, because, unlike the cost, it does
not show the prospects of business development, that is,

the company's ability to generate cash flows in the future.

Among the factors that affect the value of an
enterprise, a significant place has the value of current
assets, because the share of current assets in the structure
of assets of most Ukrainian enterprises is quite significant.
Therefore, the management of current assets from the
standpoint of the impact of its effectiveness on the value
of the enterprise becomes especially relevant.

Analysis of literary sources and problem statement

The purpose and objectives of the study

The problems of managing the value of the
enterprise and assessing the business are considered in the
writings of many economists, in particular, the study of
the main methodological approaches to assessing the
value of the enterprise is devoted the works of
Gryaznova A. [1] and Shcherbakova V. [2]; Momot T. [3]
which reveals the possibility of applying the international
approaches to valuation under the conditions of Ukrainian
enterprises; the algorithm of complex estimation of the
enterprise value by the income approach was developed in
the work of Milinchuk O. [4]; Kalinina O. [5] proves the
expediency of using a profit approach in assessing the
value of an enterprise and analyzes the advantages and

The purpose of the work is to develop a system of
value-oriented management of working assets of corporate
construction companies. The main tasks are: the study of
the impact of current assets on the value of corporate
construction companies, the definition of value-oriented
approach to managing the current assets of corporate
enterprises and the development of a system of value-
oriented management of working capital assets of
corporate construction companies by elements.

Materials and methods of research

When writing the work, general scientific and
special principles and methods of research were used, in
particular:  theoretical  generalization, = comparative
analysis, graphic, analysis and synthesis.

Research results

In international practice, there are four approaches to
assessing the value of a business: income, expense, market

© G. Shapoval, O. Vashchenko, 2017
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and option. All of them are completely different and each
has both advantages and disadvantages that need to be
taken into account when choosing an approach to
assessing the value of an enterprise.

In Ukraine, the assessment of an enterprise value is

advantages and disadvantages of available approaches to
assessing the value of an enterprise was carried out on the
basis of the study of literature sources on value-based
management and business assessment; the results are
shown in table 1.

regulated at the

legislative level.

The analysis of

Table 1. Ranking the approaches to assessing business value

Approaches to Features Advantages Disadvatntages
value assessment
Determining the expected | 1) takes into account future income and | 1) assessing unprofitable and new
income from the object of | risks linked with its gaining; enterprises is restricted;
assessment 2) can be used for assessing all existing | 2) determining the risks of business
Income enterprises (except for unprofitable and | operation, the price of capital and
new ones); the growth of cash during the post-
3) in most cases gives the most accurate | forecast period is difficult;
results. 3) calculations are labour intensive
and time-consuming.
Determining costs | 1) enables assessing an enterprise as a | 1) the results of assessment greatly
necessary to replace the | whole (considering facilities and | depend on the reliability of financial
object of assessment | resources especially while closing | reports;
Cost taking into account its | down); 2) further prospects of development
deterioration 2) irreplaceable for assessing a new | are not taken into account.
enterprise  and when there is no
information about compatible
enterprises.
Comparing the object of | 1) easy to apply (the cost is actually | 1) the prospects for development are
assessment with similar | determined by the market); not taken into account;
objects 2) actually reflects the supply and | 2) the use is limited due to the lack
demand for the investment object of developed financial market and,
Market accordi_ngly, info_rmation about
compatible companies;
3) the remaining book value is
difficult to correct (there are no
identical  companies, therefore,
financial indicators are different)
Modelling and assessing | 1) enables considering high market | the use is limited when there is no a
. the cost of the most | volatility as a positive factor; developed market of options.
Optional - .
complex financial and | 2) can be wused to assess new
economic objects companies.
The conducted analysis of advantages and  working capital, which is one of the elements of the cash

disadvantages of the approaches to assessing business
value anables making the conclusion that in order to meet
the needs of owners and potential investors, the most
justifiable approach is to apply a profit-oriented approach
to assessing the value of business for corporate enterprises
in the construction industry, which takes into account
potential development opportunities and allows assessing
the future benefits of ownership by ownership of the
enterprise.

The income approach allows you to determine the
present value of future cash flows that will be generated
by the enterprise.

In income models, valuing companies by using the
method of discounting cash flows most experts often use
cash flows for own and invested capital.

Cash flow on equity is a residual cash flow after the
company satisfies all financial needs. [3]. Negative cash
flow on equity indicates the need to attract additional
capital.

When evaluating a company using a return-based
approach, namely, the method of discounting cash flows,
it is necessary to accurately calculate the value of its own

flow.

We agree with the viewpoint of most economists [7,
8, 9, 10], according to which own working capital is the
difference between current assets and current liabilities.

Since the value of current assets and current
liabilities depends on the revenue (the higher the revenue,
the greater the amount of own working capital is needed
for the normal functioning of the enterprise), then the
dynamics of its working capital can be predicted
depending on the proceeds or on the basis of a separate
forecast of changes in current assets and liabilities.

Own working capital is determined on the basis of
the model [3]:

WCN = CA-CL = AAR + AIN + C— AAP, 1)

where WCN — own working capital; CA— current assets; CL
— current liabilities; AAR — receivables; AIN- stocks; C -
cash and cash equivalents; AAP — current liabilities.

From the above formula, we see that the change in
the wvalue of current assets (accounts receivable,
inventories and cash) affects the size of the company's
cash flows, and accordingly - its value.
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Thus, under the value-oriented management of the
circulating assets of corporate construction companies
should be understood the development of targeted actions
for the optimization of stocks, accounts receivable and
cash, in order to ensure the generation of cash flows, and
accordingly - increase in the value of the enterprise, which
will ensure the growth of the welfare of owners.

From the scheme of value-oriented management of
working assets of construction enterprises, shown in Fig.
1, it is evident that value-oriented management of working
assets involves cost-oriented management of the assets of
current assets.

Value-based management of working assets of construction enterprises

Y

Value-based inventory
management

Value-based management of receivable
accounts

Value-based cash management

Assessing the reliability and
selecting a supplier according to
cash flow maximization

Classification of stocks in

Assessing the efficiency of working capital
diversion into receivable accounts
according to the criterion of cash flow
maximization

Determining the required level of
monetary assets to ensure the
construction process continuity

management accounting
according to delivery frequency

Assessing a customer’s loyalty and
determining lending conditions

Assessing the efficiency of monetary
assets use according to the criterion of
cash flow maximization

Establishing stocks delivery cycle
according to the construction
process requirements

Monitoring construction objects
receivables and debtors’ receivables

Budgeting and cash flow management

Y Y

!

1. Assessing the efficiency of using the working assets of construction enterprises according to the value-based approach. I
2. Determining the priority of managerail decisions on the management of current assets according to the criterion of cash flow
maximization to ensure rising in value of a construction company in a strategic perspective.

y

Managing the value of a construction company

Calculating the cash flow of a construction company before and after the optimization of current assets

L]

Determining the value of a construction company before the optimization of working assets (V1) and after their optimization (V2)

¥

when Vi<V |

Comparative analysis of enterprise values (V1 and V2)

| when V1 2V)
f

¥ Using managerial decisions on managing current assets of construction enterprises

Fig. 1. The system of value-oriented management of current assets of corporate construction companies

The cost-oriented inventory management of the
TMC includes three main stages of management: the
assessment of reliability and choice of supplier according
to the criterion of cash flow maximization, the
classification of stocks in management accounting for the
rhythm of supply and the establishment of periodicity of
supplies in accordance with the needs of the construction
process.

Unlike existing inventory management approaches,
a cost-oriented approach allows you to determine the
optimal amount of investment in inventory, taking into
account the costs associated with the supplier's choice and
the needs of the construction process, as well as the
peculiarities of construction activity in the management of
stocks, which allows, on the basis of identified
deficiencies in the management of stocks from the
standpoint of value-oriented approach, to develop strategic
directions for making managerial decisions in order to
increase cash flows, and, accordingly, the cost of the
enterprise.

The purpose of value-oriented management of
receivable accounts and cash is to develop strategic
directions for making managerial decisions on the
criterion of maximizing cash flows to ensure the growth of
enterprise value in a strategic perspective. At the same
time, the value-oriented management of  receivable
accounts includes the following main stages of
management, such as: assessment of the efficiency of
diversion of working capital into  receivable accounts,
assessing customers' loyalty and determining the terms of
lending and monitoring of receivables by construction
objects and debtors.

Cost-oriented cash management  involves
determining the required level of cash to ensure the
continuity of the construction process, assessing the
effectiveness of the use of cash on the criterion of
maximizing cash flow, as well as budget formation and
control of cash flow.
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Conclusion assessing the future benefits of ownership by the

enterprise.
In today's conditions of management for corporate The cost-oriented management of working assets of

building enterprises the strategic goals become the priority ~ construction companies is proposed to be considered as
- ensuring the full exit of enterprises from the crisis and  the development of targeted actions for the optimization
their further growth, and for owners of enterprises the  Of stocks, receivables and cash, in order to ensure the
main criterion for assessing the activities of enterprises is ~ generation of cash flows, and, accordingly, increase the
the increase in their value. Therefore, the management of ~ value of the enterprise, which will increase the welfare of
the enterprise as a whole and its separate elements, in  OWners.

particular current assets, should be based on the principles Applying a value-oriented approach to managing
of value-oriented management. current assets of corporate enterprises in the construction

To meet the needs of owners and potential investors,  industry will allow, by optimizing the size of stocks and
the most justifiable approach is to apply a profit-based  receivables, to reduce costs and net working capital of the
approach to assessing the value of business for corporate  enterprise, which will ensure growth of cash flow and the
enterprises in the construction industry, which takes into  cost of enterprises.
account potential development opportunities and allows
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BAPTICHO-OPIEHTOBAHMU MIJAXIJ 10 YIPABJIHHA OBOPOTHUMHA
AKTUBAMMU KOPITOPATUBHUX BYAIBEJIBHUX ITIAITIPUEMCTB

BapTicTh HiMpUEMCTBA B CY4aCHUX yMOBAX IOCIOAPIOBAHHS CTA€ OCHOBHHMM ITOKAQ3HUKOM, IO LIKABUTh HE TIJIbKH HAYKOBIIIB, a i
BJIACHUKIB MiIIpHEMCTBA 1 MOoTeHUiitHNX iHBecTopiB. Cepen (akTopis, 110 BILUIMBAIOTH HA BAPTICTh MiANPUEMCTBA JOCHTH BAXKIIUBE
Miciie 3aiiMae BeMMUHHA 0OOPOTHUX aKTHUBIB, TOMY OCOOJIHMBOI aKTYaILHOCTI HaOyBa€e YIpaBTiHHS 00OPOTHHUMH aKTHBAMH 3 MO3HIIT
BIUIMBY HOro e(eKTHBHOCTI Ha BapTiCTh MignpueMcTBa. MeToI0 poOOTH € po3po0Ka CHCTEMH BapTiCHO-OPIEHTOBAHOIO YIIPABIIIHHS
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00OpPOTHIMH aKTHBAM{ KOPIOPATHBHHUX OYAIiBENLHMX MHimnpueMcTB. OCHOBHHMH 3a/a4aMH €: JOCITIPKCHHsS BIUIUBY OOOPOTHHX
aKTHBIB Ha BapTICTh KOPIOPATUBHMX OYAIBEIBHHX MIANPUEMCTB, BH3HAUCHHS BapTiCHO-OPI€HTOBAHOTO MIIXOMY 0 YIPABIIHHS
00OpPOTHIMH aKTHBaMH KOPIOPATUBHUX IIANPUEMCTB Ta Po3po0Ka CHCTEMH BapTiCHO-OPIEHTOBAHOTO YNPABIIHHS OOOPOTHUMHU
aKTHBaMHU KOPIIOPATHBHHUX OyIiBEIBHUX MIAIPUEMCTB 3a eleMeHTaMH. [Ipn HanrcanHi poOOTH BUKOPUCTOBYBAINCEH 3arajJbHOHAYKOBI
1 crieriaJibHi MeTOAM JOCIiIKEHHS. BapTicCHO-OpieHTOBaHE yNpaBliHHSA OOOPOTHHUMM aKTHBaMH Iepeadadae BapTiCHO-OPi€EHTOBAaHE
YIPaBIIiHHS eleMeHTaMu 000pOTHUX aKTUBIB. BapTicHO-opieHTOBaHE ympaBiiHHA 3anacamMud TMIL] Bitouae Taki eTanu yrpaBiIiHHS:
OIIHKY HaIIHHOCTI Ta BHOIp MOCTaYadbHHKA 3a KPHUTEPIEM MAKCHMI3aIlil TpOMIOBOrO TOTOKY, KiacH(ikalliio 3amaciB B
YIpaBIiHCHKOMY OOMIKY 3a PUTMIUHICTIO IOCTayaHHA Ta BCTAHOBJIEHHS NEPIOJMYHOCTI IOCTaBOK BIAMOBIAHO 10 MOTPeO
OyniBenmbHOTO TIporecy. BapTicHo-opieHTOBaHE yIpaBIIiHHS AE0ITOPCHKOIO 3a00prOBaHICTIO BKJIIOYAE HACTYIIHI €TAIM yHpPaBIIiHHS:
OIiHKa e(EeKTHBHOCTI BiJBOJIKaHHSI OOOPOTHOTO KamiTasy B AeOITOPCHKY 3a00proBaHICTh, ONIHKA JOSUIBHOCTI IOKYIIIB Ta
BU3HAYEHHS YMOB KPEIUTYBaHHS Ta MOHITOPHHI Je0iTOpchkoi 3a0oproBaHOCTI 3a 00’ekTaMu OymiBHHNTBA Ta CyO’€KTaMu
3aboproBaHocti. BapTicHO-Opi€HTOBaHE YIpaBIiHHS I'POIIOBHMH KOLITAMH IIepef0avac BU3HAYECHHS HEOOXITHOTO PIBHS I'POIIOBUX
KOWTIB It 3abe3medeHHst Oe3nepebifHOCTI Oy/iBEIEHOTO IIPOIECy, OLIHKY e(EeKTHBHOCTI BHKOPHCTAHHS TI'POIIOBHX KOIITIB 3a
KpUTEpieEM MaKCHUMIi3allii TPOLIOBOTO MOTOKY, a TaKoK (hopMyBaHHS OIO/DKETIB Ta KOHTPOJIb 32 PyXOM TPOILIOBHX KOIITIB. BapTicHo-
OpIEHTOBAHE YIpPaBJIiHHSA 00OPOTHUMHU aKTUBAMH KOPIOPATHBHUX OYyIIBEIBHHX MIANPUEMCTB — 1€ PO3pOOKa IIIECIPSIMOBAHUX i
LIOJI0 ONTHUMI3aIii 3amaciB, 1e0iTOpPChKOT 3a00proBaHOCTI 1 TPOIIOBHUX KOIITIB, 3 METOI 3a0€3MEUEHHsS T'CHEPYBaHHS T'POIIOBHX
MOTOKIB, @ BIIMOBIAHO — 301JBLICHHS BApPTOCTI MiANPUEMCTBA, IO 3a0€3MEYUTH 3POCTaHHSA A00pOoOYyTy BIACHHKIB. 3aCTOCYBAaHHS
BapTICHO-OPIEHTOBAHOTO IJIXOAY IO YIPABIiHHA OOOPOTHHMH AaKTUBAMH KOPIOPATHBHUX IiJNPHEMCTB Oy/IiBENbHOI ramysi
JIO3BOJIMTH 3a PaxXyHOK ONTHMi3alil po3MipiB 3amaciB i ae0iTOpChkol 3a00proBaHOCTI 3MEHIIMTH BHTPATH i YHCTHH 0OOpPOTHWMIA
KaIliTaJ MiAIpUeEMCTBA, 110 TPUBEJIE O 3POCTaHHS IPOLIOBOTO MOTOKY i BAPTOCTI MiAIPUEMCTB.

KurouoBi cioBa: 000pOTHI aKTHBH, BapTICHO-OPICHTOBAHE YIPABIIIHHS, KOPIOPATHUBHI Oy/iBEIbHI MiANPUEMCTBA, TPOIIOBI
MIOTOKH, YUCTUI 0OOPOTHHI KamiTall, 3amacy, 1e0iTopchka 3a00proBaHicTh, IPOLIOBI KOIITH.

CTOMMOCTHO-OPUEHTHPOBAHHBIN NOJXO/1 K YIIPABJIEHUIO
OBOPTHBIMU AKTUBAMM KOPIIOPATUBHBIX CTPOUTEJIBbHBIX
NPEANPUSATUNA

CTOMMOCTh TIPEANPUATHS B COBPEMEHHBIX YCIOBHUSAX XO3IHCTBOBAHMS CTAHOBHUTCS OCHOBHBIM ITOKa3aTeIeM, KOTOPBI HHTEpECyeT He
TOJIBKO YYEHBIX, HO M COOCTBEHHHKOB NPEINPHUATHS U MOTCHIMAIBHBIX HHBECTOPOB. Cpenn (hakTOpOB, BIUSAIOMINX HAa CTOUMOCTD
MIPEINPHUATHS, JOCTATOYHO BaKHOE MECTO 3aHMMAET BEIMYMHA OOOPOTHBIX aKTHBOB, OATOMY OCOOYIO aKTYaJIbHOCTH MpHOOpeTaeT
yIpaBiieHHe 00OPOTHBIMH aKTUBAMH C ITO3MIIMHN BIHSHUA ero 3()(HEeKTUBHOCTH Ha cTONMOCTh npeanpustus. Ileabio paboTe siBisieTcs
pa3paboTKa CHCTEMBI CTOMMOCTHO-OPHEHTHPOBAHHOTO YIPABICHUS OOOPOTHBIMH aKTUBAMH KOPIIOPATHUBHBIX CTPOUTEIBHBIX
npexnpusTiHii. OCHOBHBIMH 3a/1a4aMM SBJIIOTCS: HCCIICIOBAHUE BIMSHHS OOOPOTHBIX AKTHBOB HA CTOMMOCTH KOPIOPATHBHBIX
CTPOUTENBHBIX HPEIIPHUATHH, ONpPEAeIeHHe CTOMMOCTHO-OPHEHTHPOBAHHOTO IOAXOJa K YIPaBICHHIO OOOPOTHBIMH aKTHBaMU
KOPIIOPATUBHBIX MPEINPUATHH W pa3paboTKa CHUCTEMBI CTOMMOCTHO-OPUEHTUPOBAHHOTO YIPABICHUS OOOPOTHBIMH AKTHBAMH
KOPIIOPATUBHBIX CTPOUTENBHBIX MNPEANPHUATHA IO dieMeHTaM. [lpum HammcaHud padOTBHl HCIIONB30BAIHCH OOIICHAYYHBIE H
CrenuaibHbBle MeTOAbl HcciieoBaHns. CTOMMOCTHO-OPHEHTHPOBAHHOE YIpaBieHHE OOOPOTHBIMH AaKTUBAMH IPEIIIOJIaraeT
CTOMMOCTHO-OPHUEHTHPOBAHHOE YIPABICHUE JJIEMEHTaMH OOOpPOTHBIX aKTUBOB. CTOMMOCTHO-OPHEHTHPOBAHHOE YIIPAaBICHUE
3anacamMu TMLI BkiroyaeT ciieyromiye STanbl yIpaBiIeH s : OLEHKY HaJeKHOCTH M BBIOOP MMOCTABIINKA MO KPUTEPUIO MAKCHMH3AIIMN
JICHE)KHOTO MOTOKA, KJIACCH(HKALMIO 3aMacOB B YHNPABJICHYECKOM ydYeTe 110 PUTMHYHOCTH ITOCTABKH M YCTAaHOBKA MEPHOJUYHOCTH
MOCTaBOK B COOTBETCTBUH C MOTPEOHOCTSIMU CTPOMTEIBHOTO mporecca. CTONMOCTHO-OPUEHTHPOBAHHOE YIpPABIICHUE JeOMTOPCKON
3aI0JDKEHHOCTBIO BKJIIOYAET CJEIYIONIME OJTarbl YHpaBICHUs: OleHKa 3()(EeKTUBHOCTH OTBJICUYEHHS OOOPOTHOrO KamuTajga B
NIeOUTOPCKYIO 3a/I0JDKEHHOCTh, OLICHKA JIOSUTBHOCTH TIOKyINaTeleld W OmpeAesieHHE YCIOBHH KPEOUTOBAHUS W MOHHUTOPHHT
NeOUTOPCKOM  33/I0DKEHHOCTH 10 OOBEKTaM CTPOWTENBCTBA M CYOBEKTaM 3aJ0DKEHHOCTH. CTOMMOCTHO-OPHMEHTHPOBAHHOE
yIpaBlieHHE JCHEKHBIMU CPEICTBAMU MPEIYCMaTPUBACT ONpeIeIeHIe HE0OX0IMMOTO YPOBHS ICHEKHBIX CPEICTB Ui 00eCTIedeHIs
OecriepeOOHOCTH  CTPOUTEIBHOTO IPOIecca, OLEHKY J(PQPEKTUBHOCTH WCIOIB30BAHUS JCHEKHBIX CPEICTB MO KPUTEPHIO
MaKCUMHU3AIMU JECHEeXKHOTO IOTOKA, a Takke (GopMHpoBaHHE OIOJUKETOB M KOHTPOJb 3a JIBIDKEHHEM JICHE)KHBIX CPEICTB.
CTOMMOCTHO-OPHEHTUPOBAHHOE yIIPaBIIeHNEe 000POTHBIMU AaKTHBAMH KOPIIOPATHBHBIX CTPOUTEIBHBIX MPEANIPUSITHI - 9TO pa3paboTka
LieJICHANPABJICHHBIX JACHCTBHIN 110 ONTHMH3AIMH 3aI1acoB, IeOUTOPCKOM 3a/I0JDKEHHOCTH U JICHE)KHBIX CPEJICTB, C IIeIbI0 00ecreueHus
TEHEPHPOBAHUS JICHE)KHBIX IIOTOKOB, a COOTBETCTBEHHO - YBEJIMYCHHE CTOMMOCTH HPEIIPHUITHS, YTO OOECIeYUT pOoCT
611arocoCcTOSIHUS COOCTBEHHUKOB. [IpMMEHEeHHe CTOMMOCTHO-OPHEHTHPOBAHHOIO IMOJX0Ja K YNPABJICHHIO OOOPOTHBIMH aKTHBAMHU
KOPITOPATUBHBIX MPEANPHATHI CTPOUTENBHOW OTpacid IO3BOJHT 3a CYET ONTHMHU3AIlMA Pa3MEpOB 3alacoB M JEOUTOPCKOI
3aJJOJDKCHHOCTH YMEHBIIUTH PACXOIbl M YHCTBHIH OOOPOTHBIA KamUTal NPEANPHUATHS, MPUBEIET K POCTY ACHEKHOTO TOTOKA H
CTOUMOCTH TIPEAMPUSTHH.

KniwoueBbie caoBa: 00OpOTHBIE AaKTHUBBL, CTOMMOCTHO-OPHEHTHPOBAHHOE YIIPABICHUE, KOPIOPATHBHBIC CTPOUTEIBHBIC
HPEINPHUATHS, JCHSKHBIE TOTOKU, YUCTHI 00OPOTHBII KannTall, 3amnackl, 1e0UTOPCKast 3310JDKEHHOCTD, ICHS)KHbIE CPECTRA.
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